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Summar y

I nt er l euki n 4 ( 11, 4) - i nduced I gE pr oduct i on coi nci des wi t h t he appear ance of t he 2 . 2- kb pr oduct i ve

e- mRNA, but i s pr eceded by synt hesi s of a 1 . 7- kb e- RNA. Anal ysi s of cDNA copi es of t he

5' end of t hi s RNA i ndi cat ed t hat t he 1 . 7- kb E- RNA i s a ger ml i ne e i mmunogl obul i n heavy

chai n t r anscr i pt wi t h an exon mappi ng 5' t o t he swi t ch r egi on . Tr anscr i pt i on t hr ough swi t ch

r egi ons has been i mpl i cat ed i n t he cont r ol of cl ass swi t chi ng . However , I L4 or cl oned CD4+

T cel l s wer e abl e t o i nduce ger ml i ne e t r anscr i pt s wi t hout i nduci ng I gE synt hesi s, f or whi ch

bot h si gnal s wer e r equi r ed . These r esul t s i ndi cat e t hat i nduct i on of human ger ml i ne e- RNA

does not necessar i l y r esul t i n I gE synt hesi s, and t hat addi t i onal r egul at or y mechani sms ar e i nvol ved

i n cl ass swi t chi ng.

Cyt oki nes pl ay an i mpor t ant r ol e i n r egul at i ng I g i sot ype

pr oduct i on . The l ymphoki nes I L4 and I FN- y, whi ch

ar e pr oduced by T cel l s ( 1) , and TGF- ( 3, whi ch i s pr oduced

by many cel l t ypes ( 2- 5) , have been shown t o af f ect t he pat -

t er n of secr et ed i sot ype. Mur i ne spl eni c B cel l s pol ycl onal l y

act i vat ed by LPS pr oduce pr edomi nant l y I gM, I gG2b, and

I gG3 ( 6) . Addi t i on of 11, 4 t o t hese cul t ur es r educes I gG2b

and I gG3 synt hesi s, wher eas I gG1 ( 7) , and par t i cul ar l y I gE

synt hesi s, ar e enhanced ( 8, 9) . I FN- y sel ect i vel y enhances

I gG2a synt hesi s ( 10) . Mor e r ecent l y, i t has been shown t hat

TGF- ( 3 i nduces LPS- act i vat ed mur i ne B cel l s t o swi t ch t o I gA

( 11, 12) . Human 11. 4 i nduces human I gE synt hesi s i n cul -

t ur es of mononucl ear cel l s ( MNC) l f r ombl ood, t onsi l s, or

spl een cel l s i n t he absence of pol ycl onal B cel l act i vat or s ( 13- 15) .

I n addi t i on t o I L- 4, a second si gnal t r ansmi t t ed by CD4+

T cel l s was r equi r ed ( 16 ; Gascan et al . , manuscr i pt submi t t ed

f or publ i cat i on) . Li mi t i ng di l ut i on anal yses and st udi es wi t h

si ngl e B cel l s have i ndi cat ed t hat I L4 i nduces cer t ai n mur i ne

and human B cel l s t o swi t ch t o I gE- pr oduci ng cel l s at hi gh

f r equenci es ( 17; Gascan et al . , manuscr i pt submi t t ed f or pub-

l i cat i on) .

Recent r esul t s suggest t hat cl ass swi t chi ng i nduced by l ym-

phoki nes and pol ycl onal B cel l act i vat or s i n vi t r o i s pr eceded

by expr essi on of t he cor r espondi ng ger ml i ne CH gene ( 12,

18- 27) . Mur i ne, h, y2b, y1, y3, a, and ger ml i ne e t r an-

scr i pt s have been shown t o i ni t i at e upst r eam of t he cor r e-

spondi ng S r egi ons ( 19, 22- 28) . The st r uct ur e of t he swi t ch

ger ml i ne t r anscr i pt s i mpl i es t hat t r anscr i pt i on t r ansver ses t hese

r egi ons, and i t has been pr oposed t hat i sot ype swi t chi ng may

occur t hr ough modul at i on of accessi bi l i t y of t he speci f i c swi t ch

r egi ons t o a common r ecombi nat i on syst em, as has been sug-

gest ed f or VDJ r ear r angement s ( 18, 20, 22, 29, 30) . On t he

ot her hand, a cor r el at i on bet ween ger ml i ne t r anscr i pt expr es-

si on and subsequent swi t chi ng t o t he cor r espondi ng i sot ype

coul d mean t hat such t r anscr i pt s pl ay a di r ect r egul at or y r ol e,

as has been suggest ed by Col l i er et al . ( 31) .

I n t he pr esent st udy, we i nvest i gat ed t he r el at i onshi p be-

t ween CE t r anscr i pt s and swi t chi ng t o I gE i n a cul t ur e syst em

i n whi ch B cel l s of nor mal , nonal l er gi c i ndi vi dual s ar e i n-

duced t o swi t ch t o I gE- pr oduci ng cel l s by I L- 4 and CD4'

T cel l s ( 13, 14) . Ager ml i ne e t r anscr i pt exon was i dent i f i ed,

cl oned, and char act er i zed . The r equi r ement s f or ger ml i ne e

t r anscr i pt i on and swi t chi ng t o I gE synt hesi s by nor mal human

B cel l s and t he r el at i onshi p bet ween t hese pr ocesses wer e i n-

vest i gat ed .

Mat er i al s and Met hods

Cel l s and Cel l Cul t ur es .

	

I nduct i on of I gE synt hesi s by 11, 4 was
car r i ed out as descr i bed ( 13, 14) . Br i ef l y, PBMC of heal t hy donor s

wer e i sol at ed by cent r i f ugat i on over Fi col l - Hypaque and r esuspended
i n Yssel ' s medi um( 32) suppl ement ed wi t h 10%FCS and i ncubat ed

at a f i nal densi t y of 106 cel l s/ ml i n t he pr esence of 11, 4 ( 300 U/ ml )
over ni ght . The nonadher ent cel l s wer e col l ect ed, washed t wi ce,
and r esuspended i n f r esh medi um i n t he pr esence or absence of
11, 4 ( 300 U/ ml ) at 106 cel l s/ ml i n vol umes of 1 ml i n 2- ml mi -
cr ot i t er pl at es . Super nat ant s and cel l s wer e col l ect ed f or I gE det er -

mi nat i on and mRNA anal ysi s, r espect i vel y, at var i ous t i me poi nt s
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of t he cul t ur es, as i ndi cat ed. I gE synt hesi s i nduced i n cul t ur es of

pur i f i ed B cel l s and cel l s of t he HLA- DR4- speci f i c CD4* T cel l

cl one A3 ( 33) wer e car r i ed out as descr i bed by Gascan et al . ( manu-

scr i pt submi t t ed f or publ i cat i on) . Br i ef l y, human spl een MNCwer e

i sol at ed by cent r i f ugat i on over Fi col l - Hypaque . The B cel l s wer e

l abel ed wi t h an FI TC- conj ugat ed ant i - CD20 mAb ( Bect on Di ck-

i nson &Co. , Mount ai n Vi ew, CA) and i sol at ed by FRCS sor t i ng.

