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IH Cloned cDNAs encoding a number of enzymes involved in cholesterol biosynthesis as well as extracellular and

| fmacldr iid anspor were usd to compar th developmental maturation of these biologic functions in the fi
[6 i neonatal fat and man liver. The results of RNA blot hybridization analyses indicate that teady.stte levels of at

HTCCon synase, HOMG-Co reductase and preny transferase mRNAS are Highest in ate fea fe and undergo
| pracintows (up f B01) co-ordinate reducons immediately after parurion: Thee changes reflect the ably of the
| fea rac liver to produce large quaniis of cholesterol as wel s the resin of his funcion duringte suckling

i periodin responsetoexogenousdietaryCholesterol.Striking co-ordinate patterns of Sy tase

Etaanstersss mRNA accumulation were also observed in four extrahepatic a tissues (brain, lung intestine
[tnd kidney) during the perinatal period.Theconcentrations of all three RNAS inthe 8-week-old human fetal iver are

© Sra vo hese obsereed throughout subsequent nruterine development with es han 2old changes noted bere
© ive Sn rough 250 mek of gearon. Analysis of th levels of human apo ALL 10 ATL, apo B and ir ft aid

[© rediog proven mRNAs during this period and in newborn liver specimens also indicated less than 2-3{0ld changes.
| es erations suggest tha the S-week human liver has achieved a high degree of biochemical diftrendiation with
frome ions betndesolerr "which may be comparable to that present in 19-21 day fetal
[fat iver. Further analysis of human and ra fetal liver RNAs using cloned cDNAs should permit construction of a

© Govelopmental fms sce correlating hepaic biochemical dfferendaron (o be consTcted becween these oro man
| malian species.

of radiolabeled acetate into scrols (2). Bruenger and
| Marked changes in the requirements for products Rilling (3) documented changesintheactivitiesof vo

| eived rom apne (23 enol out dung oircholessame in 6 eveloping rat

Foeining. sp Tr Colter hoses mee. {amasprophets shes) Prenyl uansferase
i ThaisCon. reductase 8one fue naysotpap Beconvthe comvezsion

(HMG-CoA_reductase)-undergosslacge fluctuations of mate To sGualens, the prec iol.

 dornacotLer onuageny (1.2) Enymeaciviy is high Ssa reo diainy

1 horus birth declines to low levels during the suckling similardevelopmental activity profes in fat liver: they

# po po a TT anddemonstra, (3 following birth. isc103peakduringthemidtolac
ewer Canges Ts actvty parallel sucklingperiod (postnatal days 10-12), fallanceFE

§ EE Sorina the suckling weaning transition reaching a nadit
It by posinaal day 20. oplytatiseone finalsme4uiog

— weaning, The mechanisms which result in er.
Smee vis. evn Orin a te vase "EEE ThE mechani whieh rst
ACnBTRIIR om ee ve mevalonate mediated

Loi Mo #0. USA fllatrated by the fact that the mevalonate-mediat
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Seoresse in HMG-CoA reductase levels observed fn diet ad libitum ands xed (30 (602 (06:00p.m)

ee fas decreas in me Wansesipion 38 ght sycle, Animals (2 2 10240, <2, Um pony

ell as fncreased cates of protein degradation [4.51 Ee Gilied between 1200 and 1400 h and theie livers,

out ne dovchapmental history of lungs. brains. idness aod amll aie, mmadiucts

he ties of these enzymes in human (eal and frozen in liquid oiteosSt, Human fetal liver samples,

ek toot ine onwogeny of expression of [rom firs and second iments Aborted ehuss ere

ere valued in the transport and mecabolic processing ovained by, Sear al. [14] and maintained a:

&inids im ahs tissue, The ra liver provides 3 conven —90°C [or 13°30 Je, Fetal age was estimated from

Oeencefor 3 comparative study of such develop. crownrump lengihs using, FEMORIS developed by,

or example in addiion (0 he infor. Tanimura et al. 15) Breiteld and Sepuaci (8) 0c

a avesion of chaleserogeic enzyme ac. Michactson 30d Ord [17] have ws tase 20feta

a  amaiyes of spolipaproten gene expres. liver samples previously 10 sucessful PRR RNA

een lar indica tha a complex (or in vito eanslaion. Additions human iv more

oem of acdvation occurs during lace fecal and early were obuained (or 4 PIT newborn and a full ter

