
BASIC FIBROBLAST GROWTH FACTOR (bFGF) GENE
EXPR,ESSION IN RAT BRATN DURING EARLY

POSTNATAL DEVELOPMENT

By
ALA,{ EL.DIN A,S, EL.HUSSEINI

A'IHESIS
submitted to the Faculty of Graduate Studies

in Partial Fulfitlment of the Requirements For the Degree of

Master of Science

Department of Physiology
Faculty of Medicine

University of Manitobra

(c) January, I 993



E*l N€tional Library

Acouisitions and
Bibliographic Serv¡ces Branch

395 Wellinglon St¡eet
Ottawa, Onlar¡o
K1A ON4

B¡bliothèque nationale
du Canada

Directlon des acquisitions et
des serv¡ces bibliographiques

395, rue Wellinglon
Oltawa (Ontario)
K'IA ON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in lris/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

Oul¡le Nol¡

L'auteur a accordé une licence
irrévocable et non exclusive
permettant à la Bibliothèque
nationale du Canada de
reproduire, prêter, distribuer ou
vendre des copies de sa thèse
de quelque manière et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
thèse à la disposition des
personnes intéressées.

L'auteur conserve la propriété du
droit d'auteur qui protège sa
thèse. Ni la thèse ni des extraits
substantiels de celle-ci ne
doivent être imprimés ou
autrement reproduits sans son
autorisation.

ISBN ø-315-81841-7

Canadä



BASIC FIBROBLAST GROÍ'ITH FACTOR (bFGF) CENE EXPRESSION

TN RAT BRAIN DURING EAR],Y POSTNATA'I DEVELOP}ÍENT

BY

ALAA EL-DIN A. S. E],-HUSSEINI

.{ThesissubmittedtothelacuttyofGr¿duateStudíesoftheuniversityofManitobain
partial fuiÉitlment of the requirelf¡ênts fo! the degree of

}IASTER OF SCIENCE

@ 1993

Permission has been granied to the LIBRARY OF TlfE UNIVERSITY OF MANIIOBA to

lend or sell copies of this thesis, to the N'A'TIONAL LIBR..{RY OF C'å¡JADA to sticroÊl¡n

thísthesisandtolendorsellcopiesoftheÊtm,an.tUNFÆSITYMICRoEII.TVSto
publish an abskact of this thesis'

1:|e author ¡ese¡rres other ¡lublietion rigtrts, and neiihe¡ the thesis no! extensive exFåcts

Êom ít trtay be Printed or othe¡rvise reproduced rYithout the autho/s perurission'



Acknowledgements

ían indebteded to my srrpeluisors Ør.?i'þ,0. Shíu andØr. J.A.Ìcaterson for

their strpportiue guidance, aduice, patience, tutderstandíng, ancl help tl:a'otqhorrt my

I'lhtster reseorch. I tlntft ÇDr. Janice Øodd for her a.ssistartce, encott'agetnent,

md effort in reuíewirg tlris ihesis. Special tlmnles to Ç)r.Tuo,r,re lT'lyal and

Ør.ICeterWn¿ron for theít'uery helpful discr.r.ssions and uggestiotts. fr special

aclanowleclgewent to Barbara lwasiow for her ratliurited patience and excellent

technical shílls and to frlísonTa+tnill for her tmconditional contributions. I also

thank 1)r. l)on Ç)ubih for l'ús ualtnble help with the cornptrter. cfimtths to

(Debbie'Isuyuki and fr.tnir frshique, ury fríends at the lab, for tlrcir coopet'atiot't

wtth tlte study. l.rruneasurable gratittde is extendecl to J,7, $to and 9han¿lan

9lnleraborty for their irr.sights and aduice. 'lhanles to rny best fríend tliæabetlt

1l%ttouínouic for lter perspectiue ancl for spending the tilne and effot't to prooft'ead

thìs thesis. I also thanh thell4rutitobaHealthKesea,rch &nucil fot' tlw futanctal

vtpport ch.úng rny si¡rdies. {tnally, I would lilee to express wy deepest

gratefttlness to ury rnotlær Jarnila Khalidi for lwr strength, integrity, patience ancl

wisdon. wl,ticl,, lus se¡'ued not only as sr,tpport but also in prouidir'tg ue witll

irtspit'atiott as an indiuidutal.



Abstract
Investigations ín uítro have shown the importance of bFGF as a mitogen

for astrocytes and as a neurotrophic factor for many neuronal populations in

different regions ofthe brain. During posünatal gron'th and development ofthe

rat brain, bFGF gene activity may be importarrt for diversit¡r of fr:nctions. To

examine the pattern of bFGF gene expression, reverse transcription-

polymerase chain reaction (RT-PCR) was used to quantitate the expression of

bFGF messenger ribonucleic acid (mRNA) in various regions of the rat brain

in early postnatal development. Basic FGF mRNA levels were determined

relative to the level of mRNA for Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH), the latter remains constanù at the ages being studied. The levels of

bFGF gene expression were compared in the cerebrum from male rats ofages

one, ühree, seven, fourteen, twenty one, t'went¡/ eight days a¡rd one year. The

brain bFGF mRNA level within the first postnatal week remained low and

constant, followed by a sharp rise in the following two weeks and reached the

adult level (5.9-fold over one day old) by 28 days. Analysis of different regions

of 28-day-old rat brains reveâled that the highest levels of bFGF mRNA occur

in the hippocampus, followed closely by occipital cortex, cingulate cortex and

inferior colliculus. The hypothalemus and combined pons-medulla showed

intermediate levels of bFGF mRNA. The lowest levels of bFGF mRNA occur

in cerebelh¡m. When changes in bFGF mRNA levels in four brain regions were

examined during development, different patterns of expression emerged. The

combined pons-medulla exhibited little charrge in bFGF expression, but the

occipital cortex and inferior colliculus achieved major increases (2.5-fo1d a¡rd

2.9-fotd, respectively) ofbFGF gene expression over the firsú four weeks oflife'

The cerebellum, however, possessed its highest levels of bFGF nRNA at one

day, and then showed a 2.6-fold drop in bFGF mRNA during the next 28 days,

such that by four y/eeks of age, the cerebellum has the lowesû level of bFGF

nRNA among mâny brain regions tested. The temporal and spatial changes

in bFGF mRNA expression in various brain regions in early postnatal

development suggest that bFGF mây exert different physiological effects on

different brain regions at different ages.
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1

Introduction

I. Fibroblast growth factor family

Fibroblast growbh factor (FGF) was first idenüified as al acüivit¡r in

extracts of pituitary (Hofuan 1940) and brain (TYowell 1939) that stimulated

the growth of BALB/c 3TB cells (see Gospodarowicz et al, 1987a,b for review).

Two proteins were found to be responsible for such an effect, a basic protein

(pI: 9.6) called basic fibroblast g¡owth factor (bFGF, FGF-2), that was able to

stimulate the proliferation a¡rd phenot¡pic transformation of BALB/c 3T3

fibrobiasts, and an acidic one (pI: 5.6), acidic fibroblast growth factor (aFGF,

FGF-1), that was able to cause proliferation a¡rd delay differentiation of

myoblasts. Acidic FGF was later rediscovered on the basis of its ability to

stimulate the proliferation of endothelial cells (reviewed in Baird and Bohlen

et al, 1990 and Gospodarowicz et al 1987a,b). The similar biological effects of

aFGF and bFGF is due to the fact that they are süructuraìly related molecules.

Significant porbions of the FGF-like activities present in tumor exüracts we¡e

found to bind to heparin (Shing et al, 1984). The feature that FGFs bind with

high affinity to heparin helped in the isolation ofhighly purified native and

recombinant FGFs (Gospodarowicz et al, 1984). Within the past six years, the

FGF farnily expanded to include seven members after the characterization of

another five novel factors, int-2 (FGF-3, Moor et al, 1986), hst/K-fgf (FGF-4,

Sakamoto et al, 1986; Terada et al, 1986), FGF-5 (Zhan et al, 1987)' FGF-6

(Marics et al, 1989) and KGF (FGF-7, Finch et 41, 1989). Acidic a¡rd basic

FGFs are the most characterized FGFs and are considered the prototype of the

FGF fa-mily. FGF family members play important roles i¿ uiuo in different

normal physiological processes such as embryonic development, angiogenesis,
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neryous system differentiation a¡rd wound repair (Baird and Bohlen 1990).

The amino acid-core homology between the 7 members of the FGF family

ranges from 33 fn 69Vo, and only 19% ofresidues within the core are invariant

a'"ong all the seven members (for review see Golclfarb 1990). Basic FGF

protein is expressed in a wide range of üissues of mesodermal a¡d

newoectodermal origin. Basic FGF was detected in brain, retina, pituitary

gland, macrophages, prostate, bone, cartilage, ovaÌJ¡, endothelial cells,

myoblast, lens epithelial cells and in the developing embryo, a wide rarge of

tissue specificity which suggests that bFGF is a multipotent growth factor

(Goldfarb 1990). Acidic FGF shares 557o sequence identity with basic FGF and

is 10-100 times less potent thal bFGF, and its expression is mairùy restricted

to the nervous system (brain and photoreceptors; Baird and Bohlen 1990).

Acidic and basic FGF have been detected in mouse embryo ùhroughout

gestation (Hebert et al, 1990). The expression ofint-2, hst/K-fgf, FGF-5 and

FGF-6 genes is mainly restricted to the developing embryo. The RNA of int-2

is expressed throughout embryogenesis and at birth but not in adult tissues

(Goldfarb 1990; Benharroch a¡d Birnbaum 1990). The temporal and spatial

expression of int-2 suggests possible roles for int-2 in mesoderm rnìgration,

inner ear formation and development of cerebellar a¡rd retinâl neurons

(TVilkinson et al, 1988 and 1989). The expression of hstß-fgf was found to be

restricted to embryogenesis prior to gasürulation (Hebert et al, 1990). FGF-5

and FGF-6 genes are expressed throughout embryogenesis as well as in

restricted sets of âdult üissues (Hebert et al, L991, De Lapeyriere et a1,1990).

Similar to úhe effect exerted by basic and acidic FGFs, the newer FGF

members (ini-2, hstÆ(-fef, FGF-5 and FGF-6) stimulate the proliferation of
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fibroblasts. FGF-5 and hstÆ{-fgf are endothelial cell mitogens a¡d int-2 a¡d

hstÆ(-fgf act as mesoderm inducers (See Benharroch a¡rd Birnbaum 1990 for

review). KGF, the seventh member of the FGF family is a potent mitogen for

keraüinocytes but not fibroblasts, a¡rd its expression is detected in dermis,

kidney and gastrointestinal tract. Some endodermal cell üypes such as thyroid

cells, prostatic cells and pancreaùic cells were shown to respond to FGFs.

A possible role for FGFs in abnormal cellula¡ processes such as ca¡cer

has become clear with the identiñcaüion of oncogenes that belong to the FGF

family. These oncogenes include int-2 (Peters et al, L983), hst/K-fgf (Sakamoto

et al, 1986) and FGF-5 (Zha¡r et al, 1987). Acidic a¡rd basic FGFs were deteòted

in glioblastoma (Stefanik et al, 1990). T\vo of the hieh afñniqy FGF receptors

(bek and flg) werc coamplified in subsets of breast tr¡mors (Adnane et aI,

199L), suggesting the involvment of FGFs in the üransformation of these celis.

If. Gene strueture of bFGF

Basic FGF is the product ofa single copy gene, located on chtomosome

5 (Jaye et al, 1986) which spans at least 38 kb of genomic DNA and possesses

3 exons separated by two large introns. The first intron is at least 16 kb, and

separates codons 60 arrd 61, while the second inton is 16 kb long separating 95

a¡d 96 codons (Shibata et aI,1991). The exon boundaries ofbFGF, int-2, hsVks

and FGF-5 align perfectly, except the exon 1/intron boundary for bFGF is

shifted by 3 nucleotides, suggesüing that the exon structure did not change

arnong FGF family members during evolution. Also, the high degree of

similarity of bFGF and other members of the FGF family suggest that they are

derived from a single ancestral gene, which beceme separate genes through the

processes of duplication and evoluüionary divergence (reviewed in Baird and
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Bohlen 1990, Gospodarowicz et al, 198?a,b). At the emino acid level, human

bFGF has 98.77o sequence homology with the bovine bFGF and 87Vo homoTogy

with the rat bFGF sequence (Kurokawa et aI, 1987 and 19BB). The high

conservafion ofthe coding region ofbFGF gene nmong different species implies

a strong selective evolutiona-ry pressure for maintena¡ce of funcüion and

structure. The open reading frame of the bFGF cDNA sequence suggests an

AUG (Mei) initiation of translation site thaú generates a 155 amino acids (a.a.;

18 KDa form), a¡d the proteolybic cleavage of this form results in the 146 a.a

(16 KDa) form. The absence of arry stop signal in the nearby 5' upstream

sequence of its cDNA suggests the possibility of the existence of higher

molecula¡ weight forms of bFGF (18 KDa to 29IÐa), which could be generated

by two predicted leucine, (CUG) initiation sites in the nearby 5' upstream

region (tr'lorkiewicz a¡d Son'mer 1989; Sommer et al, 1989). In uitro and in

uiuo studies showed the existence of mulüiple moleculâr weight forms reported

by Grothe et al 1990 {(I8,24,30-33 and 46 Kilodaltons (KDa)}, Florkiewicz et

al 1991 (irl,22,23 and 24 IÐa), Woodward et al, 1992 (18,21.5 at¡d,22.5

KDa), Giordano et aI, 1991 (18,21, 22 and24 KDa) and Li and Shipley 1991

(18, 24 and 27 ÍÐa). Various studies showed that multiple forms of the bFGF

protein æs temporâlly ancl spatially distributed and are highly regulated

(Florkiewicz a¡d Sommer 1-989, Prats et al, 1989, Renko et aI, 1990 and Bugler

et al, 1991). The exact fi:nction of those multiple forms is not yet understood,

but some studies suggesü different funcüional importances of the multiple

existing forms (Couderc et al, 1991 and Quarto et al, 1991). The cDNAs for

bFGF a¡d aFGF lack a classical signal peptide sequence (Jaye et al, 1986).

Although aFGF and bFGF were localized in the basement membrane, úhe mode



of their release from cells is unclear. The lack of signal peptide ,rnrrun.. unj

the observation thaú little or no bFGF was detected in the conditioned media

of endothelial cells (Schweigerer et al, 1987) led to the "conclusion" that no

FGF is released from cells under normal conditions. Later studies argued

against that conclusion as it was found that an astroc¡rtoma cell line released

15 to 50 times more of bFGF compared to a corneal endothelial cell line (Sato

et al, 1989). The süimulation of the bovine aortic endothelial cell proliferation

and migraüion by the addition of exogenous FGF (Sato et al, L989) suggested

thaü extracellular FGF is imporúaat for normal cell function. Anti-bFGF

antibodies inhibited the autocrine g¡owth of endothelial cells (Schweigerer eù

a], 1987). Kimelman and Maas (1992) showed that injecting synthetic XbFGF

nRNA into cells of early Xenopus embryos resulted in mesoderm induction.

Also, Amaya et al, (1991) demonstrated that the extracellular domain of the

Xenopus bFGF receptor ()GFGFR) was essential for mesoderm induction.

These observaüions suggested that a classica-l signal peptide for FGF secretion

was not required for normal FGF functioning. From the above mentioned

obsewations, it seems that bFGF resembles interleukins a¡d some other

proüeins fhat can be released from cells despite the lack of a signal peptide

(reviewed in D'Amore et al, 1990; Baird and Bohlen 1990). One of the possible

factors that may interfere with the detection ofthe released bFGF is its rapid

association with some of the extracellular matrix components as well as its

bin&ing to the cell surface receptors. Other possible pathways were suggested

for the release of FGF from cells. Angiogenesis is often observed in tissues

where there are ischemic events, suggesting the release of angiogenic factors,

such as bFGF, can take place due to cell death a¡d lysis. The release of a
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signiñcant amount of FGFlike growth factor activity in transiently injured

cells by scraping, demonstrates another possible way of FGF release without

the need of cell death (reviewed in D'Amore 1990). FGF may be delivered

locally by FGF-containing blood cells such as platelets and macrophages. The

existence of a secreted form of the FGF receptor (Johnson et al, 199L), which

ca¡r bind bFGF, suggests a¡other possible mecha¡rism for FGF trânsport

outside the cell. A possible way ofFGF release, which is consistent with the

fact that FGF is associated with cell surfaces and extracellular matrix, was

suggested by a novel mechanism reported for the secretion oflectin, a protein

that lacks a signal peptide, from mouse muscle cells through plasma

membrane evaginations (Cooper et al, 1990). The 37 residues upstream of the

Met initiation site (present in the high molecula¡ weight forms of bFGF), a

glycine-rich sequence with interspaced arginines, is implicated for the presence

of nuclear signal sequences that direct ühe internalized bFGF into the nucleus

(Bugler et al, 1991.; Amalric et al, 1991; Renko et at, 1990).

Multiple transcripts (7.0, 3.7 and 1.4 Kb) of the bFGF gene \¡/ere

detected in human úissues (Baird and Bohlen 1990), while a single major 6.0

Kb transcript for the rat bFGF mRNA (Emoto et al, 1989 and Shimasaki et al,

19BB) and other smaller minor transcripts (3.0 and1.8 kb, Emoto et â1, 19Bg)

were reported. Ernfors et al, (1990) reported the presence of a major 3,7 Kb

bFGF transcript as well as shorter 1.8 and 1.5 Kb rìRNA species in ühe

developing rat brain. Powell et al, (1990) detected 6.0, 3.7, 2.5, 7.8, 7.6, 1.4

and 1.0 Kb bFGF úRNA in the developing rat brain. The significance and

functional importance of the existence of multiple bFGF transcripts is not yet

clear,
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m. FGF Receptor Farniìy

Low and High affinity FGF binding sites

The biological response of cells to FGFs is mediated through speciñc

high affinity cell surface receptors (kd=2-20x10-11M) that possess intrinsic

tyrosine kinase activit¡r and are phosphorylated upon bincling to FGFs

(Coughlin et a], 1988). Low affinity FGF receptors (kd=2¡16'sy¡ have also

been identified (Moscatelli et al, 1988) and v/ere for:nd to be heparin sulfate

proteoglycans (HSPGs) that a¡e present on the cell surface (Moscatelli et al,

1988) a¡rd in the extracelluar matrix CVoldavsky et al, 1987). Basic FGF could

be specifically released from these low affinity binding sites by a¡r excess of

heparin or by enzymatic digestion with heparinases but not with closely

related glycos"minoglycans (Moscatelli et al, 1988). The affinity of bFGF for

heparin (Klagsbrun and Shing 1985) and along with the observation thaú

various ceIl types express heparinlike molecules on their cell surfaces suggest

a physiological fr¡nction(s) for heparin-like, low affrnity FGF receptors. Studies

on chinese hamster ovary (CHO) mutant cells, expressing high affinity FGF

receptors but lacking HSPGs, do not bind bFGF unless heparin or heparin

sulfate is included in the binding medium (Yayon A. et al, 1991). These results

suggest that HSPGs play a role not orùy in the stabilizaúion ofFGF but they

are also cn¡cial for FGF to bind to its high affinity receptors, probably ührough

changes in the confirmation of FGF molecules. Syndecan, arr integral

membrane proteoglycan, contains both heparin sulfate and chondroitin sulfate

glycosoaminoglycan (GAG) chains, (Rapraeger et al, 1985) originaJly isolated

from mouse mâm'"ary epithelial cells. Syndecan binds to heparin-biniling

growth factors and acts as a low afñnity FGF receptor (Kiefer ei al, 1990).
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Hieh affiniW FGF receptors (FGFRs) belong to the receptor tyrosine

kinase (RTK) family (Illlrich and Schlessenger 1990). They show high degree

of similarity t¿ another member of the RTK family, the PDGF receptor fa-mily.

