
SUPPRESSI ON OF THE I MMUNE RESPONSE

BY a- FETOPROTEI N

I . The Ef f ect of Mouse a- Fet opr ot ei n on t he Pr i mar y and Secondar y

Ant i body Response*

By ROBERT A. MURGI TA AND THOMAS B. TOMASI , Ja .

( Fr om t he Depar t ment of I mmunol ogy, Mayo Medi cal School , Rochest er , Mi nnesot a 55901)

The f et al ci r cul at i on cont ai ns sever al embr yo- speci f i c pr ot ei ns nor mal l y pr esent i n t he

ser umof adul t i ndi vi dual s i n ver y smal l concent r at i ons . Peder sen ( 1) descr i bed t he f i r st

pr ot ei n of t hi s gr oup i n cal f ser um ( f et ui n) and si nce t hen sever al embr yo- speci f i c ser um

pr ot ei ns have been demonst r at ed i n a number of mammal i an speci es ( 2, 3) . Al pha- f et o-

pr ot ei n( AFP) , ' an embr yo- speci f i c pr ot ei n synt hesi zed by t he l i ver , i s t he f i r st al pha-

pr ot ei n t o appear i n mammal i an ser a dur i ng ont ogenet i c devel opment and i s t he

domi nant ser um pr ot ei n i n ear l y embr yoni c l i f e at a t i me when al bumi n and t r ansf er r i n

ar e pr esent i n t r ace amount s ( 4, 5) . The physi ol ogi cal l evel of AFP i n t he f et us r eaches

mi l l i gr am amount s ( 4 mg/ ml i n human) dur i ng ear l y- mi d gest at i on and t hen dr ops

l i near l y as bi r t h appr oaches and shor t l y t her eaf t er f al l s t o nor mal backgr ound adul t l evel s

whi ch ar e on t he or der of 0 . 001%of t he maxi mal f et al l evel s . I t has been suggest ed t hat t he

appear ance of AFP i s due t o t he absence of a r epr essor whi ch nor mal l y appear s t owar d t he

end of embr yoni c l i f e ( 6) . Thi s pr ot ei n has been consi der ed a t umor - associ at ed embr yoni c

ant i gen si nce Abel ev and co- wor ker s ( 7) or i gi nal l y obser ved t he r eappear ance of hi gh

concent r at i ons of AFP i n t he ser um of pat i ent s wi t h pr i mar y l i ver cancer . El evat ed AFP

l evel s have subsequent l y been shown t o occur i n ot her mal i gnant ( especi al l y t er at ocar -

ci nomas) as wel l as nonmal i gnant condi t i ons, par t i cul ar l y t hose associ at ed wi t h l i ver

r egener at i on ( 8) . However , t he r el at i ve speci f i ci t y of mar kedl y el evat ed AFP l evel s f or

pr i mar y l i ver cancer has been emphasi zed ( 9) .

The f unct i on of AFP i n t he f et us i s unknown, nor i s i t known why t her e i s a

r e- expr essi on of t he pr ot ei n i n cer t ai n pat hol ogi cal condi t i ons dur i ng post nat al l i f e . One

i nt r i gui ng possi bi l i t y i s t hat AFP has i mmunor egul at or y pr oper t i es whi ch ar e i mpor t ant

f or t he exempt i on of t he hi st oi ncompat i bl e embr yo f r om i mmunol ogi cal at t ack by t he

mat er nal i mmune syst em. Fur t her mor e, t he demonst r at i on of i mmunosuppr essi ve

act i vi t y by AFP i n r el at i on t o i t s occur r ence i n cer t ai n mal i gnant condi t i ons woul d be

consi st ent wi t h t he associ at i on known t o exi st bet ween var i ous f or ms of i mmune

def i ci ency and neopl ast i c di sease .

* Thi s i nvest i gat i on was suppor t ed i n par t by U. S. Publ i c Heal t h Resear ch Gr ant RO 1 AM17554

f r omt he Nat i onal I nst i t ut e of Ar t hr i t i s and Met abol i c Di seases, and t he Amer i can Cancer Soci et y .

` Abbr evi at i ons used i n t hi s paper : AFP, al pha- f et opr ot ei n ; MAF, mouse amni ot i c f l ui d ; NMS,

nor mal mouse ser um; PBS, phosphat e- buf f er ed sal i ne ; PFC, pl aque- f or mi ng cel l s ; WMS, whol e

mouse ser um.
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Dur i ng t he cour se of a pr evi ous st udy ( 10) we f ound t hat mouse amni ot i c f l ui d

admi ni st er ed i n vi vo si gni f i cant l y suppr esses ant i body f or mat i on . Si nce one of

t he maj or uni que pr ot ei ns i n amni ot i c f l ui d i s AFP, t he pr esent st udy was

i ni t i at ed t o i nvest i gat e t he ef f ect of AFPbot h as i t occur s i n amni ot i c f l ui d and i n

t he i sol at ed f or m on t he pr i mar y and secondar y ant i body r esponse i n vi t r o . A

subsequent paper wi l l descr i be t he ef f ect s of AFPon mi xed l ymphocyt e r eact i vi t y

and mi t ogen- i nduced l ymphocyt e t r ansf or mat i on . '

Mat er i al s and Met hods

Ani mal s .

	

CBA/ J and BALB/ c mi ce, pur chased f r om Jackson Labor at or i es, Bar Har bor , Mai ne,

wer e used i n al l exper i ment s . Pr egnant HAACRmi ce, br ed l ocal l y at t he Mayo Cl i ni c, wer e used as a

sour ce of amni ot i c f l ui d .

Amni ot i c Fl ui d Col l ect i on . Mouse amni ot i c f l ui d ( MAF) was col l ect ed f r om Swi ss or HAACR

mi ce i n t he l at e second and ear l y t hi r d t r i mest er of pr egnancy . Pr egnant ani mal s wer e sacr i f i ced by

cer vi cal di sl ocat i on and t he embr yoni c sacs wer e exposed by di ssect i ng away t he pl acent a . The f l ui d

was col l ect ed by punct ur i ng t he i ndi vi dual sacs wi t h a 20 gauge needl e and a 1 ml syr i nge . Speci al

car e was t aken not t o cont ami nat e t he MAF wi t h bl ood . Appr oxi mat el y 1 ml of f l ui d was col l ect ed

f r om each pr egnant mouse. The f l ui ds wer e pool ed, cent r i f uged, and st or ed f r ozen f or f ur t her use .

The t ot al pr ot ei n concent r at i on of MAFwas det er mi ned as t he dr y wei ght of a l yophi l i zed al i quot

of t he f l ui d f ol l owi ng exhaust i ve di al ysi s agai nst wat er . The ext i nct i on coef f i ci ent s of t he i sol at ed

pr ot ei n component s of MAF wer e det er mi ned by l yophi l i zi ng 1- ml al i quot s of t he pur i f i ed pr ot ei ns

af t er exhaust i ve di al ysi s agai nst 0. 1 MNH, HCO, buf f er . The dr y mat er i al was wei ghed on an

anal yt i cal bal ance, r edi ssol ved i n a cal i br at ed t ube t o 1 ml wi t h phosphat e- buf f er ed sal i ne ( PBS) , pH

7. 2, and ext i nct i ons at 280 mf e det er mi ned i n a Hi t achi Per ki n- El mer , model 139 spect r ophot omet er .

Ant i ser a . Ant i ser um t o MAF was pr epar ed i n r abbi t s by subcut aneous i nj ect i on of MAF

suppl ement ed wi t h Fr eund' s compl et e adj uvant . The i nj ect i ons, t ot al i ng 1 ml each, wer e gi ven 2 wk

apar t . Ser um obt ai ned at var i ous t i mes af t er t he second ser i es of i nj ect i ons was used f or t he

subsequent i mmunochemi cal char act er i zat i on and pur i f i cat i on of amni ot i c f l ui d pr ot ei n component s .