Ee lie Apotipopotei Al nd E mRNAs begin newborn. both of whom died of ace F0TOT tilure

aEins esse pus 1s embryonic homo- These wee stored at ~90°C (or about 13 yea [on

tune teal yolk sa endoderm)between days 13-21 single adult ver specimen, var procured from a mal:

op ay esation pedod (6-9), Remarkable organ donor who died of trauma and had no history ©

ivel of these MRNAS occur during the clinical evidence of hepatic ysfurcion, (3)

Suckling period 2s the animals adap to the high fat Toul cellular RNA was extracted from frozen

ee scyllyeer
oD det ofmothers milk [1011], pulverized tissues sing the guanidine thiocyanate,

mace at ive apo B mRNA levels reach a peak cesium chloride procedure [19], RNA integrity was as

Br the 15th fetal day that is not exceeded at any ime sessed by dering. ‘methylmercury agarose gel elec

cing subsequent development (12) Following bicth, trophoresis (20)

hepatic apo B mRNA concentrations progressively fall
during the suckling and weaning periods (12]. This fall
Spears to be mediated by tyrosine [13] A third RNA blo brain scudies

pater of activation is exhibited by the apo ALV gene Dot blots were prepared by applying four amount

Beaarn ntl the suckling weaning tran of cach Game RNA sample (05 1 2. and 3 4g) ©

sey when the rat lve begins 0 export mroceliuloe files as described in a previous publics

Tacae amounts of triacylglycerolri
ch lipoproteins (61. ton [6]. Yeast tRNA was added to ach tissue RY.

. Ye ove begun a comparadve analysis of the accu. sample prior (0 denaturation that the total RN.

Esencoding roving moved in pid input per dot was abuse 3 ug BIO SSCL sample

on Tn ihe foal and neonatal human and rau of ct liver ingen, ney BE nd lung RNA we:

of cloned SONAS encoding spolipopro- probed wilh "E-labeled “double-siranded DNAS €

es am intaceluar fatty acid binding coding hamster HMO Con refutes 22) cat HMC

rein as well 3s HMO.Con reductase, HMG-CoA CoA synthase (12) ‘and rat prenyl transferase (24. Do

Crone and prenyl tranalerase were used to char blots of bums 0s RNA samples were probed wi

hot enzymatic dillceataion of the Pisbeled cDNAs spesfyiod human preproapo

ee om wis 8 0 25 of development (25), human preproago All (6) haat PEE BY

a  robom, The resuls indicate that these human liver fats acid bindios POEL 28]. hum:

Ns opear a1 3a earl phase of human fetal lite anletoprotea (29) huiag, HMG-CoA reductase [30]. ¢

10% werk and undergo onl minimal (les than 3-old rent anefiease 3nd rat HMG-CoA synthase. Conc

es th nei cone amrraion in foal ver RNA due. tions seested for Le? hybrdization and washing &

En of mcsauierine 1s well scaly postnatal Ife. loted in Ret 13 These SCRE, were equivalent

i prassion of lpkd metabolic capability con those used br Les 10 produce specific interaciio

ovo marked dhanges in MANA levels bevween (hese DNAS and (eC cespective MRNAS. T

observed in the perinatal ra liver eiatioe abundance of each mRNA in the tssue RN
repatations wus determined by quantitative scan

n
Pe densitometry of filter autoradiographs using.