The structural similarity of FGF receptors t¿ other receptor-linked tyrosine

kinases, has helped in predicting of the mode of signal transduction through

úhese receptors (tlllrich a¡d Schlessenger, L990). On binding to FGF, the

receptors form dimers, a process that is essential for sigrral transduction

(Illlrich and Schlessenger, 1990). The formation of heterodimers with a

muta¡t truncated high afñniüy FGF receptor that either lacked the first Ig-like

domain (Ueno et al, 1992) or the tyrosine kinase domain (Amaya et al, i.991)

Iead to the inhibition of signal tra¡rsduction by wild üype FGF receptors. FGF

receptors have been shown to activate tyrosine phosphorylation of several

substrates in addition to phospholipase C-y{(PLC-y), Burgess et al, 1990}. A

partial cDNA for human flg (frns-likè gene), the first high afñnity FGF receptor

to be cloned, was isolated on the basis of its homology to the üyrosine kinase

domain of the CSF-1 receptor (Ruta et al, 1989). The second high affinity FGF

receptor to be cloned, åeå (bacteriatly expressed kinase), was isolated by

phosphotyrosine antibody screening of a mouse liver expression library

(Kornbluth et at, 1988). The third membe¡ of FGF receptors , FGFR-3, canbe

activated by aFGF a¡rd bFGF (Keegan et al, 1991). The fourth member of the

FGF receptor family, FGFR-4, is 55% identical with fle ar'd ðek and binds

speciñcally with high afñnity to aI'GF but not bFGF (Partanen et al' 1991).

Chick embryo kinase (CEK-3) as well as chicken flg and bek were also isolated

by the use of phosphotyrosine antibody screening of a chicken embryo

expression library (Pasquale et al 1990; Pasqual and Singer 1989). Each



receptor consists of an exüracellula¡ domain that contains 2 to

9

.f

immunoglobulin (Ig) like domains, a transmembrane domain and an

intracellular tyrosine kinase domain. The lg-like domains indicate úhat FGF

receptors belong to Ig superfamily (Willinms and Barclay 19BB). Between the

ñrst a¡rd the second lg-like domains is a region with a high concentration of

acid residues, acid box; it is especially noticeable in flg. The intracellula¡

domain consists of a single chain, contains a relatively long juxta-membrane

sequence and has an inserbion of 14 amino acids in the conserved þ'rosine

kinase domain. Each FGF receptor was for¡nd to exist in multiple forms

generated mainly by alternative splicing of the naüive mRNA of the reieptor

(Eisema¡n et al, 1991; Robinson 1991; Dionne et al, 1991). The multiple forms

of each receptor mainly vary in the extracellular region. For example, one

form of flg and bek is missing the first Iglike domain. Another form of tb.e bek

gene product, the smallest exüracellular domain of the FGF receptors yet

reported, is missing both lg-like domain and the acid box linker region. Other

cDNAs predict soluble, seffeted forms of the receptors (Johnson et al, 1991),

the main fr¡¡ction of which is still under invesüigation, but they may play a

role in down regulation of FGF signalling or they may fi:ncùion as a carrier

molecule to transport FGFs to their proper site of action. A¡ alternative exon

usage is a possible mechanism in producing the second halfofthe third lg-like

domain, which may be involved in the specificiüy of ligand-receptor binding'

For example, usage of one exon shows high affinity binùing to aFGF and bFGF

(Dionne et aI, 1990; Houssaint et al, 1990; Crumley et al, 1991), while usage

of a different exon confers high affinity binding to aFGF and KGF but not

bFGF (Miki et al, 1991). The cliversity of FGF receptors produced by
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alternative splicing, and the ability of these different forms to interact with

more than one of the FGFs generated a high level of redunduncy in FGF

receptor/ligand interactions. The spaüial s¡1d ¿smforal expression of specific

forms of the receptors (Wanaka et al, 1990 and 1991) may be a factor in

determining ligand specificity. In chick embryos, FGF receptor mRNAs were

expressed abundantly in the germinal neuroepithelial layer and dr:ring late

maturation of neuronal populations in the regions exemined such as

cholinergic nuclei of the basal forebrain, brain stem reticular and motor nuclei

and cerebellar Purkinje and granule neurons (Heuer et al, 1990). This pattern

of FGFR gene expression was generally reciprocål to that of NGF-R in the CNS

and in some periods of development of the PNS (Heuer et al, 1990). These

observations suggested sequential rather than simultâneous effects of FGF and

NGF on neuronal development.
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fV. Neurotrophic factors

Depending on their locations , 20 to 7 0/o of the neurons of the developing

nervous system will be eliminated through a process k¡rown as the naturally

occurring neu¡onal progr¡mmsd cell death, or apoptosis. This process is

thought to be regulated by proteins called neurotrophic factors (NTFs). Nerve

growth factor (NGF), for a long time, was the only known NTF (reviewed in

Levi Montalcini 1987). Barde (1988) defined a NTF as a protein that is

s¡'nthesized in the respective neuronal target tissue, present in a limited

concentration, taken up by receptor-mediated retograde axonal úransport, and

able to prevent the ontogenetic neuron death. Only NGF completely fulfils

Barde's criteria for defining a NTF. In general, development and maintenance

of the vertebrate nervous system requires NTFs. Recent studies have shown

that these factors can also stimulate neuronal sprouting in the brain (Ernfors

et al, 1991). Studies on dorsal root ganglia (DRG) neurons suggest that NGF

is produced by innewated target tissue, where it is talen. up by newe

terminals to be transported to the neuronal soma to regulate gene

transcription. At some developmental stages NGF is required for newonal

survival. Later on in the adult nervous system, it appears to regulate neurite

outgrowth, synaptic connections and the quantity of neurotransmitter

produced. However only a small minority of the neurons in the brain a¡d

spinal cord are responsive to NGF.

1. The neu¡otroPhins

Atthough NGF was ühe only known NTF for severaf decades, the cloning

ofthe brain-derived neuroürophic factor (BDNF, Leibrock et al, 1989) revealed



T2

striking stn¡ctura-l similariüies between BDNF and NGF, suggesting the

existence of a gene family of neurotrophic factors which allowed the

characterization of three addiüional neurotrophins named: NT-3 (Maisonpierre

et al, 1990a,b), NT-4 (Hallböök et a1,1991), NT-5 (Berkemeier et al, 1991). All

the above mentioned five neurotrophins a¡e capable of promoting the survival

and differentiation of many types of sensory newons.

a. Nerve Growth Factor (NGF)

It is becoming clear that polypeptide growth factors play important roles

in the development and maintenance of neu¡al circuits (Snider a¡d Johnson

1989). NGF is the most thorouglùy studied neuronal growth factor that

promotes the survival and outgrowth of peripheral sensory and sympathetic

neurons (Levi-Montalcini a¡rd Calissana 1986). NGF also inJluences the

development of certain groups of neurons including those of the basal

forebrain-septum (Hartikka and Hefti 1988). NGF has a limited set of neural

targets in comparison to other growth factors such as bFGF, and is believed to

be active mainly in cholinergic neurons (Morrison et al 1988; Knusel et al

1990; Hefti et al, 1990). NGF interacts with several different þpes of

receptors and a fast response involves the low a-ffinity receptors (Radeke et al,

198?) while a slos¡ response is mediated by the high affinity receptors such as

NGF binding f,o tlne trk proto-oncogene product (Kaplan et al' 1991). In uítro

studies on cultured neurons showed that NGF did not promote neuronal

surwival or neurite outgrowth in hippocampus or cortical neurons (Mattson et

al, 1990). Low a-ffinity NGF receptors are normally sparse o¡ absent in

hippoca-mpal and corbical neurons (Koh et â1, 1989) suggesting that NGF may

not have biotogical activiþ in neurons at these brain sites. NGF can prevent
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the damage of cholinergic neurons associaüed with brain lesions in animal

models of newodegenerative disorders (Hefti et al, 1989), and protect human

a¡rd rat neurons against hypoglycaemic dnmage (Cheng and Mattson, 1991).

NGF promotes the surwival and differentiation of neural crest-derived sensory

and sympathetic neurons during development a¡d their maintenance in the

adulú (Ba¡de 1989). Injury to the rat sciatic nerve leads üo the induction of

NGF receptors on the denervated Schwa¡n cells and their disappearance on

the regenerating âxons of the axotomized, normally NGF n-sensitive sensory

and sympathetic neurons (R¿ivich et al, 1991). These results suggest that

while sensory and sympathetic neurons are primary targets of NGF, Schwann

ceils may become its primary target in the aftermath of nerve injury (Raivich

et a], 1991).

b. Brain.derived neurotrophic factor (BDNF)

Originaly characterized as a factor ühat increases the survival ofDRG

neurons, BDNF synthesis occurs mainly in the CNS, particularly in cortical

and hippocampal neurons (Hofer et al, 1990). The ¿rÞ B (Klein et al, 1990), the

BDNF receptor, a tyrosine kinase, is also expressed in the same neuronal

populaüions, which suggests an autocrine function for the BDNF in these

tissues. The spatial and temporal distribution of BDNF nRNA (Maisonpierre

et al, 1990b) suggests a possible role for BDNF in supporting the surwival of

CNS sensory neurons (Hofer and Barde 1988). BDNF promotes differentiation

ofbasal forebrain cholinergic and mesencephalic neu¡ons ín uitro (Alderson et

al, 1990, Hyman et al, L991). All these observations have led to the hypothesis

that BDNF is a specific regulator of CNS growth for a variety of peripheraÌ

sensory neurons. In the adult brain, BDNF mRNA concentrations increase as
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a result of seizu¡es (Isackson et al, 1991) and ischemia (Lindvall et al, 1992)

indicating a role for BDNF in neurodegeneration-neuroprotection and neu¡al

plasticity. The highest levels of BDNF mRNA within the hippocampus are

found in the pyr¡midal layer of the CAZ and CAB regions as well as the

denúate gyrus alld hilus. BDNF has ühe most widespread distribution in

s6'nFarison to the other neurotrophins in different regions ofthe brain (Ernfors

et al, 1991) and its highesü gene expression occurs two weeks after birth, a

week before NGF reaches its peak (Ernfors et al, 1991)

c. Ciliary Neuroúrophic factor (CNTF)

CNTF was originaJly idenùified and partially puriñed from avian ocular

úissue a¡d later isolated from the siatic nerve of rodents (Lin et al, 1990).

Chemical studies showed that peripheral nerve is the richest tissue source of

CNTF (Rende et al, 1992). CNTF was first demonstrated to support the

surwival of embryonic chick parasympathetic ciliary ganglion neurons in uítro

and later was shown to supporb motor neurons of the spinal co¡d (Aral<awa et

al, 1990) and sympathetic neurons (Barbin et al, 1984). CNTF has been sho\Mn

to rescue motor neurons from naturally occuffing cell death during

development of the chick embryo (Oppenheim et al, 1991). Recent in uitro

studies have shown that CNTF promotes the survival of certain neuronal

subpopulations of the hippocampus (Ip et al, 1991). An investigâtion by Hagg

et al, (1992) on the effect ofCNTF on axotomized neurons in the adult brain,

showed that CNTF has a rescue effect on those neurons.

d. Epidermal growth factor (EGF)

EGF is a mitogenic peptide, first isolated from the male mouse

submaxillary gland (Cohen 1962), influencing the growth and development of
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a vadety of tissues (for review see Carpenter and \MaÌù 1990). EGF has been

shown úo promote proliferation a¡d differentiation of glia (Honegger a¡rd

Guentert-Lauber 1983) and to enha¡rce neuronal survival and process

outgrowth (Morrison et a!, 1988, Casper et a], 1991), EGF (Lazar a¡rd BIum

1992) and EGF receptors (Werner et aI, 1988) are also detected in the

developing and adult CNS. The level of expression of EGF mRNAs were shov/n

to increase in the developing brain reaching its maximum level in the adult

(Lazar and Bh:m, l-992). Also the EGF mRNAs were detected in all the

different regions exnmined of the adult brain (Lazar and Blum 1992). These

results suggested a role for EGF in the development of the mammalian CNS.

e. Plateleú derived growth factor (PDGF)

Huma¡r PDGF is a major mitogen for cells of connective tissue origin and

is involved in development and wound healing (Smits et â1, 1991) and may be

acting as a key growth regulator during normal development including

neurodevelopment (Mercola et al, 1990). PDGF is disulphide linled homo- or

hetero- dimer consisting of two related polypeptide chains, the A and B

subunits, that a¡e products of two different genes. In the embryo the PDGF

A-chain mRNA was restricted to the PNS and CNS (Yeh et â1, 1991). In adult

mice, PDGF A-chain mRNA was abr¡¡dant in neurons throughout the spinal

cord, peripheral ganglia and brain, a¡rd the protein was present in both

neurons and glial cells. PDGF-BB a¡d PDGF-AB were present in neurons in

many regions of the adulú monley brain (Sasahara et al, 1991). The presence

ofPDGF in axon terminals (Sasahara et al, 1991) raises the possibility that it
may be involved in newe-target interactions.
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2. Basic FGF and its roles in the developing and adult nervous system

a. Basic FGF as a neurotrophic factor

Recently, bFGF has emerged as a growth factor that is produced in the

nerwous system a¡rd exerts a variety of in uiuo and in uítro effects, stimulating

mitogenesis, differentiation and maintenance of cells of newoectodermal a¡ld

mesodermal origin including neurons and glial cells suggesting a major role for

bFGF in maintaining the integral function of various parts of the newous

system. Evidences for the direct action of bFGF on glial and neuronal cells

were derived from various studies (Unsicker et al, 1990; Mattson and Ryctrlik

1990). Walicke and Baird (1991) showed that exogenous bFGF is internalized

into vesicles in the cytoplasm ofboth asúrocytes and hippocampal neurons, and

then translocated to chromatin strrrctures of the nucleus, suggesting a role for

bFGF in gene regulation, The processed internalized bFGF fragments (15.5,

9 and 4 KDa) were simila¡ in both the astrocytes and the neu¡oectodermal cells

(neurons), suggesting a similæ marìner of metabolizing of bFGF in both major

CNS cell types. Studies by Ferguson et al, (1990) showed that bFGF is

úraasported anterogradely by retinal ganglion cells ln uiuo, an important step

for a neurotrophic factor to interact with and exert its effects on the target

neurons,

b. Basic FGF expression by neurons and glial cells

Petúmam et aI, 1986 and Janet et al, 1988 detected bFGF

immunoreactivity in neurons but not in glial cells in cultüed brain a¡d

peripheral ganglia cells. Others reported the expression ofbFGF mRNA only

in cultured astrocytes (Emoto et al, 1989) and bFGF mRNA and protein in

astrocytes from adult bovine corpus callosum (Ferrara et al, 1988). On the
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other harrd, in sítu hybndization studies by Emoto et al, 1989 showed that

neurons of several brain regions contained the bFGF nRNA. Gómez-Pinilla

ei al, (1992) showed that bFGF immunoreactivity was mainly localized in

astroc¡rtes and occasionally in microglial cells throughout the normal rat brain.

Few neuronal populations in the septohippocampal nucleus, CA-2 field of the

hippocanpus, cingulate cortex, cerebellar Purkinje cells, deep nuclei, facial

newe nucleus and the motor and spinal subdivisions of the trigeminal nucleus

and facial nerve nucleus were expressing bFGF mRNA (Gómez-Pinilla et al,

1992). Studies on the distribution of bFGF mRNA by Emoto et al, 1989, using

in situ hybridization, showed simila¡ distribution of bFGF mRNA compared to

the distribution ofthe bFGF protein detected by Gómez-Pinilla et al, (1992),

with a more restricted distribution in neuronal populations (CA-2 region ofthe

hippocampus, layers 2 and 6 of the cingulate cortex, indusium gtiser:m and

fasciola cinereum). Put all the above mentioned obsewations together, it
seems that bFGF is synthesized by both glial cells and specific neurons of the

CNS, however, the exact neuronal cells synthesizing it a¡rd the amount

produced by each neuronal population is still unclear.

c. In uítro effects of bFGF on

i. Neurons

One of the most important reported effects of bFGF on nervous system

cells is the promotion of neu¡onal survival and neurite outgrowth. Basic FGF

maintained ühe surwival of many neurons of the CNS obtained from cerebral

cortex, thal¡rnus, sùriatum, septum (Walicke 1988), hippocampus (Walicke eú

â1, 1986), mesencephalon (Ferrari et al, 1989) and spinal cord (Unsicker eú aJ,
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1987). In the PNS, application of bFGF to the proximal end of a severed

sciatic nerve enhanced the remyelinization of its neuronal sheath a¡d

prevented the death of dorsal root ganglia (Baird and Boehlen 1990). Studies

on the rat retina ganglion cells, showed that bFGF was able to enhalce their

surwival and neurite outgrowth (BaIr et al, 1989). Newons located in the

subiculum (Walicke 1988), raü rondose a¡d superior ceryicâl ganglia as well as

chick sympathetic and DRG (Unsicker et al, 1987) were not affected by bFGF

addition. The mitogenic activiüy of bFGF was also exerted on neuroblast and

neuroblastoma cells (Gensburger et al, 1987, Ludecke a¡il Unsicker 1990).

Other cellular changes following addition of bFGF were also reported such as

the increase in the Choline-acetyltransferase acüivity in ciliary ganglion

neurons (Unsicker et al, 1987), septal neurons (Grothe et al, L989a'b) and

spinal cord neurons (McMana-an et al, 1989). Hippocampal neurons Y/ere

rescued by bFGF from glutamate toxicity (Mattson et al, 1989).

ii. Glial cells

Basic FGF acts as a mitogen for asfrocytes and oligodendrocytes

(Delaunoy et al, 1988), stimulates the proliferation of different types of glial

cells, and maturation of astrocytes, but as an inhibitor of the differentiaüion of

glioblasts and maturation of oligodenclrocyies (Westermann et al, 1990). Yong

et al, 1988a,b found that bFGF is a mitogen for fetal, but not adult human

astrocytes, oligodendrocytes and Schwann cells..I¿ uitro studies showed that

addition of bFGF to astrocytes (Perraud et al, 1990) and oligodendrocytes

(Delau¡oy et al, 1988) obtained f¡om various regions of the brain resulted in

changes of the morphology of these cells. Heparin arÌd other

glucosoaminoglycans are potent enhancers of the bFGF effects on glial cells
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(Perraud et al, 1988a,b). In contrast, NGF does not exert any of the bFGF

effects on the physiology and morphology of glial cells. Proliferation and

nei¡rite outgrowth induction by bFGF (Stemple et al, 1988) were obsewed on

noradrenergic chromaphin cells (a type of the PNS neu¡ons that conüain bFGF)

(Grothe and Unsicker 1990). Simila¡ effects of bFGF on neu¡ite outgrowth of

a tumo¡ cell line of the ch¡omaffin cells,PCl2, were reporùed (Neufeld et al,

1987).

d,, In uíoo effecLs of bFGF on neuroectodermal cells:

The naüurally occurring death of the chick ciliary ganglion neurons

between embryonic day 8 ald day 14 (loss of 56Vo of the neu¡ons), is almost

completely prevented by the application ofbFGF (Dreyer et al, 19Bg). Fimbria-

fornix lesions and optic newe tra¡section were used to study the effect of bFGF

on CNS injury. Fimbria-fornix transection results in the loss of about 87 Vo of

the neurons (Oüto et al, 1989). About 607o of the cholinergic neurons in the

medial septum (Anderson et al, 1988) ilies afber fimbria-fornix transection, 207o

of those neurons were rescued from death by bFGF, and almost 80Vo of the

d.yrns (50Vo) cholinergic neurons in the diagonal band of B¡oca on the

ipsilateral side (Anderson et al, 1988) sursived after bFGF application,

Twenty five percent of the retinal gânglion neurons ¡vere rescued from death

by bFGF after optic nerve fiber transection (Sievers et al, 1987). T¡eatment

with bFGF reduced the lesion-induced Ioss of choline aceü¡rltransferase activity

and increased the number ofreactive astrocytes in the hipocampus (Barotte et

al, 1989).
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V. Angiogenesis

Proliferation of blood vessels (angiogenesis) is a process that is

important for the normal growth and development of tissues (Foll-¿¡1 1971¡.