106 sor t ed B cel l s ( >99%pur e as j udged by st ai ni ng wi t h FI TC

ant i - CD20) wer e cocul t ur ed wi t h 106 A3 cel l s i n t he pr esence or

absence of 11, 4 f or t he t i me per i ods i ndi cat ed. Cul t ur es wer e car -

r i ed out i n Yssel ' s medi umsuppl ement ed wi t h 10%FCSi n vol umes

of 1 ml i n 2- ml mi cr ot i t er wel l s. Super nat ant s and cel l s wer e har -

vest ed f or measur i ng I gE synt hesi s and RNA i sol at i on ( 106 B cel l s

wer e used f or each RNAi sol at i on) . The T cel l cl one A3, whi ch

f ai l s t o pr oduce I L4 ( 33) , was mai nt ai ned i n Yssel ' s medi umsup-

pl ement ed wi t h 10%FCS, as descr i bed pr evi ousl y . The U266 I gE-

pr oduci ng myel oma cel l l i ne ( 34) ( ki ndl y pr ovi ded by Dr . A. Saxon,

UCLA School of Medi ci ne, Los Angel es, CA) was al so expanded

i n Yssel ' s medi um suppl ement ed wi t h 10% FCS.

St i mul at i on of PBMCand B Cel l s.

	

To det er mi ne t he ef f ect s of

l ymphoki nes and pol ycl onal Bcel l act i vat or s on ger ml i ne E expr es-

si on and I gE synt hesi s, B cel l s or PBMC wer e i ncubat ed wi t h t he

f ol l owi ng r eagent s : r I L4 ( sp act , 10' U/ mg ; Scher i ng Resear ch,

Bl oomf i el d, NJ) , used at 300 U/ ml ; r I L2 ( Cet us Cor p . , Nor wal k,

CT) , used at 40 U/ ml ; and r I FN- ' y and r I FN- a ( Scher i ng Resear ch)

used at 250 U/ ml . The pol ycl onal B cel l act i vat or Pansor bi n and

i t s non- B cel l - act i vat i ng count er par t Sansor bi n ( Cal bi ochem-

Behr i ng Cor p. , La Jol l a, CA) wer e used at 0. 5% ( wt / vol ) ; I m-

munobeads ant i - human I gM( Bi o- Rad Labor at or i es, Ri chmond,

CA) at 5, ug/ ml ; and PMA ( Si gma Chemi cal Co . , St . Loui s, MO)

at 1 ng/ ml . Sansor bi n and Pansor bi n ar e St aphyl ococcus aur eus- f i xed

cel l s . Sansor bi n has no pr ot ei n A, wher eas Pansor bi n cont ai ns pr o-

t ei n A.

Measur ement of I gE Pr oduct i on.

	

The ELI SA f or I gE and i t s

speci f i ci t y have been descr i bed i n det ai l el sewher e ( 13) . Br i ef l y, f l at -

bot t omed mi cr ot i t er pl at es ( Nunc, Roski l de, Denmar k) wer e coat ed

wi t h r abbi t ant i - I gE ( Dako Cor p. , Gl ost r up, Denmar k) di l ut ed

1 : 2, 000 i n a bi car bonat e buf f er ( pH9. 6) . Af t er i ncubat i on f or 18 h

at 4° C, t he pl at es wer e washed wi t h PBScont ai ni ng 0. 05%Tween

20 and i ncubat ed f or 1 h at 37* C wi t h RPMI 1640, 10% FCS

t o sat ur at e pr ot ei n- bi ndi ng si t es. Next , t he cul t ur e super nat ant s

wer e di l ut ed t o t he appr opr i at e concent r at i on i n PBS + 0. 1%BSA,

added t o t he pl at es, and i ncubat ed f or 6 h at 20° C. The pl at es wer e

washed, and t he mur i ne ant i - I gE mAb I - 27 ( 35) was added and

i ncubat ed f or 18 h at 20° C. Af t er washi ng, t he pl at es wer e f i nal l y

i ncubat ed f or 3 h at 37° C wi t h goat ant i - mouse I g coupl ed t o

per oxi dase ( 1 : 2, 000) ( Tago I nc . , Bur l i ngame, CA) . Af t er washi ng,

1 mg/ ml of 2, 2' - azi nobi s ( 3- et hyl benzt hi azol i ne sul f oni c aci d)

( Si gma Chemi cal Co . ) i n 0 . 1 Mci t r at e- 0 . 1 Mphosphat e buf f er ,

pH 4. 5, cont ai ni ng 0. 003% H202, was added as enzyme subst r at e.

ODs wer e measur ed usi ng a VMAX ELI SA r eader ( Mol ecul ar

Devi ces, Pal o Al t o, CA) . An I gE ser um( Behr i ng Di agnost i cs, Mar -

bur g, FRG) was used as a r ef er ence st andar d . The l i mi t of sensi -

t i vi t y of t he assay was 150 pg of I gE/ ml .

RNA I sol at i on and Nor t her n Bl ot Assay.

	

Tot al RNAwas i so-

l at ed f r om PBMC or U266 cel l s by t he guani di ni um t hi ocya-

nat e- CsCI pr ocedur e ( 36) . For t he exper i ment wi t h pur i f i ed Bcel l s,

RNAwas pur i f i ed by ext r act i on wi t h RNAzol B( CNNA/ Bi ot ec,

Fr i endswood, TX) , accor di ng t o t he i nst r uct i ons of t he manuf ac-

t ur er , usi ng Escher i chi a col i t RNA as car r i er . Al i quot s of RNA

( 21Ag) wer e subj ect ed t o el ect r ophor esi s i n 1% agar ose, 6%f or m-

al dehyde gel s ( 37) , el ect r ot r ansf er r ed t o Gene Scr een nyl on mem-

br anes ( NEN Resear ch Pr oduct s) , and f i xed by UVi r r adi at i on ( 38) .
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Hybr i di zat i on wi t h cRNA pr obes and washi ng condi t i ons wer e

t he same as descr i bed pr evi ousl y ( 39) . Washes i ncl ude a t r eat ment

wi t h r i bonucl ease A, whi ch pr event s r ehybr i di zat i on of t he RNA

wi t h a pr obe f or act i n or r RNA. Ther ef or e, membr anes wer e st ai ned

wi t h met hyl ene bl ue t o l ocal i ze and quant i f y r RNA bef or e hybr i d-

i zat i on ( 40) . A0. 24- 9. 5- kb RNAl adder ( Bet hesda Resear ch Labor a-

t or i es, Gai t her sbur g, MD) was used as mar ker .

To pr oduce a cRNA pr obe speci f i c f or CE, t he 4- kb BamHI f r ag-

ment of Ch4AHI gEl 2 ( ki ndl y pr ovi ded by Dr . Honj o, Kyot o

Uni ver si t y, Japan) ( 41) cont ai ni ng CE was r ecl oned . A Bal l - Bal i

subf r agment ( cont ai ni ng t he CH4 domai n) was i nser t ed i n pBS-

( 42) and used f or i n vi t r o t r anscr i pt i on of a ' 2 P- l abel ed cRNA

pr obe ( 43) . Si mi l ar l y, t he Sphl - Hael l f r agment of t he l ongest ger m-

l i ne E- cDNA I - 4 was r ecl oned i n pBS- and used t o synt hesi ze t he

cor r espondi ng cRNA pr obe . The cRNA pr obe used t o det ect act i n

was compl ement ar y t o a Bg1I I - Smal f r agment of pHF' YA- 1 ( 44) .

Pr epar at i on of cDNA and Cl oni ng Pr ocedur es .