The ant i ser um was r ender ed speci f i c f or AFP by absor pt i on wi t h l yophi l i zed nor mal mouse ser um

( NMS) . Rabbi t ant i mouse t r ansf er r i n and al bumi n wer e pr epar ed by a si mi l ar i mmuni zat i on

r egi men usi ng pur i f i ed mouse ser um, t r ansf er r i n, and al bumi n . Monospeci f i c ant i ser a t o mouse

i mmunogl obul i ns wer e pr epar ed i n r abbi t s and goat s as descr i bed i n det ai l el sewher e ( 11) . Ant i ser a

wer e pr epar ed agai nst t he papai n Fc f r agment of MOPC- 31C ( - r G, ) , Adj - PC5 ( ' YG, , ) , and MOPC- 195

( yG, b) myel oma pr ot ei n i sol at ed f r om ser umas pr evi ousl y descr i bed ( 12) . Ant i mouse - yG, was made

i n r abbi t s wi t h J- 606 ( ki ndl y suppl i ed by Dr . Howar d Gr ey, Nat i onal Jewi sh Hospi t al , Denver , Col o . )

wi t h a mi xt ur e of pur i f i ed MOPC- 31C, Adj - PC5, and MOPC- 195 myel oma pr ot ei ns . Rabbi t

ant i - MPC- 1 myel oma yA ant i ser a wer e si mi l ar l y pr epar ed and absor bed wi t h newbor n mouse ser um.

Mul t i pl e cont r ol s f or t he monospeci f i ci t y of each ant i ser a wer e done, i ncl udi ng i mmunof l uor escent

st ai ni ng of myel oma t umor s r epr esent at i ve of t he maj or i mmunogl obul i n cl asses .

Af f i ni t y Chr omat ogr aphy .

	

Ant i body - agar ose af f i ni t y chr omat ogr aphy was per f or med accor di ng

t o Cuat r ecasas ( 13) by coval ent l y l i nki ng at al kal i ne pH ( 10, f oot not e 2) t he gammagl obul i n f r act i ons

of t he r abbi t ant i ser a t o cyanogen- br omi de- act i vat ed Sephar ose 4B ( CNBr - Sephar ose f r om Phar -

maci a Fi ne Chemi cal s, Pi scat away, N. J . ) . The - y- gl obul i n f r act i on was obt ai ned by sequent i al

pr eci pi t at i on wi t h 18%, 12%, and a second 12%Na, SO, . Appr oxi mat el y 1 x 20- cm col umns wer e

equi l i br at ed i n 0. 5 MNaCl i n PBS. Pr ot ei ns not r et ai ned by t he ant i body- coat ed gel passed t hr ough

t he col umn i n t he buf f er and wer e t er med t he f al l - t hr ough pr epar at i ons . The pr ot ei ns bound by t he

gel wer e el ut ed wi t h ei t her 0 . 2 Mgl yci ne- HCI pH 2. 8 or 4 Mguani di ne . These pr epar at i ons, t er med

t he aci d washes, wer e i mmedi at el y adj ust ed t o pH 7 . 5 and ext ensi vel y di al yzed agai nst PBS.

s Mur gi t a, R. A. ,

	

and T. B. Tomasi , Jr .

	

1974 . Suppr essi on of t he i mmune r esponse by

a- f et opr ot ei n . 11 . The ef f ect of a- f et opr ot ei n on mi xed l ymphocyt e r eact i vi t y and mi t ogen- i nduced

l ymphocyt e t r ansf or mat i on . J. Exp. Med. 141: 440 .
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Pol yacr yl ami de Gel El ect r ophor esi s .

	

Anal yt i cal di sc el ect r ophor esi s was per f or med as descr i bed

by Or nst ei n ( 14) and Davi s ( 15) usi ng a 5%concent r at i on of monomer i n t he l ower gel . The pr ot ei n

bands wer e st ai ned wi t h Coomassi e bl ue ( 16) i n 12% t r i chl or oacet i c aci d. The gel s wer e t r aced i n a

Gi l f or d 240 spect r ophot omet er ( Gi l f or d I nst r ument Labor at or i es, I nc . , Ober l i n, Ohi o) at 610 mu . The

scans wer e t hen car ef ul l y t r aced wi t h a Keuf f el and Esser 423 Mcompensat i ng pl ani met er ( Keuf f el &

Esser Co . , Mor r i st own, N. J . ) and t he r el at i ve amount s of pr ot ei n i n t he AFP, al bumi n, and

t r ansf er r i n r egi ons wer e cal cul at ed as a per cent of t he t ot al ar ea measur ed i n ar bi t r ar y uni t s . The

posi t i on of t he pr ot ei ns i n t he pol yacr yl ami de gel s wer e det er mi ned by pl aci ng t he unst ai ned gel s on

agar cont ai ned i n a pet r i di sh wi t h monospeci f i c ant i ser a i n t he l at er al t r oughs . Thi s t echni que has

been pr evi ousl y descr i bed ( 17) .

Pr epar at i ve di sc el ect r ophor esi s was car r i ed out usi ng a Shandon model SAE- 2782 ( Shandon

Sci ent i f i c Co . , London) . The buf f er syst em used was i dent i cal t o t hat used i n t he qual i t at i ve gel s ( pH

9. 3 Tr i s- HCl , 0. 06 M) . A 10 . 0 cm5%gel was used and t he t emper at ur e mai nt ai ned at 10° C wi t h a

ci r cul at i ng wat er bat h . No st acki ng gel was used, i nst ead t he sampl e was appl i ed t o t he t op of t he

separ at i ng gel i n st acki ng buf f er ( pH6. 9) made 30% i n sucr ose . El ect r ophor esi s was car r i ed out at

25- 30 mA ( 350 V) wi t h a pump r at e of 25 ml / h and 2- ml f r act i ons wer e col l ect ed over a per i od of 16 h.

El ect r ophor esi s wi t h sodi um dodecyl sul f at e i n 10%pol yacr yl ami de gel was per f or med accor di ng t o

t he met hod of Weber and Osbor n ( 18) .

I soel ect r i c Focusi ng.

	

Sucr ose densi t y gr adi ent i soel ect r i c f ocusi ng was per f or med as pr evi ousl y

descr i bed ( 12) . An Amphol i ne col umn LKB 8102 ( LKB I nst r ument s, I nc . , Rockvi l l e, Md . ) wi t h 2%

car r i er amphol yt es of pH r ange 3- 6 was used i n most exper i ment s . The i soel ect r i cal l y separ at ed

pr ot ei ns wer e el ut ed, opt i cal densi t y measur ed at 280 mu, and t he pH was measur ed at 25° C t o

det er mi ne t he i soel ect r i c poi nt s of t he separ at ed pr ot ei n component s as def i ned by Oucht er l ony gel

di f f usi on wi t h monospeci f i c ant i ser a .

Spl een Cel l Cul t ur es

PRI MARY I N VI TRO ANTI BODY SYNTHESI S . Pr i mar y synt hesi s t o sheep er yt hr ocyt es ( SRBC) was

measur ed usi ng t he met hod descr i bed by Mar br ook ( 19) . 20- 30 x 10 8 CBAspl een cel l s wer e cul t ur ed

wi t h 2 x 108 SRBC i n Medi um 1066 ( Gr and I sl and Bi ochemi cal Co . , Gr and I sl and, N. Y. ) cont ai ni ng

15% f et al cal f ser umand suppl ement ed wi t h gl ut ami ne ( 200 mM) , st r ept omyci n ( 10, 000 7/ ml ) , and

peni ci l l i n ( 10, 000 U/ ml ) . The cul t ur es wer e i ncubat ed at 37° C f or 5 days i n an at mospher e of 10%CO,

and 90%compr essed ai r . The l ocal i zed hemol ysi s- i n- gel t echni que was used wi t h t he modi f i cat i ons of

Wor t i s and Dr esser ( 20) t o det ect and enumer at e cel l ul ar synt hesi s of 7M ant i body ( di r ect

pl aque- f or mi ng cel l s [ PFC ] ) . The ant i body r esponses ar e expr essed as mean yMPFCper cul t ur e t

SE ( st andar d er r or of t he mean) . Each pr epar at i on was cul t ur ed i n t r i pl i cat e . Pr epar at i ons t o be

t est ed f or i mmunosuppr essi ve act i vi t y wer e added i n 0 . 1 ml at t he begi nni ng of cul t ur e unl ess

ot her wi se st at ed .

SECONDARY I N VI TROANTI BODY SYNTHESI S .