Blood vessel growth in early embryonic development and in the adult animals

is tightly controlled, Some developing organs (like brain) are vascularized by

sprouts branching from preexisting blood vessels (Klagsbrun and D'Amore

1991). In the adult, angiogenesis is not a common process except in few tissues

such as female reproductive system, in the development of corpus luteum

during ovulation arrd in the placenta after pregnancy. ln normal adult tissues

angiogenesis is induced in tissue repair processes such as wou¡d heaìing

(Broadley et al, 1989) and fractures (reviewed in Klagsbrun a:rd D'Amore

1991).

In the brain, endothelial cells originate from outside the nervous system.

Sprouts of endothelial cells form as compact masses with a lumen,.which a¡e

produced as a result of secretion of extracellula¡ maürix materials by

endothelial cells (Gordon et a], 1985). Trophic factors produced by astrocytes

play a role in the regulation of development ofbrain capillary endothelial ceils.

Angiogenesis increases within the period ofglial cell proliferation, growbh and

differentiation of dendrites, synaptogenesis and myelination (within the first

3 weeks in postnatal rats). Capillaries fo¡med in the brain are unique in that

the capillary endothelial cells form continuous tight junctions, a feature that

prevents molecules from passing between them, and form what is known as

blood-brain barrier (reviewed in Jacobson et al, 1990). Abnormal blood vessel

proliferâtion can lead to pathological conditions, as in the case of the growth

of solid tumors that depend on the vascularity of those sites (Folkman et aI,
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1972). Angiogenesis is a multistep process that involves the degradation of the

capillary basement membrane, the migration and proliferation of endothelial

cells a¡rd i;ube formation. The search for candidate factors influencing

angiogenesis was suggested by Folkmal (1972) when he recognized that unless

solid tumors become vascularized, they can remain embedded in tissues for a

long period of time without noticeable tumor growth. Based on this

observation, he suggested ühe presence of tumor angiogenesis factor (TAF).

Soluble factors were identiñed that either stimulate or inhibit one step or more

in the process of angiogenesis (reviewed in Klagsbrun and D'Amore L991).

FGF a¡d TGF-c¿ a¡e growih factors that exert direct effect on endothelial cells,

stimulaüing their proliferation and migraüion. Different studies reported the

presence of a highly specific mitogen for vascula¡ endothelia-l cells known as

vascular endothelial growth factor (VEGF; Conn et al, 1990, Connolly et al,

1989). Besides being an enilothelial cell mitogen and angiogenic factor, VEGF

is a vascular permeability factor (Connoly et al, 1989). In contrast, angiof,ropin

stimulates the migration but not the proliferation of endothelial cells, while

angiogenin has no effect on their proliferation and migration (Klagsbrun and

D'Amore, 1991). FGFs were idenüified on their ability to stimulate the

proliferation of endothelial cells (reviewed in Folkman and Klagsbrun 1987)

and their involvement in angiogenesis will be discussed in more details below.

1. FGF As an acúivator of angiogenesis

Endothelial cells synthesize large amounts ofbFGF (Schweigerer eú al,

1987) that remains associated v¡ith the cell and the subendothelia-l cell

extracelluar matrix (ECM) (Baird and Ling 1987; Vlodavsky et al, 1987) and
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released by the acüion of heparinase (Bashkin et al, 1989). The storage

mecha¡rism of FGF in the ECM may be arr important process in the rapid

response of FGF to sùimulate angiogenesis a¡d cell proliferation in wound

healing. Basic FGF synthesis was also detected during the process of

development of granr:losa cells into the corpus luteum (the target of

neovascularization in the ovary) ( Neufeld et al, 1987). Basic FGF is a mitogen

and is chemotactic for endothelial cells (Gospodarwi cz et al, 1987a and b;

Thomas et at, 1987 and Terranova et a1, 1985). Basic FGF also stimulates the

production ofcollagenase and plasminogen activator proteases that are capable

of degrading the basement membrane (Mignatti et aì, 19Bg). Basic FGF is an

inducer of the migration of capiliary endothelial cells to the collagen matrices

and the formation of capillary-like tubes (Montesano et al, 1986)' FGFs have

been implicated in the process of formation of collateral vessels in ischemia

from the observations that FGFs are localized in the hea¡t and the brain a¡d

ca¡ stimulate vascularization when injected into the brain (Cuevas et al, 1988).

FGF stimulates the production of new matrix components such as collagen

(Davidson et al, 1985) a¡d GAGs (Gordon et al 1985). FGF maintains the

differentiated state of endothelial cells through delaying senescence

(Gospodarwicz et al, 1986), süimulation ofexpression ofnonthrombogenic apical

cell surface Modavsky et al, 19?9) and increasing cell attachment to the

substratum (Schubert et al, 1987). 1n wrro studies showed that bFGF can

induce the rearrangement of endothelial cells to form tubula¡ structures

(Montesa¡ro et al, 1986). From all the above gathered information about the

involvemenü of FGF in the process of angiogenesis, it seems that FGF directs

endothelial cells at the site of neovascularization, breaks down the ECM in
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that region to clear the path for the formation of new blood vessels a¡rd

eventually, participates in the process of damage repair of the injured tissue.

2. FGF in Wound healing

FGF has been detected at the site of the focal brain wor:nds (Finlelstein

et al, 1988). Acidic FGF is released early aft€r rat brain injury (Neito-

Sampedro a¡rd Coüman 1988). Addition of FGF to the injwed corneal

epithelium stimulated its healing (Muller et al, 1985). FGFs accelerate the

wound healing process through triggering cellular responses that are important

for the tissue repair such as attrâction of important cells to the wound site

(Sprugel et at, 198?) antl the stimulation of fibroblast proliferation and exüra

ceìlular matrix components synthesis (Davidson et al, 1-985, Sprugel et al,

1987, Buntrock et al, 1984).
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W. Factors involved in embryonic development

At the early blastula stage, ths amphibian embryo (e.g Xenopus) consists

of two cell t¡pes: presumpüive ectoderm in the animal hemisphere, and

presumptive endoderm in the vegetal hemisphere. Until ferbilization, the egg

is raclially syrnmetrical around the a¡rimal-vegetal axis. Upon fertilization,

sperm enters the ventral vegetal side ofthe egg causing a rotaüion ofthe cortex

of the egg relative to its cyboplasmic core. This cortical rotation brings large

yolk platelets and a¡rimal pole cyboplasm into close contact, The orientation

of this rotation accurately predicts the futu¡e dorsoventra-l polarity in the

vegetal hemisphere. Most of ùhe dorsoventral patternìng information is

generated in the vegetal hemisphere (for review see Kay and Smith L989,

Hopwood 1990, Slack 1990, Slack et al 1990). Determination of both the

dorsal-venúral and anterior-posterior aJ.es are the most early major events in

the development of an embyo. In the developing embryo cells a¡e progressively

specialized by a series of cellula¡ interactions called induchions, in which a

group of cells is affecþd by a signal from a¡r adjacent g¡roup (Spemann et al,

1921). The first detected inductive signals during early amphibian

development, produced by the endoderm of the blastula (vegetal hemisphere)

result in the generation of mesoderm from ectoderm (the animal hemisphere

of the embryo) a¡ound the blastula equator. Mesoderm, the middle germ lâyer,

comprises the largest part of the body of vertebrates, such as muscles,

connective tissues, most of the skeleton, the vascula¡ system and most of

r:rinary and genital systems. There are at least two types of signals that

induce mesoderm formation. The first signal is generated from the dorsal

vegetal hemisphere that induces dorsal mesoderm cell types (such as muscle
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and notochord), and the second one derived from the ventral vegetal

hemisphere of the embryo that induces mainly ventral tissue t¡,pe (such as

blood and mesothelium). A third interaction, known as dorsalization, t¡kes

place between the newly formed dorsal mesoderm and the nearby ventral

mesoderm region and results in a further specialization to form other ventral

mesodermal tissues. The furthermost dorsal mesodermal structure, the

notochord, is the first to differentiate. Somites, lie on either side of the

notochord, later differentiate to muscle, skeleton and connecüive tissue of the

skin. The lateral plate mesoderm will give rise to heart, smooth muscle of the

gut, the mesenteries a¡d blood. The urinary and genital systems arise from

the mesodermal region that connect lateral plate and somites. The second

major induction interacúion at the gastrula stage between the newly formed

dorsal mesoderm a¡d dorsal ectoderm leads the formation of neuroectoderm

(Ruiz 1990).

1. Mesoderm inducing factors (MIF)

Factors from úwo growth factor families have been identified as the most

potent mesoderm inducers in embryos. These include the dorsal mesoderm

inducers, activin, XTC-MIF (the Xenopus homologue of the manmalian activin,

Smith et al, 1990), and TGFF2 from the TGFp superfa-mily (Roberts et al,

1990), and venúral mesoderm inducers, members of the FGF family (aFGF'

bFGF, hst-2/kl'GF, FGF-5 and int-2, Slack 1990 and Paterno et al, 1989)'

Studies showed that low concentrations of achivin induces the formation of

ventral mesodermal tissues (mesench¡rme and mesothelium), higher

concentrations produces dorsal mesoderm (Muscle, Green et al, 1990a,b) and
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highest concentrations induce notochord. On the other hand bFGF at both

high and low concenúrations only induces ventral mesoderm formation. The

exact mechanism and ühe product of these inducüion processes are not clea¡

yet, but these results suggest that each cell has a threshold corresponding to

each response. Alternately, all cells would have one th¡eshold and their

response depends on the proporbion of induced cells in each tissue. Xwnt-8, a

member of the Wnt gene family that also has been hypothesized to play a role

in embryonic paüterning (Gavin et 41, 1990) was localized to cells within the

ventral vegetal region of the gastrula. Another member of the Wnt gene

family, TVnt- 1 is expressed in a temporaìly and spatially restricted fashion

dr:ring mr:rine embryogenesis (Shackleford and Varmus 1987). Both XTC-MIÏ

a¡rd bFGF are activators of Xwnt-8 expression. FGFs and Wnt gene family

members may cooperate to iniüially specify the complete dorsal-ventral axis of

the mesoderm.

2. FGFs and their role ilr mesoderm induction

Many observations showed that FGF family members are the potential

factors for the ventral mesoderm induction of embryonic ectoderm (reviewed

in Smith et al, L989). The detection of FGF or FGF-like molecules in the

developing chick brain and in the kidney mesenchyme of the mouse embryo

(Risau 1986; Risau et al, 1988; Risau and Ekblom 1986) as well as the

presence of bFGF in the huma¡r placenta (Moscatelli et al, 1986) led to the

hypothesis that FGFs could support the proliferation and differentiation of

specific tissue cells during embryonic and fetal development. Later studies

showed that FGF family members can induce all mesodermal derivatives
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except notochord, arid enha¡rced by TGF-p to induce mesoderm (Hopwood

1990). .l¿ uitro studies showed the response of ectoderm to FGF rises from

about the 128-ce11 stage and falls again by the onset of gastrulation. The

mRNAs and the protein for bFGF (Kimelman et aì, 1988) and its receptor

(Gillespie et al, 1989 a¡d Musci et al, 1990) are present in the Xenopus

embryos. Mesoderm induction in Xenopus embryos occurs over approximately

a seven-hor:r time span from the 64-ce11 sùage u¡til the beginning of

gasürulation (Woodla¡rd and Jones 1987), ând the exposure of the animal cap

cells to as little as 10 minutes for the added Xenopus bFGF (XbFGF) protein

was sufficient üo induce the formation of ventral mesoderm (Green et al 1990;

Green 1990). Differential expression of two of the FGF receptors, flg and bek,

in the mesenchyme and in the epithelium respectively in a variety of

embryonic tissues including skin, limb, gut and respiratory tract (Peters et al,

1992) suggest the mediation of different functions ofFGFs during development.

A negative dominant mutant form of the FGF receptor failed to 'induce

mesoderm in response to FGF in embryonic explants, causing specific defects

in gastrulation and in posterior development in ùhe whole embryo (Amaya et

â1, 1991). These defects were rescued by overexpression ofthe wild þpe ofthe

FGF receptor, suggesting an important role for FGF in the formation of the

posterior and lateral mesoderm in early embryogenesis. The low-affinity FGF

receptor, s¡mdecan, was detected at the 4-ce11 stage, and at cell-ceIl bor¡ndaries

at úhe blastula stage. At the time of endoderm segregation, it become

restricted to the interface between the endoderm and ectoderm (Sutherland et

al, 1991) suggesting a role in mesoderm formation. In other studies, syndecan

expression was found to undergo striking changes dr:ring epithelial-
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mesenchymal transitions; it is turned on in mesench¡mal cells that will become

epithelial and turned off in epithelial cells that will become mesenchymal

CVainio et al, 1989 and TYautma¡ et al, 1991). These observations suggest

roles in süabilization of epithelia in the early pattern formation of embryonic

mesoderm. A very recent study by Kimelman a¡rd Maas (1992) on Xenopus

embryos, showed that )GFGF induces the formation of dorsal mesodermal

structures when translated from injected syntheüic RNA, suggesting a role for

bFGF in establishing the dorsoventral axis of the embryonic mesoderm. The

discrepency between this observation and the previous studies that showed

bFGF as a ventral mesoderm inducer was explained by the difference in.the

way bFGF was delivered to the animal cap cells. Another member of the FGF

family, int-2 was detected in the developing mouse rhombencephalon in a

spatial arrd temporal pattern suggesting its importance in the normal

development of the inner ear (Represa et al, 1991). The fourth member of the

FGF fa-mily, hst/kFGF, was detected in the late blastocyst stage of the

developing mouse embryo, in cells that give rise to all embryonic lineages,

suggesting the maintenance of different cell types in that cell population.

Later in development, hst&FGF become restricted to the primitive streak ând

continues to be expressed at the gastn:la stage in the distal two thirds of the

primiüive sfreak that will give rise to the future mesoderm and deñnitive

endoderm. During subsequent development, its expression þecomes localized

in the branchial arch units, somatic myotome, the apical ectoderm ridge of ùhe

developing limb bud an¿l tooth bud (Niswander et al, 1992), suggesting

multiple roles for hst/ktr'GF during embryogenesis. The hsVktr'GF is expressed

in ectodermal cells near and in the primitive streak, while int-2 is expressed
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aù high levels in the mesoderm as cells leave úhe strea} a¡d move laterally

(Niswa¡rder et al, 1992). These observations reveal a complementarity in the

pattern of their mRNAs expression. FGF-6 mRNAs a¡e detected in visceral

endoderm surrounding the embryo, a¡d in the ectoderm prior to the formation

of the primitive streak (Hébert at al, 1991). A possible novel member of the

FGF family that was cloned from Xenopus laevis embryo cDNA, eFGF, was

shown to be expressed maternally and zygotically with a peak during the

gastnrla stage, and its expression was concenfrated in the posterior ofthe body

axis ând later in the tailbud, suggesting its involvement in mesoderm

induction at the blastula stage and in the formation of the anterioi-posterior

body axis at the gastrula stage (Isaacs et al, 1992). Taken together, the data

suggest that different members of the FGF family are involved in a variety of

processes such as a role in specific epiihelial mesenchymal interactions,

mesoderm formation, body plans formation and embryonic organogenesis.

3. Anterior-Posterior body axis formation

In the early nmphibian gasürula, the vegetal side in contâct q¡ith the

a¡rimal hemisphere of the embryo releases growth factors that induce the

activity of a region known as Spemam's organizer (Spemann et aI, 1921) in

overlying cells at the dorsal side of the embryo (Smith et 41, 1989, Thomsen et

al, l-990). Spemam's organizer induces the invagination of cells through the

blastopore lip a¡d consequently the extent ofthe futu¡e anterior-posterior body

plan (A-P), There are at least forty homeobox (HOX) genes in the genome of

the mouse and most other vertebrates that encode üranscripùion activators,

through protein-DNA interaction, and play a major role in the cell specification
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along the A-P body axis of developing embryos. Those genes are located in four

clusters, of about ten genes each, ¡ ith genes located at the 5' end expressed in

posterior reg'ions of the embryo, and those in more 3' regions expressed in a

more anterior parts of the embryo (reviewed in De-Robertis et aI 1989). HOX

gene expression is higlùy specific a¡rd show a gradient field of distribution of

their mRNAs. One of the major sites of their expression is the nervous system,

with distinct pattern of expression ofeach individual HOX gene, v¡ith clistinct

anterior bounda¡ies mainly in the spinal cord and the hind brain (Hunt et al,

1991). Their distribution and pattern of expression suggest a fund¡mental role

in the organization of the nervous system a¡d the specification of the

craniofacial and branchial strr¡ctures. For example, the expression of the

)Ollbox 1 protein occu¡s in a narrow region in the anterior ürunk of Xenopus

embryo at the tail bud stage that includes mesoderm, ånterior spinal cord and

ner¡ral crest (De-Robertis et al, 1989). Th¡ee weeks later, )flI{box 1 protein

was found úo be tlistributed in a A-P gradient v¡ith maximal expression at the

anterior. The field of )CIIbox 1 expression shows its high specificity to the

forelimb but not the hind limb (Hunt a¡d Iftumlauf 1991). The effect of growth

factors in the A-P body plan formation may be through ühe acüivation of

expression of cerbain HOX genes in specific regions of the developing embryos.