Miurists 198 Mestints LB XL Ulizascan densitometer. Only signals ia ¢

linear cange of film sensitivity were utilized for calés

Preparation of RNA from rat nd human lier ions of relative MRNA concentration

Timed-pregnant, neonatal and young adult Sprague: Northern blots of total cellular RNA were produc

Duley cats were obtained from Sasco (St. Louis, MO). [ollowing ectcophoretic fractionation though

De nimats were. maintained on 3 sindard chow 3gacose gels containing formaldehyde (31h
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Revuls and Discussion a remarkable similarity in the pacerns of change of
ct sha Ho RNA iri fa nd eondepen

ans and rons sransferase mRNAs in the developing Eehry on
Tat lr EAs Rat 503 much 35 30-01 Lower han Those

Cloned cONAs encoding HMG-CoA synthase, peakTevelsencounteredprior ©BIFR(23. sce the
HMO.CoA reductase. and pron transferase were used middle panel of Fig. | wiuch shows chunges in prensl
ts prabe dot blots of total clluar RNA prepared fom transferase MRNA concentration) A tcansicns 2-3-fold
to vers harvested during feal days 16.21, the suck. rie in HMG-CoA synthase and prenyl transferase but
ng period (defined 25 the first 13 postaatal days, Rel. not HMG-Con. reductase mRNA accumulation occurs
525 tne weaning phase (days 14-28) and from animals during the mid-suckling period (é3y §) olloved by yet
prsceeding through sexval maturation (postnatal days another cise during early adulthood. It 5TpOTEM©
55270). Material was collected from 10 to 40 male and now That this paversOfGRAMZE 15 ot 3 general phe-
ermal animals representing 1-4 liters a6 each develop nomenon in the deseloping ca iver. For example, when
rental sage studied. The results of our dot blot the developmental profiles of apo AL apo AIV and
Fybrdization analyses are presented in Fig. 1 and show L-FABP mANAs were studied using these RNAS, quite

dittrent oncologic changes were noted (se, for exam
pie, Ret. 6,

kbar “The developmental profile of rat liver HMG-CoA

HG Cok Syntnass] reductase and prenyl transferase mRNAs parallel the
sal Changes in the activities of these enzymes which have

[ Besa previously documented by several groups (3.3-351
sal Jain The corresponding acivites of HMG-CoA synthase
an Nave ro en. soponed. The tat. fers. obisis only

Be Shout 10% of the sterol quired for growth and devel-
St Troms moter[3] Thereore Ts ot rp:
{A thalveryUgh Teves of these mRNAs are observed

2 fzt in rat fetal liver during the period surveyed. The highest

£ ke levels of apo B mRNA occur during the sache phase of
2 satlve gevlopmen (1.TaTaegesation)oleto}eTopment1s. nT gtomion) alt0b
FI {llowed bv an abrupt. Sy posnanl drop [12]. This
5 ao flee J aSracipal spelpoprotein
HE frvolued in cholesterol transport at a time of maximal
go “ndogenous production emphasizes the co-ordinate na-
§ i Bd Grp] chases in te et

more) The precise signals or the apid postnatal fal in the
asp cpisi ofte vesofsicingsoSRASH

[ CroTesaeal Ge wo Kowa. Td may epresentanadapiive
°F sponse toadequate supsliesofexogenouschalesicrol
ott gem red via mother milk (5.33.37). Based on the RNA
(Me SlotRybrdizaiondaa. it appears (hat the mechaniam
Hq) | ou tain 1 te sesduaiate
i] | levels of mRNAs encoding these key enaymes in
RET ew wh Cholesterol Biosathesis. The data do not low 0 525

ous of oanapmen gy a hn se
iOrcommr ages fo UeMGConrtm Th Changes observed in he levels of pre vans,

me dE ren er AR iet king eo wen
oorecopes Phases can be diel corelaied wih chunges in he

ox So contining four socntconsofcach RNA. levels of his enzyme activity [3]. BytheLithpostnatal
ee eT of A