	

The ger ml i ne t r an-

scr i pt exon was cl oned usi ng anchor ed PCR( APCR) ( 45) . Pbl y( A) *

RNAwas i sol at ed f r omPBMC i ncubat ed f or 6 d i n t he pr esence

of I L4 by ol i go- dT chr omat ogr aphy ( 40) . I nt egr i t y of t he 1 . 7- kb

E- RNA was assessed by Nor t her n bl ot anal ysi s . cDNA was syn-

t hesi zed usi ng a mi xt ur e of f our ol i gonucl eot i des der i ved f r omCH1

as pr i mer s ( compl ement ar y t o bases 368- 388, 398- 418, 428- 448,

and 458- 478, accor di ng t o Seno et al . [ 46) ) and mouse Mol oney

l eukemi a vi r us r ever se t r anscr i pt ase ( 47) . The cDNAwas ext r act ed

wi t h phenol / chl or of or m, pr eci pi t at ed t wi ce wi t h sper mi ne- HCI ,

and t ai l ed wi t h dGTP ( 48) . The t ai l ed cDNA was phenol / chl or o-

f or m ext r act ed and et hanol pr eci pi t at ed. cDNA was ampl i f i ed by

A- PCR usi ng r ecombi nant Tagl DNA pol ymer ase ( Ampl i Taq ;

Per ki n- El mer Cet us, Nor wal k, CT) and t he r ecommended buf f er

i n f i ve 50- Al r eact i ons . The pr i mer s wer e an ol i gonucl eot i de con-

t ai ni ng an Xbai si t e f ol l owed by a sequence compl ement ar y t o bases

289- 265 of CE ( 5' ATTAGCTCTAGAACGGAGGTGGCATTGG-

AGGGAATGT 3' ) and, f or t he pol y( dG) t ai l , a 9 : 1 mi x of a pr i mer

cont ai ni ng t he r est r i ct i on si t es f or Pst l , Xbal , and Sphl , f ol l owed

by a shor t pol y( C) t ai l ( 5' GGCGCCCTGCAGCGGTCTAGAG-

CATGCC 3' ) and t he same pr i mer wi t h a l onger Ct ai l ( S' GGC-

GCCCTGCAGCGGTCTAGAGCATGCCCCCCCCCCCCCC

3' ) . The f i r st cycl e was car r i ed out wi t h an anneal i ng t emper at ur e

of 42° C, i n t he absence of t he CE pr i mer . Thi s second- st r and syn-

t hesi s was f ol l owed by 40 cycl es of PCRwi t h an anneal i ng t em-

per at ur e of 55° C. The A- PCRpr oduct was phenol ext r act ed, et h-

anol pr eci pi t at ed, and subj ect ed t o PAGE ( 40) . Ampl i f i ed cDNA

was anal yzed by Sout her n bl ot t i ng : DNA was el ect r ot r ansf er r ed

f r oma f r agment of t he pol yacr yl ami de gel t o nyl on membr ane and

f i xed by UVi r r adi at i on ( 38) . Hybr i di zat i on wi t h 5' 12
P- l abel ed ol i -

gonucl eot i de compl ement ar y t o bases 216- 240 of CE was car r i ed

out at 55° C i n 2x SSC, 1%SDS, 10x Denhar dt ' s sol ut i on, 100

p. g/ ml soni cat ed her r i ng sper mDNA, 10 p, g/ ml pol y( A) , and 10

l Ag/ ml pol y( C) , and was f ol l owed by t hr ee washes i n 2 x SSC, 1%

SDS at t he same t emper at ur e. Ampl i f i ed cDNA l ocal i zed by

Sout her n bl ot anal ysi s was el ut ed, cut wi t h Xbal and Sphl , and

l i gat ed i nt o pBS- . DNA was i sol at ed f r om i ndi vi dual col oni es

( 40) , cut wi t h Xbal and Sphi , and anal yzed by Sout her n bl ot t i ng

as descr i bed f or t he ampl i f i ed cDNA, except t hat DNAwas sub-

j ect ed t o agar ose gel el ect r ophor esi s . The i nser t s anal yzed wer e al l

posi t i ve f or CE sequences as j udged by hybr i di zat i on wi t h ol i gonu-

cl eot i de compl ement ar y t o bases 216- 240 of CE. I nser t s of 15 cl ones

wer e sequenced ( bot h st r ands) by t he di deoxy met hod ( 49) usi ng

modi f i ed T7 pol ymer ase ( Sequenase ; Uni t ed St at es Bi ochemi cal

Cor p. , Cl evel and, OH) .

Mappi ng of Ger ml i ne E Exon on Genomi c DNA.

	

DNAof t he

A der i vat i ve cont ai ni ng unr ear r anged or r ear r anged DNA( U266)



i n f r ont of Ce ( Ch4AHI gE12 and Ch4AHI gE11, r espect i vel y [ 411)

wer e cut wi t h BamHI , Hi ndI I I , or bot h r est r i ct i on enzymes, sub-

j ect ed t o el ect r ophor esi s i n 0 . 7 and 1. 5%agar ose, denat ur ed, and
el ect r ot r ansf er r ed t o Gene Scr een membr anes . Hybr i di zat i on was

per f or med wi t h a cRNA pr obe obt ai ned by i n vi t r o t r anscr i pt i on
of cDNA I - 3 . Hybr i di zat i on was per f or med as descr i bed f or
Nor t her n bl ot t i ng, but at 42° C, and was f ol l owed by t hr ee washes

i n 2x SSC, 1%SDS at 65° C. Mappi ng was done accor di ng t o

publ i shed r est r i ct i on maps ( 41, 50) . The BamHI - Hi ndI I I Ch4AH-
I gE12 f r agment and i t s t wo Smal subf r agment s wer e r ecl oned i n
pBS, and t he SmaI - Hi ndI I I subf r agment was sequenced .

S1 Nucl ease Pr ot ect i on Assay.

	

The si ngl e- st r anded DNApr obes
used f or t he S1 nucl ease pr ot ect i on assay wer e der i ved f r om t wo

const r uct s : t he Smal - Hi ndI I I Ch4AHI gE12 f r agment and a chi -
mer i c const r uct obt ai ned by l i gat i ng t he SmaI - Bg1I subf r agment

of t hi s genomi c DNAwi t h t he Bg1I - XbaI f r agment of cDNA I - 4
i n pBS- . Si ngl e- st r anded DNA t empl at es obt ai ned f r om t he pBS -

r ecombi nant phagemi ds wer e used t o synt hesi ze uni f or ml y " P- l a-
bel ed pr obes ( 40) . Pr obes wer e pur i f i ed on 5%pol yacr yl ami de- ur ea
gel s ( 40) . S1 nucl ease pr ot ect i on assays wer e car r i ed out accor di ng
t o st andar d pr ocedur es ( 40) . Hybr i di zat i on was done i n 80% f or -
mami de, 40 mMPi pes, pH 6 . 4, 1 mMEDTA, 400 mMNaCl at

55° C wi t h 15 i t g of pol y( A) * RNA, and 15 wg of E. col i t RNA
( 51) . Hybr i ds wer e i ncubat ed f or 1 h at 37° C wi t h 200 US1 nucl ease
( Boehr i nger Mannhei m Bi ochemi cal s, I ndi anapol i s, I N) and sub-
j ect ed t o el ect r ophor esi s on a 6% pol yacr yl ami de- ur ea gel .

Det ect i on of Ger ml i ne e Tr anscr i pt and I LT4 mRNA by PCR.