	

Secondar y synt hesi s t o SRBC was measur ed by a mi cr o

adapt at i on of t he Mi shel l - Dut t on syst em ( 21) . Spl een cel l s f r om mi ce pr i med wi t h 5 x 108 SRBC 4

days pr evi ousl y wer e cul t ur ed f or 5 days i n f l at - bot t om Mi cr o- Test t i ssue cul t ur e pl at es ( Fal con

Pl ast i cs, Di v . of Bi oQuest , Oxnar d, Cal i f . ) wi t hout r ocki ng and wi t hout dai l y suppl ement al f eedi ng .

Pr el i mi nar y exper i ment s showed t hat opt i mal condi t i ons f or cel l densi t y and ant i gen concent r at i ons

wer e 3 . 33 x 10 8 cel l s/ ml and 10 x 10 8 SRBC r espect i vel y . Cul t ur es wer e set up i n a t ot al vol of 0. 3 ml

i n t he f ol l owi ng or der : ( a) 0. 1 ml of ant i gen, ( b) 0. 1 ml of medi a, and ( c) 1 x 10 8 pr i med spl een cel l s i n

0. 1 ml . The medi a used was Hank' s MEMmade up wi t h suppl ement s i n t he f ol l owi ng pr opor t i ons : 90

ml H, 0, 10 ml Hank' s MEM( 10 x) , 1 ml nonessent i al ami no aci ds ( 100 x) , 1 ml I , - gl ut ami ne ( 200

mM) , 0. 5 ml peni ci l l i n and st r ept omyci n ( 5, 000 U/ ml ) , 0. 5 ml sodi um pyr uvat e ( 20 x) , 10 ml f et al cal f

ser um, 4 ml sodi um bi car bonat e ( 7 . 5%) , and 1 ml Hepes buf f er ( 1 M) . Pr epar at i ons t o be t est ed f or

i mmunosuppr essi ve act i vi t y wer e added i n 0. 02 ml at t he begi nni ng of cul t ur e unl ess ot her wi se

st at ed . Af t er t he 5- day cul t ur e per i od i n an at mospher e of 5% CO, and 95%compr essed ai r , t he cel l s

wer e r emoved f r om t he mi cr opl at e wel l s by gent l e aspi r at i on wi t h a Past eur pi pet t e . Usual l y 12, and

somet i mes 24, wel l s wer e pool ed, washed and r esuspended i n 1 . 0 ml of M199 ( GI BCO) , and count ed

i n a hemocyt omet er j ust bef or e t he di r ect and i ndi r ect PFCassays . Cl ass- speci f i c r abbi t ant i mouse

yA, 7G, 7G28, yG, , , and - yG, i mmunogl obul i ns wer e t i t r at ed t o det er mi ne t he opt i mal di l ut i ons f or

devel opment of i ndi r ect PFC as pr evi ousl y descr i bed ( 11) . The number of i ndi r ect pl aques was

cal cul at ed as t he t ot al pl aques devel oped wi t h f aci l i t at i ng ant i ser a mi nus t he pl aques on i dent i cal
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pl at es wi t h added compl ement onl y ( di r ect PFC) . The number s of PFC of each of t he si x mouse

i mmunogl obul i n cl asses ar e expr essed as PFC/ 10 8 spl een cel l s .

Resul t s

Ef f ect of MAF on t he yMPFCResponse I n Vi t r o .

	

Cul t ur es of CBA/ J spl een

cel l s wer e st i mul at ed wi t h SRBC i n t he pr esence of var i ous di l ut i ons of MAF. ' YM

PFC r esponses wer e det er mi ned af t er 5 days of i ncubat i on and compar ed t o

r esponses i n cont r ol cul t ur es ( Tabl e I ) . Ther e was pr of ound suppr essi on of t he

PFC r esponse when MAF was pr esent i n t he cul t ur es at a 1 : 12 f i nal di l ut i on and

TABLE I

Dose- Response Ef f ect of MAF on t he I n Vi t r o Pr i mar y Ant i body

Response

* Fi nal di l ut i on of MAF i n t he cul t ur e .

t he suppr essi ve ef f ect gr adual l y di mi ni shed as t he MAF was f ur t her di l ut ed .

However , a si gni f i cant degr ee of suppr essi on was st i l l evi dent at a 1/ 550 di l ut i on

of MAF. Vi abi l i t y, as measur ed by t r ypan bl ue dye excl usi on of t he r ecover ed

cel l s f r om each gr oup of cul t ur es cont ai ni ng t he var i ous di l ut i ons of MAF di d not

di f f er f r om cont r ol cul t ur es . Thus i t was evi dent t hat MAF cont ai ned a

subst ance( s) whi ch was hi ghl y suppr essi ve on pr i mar y i n vi t r o ant i body

synt hesi s . Addi t i onal st udi es showed t hat t he suppr essi ve ef f ect of MAF was not

abol i shed by exhaust i N- o di al ysi s or by absor pt i on wi t h SRBC; and, f ur t her mor e,

i t was cl ear f r om t he vi abi l i t y st udi es t hat t hi s act i vi t y was not due t o a

nonspeci f i c cyt ot oxi c ef f ect on t he cul t ur ed mouse l ymphocyt es .

I mmunochemi cal Anal ysi s of t he Pr ot ei n Component s of MAF.

	

An anal ysi s

of t he pr ot ei n cont ent of MAF by i mmunoel ect r ophor esi s and anal yt i cal

pol yacr yl ami de gel el ect r ophor esi s ( Fi g . 1 and 2) r eveal ed t hr ee maj or pr ot ei n

component s whi ch wer e def i ned i mmunol ogi cal l y wi t h monospeci f i c ant i ser a as

al bumi n, AFP, and t r ansf er r i n . The r el at i ve amount s of each of t hese pr ot ei ns i n

MAF, as det er mi ned by pol yacr yl ami de gel densi t omet r y and pl ani met r y, was

36%, 50%, and 14%r espect i vel y . Si nce t he t ot al pr ot ei n concent r at i on of pool ed

MAF was appr oxi mat el y 2 mg/ ml ( see met hods sect i on) , i t was est i mat ed t hat

t he concent r at i on of al bumi n i n MAF was 0 . 72 mg/ ml , AFP was 1 . 0 mg/ ml and

t r ansf er r i n was 0 . 28 mg/ ml . I soel ect r i c f ocusi ng of MAF i n t he pH r ange of 3- 6

r eveal ed t wo maj or peaks wi t h pI ' s of 4 . 22 and 4 . 55 whi ch wer e def i ned by

Pr epar at i on

Mean %vi abi l i t y of

r ecover ed cel l s

1 SE

Mean

yMPFC1 SE

Medi a 62 1 4 318 t 74

MAF ( 1/ 12) * 55 1 3 13 t 6

MAF ( 1/ 22) 58 1 1 44 1 17

MAF ( 1/ 110) 51 1 2 101 t 25

MAF ( 1/ 550) 55 t 2 188 t 12

MAF ( 1/ 1, 100) 57 t 3 248 f 61
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FI G. 1 .

	

I mmunoel ect r ophor esi s of ( 1) NMS, ( 2) pur e AFP ( i ndi cat ed by t he ar r ow) i sol at ed

by pr epar at i ve di sc el ect r ophor esi s, and ( 3) MAF. Upper t r ough cont ai ned r abbi t ant i - WMS.

Lower t r ough cont ai ned r abbi t ant i - MAF .

FI G. 2 .

	

Pol yacr yl ami de gel el ect r ophor esi s of ( A) MAF, ( B) semi - pur i f i ed AFP pr epar at i on

f r om t he f al l - t hr ough of an ant i - WMS af f i ni t y col umn, and ( C) pur e AFP i sol at ed by

pr epar at i ve di sc el ect r ophor esi s . The t hr ee maj or pr ot ei n component s of mouse amni ot i c f l ui d,

al bumi n ( Al b) , a- f et opr ot ei n ( AFP) , and t r ansf er r i n ( Tr ) ar e i ndi cat ed .
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Oucht er l ony anal ysi s and anal yt i cal di sc gel s as a- f et opr ot ei n and al bumi n
r espect i vel y . Tr ansf er r i n was det ect ed i n t he f r act i on near est t he cat hode wi t h a
pI of 6. 0 .