FGF induces high levels of )ftror 3, a posterior member of the HOX gene farnily

(Ruiz and Melton 1989), while activin induces the Xhbox 6, an anterior

marker (Cho and De Robertis 1990). these observations suggested the role of

FGF as a posterior inducer, while activin is an anterior inducer.
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\4I. Research objectives

Whiie bFGF protein is wiilely distributeil in variety of adult tissues of

mesodermal a¡rd neuroectodermal origin the expression of bFGF mRNA is only

readily detectable in the brain (Shimasaki et aI, 1988). Other studies showed

that exogenous bFGF regulates the functions of cells in the nervous system

(Walicke, 19BB; Walicke and Baird, 1988). Those observations support the

assumption that bFGF has importanú roles in the nervous system and may acù

as a neurotrophic factor. Whether endogenous bFGF exerts simila¡ or identical

effects on various parts of the developing CNS has to be determined. A first

step toward understanding the endogenous effects exerted by bFGF on the

developing nervous system, is to study its gene expression. The aim of this

study is to reveal the regional distribution of bFGF mRNA in the developing

rat brain in order to provide us with insight into the signiñcance ofbFGF in

the development ofthe nervous system. RT-PCR provides a sensitive technique

for detection of low abundance messages such as bFGF mRNA. To be able to

determine the relative expression of bFGF mRNA in various regions of the

developing rat brain, it was necessary to establish a quantitative RT-PCR

protocol to be able to compare relative amounts of bFGF mRNA present on

those tissues.
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Materials and Methods

I. Tissue eollection

Maìe Sprague-Dawiey rats were a¡resthetized with isoflura¡e before

their sacrifice. All the experimental procedures were performed. in accordance

with protocols authorized by the Universiüy of Manitoba Committee on animal

care, which conforms to the procedures approved by the Canadian Council on

a¡rimal care. With the brain süill in the skuli a¡rd after the removal of the

superficial meninges, the following regions were dissected with a nicroknife

and placed on dry ice; the same order was always used: occipital cortex,

inferior coliiculus and cerebellum, then with the brain removed and put on ice,

the pons and medulla were taken as one piece. For one separate set of 28-day-

old rats, in addition to the above regions, hypothalamus was separated at the

optic tracts from one thick coronal cerebral slice, along with hippocampus and

cingulate cortex (For diagrams showing positions of dissected regions. see

figures 17 a¡d 18).

The cerebrum was used in an initial series ând included cerebral

hemispheres and most of the diencephalon except for part of hypothalamus.

Five to ten minutes on average were required for dissection and collection of

various brain structu¡es. Afber collecüion, tissues were immediately stored at -

70 "C. Information about a¡rimals used in this study is summarized in table 13.

II. Total RNA extraction

Total RNA was extracted either by the guanidine hydrochloride/cesium

chloride method (for large amount of tissues, Chirgwin et al, 1979) or by the
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fast single step method (for small amou¡t of tissues, Chomczynski et al, 1987).

1. Guanidine hydrochloride/cesium cbloride method

The same procedure described in Chirgwin et al, 1979 for RNA

extraction using the guanidine hydrochloride/cesir:m chlo¡ide method was used,

2. Single step method for RNA extraction

A fast meúhod for RNA extraction from small amount of tissues (50-200

mg), v/as adapted from the published protocol by Chomczynski et al, 198?.

Tissue was homogenized with 1 ml of soluüion A (a M guanidir:m thiocyanate,

25 mM sodium citrate, pH 7;0. 57o sarcosyl, 0.1 M 2-Mercaptoethanol) at room

temperature. After tissue homogenization, 0.1 ml of 2 M sodium acetate, pH

4; 1 ml of phenol (water saturated) a¡d 0.2 ml of chloroform/isoamyl alcohol

mixture (49:1) were added to the homogenate, mixed thoroughly first by

inversion then vigorously by vorbexing for 10 sec.. The mixture was cooled on

ice for 15 min., then centrifuged at 10000 rpm for 20 min. at 4 "C. After

centrifugation, the aqueous phase (upper layer) was transferred to a fresh üube,

mixed with 1ml of isopropanol and placed at -70 "C for t h¡. to precipitate

RNA. Then the sÊmples were cenürifuged at 10000 rpm for 20 min. at 4 "C and

the precipitated RNA pellet was dissolved in 0.3 ml of solution A, transferred

to a 1.5 ml eppendorf tube that contâins L volume ofisopropanol and kept at -

70 "C for at least 2 hrs.. The samples were centrifuged at 10000 rpm for L0

min. at 4 "C, a¡rd the RNA pellet was resuspended in 75% ethanol, sedemented,

vacuum dried for 7 min. and dissolved in 50-200 pl of high performance liquid

chromatography (HPLC) water.
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III. Northern analysis

Northern a¡alysis was carried out as ilescribed in Ma¡riatis ei al. (1982).

Total RNA was thawed in a 65 "C water bath, and then kept on ice, denatured

in 337¿ formamide and 2.2 M formaldehyde at 65 "C for 15 minutes. The RNA

was then electrophresed in z wo (w/v) agarose gel containing 2.2 M

formaldehyde, 40 mM MOPS ph 7.0, 10 mM NaAc pH 5.2, 7 mM EDTA pH 8.0,

and 0.06 pglml ethidium bromide (EtBr). The RNA was transfer:red to a

nitroplus 2000 (Micon Separations Inc.) hybridization filte¡ using 20 X SAC

(lX SAC = 0.15 M NaCl, 0.015 M sodir¡m citrate). The ñlter was baked for 2

hours under vacuum at 80 'C. The major, EtBr stained, total RNA bands

(mainly the 28 S a¡rd the 18 S ribosomal RNA bands of rat total RNA) were

visualized under ultraviolet (UV) light. DNA probes were labelled by random

priming. Labelling r¡/as câïried out using 3'P-dCTP (3000 Cilmmol) by the use

of a rarrdom priming kit (Amershom). Filters containing total RNA were placed

into Seal-o-Meal plastic bags and prehybriitized for at least 2 hours at 42'C

in hybridization solution containing 407o (vlv) fornamide, 5 X Denhardt s

solution (1X Denhardts = 0.027o (ilv) each of bovine serum albr:min, Ficoll,

and polyvinylpyrrolidine), 5X SSPE (1X SSPE = 1.15 M NaCl, 0.01 M

NaH2PO4, 1 mM EDTA), 250 ¡rglmt denatured salmon sperm DNA and 0.7Va

sodium dodecyl sulfate (SDS)1. After prehybridization, the prepared DNA

probes were added to the bags using a 10 ml syringe. The bags were then

resealed and placed in a 42 oC shaling water bath for approximately 16 hours.

Following hybridization, the filters were washed 1 time in 2 X SAC/0.17o SDS

at room temperature for L5 minutes, followed by 1 wash in 0.2 X SACl}.7Vo

SDS at 65 "C for 30 minutes. The filters v/ere then autoradiographed using
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Kodak XAR x-ray film and an intensifuing screen at -70 oC.

fV. Reverse transcription (RT)

Tota] RNA (0.03-1.5 pg) was incubated with 200 units of MMLV reverse

üranscriptase (RTase; BRL) in a buffer containing a final concentration of 50

mM Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgOlr, 10 mM DT'I, 57o DMSO, 19

nnits of RNase Inhibitor (Pharmacia), 0.0lVo BSA, 0.25 pg of RT primer

(AGCTACAGCTGAGCTGAGCTCAGT20), and 0.5 mM of each dNTP

(Pharmacia) in a final volume of 10 ¡:1. The reacüion mixtu¡e was incubated for

2 hours al 37 "C, a¡d then stored at -20"C.

V. Polymerase Chaira Reaction (PCR)

1. Procedure

One twentieth of the RT reacüion was used in the PCR reaction in a 50

pl fina1 volume containing 200 pM of each dATP, dCTP, dGTP and 400 ¡:M of

dUTP, 50 pmol of each primer, 2 units of Taq Polymerase (BRL), 0.5 unit of

r¡racil DNA glycosylase (IIDG, BRL), 10 mM TYis (pH 8.4), 1.5 mM MgCIr, 50

mM KCI, and 0.02Vo gelatin. The mixture was overlayed with two drops of

mineral oil to avoid evaporation, and then incubated in a GTC-1 genetic

thermal cycler (Scientific Precision) for 35 cycles (in case of bFGF

amplification) or 22 cycles (in case of GAPDH a¡rd actin) using the foilowing

profile: a¡ initial denaturation step at 94 "C for 7 minutes, then repeated cycles

of 94 "C for 45 seconds (denatr:ration), 55 oC for 45 seconds (amealing), and 72

'C for 90 seconds (elongation). The samples were finally incubated at72'C for

7 minutes, and then stored at4 "C. The samples ¡¡/ere run on 7,2Vo agarose gels
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and the PCR product was visualized under IfV light and then photographed

using black a¡rd white Polaroid ñims (high speed 4X5 in. insta¡rt sheet ñ1m).

The actual size of PCR product was determined by the use of DNA marker (SX

DNA iligestecl with Hae III).

2. Prirners used for úhe quantitative analysis of the levels of bFGF

mnNA

a. Rat bFGF oDNA: Expected PCR producù size = 372bp

Predicted from the published rat bFGF cDNA sequence by Shimasaki et al,

(1988)

Pf (forward primer): 5' AAGCGGCTCTACTGCAAG 3'; position: 677-694

Pr (reverse primer): 5'AGCCAGACATTGGAAGAAACA 3'; posiüion: 969-988

b. Råt GAPDH cDNd Expected PCR product size = 343 bp

Predicted from the publisheil rat GAPDH cDNA sequence by Tso et al, (1985)

Pf (forward primer): 5' GCTGGGGCTCACCTGAAGGG 3'; position: 346-365

Pr (reverse primer): õ'GGATGACCTTGCCCACAGCC 3'; posiüion: 669-688

c. Rat actin cDNA.: Expected PCR product size = 291 bp

Predicted from the published rat p acüin sequence by Nudel et al, (1983)

Pf (forwa¡d primer) : 5' TGAACCCTAAGGCCAACC GT 3'; p o sition: 76 57 -167 6

Pr (reverse primer): 5' CGCACGAT.flfCCCTCTCAGC 3'; posiüion: 2402-2421

3. Primers used during the process of optimizing the amplifïcation of

bFGF

Different primers were tested for the ampliñcation of a porbion of the coding

region of bFGF nRNA. Best primers (thaú gave strong signal and with

minimum non-specific amplified products) r¡/ere used for the quantitation of



37

bFGF mRNA levels in the rat brain (as described above). Other primers tested

for the amplification of bFGF mRNA, but not used for quanüitation are

described below:

a. Expected PCR product size=201 bp

(Predicted from the published rat bFGF sequence by Shimasaki et al, 1988).

Pf (forward primer): õ' CGGTACCTGGCTATGAAGGA 3'; position: 770-789

Pr (reverse primer): õ'CAGTATGGCCTTCTGTCCAG 3'; position: 951-9?0

b. Expected PCR product size=3Olbp

(Predicted from the published rat bFGF sequence by Shimasaki et al, 1988).

Pf (forward primer): 5'GGAGAAGAGCGACCCACACGT€'; position: 688-705

Pr (reverse primer): 5'AGCAGACATTGGAÀGAAACA 3'; position: 969-988

c. Expeeted PCR product size=354bp

(Predicted from the published rat bFGF sequence by Shimasaki et al, 1988).

Pf (forward priner): õ'AACGGCGGCTTCTTCCTGs'; posiúion: 635-652

Pr (reverse primer) sAGCAGACATTGGAAGAAACAs'; posiüion: 969-988

d. Expected PCR producú size=415 bp

Pf (forward primer): 6'AACGGCGGCTTCTTCCTG3'

Pr (reverse primer): 5'CTACAAGCTCTACCACAGGGGA8'

Vf. Detection of PCR product by the incorporation of 33P-dATP

In addiüion to ühe PCR protocol described above, a 2 pci ofa-33P-dÄTP

was added to each PCR reaction. 1'þs snmples were amplified for 30 cycles in

the case of bFGF or 20 cycles in the case of GAPDH. PCR products were

separated using 67o polyacryl¡mide gels. The polyacryl¡mide gel used was

prepared as 50ml of 6Vo polyacryTemids gsl containing 5ml of 10 X TBE buffer,
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8.33 ûl of 29:1 acrylamide/bisacryl¡mide, 36.67 ml H2O, and 0.2 pglml EtBr.

After degassing the gel mixture for few minutes, 25 pI of TEMED and 250 ¡rl

of ammonir:m persulfate were added to sta¡t pol¡rmerization. After preparing

the polyacrylarnide gel, one tenth of the PCR product was loaded into the gel,

ran for 2-4 hou¡s using 1X TBE buffer at L00v. The gel was then transferred

to a whatma¡r paper, dried under vacuum and then exposed to XAR x-ray ñlm

OA{. The intensities of the signals v/ere quantitated by densitometry.

VII. Southern a"alysis (for detection of non-raùioactive PCR

product)

Detection of DNA molecules were performed according to the method of

Southern (1975). Fifteen microliters of the PCR reaction was run on a'J-.ZVo

agarose gel which was stained with 0.2 ¡rglrnl ethidium bromide to visualize

the PCR product bands under the LIV light. The PCR products were then

tra¡rsferred to a nitrocellulose filter (Thomas 1980). The filter was baked for

2 hours under vacuum at B0 "C, and then prehybridized v,:rth 40Vo formamide

prehybridization solution 1407o (vlv) deionized formamide, 5X Denhardt's

solution (1X Denhardt s = 0.02Vo (dv) each of bovine serum a-lbumin, Ficoll,

and polyvinylpyrzolidine), 5X SSPE (1X SSPE = 1.15 M NaCl, 0.01 M

NâH,PO4, 1 mM EDTA), 250 ¡rglml denaüu¡ed salmon sperm DNA and 0,7Vo

sodium dodecyl sulfatel for at least 2 hours at 42 "C. A 32P labeled rat bFGF

cDNA and mouse GAPDH cDNA (prepared by using Amersham random

priming kit) were hybridized v¡ith the filter at 42 'C for 24 h. The filter was

washed first v¡ith 2X SAC ( 1X SAC = 0.15 M NaCl, 0.015 M sodirm citrate)

containing 0.170 SDS at room temperature for 1õ minutes, followed by one
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then exposed to X-ray fiIm (XAR-5 Kodak) at -70 "C with intensifying screens.

VIII. Diagnostic digestion of PCR produet or plasynìds

PCR product or plasmid DNA was digested with restriction

endonucleases (RE) obiained from either Pharmacia, Besthesda Research

Laboratories (BRL), or Boehringer Mannheim at 37 "C for no longer tharr 3

hrs.. Either the buffer supplied v¡ith the enzJ¡me, or the appropriate RE buffer

as described in Maniatis et al (1982) was used in the digestion reactions. When

reqiured, the RE were inactivated foliowing cligestion by heating at 65"C or 85

"C for 20 minutes, or by addition of 80 ¡rl of DDHTO. The method of Andrews

et al (1982) was used to separate the RE digested DNA fragments. The DNA

was electrophoresed in L.2Vo agarcse gels stained with o.2 ¡rg/rnl EtBr. The gels

v/ere run at room temperature in TBE and the DNA bands were visualized

r:nder IfV light.

DL Small scale preparation of Plasmid DNA (Minipreps)

Minipreps \¡/ere performed according to the method of Serghini et al

(1989). Single colonies of bacteria, transformed with plasmid were picked from

plates and grown O/N in 5 mls of LB broth, that contains a5 p.g/ßl ¡mpicillin

or 15 ¡rglml of tetracyclin depending on the resistance of the plasmid, by

shaLing at 37 "C at 250 RPM. After OA{ incubation, 1.5 mls of culture were

transferred to an eppendorf tube and the bacteria were collected âs a pellet by

centrifugation. The bacterial pellet was resuspended in 50 ¡-rl of TE and equal

volume of phenoVchloroform/isoamyl alcohol (25124/1) was added, The mixture
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was vortexed and centrifuged and the aqueous layer was removed. To

precipitate the DNA in the aqueous layer, a 2 M (final concentration) of

ammonium acetate and 2 vol. of ethanol were added, and the mixture then

kept at -70 "C. The sedimented DNA by centrifugation was then cl¡ied and

resuspended in 20 pl of TE buffer. The ÐNA was analyzed by RE digesüion and

electrophoresis. DNase-free RNase (50¡:g/mì) was added to the RE buffer to

degrade any RNA present in the samples.

)(. Large scale preparation of plasmid DNA

Plasmids were amplified for use in experiments by the method outlined

in Maniaüis et a1 (1982). Bacteria, tra¡rsformed with the plasmid of interest

were grown O/lI in 5 mls of LB broth containing arnpicillin or tetracycline to

select fo¡ those bacteria containing ühe plasmid. The 5 ml OA{ cultures were

added to 500 mls of fresh LB broth contâining the appropriate a¡rtibioüic for

plasmid selecüion and grown u¡til the optical density (OD600) was greater than

o.6. To stop bacterial growth and allow plasmid amplification, chloramphenicol

was added to a final concentration of 10 pg/ml, and the culture was grown for

a further 16 hours. The bacteria containing the amplified plasmids were

collected by centrifugation at 6000 RPM for 10 minutes in a Beckman JA-LO

rotor. The bacterial pellet was either stored at -70 "C or used immediately. The

pellet was resuspended. in 9.5 mls of lysis buffer (25 mM TYis-HCI pH 8.0, 10

mM EDTA, 50 mM glucose), tra¡rsferred to sterile 50 ml Oakddge tubes

(Nalgene), and 0.5 mls of freshiy prepared lysoz¡rme (20 mg/ml) was added. The

tubes were placed sideway on ice and shaken for 30 minutes. Ten mls of a

0.2M NaOIVO .2Vo SDS solution was then added and the tubes were left to
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shake for further 30 minutes. The mixture was centrifuged in a Beckman JA-

20 rotor for 30 minutes at 17000 RPM at 4'C and the supernatant was

removed and extracted once with 20 mls of phenoVchloroforo/isoamyl alcohol

Qí|2AD. The aqueous phase was seperated from the organic phase by

centrifugation at 3000 RPM in 50 ml centrifuge tubes, removed, and the DNA

in it was precipitated by the addition of 0.6 vol. of isopropanol. The DNA was

pelleted by centrifugation in a JA-20 rotor at 15000 RPM for 10 minutes at 20

oC, and then resuspended in 6.0 mls of TE buffer. After DNA resuspension, 6.6

g of cesir:m chloride (CsCI) to yield 5.7 M was dissolved in the TE buffer a¡d

the mixture was tra¡rsferred to a Beckma¡r Quickseal centrifuge tube (16 x 76

mm). The TE buffer was overlayed \¡¡ith 0.2 ml of 1.0 mg/ml EtBr a¡rd the tube

was fiiled to the top with mineral oil, balanced, sealed, and centrifuged in a

Beckman Ti75 rotor at 55000 RPM for 16 hours at 20 "C. After 16 hours, the

speed was reduced to 45000 RPM for 45 minutes. Following centrifugation, the

UV light was used to differenüiate beüween the plasmid and bacterial genomic

DNA bands. The plasmid band was removed by a needle or syringe, and

extracted several times with 2-3 volumes of isoamyl alcohol r:ntil the solution

color is clear, as an indication of removal of the EtBr. The DNA was then

ethanol precipitated a¡d dried pellet redissolved in TE buffer pH 7.5.

X[. Sequence Analysis

The PCR product was purified from the gel using a 0.45 pM Ultrafree-

MC polysulfone colum¡ (Millipore), made blunt ended with incubaüion with

Klenow, and subcloned into EcoRI site in the plasmid pVZ I (Bluescribe vector

modified by S. Henikoff, IYed Hutchinson Cancer Research Centre). The
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subcloned PCR product was sequenced by the dideoxy termination method

(Sanger et aI,7977). Upper and lower PCR primers a¡rd the universal primer

for the PVZ sequence were used to initiate the sequencing reaction in the

presence of T, DNA poll¡merase and the 4 dNTP's (the dCTP was labelled with
32P). One pg/pl of the subcloned PCR product was annealed to 0.5 pmoV pl of

primer in the presence of 1 ¡rl of 100 mM T!is, pH 8.0 and 1 ¡rl of 50 mM Mgcl,

buffer. Afber gentle mixing, the mixtu¡e v/as incubâted at 65 "C for 5 min. to

aJlow strand-primer annealing and then allowed to cool gradually at room

temperature for 20 min..This mixture was divided into 4 tubes, (2 ¡rl each),

labelled G,A,T,C. To a¡rother 4 tubes, each containing 5 pl of 85S-dATP, 0.5 mM

of one type of dNTP was added followed by the addition of the corresponding

ddNTP (0.25 mM) in a total volume of 10 ¡.r1. Those components were mixed by

gentle pipetting and then 2 pl f¡om each labelled tube was added to the

labelled G,A,T,C tubes. The mixtu¡e was then incubated with 0.5 U/¡rl of Tt

DNA polymerase at room temperature for 17 min., then 2 pl of 2 mM of cold

dNTP was added and the mixture was incubated again for 15 min.. To stop the

reaction, 5 pl of forma-mide dye was aclded, boiled for 3 min, and then cooled

quickly on ice before loading them into sequencing gel.