caning ber Jnitometeyof ltrstoradegphs20d expressed (earlyundetesiiblelevels (36]. However, during this
SETAEE a satteiene
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squalene ynibetsse. These changes in prea tans. A cloned human HAMG.Con reductase <DNA plasferns and susiene syhesse Sai do ag dove, SDN av sneer HAG LOA ra, Sa, PlasSpon 13 any Known hangs 1 Shlsrrol yen, out Coren es wad hah 71 re:Sruenze and Bling (3] red hu ss he pimaly bo one repsens RepSspehemorse destination Sf isoprenend psuton concen wn soviet Soren oot maCrema. Shang 1 (he Macuie of ther evmymes | ema oma an pean 10 of RNAindy Tee 26 yo known developmen slain fn (Hep Gr wer proved iho cnnmhin the metabli (ageing of mes sionae 10 ihr sm. ing emt Pybenvon Hmm ir EIpounds (e3. dolchol 3nd 3 Gervais, uinones, bet th fn wath emperor os eg etCF Spenany| (RNAs 3] 30d promis parm (9), to 455C. Toe ese benef a om 3572CAiiough formation Shout he acti prole of reseed with 3 ums homes mRUA soem £7208HVG-Con yninase dung at Ine covdopmen bas 53 5 HG-Con onthe mA snd 5 bo rdcox been documents in the rss, Sed on the nstease mRNA (hos sor shovy Thi SnMANA data presened in Fig, 1 1 dedopmensl  compaanic 0 those pesiondly open orprofile would be pedi 1 mare sos temo tt spon et ASAE eat oe re SoreoF pron ranstrase tan HOMG-Con tedvoce. More. NA holed from 85.30wenn fo pceover, he bio hybridization studies demonsine for be individuals er dine pO pes she niedad(is ie that. there ae co-ordinate devopieaial dul whibous cviderie of bier Spalommion eneChanges in he levels of he hese MRNAS coding prapred snd probed with th chs are ee iemu remaybto ca of to tet AA a ranExpresion of he HMG.Cot somase, HHG-Cok re. soncantvatons (05-2 48) o soe horn woes mideta and grt arfra poes in tahepo aes wate hated eo loan lve RNAir FoThe ramackable simly in che sccurulaion ‘pro nspection of Fig 38 cals a relatively monotonousls of these the RAL abrosd Gurng he for. development Probl or oh thn wR montal period of rt Iver ileniaion oat a0 whe of seein thse MEAS have aieo's organ. This i strated in ip. 3 wnch sun. leis which do act hanas oe th Sle rgais cess obiaind from probing Got oot af ung, remaining 17 weeks of te Ho tos wars neSmall nisin. bein and Kine RUAS prepared (roms lov than 5-108 hin compara so i to en10-40 nimls a sch f 13 man 1s enlesos 30d singe dle RA praradont. Wher srs masaof devopment. Two Gbwious corsiutont un be Bde oppor 16. compine more hen ons maple saSe npasion of the ich Firs hing and te. nat of men Fn Severnlon of devloprmenal vaion tn SATEBANA Cor. Te indhsdial acon at sere ean