	

To

det ect ger ml i ne e t r anscr i pt s by PCR, cDNAwas synt hesi zed usi ng
1 hg of t ot al RNAas t empl at e, r andom sequence hexanucl eot i des
as pr i mer s, and AMV r ever se t r anscr i pt ase ( 47) . Ampl i f i cat i on of
t he cDNA was per f or med usi ng 30 cycl es of PCR and a pr i mer
der i ved f r om Ce ( bp 289- 265 ; 5' ACGGAGGTGGCATTGGAGG-
GAATGT 3' ) , and a pr i mer l ocat ed i n t he ger ml i ne exon ( 5'
AGGCTCCACTGCCCGGCACAGAAAT 3' ) . Ampl i f i ed cDNA
was anal yzed by Sout her n bl ot t i ng, as descr i bed f or t he cDNA cl ones
usi ng an ol i gonucl eot i de der i ved f r om sequence wi t hi n t he ger m-
l i ne exon ( 5' AGCTGTCCAGGAACCCGACAGGGAG 3' ) . Hy-
br i di zat i on and washes wer e per f or med at 42° C. For ampl i f i cat i on
of I L4 cDNA pr i mer s, 5' ACTCTGTGCACCGAGTTGACC-
GTAA 3' and 5' TCTCATGATCGTCTTTAGCCTTTCC3' wer e
used . Sout her n anal ysi s was per f or med usi ng an NheI - EcoRI cDNA
f r agment ( 52) l abel ed by r andom pr i mi ng ( 53) .

Resul t s

I gE Synt hesi s and I gE mRNA Expr essi on by B Cel l s Cul -
t ur ed wi t h I L4. The addi t i on of I I r 4 ( 300 U/ ml ) t o cul t ur es
of PBMC r esul t s i n a r el at i vel y hi gh r at e of I gE synt hesi s

( Fi g. 1 A) ( 13, 14) . Si gni f i cant l evel s of I gE wer e det ect ed
at day 7 of cul t ur e, wher eas maxi mal I gE l evel s wer e obser ved
af t er - 13 d of cul t ur e. To det er mi ne I gE mRNA expr essi on
i n t hese cul t ur es, Nor t her n bl ot anal ysi s was car r i ed out

usi ng a pr obe compl ement ar y t o Ce . Two maj or cyt opl asmi c
e- mRNA speci es coul d be det ect ed ( Fi g . 1 B) . The l ar ger
2 . 2- kb mRNA was f i r st det ect ed af t er 7 d of cul t ur e, and
maxi mal expr essi on of t hi s E- mRNA was obser ved on day
11 of cul t ur e. The obser vat i on t hat t hi s 2. 2- kb E- mRNAhad
exact l y t he same si ze as t he e- mRNAf r omt he I gE- secr et i ng
myel oma cel l l i ne U266 ( Fi g. 1 B) , and t hat expr essi on of
t he 2 . 2- kb e- mRNA occur r ed concomi t ant l y wi t h t he ap-
pear ance of I gE i n t he cul t ur e super nat ant s, suppor t ed t he
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Ki net i cs of I gE pr oduct i on ( A) and E RNA ( B) expr es-
si on i n PBMC st i mul at ed wi t h 11, 4 . For Nor t her n bl ot anal ysi s ( B) ,
RNA was i sol at ed f r om PBMC i ncubat ed wi t h or wi t hout I L4 ( 300
U/ ml ) f or t he t i mes i ndi cat ed, or f r om cel l s of t he I gE- pr oduci ng
myel oma U266 . RNA was hybr i di zed wi t h a pr obe compl ement ar y
t o CE. Aut or adi ogr aphy exposur e t i mes : PBMC ± I L4, 24 h ; U266,
30 mi n .

not i on t hat i t r epr esent s a pr oduct i ve e t r anscr i pt . A smal l er

1 . 7- kb E- mRNA speci es was det ect ed af t er 24 h of i ncuba-
t i on wi t h 114 ( Fi g. 1 B) . Maxi mal expr essi on of t hi s t r an-

scr i pt was al so obser ved on day 11 of t he cul t ur e. Si nce t he
t r uncat ed 1 . 7- kb e- mRNA was expr essed wel l bef or e ( at l east

6 d) I gE synt hesi s coul d be measur ed, we specul at ed t hat i t
was a ger ml i ne e t r anscr i pt anal ogous t o t hose t hat pr ecede

t he appear ance of pr oduct i ve e- mRNAi n t he mur i ne syst em
( 18, 21, 22, 25, 27) .

Cl oni ng of a cDNA Compl ement ar y t o Ger ml i ne e- mRNA.
To char act er i ze t he t r uncat ed 1 . 7- kb e- mRNA speci es, we
cl oned t he cDNA compl ement ar y t o t he put at i ve ger ml i ne
e exon usi ng t he pr evi ousl y descr i bed t echni que f or am-

pl i f i cat i on of cDNA wi t h an unknown 5' end A- PCR ( 45) .
cDNA was synt hesi zed by r ever se t r anscr i pt i on of pol y( A) I
RNA t ai l ed wi t h dGTP, and ampl i f i ed by A- PCRusi ng ol i -
gonucl eot i des compl ement ar y t o CE and t o t he dGTP t ai l
as pr i mer s . Ampl i f i ed cDNAs cont ai ni ng sequence f r omt he
f i r st exon of CE wer e di gest ed wi t h r est r i ct i on enzymes t hat
cut i n t he ol i gonucl eot i de pr i mer s and l i gat ed t o t he vect or .
15 cl ones wer e sequenced and f ound t o cont ai n t he expect ed
Cc nucl eot i de sequences f ol l owed by st r et ches of pr evi ousl y
unchar act er i zed cDNA. These cDNA cl ones wer e composed
of novel 5' sequences of 58 by ( f or t he shor t est cDNA i nser t ,
cl one I - 3) t o 134 by ( f or t he l ongest cDNAi nser t , cl one I - 4) ,
di r ect l y spl i ced t o t he Ce gene r egi on ( Fi g. 2) . They di d not
cont ai n an i ni t i at i on codon i n f r ame wi t h t he CE r egi on, and
st op codons wer e obser ved i n al l t hr ee r eadi ng f r ames . Var i a-
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t i ons wer e obser ved i n t he pol y( dC) t ai l l engt h, i ndi cat i ng

t hat t he A- PCRpr oduct s wer e der i ved f r om di f f er ent cDNAs .

To f i nd t he l ongest cDNA cl one, i nser t s of 72 ot her cDNA

cl ones hybr i di zi ng wi t h t he Cc pr obe wer e subj ect ed t o gel
el ect r ophor esi s . None of t hem wer e l onger t han t he i nser t

of cDNAcl one I - 4, asj udged by t hei r mi gr at i on ( not shown) .

Al t hough t he cDNAs anal yzed var i ed i n si ze, t hei r sequences

wer e al l homol ogous t o cDNA I - 4, wi t h t he except i on t hat

t he sequences of some cDNAcl ones di f f er ed by one base ( Fi g.

2) , det er mi ni ng t he pr esence or absence of an HaeI I r est r i c-

t i on si t e. Thi s si ngl e base di f f er ence may r epr esent pol ymor -

phi smbecause RNAwas i sol at ed f r omPBMC of f our di f f er ent

donor s. On t he ot her hand, i t cannot be r ul ed out t hat an

Fi gur e 3 .

