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Abst r act . We have r ecent l y descr i bed a novel cDNA,

SR13 ( Wel cher , A . A. , U. Sut er , M. De Leon, G. J.

Sni pes, and E. M. Shoot er . 1991 . Pr oc . Nat l . Acad.

Sci . USA. 88 . 7195- 7199) , t hat i s r epr essed af t er sci at i c

ner ve cr ush i nj ur y and shows homol ogy t o bot h t he

gr owt h ar r est - speci f i c mRNA, gas3 ( Manf i ol et t i , G. ,

M. E. Ruar o, G. Del Sal , L . Phi l i pson, and

C. Schnei der . 1990. Mol . Cel l Bi ol . 10 : 2924- 2930) ,

and t o t he myel i n pr ot ei n, PASI I ( Ki t amur a, K. , M.

Suzuki , and K. Uyemur a . 1976. Bi ochi m. Bi ophys .

Act a . 455 : 806- 816) . I n t hi s r epor t , we show t hat t he

22- kD SR13 pr ot ei n i s expr essed i n t he compact por t i on

of essent i al l y al l myel i nat ed f i ber s i n t he per i pher al

ner vous syst em. Al t hough SR13 mRNA was f ound i n

t he cent r al ner vous syst em, no cor r espondi ng SR13

YELI N i s a hi ghl y speci al i zed ext ensi on of t he pl asma

membr ane of Schwann cel l s i n t he per i pher al ner -Mvous syst em ( PNS) ' and of ol i godendr ocyt es i n

t he cent r al ner vous syst em ( CNS) . I t s char act er i st i c mul -

t i l ami nat ed st r uct ur e i s pr oduced by t he wr appi ng of t he

pl asma membr ane of myel i n- f or mi ng cel l s ar ound axons,

f or mi ng a cyl i ndr i cal sheat h whi ch i s di vi ded l ongi t udi nal l y

i nt o di scont i nuous segment s, i nt er r upt ed by t he nodes of

Ranvi er ( f or a det ai l ed descr i pt i on see Pet er s et al . , 1976) .

When vi ewed i n cr oss sect i on, myel i n i s composed of al t er -

nat i ng apposi ng cyt opl asmi c and ext r acel l ul ar sur f aces of

t he pl asma membr ane whi ch gi ve r i se t o t he maj or dense

l i ne and t he i nt r aper i od l i ne, r espect i vel y ( Napol i t ano and

Scal l en, 1969) . Thi s hi ghl y or der ed membr anous sheat h

f aci l i t at es t he el ect r i cal conduct i on vel oci t y of myel i nat ed

axons ( Ri t chi e, 1984) .

Per i pher al and cent r al ner vous syst em myel i n have been

ext ensi vel y st udi ed and, al t hough t hei r gener al or gani zat i on

i s qui t e si mi l ar , t hey di f f er wi t h r egar ds t o mor phol ogi cal ap-
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pr ot ei n coul d be det ect ed by ei t her i mmunobl ot anal ysi s

or by i mmunohi st ochemi st r y . Nor t her n and i mmunobl ot

anal ysi s of SRI 3 mRNA and pr ot ei n expr essi on dur i ng

devel opment of t he per i pher al ner vous syst em r eveal a

pat t er n si mi l ar t o ot her myel i n pr ot ei ns . Fur t her mor e,

we demonst r at e by i n si t u mRNA hybr i di zat i on on t i s-

sue sect i ons and on i ndi vi dual ner ve f i ber s t hat SR13

mRNA i s pr oduced pr edomi nant l y by Schwann cel l s .

We concl ude t hat t he SR13 pr ot ei n i s appar ent l y excl u-

si vel y expr essed i n t he per i pher al ner vous syst em

wher e i t i s a maj or component of myel i n . Thus, we

pr opose t he name Per i pher al Myel i n Pr ot ei n- 22 ( PMP-

22) f or t he pr ot ei ns and cDNAs pr evi ousl y desi gnat ed

PASI I , SR13, and gas3.

pear ance and pr ot ei n composi t i on ( Mor el l et al . , 1989) . I n

t he CNS, each ol i godendr ocyt e pr oduces up t o 30 i nt er nodal

myel i n segment s whi ch t end t o have f ewer l amel l ae t han

PNS myel i n . As opposed t o t he ol i godendr ocyt e, a si ngl e

Schwann cel l can pr oduce onl y one i nt er nodal myel i n seg-

ment ar ound a si ngl e axon i n t he PNS. Addi t i onal mor pho-

l ogi cal di f f er ences bet ween cent r al and per i pher al myel i n
have been descr i bed ( Pet er s et al . , 1976) .

The maj or st r uct ur al myel i n pr ot ei ns i n t he CNS i ncl ude

pr ot eol i pi d pr ot ei n ( PLP) , t he myel i n basi c pr ot ei ns ( MBP) ,

and myel i n- associ at ed gl ycopr ot ei n ( MAG) ( f or r evi ew see

Campagnoni , 1988) . PLP i s a hi ghl y hydr ophobi c t r ans-
membr ane pr ot ei n whi ch pr oj ect s i nt o bot h t he maj or dense
l i ne, and t he i nt r aper i od l i ne, and has been i mpl i cat ed i n

mai nt ai ni ng t he apposi t i on bet ween t he ext r acel l ul ar f aces

( t he i nt r aper i od l i ne) of myel i n ( Hudson et al . , 1987) . I n

cont r ast , MBP i s a hi ghl y char ged sol ubl e i nt r acel l ul ar pr o-

t ei n whose expr essi on i s l i mi t ed t o t he maj or dense l i ne .

MAGi s a gl ycopr ot ei n t hat i s st r uct ur al l y r el at ed t o t he i m-

munogl obul i n gene super f ami l y ( Sal zer et al . , 1987) . Thi s

pr ot ei n has been hypot hesi zed t o pl ay a r ol e i n myel i n- axon
i nt er act i ons because of i t s homol ogy t o mol ecul es i nvol ved
i n cel l ul ar r ecogni t i on and adhesi on and i t s i mmunol ocal i za-
t i on t o t he axopl asmi c sur f ace of myel i n, al t hough t hi s l ocal -
i zat i on i s cont r over si al ( Tr app and Quar l es, 1984) . Recent
exper i ment s exami ni ng r ecombi nant r et r ovi r us- medi at ed
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MAGover expr essi on i n mi xed Schwann cel l neur on cul t ur es

al so pr ovi de suppor t f or t he hypot hesi s t hat MAGi s i nvol ved

i n axon- Schwann cel l i nt er act i ons ( Owens et al . , 1990) .

Pr ot ei n zer o ( PO) , MBP, and MAGar e t he maj or pr ot ei n

component s of PNS myel i n ( r evi ewed i n Mor el l et al . , 1989 ;

Lemke, 1988) . P0, a t r ansmembr ane gl ycopr ot ei n whi ch,

l i ke MAG, bel ongs t o t he i mmunogl obul i n gene super f ami l y

( Lai et al . , 1987 ; Lemke et al . , 1988) i s t he most abundant

pr ot ei n i n PNS myel i n . The i mmunogl obul i n- l i ke ext r acel l u-

l ar domai n of PO i s l ocat ed i n t he i nt r aper i od l i ne and has

l ed t o t he hypot hesi s t hat POmay be r esponsi bl e f or t he adhe-

si on bet ween t he ext r acel l ul ar sur f aces of t he myel i n pl asma

membr ane. Recent st udi es on cul t ur ed cel l s cl ear l y demon-

st r at e t he capaci t y of PO t o under go homophi l i c i nt er act i ons

( Fi l bi n et al . , 1990 ; Schnei der - Schaul i es et al . , 1990 ;

D' Ur so et al . , 1990) .

The r egul at i on of myel i n pr ot ei n expr essi on i s under ex-

qui si t e cont r ol because of t he hi ghl y speci al i zed f unct i on of

myel i n i n t he ner vous syst em. I n devel opment and af t er i n-

j ur y t o t he PNS, cessat i on of Schwann cel l pr ol i f er at i on i s

f ol l owed by myel i n f or mat i on ( Asbur y, 1967) . The synt hesi s

of t he maj or myel i n pr ot ei ns cor r el at es cl osel y wi t h t he f or -

mat i on of myel i n dur i ng t he devel opment of bot h t he CNS

and PNS ( Uyemur a et al . , 1979 ; Lamper t h et al . , 1990 ;

Kr onqui st et al . , 1987 ; St ahl et al . , 1990) . Af t er per i pher al

ner ve i nj ur y, myel i n pr ot ei n expr essi on i s qui ckl y di mi n-

i shed, pr esumabl y because of t r anscr i pt i onal r egul at i on i ni -

t i at ed by l oss of axonal cont act . Myel i n pr ot ei n synt hesi s r e-

sumes i n cr ush- l esi oned per i pher al ner ves wi t h a t i me

cour se compar abl e t o t he r emyel i nat i on of r egener at i ng

axons ( Tr app et al . , 1988 ; LeBl anc and Podusl o, 1990 ;

Mi t chel l et al . , 1990) . Thus, myel i n pr ot ei n expr essi on

shows a si mi l ar pat t er n of r egul at i on bot h dur i ng devel op-

ment and dur i ng ner ve r egener at i on .