Separ at i on of t he I mmunosuppr esi ve Act i vi t y i n MAF by Af f i ni t y Chr oma-
t ogr aphy . I n an at t empt t o det er mi ne whet her t he i mmunosuppr essi ve ac-
t i vi t y was associ at ed wi t h one of t he t hr ee maj or pr ot ei n component s of MAF, a
ser i es of ant i body - agar ose af f i ni t y col umns wer e used t o r emove separ at el y each
of t he t hr ee pr ot ei ns . Sel ect i ve r emoval of al bumi n, AFP, and t r ansf er r i n was
accompl i shed by passi ng MAF over ant i al bumi n, ant i - a- f et opr ot ei n, and ant i -
t r ansf er r i n col umns . MAF was al so passed over an ant i - whol e mouse ser um
( WMS) col umn i n or der t o obt ai n an AFP pr epar at i on whi ch had not been
subj ect ed t o aci d el ut i on si nce t hi s coul d have had a det r i ment al ef f ect on t he
pot ent i al bi ol ogi cal act i vi t y of t he pr ot ei n . Al l f al l - t hr oughs ( nonr et ai ned
pr ot ei n) and aci d washes ( r et ai ned pr ot ei ns) wer e di al yzed agai nst PBS, pH 7. 2,
concent r at ed, and adj ust ed t o si mi l ar pr ot ei n concent r at i ons on t he basi s of
opt i cal densi t y at 280 mp. . The al bumi n and t r ansf er r i n obt ai ned f r om t he aci d
washes of ant i al bumi n and ant i t r ansf er r i n col umns wer e not used because of
i nsuf f i ci ent r ecover i es . The r esul t s shown i n Tabl e 11 i ndi cat e t hat when 0. 1 ml of
each of t he pr epar at i ons f r om t he af f i ni t y col umns wer e added t o spl een cel l
cul t ur es wi t h ant i gen, t he suppr essi ve act i vi t y r esi ded i n t hose pr epar at i ons
cont ai ni ng AFP and not i n t hose whi ch wer e depl et ed of AFP. These r esul t s
st r ongl y suggest ed t hat AFP was t he i mmunosuppr essi ve moi et y i n MAF.
However , al t hough t he AFP pr epar at i on obt ai ned by af f i ni t y chr omat ogr aphy
appear ed uncont ami nat ed by Oucht er l ony anal ysi s and i mmunoel ect r ophor esi s,
anal yt i cal gel s consi st ent l y r eveal ed sever al component s ( see Fi g . 2) . Ther ef or e,
t he possi bi l i t y coul d not be excl uded t hat one of t hese cont ami nat i ng pr ot ei ns

al so possessed i mmunosuppr essi ve act i vi t y .
Suppr essi on of t he I n Vi t r o Pr i mar y Ant i body Response by Pur e AFP.

	

A pur e
pr epar at i on of AFP was obt ai ned by f i r st passi ng t he MAF over an ant i - WMS

af f i ni t y col umn and t hen subj ect i ng t he semi pur i f i ed AFP pr epar at i on t o

TABLE 11

Suppr essi on o f t he I n Vi t r o Pr i mar y Ant i body Response by MAF

Pr ot ei n Component s Fr act i onat ed by Af f i ni t y Chr omat ogr aphy

Pr epar at i on

	

yM PFC/ cul t ur e f SE

Medi a

	

687 t 167

AFP°

	

156 t 47

MAF- AFP°	 702 t 97

AFP,	 246 t 53

MAF- AFPd

	

692 163

MAF- Al b,	 142 t 48

MAF- Tr f

	

115 f 62

Fal l - t hr ough ant i - WMS af f i ni t y col umn ( a) ; aci d wash ant i - WMS af f i ni t y

col umn ( b) ; aci d wash ant i - AFP af f i ni t y col umn ( c) ; f al l - t hr ough ant i -

AFP af f i ni t y col umn ( d) ; f al l - t hr ough ant i al bumi n af f i ni t y col umn ( e) ;

f al l - t hr ough ant i t r ansf er r i n af f i ni t y col umn ( f ) .
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pr epar at i ve pol yacr yl ami de gel el ect r ophor esi s . The cr i t er i a of pur i t y was a si ngl e

band on t he anal yt i cal di sc gel ( Fi g . 2) . The mol wt , as det er mi ned by sodi um

dodecyl sul f at e acr yl ami de el ect r ophor esi s, was 77, 500 unr educed and 72, 400

when r educed wi t h 1% ( 0 . 14 M) a- mer capt oet hanol . A scan of t he pur e pr ot ei n
usi ng t he Car y Model 14 r ecor di ng spect r ophot omet er r eveal ed no absor pt i on

maxi ma i n t he 240- 300 mg r egi on . An ext ensi on coef f i ci ent was cal cul at ed on t he

basi s of dr y wei ght t o t he E27801 = 2 . 0, whi ch suggest s t hat AFP has a ver y l ow

ar omat i c ami no aci d cont ent .

The pur e AFP was t est ed f or i mmunosuppr essi ve act i vi t y by addi ng i t t o

spl een cel l cul t ur es at a f i nal concent r at i on of 200 Ag/ ml . As shown i n Tabl e I I I

t he pr epar at i on was hi ghl y suppr essi ve compar ed wi t h cont r ol s consi st i ng of
cul t ur es t o whi ch j ust medi a, NMS, pur i f i ed ser umal bumi n, or t r ansf er r i n wer e
added i n si mi l ar concent r at i ons . The dose- r esponse ef f ect of t he pur e AFP shown
i n Tabl e I V demonst r at es a di l ut i on ef f ect whi ch i s st r i ki ngl y si mi l ar t o t he
dose- r esponse ef f ect f or MAF ( see Tabl e I ) , assumi ng t hat t he AFP concent r at i on
i n undi l ut ed MAF i s 1 mg/ ml .

Ef f ect of Pr ei ncubat i on of Spl een Cel l s wi t h MAF on t he I n Vi t r o Pr i mar y

Ant i body Responses . The dur at i on of exposur e of spl een cel l s t o MAF i n

cul t ur es wi t hout ant i gen necessar y t o achi eve suppr essi on of a subsequent

pr i mar y i mmune r esponse was det er mi ned . 30 x 10 8 spl een cel l s i n a vol of 1 . 1 ml

TABLE I I I

Suppr essi on of t he I n Vi t r o Pr i mar y Ant i body Response by

Pur i f i ed Mouse a- Fet opr ot ei n

* Fi nal concent r at i on i n t he cul t ur e .

TABLE I V

Dose- Response Ef f ect of Pur i f i ed Mouse a- Fet opr ot ei n on t he I n

Vi t r o Pr i mar y Ant i body Response

* Fi nal concent r at i on of AFP i n t he cul t ur e .

Pr epar at i on yMPFC/ cul t ur e f SE

Medi a 423 t 12

AFP( 200ug/ ml ) * 29 t 4

AFP( 100 ug/ ml ) 60 t 3

AFP ( 10ug/ ml ) 78 f 11

AFP( I ug/ ml ) 154 t 17

AFP( 0 . 1 ug/ ml ) 323 t 23

Pr epar at i on yMPFC/ cul t ur e t SE

Medi a 766 t 151

AFP ( 200ug/ ml ) * 49 t 30

NMS ( 200 ug/ ml ) 635 f 85

Al bumi n ( 200 ug/ ml ) 491 t 60

Tr ansf er r i n ( 200 ug/ ml ) 742 t 96
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wer e pr ei ncubat ed wi t h 0. 1 ml MAF at var i ous i nt er val s, excess MAF was

r emoved by washi ng, and ant i gen was t hen added . The pr i mar y yM PFC

r esponse was measur ed 5 days af t er addi t i on of ant i gen . The per cent vi abi l i t y of

r ecover ed spl een cel l s was equi val ent i n cul t ur es pr ei ncubat ed i n MAF or j ust

medi a al one . Suppr essi on was evi dent af t er 4 h of pr ei ncubat i on, but 8 h of

exposur e was r equi r ed f or a suppr essi ve ef f ect compar abl e t o when MAF was

pr esent f or t he ent i r e cul t ur e per i od ( Tabl e V) .