)ilI. Recombinant DNA probes

bFGF

GAPDH

p actin

28s

Rât bFGF cDNA (0.8 kb) in PVZL (Kurokawa et al, 19BB)

Mouse GAPDH cDNA (1 kb) in PVZ\ (Tso et â1, 1985)

Mouse p actin cÐNA (2 kb) in pBR322 (Nudel et al, 1983)

28S ribosomal RNA cDNA (5 kb) in pBR322
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)ilII. Statistics

To test the significance of change in the levels of bFGF mRNA in different

brain regions and different ages, the mea¡r va-lue for each brain region at one age was

compared with that of the same brain region of a different age using ANOVA-

Duncan's method. For brain regions of 28-day-old rats, a similar analysis was carried

out to compare ühe mean value of each brain region with that of other brain regions

at the snme age,



Results

I. Optirnization of cDNA amplifications by RT-PCR

During the course of optimizing the conditions of the PCR reaction,

critical components for the efñciency ofthe RT-PCR reaction were investigated.

The major components of the PCR reagents which dramatically influence the

efficiency of the PCR reaction aÌe discussed belo¡¡/.

I. MgCl,

MgCI, is required for the functioning of the Taq pol¡rmerase enzJ¡me, a¡rd its

concentration can influence the efñciency and the accuracy of Taq polymerase

in the polymerization step. Very low concentrations of MgCI, in the PCR

reaction leads to poor ampliñcation of the target sequence, while high

concenf,rations ofit affects the speciñcity ofthe Taq polymerase and can result

in multiple nonspecific ¡mpliñed PCR products. Consequently, inefficient

target specific amplification is expected due to faster depletion of the PCR

reagents and coamplification of more than one target simultaneously. PCR

buffers with serial dilutions of MgCl, were tested, and a rarge of 0.5-1.5 mM

of MgCl, (fina]), was found to be appropriate for amplification of bFGF cDNA

and the other control gene products actin and GAPDH.

2. Taq pol¡rmerase

The nr:mber of units of Taq polymerase can a{Tect (in a similar way to

the effects of MgClr) the stringency of the PCR reaction. Taq polymerase (1.5

üo 2.5 units; BRL) gave reproducible amplification of all cDNA sequences under

study.
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3. Primers

For specific and efficient amplificaüion of cDNA or DNA sequences by

PCR, selecüion of primers is a very criüical step. To select suitable PCR

primers, the following criteria should be applied as much as possible: upper

and lower primers should match the target sequence (avoid any base mismatch

at the 3' end of the primer sequence), similar annealing üemperaüure required

for the upper and lower primers to hybridize to the target sequence and G+C

content of the primer should be close to the A+T content. RNA extracted from

tissues is often contaminated with minute amor:nts of genomic DNA.

Coampliñcation of the genomic DNA sequence with its corresponding RNA

species is not desired. To decrease the chance of genomic DNA amplification,

and to be able to differentiate it from its corresponding RNA sequence, primer

pairs were designed such that the intervening sequence contained at least one

intron. The selecüion of the PCR primers was carried out by using primer

analysis sofbwa¡e (Oligo; version 4.0; National Biosciences) that searches for

best matched primers.

4. Annealing temperature

Although target specific primers were designed according to the criteria

described above, it is useful to determine the actual optimum temperature

required for the target cDNA amplification. This can be achieved by

comparing the amplification of the target cDNA at different annealing

temperatr:res. Varying the annealing temperature (50 "C, 56 "C, 60 oC and

65"C) to test the efñciency 6f amplification of bFGF, GAPDH and actin cDNAs

revealed that 56 "C the optimum temperature for target specific ¡mplification.
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5. RT-PCR controls

To avoid PCR-product carryover or contamination (false positives), a

major problem encountered by the use ofthe RT-PCR (Longo et al, 1990), clea¡r

environment a¡rd strict conditions were applied during reagents preparation.

Tissue collection, RNA extraction and RT-PCR reactions were carried out in a

physically distant laboratory from the site of PCR product isolation and

storage. Gloves were changed 2-3 times while carrying out a PCR or a¡ RT

reaction. Separate pipetman and tips were devoted for the PCR reaction. Tips

were changed whenever using a reagent or RNA./cDNA samples. Positive

displacement PCR micropipets were used for aliquoting and addition of

RNA/cDNA molecules to the RT/PCR reacüion mixtures. Proper negative

controls (blank) that contain all RT-PCR reagents, including enzJ¡rnes and PCR

primers but no RNA./cDNA were carried out. Other negative controls that

contain all RT-PCR reagents including RNA, PCR primers and Taq polymerase

but no reverse traascriptase were also examined. The substitution of dTTP

with dUTP and the addition of uracil DNA glycosylase to the PCR master

mixture was incorporated in the PCR protocol to eliminate product

contaminant (Longo et al, 1990). Addition of UDG to the PCR reacüion

mixture had no effect on the PCR efÍìciency (FiS. 1a).

II. Identi.fication of PCR product

1. Ethidium bromide (EtBr) stained gels: Agarose gels stained with EtBr

were used to detect the amplified PCR product. The size of the PCR product

was determined by the use of DNA ma¡kers (ÕX DNA digestecl with Hae III).
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2. Southern analysis: The correct size bFGF or GAPDH PCR products were

also tested by southern analysis using the appropriate 32P-labeled cDNA

probes.

3. Restriction enzJ¡me digestion: The expected size bFGF PCR product was

also confirmed by diagrrostic cutting, using the appropriate restriction enzJrne.

Figure 1c shows the digestion of bFGF PCR product with Dde I results in úwo

expected smaller fragments deduced from the published rat bFGF cDNA

sequence (Kurokawa et al, 1988).

III. Parameters of quantitative RT-PCR

The goal of this study is to establish the relative expression of bFGF in

different stages and regions of the rat brain in development. As with most

growth factor genes, the half life of bFGF mRNA is short (Murphy, P.R. et al,

1990). The expected lower level of bFGF rnRNA (Emoto et aI, 1989, Riva a¡rd

Mocchetbi, 1991) and sma-Il size of the normal brain regions to be analyzed,

necessitate the use of a highly sensitive technique for RNA detecbion.

Northern blot technique was not used as a rouüine quantitative procedure

because it requires 5 to 10 ¡rg of poly (A)- RNA. Figwe 2 shows that bFGF

mRNA was ba¡ely detectable using 40 ¡:g of total RNA obtained f¡om adult rat

bratn.In siúu hybritlizaüion, a more sensitive technique for RNA detection than

Northern analysis, is not a suitable method for qua¡üiúation ofgene expression,

specially if the expression of the gene is very low a¡rd if cells expressing it are

sparse (Emoto et al, 1989). The RT-PCR method was therefore employed in a

quantitative mân¡.er (Murphy, L.D. et al, 1990, Becker-Andre and. Ha-hlbrock,

1989, Gilliand et al, 1990, Horikoshi et al, 1992, Luqmani et al, 1992). A
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method by Becker-Andre and Ha}lbrock, (1989) and Gillia¡d et at, (1990)

utilized cDNA standard fsmplates, added in seria,l dilutions to aliquots of the

cDNA mixture to be analyzed. However, such err approach does not control for

variations in the qualiüy and the quantity of RNA samples. Also, restriction

enzJmre digestions often used to separate the interna-l control PCR product

from the target one are usually incomplete. To avoid these problems, arr

authentic internal sta¡da¡d which is expressed equally in the tissues to be

studied was used. An internal standa¡d cDNA ideally should be one whose

expression is constant among different tissues. To test the approach for

quantitaüion described by Becker-Andre and Hahlbrock, 1989, Giliia¡d et al,

1990, coamplification ofbFGF and an internal control (actin) was examined.

A dramatic reduction in the PCR effrciency for both the bFGF and actin was

noticed (Fig.1B). The coamplification inhibiüion effecú was also observed by

Horikoshi et al, (1991). For the comparison ofrelaüive gene expression it is not

necessary that the target and the internal control cDNA be ampliñed with the

same efficiency, orùy that the efñciency of the PCR amplificaüion of the same

cDNA remains constant âmong different samples. Amplification of the targèt

and the internal control gene products in separate tubes would be possible as

long as their amplifications lie in the linear range. For that reason it was first

necessar¡/ to establish the optimum number of PCR cycles and the RNA input

that would give exponential amplification of both the target and the internal

control cDNAs (Fig. 7,8). Genes like actin (Horikoshi et al, 1992) and GAPDH

(Zentella et al, 1991; Bosma et al, 199L; Clontech 1992; Luqmani et al, 1992)

have been reported to be equally expressed in different üissues and used as

internal standards. GAPDH mRNA was less abundant than actin (Clontech
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1992) and was chosen as úhe internal control for bFGF mRNA quantitation.

The expression of GAPDH and actin detected by RT-PCR was simila¡ in

various regions of the brain of 28-day-old rats and in the rat cerebrum during

the first month after birth (Fig. 3A and 3B). AIso, Northern a¡ralysis confirmed

ühat GAPDH expression was similar in various regions of the brain of 28-day-

old rat (Fig. 4) a¡rd in the cerebrum of the developing rat (FiS. 5 ).

Previous quantitative studies using RT-PCR utilized radioactivity as a

method for detection ofthe PCR product (Gilliand et al, 1990, Singer-Sam et

al, 1990). A non-radioacüive procedure in which PCR products were detected

with ethidium bromide after gel elecürophoresis was evaluated. Aliquots of the

same RT reaction product (eDNA) were subjected to PCR amplification for

bFGF a¡rd GAPDH using S3P-labelled dATP. The bands of the photographs of

the ethiilium bromide stained gels and autoradiograms (Of 33P-labelled PCR

product) were quantitated by scanning densitometry, Results obtained by the

two methods used for PCR product detection and quantitation were very

simjlar (Fig. 6), confirming the reliability of using ethidir:m bromide stained

gels as a method for detection of PCR product. This approach is fast, easier

to perform ald in turn, can be applied to compare large number of samples at

the same úime.

Relationship of PCR product as a funcúion of PCR cycles for boúh

bFGF and GAPDH cDNAs

The PCR reaction has two phases, an exponential phase and satu¡ation

phase. The length of the first phase depends on various factors mainly on the

amount of cDNA template used, the amount of PCR product generated
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(efficiency of ¡mplification) a¡rd depletion of PCR reagents (dr:ring the PCR

reacüion) such as primers arrd dNTPs. Also, the exposure of Taq pol¡rmerase

to high temperatures during each PCR cycle (940 C) reduces its acüivity. All

those factors will affect the efficiency of the RT-PCR ¡eaction and inturn

quantitation by this method. Plotting the number of PCR cycles against the

amor¡nt of PCR product obtained at each cycle, a graph can be obtained a¡d

the linea¡ range of amplification can be determined (Fig. 7).

Relationship of the PCR product as a function of the amou¡rt of

template RNA input

As the ¡mount of RNA used v¡ill determine the a:nount of cDNA that

will be generated in the RT reacüion a¡d later on, the quantity of the PCR

product produced, serial dilutions of RNA were reverse tra¡scribed and then

amplified to determine the range of RNA concentration that results in a linear

PCR product amflification. Results obtained from analyzing different RNA

samples from different tissues showed that amplification of cDNAs under study

was linear when 0.07 to 0.25 pg of total RNA was reverse transcribed and PCR

amplified, (Fig. 8). Also, table L2A shows that results obtained from serial

dilutions of RNA obtained from various brain regions r ere similar.

IV. PCR detection of a novel sequence in the 3'untranslated

([.II) region of bFGF nRNA

In an effort to optimize the conditions for the a-rnplificaúion of bFGF

cDNA by the reverse transcription-polymerase chain reaction (RT-PCR), three

primers were designed (Pr,P2,Ps) according to the published cDNA sequence for

rat bFGF cDNA (Shimaseki eN al, 1988; Fig. 11). P1 (forwa¡d primer) and P,
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(reverse primer) correspond to positions 635 to 652, and 969 to 988

respechively, within the coding region. AIso used was a second reverse primer

P, which corresponds to position 1028 to 1049 in the 3'untranslated (UT)

region of the published sequence (Shimasaki et al, 19BB; see also Fig. B). As

expected, a 354 bp PCR product (lane 6, Fig. 9A) was obtained with the P, and

P, primers. However, when primers P, and P, were used a single 722bpPCP.

product (lane 1, Fig. 9) was obtained instead ofa 41õ bp product predicted by

the published sequence (Shimasaki et al, 1988). Figure g also shows that no

PCR product was detected when either RNA samples (lanes 3 and 5) or RTase

(la¡res 2 a¡rd 4) was omitted, a resr:lt indicating that the 722 bp PCR product

was derived from authentic RNA transcript. Tlne 722 bp PCR product was also

obtained when RNA from adult rat ovary and 3 day a¡rd 21 day rat kidneys

were reverse transcribed arrd amplified. (Fig. 10). The s"-e 722 bp PCR

product was obtained from RNA extracted from brains of rats of four older

ages: 21 days, 28 days,4 months and l year old (results not shown). T}:e 722

bp RT-PCR product from brain RNA, which we refer to as RATBFGFS, was

subsequently sequenced (Fig. 11; El-Husseini et aI, 1992). The sequence

revealed an open reading freme identical to the coding region of the published

rat ovarJ¡ derived bFGF mRNA sequence (RATGFFO, Shimasaki et al, 1988)

and rat brain derived bFGF mRNA sequence (RATGFBF, Kurokawa et al,

1988). These results revealed an addiüional 307 bp in the 3'UI region. This

sequence (posifion 3BB to 689 of RATBFGFS; Fig. 9) represents a¡r insertion

beùween positions 1016 and 1017 of the sequence published by Shimasaki et

aI, (1988; Fig. 12),
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V. Basic FGF gene expression in the rat brain

1. Basic FGF nRNA levels in the rat cerebrurn during early postnatal

developmenú

The levels of bFGF mRNA in the ce¡ebrum obtained from male rats of

ages 1 to 28 days a¡rd one year were first compared. For results obtained by

RT-PCR, see tables 1A a¡d 18. Figure 13 shows a gradual insrease in bFGF

mRNA levels, reaching high levels at the end of the first month (aboui 5.9-fold

of that of l-day-old, Fig. 13). One year old rat cerebrum bFGF mRNA levels

were as high as thaü f¡om 28-day-old rats. Table 2A summarizes the results

obtained from 3 independent sets of animals (see table 13). GAPDH mRNA

Ievels remained relatively constâ-nt. Hence bFGF signals were equalized with

respect to the GAPDH signal intensities for quantitation. Figure 13 shows

that the greatest increase in the levels of bFGF mRNA occr:rred between the

first a¡rd the second postnatâl weeks (3.4 fold). The adult level of bFGF

expression was reached by 3 weeks ofage, its level being 4.8-fold over that of

newborn rat cerebn¡m. For comparison, all the PCR results obüained were

expressed relative to 21-day-old rat cerebn:m set as 700Vo. Staúistical analysis

was carried out using ANOVA-Du¡ca¡'s test (for summary of the analysis, see

table 2B).

2. Regional distribution of bFGF nRNA in 28-day-old rat brai¡r

The RT-PCR application revealed an uneven distribution of bFGF mBNA

in several structures of 28-day-old rat brain (Fig. 14; also see tables 3, 4 and

5). The regional analysis of 2S-day-old rat brain showed that the lowest levels

of bFGF mRNA occur in the cerebellum while the highest levels are found in
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the hippocampus (7 fold of that of cerebellum). Also the levels of bFGF gene

expression were high in the occipital corbex and cingulate cortex (5 fold),

followed by inferior colliculus (3,7 fotd). Intermediate levels we¡e obsewed in

the hypothalamus and combined pons-medulla (2 fold). For relative

s6mparison, alt PCR results were expressed relative to the lnferior colliculus

of28-day-old rat set at 1007o. Surnmary of PCR results obtained from different

sets of animals is in table 6A. In siúø hybridization studies by (Emoto et al,

1989) showed thaú bFGF gene úranscripts are widely clistributed in the cerebral

cortex of the adult rat brain, and the highest levels were found in hippocampus

and cingulate cortex. These results indicate that levels of bFGF gene

expression a¡e similar in the 28-day-old a¡d the adult rat brain regions

discussed above. Figrrre 6 (for PCR results see table 128) shows that the

results obtained by the non-radioacüive PCR method were comparable to that

obtained by the 3sP-dATP incorporaüion protocol, thus validating accuracy of

the non-radioactive quantitative RT-PCR method. Statistical aralysis was

carried out using ANOVA-Duncan's test (for summary of the analysis, see table

68).

3. Regional differences irl bFGF gene expression during postnatal

developmenú

Four brain regions were selected to examine if different loci exhibit

different time of bFGF expression during early postnatal development. In the

occipital cortex (O.C.) a¡rd inferior colliculus (LC.), a gradual increase in the

levels of expression of bFGF within the first month of postnatal brain growih

was observed, reaching high levels in 28 day 12.6 fold and 2.9 fold of the levels

of bFGF ûiRNA in occipital cortex (Fig. 15; table 7A;B) and inferior coiliculus
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(Fig. 15; table 8A;B) respecüively, when compared to the levels in l-day-oldJ.

For relative comparison, all the PCR results obtained were expressed ¡elative

to the inferior colliculus of 28-old-rat set at 100%. This inc¡ease ofbFGF gene

expression in early brain development correlates q¡ith the finding obtained by

Riva and Mocchetti (1991), in various regions of the developing rat brain

(cerebral corLex, hippocarnpus, striatum, hypothal"mus and spinal cord). In

the developing rat cerebellum (CB), in contrast, the highest levels of bFGF

mRNA were at posünatal day one, which decreased by 1.8 fold at day seven

and by 2.6 fold at days 14 and 28 (Fig. 15; table 9A;B). Expression of bFGF

was the lowest in the cerebellum by two weeks of age. A third paütern of

bFGF gene expression was observed for the pons-medulla (P&M) in which

moderate levels of bFGF gene expression v/ere detected in one day old rats,

and this Ìevel of bFGF mRNA remained fairly constânt throughout the active

period ofposünatal development (Fig. 15; table 104 and 108). Results obtained

by RT-PCR from different animal sets a¡e summa¡ized in table 11. Statistical

aaalysis was carried out using ANOVA-Duncan's test (for surnmary of the

analysis for O.C,, I.C. CB a¡d P&M see tables 7Õ, 8C, 9C and 10C

respectively).

4. Basic FGF nRNA in non-neuronal elements

The levels of bFGF mRNA in the rat meninges (collected from L day and 7

days or 28-day-old rats) were much lower than the levels in 28-day cerebellum

(Fig. 16). PCR product of the meninges was barely detectable by Southern

bloühing with a 32P labelled bFGF cDNA probe. No PCR product v/as detected

(using ethidium bromide stained gels) when RNA from blood (collected from 7-
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day-old rats) was reverse transcribed and ¡mFlified (not shown). These

observations indicate that contamination ofbrain tissues by blood or meninges

would have negligible effect on changing the acüual amount of bFGF detected

in the cerebrum and other brain regions. The bFGF gene expression also

detected in the kidney and liver of 7 days a¡rd the kidney of 21-day-old rats

(data not shown).