Recent l y, we descr i bed t he cl oni ng and i ni t i al char act er -

i zat i on of a put at i ve myel i n pr ot ei n, desi gnat ed SRI 3, whi ch

was i sol at ed by di f f er ent i al scr eeni ng of cDNAl i br ar i es f r om

i nj ur ed ver sus uni nj ur ed r at sci at i c ner ves ( Wel cher et al . ,

1991b) . The SR13 cDNA sequence pr edi ct s a 160- ami no

aci d pr ot ei n of 18 kD. Nucl eot i de sequence compar i sons

r eveal ed an ext ensi ve homol ogy of SR13 wi t h t he gr owt h-

ar r est speci f i c gene gas3 ( Manf i ol et t i et al . , 1990) and con-

si der abl e ami no aci d i dent i t y wi t h t he par t i al ami no aci d se-

quence of PAS- I I , a pr ot ei n pr evi ousl y i sol at ed f r ombovi ne

per i pher al myel i n ( Ki t amur a et al . , 1976) . Based on t hese

f i ndi ngs and pr el i mi nar y i mmunohi st ochemi cal st udi es, we

suggest ed t hat SR13 i s a myel i n pr ot ei n ( Wel cher et al . ,

1991b) . Fur t her mor e, si nce gas3 has been pr oposed as a

r egul at or of cel l gr owt h i n t i ssue cul t ur e f i br obl ast s, we have

been i nt er est ed i n exami ni ng t he possi bi l i t y of a si mi l ar

r egul at or y f unct i on f or SR13 i n vi vo . Because of t he associ a-

t i on of SR13/ gas3 wi t h gr owt h ar r est , i t was al so of i nt er est

t o exami ne t he expr essi on of SRI 3 dur i ng per i ods of cel l di -

vi si on i n devel opment and af t er ner ve i nj ur y .

We have char act er i zed t he t i me cour se of SRI 3 expr essi on

and i t s anat omi cal l ocal i zat i on dur i ng myel i nat i on as wel l as

af t er ner ve i nj ur y . I n t hese st udi es, we have demonst r at ed

t hat SR13 i s a 22- kD myel i n pr ot ei n whi ch i s expr essed ex-

cl usi vel y i n t he PNS. Thus, we pr opose t he name Per i pher al

Myel i n Pr ot ei n 22 ( PMP- 22) f or t hi s pr ot ei n t hat was pr evi -

ousl y desi gnat ed SRI 3, gas3, and PAS- I I .
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Mat er i al s and Met hods

Ani mal Car e and Sur ger y

Al l sur gi cal pr ocedur es f ol l owed t he Nat i onal I nst i t ut es of Heal t h ( NI H)

gui del i nes f or t he car e and use of l abor at or y ani mal s at St anf or d Uni ver si t y .

Mal e Spr ague- Dawl ey r at s ( 6- wk ol d ; Bant i n and Ki ngman, I nc. , Fr emont ,

CA) wer e anest het i zed by i nt r aper i t oneal i nj ect i on of a mi xt ur e of ket ami ne

and chl or al hydr at e. The r i ght sci at i c ner ves wer e exposed and cr ushed f or

30 s wi t h No. 5 j ewel er ' s f or ceps - 2- mmdi st al t o t he hi p j oi nt . I n a si mi l ar

f ashi on, t he cont r al at er al ner ve was exposed but not cr ushed . At t i med i n-

t er val s, t he cr ush- l esi oned ani mal s and devel opi ng r at pups wer e eut hani zed

i n a C0 2 at mospher e. Sci at i c ner ves, br ai ns, and spi nal cor ds wer e qui ckl y

r emoved and snap f r ozen on dr y i ce or pl aced i mmedi at el y i nt o 4 %par af or -

mal dehyde i n 0. 1 Msodi umphosphat e, pH 7. 4, f or par af f i n embeddi ng or

i n i sot oni c gl ut ar al dehyde buf f er ( 0. 33 M sodi um cacodyl at e, 2 . 7

gl ut ar al dehyde, pH 7. 4) f ol l owed by post f i xat i on i n aqueous 2% osmi um

t et r oxi de bef or e embeddi ng i n LX112 r esi n . Sel ect ed t i ssue bl ocks wer e

pr ocessed f or EM.

Pr epar at i on of Ant i - PMP22 Ant i bodi es

Two pept i des wer e sel ect ed usi ng hydr ophi l i ci t y and sur f ace pr obabi l i t y

pr edi ct i ons based on t he pr i mar y ami no aci d sequence of PMP- 22/ SR13 .

Pept i de 1

	

27Gl nTr p- Leu Val - Gl y- Asn- Gl y- Hi s- Ar gThr - Asp- LeuTr p-

Gl n- Asn- Cys° 2 - 000H

Pept i de 2

	

117Tyr - Thr -Val - Ar g- Hi s- Ser - Gl uTr p- Hi sVal - Asn- Asn- Asp-

Tyr - Ser - Tyr l 33 - Cys- 000H

( A car boxy- t er mi nal cyst ei ne was added f or cr oss- l i nki ng pur poses) . Ami no

aci d number i ng r ef er s t o t he pr i mar y ami no aci d sequence of PMP- 22/ SR13

( Wel cher et al . , 1991b) . Bot h pept i des wer e synt hesi zed on an aut omat ed

pept i de synt hesi zer ( Mi l l i gen/ Bi osear ch, Bur l i ngt on, MA) and cr oss- l i nked

t o keyhol e l i mpet hemocyani n ( Cal bi ochem- Behr i ng Cor p. , San Di ego,

CA) as f ol l ows : 250 pl keyhol e l i mpet hemocyani n ( 20 mg/ ml i n 50 mM

sodi um phosphat e, pH 6) was mi xed wi t h 25 l al m- mal ei mi dobenzoyl -

N- hydr oxysucci ni mi de est er ( Cal bi ochem- Behr i ng Cor p . ; 100 mg/ ml i n

t et r ahydr of ur an) . 250 pl 50 mMsodi um phosphat e, pH 6, was added and

t he mi xt ur e was i ncubat ed f or 30 mi n at r oomt emper at ur e wi t h gent l e agi t a-

t i on . 1- ml pept i de sol ut i on ( 5 mg/ ml i n 50 mMsodi um phosphat e, pH 6)

was added and t he mi xt ur e was i ncubat ed wi t h r ocki ng f or anot her 3 h at

r oom t emper at ur e . The cr oss- l i nked pr ot ei ns wer e t hen di al yzed agai nst

PBS f or 48 h at 4° C wi t h sever al buf f er changes . I nsol ubl e mat er i al was r e-

moved by cent r i f ugat i on and t he vol ume adj ust ed t o 2 ml wi t h PBS. 250

pl of t he conj ugat e was combi ned wi t h 350 pl f r ee pept i de sol ut i on ( 3 mg/ ml

i n PBS) and 600 pd Fr eund' s compl et e adj uvant s ( Si gma Chemi cal Co. , St .

Loui s, MO) was added . Thi s cockt ai l was used f or pr i mar y i mmuni zat i on

of f emal e New Zeal and r abbi t s . The r abbi t s wer e boost ed 14, 38, and 58 d

af t er t he i ni t i al i mmuni zat i on wi t h t he same sol ut i on except t hat Fr eund' s

i ncompl et e adj uvant was used . Bot h pept i des gave r i se t o compar abl e an-

t i ser a i n t wo di f f er ent r abbi t s as j udged f r om sol i d- phase ELI SA.

I sol at i on of Pr ot ei ns and I mmunobl ot Anal ysi s

20 t o 150 mg of f r ozen t i ssue was added t o 1 ml of a PBS- 1%SDS sol ut i on .

The t i ssue was di sr upt ed usi ng a pol yt r on ( Br i nkmann I nst r ument s, I nc. ,

West bur y, NY) at t he hi ghest set t i ng f or 10 s, af t er whi ch t he sampl e was

pl aced i n a 100° C wat er bat h, and boi l ed f or 3 mi n . I nsol ubl e mat er i al was

pel l et ed by cent r i f ugat i on at 5, 000 r pm f or 5 mi n at r oom t emper at ur e i n

a l ow speed cent r i f uge ( Beckman I nst r ument s, I nc . , Ful l er t on, CA) . The

super nat ant was r emoved t o a mi cr of uge t ube and cent r i f uged at 10, 000 r pm

f or 10 mi n at r oom t emper at ur e . Di l ut i ons of t he super nat ant s wer e used

t o det er mi ne t he pr ot ei n concent r at i on by t he BCA pr ot ei n assay syst em

( Pi er ce Chemi cal Co. , Rockf or d, I L) usi ng t he manuf act ur er ' s r eagent s and

i nst r uct i ons .

Equi val ent amount s of t he pr ot ei n sampl es wer e added t o sampl e buf f er

cont ai ni ng 0. 5% 2- mer capt oet hanol , el ect r ophor esed t hr ough 12 . 5

SDS- pol yacr yl ami de gel s, and t r ansf er r ed t o ni t r ocel l ul ose as descr i bed

pr evi ousl y ( Wel cher et al . , 1991x) . The f i l t er s wer e bl ocked wi t h a sol ut i on

of PBS- 0. 05% Tween- 5% nonf at mi l k ( Bl ot t o) , i ncubat ed wi t h ant i ser um

t o pept i de 1 di l ut ed 1 : 1, 000 i n Bl ot t o, f ol l owed by i ncubat i on wi t h af f i ni t y

pur i f i ed 12sí - pr ot ei n A ( Amer sham Cor p . , Ar l i ngt on Hei ght s, I L ; 45
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Fi gur e 1 . Ant i - PMP22 pept i de ant i ser a

r ecogni ze a 22- kD pr ot ei n f r omr at sci -

at i c ner ve. Pr ot ei ns ( 50 ug per l ane)

f r om adul t r at sci at i c ner ves wer e el ec-

t r ophor esed t hr ough a SDS- pol yacr yl -

ami de gel , t r ansf er r ed t o ni t r ocel l ul ose,

and t he membr ane was cut i n hal f . One

hal f ( l ane 1) was i ncubat ed wi t h pr e-

bl ocked ( 30 mi n, 1 mg/ ml pept i de 2)

ant i - pept i de 2 ant i ser a ( f i nal concent r a-

t i on 1 : 1, 000) . The ot her hal f ( l ane 2) was

i ncubat ed wi t h ant i - pept i de 2 ant i ser a onl y ( 1 : 1, 000) . Bound ant i -

body was det ect ed wi t h ' 21 I - Pr ot ei n A f ol l owed by aut or adi og-

r aphy. Posi t i on of t he mol ecul ar wei ght st andar ds i s i ndi cat ed on

t he r i ght .

mCi / mg) at a concent r at i on of 2 i t Ci / 10 ml of Bl ot t o sol ut i on . Al l i ncuba-

t i ons wer e at r oom t emper at ur e f or 1 h each . The f i l t er s wer e aut or adi -

ogr aphed, and f i l ms scanned as descr i bed f or t he Nor t her n bl ot s .