	

Expr essi on of ger ml i ne and pr oduct i ve e t r anscr i pt s as

det ect ed by Nor t her n bl ot assays usi ng pr obes compl ement ar y t o

ger ml i ne e exon ( A) and Cc ( B) . RNA was i sol at ed f r om PBMC and

i ncubat ed f or 9 days wi t h or wi t hout I I r 4, cel l s f r om t he T l eukemi a

cel l l i ne Jur kat , or t he I gE- pr oduci ng myel oma U266 . Aut or adi -

ogr aphy exposur e t i me was 24 h . Mi gr at i on of t he si x bands of t he

RNA l adder i s i ndi cat ed .
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Nucl eot i de sequence of t he cDNA
. Cr CX"1 TGM 201,

	

cl one I - 4 . The 5' ends of 14 ot her cl ones t hat
A- PCR Pr i mer

	

wer e sequenced ar e i ndi cat ed by dot s . The Cc

r egi on i s boxed . The Cc r egi on cont ai ned i n
t he pr i mer used f or A- PCR i s under l i ned .

St r uct ur e and Expr essi on of Human Ger ml i ne e Tr anscr i pt s

ar t i f act was i nt r oduced by t he TagI pol ymer ase dur i ng t he

cDNA ampl i f i cat i on pr ocedur e. I t can, however , be excl uded

t hat t hi s var i at i on r ef l ect s a Ce2 gene pr oduct , si nce t he pr i mer

used f or PCR was l ocat ed i n a r egi on del et ed i n t hi s pseudo
gene ( 50, 54) .

ARNA Pr obe Der i vedf r om t he Ger ml i ne e Tr anscr i pt cDNA
Hybr i di zes wi t h t he 1 . 7- kb e mRNA Speci es . To conf i r m t hat

t he cl oned cDNA was speci f i c f or t he ger ml i ne e exon, a pr obe

cont ai ni ng no Cc sequences was made by t aki ng advant age

of t he SphI r est r i ct i on si t e i n t he anchor pr i mer and t he HaeI I

r est r i ct i on si t e pr esent i n t he cDNA 5' t o Cc t o r ecl one a

f r agment of cl one I - 4 . An RNA pr obe pr epar ed f r om t hi s

cDNA subf r agment hybr i di zed t o t he 1 . 7- kb RNA i n Fi g. 3,

but not t o t he 2 . 2- kb band . However , bot h bands hybr i di zed

t o a Cc pr obe, demonst r at i ng t hat t he 1 . 7- kb e- mRNA i s

a ger ml i ne t r anscr i pt , wher eas t he 2 . 2- kb band consi st s of
pr oduct i ve e t r anscr i pt s . No ger ml i ne e- mRNA t r anscr i pt s

coul d be det ect ed i n t he I gE- pr oduci ng myel oma cel l l i ne U266

i n t he absence of I L- 4 ( Fi g . 3) or af t er i ncubat i on wi t h I L- 4

( 300 U/ ml ) f or 1, 3, 5, or 7 d ( dat a not shown) . I n U266,

t he Se r egi on i s del et ed i n onl y one of t he al l el es ( 55) . Ther e-

f or e, t he f ai l ur e t o det ect ger ml i ne e- mRNA i n t hi s myel oma

cel l l i ne suggest s t hat ger ml i ne e t r anscr i pt s ar e not pr esent

i n cel l s t hat have under gone swi t chi ng t o I gE ( Fi g . 3) .

Mappi ng of t he Ger ml i ne e Exon .

	

To l ocal i ze t he ger ml i ne

e exon, we at t empt ed t o map i t on genomi c e DNA. Phages

cont ai ni ng ei t her t he ger ml i ne ( HI gE12) or t he r ear r anged

e ( HI gE11) DNA 5' t o Cc i sol at ed f r om U266 ( 41) we r e-

di gest ed by BamHI , Hi ndI I I , or combi nat i ons of t hese r e-

st r i ct i on enzymes . Hybr i di zat i on of t he r est r i ct i on f r agment s

wi t h a cRNApr obe pr oduced by t r anscr i pt i on of one of t he

ger ml i ne cDNA cl ones ( cl one I - 3) demonst r at ed t hat t he
ger ml i ne e t r anscr i pt was pr esent i n a BamHI - Hi ndI I I f r ag-

ment 3 . 5 kb upst r eam f r om Cc- ( Fi g . 4 A) . Thi s f r agment
i s par t of DNA del et ed by swi t ch r ecombi nat i on i n t he ex-

pr essed al l el e of t he U266 myel oma ( 41) . Sequenci ng of a

SmaI - Hi ndI I I subf r agment ( 50) of t he BamHI - Hi ndI I I f r ag-

ment showed a r egi on of f ul l homol ogy wi t h t he cDNA se-

quences, except f or t he cDNAs cont ai ni ng a HaeI I r est r i c-

t i on si t e, wher e a si ngl e mi smat ch i s obser ved and enabl ed

us t o pr eci sel y l ocal i ze t he ger ml i ne e exon ( Fi g. 4 B) . The
sequence of t he f i r st 54 nucl eot i des of t he SmaI - Hi ndI I I f r ag-

ment has been publ i shed ( 50) . I nt er est i ngl y, t he SmaI - Hi ndI I I

f r agment cont ai ni ng t he ger ml i ne exon, as wel l as t he 113 by

upst r eamof t hi s f r agment , wer e f ound t o be r et ai ned i n Ce2 t he

1Ge gene l ocat ed 5' f r om at ( 50, 55) .
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The si zes of

t he 15 sequenced and t he 72 nonsequenced i nser t s var i ed con-

si der abl y, suggest i ng t hat t r anscr i pt i on of ger ml i ne e t r an-

scr i pt s i ni t i at es at mul t i pl e si t es . These i ni t i at i on si t es wer e
f ur t her def i ned by usi ng S1 nucl ease pr ot ect i on anal ysi s . For
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Mappi ng of t he ger m-

l i ne E exon on genomi c e DNA.

( A) Local i zat i on by Sout her n bl ot

assays. A pr obe compl ement ar y t o

cDNA was hybr i di zed wi t h DNA

of X der i vat i ve cont ai ni ng t he r e-

gi on sur r oundi ng Ce i n t he ger m-

l i ne ( HI gE12) or r ear r anged

conf i gur at i on ( HI gEl l ) . HI gE12 and
HI gE11 DNA was di gest ed wi t h

t he r est r i ct i on enzymes i ndi cat ed .
Label ed f r agment s, whi ch i ncl uded

vect or sequences i n case of t he

di gest i on wi t h Hi ndi I I , ar e shaded

on t he r est r i ct i on map ( 41) . The

ar r ow ( Ge) i ndi cat es t he deduced

posi t i on of ger ml i ne e exon . ( B)

Schemat i c r epr esent at i on of t he

ger ml i ne e exon and t he Cc l ocus

and nucl eot i de sequence of t he

Smal - Hi ndI I l Hl gE12 r est r i ct i on

f r agment cont ai ni ng t he ger ml i ne e

exon. The nucl eot i de sequence of

cDNA cl one I - 4 i s boxed . The

mai n t r anscr i pt i on i ni t i at i on si t es, as

mapped wi t h pr obes I and 11, ar e

i ndi cat ed by bl ack squar es and oval s

( see Fi g. 5) .

t hi s anal ysi s, t wo pr obes wer e used . One, pr obe was der i ved

f r omt he genomi c Smal - Hi ndl l l f r agment ( pr obe 1) , t he ot her

f r om a hybr i d const r uct cont ai ni ng t he genomi c Smal - Bgl l

f r agment l i nked t o t he Bgl 1 si t e of cDNA 1- 4 ( pr obe 11 ; Fi g .