Ef f ect of Ti me of Addi t i on of MAFon Pr i mar y Ant i body Synt hesi s by Spl een

Cel l Cul t ur es . MAF was added at var i ous i nt er val s af t er i ni t i at i on of spl een cel l

cul t ur es t o det er mi ne whet her t he suppr essi ve ef f ect woul d occur onl y as an ear l y

Pr epar at i on

TABLE V

Ef f ect of Pr ei ncubat i on of Spl een Cel l s wi t h MAFon I n Vi t r o Pr i mar y Ant i body Synt hesi s

* 0 . 1 ml undi l ut ed MAFwas added t o 30 x 10 8 spl een cel l s i n a t ot al vol of 1 . 2 ml .

yMPFC/ cul t ur e t SE

event or at l at er st ages of t he i mmune r esponse . As shown i n Tabl e VI , a shar p

del i neat i on occur r ed bet ween 24 and 48 h; suppr essi on was pr onounced when

added at 12 or 24 h af t er i ni t i at i on, but no suppr essi on occur r ed when MAF was

added 48 h af t er i ni t i at i on of cul t ur e . Thi s i s f ur t her evi dence t hat i nhi bi t i on i s

not t he r esul t of nonspeci f i c cel l deat h.

Dose- Response Ef f ect of MAF on t he I n Vi t r o Secondar y Ant i body Re-

sponse. Exper i ment s wer e done t o det er mi ne whet her MAF and pur e AFP

coul d exer t suppr essi ve ef f ect s on t he secondar y ant i body r esponse and i f so t o

compar e t he r el at i ve st r engt h of suppr essi on by a gi ven amount of pr ot ei n on t he

pr i mar y and secondar y r esponse . The PFC r esponse i n al l si x known cl asses of

mouse i mmunogl obul i ns ( I g) wer e measur ed t o det er mi ne whet her t her e was any

pr ef er ent i al or sel ect i ve suppr essi ve ef f ect s on t he di f f er ent I g cl asses . The

dose- r esponse ef f ect of MAF on t he secondar y r esponse shown i n Tabl e VI I i s ver y

4 h i n medi a 710 ±: 314

4 h i n MAF 127 - ±: 39

8 h i n medi a 316 t 51

8hi nMAF 1414

12 h i n medi a 236 f 17

12hi nMAF 13f 7

24 h i n medi a 209 t 8

24 h i n MAF 18 t 11

Cont r ol s ( no pr ei ncubat i on) 394 f 27

MAF pr esent t hr oughout cul t ur e per i od* 31 t 10

Cel l s suspended i n MAF and washed i mmedi at el y* 341 t 12

Cel l s pr ei ncubat ed : *

2 h i n medi a 291 t 28

2hi nMAF 231 t 33
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TABLE VI

Ef f ect of Ti me of Addi t i on of MAF on Pr i mar y Ant i body

Synt hesi s by Spl een Cel l Cul t ur es

* 0. 1 ml of undi l ut ed MAF was added t o Mar br ook cul t ur es at t i mes

shown . Al l cul t ur es car r i ed out f or 5 days .

TABLE VI I

Dose- Response Ef f ect of MAF Secondar y Ant i body Response*

* CBAspl een cel l s f r om mi ce pr i med wi t h 10' SRBC4 days pr evi ousl y wer e cul t ur ed at 1 x 10 8/ 0 . 3 ml

f or 5 days wi t h 10' SRBC.

$ Fi nal di l ut i on of MAF i n cul t ur e .

si mi l ar t o r esul t s obt ai ned on t he pr i mar y r esponse ( Tabl e 1) . A par t i al

suppr essi on was obt ai ned wi t h a 1 : 110 di l ut i on of MAF and cul t ur es t r eat ed wi t h

a 1 : 550 di l ut i on ar e appr oachi ng cont r ol val ues i n some I g cl asses . Ther e i s a

suggest i on t hat yMPFC l evel s ar e l ess suppr essed at t he hi gher di l ut i ons of MAF

t han ar e t he ot her I g cl asses .

Suppr essi on of t he I n Vi t r o Secondar y Ant i body Response by MAF Pr ot ei n

Component s Fr act i onat ed by Af f i ni t y Chr omat ogr aphy . MAF was sel ect i vel y

depl et ed of al bumi n, t r ansf er r i n, and AFP by ant i body - agar ose af f i ni t y col umns

as descr i bed i n exper i ment s on t he pr i mar y ant i body r esponse ( Tabl e 11) . I t was

shown t hat t he i nhi bi t or y ef f ect of MAF on t he secondar y r esponse was abol i shed

by t he sel ect i ve r emoval of AFP, wher eas f r act i ons f r omt he af f i ni t y col umns t hat

ar e r i ch i n AFP ar e st r ongl y i mmunosuppr essi ve ( Tabl e VI I I ) . These exper i ment s

agai n demonst r at e t hat most or al l of t he i mmunosuppr essi ve act i vi t y i n MAF i s

associ at ed wi t h t he AFP component and not wi t h t he ot her pr ot ei ns pr esent i n

t he f l ui d .

Suppr essi on of t he I n Vi t r o Secondar y Ant i body Response by Pur e AFP.

	

Pur e

Pr epar at i on

- yM yA

PFC/ 10 8

- yG,

spl een cel l s

- yG, a yGze yG,

Cont r ol 83 116 433 125 150 416

MAF ( 1/ 12) $ 0 0 0 0 0 0

MAF ( 1/ 22) 16 0 0 0 0 0

MAF ( 1/ 110) 28 20 50 1 3 8

MAF ( 1/ 550) 90 100 140 60 110 160

Pr epar at i on yMPFC/ cul t ur e t SE

Medi a 394 f 62

MAF added at zer o t i me* 61 +61

MAFadded at 12 h* 39 t 10

MAFadded at 24 h* 97 t 23

MAFadded at 48 h* 385 t 95

MAFadded at 72 h* 587 t 18

MAFadded at 96 h* 497 t 230
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AFP obt ai ned by pr epar at i ve di sc el ect r ophor esi s ( Fi g . 2) was added t o CBA

spl een cel l s pr i med wi t h SRBC i n a f i nal concent r at i on of 200 ug/ ml . The r esul t s

shown i n Tabl e I X cl ear l y demonst r at e t hat AFP but not si mi l ar amount s of

NMS, al bumi n, or t r ansf er r i n can compl et el y suppr ess t he secondar y ant i body

r esponse . Shown i n Tabl e X i s t he dose- r esponse ef f ect of pur e AFP on t he

secondar y ant i body r esponse . A cl ear di st i nct i on can be seen bet ween t he

ef f ect i ve doses needed f or suppr essi on of secondar y yMcompar ed t o t he ot her I g

cl asses . Secondar y yMPFC wer e onl y par t i al l y suppr essed at 100 ug/ ml of AFP

wher eas t he ot her I g cl asses ar e al most compl et el y suppr essed at t hi s concent r a-

t i on . Ther e was i ncompl et e suppr essi on of secondar y yMPFCat 10 Ag/ ml of AFP

and no suppr essi on wi t h 1 Ag/ ml . These concent r at i ons gave a much hi gher

degr ee of suppr essi on of pr i mar y yMPFC ( see Tabl e I V) . Ther ef or e, secondar y

yMPFC appear t o be mor e r esi st ant t o suppr essi on by AFPt han ar e pr i mar y yM

PFC. The secondar y yA and yG- r el at ed PFCr esponses wer e mor e sensi t i ve t han

t he pr i mar y aMPFC r esponse t o suppr essi on by AFP.

TABLE VI I I

Suppr essi on of I n Vi t r o Secondar y Ant i body Synt hesi s by MAF Pr ot ei n Component s

Fr act i onat ed by Af f i ni t y Chr omat ogr aphy

* CBA spl een cel l s f r om mi ce pr i med wi t h 10' SRBC 4 days pr evi ousl y wer e cul t ur ed at 1 x 106

cel l s/ 0 . 3 ml f or 5 days wi t h 10' SRBC.

Fal l - t hr ough ant i - WMS af f i ni t y col umn ( a) ; Aci d wash ant i - WMS af f i ni t y col umn ( b) ; aci d wash

ant i - AFP af f i ni t y col umn ( c) ; f al l - t hr ough ant i - AFP af f i ni t y col umn ( d) .