Discussion

I. Distribution of bFGF in the rat brain

Ner:rotrophic factors are molecules that increase neuronal surwival and

stimulate neurite outgrowih. Theories concerning the regulation of brain

growth during development frequently postulate a major role for neurotrophic

factors (NTF). Basic FGF is produced in the newous system and exerts a

variety of in uiuo and in uitro effects, stimulating mitogenesis, differentiâtion

a¡d maintenance of cells of neuroectodermal and mesodermal origin including

neurons and glial cells (TValicke and Baird 1988, Delaunoy et al, 1988, Per¡aud

et al, 1990).

Although bFGF protein is present in different tissues (Baird and Bohlen

1990, Gospodarowicz et al, 1987) its mn,NA was only detectable in the brain

(Emoto et al, 1989). In order to reveal the role of bFGF in the CNS, ín uitro

and in uiuo models were designed to súudy the effect of bFGF on various cell

types and tissues of the CNS (Westerma¡¡ 1990, Walicke and Baird 19BB). A

direct effect ofbFGF on glial and neuronal cell gene regulation was implicated

by Walicke and Baird (1991). Basic FGF promotes neuronal surwival and

neurite outgrowth (Westermann 1990). Other cellular changes in certain

metabolic compounds in neurons and glial cells after the application of FGF

were also reported (Westerma¡¡r 1991). The naturally occr:rring death of

neurons was prevented by the application ofbFGF (Dreyer et al, 1989). About

25Vo of the retinal ganglion neurons were rescued from death by bFGF after

optic nerve fiber transection (Sievers et al, 1987).

Researchers investigated the importaace of bFGF in the CNS through
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süudying its presence and distribution in different brain structures and cell

types (Emoto et al, 1989, Caday et al, 1988, Riva and Moccheübi 1991, Grothe

et al, 199L). The results reporied about the cell type(s) a¡d loci of bFGF gene

transcription were not consistent. Some discrepancies in detecting bFGF

transcripts were due to the technical difficulüies in detecting the low quantities

of bFGF mRNA and the number of cells expressing it. Is it glial cells or

neu¡ona-l cells or both that express bFGF ? The answer is not cìeâr. Pettrna¡r

et al, (1987) and Ja¡ret et al, (1988) detected bFGF immr:noreacbivity in

neurons but not in glial cells in cultured brain and peripheral ganglia cells.

Others reported the expression of bFGF mRNA orùy in cultured astrocytes

(Emoto et al, 1989). Also, bFGF mRNA and protein have been detected in

astrocytes from adult bovine corpus callosum (Ferrara et al, 1988). In sítu

hybridization studies by Emoto et al, 1989 showed that neurons of several

brain regions contained the bFGF mRNA. Gómez-Pinilla et al, (1992) points

out that bFGF irnmunoreacitvity was mainly localized in astrocytes and

occasionally in microglial cells throughout the normal rat brain and only

detected in a few neuronal populations, specifically the septohippocampal

nucleus, CA-2 field of the hippocârnpus, cingulate cortex, cerebellar Purkinje

cells, deep nuclei, facial nerve nucleus and the motor a¡td spinal subdivisions

of the trigeminal nucleus and facial nerve nucleus. Studies on the distribution

of bFGF rrRNA by Emoto et aI, 1989, using iri situ hybndizabion, showed a

simiiar distribution of bFGF mRNA v/hen compared to the distribution of the

bFGF protein detected by Gómez-Pinilla et al, 1992, only with a more

restricted localization in neuronal populations (CA-2 region of the

hippocampus, layers 2 and 6 of the cingulate corbex, indusium griseum and
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fasciola cinereum).

II. Basic FGF gene expression in the rat brain during early

postnatal development

Comparison of the leveìs of bFGF mRNA in the cerebrum obtained f¡om

male rats of ages 1 to 28 days and one year revealed a gradual increase in

bFGF mRNA levels, reaching high levels at the end of the first month. The

levels of bFGF mRNA of the third postnatal week were as high as that from

one year old rat cerebnrm (as shown in Fig. 13). Simila¡ progression in bofh

bioactive and i--unoreactive bFGF levels in the rat brain in early postnatal

ages that plateaued in the adult, was reported by Caday et al, (L990). Riva

and Mocchetti (1991) used the RNase protection assay to study the level of

bFGF aRNA in rat cerebra-l cortex, hippocåÌnpus, striatum and hypothalamus

(a11 are regions thaü represent major part of the cerebnm) in early postnatal

development. In agreement with the results obtained by RT-PCR used in the

present study, Riva a¡rd Mocchetüi found that the levels of bFGF mRNA in all

the rat cerebrum regions mentioned above, were low in newborn rats and

increased gradually to a peak of expression around the third postnatal week.

Much of neuronogenesis in the rat cerebrum tales place in the

embryonic stage except few regions such as CA2 field and the granule cells of

dentate gyrus of the hippocampus a¡d granule cells of the olfactory bulbs

(reviewed in Jacobson 1991). However, the maximum increase in brain

angiogenesis, glia proliferation a¡rd maturation, axonal myelination a¡d

synaptogenesis occur mostly within ühe first 2 to 3 postnatal weeks in the

brain of the developing rat (Fig. 19). As it was shown by several in uítro
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studies, basic FGF plays imFortant roles in âxgiogenesis, astroglial

proliferation and in axonal and dendriüic growth. The increase in bFGF gene

expression in early postnatal ages in the rat cerebrum may reflect al
importalt role of bFGF i¿ uiuo in regulafing different processes occurring

simulta¡eously in ühe rat brain such as glial proliferation, axonal myelination,

s1'naptogenesis and brain angiogenesis .

The clistribution of bFGF mRNA in several regions of 28-day-o1d rat

brain (Fig. 14) correlate with the results obtain ed by ín sit¿¿ hybridization

(Emoto et al, i.989) which showed that bFGF gene transcripts are widely

distributed in the cerebral cortex of the adult ¡at brain, and the highest levels

were found in hippoc¡mpus and cingulate cortex. Simila¡ results obtained by

Emoto et a], (1989) using Northern analysis to study the distribution of the 6

kb rat bFGF mRNA in various regions of the adr:lt rat brain, suggesting that

úhe single PCR product for bFGF obtained by RT-PCR of total RNA may

represent the more abundant 6 kb bFGF tra-nscript. Similarly, by RNase

protection assay it was found that bFGF nRNA levels in the adult rat brain

regions were highest in hippocampus and cerebral cortex, intermediate in

hypothalamus and brain stem and lowest in cerebellum (70Vo of the cerebral

cortex; Riva and Mocchetti, 1991).

Neurotrophic factors play an important role in preventing the naturally

occurdng neurona-l cell death a¡d maintaining ùheir survival (Barde et al

1988). Different studies indicated that bFGF enhances the survival ín uítro of

neurons obtaineil from various regions of the brain (reviewed. in Walicke and

Baird 1988). Considering the fact that most of the postnatal developmental

events in the rat brain (formation and closure of the blood brain barrier, glia
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proliferation a¡d axonal growth and myelination) occur within the first three

weeks afber birih (Jacobson i.991; see a.lso Fig. 19), the high expression of

bFGF in 28-day-old rat hippocampus, cingulate cort€x, occipitâl cortex and

inferior colliculus may suggest an important role for bFGF in maintaining the

sr:¡vival of neurons of those brain regions.

When levels of bFGF nRNA were s¡aminsd in four structures of rat

brain in early poshratal development, th¡ee different patterns of bFGF gene

expression were observed: 1)steady increase in occipital cortex and inferior

colliculus; 2)constant level in pons/medulla; 3)decrease in cerebellum

The increase of bFGF gene expression in the occipital cortex and

inferior colliculus within the first month of postnatal brain growth correlates

with the finiling obtained by Riva and Mocchethi (1991), in various regions of

the developing rat brain (cerebral cortex, striatum, hypothalamus and spinal

cord). In conürast, the variations in the expression of bFGF nRNA in the

cerebellum (decreases with age in early poshratal rats) ald pons/medulla

(constant) in early postnatal ages (Fig. 15) differ from the general pâttern

(increases with age in early postnaüal rats) observed in all the regions studied

by Riva and Mocchetti (1991).

In ühe rat, the volume density of blood vessels in the inferior colliculus

reaches maximum levels 24 days after birih (A¡drew and Paterson 1989). Also

vascularization ofthe cerebral cortex takes place within the first üwo postnaüal

weeks (Nieto-Sampedro a¡d Cotman 1985). Thus, the increase in the bFGF

mRNA levels v¡ithin the first th¡ee postnatal weeks in those brain regions may

suggest the involvement ofbFGF (a potent angiogenic factor) in the formation

and sprouüing of those blood vessels. The maximal astroglial proliferation,
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sJmaptogenesis and dendritic gro*'th which úake place in early postnaúa1

development, suggest other possible physiological dema¡ds for bFGF in the

occipital cortex a¡d inferior colliculus for that period of time. During the first

two postnataì weeks, major morphological and physiological changes occur in

the rat inner ear and the onset of hearing happens between 9 and 12 days

after birih (Uziel et al, 1981). The increase in the levels of bFGF gene

expression in the inferior colliculus at this period of time may indicate the

participation of bFGF in the development of auditory pathways. On the other

hand, the bFGF mRNA increase could be a result of the development of those

brain regions either because of increased number or increased differentiation

of cells that make bFGF.

The increase of bFGF mRNA in the developing inferior colliculus does

not correlate .vith the levels of the immunoreactive bFGF (bFGF-fR) detected

in this region; bFGF-IR was detectable in postnatal days 8 and 11 but absent

in postnatal day 28 and the adult (Grothe et al, 1991). The reason why the

bFGF rriRNA and not the protein was detected is not clear. Multiple molecular

weight (MIV) forms of bFGF were detectable in different studies (Baird a¡d

Bohlen 1990). The absence of the bFGF-IR in 28-day-old inferior colliculus

may be due to the inability to detect the MW form produced Ílom the bFGF

RNA transcript at that age using the specific antibody (Grothe et al 1991).

ln the developing rat cerebelh:m, the highest levels of bFGF mRNA were

aú postnatal day one, and they decreased by 1.8 fold at day seven and by 2.6

fold at days 14 a¡rd 28 (when compared to 1 day cerebellum; Fig. 15). Much

of the neurogenesis in the rat brain takes place during embryonic development

(Fig. 19, Jacobson 1991). The granule cells of the cerebellum consüitute one of
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only four brain loci that possesse active newogenesis within the first two

weeks after birth (other sites of active postnatal neurogenesis are

hippocampus, olfactory bulb and some nuclei of the brain stem). The high leve1

of bFGF mRNA at postnatal day one correlates with the period when poshratal

neurogenesis is actively taking place in the cerebellum, suggesüing a

neurotrophic function for bFGF on cerebella¡ neurons in early postnatal

development. The low level of bFGF gene expression in cerebelh¡m in later

stages ofpostnatal development may suggestless dependence ofcerebellar cells

on bFGF, and neurotrophic factors other than bFGF may be involved in

maintaining the surwival and function of cerebellar neurons.

Moderate levels of bFGF gene expression were detected in the combined

pons-medulla in 1-day, 14-day and 28-day-old rats (shown in Fig. L5). The

expression ofbFGF gene in the pons-medulla remained fairly constant during

the period between 1 day and 28 days. It is possible that the role played by

bFGF in the pons-medulla in early postnatal development varies in different

regions of the brain.

IrI, Kidney, liver, ovar¡r' ¿¡nd ¡¡sninges express bFGF nRNA

Using the RT-PCR, the expression of bFGF was detected in the kidney

and liver of 7 days, kidney of 21 days, meninges (collected from 1 day and 7

days or 28-day-old rats) and ovary of the adult rat. The detection of bFGF

mRNA in the kidney, liver and ovary by RT-PCR and not by northern analysis

(Emoto et al, 1989), demonstrate the sensiüiviüy of this technique and the

advantage of using it.
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IV. PCR detection of the rat brain bFGF mRNA containing a

unique 3'-untranslated (t-lT) reg:ion

When RT-PCR was employed to detect the presence of bFGF messenger

RNA in rat brain, ovary and kidney, the use of Pt and P, primers (FiS. 11)

resulted in an unexpectêd PCR product (722 bp instead of 415 bp PCR ba¡d).

The sequence of tlrre 722 bp PCR product revealed an identical coding region

to the published rat ovary derived bFGF mRNA sequence (RATGFFO,

Shimasaki et al, 1988; see diagram in Fig. B) a¡d rat brain derived bFGF

mRNA sequence (RATGFBF, Kurokawa et al, 1988). However, these results

revealed an addiüional 307 bp in the 3'UT region. This sequence (position 383

to 689 of RATBFGFS, Fig. 12) represents an insertion between positions 1016

and 1017 ofthe sequence published by Shimasaki et al, 1988. Similar 722 bp

PCR product was also obtained when total RNA from adult rat ovary, 3 days

a:rd 21-day-rat kidneys and rat brains of four older ages: 21 days, 28 days, 4

months and one year old (results not shown) were reverse transcribed and PCR

ampliñed. the 722 bp PCR product was the single major band obtained (Fig.

9, 10) suggesting thaú the bFGF mRNA containing the novel 307 bp 3'UT

sequence is the major transcript form of bFGF mRNA of rat tissues. In

support of this finding, the 3' IJll sequence from positions 383 to 458 of

RATBFGFS v/as identical to the sequence between posiüions 738 to 813 ofthe

rat bFGF nRNA sequence, RATGFBF, reported by Kurokawa et al' (1988)

(Fig. 11; Fig. 12). Also, the additional 307 bp 3'I-II sequence shares 577o

similarity to a 3' I/I region in the human bFGF mRNA positions 873 to 1210

(Fig. 12; Kurokawa et al, 198?). Therefore, the ovarian bFGF mRNA species

published by Shimasaki et aì, 1988, which lacks the 307 bp 3' UT sequence,



64

may have been generated as a result of oDNA cloning arbifact or may represent

a -inor bFGF transcript.

There is increasing e¡¡idence suggesting that regulation of many genes

is accomplished th¡ough postbranscriptional mecha¡isms [Brawerman 1987].

A+T rich sequences conserved in the 3' UT region of mRN,{s of growth factors,

oncogenes and cybokines were shown to play a major role in the regulation of

the stability of those mRNlt's lAkashi et al, 1991]. Two such examples, (ATTI)"

[A]ashi et al, 19911 and (TATT). [Reeves et aI, 1987J, have been demonstrated

to affect mRNA stabiliüy. In the novel 3'IJ1l region of bFGF mRNA , we have

identified eight repeats of the (ATI"I) motif a¡d four of the (TATT) motif (Fig.

11). The presence of úhese motifs suggest a possible role for the 3' UT region

as a determinant of bFGF mRNA stability (Brawerman 1987).

V. The use of RT-PCR as a method for quantitation of relative

levels of e:qrression of mRNAs of growth faetors

The polymerase chain reaction (PCR) has enhanced the ability of

detecting very low concentration of DNA molecules (Saiki 1985). As it was only

possible to detect DNA and not RNA with PCR, a combination of PCR a¡d

another üechnique, reverse transcription (RT), can be applied to detect cDNA

molecules synthesized from mRNAs under investigation (Rappolee et al, 1988).

The RT-PCR techrrique was later used in a qua¡titative ma¡rner (Becker-Andre

and Ha-hlbrock 1989). Amplification by PCR of cDNA obtained f¡om RNA is

theoretically suited to such situations. To control for errors that could arise

from RNA preparation or from variation in the RT-PCR reaction efficiency, an

authenüic internal standard that is expressed equally in the tissues to be
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studied was used. As the approach selected in this study does not employ the

coamplification of the üarget cDNA a¡d the internal control in the same tube,

determination of the linearity of the PCR reaction was a critical step.

Exploration ofthe linearity of the PCR reaction was shown in figures 6, ? and

table 124 (by varying the number of ihe PCR cycles, the input of RNA into the

RT reaction and the input of cDNA into the PCR reaction). Because several

üissues were to be compared, application of a simple method for such

comparison is necessary. The use of non-radioactive method for detection of

PCR product (using ethidium bromide stained PCR product) instead of the

commonly used radioactive method (incorporation of radiolabelled

deoxynucleoüide into the PCR product) was possible' Results obtained from the

úwo methods fo¡ the linearity of the PCR reaction and quantitation of the

relative amounts of bFGF mRNA to GAPDH mRNA in various brain strr¡ctures

were similar (Fig. 6; t'able12B). This comparison indicated that the use of the

non-radioactive method for PCR product detection and quantitation is as

reliable as the radioacüive one.

Similar results were obtained when the expression of bFGF mRNA in

ühe occipital cortex of the rat in early postnatal ages were studietl by

quanüitative RT-PCR (FiS. 15) or by RNase protection assay (Riva and

Mocchetti 1991). Using quantitative RT-PCR, high levels of bFGF mRNA was

cletected in the rat brain in fourth week after birth and in the adult raú brain

(Fig. 13). The so-e results were obtained using northern analysis by Emoto

et al, 1989 and RNase protection assay by Riva and Mocchetti 1991' These

results demonstrate the reliability of the RT-PCR as a tool for studying the

relative expression oflow abundance messages' Besides being a fast technique
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(results can be obtained in one day), the advantage ofusing the RT-PCR is due

to its high sensitivity for detection ofvery low emounts of messages and the

use of nanogr^ms of total RNA (instead of micrograms in case of Rnase

protection assay or Northern analysis).
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Fig. IA Uracil DNA glycosylase (IIDG) in the PCR reaction. Lanes 1 and 2

show bFGF PCR product obtained when IIDG was added to the PCR mixture

(lane 1) or eliminated (lane 2). B. RT-PCR coamplification of bFGF and actin

mRNAs. PCR product obtained using actin primers only (lane 1), bFGF

primers (Iane 3) or both actin and bFGF primers (lane 2). C. Restriction

enzyme analysis of bFGF PCR product. Southern analysis of bFGF PCR

product using 32P labelled rat bFGF cDNA probe was used. Lane 1 bFGF PCR

product after digestion with Dde I enzyme. Lane 2 undigested bFGF PCR

product. Positions of the expected size products are indicated by arrows.
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l06
Fig. 2 Northern analysis of bFGF gene expression. s2P labelled rat bFGF

cDNA probe was used. Forty micrograms of total RNA obtained from a human

astroc¡rtoma cell line U-87 (lane 1), rat brain (lane 2) and rat kidney (lane 3).