5) . Fi g. 5 shows t hat pr obe 1, whi ch onl y cont ai ned t he ger m-
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Mappi ng of ger ml i ne e RNA t r anscr i pt i ons i ni t i at i on

si t es, by S1 nucl ease pr ot ect i on. Pol y( A) 4 RNA i sol at ed f r om U266

cel l s, PBMC, or PBMC i ncubat ed wi t h 11, 4 f or 9 d was hybr i di zed

wi t h t he si ngl e- st r anded pr obes I and I I , whi ch ar e shown at t he

bot t om of t he f i gur e . The si zes of t he f r agment s wer e det er mi ned by

usi ng a M13 sequenci ng l adder .

l i ne e exon and no CE cDNA sequences, was not pr ot ect ed

by pol y( A) + RNA f r om U266 . However , U266 pol y( A) +

RNA was abl e t o pr ot ect a f r agment of t he second pr obe

wi t h a l engt h cor r espondi ng t o t hat of t he const ant e r egi on

pl us t hr ee bases common t o t he 3' end of t he J6 segment ,

whi ch i s spl i ced t o Cc- i n t he U266 I gE- mRNA ( 46, 56) .
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I n cont r ast , PBMC cul t ur ed wi t h 11, 4 pr oduced t r anscr i pt s

t hat pr ot ect ed mul t i pl e- si zed f r agment s of bot h pr obes,

wher eas pol y( A) + RNA i sol at ed f r om PBMC cul t ur ed i n

t he absence of 114 was unabl e t o pr ot ect any f r agment of

t he pr obe ( Fi g. 5) . The l engt hs of t he pr ot ect ed f r agment s

suggest ed t hat t he ger ml i ne e t r anscr i pt i ni t i at es at var i ous

si t es wi t hi n a st r et ch of 90 by ( Fi gs . 4 B and 5) . Judged by

t he i nt ensi t y of t he bands, t her e ar e f our pr edomi nant i ni t i a-

t i on r egi ons l ocat ed - 80, - 100, - 130, and - 140 by up-

st r eamf r omt he CE spl i ce poi nt ( Fi gs. 4 Band 5) . The det ec-

t i on of a pr ot ect ed f r agment , wi t h t he si ze one woul d expect

when onl y vect or sequences wer e di gest ed by S1 nucl ease,

i ndi cat ed t hat ger ml i ne e t r anscr i pt s can even i ni t i at e 5' t o

t he Smal si t e . Si mi l ar t o what has been descr i bed f or t he mouse

h, y2b, and e ger ml i ne t r anscr i pt pr omot er s ( 19, 27, 28) t he

r egi on upst r eam f r omt he i ni t i at i on si t es l acks wel l - def i ned

TATAA mot i f s ( Fi g . 4 B) ( 50) .

Tr anscr i pt i on of Ger ml i ne e- mRNA Does not Cor r el at e Ab-

sol ut el y wi t h I gE Secr et i on . I n mur i ne model s of i sot ype

swi t chi ng, t he accumul at i on of a par t i cul ar ger ml i ne CHt r an-

scr i pt pr ecedes swi t chi ng t o cor r espondi ng CHchai ns, sug-

gest i ng a cor r el at i on bet ween ger ml i ne CH t r anscr i pt ex-

pr essi on and subsequent pr oduct i on of t he cor r espondi ng

i sot ype . I L4 i s t he onl y i dent i f i ed l ymphoki ne i nduci ng I gE

synt hesi s, and pol ycl onal B cel l act i vat or s consi st ent l y f ai l ed

t o do so. We f ound t hat I LA i nduces bot h ger ml i ne e t r an-

scr i pt s and I gE synt hesi s by PBMC, wher eas I FN- y, PMA,

and i mmobi l i zed ant i - I gM ant i bodi es wer e i nef f ect i ve. I n con-

t r ast , I L2 and S. Aur eus Cowan ( SAC) ( Pansor bi n) i nduced

expr essi on of ger ml i ne e- mRNA, but no I gE synt hesi s . Col -

l ect i vel y, t hese dat a ( not shown) i ndi cat e t hat ger ml i ne e t r an-

scr i pt s can be i nduced by act i vat or s t hat f ai l t o i nduce swi t ch

t o and synt hesi s of I gE by PBMC.

To excl ude t he possi bi l i t y t hat ger ml i ne e- mRNA expr es-

si on i n cul t ur es of PBMCwas i nduced i ndi r ect l y vi a I L4 pr o-

duced by ot her cel l s ( T cel l s, NK cel l s) pr esent i n t he cul -

t ur es, ger ml i ne e t r anscr i pt i nduct i on was al so measur ed i n

hi ghl y pur i f i ed B cel l s ( >99 . 8% pur e) . I L4 al one was suf -

f i ci ent t o t r i gger ger ml i ne e t r anscr i pt synt hesi s, measur ed

by Nor t her n anal ysi s or PCR ( Fi g . 6, and dat a not shown) .

I dent i cal r esul t s wer e obt ai ned usi ng hi ghl y pur i f i ed B cel l s

( >98% pur e) t hat wer e negat i vel y sel ect ed ( not shown) . I n-

t er est i ngl y, al t hough I L2 and SAC wer e capabl e of i nduci ng

ger ml i ne e t r anscr i pt s i n cul t ur es of PBMC, t hey f ai l ed t o

do so i n cul t ur es of hi ghl y pur i f i ed B cel l s . I n addi t i on, even

t hough 11, 4 i nduced ger ml i ne e- mRNA i n cul t ur es of pur i f i ed

B cel l s, t hese cel l s di d not devel op i nt o I gE- secr et i ng cel l s .

Ger ml i ne e t r anscr i pt s wer e al so i nduced when t he pur i f i ed

B cel l s wer e cocul t ur ed wi t h t he CD4+ T cel l cl one A3

( Fi g. 6) , whi ch l acks t he capaci t y t o pr oduce I L4 upon act i -

vat i on ( 33) . Al so, no I L- 4 mRNA, as measur ed by PCRf ol -

l owed by Sout her n bl ot assay, coul d be det ect ed i n t he cul -

t ur es cont ai ni ng bot h pur i f i ed B cel l s and A3 cel l s . The

ger ml i ne c- - i nduci ng ef f ect of A3 coul d not be at t r i but ed t o

t he pr oduct i on of human l ymphoki nes, si nce I L1a, 1172, I L- 3,

11, 5, I L6, mur i ne I L9, gr anul ocyt e- CSF, gr anul ocyt e/ macr o-

phage- CSF, I FN- y, I FN- oc, TNF- a, and TGF- ( 3 wer e al l

i nef f ect i ve, as j udged by Nor t her n bl ot anal ysi s ( not shown) .



Al t hough bot h 11, 4 and A3 i nduced ger ml i ne e- mRNA, each

of t hese si gnal s was i nsuf f i ci ent t o i nduce I gE synt hesi s ( Fi g. 6) .

Ef f ect s of I FN- y and I FN- a on I L4- i nduced Ger ml i ne e- mRNA

Expr essi on i n PBMCand Pur i f i ed B Cel l s .