I mmunohi st ochemi st r y

I mmunohi st ochemi st r y f or t he PMP- 22 pr ot ei n on 4% par af or mal dehyde-

f i xed par af f i n- embedded t i ssue was per f or med as pr evi ousl y descr i bed

( Wel cher et al . , 199l b) except t hat bot h pr i mar y ant i pept i de ant i bodi es wer e

used si mul t aneousl y at a di l ut i on of 1 : 100 and t he bl ocki ng and pr i mar y an-

t i ser umsol ut i ons cont ai ned 0. 1% Tr i t on X- 100 ( Si gma Chemi cal Co . ) . Rab-

bi t ant i - human MBP ser um ( DAKOPATTS, Copenhagen) was used at a di -

l ut i on of 1 : 60. For hi gh r esol ut i on l i ght mi cr oscopi c and i mmunoper oxi dase

st udi es, ner ves wer e embedded i n LX 112 ( Ladd Resear ch I ndust r i es, I nc. ,

Bur l i ngt on, VT) and 0 . 5- i 4m- t hi ck sect i ons wer e cut on an ul t r ami cr ot ome

( Rei cher t Jung, Vi enna) and ei t her st ai ned wi t h 1 %t ol ui di ne bl ue or et ched

wi t h sodi um hydr oxi de- sat ur at ed et hanol f or 20 s as descr i bed by Baski n

et al . ( 1979) and pr ocessed f or i mmunohi st ochemi st r y as descr i bed above .

RNAI sol at i on and Nor t her n Bl ot s

Tot al RNA was ext r act ed f r om at l east si x pool ed sci at i c ner ves accor di ng

t o t he met hod of Chomczynski and Sacchi ( 1987) and anal yzed by Nor t her n

bl ot t i ng usi ng Hybond- N membr anes ( Amer sham Cor p. ) . Tot al RNA was

quant i t at ed i ni t i al l y by opt i cal densi t y measur ement s at 260 r un and ver i f i ed

by et hi di umbr omi de st ai ni ng . Bl ot s wer e pr obed wi t h a 32 p- l abel ed PMP-

22/ SR13 cDNA pr obe ( hexanucl eot i de l abel i ng ki t ; Boehr i nger Mannhei m

Cor p. , I ndi anapol i s, I N) , washed under hi gh st r i ngency condi t i ons, and ex-

posed t o XAR5 f i l ms ( East er n Kodak Co . , Rochest er , NY) . Quant i t at i ve

anal ysi s was per f or med by densi t omet r i c scanni ng of appr opr i at e ( l i near

Sni pes et al . PMP- 22 : A Novel Per i pher al Myel i n Pr ot ei n

	

22 7

r ange exposed) aut or adi ogr ams usi ng a l aser densi t omer ( LKB I nst r ument s,

Gai t her sbur g, MD) .

I n Si t u mRNA Hybr i di zat i on

The 1 . 6- kb Xbal f r agment of t he PMP- 22/ SR13 cDNA was subcl oned i n

bot h or i ent at i ons i nt o t he Xbal si t e of t he pSP72 ( Pr omega Bi ot ec, Madi -

son, WI ) pl asmi d . Sense and ant i sense r i bopr obes, cont ai ni ng 35 S CTP

( Amer sham Cor p . ) , wer e synt hesi zed accor di ng t o t he manuf act ur er ' s i n-

st r uct i ons . Par af f i n sect i ons cut ont o 3- ami nopr opyl t r i et hoxysi l ane- t r eat ed

gl ass sl i des ( Rent r ap et al . , 1986) wer e depar af f i ni zed i n xyl enes, r e-

hydr at ed t hr ough gr aded et hanol sol ut i ons, and t r eat ed sequent i al l y wi t h

4%par af or mal dehyde ( 5 mi n) , 20 mMHCl ( 3 mi n) , 0. 01% Tr i t on X- 100

( 3 mi n) , 1 ug/ mI pr ot ei nase K ( 10 mi n ; 50 mMTr i s, 3 mMEDTA, pH 8 . 0) ,

and 4% par af or mal dehyde ( 5 mi n) each separ at ed by t wo washes i n PBS
( 3 mi n each ; suppl ement ed wi t h 0 . 2 %gl yci ne af t er t he pr ot ei nase K i ncuba-

t i on) . The sect i ons wer e t hen dehydr at ed t hr ough gr aded et hanol sol ut i ons

and ai r dr i ed . For ner ve t ease exper i ment s, nor mal sci at i c ner ves wer e f i xed

i n buf f er ed f or mal i n, t eased ont o si l ane- t r eat ed sl i des, and dr i ed i n a 37° C

oven f or 3 h . The t eased ner ves wer e t r eat ed as descr i bed above, st ar t i ng

wi t h t he 4%par af or mal dehyde sol ut i on . Sect i ons wer e pr ehybr i di zed wi t h

25 mMTr i s, 0. 75 M NaCl , 25 mMEDTA, I X Denhar dt ' s sol ut i on, 50%

f or mami de, 0. 2%SDS, 225 kg/ ml shear ed sal mon sper m DNA, 225 l ag/ ml
pol y A, 15 mM DTT at 42° C f or 3 h and hybr i di zed f or 16 h at 53° C i n
pr ehybr i di zat i on sol ut i on cont ai ni ng 106 cpm sense or ant i sense pr obes
and 5 % dext r an sul f at e . Hybr i di zat i on si gnal s wer e det ect ed wi t h 0- max
hi gh r esol ut i on f i l m( Amer shamCor p . ) or wi t h phot ogr aphi c emul si on. For

doubl e l abel exper i ment s, t he sect i ons wer e f i r st hybr i di zed wi t h t he PMP-
22 sense and ant i sense pr obes t hen i nununol abel ed wi t h r abbi t ant i - bovi ne

S- 100 ( 1: 100, Dako Cor p . , Sant a Bar bar a, CA) usi ng t he hybr i di zat i on and

per oxi dase ant i per oxi dase t echni ques descr i bed above .

Resul t s

PMR22, a 22- kDPr ot ei n, I s a Component of al l
Myel i n Sheat hs i n t he Per i pher al Ner vous Syst em

Synt het i c pept i des cor r espondi ng t o t he t wo pr edi ct ed maj or

hydr ophi l i c r egi ons of t he PMP- 22 mol ecul e wer e con-

j ugat ed t o keyhol e l i mpet hemocyani n and used t o i mmuni ze

r abbi t s . The ant i ser a t o bot h pept i des wer e f ound t o be

speci f i c f or a 22- kDpr ot ei n on el ect r ophor et i c t r ansf er s ( i m-

munobl ot s) of t ot al pr ot ei n i sol at ed f r om r at sci at i c ner ves .

Fi g . 1 shows t hat t he ant i - PMP- 22 pept i de 1 ant i ser um

speci f i cal l y r ecogni zes a 22- kD pr ot ei n i n sci at i c ner ves

Fi gur e 2. I mmunoper oxi dase det ect i on of t he PMP- 22 pr ot ei n i n 0. 5- Amcr oss sect i ons of nor mal r at sci at i c ner ve usi ng pool ed ant i pept i de

ant i bodi es ( a) or pr ei mmune ser a ( b) , bot h di l ut ed 1 : 50. Sci at i c ner ve f r om30- d- ol d r at s was f i xed wi t h i sot oni c gl ut ar al dehyde and embed-

ded i n LX 112 . For i mmunohi st ochemi st r y, 0. 5 umsect i ons wer e et ched wi t h et hanol i c sodi umhydr oxi de f or 20 s bef or e i mmunoper oxi dase

st ai ni ng by t he per oxi dase- ant i per oxi dase met hod . Tol ui di ne bl ue st ai n hi ghl i ght s myel i n i n adj acent pl ast i c sect i ons ( c) . Bar , 20 pm.



( Fi g. 1, l ane 2) whi ch i s abol i shed by pr ei ncubat i ng t he an-

t i ser umwi t h PMP- 22 pept i de 1 ( Fi g . 1, l ane 1) . The PMP- 22

pr ot ei n i s pr edi ct ed t o have a mol ecul ar mass of 18, 000 based

on t he pept i de sequence and cont ai ns a consensus sequence

f or N- l i nked gl ycosyl at i on ( Wel cher et al . , 1991b) whi ch

pr edi ct s a t ot al mol ecul ar mass consi st ent wi t h a 21- 22- kD

pr ot ei n . Bot h ant i pept i de ant i ser a had i dent i cal speci f i ci t i es

on i mmunobl ot s and i n i mmunohi st ochemi cal st udi es . Con-

t r ol bl ot s usi ng pr ei mmune ser umwer e consi st ent l y negat i ve

( dat a not shown) .