The size of bFGF mRNA bands and the 2BS RNA band are indicated by

atTows.
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Fig. 3 RT-PCR Ampliñcaüion of bFGF, GAPDH and acüin cDNAs. .d upper

panel: results obtained from postnaúal rat cerebrum of: 1) 1 day, 2) 3 days, 3)

7 days, 4) 74 days,5) 21 days,6) 28 days and 7) one-year-old rats; B. lower

panel: results obtained from a 28-day-old rat: occipital cortex (O.C.), inferior

colliculus (LC.), cerebellum (CB), pons-medulla (P&M) and hypothalamus

(HYPO).
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Fig. 4 Northern analysis of expression of the GAPDH gene in the brain of 28-

day-old rat. 32P labelled mouse GAPDH cDNA probe was used. Twenty

micrograms of úotal RNA was used. Results obtained ÍÏom a 28-day-old rat:

1) occipital cortex (O.C.), 2) inferior colliculus (I.C.), 3) cerebellum (CB), 4)

pons-medulla (P&M), 5) hypothalamus (IIYPO), 6) cingulate cortex (C.C.) and

and 7) hippocampus (HIPPO). Results were expressed relative to the 2BS

signal and then expressed as a percentage of I.C. set al l00Vo.
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[.ig. 5 Northern analysis of expression of the GAPDH gene in the rat brain in

early postnatal development. 82P labelled mouse GAPDH cDNA probe was

used. Results obtained from the rat cerebrum obtained from 1 day, 14 days,

21 days and 28-day-o1d rats using twenty micrograms of total RNA. Results

were expressed relative to the 28S signal and then expressed as a percentage

of 21-day-old cerebrum set at l00Vo,
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Fig. 6 Comparison between the non-radioacüive and 83P-labeling RT-PCR

methods for the study of bFGF gene expression. Results obtained from 33P-

Iabelled (dotted bars) or ethidium bromide-stained (EtBr) PCR products (black

bars) from 28-day-old rat: occipital cortex (O.C.), inferior colliculus (I.C.),

cerebellum (CB), and pons-medulla (P&M), Results are expressed as percentage

of Inferior colliculus of 28-day-old rat. Basic FGF and GAPDH cDNAs from the

same RT sample s¡s¡s amplified in separate tubes. All bFGF PCR results were

expressed relative to the internal control GAPDH. Aìl subsequent quantitative

analysis was carried out using ethidium bromide staining,
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Fig.7.d Relationship ofPCR products as a funcüion ofPCR cycles for both

bFGF and GAPDH cDNAs. Total RNA (0.07 Fe) from occipital cortex was

reverse transcribed. The RT reaction was used to: A. amplify bFGF cDNA for

25 tn 45 PCR cycles B. amplify GAPDH cDNA for 10 to 35 PCR cycles. Similar

results were obtained when 33P labelling was used as a method of PCR product

detection (not shown). Results r¡/ere expressed as percentage of the 35 PCR

cycles in case of bFGF and 20 cycles in case of GAPDH.
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Fig. I Relationship of the PCR products as a funcüion of the amount of

template RNA input. bFGF and GAPDH cDNAs were amplified in two

separate reactions. Serial dilutions of RNA (0.03 ¡:g to 1 pg of total RNA) were

reverse transcribed (RT) and PCR ampliñed. GAPDH cDNA samples (bottom

pannel) were ampliñed for 22 cycles v¡hile bFGF cDNAs (upper pannel) were

arnplified for 35 cycles. The PCR producús Íìom both bFGF and GAPDH

respectively, were plotted as a funcúion of toúal RNA used in the RT reaction.

Results were expressed as percentage of the 0.72 1tg RNA dilution. Inset:

shows the range of total RNA concentraüions that gives linear PCR product

amplification for both bFGF and GAPDH.
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Fig. I Ethidium bromide staining of RT-PCR products of rat brain total RNA.

Primers used were: P1 (forward primer): 5'AACGGCGGCTTCTTCCTG8'; P2

(reverse primer) 6AGCAGACATTGGAAGAAACA3'; P3 (reverse primer):

õ'CTACAAGCTCTACCACAGGGGA'g'. Upper panel: lanes 1 - 3 : results obtained

using P1Æ3 primers. La¡res 4 - 6 : results obtained using P1lP2 primers.l) 722

bp product, 2) negative control (no RTase), 3) negative control (no RNA), 4)

negative control (no RTase), 5) negaüive control (no RNA), 6) 354 bp product,

7) $x DNA digested digested Hae III. Fig. 9B is a diagram explaining the

discrapncy between the expected size PCR product (a1õ bp) and the observed

one (7 22bp). The positions of primers used are indicated by arrows. Lower

panel: Diagram repesents an explaJ¡ation for the discrepency beüween the

expected and the observed PCR products.
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Fig. 10 RT-PCR producú ofbFGF mRNA from adult rat ovarJ¡ and 3 day old

rat brain revealed by Southern analysis; 32P labelled rat bFGF cDNA (800 bp)

was used as a probe. A 354 bp PCR product band was observed when P1lP2

primers were used (lanes L, 3, 5), while a 722 bp PCR product band was

observed when P1lP3 primers were used (lanes 2, 4, 6). The RT-PCR

conditions were optirnized for each tissue separately to provide a clearly visible

signal, and therefore signal intensities are not quanüitative.
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Fig. 11 Sequence comparison between the rat brain bFGF cDNA

(RATBFGFS), rat brain bFGF cDNA (RATGFBF; Kurokawa et al, 19BB) and

rat ovary bFGF cDNA (RATGFFO; Shimasaki et al, 1988). The stop codon is

shown in lower case letters. The novel sequence is from positions 383 to 689

of the RATBFGFB. The positions of the three primers used in this study are

marked by arrows. The conserved A+T rich motifs, (ATTT), and (TATT), are

shaded and overlined respectively.



RÀTGFFO
FÀTGFBF

RÀTGFFO
RÀlGFBF
RATBFGF3

RÀTGFFO 663
RÀTGFBF 384
P.qTBFGF3 29

FÀTGFFO 724
RÀTCFBF 449
RÀTBFGF3 94

s33
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12J-

ÀTGGCTGCCGGCAGCÀTCÀCTTCGCTTCCCGCACTGCCGGÀGGÀCGGCGGCGGCGCCTTCCCACC
ÀTGGCTGCCCCCAGCÀTCÀCTTCCCTTCCCGCACTGCCGGÀGGÀCGGCGGCGGCGCCTTCCCACC

CGGCCACTTCAÀGGÀTCCCAÀGCGGCTCTÀCTGCAÃGAÀCCGCGGCTTCTTCCTGCGCATCCATC
CGGCCACTTCAÀCGÀTCCCAÀGCGGCTCTACTGCAÀGA.ACGGCGGCTTCTTCCTCCGCATCCATC

ÀÀCGGCGGCTTCTTCCTGCGCÀTCCATC

P1

CÀGÀCGGCCGCGTGGACGGCGTCCGGGÀGAÀGAGCGACCCACACGTCÀÀACTACÀGCTCCÀÀGCÀ
CAGÀCGGCCGCGTGGÀCGGCGTCCGGGAGAÀGAGCGÀCCCÀCÀCGTCAÀÀCTACAGCTCCAÀGCA
CAGACGGCCGCGTGGÀCGGCGTCCCGGAGAÀGAGCGACCCACACGTCÀÀ.ACTACACCTCCAÀGCA

GAÀGÀGAGAGGAGTTCTGTCCÀTCAÀGGGAGTGTGTGCGAÀCCGGTACCTGGCTATGAÀGGÀÀGA
GAÀGÀGÀGAGGAGTTGTGTCCÀTCÀAGGGÀGTGTGTGCGAI\CCGGTACCTGGCTATGAÀGCÀÀGA
GAÀGÀGÀGAGGÀGTTGTGTCCÀTCAÀGGGÀGTGTGTGCGAÀCCGGTACCTGGCTÀTGAÃGGAÀGÀ

TGGACGGCTGCTGGCTTCTAÀCTGlGlTACÀGAÀGÀGTGlTTCTTCTTTGÀÀCGCCTGGAGTCCA
TGGACGGCTGCTGGCTTCTÀÀGTGTGlTÀCAGÀÀGÀCTGTTlCTlCTTTGÀÀCGCCTGGAGTCCA
TCGÀCGGCTGCTGGCTTClAÀGlGTGTTACAGÀÀGÀGTGTTTCTTCTTTGAÀCGCCTGGAGTCCA

ÀTAÀCTACAACÂ,CT1ÀCCGGTCACGGÀÂÀTÀCTCCAGTTCGTATGTGGCACTGAÀÀCGAÀCTGGG
ÀTÀÀCTACAÀCACTTÀCCGGTCACGGÀÀÀTÀCTCCAGTTGGTÀTGTGGCACTGAÀÀCGAÀCTGCG
ÀTÀÀCTACÀACÀCTlACCGGlCÀCGGAÀÀTÀCTCCAGTTGGTATGTGGCACTGAÀ¡'CGAÀCTGGG

CAGTATAÀÀCTCGGÀîCCÀÀÂACGGGGCCTGGACAGAÀGGCCÀTACTGTlTCTTCCAÀTGTCTGC
CAGTATAÀÀCTCGGÀTCCAÀÀÀCGGGGCCTGGACAGAÀGGCCATÀCTGTTTCTTCCAÀTGTCTCC
CAGTATA.AÀCTCGGÀTCCÀÀ.4ÀCGCGGCClGGACÀGÀÀGGCCÀTACTCTTTCTTCCAÀTGTCTGC

+-
TÀÀGÀGCIgaCTCTCTTTÀGÀCACTGTCA P2
TAÀGÀGCt gaCTCTCTTTÀGÀCACTGTCACTCAGÀGÀÀÀÂGA.AÀÂGÀÀTGTÀTACÀGCTAÀGTTT
TAÀGÀGCT gaCTCTCTTTAGACACTCTCÀCTGÀGÀGAÀÀÀCAÀÀÀCÀÀTGTATÀCAGCTAAGTTT

GGATGCCTTTTATGTAÃCAÀTAÀGACÀCTTAGCCATTAC C

CGATGCCTTTTATGTAÀCAÀTA¡,GÀCÂCTTACCCÀTTACCTCÀGTAÀÀGÀÀÂÂACAÀCA+..8,I?ìTT

ccAÂÂAî-SF.fi{'.,ccAcîrccci:Þ:iliiTTArArÀccrrrccrrcrcÀcccAGTGAÀ-AÂTTcrAGccAc

.AÀTcTTrcTcAccl-A.?..,,, ccTT--q5. .,...çAÀÀÀcAGcä-ï-{-,ä.¡ÀÀcÀTÀî-ÀrrcAcAÀÀÀTTcAcAr

TTGTGA$,Í:;I.JICTÀCCCTGGAÀ.\CÀCAÀGTATGTGAGGAÀGGCTGGCATTCAÀTCTGTTCCC'At.TT

R¡,TGFFO
RÀTGFBF
RÀTBFGF3

RÀTGFT'O
RÂTGFBF
RÀTBFGF3

R.AlGFFO
RÄTGFBF
RÀTBFGF3

RÀTGFFO
RATGFBF
RÀTBFGF3

RATGFEF
RÀÎBFGF3

FÀTBFGF3

1s9

858
5'19
224

923

988
.709

774
419

484

549

6r4

RÀTGFFO 1017 CTCTCAGCCÀGTCCCCTGTGGTÀGAGCTTGTÀG
RATBFGF3'679 CAGCCTTCT¡\CCTCTCAGGCAGTCCCCTGTCGTAGÀGCTTGTÀG

a-
P3

tþ.
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Fig. 12 Diagram comparing the sequence of published bFGF cDNAs. The rat

bFGF sequences are obtained from 3 day old rat brain (RATBFGFS; El'

Husseini et al, 1992); adult ovary (RATGFBF; Kurokawa et al, 1988) and adult

brain (RATGFFO; Shimasaki et al, 1988). IIBFGF is the human bFGF cDNA

sequence (Kurokawa et al, 1987). Position of the primers used to amplify the

rat brain bFGF cDNA are indicated by arrows. For descripüion of primers see

Fig. 11. Unshaded areas represent the coding region and shaded areas

represent the 3' UT region of the bFGF cDNA, Idenüical regions positions are

shown above each sequence.
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Fig. 18 Basic FGF gene expression in the cerebnrm of male rats in early

postnatal development. Values were equalized with respect to GAPDH signal.

Results are expressed as percentage of the cerebrum of 21-day-o1d rat.

This graph shows that levels of bFGF increased sigrrificantly between the first

and the second weeks of postnatal brain growth,

('3)= Levels of bFGF mRNA in the cerebrum of 14,27 and 28-day-old rats were

sigrrificantly different from those from 1 day, 3 days and 7-day-old rats. Only

2 sets of one-year-old rats were tested. Statistical analysis was carried out

using ANOVA-Duncan'g analysis; p<0.05.
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Fig. 14 Regional comparison of bFGF mRNA in the brain of 28-day-old male

rats. Regions of the brain used are: O.C. (occipital cortex), LC. (inferior

colliculus), CB (cerebellum), P&M (combined pons-meduula), IIYPO

(hypothalamus), C.C. (cingulate cortex) and HIPPO (hippocampus). Levels of

bFGF mRNA were highest in HIPPO followed closely by O.C., C.C. and I.C..

Moderate levels of bFGF mRNA were in IfYPO and P&M, while lowest levels

were in CB. (NB: For on-ly one set of 28 day old rats, hypothalamus was

separated at the optic tracts from one thick coronal cerebral slice, along with

hippocampus and cingulate cortex). Results are expressed as percentage of

Inferior colliculus of 28-day-old rat seü at 100%.

Statisüical analysis was carried out using ANOVA-Dr¡ncan's analysis; p<0.05.

(+) : level of bFGF mRNA in the CB was significantly different from O.C.,

LC., and P&M.

Ievel of bFGF mRNA in O.C. was sigrLiñcantly different from P&M and

CB

level of bFGF mRNA in I.C. was sigrrificantly different from CB
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Fig" 1õ Regional comparison of bFGF mRNAs in early postnatai

developmment Resr:lts are expressed as percentage ofinferior colliculus of28-

day-old rat. This graph shows that bFGF mRNA expression is temporally and

spaùially regulated in various brain regions in early postnaúal development: in

occipital cortex and inferior colliculus; bFGF mRNA level increases during the

first month after birth; in cerebellum: bFGF mRNA level was highest at

postnatal day one; in pons-medulla: bFGF mRNA level was moderate during

the first postnatal month.

(+) = Sigrrificantly different from day one for each region' Súatistical analysis

was carried out using ANOVA-Duncan's analysis; p<0.05.
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Fig. 16 Southern analysis ofbFGF gene expression in the brain meninges of

neonatal raùs. a. The hybridization bands of the PCR products from rat

cerebellum (28-day old; lane 1) and meninges (1 day and 7-day-old pool; lane

2) are compared, s2P labelled bFGF cDNA probe was used as probe, b. ethidium

bromide stained GAPDH and actin PCR products generated after the RT-PCR

ampliñcation of total RNA obtained from cerebellum and meninges.
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Fig. f7 Diagram comparing the relative size and structure of the rat brain in

early postnatal development. Sagg:ital section in the brain úo show regions

dissected for the study of bFGF mRNA expression are indicaúed. O.C.=occipital

cortex; LC,=inferior colliculus; CB=cerebellum; P&M=pons-medulla.
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Fig. Lg Coronol section of the brain of 28 old rat. This diagram shows

positions of cingulate cortex (C.C.), Hippocampus (HIPPO) and hypothalamus

(HYPO) dissected from 28 old rats.
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Fig. 19 Events taking place in most regions ofthe ¡at brain in early postnatal

development.
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TABLE TA
The RT-PCR analysis ofbFGF gene expression in the cerebrum of 1day, 3

days and ?-day-old rats
A-lI numbers a¡e ¡elative to 21 day ce¡ebrum seþ at L007o
M=Mean; SD= Standa¡d deviation; d=Day;S=Set, (one tissue pooled from various animals snd
used for subsequent analysis); n= number ofindependent sets; nP= number ofrepeated PCR
runs.

Age 1d 1d rcl 3d 3d 3d ?d 7d 7d

Set s#1 s#2 s#3 s#1 s#2 s#3 e*1 s#2 s#3

PCR 1 4 20 6 16 L2 49 t2 19 27

2 29 26 7 25 ¿o L6 24 25 33

3 L6 37 24 40 19 16 22 32 27

4 2A 33 52 33 33 64 86

5 I5 L4 15 56

6 42 ?o 46

1 32

I
MISD 16É13 27!7 2!rt4 27*.9 2 8t14 19t6 35r20 Á4t2r

fotal
r'ÉsD
Il

2t!6

E=3

2't!6

¡=3

33i13

¡=3
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TABLE 18
The RT-PCR analysis of bFGF gene expression in the cerebrum of 14 days
and 28-day-old rats
A.ll numbers are relative to 28 day inferio¡ colliculus set at 1007¿

M=Mean; SD= Sianda¡d deviation; d=Day; y=Yea¡; S=Set (one tissue pooled from various
animels and used for subseguent a¡alysis); n= number of independent sets; nRP= number of
repeated PCR runs.

Age 1¿d 14 d 14d 28d 2gd 2Ad 1y 1y

Set s#1 s#2 s#3 s#1 3*2 s#3 s#1 s#2

PCR 1 44 33 L25 155 58 107 129 L76

t 36 100 t29 225 t2t L24 63 111

3 55 104 63 91 90 223 133 59

4 88 90 L11 134 10s 86 85 113

5 53 48 104 48

6 73 153

7 64 131

8

ÀttsD 56É23 76f31 88*33 153f54 94i27 103t34 115t4I

total'
r.ftsD
l¡

73t16

n=3

124130

!=3

10919

D=2
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TABLE 2A
The RT-PCR analysis of the bFGF gene expression in the developing rat
cerebrum
Alì numbers are relative to 21 day cerebrum sel at' 1007o
M=Mean; SD= Standard deviation; d=Day; y=Year; S=Set (one tissue pooled Ílom
va¡ious ani.mals and used for subsequent analysis); n= number of independent sets;
nRP=number of repeated PCR runs.

Age 1d 3d 7d 14d 2Ld 28d 1v
Set 1 16tt-3 33t16 1 916 56!23

nRP=4
100 153t5 4

Set 2 27 t7
nu=4

2L+9 3st20
nRP= 4

'7 6+3L
n '' =:)

100 94!21
n.-:J

Set 3 2I+L4 28!L4 44+2L 88t33 t00 t 2 5155
næ=7

10 3t3 4

Iota!
!.ftsD
D

2L!6

n=3

27!6

o=3

33i13

D'=3

73!L6

!=3

100

D.=3

L24t30

D=3

10919

^=2



t45
Table 2B
Statisf,ical analysis of bFGF gene expression i:r the cerebru¡n of the
developing rat in early postnatal ages (using ANOVA"DT¡ncan-'s úesú).

Tissue was pooled from individual animals to c¡eate sets for each day. Total
RNA from each set-day was analyzed repeatedly by RT-PCR as described in
tables 1A a¡rd 18. To simplify comparisons of different tissues, results were
expressed as a percentage of one of the brain regions selected as a reference
point. Because ofiús intermediate band intensity, 21-day-old rat cerebrum was
sel at 700Vo and all other cerebrums obtained from other postnatal ages (see

table 2A) were expressed relative to it. Data were averaged for all PCR runs
to create a mean for each set-day.
Set-day mearìs were averaged to create a mean for each age.

(Remarks: RT-PCR data obtained from all the other brain regions tested
(tables 3 to 10) was treated simila¡Iy).