	

We have pr evi ousl y

demonst r at ed t hat bot h I FN- y and I FN- a st r ongl y i nhi bi t

I I r 4- i nduced I gE synt hesi s ( 16) , and t hat t hese ant agoni st s

act ed most ef f i ci ent l y i n t he f i r st 48 h of t he i ncubat i on per i od

a

3

I gE

1 2

	

5 7 9 11 13

Days i n Cul t ur e

15

I gE Pr oduct i ve mRNA

	

Ger ml i ne- E RNA
3
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Ef f ect s of I FN- . y and I FN- a on 114- i nduced I gE syn-

t hesi s, pr oduct i ve e- mRNA, and ger ml i ne e- mRNA expr essi on i n

PBMC. RNA l evel s wer e det er mi ned by densi t omet r i c scanni ng of

Nor t her n bl ot aut or adi ogr aphs .zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" , PBMC + I L4 ; / , PBMC +

I L4 and I FN- . y ; " , PBMC + 114 and I FN- a .
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Ef f ect of var i ous st i mul i on

ger ml i ne e RNA l evel s i n pur i f i ed B

cel l s i ncubat ed i n t he absence or pr es-

ence of t he T cel l cl one A3 . RNA was

i sol at ed af t er 5 d of i ncubat i on, and al i -

quot s cor r espondi ng, t o one- t hi r d of t he

cul t ur e wer e subj ect ed t o Nor t her n bl ot

anal ysi s usi ng pr obes compl ement ar y t o

Cc- ( A) or act i n ( B) . Aut or adi ogr aphy

exposur e t i me : A, 72 h; B, 10 h . ( B)

I gE pr oduct i on by an al i quot of 5 x

103 B cel l s i n t he pr esence or absence

of 5 x 103 A3 T cel l s i s shown af t er

9 d of cul t ur e.

( 57) . I n Fi g. 7, i t i s shown t hat I FN- y and I FN- u r educe

t he st eady- st at e l evel of I L4- i nduced ger ml i ne e- mRNA by

57 and 64%, r espect i vel y . Fur t her mor e, I FN- y and I FN- a

have an even mor e pot ent ef f ect on t he st eady- st at e l evel of

pr oduct i ve e- mRNA, causi ng an 83 and 98% r educt i on,

r espect i vel y . The st r ong r educt i on i n pr oduct i ve e- mRNA

expr essi on r ef l ect ed t he st r ong r educt i on i n I gE synt hesi s mea-

sur ed i n t hese cul t ur es ( Fi g. 7) . I n cont r ast , I FN- y and

I FN- ci had no ef f ect on I L4- i nduced ger ml i ne e- t r anscr i pt

expr essi on i n hi ghl y pur i f i ed B cel l s i n t he pr esence or ab-

sence of A3 T cel l s ( Fi g . 6, and dat a not shown) , i ndi cat i ng

t hat t he suppr essi ve ef f ect on ger ml i ne e t r anscr i pt expr es-

si on i n PBMCi s pr obabl y medi at ed i ndi r ect l y vi a ot her cel l s

and/ or f act or s pr oduced by t hese cel l s upon i ncubat i on wi t h

I FN- y and I FN- ct .

Di scussi on

I n t he pr esent st udy, we demonst r at e t hat B cel l s i nduced

t o swi t ch t o I gE- pr oduci ng cel l s by 11, 4 and T cel l s expr ess

t wo speci es of e- mRNA, wi t h si zes of 1 . 7 and 2. 2 kb, r espec-

t i vel y . Ki net i c st udi es i ndi cat e t hat t he 2. 2- kb e- mRNA ap-

pear ed af t er 7 d of cul t ur e concomi t ant l y wi t h t he f i r st de-

t ect abl e l evel s of I gE i n t he cul t ur es . Fr omt hi s obser vat i on,

and t he f i ndi ng t hat t he I gE- pr oduci ng U266 myel oma cel l s

al so expr essed a 2 . 2- kb e- mRNA ( Fi g. 1) ( 46, 54, 56) , we

concl uded t hat t he 2 . 2- kb e- mRNA i nduced by I L- 4 r epr e-

sent ed pr oduct i ve e- mRNA encodi ng t he secr et ed f or m of

I gE. The 1. 7- kb mRNA speci es coul d be det ect ed as ear l y

as 2 h af t er i ncubat i on wi t h I 1J4 ( not shown) , whi ch i s - 6 d

bef or e any si gni f i cant pr oduct i on of I gE was obser ved .



To det er mi ne t he nat ur e of t hi s 1 . 7- kb e- mRNA speci es,

t he sequences l ocat ed i n t hi s 5' t o CARNAwer e cl oned usi ng

APCR ( 45) . Anal ysi s of t he ampl i f i ed cDNAr esul t ed i n t he

i dent i f i cat i on of a new exon spl i ced t o Cc at t he same si t e

as VDJ i n t he pr oduct i ve e t r anscr i pt . Thi s human ger ml i ne

e exon was mapped i n a 0 . 3- kb SmaI - Hi ndI I I f r agment 3 . 5

kb 5' f r om Cc . I nt er est i ngl y, t he ger ml i ne e axon, as wel l

as t he r egi on i mmedi at el y 5' t o t hi s exon, ar e r et ai ned i n t he

OE gene l ocat ed 5' t o a1 ( 50, 55) . Al t hough t he ~e gene

al so cont ai ns a swi t ch r egi on ( 50) , i t r emai ns t o be det er -

mi ned whet her t he t ke ger ml i ne exon i s t r anscr i bed and i f

swi t chi ng t o OE t r uncat ed C r egi on occur s .

The st r uct ur e of t he human ger ml i ne e- mRNA i s si mi l ar

t o t he st r uct ur es of t he mur i ne i t , y2b, e, and a t r anscr i pt s

( 19, 25- 28) . The descr i bed mur i ne ger ml i ne t r anscr i pt s con-

si st of a 5' exon or i gi nat i ng f r om sequences 5' t o t he cor r e-

spondi ng S r egi on, whi ch spl i ced t o t he appr opr i at e down-

st r eamCHr egi on. The human ger ml i ne e t r anscr i pt di d not

cont ai n i ni t i at i on si t es i n f r ame wi t h Cc, suggest i ng t hat i t

pr obabl y i s not capabl e of encodi ng l ar ge pr ot ei ns, si mi l ar

t o what has been pr oposed f or t he mur i ne u, 72b, f , and

a t r anscr i pt s . S1 nucl ease pr ot ect i on anal ysi s of t he ger ml i ne

e 5' end suggest ed t hat t r anscr i pt i on i ni t i at es f r ommul t i pl e

si t es wi t hi n a r egi on of 90 bases. Mor e accur at e mappi ng of

t he t r anscr i pt i on i ni t i at i on si t es by pr i mer ext ensi on i s cur -

r ent l y i n pr ogr ess . As wi t h pr omot er r egi on sequences of var -

i ous ot her genes t hat have het er ogeneous t r anscr i pt i on i ni t i -

at i on si t es, t hi s r egi on l acks canoni cal TATAA sequences .

Mul t i pl e t r anscr i pt i on i ni t i at i on si t es has al so been demon-

st r at ed f or mur i ne p, , y2b, and e ger ml i ne t r anscr i pt s ( 20,

27, 28) . Col l ect i vel y, t hese dat a i ndi cat e t hat because of t hei r

si mi l ar i t i es i n st r uct ur e, human ger ml i ne e and mur i ne ger m-

l i ne y2b, a, and e t r anscr i pt s may have si mi l ar f unct i ons,

despi t e t he f act t hat no si gni f i cant sequence homol ogi es wer e

f ound . Human ger ml i ne e expr essi on pr eceded swi t chi ng t o

e i n cul t ur es of PBMC, or combi nat i ons of cl oned CD4+

T cel l s and pur i f i ed B cel l s i n t he pr esence of 114 . These

dat a seem t o be compat i bl e wi t h r esul t s obt ai ned i n mur i ne

model s, whi ch i ndi cat ed t hat i sot ype pr oduct i on by B cel l s

i n r esponse t o LPS and var i ous l ymphoki nes was al ways

pr eceded by i nduct i on of t he cor r espondi ng ger ml i ne t r an-

scr i pt s ( 12, 18- 27) .