Whi l e PMP- 22 i s expr essed at hi gh l evel s i n nor mal adul t

r at sci at i c ner ves, Nor t her n bl ot anal ysi s showed t hat PMP-

22 mRNA expr essi on was undet ect abl e i n l i ver and ki dney

but was pr esent i n t r ace l evel s i n hear t and skel et al mus-

cl e ( Wel cher et al . , 1991b) . I mmunobl ot and i mmunohi st o-

chemi cal anal ysi s of t he PMP- 22 pr ot ei n agr eed wi t h t he

pr evi ous r esul t s and i dent i f i ed no det ect abl e PMP- 22 pr ot ei n

expr essi on i n a var i et y of t i ssues i ncl udi ng hear t , gut , l ung,

adr enal gl and, ki dneys, skel et al muscl e, t hymus, and spl een

except i n t he myel i n of t he i nner vat i ng ner ves ( dat a not

shown) . I ni t i al i mmunohi st ochemi cal r esul t s had demon-

st r at ed t hat PMP- 22 was associ at ed wi t h t he myel i n sheat hs

of axons i n t he sci at i c ner ve ( Wel cher et al . , 1991b) . Thi s

f i ndi ng was conf i r med by i mmunoper oxi dase st udi es on

0. 5- , ur n pl ast i c sect i ons whi ch l ocal i zed t he PMP- 22 pr ot ei n

t o t he compact por t i on of t he myel i n sheat hs of essent i al l y

al l myel i nat ed axons i n t he sci at i c ner ve ( Fi g . 2 a) when com-

par ed t o t ol ui di ne bl ue- st ai ned adj acent pl ast i c sect i ons ( Fi g .

2 c) . I t was concl uded t hat PMP- 22 pr ot ei n expr essi on i s ap-
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Fi gur e 3 Devel opment al expr essi on of PMP- 22 mRNAand pr ot ei n
i n t he sci at i c ner ve. ( A) RNA was i sol at ed f r om r at sci at i c ner ves,
f r act i onat ed by f or mal dehyde- agar ose gel el ect r ophor esi s ( 5 Fi g t o-
t al RNA per l ane) , t r ansf er r ed t o a nyl on membr ane, hybr i di zed
wi t h a 32P- l abel ed PMP22 pr obe, and aut or adi ogr aphed . The ages
of t he r at s ( i n days) ar e i ndi cat ed above t he l anes . mRNA si ze was
det er mi ned usi ng RNA mol ecul ar wei ght st andar ds . ( B) Pr ot ei ns
wer e i sol at ed f r om r at sci at i c ner ves, f r act i onat ed by SDS- pol y-
acr yl ami de el ect r ophor esi s ( 50 Fi g of pr ot ei n per l ane) , and t r ans-
f er r ed t o ni t r ocel l ul ose . The membr ane was i ncubat ed consecu-
t i vel y wi t h ant i ser a 2 ( 1 : 1, 000) , 125 1- Pr ot ei n A, and vi sual i zed by
aut or adi ogr aphy . The ages of t he r at s ( i n days) ar e i ndi cat ed above
t he l anes. SN r ef er s t o pr ot ei ns ( 1 l Ag, l ef t si de ; 50 Fi g, r i ght si de)

i sol at ed f r om 60- d- ol d r at s . Posi t i on of t he pr ot ei n mol ecul ar
wei ght st andar ds i s i ndi cat ed on t he l ef t . ( C) Quant i t at i on of PMP
22 mRNA and pr ot ei n expr essi on . Aut or adi ogr aphs wer e scanned
and t he expr essi on pl ot t ed r el at i ve t o t he expr essi on at 60 days
( 100%) . ( a) RNA expr essi on ; ( e) pr ot ei n expr essi on .

pat ent l y r est r i ct ed t o t he ner vous syst em wher e i t i s as-
soci at ed wi t h myel i n sheat hs .

PMR22 Expr essi on Cor r el at es wi t h Myel i n For mat i on
dur i ng Sci at i c Ner ve Devel opment

Af t er havi ng i dent i f i ed PMP- 22 as a put at i ve myel i n pr ot ei n,

i t was i mpor t ant t o compar e i t s expr essi on wi t h ot her myel i n

pr ot ei ns t o est abl i sh t he r ol e of PMP- 22 i n myel i n f or mat i on

and t o i nvest i gat e i t s r ol e i n cel l ul ar gr owt h ar r est . Thus, a

t i me cour se st udy of PMP- 22 expr essi on was under t aken

dur i ng t he i mmedi at e post nat al per i od t o adul t hood, t he t i me

i nt er val i n whi ch Schwann cel l pr ol i f er at i on ceases and my-

el i nat i on ensues i n t he r at sci at i c ner ve ( Fr i ede and Samor aj -

ski , 1968) . Nor t her n bl ot anal ysi s of t ot al RNA i sol at ed

f r om sci at i c ner ves at di f f er ent t i me poi nt s i n devel opment

showed t hat a si ngl e 1 . 8- kb PMP- 22 mRNA speci es i s i ni -

t i al l y expr essed at l ow l evel s i n t he i mmedi at e post nat al

per i od ( 10 %of maxi mal ) but i s r api dl y i nduced t o adul t l ev-

el s over t he f i r st t hr ee post nat al weeks ( Fi g . 3 A) . Densi t o-

met r i c anal ysi s of t he RNA bl ot s demonst r at ed t hat PMP- 22

mRNA expr essi on r eached hal f - maxi mal adul t l evel s be-

t ween post nat al days t wo t o seven and i ncr eased t o near max-

i mal l evel s by post nat al day 21 ( Fi g. 3 C) .

Par al l el i mmunobl ot anal ysi s of PMP- 22 pr ot ei n expr es-

si on i n t he devel opi ng r at sci at i c ner ve r eveal ed t hat , as ex-

pect ed, t he pr oduct i on of PMP- 22 pr ot ei n l ags t empor al l y

behi nd PMP- 22 mRNAexpr essi on ( Fi g . 3 B) . Over al l , how-

ever , pr ot ei n and mRNA di spl ay par al l el expr essi on pat -
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Fi gur e 4. Devel opment al expr essi on of PMP- 22 i n t he r at sci at i c ner ve . Sci at i c ner ves wer e col l ect ed f r om 0, 3, 7, 14, 21, and 200- d- ol d
r at s and f i xed by i mmer si on i n 4% par af or mal dehyde i n PBS and pr ocessed f or par af f i n embeddi ng. 5- gm par af f i n sect i ons wer e cut and
pr ocessed f or PMP- 22 ( 1 : 100 each) and MBP( 1 : 60) i mmunohi st ochemi st r y as descr i bed i n Mat er i al s and Met hods . Cont r ol sect i ons wer e
r eact ed wi t h t he cor r espondi ng pr ei mmune ser a ( 1: 100 each) . Tol ui di ne bl ue- st ai ned 0. 5- Ampl ast i c sect i ons f r om each ner ve sampl e ar e
shown at t he r i ght f or compar i son . Bar , 25 Am.
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Fi gur e S. Devel opment al expr essi on of PMP22 mRNA and pr ot ei n i n br ai n and spi nal cor d pr epar at i ons . ( A) RNA was i sol at ed f r om
t he br ai n or spi nal cor d, f r act i onat ed by f or mal dehyde- agar ose gel el ect r ophor esi s ( 5 j i g t ot al RNAper l ane) , and anal yzed as descr i bed
i n Fi g 3. The l ef t panel shows mRNA f r omt he br ai n ; t he ages of t he r at s ( i n days) ar e i ndi cat ed above t he l anes . mRNA si ze was det er mi ned
usi ng RNA mol ecul ar wei ght st andar ds . ( Ri ght ) Rel at i ve expr essi on of PMP22 mRNA i n br ai n ( B) , spi nal cor d pr epar at i on ( SCP) , and
sci at i c ner ve ( SN) i n 5 wg of t ot al RNA per l ane . ( B) Pr ot ei ns wer e i sol at ed f r om t he br ai n or spi nal cor d, and anal yzed as descr i bed
i n Fi g 3. The ages of t he r at s ( i n days) ar e i ndi cat ed above t he l anes. SNr ef er s t o pr ot ei ns ( 1 j i g, l ef t si de ; 50 l cg, r i ght si de) i sol at ed f r om
60- d- ol d r at s . Br ai n sampl es ( Fd9- 200) cont ai ned 100 hg of pr ot ei n . Spi nal cor d pr epar at i on sampl es ( SCP, 14- 200) cont ai ned 50 Wg of
pr ot ei n. Posi t i ons of t he pr ot ei n mol ecul ar wei ght st andar ds ar e i ndi cat ed on t he l ef t .

t er ns . PMP- 22 pr ot ei n l evel s ar e bel ow det ect abl e l i mi t s

i n t he i mmedi at e post nat al per i od but r each hal f - maxi mal

val ues bet ween post nat al days 10 and 15 and maxi mal l evel s

by post nat al day 21 ( Fi g . 3 C) . I mmunohi st ochemi cal anal y-

si s showed t hat PMP- 22 pr ot ei n expr essi on i s r est r i ct ed t o

myel i n and cor r el at es t empor al l y wi t h t he f or mat i on of my-

el i n when compar ed t o t he expr essi on of MBP, anot her

component of compact myel i n, and t o myel i n f or mat i on as

moni t or ed usi ng t ol ui di ne bl ue- st ai ned pl ast i c sect i ons of

devel opi ng r at sci at i c ner ves ( Fi g . 4) .

Expr essi on of PMR22 I s Dr amat i cal l y Lower i n

t he Cent r al Ner vous Syst emt han i n t he Per i pher al

Ner vous Syst em

Pr evi ous st udi es i ndi cat ed t hat PMP22 mRNA i s pr esent i n

l ow l evel s i n t he br ai n, ( Wel cher et al . , 1991b) . Thus, i t was

of i nt er est t o det er mi ne i f PMP22 was al so a component of

myel i n i n t he CNS. I ni t i al at t empt s t o vi sual i ze PMP- 22 pr o-

t ei n i n t he br ai n usi ng i mmunohi st ochemi cal met hods wer e

unsuccessf ul , a f i ndi ng whi ch was subsequent l y expl ai ned by

Nor t her n and i mmunobl ot anal ysi s . Quant i t at i on of Nor t h-

er n bl ot s of t ot al RNA i sol at ed f r omt he br ai n r eveal ed t hat

t he mRNA f or PMP22 i s - 300- f ol d l ess abundant i n br ai n

t han i n sci at i c ner ve ( Fi g . 5 A, l anes B ver sus SN) . Fur -

t her mor e, i n cont r ast t o PMP- 22 mRNAexpr essi on i n per i ph-

er al ner ve, t he br ai n PMP22 mRNA l evel s ar e not devel op-

ment al l y r egul at ed ( Fi g. 5 A, l anes E19- 200) . No PMP22

pr ot ei n was det ect abl e i n 100 hg of br ai n t i ssue at any t i me

poi nt under exper i ment al condi t i ons t hat wer e abl e t o de-

t ect PMP- 22 pr ot ei n f r om 1 p, g of ner ve t i ssue ( Fi g . 5 B) .