CET 5s TGA nial (sachetsslbin of agiven MRNA.CTR Second. 3 1m the lowe the has don. Tho te than 261d change in cholsicrogeicCoonof cach MRNA daring ung, iieiral snd mRNA lvls dun fol eb sto Sm esosKidney development was ncounserd In he Ine and na. 1 Somes whch cols ObCned cn oe mmrly postpartum period Si subsequent dunes 6. RNA preparasons wire probed wh ou cbsCirang in the sucking 304) of weaning phates. The coding pesens no wood n WE meshoi, ForCube ccepion was Dri where 3 BISRE Go. ovalconse cparen wR amend mreCST in heCononOfeh MEAG of mieoprorin MANA Sacred the men os
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weaning. RNA samples [42], Moreover. the patternsof change ofJAS pigTT:
enzpmes and lipid transport proteins in fetal, neonatal and There is little information about the activities ofiapn ler fuss aon Sain ph sie Sots  pegte i cuss of ur gallodels ord Smt Badeeoon
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‘When the levels of other mRNAS encoding proteins binding protein (L-FABP), 2 sma ic protein
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sug an early Biochemical maturaion of he human populsians are obviously important when consideringStl lve with respect 10 11s capavity for choleuiersl  egulation of gene <xpreadion in hi Hsvut For eenhens and pid amsport pi. the relatively constant levels of MRNAS encodingprotins invlved in lipid mecabolsm that were donOvfiton of tepum mdrete ned ntl human fol ar RU duionohere are very few wuts which have provided may mask. selatvely dramatic changes 1a Son waninformation 3bout the biochemical maturity of human ceniations within a Even cl type anyon changerfe op mignon0 mosve dite th sresion nlf lsTreo viPut ouc ta Concerning expression of genes involved in be very important 0 evend these susiewoste sallipid metabolism in an sor of comparative metabolic hybrdrion and ImmunOCHoChemIELT eecontext 3 the present time. Greengard has conducted examine changes in th cel specific expres of mean extensive analysis of the literature dealing with en- genes in the fetal human and rat ver“yma diltrentiadon of human and rat vet (45Rihou the daa for human are both lites in 06 Acknowledgementsumber of enzymes examined and he scope of theanalyses heough fetal ie, based on published reports ye 8 Suede fon ir arse BConcecning approx. 10 enzymes it appears that mest ye rt fe ta Me stingyner nym cisanscuaniane ifn Dia" 0 clac RNA frombuman eal verin hee sciviies between the second times 4nd Ena sina, snoptrtoro @ cloneddoliond, For example enaymes involved n yn 1740ham BG Gon
ha amass,nonsssencalamino acids, a6 well84 poricd by Granis DK 37960 and HL 30368 from theEan pl flyhos in esfel National Institutes of Health. ALLS. and LLG. are
in the few examples where developmental profiare__ Loui ished vesigatos of the American Heart Assosavailable in fetal and newborn human and rat liver.“) aon
appearsthatenzymeactivitieschange inthesamediec-
figniabathmammalianspecies [45]although the tim.” Referencesing of such changes has noc been well enough char.acterized (0 provide a comparative im scale for human 5m:OJ:Quickrbuch, EM, and Rodel VW. 197)and at liver differentiation. Comparison of our ob-| 2 Leo 3 mates 3 ContDevigli 1. Di, L.Servatons concerning human 3p0 AL 3p0 B and Lv| Singsntn FantFoon koe eo enn 15FABP MANA levels in (otal human feat ver RNA | 65-00wih previously published siudies in ca liver (61246) | 3 Sea € 30 Ring. HC (546 Bie. Shy. Aca$6

madwo oo tok| ¢ CEC,FpAS Ba PA 009Sih spect (0 expression of these MRNAS Further / 5 Gov Pu. Lie .F. 10d Fodiman, AS (959 1. Bi
studies, based on RNA hybridization techniques. should Chem. id TE .
rove valuablein establishing this comparative develop- 4 Etouttepy, ¥.a. MS, ag, WSKou Jettis00 £3renal me scl fox 3 vars of Gffrenioed fons, Co Land Toor 15095) ri. al A 50 USA, ¥ SEdons. 7 Bidet,A Lise WSL. aly RW, ad Tal 14Ore important caveat needs to be mentioned cone (199, Pek Nik Akt5. CEA 8. S307cerning interpretation of these data. Toul cellular RNA $ Haddon TA. Ordos 11. Flapsngh. 1. snd Karuna

prepared from fetal cat and human liver by definition S008)1. Sik, Chen 291 11368-L1AL[roped tstoe on od pan inion STR td Hen TK (900 © Emil £0. van 1.lubes MRNAS from ail <ellutar somsiuens in the? Shfer Thee ls pupuaions undess Sable 1 FtSC.Car a se ht MA 009) Lid fi 51.changes during development.A limicd, umber of oo
Quantitative morphometric udies of human ual liver 11 FendoWamskusors. GP. Eskom, BL. Clk, WA.indicate tht hepa pusnchymal cells accoun for || 4 Welk MA (OR 1LdSuSai 7appear. 30-T0% of is cellular populacion between the * STEIN (ENS Sone Res Lin
Sth tw 2th weeks of gestation with erythroid cells 13 Green. R.P., Birkenmeier, EH.. Beamer, W.G.. Maltais,LJ. andeprescnting 0-50% of fetal iver nucle 3nd granulo: Govn11 (959, Po, Nak ALES USA 5 SoSi peasutors ox than 108 (47), n-th fos) a eg, 4 Shear Abe NER ond Bo ityrt
approx. 50% of liver cells ace involvedinhematopoiesis hot-tiiz,sp tl 1 «Feton 13 Teo ton. prs. 12. Shunt. TH0 patuction wi Th number coding, ©aT Jee TH
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