I t has been pr oposed t hat synt hesi s of ger ml i ne t r anscr i pt s

act by openi ng t he chr omat i n st r uct ur e of speci f i c swi t ch

r egi ons, maki ng t hemaccessi bl e t o a put at i ve common swi t ch

r ecombi nat i on syst em ( 18, 20, 22, 30) . I n addi t i on t o t hi s

" accessi bi l i t y" model , ot her model s i n whi ch t he ger ml i ne

t r anscr i pt s t hemsel ves pl ay an act i ve r ol e i n t he pr ocess of

di r ect ed cl ass swi t chi ng cannot be r ul ed out t o expl ai n cor r e-

l at i ons bet ween ger ml i ne CHchai n t r anscr i pt i on and cl ass

swi t chi ng ( 31) . I t i s concei vabl e t hat ger ml i ne t r anscr i pt s i n

B cel l s i nduced by exogeneous agent s coul d f unct i on as sub-

st r at es f or t r ans RNA spl i ci ng, bef or e swi t chi ng at t he DNA

l evel , whi ch has been pr oposed t o l ead t o an i nt er medi at e

st age of cl ass swi t chi ng ( 58, 59) .

I nduct i on of ger ml i ne e t r anscr i pt s i n PBMC i s not a s

pr oper t y of I L 4 . Bot h I L- 2 and t he pol ycl onal act i vat or SAC

i nduced ger ml i ne e t r anscr i pt s, al t hough I FN- y, TPA, and
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i nsol ubi l i zed ant i - I gM ant i bodi es di d not . Despi t e t he f act

t hat I L2 and SACi nduced ger ml i ne e t r anscr i pt i on, t hey f ai l ed

t o i nduce pr oduct i ve e t r anscr i pt s and I gE synt hesi s . These

r esul t s i ndi cat e t hat ger ml i ne e t r anscr i pt i on, as such, i s

i nsuf f i ci ent f or swi t chi ng t o e, and t hat addi t i onal r egul at or y

mechani sms ar e i nvol ved . I nt er est i ngl y, bot h I L4 and cl oned

CD4+ T cel l s wi t h nonr el evant speci f i ci t i es, der i ved f r om

al l ogenei c donor s, wer e abl e t o i nduce ger ml i ne e t r anscr i p-

t i on but not I gE synt hesi s by pur i f i ed B cel l s. These r esul t s

ar e compat i bl e wi t h pr evi ous dat a t hat i ndi cat ed t hat pur i f i ed

B cel l s i n t he absence of aut ol ogous T cel l s f ai l ed t o pr oduce

I gE i n r esponse t o 114 ( 13, 14, 16) . However , addi t i on of

bot h 11, 4 and cl oned al l ogenei c CD4 * T cel l s t o pur i f i ed B

cel l s r esul t ed i n syner gi st i c ef f ect s on ger ml i ne e t r anscr i p-

t i on i n t he pur i f i ed B cel l s and subsequent hi gh r at es of I gE

synt hesi s, i ndi cat i ng t hat i n addi t i on t o I L4, a second, yet

t o be def i ned, si gnal or set of si gnal s pr ovi ded by cl oned

CD4+ T cel l s i s r equi r ed f or i nduct i on of pr oduct i ve e t r an-

scr i pt s and swi t chi ng t o e . That I I r 4 and t he si gnal pr ovi ded

by CD4+ T cel l s i ndeed di r ect swi t chi ng t o e was conf i r med

by l i mi t i ng di l ut i on st udi es t hat i ndi cat ed t hat t he f r equen-

ci es of pr ecur sor B cel l s t hat under t hese condi t i ons coul d

be i nduced t o swi t ch t o e var i ed bet ween 1: 10 and 1 : 20 ( Gascan

et al . , manuscr i pt submi t t ed f or publ i cat i on) . Our dat a ar e

consi st ent wi t h st udi es conduct ed i n mur i ne syst ems ( 17) .

Al t hough I L- 4 can i nduce pur i f i ed mur i ne B cel l s st i mul at ed

wi t h LPS t o secr et e I gG1 and I gE, i n t he absence of LPS,

11, 4 i nduces ger ml i ne y1 t r anscr i pt i on but not I gG1 secr e-

t i on ( 23) . I n cont r ast , mur i ne ger ml i ne e t r anscr i pt s cannot

be i nduced i n pur i f i ed B cel l s by I L4 al one, but r equi r e bot h

LPS and I L- 4 f or expr essi on ( 21, 22) . I f t he accessi bi l i t y model

i s cor r ect , i t woul d pr edi ct t hat modul at i on of ger ml i ne e

expr essi on woul d r ef l ect subsequent modul at i on of e swi t ch-

i ng, or al t er nat i vel y, t hat agent s t hat bl ock e swi t chi ng may

act t hr ough i nhi bi t i on of ger ml i ne e expr essi on . Recent l y,

we demonst r at ed t hat bot h I FN- y and I FN- a st r ongl y bl ocked

I gE synt hesi s i nduced by 11, 4 i n vi t r o ( 16) .

I n agr eement wi t h t he accessi bi l i t y model , i t was f ound

t hat I FN- y and I FN- a i nhi bi t i on of I gE synt hesi s by PBMC

was associ at ed wi t h a decr ease i n t r anscr i pt i on of e- mRNA.

Consi der abl e and somet i mes compl et e i nhi bi t i on of pr oduc-

t i ve e- mRNA synt hesi s was obser ved . I n gener al , I FN- a was

f ound t o be mor e ef f ect i ve t han I FN- y . I nhi bi t i on of t he

pr oduct i ve e- mRNA was pr eceded by i nhi bi t i on of t he ger m-

l i ne t r anscr i pt , whi ch, however , was al ways par t i al and never

exceeded 70%. Si mi l ar l y, par t i al i nhi bi t i on of I L4- i nduced

ger ml i ne 71 t r anscr i pt s by I FN- y was obser ved i n mur i ne

model s ( 23) . I nt er est i ngl y, I FN- y and I FN- a f ai l ed t o r e-

duce ger ml i ne e t r anscr i pt i on i nduced by I L- 4 i n pur i f i ed B

cel l s, suggest i ng t hat t hese f act or s do not di r ect l y act on t he

pur i f i ed B cel l s, but medi at e t hei r suppr essi ve ef f ect s vi a ot her

cel l s pr esent i n t he PBMC cul t ur es.

Our r esul t s i ndi cat e t hat i n t he human syst em, i n cont r ast

t o mur i ne model s, ger ml i ne e expr essi on can be i nduced by

var i ous si gnal s, but t hat t hi s does not necessar i l y r esul t i n

swi t chi ng t o e. Onl y ger ml i ne e expr essi on i nduced by bot h

I L4 and CD4+ T cel l s r esul t ed i n subsequent pr oduct i on of

I gE, i ndi cat i ng t hat a speci al set of si gnal s pr ovi ded by I L- 4



and cl oned CD4+ T cel l s ar e r equi r ed f or di r ect i ng B cel l s

t o swi t ch t o I gE- pr oduci ng cel l s. Nonet hel ess, i nduct i on of

I gEsynt hesi s was al ways pr eceded by t he i nduct i on of ger m-

l i ne e t r anscr i pt s. However , t he l ong t i me l ag bet ween ger ml i ne

e t r anscr i pt i on and e swi t chi ng suggest s t hat di f f er ent r egul a-

t or y mechani sms ar e i nvol ved i n whi ch T cel l s and/ or t hei r
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