I t i s concl uded t hat PMP- 22 pr ot ei n l evel s i n t he br ai n ar e
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at l east 100- f ol d l ower t han i n per i pher al ner ve . As a second

CNS t i ssue, spi nal cor d pr epar at i ons ( SCP) wer e exami ned

f or PMP- 22 expr essi on . I ni t i al quant i t at i ve Nor t her n bl ot

anal ysi s of SCP- der i ved RNA r eveal ed appr eci abl e l evel s of

PMP- 22 mRNA expr essi on ( Fi g . 5 A, l ane SCP) . Si mi l ar l y,

r el at i vel y hi gh l evel s of PMP- 22 pr ot ei n wer e det ect ed i n

SCP by i mmunobl ot anal ysi s ( Fi g . 5 B) . I n si t u mRNA hy-

br i di zat i on ( Fi g . 6 a) and i mmunohi st ochemi st r y ( Fi g . 6 c) ,

however , cl ear l y demonst r at ed t he expr essi on of PMP- 22

pr ot ei n and mRNA i n t he PNS- der i ved dor sal and vent r al

spi nal r oot s but f ai l ed t o pr ovi de evi dence of si gni f i cant

PMP22 expr essi on i n t he spi nal cor d . These r esul t s suggest

t hat some, i f not most , of PMP- 22 mRNA and pr ot ei n de-

t ect ed i n t he SCP i s because of PMP- 22 expr essi on i n t he spi -

nal r oot s of per i pher al ner ves . I t r emai ns possi bl e t hat t he

absol ut e l evel s of PMP- 22 mRNA and pr ot ei n i n t he spi nal

cor d di f f er s f r omt he l ow l evel s obser ved i n t he br ai n si nce

a di r ect compar i son bet ween t hese st r uct ur es cannot be

made f r om t hese r esul t s . We concl ude t hat , whi l e PMP- 22

mRNA may be expr essed i n t he CNS at ver y l ow l evel s i n

a nondevel opment al l y r egul at ed manner , PMP22 pr ot ei n

and mRNA l evel s ar e expr essed at much hi gher l evel s i n t he

PNS. Al t hough we cannot excl ude r egi onal expr essi on of

PMP22 i n t he br ai n, t he pr ot ei n i s not a maj or component

of CNS myel i n .

PMR22 Expr essi on Cor r el at es wi t h Myel i n

Degr adat i on and Remyel i nat i on dur i ng Sci at i c

Ner ve Regener at i on

PMP- 22 was or i gi nal l y i dent i f i ed based on i t s pr eci pi t ous

down r egul at i on af t er sci at i c ner ve cr ush i nj ur y . We have

Fi gur e 6. PMP 22 i mmunohi st ochemi st r y and i n si t u mRNAhybr i di zat i on on cr oss sect i ons of t he spi nal cor d . ( a) PMP- 22 i mmunoper oxi -

dase st udi es per f or med on cr oss sect i ons of spi nal cor d demonst r at e dar k st ai ni ng f or PMP22 pr ot ei n i n t he dor sal and vent r al spi nal

ner ve r oot s, but no i mmunor eact i vi t y i s pr esent wi t hi n t he spi nal cor d . ( b) Cont r ol sl i des r eact ed wi t h pr ei mmune ser a show no si gni f i cant
i mmunor eact i vi t y . These sect i ons ar e l i ght l y count er st ai ned wi t h hemat oxyl i n . The pat t er n of mRNAexpr essi on par al l el s t he pr ot ei n ex-

pr essi on as demonst r at ed by i n si t u mRNA hybr i di zat i on on adj acent sect i ons of spi nal cor d pr obed wi t h ' SS- l abel ed PMP- 22 ant i sense

( c) and sense ( d) RNA. c and d ar e negat i ve i mages of t he r esul t i ng aut or adi ogr am ( i . e . , t he por t i on of t he aut or adi ogr aphy f i l mexposed

by t he r adi oact i ve pr obe i s whi t e) . Bar , 500 t m.
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Fi gur e 7. Expr essi on of PMP-
22 mRNA and pr ot ei n dur i ng

sci at i c ner ve r egener at i on .

Pr ot ei n and mRNA wer e i so-

l at ed f r omr at sci at i c ner ves at
var i ous days af t er a cr ush i n-
j ur y. Sampl es wer e anal yzed
by bl ot t i ng as descr i bed i n

Fi g 3 . Aut or adi ogr aphs wer e

scanned, and t he expr essi on
pl ot t ed r el at i ve t o t he expr es-
si on i n t he cont r al at er al , uni n-
j ur ed sci at i c ner ves ( 100%) .
( n) mRNA expr essi on ; ( 9)

Days ( Af t er Cr ush)

	

pr ot ei n expr essi on .

now char act er i zed i n mor e det ai l t he expr essi on of PMP- 22

af t er sci at i c ner ve cr ush t o compar e i t t o si mi l ar st udi es

whi ch have been per f or med usi ng ot her known myel i n pr o-

t ei ns . Sci at i c ner ves wer e cr ushed sever al mi l l i met er s di st al

t o t he hi p j oi nt and mar ked wi t h a l oosel y t i ed si l k sut ur e .

At pr edet er mi ned t i mes af t er cr ush i nj ur y, 1- 2- cm segment s

of sci at i c ner ve di st al t o t he si t e of cr ush i nj ur y al ong wi t h

sham- oper at ed cont r al at er al ner ves wer e har vest ed . Speci al

car e was t aken t o avoi d t he i mmedi at e ar ea ar ound t he si t e

of i nj ur y t o el i mi nat e t he ef f ect s of l ocal i nf l ammat i on .

Nor t her n bl ot anal ysi s conf i r med t he pr evi ousl y descr i bed

r api d decl i ne of PMP- 22 mRNA t o <10%of nor mal adul t

l evel s by 3- 7 d af t er cr ush i nj ur y . Thi s decl i ne i n t he l evel s

of PMP- 22 mRNA i s par al l el ed by a sl ower decl i ne of t he

22- kD PMP- 22 pr ot ei n expr essi on whi ch r eaches si mi l ar

l ow l evel s dur i ng days 10 t o 20 af t er cr ush i nj ur y . Al t hough

PMP- 22 mRNAand pr ot ei n have st ar t ed t o appr oach nor mal

l evel s by 40 d af t er cr ush ( Fi g . 7) , t he expr essi on of pr ot ei n

l agged behi nd .

Mor phol ogi cal St udi es on PMP- 22 af t er Sci at i c
Ner ve I nj ur y

Al t hough t he mor phol ogi c event s af t er per i pher al ner ve i n-

j ur y have been wel l descr i bed ( f or a hi st or i cal per spect i ve

see Wel l er and Cer vos- Navar r o, 1977) , we have per f or med

anat omi c st udi es i n par al l el wi t h t he pr ot ei n and mRNA de-

t ect i on exper i ment s . Thi s st r at egy al l owed us t o mor e pr e-

ci sel y cor r el at e t he mor phol ogi cal changes wi t h t he pat t er n

of expr essi on of t he PMP- 22 pr ot ei n i n t he par t i cul ar ner ve

segment s used f or bi ochemi cal and mol ecul ar anal ysi s . Fi g.

8 shows t he r esul t s of t he i mmunohi st ochemi cal st udy of

PMP- 22 and MBP expr essi on af t er ner ve i nj ur y . On t he f i r st

day af t er cr ush i nj ur y, t he onl y pat hol ogi cal al t er at i on i n t he

ner ve segment di st al t o t he si t e of cr ush i nj ur y i s a sl i ght

l ooseni ng of t he myel i n sheat h . At t hi s t i me, PMP- 22 i m-

munor eact i vi t y i s mor e evi dent i n t he myel i n sheat hs di st al

t o t he si t e of cr ush i nj ur y t han i n t he pr oxi mal ner ve seg-

ment . Thi s i s pr obabl y because of l oss of myel i n i nt egr i t y

and consequent i ncr eased ant i body penet r at i on si nce a si mi -

l ar i ncr ease i n i mmunor eact i vi t y was not ed i n ner ve f i ber s

under goi ng spont aneous Wal l er i an degener at i on i n aged r at s .