TABLE I X

Suppr essi on of t he I n Vi t r o Secondar y Ant i body Response by Pur i f i ed Mouse AFP

* CBA spl een cel l s f r om mi ce pr i med wi t h 10' SRBC 4 days pr evi ousl y wer e cul t ur ed at 1 x 10 6

cel l s/ 0 . 3 ml f or 5 days wi t h 10' SRBC.

$ Fi nal concent r at i on i n t he cul t ur e .

Pr epar at i on

YM - yA

PFC/ 10 6

1YG.

spl een cel l s

- YGzs yGzb YGa

Medi a 394 326 608 214 326 946

AFP° 82 18 5 0 0 46

MAF- AFP° 364 293 546 192 293 850

AFP` 122 0 0 0 0 19

MAF- AFP° 490 480 823 568 470 882

Pr epar at i on

YM YA

PFC/ 106

YG,

spl een cel l s*

YGzs YGzn YG3

Medi a 120 225 340 245 260 400

AFP ( 200gg/ ml ) $ 2 0 8 0 2 0

NMS ( 200 gg/ ml ) 120 190 275 165 185 350

Al bumi n ( 200 kg/ ml ) 80 175 200 165 190 330

Tr ansf er r i n ( 200j cg/ ml ) 135 220 365 230 215 420
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TABLE X

Dose- Response Ef f ect of Pur i f i ed Mouse AFP on I n Vi t r o Secondar y Ant i body Response

* CBA spl een cel l s f r om mi ce pr i med wi t h 10' SRBC 4 days pr evi ousl y wer e cul t ur ed at 1 x 10 6

cel l s/ 0 . 3 ml wi t h 10' SRBC.

Di scussi on

The maj or pur pose of t hi s st udy was t o det er mi ne whet her AFP, bot h as i t exi st s

i n amni ot i c f l ui d and i n t he i sol at ed f or m, has i mmunosuppr essi ve act i vi t y .

Bef or e di scussi ng t he r esul t s whi ch di r ect l y f ocus on t hi s pr obl em, t wo obser va-

t i ons i n t hi s st udy unr el at ed t o i mmunosuppr essi on by AFPbear ment i oni ng . To

our knowl edge t hi s i s t he f i r st st udy i n whi ch i ndi r ect pl aques wer e quant i t at ed

usi ng an ant i - yG3 - speci f i c ant i ser um. I t i s somewhat sur pr i si ng, i n vi ew of t he

l ow ser umconcent r at i ons of yG3 ( 0 . 1- 0 . 2 mg/ ml i n nor mal mouse ser um [ 22] ) ,

t hat t hi s cl ass i s a maj or component of t he ant i body r esponse t o SRBC. I n f act ,

an aver age of t he cont r ol pl aques i n t he var i ous cl asses obt ai ned i n al l of our

exper i ment s ( see Tabl es VI I , VI I I , I X, and X) shows t hat - yG3 i s t he most

pr eval ent cl ass r espr esent i ng appr oxi mat el y 30% of t he t ot al pl aques devel oped

f r om i n vi vo pr i med spl een cel l s cul t ur ed 5 days wi t h ant i gen i n vi t r o . The

r el at i ve number s of spl eni c yG3 PFC wer e al so unexpect edl y hi gh i n t he pr i mar y

i n vi vo r esponse t o SRBC ( unpubl i shed obser vat i on) . Thi s obser vat i on suggest s

t he possi bi l i t y t hat t he synt het i c r at e of 7G3 may be hi gh and t hat t he l owser um

l evel s coul d r esul t f r omr api d cat abol i sm. The second poi nt concer ns t he ver y l ow

ext i nct i on coef f i ci ent f or AFP ( EZau mu = 2. 0) . We have been unabl e t o f i nd an

ext i nct i on coef f i ci ent f or AFP i n t he l i t er at ur e and i n t hose st udi es wher e t he

pr obl emof pr ot ei n quant i t at i on i s di scussed, f r equent l y ser umal bumi n i s used as

a st andar d ( 23) . Thi s coul d pot ent i al l y i nt r oduce ser i ous er r or s i nt o t he quant i -

t at i on of AFP by any of t he cur r ent l y empl oyed t echni ques .

I n t hi s i nvest i gat i on we have demonst r at ed t hat MAFcont ai ns a nondi al yzabl e

subst ance whi ch i s capabl e of exer t i ng a noncyt ot oxi c i mmunosuppr essi ve ef f ect

on pr i mar y and secondar y ant i body pr oduct i on i n vi t r o . Pol yacr yl ami de gel

anal ysi s showed t hat di al yzed MAF i s composed of appr oxi mat el y 14%t r ansf er -

r i n, 36%al bumi n, and 50%AFP. The sel ect i ve r emoval of each of t hese pr ot ei ns

f r om MAF by af f i ni t y chr omat ogr aphy showed t hat suppr essi on of ant i body

synt hesi s was r et ai ned when al bumi n or t r ansf er r i n was r emoved but t hat t her e

was no suppr essi ve ef f ect i n MAF whi ch had been sel ect i vel y depl et ed of AFP.

The concl usi on i mpl i ed f r om t hese exper i ment s t hat AFP was t he i mmunosup-

Pr epar at i on

yM yA

PFC/ 10 6

7G,

spl een cel l s*

yG2a 1' Gze - yG,

Cont r ol 220 280 460 320 270 560

AFP ( 100 gg/ ml ) 87 0 22 0 0 54

AFP ( 10 gg/ ml ) 161 26 56 0 0 81

AFP ( 1 Jag/ ml ) 200 41 57 7 21 86

AFP ( 0 . 1 f ag/ ml ) 177 51 101 18 31 131

AFP ( 0 . 01 jug/ ml ) 227 118 181 132 116 367
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pr essi ve subst ance i n MAF was ver i f i ed by t he subsequent demonst r at i on t hat

pur e AFPsuppr essed i n vi t r o ant i body synt hesi s wher eas equi val ent amount s of

nor mal mouse ser um, t r ansf er r i n, or al bumi n di d not . Dose- r esponse st udi es

showed t hat t he suppr essi ve ef f ect of AFP i n t he i sol at ed f or m was equi val ent t o

t he suppr essi ve ef f ect of compar abl e amount s of AFP i n MAF. These r esul t s

suggest t hat AFPwas r esponsi bl e f or essent i al l y al l of t he suppr essi ve act i vi t y of

amni ot i c f l ui d . Suppr essi on wi t h pur i f i ed AFP occur s at concent r at i ons of 1

, ug/ ml whi ch i s appr oxi mat el y 1, 000- f ol d l ess t han t he l evel s pr esent i n mouse

ser um at bi r t h . Thus, i f t he i n vi t r o r esul t s ar e appl i cabl e i n vi vo, t he

concent r at i on of AFP i n t he newbor n i s suf f i ci ent t o pr ovi de si gni f i cant

i mmunosuppr essi on at bi r t h and t he di sappear ance of AFPmay be a f act or i n t he

gr adual mat ur at i on of ant i body r esponsi veness whi ch occur s dur i ng t he f i r st f ew

weeks of l i f e ( 24, 25) . St udi es f r om t hi s l abor at or y ( 10) i nvol vi ng t he par ent er al

admi ni st r at i on of MAF f r om bi r t h t o young adul t hood suggest t hat AFP i s

capabl e of suppr essi ng ant i body synt hesi s i n vi vo .