Age Mean
Average

SD 1 day 3 day ? d"y 14 day 21 day 28 day

1 day 21 Þ s s

3 day 27 o s s

7 day 13 S s s

14 day ¡L) 16 s s s s

2l day 100 s a Ê

28 dav 124 30 s s s s

* AlL numbers are ¡elative to 21 day cerebmm set as 1007o

s = significantly different; p<0.05
. = not signifrcantþ ilifferent
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TABLE 3
The RT-PCR Analysis of bFGF gene expression in 28 d rat O.C. and CB
AII numbers a¡e ¡elative to 28 day inferior col.liculus set aü 10070

M=Mean; SD= Standard deviation; d=Day;S=Set (one tissue pooled from various animals and
used for subsequent analysis); n= number of independent sets; nP= number ofrepeated PCR
runs.
+* The rest of RT-PCR resulLs for this set are in table 7b

Region o.c. o.c. o.c. o.c,* CB CB CB CB

Set s#1 s#2 s#3 s#4 s#1 s#2 s#3 s#4

PCRl 63 154 151 t26 9 9 9 43

2 145 156 107 393 t7 10 66 20

3 116 t29 L12 278 A1 5 31 11

tt 84 t43 306 15 19 59

5 t4't ]-72 28 80 38

6 89 47

't 724 18

8 66 31

9 o? 50

10 t52 36

11 82 31

MtSÐ

n'*

LO2t36 146t1s

nP=3

r44!24

nP=5

I Ãt+'11

nP=32

23!í5 8f3

næ=3

41131 35t1s

n*=11

Total
MtSD

n

13 4 t21

n=3

27 xr5

n=4
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TABLE 4
The RT-PCR Analysis ofbFGF gene expression in 28 d rat P&M
A-lI numbers a¡e relative to 28 day i¡ferior colliculus set at 1007o

M=Meân; SD= Standa¡d deviation; d=Day;S=Set (one tissue pooled from various ûti:nâJs and used
for subsequent analysis); n= number of independent sets; nRP= number of repeated PCR runs.

Region P&M P&M P&M P&M

Set s#1 s*2 s*3 s#4

PCRl 73 47 107 91

2 10 18 81 45

3 58 43 75 33

4 82 109 55

5 63 80

6 69

1 48

I 61

o 50

10 36

11 61

MtSD

n'-

71t10 s6 t19

n*=3

88 t20 57 t18

n&=11

TotaI
AvÈSD

68 115

n=4
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TABLE 5
The RT-PCR Analysis of bFGF gene expression in 28 d rat hypothalamus
(HYPO), cingr:late cortex (C.C.) and hippocampus (HIPPO).
All numbers are relative to 28 day i¡ferior colliculus set at 1007o.
M=Mean; SD= Standard deviation; d=Day; S=Set (one tissue pooled Ílom various
animals and used for subsequent analysis); n= number of independent sets; nnP=

number of repeated PCR runs.

Region HYPO c.c. HIPPO

Set s#1 s#1 s#1

PCRl 56 143 2L8

2 64 159 152

3 33 118 116

4 56 200 267

5 63 134 207

6 38 99 t20
7 41 119 182

I 64 108 20t
9 76 139 174

10 96 137 t66
11 64 91

MtSD

n'-

60!77

np=l1

L32t30

nÐ=11

18 015 5

nP=10

lIotaf-
lrtsD

t¡

60i17

n=1

'133132

D=1

18014r6

u=1
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TABLE 6A
The RT-PCR analysis of bFGF gene expression in 28 d old rat brain
A-lI numbers a¡e relative to 28 day inferior colliculus set at 100%
M=Mean; SD= Standa¡d deviation; d=Day;S=Set (one tissue poo).ed from va¡ious animals and
used for subsequenÈ analysis); n= number of independent sets; nP=number of repeated PCR
runs. O.C.=occipital cortex; I.C.=inferior colliculus; CB=cerebellum; P&M=pons-medulla;

mus; C.C.=cingulate cortex; HIPPO=

Regj.on o. c. r,c, CB PEM EYPO c. c. EI PPO

Set 1 102t36 l-00 23tt5 71f10

Set 2 l_ 4 6115 I00 813 5 6119

Set 3 t44t24 L00 41t31 e8
n_'

20
5

Set 4 t42!',7]- 100 3 5115 5?118 6 011?
nRP=11

132+30 180155
nRP=L 0

Iotal.
MISD
t¡

L34!2L

a=4

100

D.=4

27t!5

D=4

68t15

D=4

6 0t17

D=1

132130

E=1

1SOl55

n=1
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Statisúical analysis of the sig:rifïcance of bFGF gene expression in
regions of the brain of 2S-day-old raú (using ANOVA'Duncan's test).

Because of its intermeiliate ba¡ril intensity, 28-clay-o1d-rat inferior colliculus
(LC.) was set at 700Vo and alt the other brain regions examined from all
postnatal ages (table 3 to 10) were expressed relative to it.
For explanation of RT-PCR data treatment for regional comparisons and
statistical analysis, see table 28 (also see page 43).

Region Mea¡r
Average

SD o.c. I.C. CB P&M

Occipital cortex
(o.c)

134 2t S S

Inferior colliculus
(r.c.)

100 _* s

Cerebellum
(CB)

27 15 S S s

Pons-Medulla
(P&M)

68 15 Ë s

*All numbers a¡e relative to 21- day inferior colliculus set as 100%
s = significantly different; p<0.05
. = not significantly different
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TABï.tr] 7a
The RT-PCR AnaJysis ofbFGF gene expression in the occipital cortex of
the developing rat.
AII numbers are relative to 28 day i¡ferio¡ colliculus set at 1007o

M=Mean; SD= Standard deviation; d=Day
S=Set (one tissue pool.ed from various animals and used for subsequent anaJysis); n= number
of independent sets; nP= number of repeaied PCRse run

Age 1d 1d 1d 7d 14 d 14 d t4 d

Set s#1 s#2 s#3 s#1 s#2 s#1 s#2 s#3

PCR 1 43 89 45 91 66 97 84 L02

2 10 th 71 70 43 122 76 78

3 47 30 41 55 54 86 64 93

4 58 50 29 68 51 84 65 97

5 73 45 45 87 42 100 76 89

6 2L 63 103 39 45

7 34 45

MtSD
n'*

58t13
nÈ=5

52!26
nP=6

51117
n*=6

79t18 52t10
nP=5

80Í32 63t15 92!9

Total
MISD

n

54!.4

n=3

65È19

n=2

7 8115

n=3

.as€ 28d 28d 28d

Set s#4 sH4 #4

PCR 70 216 94

138 180 85

r34 124 123

vl 106 111

101 122 106

tl6 l?3 106

182 114 106

ITISD 121L31
nÈ=21



Table 7C r52
Statistical analysis of bFGF gene expression in the occipital cordex of
the developi:rg rat in early postnatal ages (using ANOVA-Dr¡lcan's
test).

To relatively compale all RT-PCR data obtained from different brain regions,
28-day-old-rat inferior coliiculus (I.C.) was set at 1007o and all the other brain
regions examined from all postnatal ages (table 3 to 10) were expressed
relative to it.
For explanaüion of RT-PCR data treatment for regional comparisons and
statistical analysis, see table 2B (also see page 43).

All numbers are relative to 21 day inferior colliculus set as 1007¿

s = significantly different; p<0.05
. = not sig:nificantly different

Age Mean
Average

SD 1 day 7 day 14 day 28 day

L day 54 4 s

7 day 65 19 S

14 day 7B 15 s

28 day 734 27 S s S
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TABLE 8a
The RT-PCR Analysis of bFGF gene expression in the inferior colliculus of
the developing rat
+A.ll numbers are ¡elative to 28 day i¡ferior colliculus set at 1007o.

S=Set (one tissue pooled from various animaìs and used for subsequent analysis); n= number
t€d PCRof independent sets; nu= number of repeated PCR runs

Age 1d 1d 1d 7d 7d 14 d 14 d 14 d

Set s#1 s#2 s#3 s#1 s#2 s#1 3#2 s#3

PCR 1 56 49 8 25 73 108 93 1t7

2 29 32 7 81 16 19 44 59

3 38 32 12 42 32 42 42 48

A 47 86 24 47 20 6s L24 67

5 19 51 22 54 43 52 82 63

6 65 69

7 54

8

}T+SD 38115 53i21 15t8 50t20 69126 73t30 7 rx2l

Eotal
!,rtsD
n

3s119

n=3

44i.9

\t=2

1L!2
n=3

Aee 28d 28d 28d

Set s#4 cë4 s#4

PCR 100 f00 f00

100 t00 100

100 100 100

r00 100 100

100 100 100

100 100 r00

100 t00 100

M*SD 10ûa0

TotÀl
M+SD

n

100+0

n=4



Table 8C t54
Statistical analysis of bFGF gerre expression in the inferior colliculus
of the developing rat in early postnaúal ages (using ANOV.4."Duncan's
tesú).

To relatively cornFare all RT-PCR data obtained from different brain regions,
28-day-o1d-rat inferior colliculus (LC.) was set al 1007o and all the other brain
regions examined from all postnatal ages (table 3 to 10) were expressed
relative to it.
For explanation of RT-PCR data treatment for regional comparisons arrd
statisüical analysis, see table 2B (also see page 43).

*All mrmbers a¡e relative to 21 day inferior colliculus set as 1007¿

s = significantly ilifferent; p<0.05
. = not signiñcantly different

Age Mea¡r
Average

SD 1 day 7 day 14 day 28 day

1 day 35 19 s s

7 day 44 I S s

14 day 77 2 s S s

28 day 100 S s s
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TABLE 9a
The RT-PCR Analysis ofbFGF gene expression in the cerebelÌum ofthe
developing rat.
A.ll. numbe¡s a¡e relative to 28 day inferio¡ colliculus set at 1007¿. M=Mean; SD=Standa¡d
deviaùion; d=Day; S=Set (one tissue pooled from va¡ious animals and used for subsequent
analysis); n=number of independent sets; nru= number of repeated PCR runs

Age 1d 1d 7d 7d 1Á d 14 d 14 d

Set s#1 s#2 s#3 s#1 s#2 s#1 s#2 s#3

PCR 1 64 114 l5 35 45 37 30 35

c 36 69 54 31 36 38 ta 32

3 L23 59 74 20 15 53 17 !2
4 60 95 42 33 51 50 25 25

5 14 59 31 52 56 !4 o

6 86 30 L2 28 11

7 51 33 54 11

I 77

!f*sD a 4t25 5 9*17 30t5 34t14 2 8113

fo taf-
r.ftsD
D

71i13

tl=3

4 0*18

Ê2

27!A

!1=3

Age 28d 28d 28d

Set s#4 sH4 sfl4

PCR 30 35

38 32

8 17 t2

f1 25 ?5

ll I 9

t2 28 11

33

M+sD 26+t4

M+SD
n

2ûI8
n=4



Table 9C 156
Súatistical analysis of bFGF gene expression in the cerebellun of the
developing rat in early postnatal ages (using ANOVA'Duncan's test).

To relatively compare all RT-PCR data obtained from different brain regions,
28-day-old-rat inferio¡ colliculus (LC.) was set atr 700Vo and all the other brain
regions ex¡mined from all postnatal ages (üable 3 to 10) were expressed
relative to it.
For explanation of RT-PCR data treatment for regional comparisons and
statistical analysis, see table 2B (also see page 43).

All nr:mbers are relative to 21 clay inferior colliculus set as 1007o

s = signiñcantly clifferent; p<0.05
, = not significantly different

Age Mearr
Average

SD 1 day 7 day 14 day 28 day

1 day 77 13 s S S

7 day 40 1B s

14 day 27 e S

28 day 27 15 S
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TABLE 1OA
The RT-PCR Analysis of bFGF gene expression in the pons-medulla of ühe

developing rat.
AII numbers aæ r€Iative to 28 day i¡ferior colliculua eet at L007o

M=Mean; SD= Standard deviation; d=Day; S=Set (one tissue pooled from various animals and
used for subsequent a¡alysis); n= number ofindependent sets; nRP= number ofrepeated PCR
runs

Age 1d 1d 1d 7d 7d 14 d 14 d 14 d

Set s#1 s#2 s#3 s#1 s#2 s#1 s#2 s#3

PCR 1 83 43 38 79 1t 63 59 A6

2 58 56 58 300 36 68 75 66

3 73 59 16 218 ?5 91 59 48

4 36 19 15 327 51 118 40 51

5 47 31 20 268 52 2t 31 68

6 L7 43 31 tt1 20 39 27

7 26 214 36 57

8 27 186 64

9 95

MTSD 52!24 s3t15 29tL4 196195 57116 64È3s 4St16 53114

fotaf,
!.ttsD
u

45t14

E=3

55t8

D=3
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TABLE 1Ob

Age 28d 28d 28d

Set s#4 s#4 s#4

PCR 83 88 42

35 70 91

100 63 88

70 46 108

96 39 50

39 55 96

6l 80 98

47

M+SD

nP

7t+23

nm=22

Total
M+SD
n

70+13
n=4



Table 10C 159
Staúisúical analysis of bFGF gene expression in combined pons'medulla
of the developing raú in early postnatal ages (using ANOV.&Duncan's
test).

To relatively compare all RT-PCR data obtained from different brain regions,
28-day-old-rat inferior colliculus (I.C.) was set at 700Vo and all the other brain
regions ex¡mined from all postnatal ages (table 3 to 10) were expressed
relative to it.
For explanation of RT-PCR data treatment for regional comparisons and
statistical analysis, see table 28 (also see page 43).

Age Mean
Average

SD 1 day 14 d.ay 28 day

1 day 45 T4

14 day 55 I
28 dav 6B 15

AII numbe¡s are relative tn 27 day inferior colliculus set as 1007o

s = significantly different; p<0.05
. = not significantly different
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TABLE 11

The RT-PCR analysis of bFGF gene expression in various regions of the
developing rat brain
All numbers are relative to 28 day inferior colliculus set at 1000/o
M=Mean; SD= Standard deviation; S=Set; n:Number of sets; d=Day; np=number of
repeated PCR runs.

Àqe 1d rct 1d _Lct 7d 7d '7d 7d
Rec¡i on o.c. r.c. CB P&M o.c. r.c. CB PEM

Set 1 5 8113
nRP=5

3 8115
nu=5

't tt32 52!.2 4 7 9118 50!20 30+5 196195
nRP=9

Set 2 52!26 53121 e4!25 5 3115 52!r0 37 t23
n*=5

52!74 57116

Set 3 51117 1518 5 9117 29!L4
nA"=8

fota].
rdtsD
¡

5Át4

tl=3

35119

D=3

71113

n=3

45t14

D=3

65t19

n=2

4{+9

Á=2

r¡0t18

À=2

Age 14d 14d 14d 14d 28d 28d. 28c. 28d

Region o.c. r.c. CB P&M o. c. r, c. CB P&M

Set 1 I0132 69t26 3 4114 64+38 702!36 100 2 3115
n *=J .? 1110

Set 2 6 3115 73130 28tL3 4 8116 14 6115 i00 8t3 56119

Set 3 92t9 7 L!2',1 19t11 5 3114
nN=8

L44!24 100 41+31 88120

Set 4 t 42!'t r
nRP=32

100 35t15 5?118
nru=11

Ìotal-
tctsD
D

7s!15

D=3

7L!2

D=3

27lS

tr=3

5st8

¡=3

L34!2L

n=4

100

a=4

27!r5

!=il

68115

n=11
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Table 12

Comparative analysis of bX'GX' gene expression in brain regions of 28 day old rat:
A. Using serial dilutions of RNA
All numbers are relative to 28 day inferior colliculus set at 100olo. n*t= nunber of repeated PCR

runs.

RNA Conc,
Mefhod of defection

0.25 Fg
EtBr stâln€d
g"l,

0.15 ¡¡g
EtBr stained
sels

0.07 ¡g
EtBr stain€d
gcls

o.c. 143r13
nRP=2

135*66
nRP=8

127*3'1
nRP=21

LC. r00
nRP=2

100 100
nRP=21

CB 39+16
nRF=2

34+17
nRP=10

26*14
nRP=19

P&M 58+l I

nRP=2

59*18
nRP=9

71*23
nRP=22

HYPO 64+17 58+6
nú=6

ND

c.c. 137+4
nRP=2

135+33
nRP=8

ND

HIPPO 145

nRP=1

l7 t+42
nRP=?

ND

B. Non-radioactive and radioactive PCR product detection.
All numbers are relative to 28 day inferior colliculus set at 100%. n"t= number of repeated PCR

runs.

RNÄ Conc.
Method of detection

0.07 Fg
EtBr stâlned
gels

0.07 Fg
trP lqbeled
PCR product

t27+3',1

nu=21

LC. 100

nRP=21

100

CB 26+t4
nRP=19

25+8

P&M 't 1123
nRP=22

'12+t4



Table 13 162
Discription of Animals used

^d Animals used to study the bFGF gene expression in the cerebrum of the
developing rat.
M=Mearr; SD= Standard deviation; S=Set; n=Number of sets; g=glârn;
WT=weight

Age 1 day 3 day 7 day 14 day 21 day 28 dav l year

S1

rÂt g

ml! Pool
Ral IV¿

9042
1
5.5 s

9039

12,4 9

903 s
1
1{.5 q

9131
1
24.0 I

904 0
1
50.0 g

90 41
1
84.0 I

9048a
1
1000 g

s2
¡'ût d
rûb Pool
Rât WL

915 S

1
5.5 9

9039
1
71.2 g

9035
1
14,0 s

9131
1
33.0 s

9040
1
52,0 s

9LL2
1
103.0 s

9048b
1
1000 s

s¿
rat #
rat3 Pool
Ra¿ \VL

9158
1
6.0 I

912 9
1
9.5 9

915 9
1
14.0 E

9173
1
22,0 E

9111b
1
50.0 g

90 41
1
92.0 g

B. Animals used to study the bFGF gene expression in different regions of
the brain of28 day old rat.

O.C.=occipital cortex; I.C.=inferior colliculus; CB=cerebellum; P&M=pons-medulla;
HYPO=hypothalamus; C.C.=cingulate cortex; HIPPO= hippocanpus

Region o.c. I.C. CB P&M rrrPo c.c. HIPPO

s1
rat #
r¡k Pool
Rot wt

97!2a
2
96 9

9112a
2
96 s

9112 a
2
96 s

9112a
2
96s

s2
rat #
rab Pool
R¡t Wt

90 43+ 911

2
103 q

9134+911
2b
2
10? q

90 Á3
2
108 g

9043
2
108 g

s3
rat #
mts Pool
R¡t LVt

920L

909

9201
4
90g

920r
4
90g

9207
4
90s

s4
rÂt #
râts Pool
Rât n¿

9205
4
82s

9205

82s
9205
d
a2s

9205
4
82s

9205
4
82s

9205
4
82s

9205
A

a2s
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C. Animals used to sfudy the bFGF gene expression in dífferent regions of the brain of I day

old rat.

Region o.c. T.C. CB P&M

s1

rat #

rats Pool
Rat Wt

9 038
1

35g

9038
1

35g

9038
1

35g

9 038
1

35g

s2

rat #
rats Pool
Raf Wt

9131
I
3o g

9131
1

30e

9131
1

30g

9131
1

3o g

s3
rat #
rats Pool
Rat wJ

9r73
1

22g

9113
a

9113
,,

22g

9l'13
a

expre rent

E. Animals used to study the bFGF gene expression in different regions of the brain of
14 day old rat.

Region o.c. r.c. CB P&M

!1
rat #
rats Pool
Rat Wt

903 8

I
35 g

9038
1

35g

9 038
1

35s

9038
1

35s

ãts
rats Pool
Rat ïVt

9131
1

3o g

9131
1

3og

9131
1

3og

9131

I
3o g

S3

rat #
rats Pool
Rat ¡vt

.L

229
2 2

22s
2
229

of the brain of 7 day old
rât.

Region o.c. I,C. CB P&M

s¡
rat #
rats Pool
Rat Wt

9233
1

13g

9233
1

13 g

9233
1

13 s

9233
7
13 g

s2
rat #

rats Pool
Rât Wf

9237
6

729

9237
6

12e

9237
6

12e

9237
6

12g