Thr ee days af t er cr ush i nj ur y, neur of i l ament i mmunor eac-

t i vi t y i s gr eat l y di mi ni shed ( dat a not shown) as t he axons de-

gener at e . At t hi s t i me poi nt , t he PMP- 22 mRNA l evel has

f al l en t o 10%of pr ecr ush l evel s as t he myel i n sheat hs ar e di s-

r upt ed and ar e bei ng di gest ed by t he Schwann cel l s as r e-
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f l ect ed i n t he per si st ent l y el evat ed l evel s of i mmunost ai n-

i ng f or PMP- 22 and MBP By 7 d af t er cr ush i nj ur y, PMP22
and MBP ar e f ound i ncr easi ngl y i n " di gest i on chamber s of
Caj al " a st r uct ur e composed of Schwann cel l cyt opl asm sur -
r oundi ng degener at i ng myel i n ovoi ds . I n si t u mRNA hybr i d-

i zat i on f or PMP- 22 mRNA at 14 d af t er cr ush i nj ur y i l l us-
t r at es t he downr egul at i on of PMP- 22 mRNA i n t he por t i on
of t he sci at i c ner ve di st al t o t he i nj ur y si t e when compar ed
t o t he pr oxi mal por t i on ( Fi g . 9) . Wal l er i an degener at i on con-
t i nues t hr ough t he f i r st 2 wk af t er i nj ur y as t he absol ut e
PMP- 22 pr ot ei n l evel s and PMP- 22 i mmunor eact i vi t y de-
cl i ne . I n our syst em, axonal r egener at i on i s evi dent 21 d af t er
cr ush i nj ur y as shown by t he pr esence of t hi nl y myel i nat ed
axons i n t ol ui di ne bl ue- st ai ned pl ast i c sect i ons and el ect r on
mi cr ogr aphs ( not shown) . As demonst r at ed on i mmuno-
bl ot s, PMP- 22 pr ot ei n l evel s st ar t t o i ncr ease by 21 d af t er
cr ush i nj ur y . Axon r egener at i on cont i nues t hr ough at l east
40 d af t er cr ush i nj ur y as demonst r at ed by t he Bi el schowski
si l ver st ai n f or axons ( dat a not shown) . By 40 d af t er cr ush,
t he PMP- 22 i mmunor eact i vi t y i s pr esent pr edomi nant l y i n

t he many newl y f or med myel i n sheat hs and occasi onal l y i n

r esi dual " di gest i on chamber s of Caj al . " Thi s f i ndi ng cor r e-
l at es wel l wi t h t he Nor t her n and i mmunobl ot r esul t s whi ch
demonst r at e i ncr eased l evel s of PMP- 22 pr ot ei n and mRNA
40 d af t er cr ush i nj ur y .

PMR22 I s Pr oduced by Schwann Cel l s

Our i ni t i al char act er i zat i on of PMP- 22 pr ovi ded no evi dence

f or si gni f i cant expr essi on of t he PMP- 22 pr ot ei n out si de of

t he PNS. I n addi t i on, t her e i s compel l i ng evi dence t hat PMP-

22 i s a myel i n pr ot ei n and, t her ef or e, must be synt hesi zed by
Schwann cel l s . Yet , af t er cl ar i f i cat i on of a sequenci ng er r or

i n t he mouse gas3 cDNA, i t i s cl ear t hat PMP- 22 and gas3

shar e 98 %ami no aci d i dent i t y over t he compl et e pr ot ei n se-

quence ( dat a not shown) . Thus, PMP- 22 i s t he r at homo-
l ogue t o t he mouse gas3 cDNA whi ch was i sol at ed f r om
gr owt h- ar r est ed f i br obl ast s ( Schnei der et al . , 1988 ; Manf i o-
l et t i et al . , 1990) . Si nce f i br obl ast s ar e al so a component of

t he ner ve sheat h, i t seemed possi bl e t hat endoneur i al f i br o-

bl ast s coul d be t he maj or sour ce of PMP- 22 expr essi on . Two

exper i ment s wer e car r i ed out t o i dent i f y t he cel l s t hat ar e

mai nl y r esponsi bl e f or PMP- 22 expr essi on . Fi r st , we per -

f or med i n si t u mRNA hybr i di zat i on f or PMP- 22 on t eased
ner ve pr epar at i ons, r easoni ng t hat i f Schwann cel l s ar e syn-

t hesi zi ng PMP- 22, a si gnal shoul d be obser ved wi t h a l on-

gi t udi nal per i odi ci t y cor r espondi ng t o t he l engt h of t he i nt er -

nodal segment . Such an ant i ci pat ed per i odi ci t y i s evi dent i n

Fi g . 10 c whi ch shows PMP- 22 mRNA l ocal i zed t o t he

per i nucl ear cyt opl asm of a Schwann cel l f r om a si ngl e my-

el i n i nt er node. Thi s r esul t was conf i r med usi ng doubl e l abel -

i ng combi ni ng i n si t u hybr i di zat i on f or PMP- 22 mRNA and

i mmunoper oxi dase st ai ni ng f or S- 100 pr ot ei n, a speci f i c

mar ker f or Schwann cel l s i n per i pher al ner ves ( St ef ansson et
al . , 1982) . I n cont r ol exper i ment s ( not shown) , t he i n si t u

hybr i di zat i on pr ocedur e sel ect i vel y di mi ni shed t he subse-

quent i mmunost ai ni ng f or t he S- 100 pr ot ei n i n t he cyt opl asm

mor e t han t he nucl eus, al t hough speci f i c st ai ni ng of t he

nucl ei coul d cl ear l y be seen . The doubl e- l abel i ng st udi es

demonst r at ed t hat S- 100 posi t i ve Schwann cel l s al so pr oduce

PMP- 22 mRNA ( Fi g . 10 a) . Whi l e al l of t he S- 100 posi t i ve

cel l s appear t o expr ess PMP- 22 mRNA, t her e i s a smal l

23 2



Fi gur e 8. Expr essi on of PMP- 22 pr ot ei n and MBPdet ect ed by i mmunohi st ochemi st r y i n t he di st al por t i on of t he r at sci at i c ner ve at var i ous
st ages of Wal l er i an degener at i on . Bot h PMP22 and MBP can be det ect ed i n degener at i ng myel i n sheat hs and i n myel i n ovoi ds wi t hi n
" di gest i on chamber s of Caj al ° i n t hese l ongi t udi nal sect i ons of t he r at sci at i c ner ves t aken at 1, 3, 7, 14, 21, and 40 d af t er sci at i c ner ve
cr ush . Cont r ol sect i ons ar e r eact ed wi t h PMP- 22 pr ei mmune ( MBP noni mmune) r abbi t ser a as t he pr i mar y ant i ser a . Al l sect i ons ar e l i ght l y
count er st ai ned wi t h hemat oxyl i n . Bar , 25 , am.
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Fi gur e 9 I n si t u mRNA hybr i di zat i on per f or med 14 d af t er cr ush i nj ur y demonst r at es t he mar ked downr egul at i on of PMP- 22 mRNA i n
a l ongi t udi nal sect i on of t he sci at i c ner ve di st al ( d) , but not pr oxi mal ( p) , t o t he si t e of cr ush i nj ur y ( bet ween ar r owheads) . Ant i sense

( a) and sense ( b) 3 ' S RNA pr obes wer e hybr i di zed t o cr ush- i nj ur ed r at sci at i c ner ves and det ect ed by aut or adi ogr aphy . As i n Fi g . 6, t he

negat i ve i mage of t he aut or adi ogr am i s shown . Bar , 0. 5 mm.

popul at i on of cel l s t hat ar e pr oduci ng PMR22 but do not

st ai n f or S- 100. These PMP- 22+/ S- 100- cel l s may r epr esent

r ar e f i br obl ast s or Schwann cel l s whose nucl ei ar e out of t he

pl ane of sect i on . I n t eased ner ve pr epar at i ons, occasi onal l y

mor e t 4an one nucl eus was obser ved associ at ed wi t h a si ngl e

i nt er nodal myel i n segment , but t her e was never mor e t han

one cel l per i nt er node t hat hybr i di zed wi t h PMP- 22 ant i -

sense mRNA . Thus, we concl ude t hat Schwann cel l s ar e

r esponsi bl e f or synt hesi zi ng most , i f not al l of PMP- 22 . We

cannot excl ude, however , t he possi bi l i t y t hat t her e i s a smal l

popul at i on of ot her cel l t ypes expr essi ng PMP- 22 .

Di scussi on

I n t hi s r epor t , we have est abl i shed t hat t he r ecent l y descr i bed

PMP- 22 gene pr oduct i s a component of per i pher al myel i n .

Thi s concl usi on i s based, i n par t , on i mmunohi st ochemi st r y

and i n si t u mRNA hybr i di zat i on st udi es whi ch i ndi cat e t hat

PMR22 mRNA i s pr oduced pr edomi nant l y by Schwann

cel l s and t hat t he PMR22 pr ot ei n i s l ocal i zed t o t he compact

por t i on of t he myel i n sheat h . The assi gnment of PMP- 22 as

a per i pher al myel i n pr ot ei n i s f ur t her suppor t ed by t he

f i ndi ng t hat t he r egul at i on of PMP- 22 expr essi on dur i ng de-

vel opment and af t er ner ve i nj ur y i s si mi l ar t o t hat of ot her

myel i n pr ot ei ns .

The pat t er n of PMP- 22 expr essi on i n t he PNS dur i ng de-

vel opment i s essent i al l y i dent i cal t o ot her pr ot ei ns of PNS

myel i n, such as POand MBP ( St ahl et al . , 1990 ; Wi ggi ns et

al . , 1975 ; Lees and Br ost of f , 1984) . Compar at i ve si de by

si de i mmunohi st ochemi cal l ocal i zat i ons of PMP- 22 and

MBPdur i ng devel opment r eveal i dent i cal pat t er ns of expr es-

si on and cor r el at e wel l wi t h t he f or mat i on of per i pher al my-

el i n as demonst r at ed usi ng t ol ui di ne bl ue- st ai ned pl ast i c

sect i ons . Pr evi ous st udi es have al so shown t hat POhas a si mi -

l ar pat t er n of expr essi on as MBP ( and t her ef or e PMP- 22)

dur i ng t he devel opment of t he PNS ( Gar bay et al . , 1989 ;

St ahl et al . , 1990) . I n t he CNS, however , PMP- 22 expr essi on

does not cor r el at e wi t h devel opment and t he f or mat i on of

CNS myel i n . The l ack of r egul at i on of PMP- 22 expr essi on

The Jour nal of Cel l Bi ol ogy, Vol ume 117, 1992

i n t he CNS i s i n mar ked cont r ast t o t he upr egul at i on of t he

maj or CNS myel i n pr ot ei n, PLP, dur i ng CNS devel opment .