The degr ee of suppr essi on was dependent on t he t i me at whi ch AFPwas added

t o t he cul t ur es ; MAF added t o ant i gen- st i mul at ed cul t ur es up t o 24 h af t er t he

i ni t i at i on of cul t ur es was i mmunosuppr essi ve wher eas si mi l ar addi t i ons of MAF

at 48, 72, and 96 h af t er i ni t i at i on of cul t ur es di d not suppr ess . I n f act , a sl i ght

augment at i on of t he PFCr esponse was obser ved when MAF was added at 72 and

96 h af t er i ni t i at i on of t he cul t ur es . These exper i ment s al so demonst r at e t he l ack

of a nonspeci f i c cyt ot oxi c ef f ect of AFP or ot her const i t uent s of MAF on t he cel l s

i nvol ved i n i n vi t r o ant i body synt hesi s . The synt het i c capaci t y of t he ant i body-

secr et i ng ( B) cel l i s appar ent l y not af f ect ed by AFP si nce t he addi t i on t o cul t ur es

l at e i n t he ant i body r esponse di d not suppr ess . However , t hi s does not r ul e out

t he possi bi l i t y t hat AFPi s i nhi bi t i ng an ear l i er event i n t he B- cel l cont r i but i on t o

ant i body synt hesi s . I n f act , one or mor e of t he ear l y phases i n ant i body f or mat i on

such as ant i gen pr ocessi ng by macr ophages, B- T cel l i nt er act i ons, or cl onal

pr ol i f er at i on of ant i gen sensi t i ve cel l s coul d be suscept i bl e t o t he AFP- i nduced

suppr essi on . Pr ei ncubat i on exper i ment s ( Tabl e V) suggest ed t hat AFP must

i nt er act wi t h one or mor e of t he cel l s i nvol ved i n ant i body pr oduct i on f or

appr oxi mat el y 8 h f or ef f ect i ve suppr essi on . Br i ef er exposur es r esul t ed i n l i t t l e or

no suppr essi on whi ch suggest s t hat t he mechani sm( s) i nvol ved i n AFP- i nduced

suppr essi on ar e mor e compl ex t han si mpl y bl ocki ng I g r ecept or s and pr event i on

of ant i geni c st i mul at i on .

Al t hough t he exact mechani sm( s) of i mmunosuppr essi on i nduced by AFP

cannot be def i ned f r om t he avai l abl e dat a, an i nt er est i ng specul at i on whi ch

mer i t s consi der at i on i s t hat a hel per popul at i on of t hymus- der i ved T cel l s f or

ant i body synt hesi s may be i nhi bi t ed . Ther e i s some evi dence t o suggest t hat t he

cel l ul ar event s l eadi ng t o t he synt hesi s of yA and yG ant i bodi es t o some ant i gens

ar e mor e dependent on t hymus- der i ved cel l s t han ar e t he cel l ul ar syst ems whi ch

l ead t o t he synt hesi s of yMant i bodi es ( 26- 29) . Dose- r esponse exper i ment s usi ng

pur e AFP ( Tabl e X) demonst r at ed t hat secondar y yA and yG PFC r esponses

wer e suppr essed by gr eat er t han a 100- f ol d l ower concent r at i on of AFP t han wer e

secondar y yM PFC. A 10- f ol d hi gher concent r at i on of AFPwas r equi r ed t o sup-

pr ess t he secondar y yM compar ed wi t h t he pr i mar y yM PFC r esponse ( Tabl e

I V) . Thi s di f f er ence i n sensi t i vi t y t o i nhi bi t i on bet ween di r ect and i ndi r ect PFC
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r esponses i s consi st ent wi t h our r ecent f i ndi ngs ( 10) t hat ani mal s i nj ect ed wi t h

MAF f r ombi r t h t hr ough young adul t hood had gr eat er suppr essi on of yA and - yG

r esponses t o a pr i mar y i nj ect i on of SRBCcompar ed wi t h t he - yMr esponse whi ch

was consi der abl y l ess af f ect ed . Our obser vat i ons t her ef or e ar e consi st ent wi t h

t he concept t hat AFP i s suppr essi ng t hymus- der i ved T cel l s whi ch ar e i nvol ved i n

t he mechani smof ant i body synt hesi s . Dat a i n a subsequent paper wi l l show t hat

AFP al so suppr essed cer t ai n T- cel l - dependent f unct i ons such as al l ogenei c and

mi t ogen- i nduced l ymphocyt e t r ansf or mat i on . ' I n t hi s r egar d, i t i s al so i nt er est i ng

t o not e t hat i n one r epor t ( 30) al l pat i ent s st udi ed wi t h at axi a t el angi ect asi a, a

di sease i nvol vi ng an abnor mal t hymus and an i mmune def i ci ency, had r ai sed

ser umAFPconcent r at i ons . However , despi t e t he suggest i on t hat t he T cel l may

be i nvol ved, i t has not been excl uded t hat macr ophages and/ or B cel l s may

par t i ci pat e i n t he suppr essi on r at her t han or i n addi t i on t o T cel l s . I t i s al so

concei vabl e t hat AFPst i mul at es a suppr essor cel l r at her t han i nhi bi t s a hel per

cel l . Obvi ousl y, f ur t her st udi es ar e needed on t he cel l ul ar si t e( s) of act i on of AFP

usi ng bot h t hymus- dependent and i ndependent ant i gens .

Subst ances pr esent i n nor mal ( 31, 32) and pr egnant ( 33) ser a have been shown

t o nonspeci f i cal l y i nhi bi t t he i mmune r esponse . A f act or i n NMS has been

r epor t ed ( 34, 35) whi ch i s i mmunosuppr essi ve f or T- dependent but not T-

i ndependent ant i gens . The l evel of t hi s subst ance i ncr eases subst ant i al l y

f ol l owi ng i mmuni zat i on . The r el at i onshi p of t hi s f act or t o t he a- r egul at or y

gl obul i n descr i bed by Mowbr ay ( 36) , di scussed br i ef l y bel ow, as wel l as t he

var i ous suppr essor subst ances r epor t ed t o be pr esent i n pat hol ogi cal condi t i ons

( 37) i s unknown. I t has not been excl uded t hat one or mor e of t he f act or s

ment i oned above ar e AFP. An a- gl obul i n f r act i on f r om human, bovi ne, and r at

ser um has i mmunosuppr essi ve act i vi t y bot h i n vi vo and i n vi t r o ( 38, 39) .

a- gl obul i n- r i ch f r act i ons f r om nor mal human pl asma suppr esses pr i mar y and

secondar y ant i body r esponses i n vi vo ( 40) , and i t has been suggest ed t hat t he

act i ve moi et y i s an i mmunor egul at or y pept i de whi ch i s noncoval ent l y bound t o

pr ot ei ns wi t h an el ect r ophor et i c mobi l i t y i n t he a- r egi on ( 41) . Amni ot i c f l ui d

cont ai ns component s whi ch ar e der i ved f r omt he mat er nal ser umand, i n f act , i t

has been r ecent l y r epor t ed ( 42) t hat t he adul t - t ype pl asma pr ot ei ns f ound i n

amni ot i c f l ui d ar e pr edomi nant l y of mat er nal or i gi n . Ther ef or e, i t must be

consi der ed t hat at l east par t of t he i mmunosuppr essi ve act i vi t y of amni ot i c f l ui d

may be due t o a mat er nal ser um f act or . However , as al r eady di scussed,

essent i al l y al l of t he suppr essi ve act i vi t y of MAF can be expl ai ned by i t s AFP

cont ent . Anot her possi bi l i t y i n anal ogy wi t h i mmunor egul at or y a- gl obul i n i s t hat

t he suppr essi ve moi et y of AFP i s a pept i de bound t o t hi s gl ycopr ot ei n . Al t hough

i t cannot be compl et el y excl uded, t hi s possi bi l i t y i s made l ess l i kel y by t he f act

t hat one of t he AFP pr epar at i ons f r om an af f i ni t y col umn was subj ect ed t o l ow

pH ( 2 . 8) and hi gh sal t ( 0 . 5 MNaCl ) f ol l owed by ext ensi ve di al ysi s wi t hout l oss of

suppr essi ve act i vi t y . These condi t i ons have been shown t o f avor el ut i on of t he

suppr essi ve pept i de f r om i t s car r i er a- gl obul i n ( 44) . Ther ef or e, we bel i eve t hat

AFP i s pr obabl y not ser vi ng as a car r i er pr ot ei n f or an i mmunosuppr essi ve

pept i de and t hat t he suppr essi ve act i vi t y i s an i nt r i nsi c pr oper t y of t he AFP

mol ecul e .

Anumber of pol ypept i de hor mones have been r epor t ed t o be i mmunosuppr es-
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si ve ( 43) . I n our exper i ment s t her e was no di f f er ence bet ween nat i ve MAF and

MAF whi ch had been exhaust i vel y di al yzed and as ment i oned above, af f i ni t y

chr omat ogr aphy at l ow pH and hi gh sal t f ol l owed by di al ysi s mi ght be expect ed

t o r emove a noncoval ent l y bound hor mone . However , t hese f i ndi ngs do not

compl et el y excl ude t he possi bi l i t y of a suppr essi ve hor mone t i ght l y bound t o

AFP. AFP has r ecent l y been shown t o have est r ophi l i c act i vi t y ( 44) , al t hough i t i s

r epor t ed t hat est r adi ol does not di r ect l y i nf l uence t he i mmune r esponse ( 45) .

Al t hough a consi der abl e amount of i nf or mat i on i s now avai l abl e concer ni ng

t he i sol at i on, pat hol ogi cal di st r i but i on, and di agnost i c si gni f i cance of AFP, ver y

l i t t l e i s known about i t s bi ol ogi cal f unct i on( s) . No physi ol ogi cal expl anat i on f or

i t s pr esence dur i ng embr yoni c devel opment has yet been det er mi ned . However ,

i t may not be f or t ui t ous t hat a st at e of i mmunol ogi cal hypor eact i vi t y i s of t en a

common el ement associ at ed wi t h condi t i ons wher e AFP i s pr eval ent . The

demonst r at i on i n t hi s and a subsequent st udy' t hat AFP i s a pot ent i nhi bi t or of

t he i mmune r esponse l eads us t o hypot hesi ze t hat t hi s pr ot ei n has as one of i t s

f unct i ons i mmunor egul at or y act i vi t y . We specul at e t hat AFP may have si gni f i -

cance as an i mmunor egul at or y pr ot ei n i n t hr ee ar eas . Fi r st l y, t her e i s some

evi dence t hat t he mat er nal i mmune r esponse i s depr essed at cer t ai n st ages of

pr egnancy ( 46, 47) and t he el evat ed l evel s of AFP i n mat er nal ser a coul d be one of

t he r esponsi bl e f act or s . Mat er nal i mmunosuppr essi on i n t ur n coul d cont r i but e t o

t he del ayed r ej ect i on of t he devel opi ng hi st oi ncompat i bl e f et us . I t woul d be
i nt er est i ng i n t hi s r egar d t o know whet her hi gher concent r at i ons of AFP exi st
l ocal l y i n t he ut er i ne t i ssues sur r oundi ng t he pl acent a t han i n t he ser um.

Secondl y, numer ous st udi es have demonst r at ed a r educed capaci t y of t he f et us

and newbor n t o r espond t o ant i geni c st i mul i ( 48) . I t shoul d be emphasi zed t hat

t hi s i s not compl et e unr esponsi veness and when t he f et us does r espond t o

exper i ment al i nocul at i on of ant i gens or congeni t al i nf ect i ons t her e i s usual l y a

hi gh r at i o of yMt o yG pr oduct i on ( 49) . Thi s i s consi st ent wi t h t he si gni f i cant l y

smal l er suppr essi ve ef f ect of AFPon yMpr oduct i on compar ed wi t h ot her cl asses .

Two r easons come t o mi nd why t her e mi ght be a sur vi val advant age t o f et al

i mmunosuppr essi on . Pot ent i al l y ant i geni c subst ances of benef i t t o t he f et us pass

f r om mot her acr oss t he pl acent a and wer e t hey t o pr ovoke an i mmune r esponse i n

t he f et us t hey woul d be r api dl y i nact i vat ed . For exampl e, War ner et al . ( 50) , i n

di scussi ng t he acqui si t i on by t he f et us of f or ei gn al l ot ypes of i mmunogl obul i n

pr esent i n t he mot her ( ei t her acr oss t he pl acent a or dur i ng nur si ng) , poi nt out

t hat t he sur vi val advant age of mat er nal ant i bodi es woul d be ser i ousl y compr o-

mi sed " unl ess t he of f spr i ng wer e unabl e t o r espond t o ( wer e t ol er ant of ) t he

i ncompat i bl e mat er nal gl obul i ns si nce an ant i body r esponse t o mat er nal
i mmunogl obul i ns woul d l ead ver y r api dl y t o t hei r el i mi nat i on. " Anot her ar ea

wher e f et al suppr essi on may be i mpor t ant and per haps a bi ol ogi cal necessi t y i s i n

pr event i ng r eact i vi t y agai nst sel f - ant i gens . Cel l s wi t h t he capaci t y f or sel f - r ecog-

ni t i on have been shown t o exi st i n bot h t he adul t ( 51, 52) and f et us ( 53) . I n f et al

and ear l y newbor n l i f e, AFP coul d be i mpor t ant i n suppr essi ng aut oi mmuni t y

whi l e l at er i n devel opment , af t er t he di sappear ance of AFP, ot her f act or s

i ncl udi ng t he post ul at ed bl ocki ng ant i bodi es ( 54) become of pr i me i mpor t ance .

Fi nal l y, AFP may have bi ol ogi cal si gni f i cance i n l at er l i f e when i t appear s as a

pat hol ogi cal mar ker of embr yo- speci f i c di f f er ent i at i on i n cer t ai n t i ssues under go-
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i ng r api d r egener at i on or mal i gnant t r ansf or mat i on . AFP coul d, f or exampl e, be

i nvol ved i n t he i mmunosuppr essi on r epor t ed t o be associ at ed wi t h l i ver di sease

( 55, 57) and cer t ai n t umor s ( 57) . I f so, t hen i t may be an i mpor t ant f act or i n t he

f ai l ur e t o el i mi nat e vi r uses ( such as t hose pr esumed t o cause hepat i t i s or t umor s)

and mal i gnant cel l s .

Summar y

Mouse amni ot i c f l ui d was shown t o cont ai n a noncyt ot oxi c i nhi bi t or of pr i mar y

yMand secondar y yM, yA, and yGsubcl ass spl eni c pl aque f or mi ng cel l s i n vi t r o

t o SRBC. The suppr essi ve ef f ect was not abol i shed by exhaust i ve di al ysi s or by

absor pt i on of mouse amni ot i c f l ui d ( MAF) wi t h SRBC. Pol yacr yl ami de gel

anal ysi s showed t hat di al yzed MAF was composed of t hr ee maj or pr ot ei n

component s, t r ansf er r i n, al bumi n, and al pha - f et opr ot ei n ( AFP) . The sel ect i ve

r emoval of each of t hese pr ot ei ns f r om MAF by af f i ni t y chr omat ogr aphy

suggest ed t hat AFP was t he i mmunosuppr essi ve subst ance i n MAR Thi s

concl usi on was ver i f i ed by t he demonst r at i on t hat pur e AFPsuppr essed i n vi t r o

ant i body synt hesi s i n mi cr ogr am quant i t i es wher eas equi val ent amount s of

nor mal mouse ser um, t r ansf er r i n, or al bumi n di d not . Dose- r esponse st udi es

showed t hat t he ef f ect of AFP i n t he i sol at ed f or m was equi val ent t o t he

suppr essi ve ef f ect of compar abl e amount s of AFP i n MAR yA and yG

pl aque- f or mi ng cel l ( PFC) r esponses wer e suppr essed by a si gni f i cant l y l ower

concent r at i on of AFP t han was t he yMPFC r esponse . The degr ee of suppr essi on

was dependent on t he t i me at whi ch AFPwas added t o t he cul t ur es ; MAF added

t o ant i gen- st i mul at ed cul t ur es up t o 24 h af t er i ni t i at i on of cul t ur es was

i mmunosuppr essi ve wher eas si mi l ar addi t i ons of MAF at 48 h af t er i ni t i at i on or

l at er di d not suppr ess . The dur at i on of exposur e of spl een cel l s t o MAF i n

cul t ur es wi t hout ant i gen necessar y t o achi eve suppr essi on of a subsequent

pr i mar y i mmune r esponse was det er mi ned t o be appr oxi mat el y 8 h.

The r esul t s suggest t hat AFP may have an i mmunor egul at or y f unct i on . Thi s

has pot ent i al l y i mpor t ant i mpl i cat i ons i n t he mat er nal - f et al r el at i onshi p, t he

i mmune capabi l i t i es of t he f et us and newbor n, and i n cer t ai n mal i gnant and

nonmal i gnant di seases i n whi ch AFP i s el evat ed .

We gr at ef ul l y acknowl edge t he excel l ent t echni cal assi st ance of Mi ss Mar yanne Gi ansant e and Mr s .

Ri t a LeDuc . We wi sh t o t hank Dr . Howar d Gr ey f or ki ndl y suppl yi ng us wi t h yG, ( J- 606) myel oma

ser um.
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