Gar di ni er et al . ( 1986) have shown t hat PLP mRNA i s pr es-

ent i n t he CNS at 3 d af t er bi r t h and r eaches a br oad peak

at 2 t o 4 wk of age. Thi s expr essi on pat t er n cor r el at es wel l

wi t h t he pr ogr essi on of r at CNS myel i n f or mat i on . Thus,

dur i ng t he myel i nat i on per i od i n t he r at CNS, PLP mRNA

i ncr eases f r omundet ect abl e at bi r t h t o adul t l evel s by 28- d

post par t um ( Nai smi t h et al . , 1985) , whi l e PMR22 mRNA

l evel s ar e unchanged and PMR22 pr ot ei n i s undet ect abl e .

I nt er est i ngl y, PLPmRNA and pr ot ei n have been det ect ed i n

t he per i pher al ner vous syst em al t hough t he PLP pr ot ei n ap-

par ent l y i s not i ncor por at ed i nt o PNS myel i n ( Pucket t et al . ,

1987) . I n t he PNS, PLP mRNAl evel s ar e not r egul at ed dur -

i ng devel opment and af t er ner ve i nj ur y ( Gupt a et al . , 1991) ,

anal ogous t o t hat r epor t ed her e f or PMR22 mRNA i n t he

CNS.

The pat t er n of expr essi on of PMR22 i n t he di st al ner ve

st ump af t er uni l at er al sci at i c ner ve cr ush was al so compar a-

bl e t o t he expr essi on of ot her PNS myel i n pr ot ei ns . Tr app

et al . ( 1988) have shown t hat , l i ke PMP- 22 mRNA, t he

mRNA encodi ng MBP and POdecr eased 40- f ol d by 5 d af t er

cr ush i nj ur y . By 21 d af t er ner ve i nj ur y, t he MBP and PO

mRNA l evel s began t o i ncr ease agai n al t hough no mor pho-

l ogi cal l y det ect abl e r egener at i on was obser ved ( Tr app et al . ,

1988) . Si mi l ar l y, we showi n t hi s st udy t hat PMP- 22 mRNA

and pr ot ei n expr essi on ar e r i si ng at 21 d af t er cr ush, a t i me

at whi ch we and ot her s ( Ni chol s et al . , 1968) wer e abl e t o

obser ve axon spr out i ng . Tr app et al . ( 1988) al so demon-

st r at ed t hat PO i mmunor eact i vi t y, l i ke PMR22 and MBP

shown her e, was l ocal i zed t o degener at i ng myel i n ovoi ds at

21 d af t er cr ush i nj ur y . I nt er est i ngl y, PO expr essi on i s not

compl et el y r epr essed by l oss of axonal cont act as demon-

st r at ed by l ong- t er m t i ssue cul t ur e st udi es whi ch i ndi cat ed

t hat smal l amount s of PO ar e expr essed const i t ut i vel y by ma-

t ur e Schwann cel l s ( Podusl o and Wi ndebank, 1985) . Gi ven

i t s possi bl e r ol e i n cel l ul ar gr owt h ar r est , i t woul d be of con-

si der abl e i nt er est t o det er mi ni ne i f PMP- 22 was const i t u-

t i vel y expr essed i n mat ur e nonmyel i nat i ng Schwann cel l s .
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Over al l , our r esul t s suggest t hat t he r egul at i on of PMP- 22 af -

t er ner ve i nj ur y i s si mi l ar t o ot her per i pher al myel i n pr o-
t ei ns .

We have pr evi ousl y shown t hat PMP- 22 ( SR13) has se-
quence homol ogy wi t h t wo par t i al pept i de sequences of
PASI I , a gl ycopr ot ei n i sol at ed f r om PNS myel i n pr epar a-

t i ons . Al t hough t he r epor t ed mol ecul ar wei ght of PASI I
( 13, 000, mor e r ecent l y 19, 000 ; Uyemur a and Ki t amur a,
1991) i s consi der abl y di f f er ent f r omPMP- 22, t he sequence

i dent i t y, dat a i ndi cat i ng t hat PASI I and PMP- 22 ar e gl ycopr o-
t ei ns ( see bel ow) , and t he f act t hat PASI I and, now, PMP- 22

have been shown t o be PNS speci f i c, i ndi cat e t hat PASI I
and PMP- 22 ar e ver y l i kel y t o be i dent i cal pr ot ei ns . I t i s a
pl ausi bl e expl anat i on t hat t he smal l er obser ved mol ecul ar
wei ght of PASI I may be due t o pr ot eol yt i c degr adat i on . I f

PASI I and PMP- 22 ar e i ndeed t he same pr ot ei n, i t i s of i n-
t er est t hat PASI I ( PMP- 22) has been i sol at ed f r om pur i f i ed

myel i n pr epar at i ons and i dent i f i ed as one of f our maj or PNS
myel i n pr ot ei ns ( Uyemur a et al . , 1978) . Densi t omet r i c scan-
ni ng of Coomassi e- st ai ned SDS- pol yacr yl ami de gel s of hu-
man per i pher al myel i n pr ot ei ns suggest t hat t he l evel s of t he

comi gr at i ng PMP- 22 and P2 pr ot ei ns may be up t o 10- 20%
t hat of PO ( Uyemur a and Ki t amur a, 1991) . Thi s not i on i s f ur -
t her suppor t ed by t he hi gh abundance of PMP- 22 cDNA
cl ones i n a sci at i c ner ve l i br ar y ( De Leon et al . , 1991) and
t he r el at i ve ease of PMP- 22 det ect i on i n i mmunobl ot s usi ng
l ow quant i t i es of sci at i c ner ve homogenat es . We concl ude

t hat PMP- 22 i s a maj or component of PNS myel i n .
The asser t i on t hat PMP- 22 i s a maj or component of t he

PNS myel i n sheat h r ai ses t he quest i on why t hi s pr ot ei n has

not been wi del y r ecogni zed ear l i er . Al t hough we cannot of f er

a def i ni t i ve answer , t her e ar e sever al f eat ur es of PMP- 22 t hat

may have obscur ed i t s det ect i on . Fi r st , PMP- 22 has an ap-

par ent mol ecul ar wei ght of 22, 000 and t hus woul d be ex-

pect ed t o comi gr at e wi t h t he hi gh mol ecul ar wei ght MBP

( 21 . 5 kD) on SDS- pol yacr yl ami de gel s as suggest ed by Uye-

mur a et al . ( 1979) and does comi gr at e wi t h anot her per i ph-

er al myel i n pr ot ei n, P2 ( Uyemur a and Ki t amur a, 1991) . Sec-

ondl y, dur i ng t wo di mensi onal - PAGE anal ysi s of PMP- 22,

we not i ced a t endency of PMP- 22 t o f or maggr egat es i n t he

absence of SDS whi ch coul d possi bl y be at t r i but ed t o t he

hi ghl y hydr ophobi c nat ur e of t he PMP- 22 pr ot ei n ( dat a not

shown) . Si mi l ar unusual bi ochemi cal char act er i st i cs ar e de-

scr i bed f or ot her myel i n pr ot ei ns ( e . g . , PLP; see Agr awal
and Har t man, 1980) .

Compar i son of t he det ai l s of PMP- 22 mRNA and pr ot ei n

l ocal i zat i on wi t h ot her pr ot ei ns expr essed by Schwann cel l s

pr ovi des addi t i onal i nsi ght i nt o t he pr obabl e l ocal i zat i on of

PMP- 22 wi t hi n t he myel i n sheat h . Fi r st , t he per i nucl ear i n

si t u mRNA l ocal i zat i on of PMP- 22 i n t he ner ve t ease pr epa-

r at i on and on t i ssue sect i ons i s consi st ent wi t h t he hypot hesi s
t hat PMP- 22 i s an i nt egr al membr ane pr ot ei n . Two pat t er ns

of mRNA l ocal i zat i on f or ot her myel i n pr ot ei ns have been

descr i bed ; namel y, a per i nucl ear l ocal i zat i on exempl i f i ed by

PO and PLPmRNAs and a di f f use cyt opl asmi c l ocal i zat i on,

of t en pr omi nent i n t he par anodal r egi ons of t he Schwann

cel l , as demonst r at ed f or MBP mRNA ( Tr app et al . , 1987;

Gr i f f i t hs et al . , 1989) . These pat t er ns of mRNA expr essi on

ar e t hought t o r ef l ect t he f act t hat PO and PLP ar e i nt egr al

membr ane pr ot ei ns and must under go i nt r acel l ul ar pr ocess-
i ng t hr ough t he RER and Gol gi appar at us as opposed t o t he
sol ubl e MBPs whi ch ar e pr esumabl y synt hesi zed on f r ee
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r i bosomes ( Tr app et al . , 1987) . I n suppor t of t hi s hypot hesi s,

Lamper t h et al . ( 1990) have pr ovi ded a di r ect demonst r at i on
of PO mRNA pr ocessi ng usi ng mRNA hybr i di zat i on at t he
ul t r ast r uct ur al l evel t o show t hat PO mRNA i s l ocal i zed t o
t he RER. Secondl y, we not i ced by i mmunohi st ochemi st r y

t hat PMP- 22 was not hi ghl y expr essed i n t he Schwann cel l

cyt opl asm and was excl uded f r omt he cyt opl asmi c i nvagi na-
t i ons i nt o t he myel i n sheat h known as Schmi dt - Lant er man

i nci sur es . Such a pat t er n of expr essi on i s r eci pr ocal t o t hat
of pr ot ei ns l i ke S- 100, whi ch i s f ound i n t he Schwann cel l nu-
cl eus, cyt opl asm ( St ef ansson et al . , 1982) , and Schmi dt -

Lant er man i nci sur es ( unpubl i shed obser vat i ons) . Addi t i onal

evi dence t hat PMP- 22 i s an i nt egr al membr ane pr ot ei n i s

pr ovi ded by anal ysi s of t he PMPR22 ami no aci d sequence
whi ch r eveal s f our hydr ophobi c st r et ches t hat may f unct i on
as t r ansmembr ane spanni ng r egi ons as wel l as a consensus
si t e f or N- l i nked gl ycosyl at i on . gas3 mRNA ( PMP- 22)

t r ansl at ed i n vi t r o i n t he pr esence of mi cr osomes has been
shown t o pr oduce a endogl ycosi dase H- sensi t i ve, pr ot ei nase

K- i nsensi t i ve pr ot ei n ( Manf i ol et t i et al . , 1990) . Taken t o-

get her , t hese st udi es suggest t hat PMP- 22 i s a t r ansmem-
br ane gl ycopr ot ei n expr essed i n PNS myel i n and, as such,

pr obabl y has domai ns whi ch pr oj ect i nt o bot h t he maj or

dense l i ne and t he i nt r aper i od l i ne of myel i n .

The pr ot ei n composi t i on of CNS and PNS myel i n ar e
si gni f i cant l y di f f er ent . Ther e i s, however , a per vasi ve not i on
i n t he l i t er at ur e t hat bot h myel i n st r uct ur es ar e suf f i ci ent l y

si mi l ar t hat t wo set s of anal ogous pr ot ei ns ser vi ng si mi l ar

f unct i ons must exi st i n bot h syst ems . Accor di ng t o t hi s par a-

di gm, PO has been pr oposed t o be t he PNS homol ogue of

PLP. Thi s hypot hesi s was based on t he f act t hat bot h pr ot ei ns
ar e r el at i vel y abundant , have si mi l ar mol ecul ar masses ( PLP

= 30, 000, Lemke, 1988 ; PO = 28, 000, Sakamot o et al . ,

1987) and di spl ay r eci pr ocal pat t er ns of expr essi on i n PNS

and CNS. I n addi t i on, t he gl ycopr ot ei n PO i s a member of

t he i mmunogl obul i n gene super f ami l y of cel l sur f ace r ecep-

t or s ( Lemke and Axel , 1985) and has been pr oposed t o bi nd
apposi ng membr anes of t he myel i n sheat h i nt r aper i od l i ne
( cont i guous wi t h t he ext r acel l ul ar space) t hr ough homo-
phi l i c mechani sms ( Lemke, 1988) . PLP may have a si mi l ar
f unct i on i n t he CNS as suggest ed by st udi es of t he j i mpy mu-
t at i on, a poi nt mut at i on of a spl i ce accept or si t e i n t he PLP
gene ( Hudson et al . , 1987) whi ch causes speci f i c i nt r aper i od
l i ne abnor mal i t i es i n af f ect ed mi ce. St r uct ur al l y, however ,
PLP and PO ar e qui t e di ssi mi l ar . PLP cont ai ns f our hi ghl y
hydr ophobi c r egi ons and has been pr oposed t o have up t o
f our membr ane- spanni ng r egi ons ( Popot et al . , 1991) . P0, on
t he ot her hand, has a r el at i vel y hydr ophobi c, but gl ycosyl -

at ed, ext r acel l ul ar domai n, a si ngl e t r ansmembr ane domai n,
and a ver y basi c cyt opl asmi c domai n ( Sakamot o et al . , 1987;
Lemke and Axel , 1985) . As shown her e, PMP- 22 al so di s-
pl ays a r eci pr ocal pat t er n of expr essi on compar ed t o PLP
and, l i ke PLP, has f our hydr ophobi c domai ns whi ch may

ser ve as membr ane- spanni ng r egi ons . Thus, we pr opose t hat

PMP- 22 may ser ve, at l east i n par t , as t he PNS anal ogue of
PLP.

I t was one of t he goal s of t hi s st udy t o exami ne t he cor r el a-
t i on of PMP- 22 expr essi on wi t h Schwann cel l pr ol i f er at i on
because of t he hypot hesi zed r ol e of gas3 ( PMP- 22) i n cel l u-
l ar gr owt h ar r est . gas3 mRNA i s i nduced i n qui escent
( gr owt h- ar r est ed) f i br obl ast s and i s r epr essed i n pr ol i f er at i ng

cel l s ( Schnei der et al . , 1988 ; Ci ccar el l i et al . , 1990) . Our

23 6



st udi es r eveal no r el at i onshi p bet ween PMP- 22 expr essi on i n

t he CNS and t he ol i godendr ocyt e pr ol i f er at i on whi ch occur s

post nat al l y i n t he r at . I n t he PNS, however , PMP- 22 expr es-

si on cor r el at es i nver sel y wi t h Schwann cel l di vi si on dur i ng

devel opment . The si t uat i on af t er ner ve i nj ur y i s l ess cl ear .

Pel l i gr i no and Spencer ( 1985) exami ned Schwann cel l

pr ol i f er at i on af t er ner ve i nj ur y usi ng [ 3 H] t hymi di ne upt ake

vi sual i zed by aut or adi ogr aphy . Two peaks of Schwann cel l

pr ol i f er at i on wer e i dent i f i ed . The f i r st peak appear ed at N5 d

af t er i nj ur y and t he second coi nci ded wi t h axon- gl i al cont act

( Pel l egr i no et al . , 1982) . Tr app et al . ( 1988) al so not ed t hat

t he densi t y of Schwann cel l s i n t he di st al ner ve st ump af t er

ner ve i nj ur y i ncr eased bet ween 5- 20 d . Our r esul t s demon-

st r at e t hat PMP- 22 mRNA expr essi on i s mi ni mal 5 d af t er

ner ve i nj ur y and st ar t s t o i ncr ease by - 20 d af t er cr ush i n-

j ur y . The decr ease i n PMP- 22 pr ot ei n l evel l ags si gni f i cant l y

behi nd t he mRNA such t hat t her e i s st i l l a si gni f i cant amount

of PMP- 22 pr ot ei n det ect abl e by i mmunobl ot dur i ng t he f i r st

10 d af t er ner ve i nj ur y . Our i mmunohi st ochemi st r y r esul t s

i ndi cat e t hat most of t he PMP- 22 pr ot ei n obser ved dur i ng t he

second week af t er ner ve cr ush i nj ur y i s l ocal i zed t o degener -

at i ng myel i n ovoi ds wher e i t may be unavai l abl e t o ser ve a

r egul at or y f unct i on . These r esul t s can be i nt er pr et ed i n sev-

er al ways : Fi r st , PMP- 22 ( gas3) expr essi on may not be

di r ect l y r el at ed t o i n vi vo gr owt h r egul at i on and may r ef l ect

i r r el evant gene t r anscr i pt i on i n t i ssue cul t ur e . I ndeed, t her e

i s no di r ect evi dence t hat gas3 i s i nvol ved i n r egul at i ng

gr owt h ar r est . Al t er nat i vel y, however , si nce PMP- 22 mRNA

( and t o a l esser ext ent , pr ot ei n) expr essi on i s cor r el at ed wi t h

t he di f f er ent i at i on of Schwann cel l s, i t r emai ns possi bl e t hat

PMP- 22 RNA negat i vel y r egul at es cel l di vi si on i n Schwann

cel l s as wel l as i n ot her cel l t ypes . To accomodat e t he l at t er

hypot hesi s, we woul d specul at e t hat t he l ack of cor r el at i on of

PMP- 22 mRNA expr essi on wi t h t he second wave of Schwann

cel l di vi si on dur i ng ner ve r egener at i on i s because of di l ut i on

of t he r el at i vel y smal l number of Schwann cel l s i n cont act

wi t h t he advanci ng t i ps of r egener at i ng axons as compar ed

wi t h t he whol e ner ve sampl e. Al t hough we do not have di r ect

evi dence t o suppor t t he i dea t hat PMP- 22 ser ves as bot h a

myel i n pr ot ei n and as a r egul at or of cel l gr owt h, i t shoul d

be poi nt ed out t hat ol i godendr ocyt es f r ommut ant mi ce de-

f i ci ent i n PLP ( j i mpy) pr ol i f er at e mor e r api dl y t han nor mal

( Skof f , 1982) , but most of t hese cel l s ul t i mat el y di e ( Knapp

et al . , 1986) . The exi st ence of t hese mut at i ons suggest s t hat

PLP may pl ay a mor e f undament al r ol e i n ol i godendr ocyt e

bi ol ogy t han f unct i oni ng as a myel i n st r uct ur al pr ot ei n .

Li kewi se, t he possi bi l i t y r emai ns t hat PMP- 22 may al so sub-

ser ve a si mi l ar dual f unct i on .

I n concl usi on, t hese st udi es i ndi cat e t hat t he PMP- 22 pr o-
t ei n i s synt hesi zed by Schwann cel l s and i s a maj or compo-

nent of PNS, but not CNS myel i n . Li ke ot her myel i n pr o-

t ei ns, PMP- 22 mRNA and pr ot ei n expr essi on i s act i vel y
r egul at ed and cor r el at es wi t h myel i n pr oduct i on dur i ng

per i ods of myel i nat i on and Wal l er i an degener at i on . Exami -

nat i on of t he pr edi ct ed st r uct ur e of t he PMP- 22 pr ot ei n r e-

veal s si mi l ar i t i es t o t he pr edi ct ed st r uct ur e of PLP The f act

t hat bot h pr ot ei ns have mul t i pl e membr ane- spanni ng do-

mai ns suggest s t hat t hese pr ot ei ns pr oj ect i nt o bot h t he maj or

dense l i ne and t he i nt r aper i od l i ne of myel i n wher e t hey may

ser ve si mi l ar f unct i ons . Whet her PMP- 22 or PLP ar e i n-

vol ved i n t he r egul at i on of t he cel l cycl e awai t s f ur t her i nves-

t i gat i ons .
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