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ABSTRACT. It  has been suggested that pertussis toxin may be caused by the Ptx contained within vaccine preparations 
(Ptx) is involved in the pathogenesis of the adverse neu- (9, 10). Ptx. also referred to as IAP, LPF, or HSF is one of the 
rologic reactions that can occur in infants and children exotoxins produced by B ~ r d e t ~ l l u  pertzissis. It is a n  oligomeric 
after pertussis immunization. One group of investigators protein (Mr = 1 17,000) consisting of an A (active) protomer and 
has recently reported that a clinical syndrome with patho- a B (binding) oligomer (I  I) and is known to have a wide variety 
logical features very similar to post-pertussis vaccination of biological activities (12). The diversity of these activities in 
encephalopathy can be induced in specific strains of mice v i v o  is related to  the multiplicity of target cells that are susceptible 
after their immunization with bovine serum albumin (BSA) to the toxin's effects (1 3-15). Many of these effects have been 
and Ptx. The aim of this investigation was to further ascribed to the capacity of Ptx to  modify intracellular cyclic 
characterize the immunologic mechanisms operative in this nucleotide metabolisn~ (14. 16). The A-protomer of Ptx is capa- 
murine model. Studies were undertaken to determine ble of altering the regulation of CAMP by ADP-ribosylating 
whether the role played by Ptx in this condition required nucleotide-binding proteins. Ni, a protein capable of inhibiting 
the A-protomer of the toxin to enter a cell and ADP- the activity of adenylate cyclase (17), transducin, a protein ca- 
ribosylate a nucleotide binding protein (a Class I activity) pable of enhancing the activity of cyclic G M P  phosphodiesterase 
or was dependent upon the binding of the B-oligomer of (18), and No, a protein whose function and relationship to Ni is 
the toxin to the surface of target cells (a Class I1 activity). currently unknown (19, 20), have all been reported to be ribo- 
The results of our experiments have established that the sylated by enzymatic activity of Ptx. Recent evidence also sug- 
disease induced by coimmunizing mice with Ptx and BSA gests that Ptx may be capable of modulating transduction systems 
is due to an immediate type hypersensitivity reaction rather other than adenylate cyclase (2 1-23). In addition, it is now 
than an encephalopathy and that the mechanism of action appreciated that a number of the biological activities of this 
of Ptx in this system seems to be dependent upon a Class toxin, especially those involved in immunomodulation, are un- 
I1  activity of the toxin and independent of its ADP-ribosyl related to its ADP-ribosyl transferase activity (21). Such evidence 
transferase activity. (Pediatr Res 22: 262-267, 1987) emanated from the finding that methylation or acetamidination 

of Ptx resulted in a loss of a number of its reported bioactivities, 
Abbreviations without modifying its ADP-ribosyl transferase activity (24, 25). 

The objective of this study was to determine whether the 
Ptx, pertussis toxin mechanism(s) of action of Ptx in the murine postpertussis "en- 
Ni, subunit of the guanine nucleotide regulatory protein cephalopathy" model recently described by Steinman et d. (26, 
BSA, bovine serum albumin 17) is dependent on its ability to ADP-ribosylate nucleotide 
mPtx, methylated pertussis toxin binding proteins. These investigators reported that a clinical 
IV, intravenous syndrome with pathological features closely resembling human 
IP, intraperitoneal postpertussis vaccination encephalopathy can be reproduced in 
'11-IJNAD, Tritiated nicotinamide adenine dinucleotide certain strains of mice by immunization with purified prepara- 
IAP, islet-activating protein tions of Ptx and BSA (26). Our results demonstrate that the 
LPF, lymphocytosis-promoting factor disease process invoked in mice employing this experimental 
HSF, histamine-sensitizing factor model system is not a true encephalopathy. Rather, this condi- 
MEM, minimal essential medium tion represents hypovolemic shock induced by an acute hyper- 
FCS, fetal calf serum sensitivity reaction (anaphylaxis) and not a specific neurological 

insult. Furthermore, the development of this immediate hyper- 
sensitivity response was established to be dependent on a class I1 
activity of Ptx and unrelated to the capacity of toxin to  alter 

Convulsions, infantile spasms, hypotonic hypotensive epi- intracellular nucleotide 
sodes, encephalopathy, and even death have been reported fol- 
lowing pertussis vaccination in young children (1-8). It has been MATERIALS AND METHODS 
suggested but not proven that a t  least a portion of these sequelae 

Animals. BALB/cAnNCr and CR:SW mice were originally 
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obtained from the animal production facility of the National 
ment of Pathology, University of Utah Medical Center, Salt Lake Clty. UT 84132. Cancer Institute (Bethesda, MD) and bred in our  colony. All 
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I I inch cage and marntaincd o n  MJa!nc sterili/ahlc I.ah Rlox 
and acidilrcd water (it/ /r/ll/io)l. Mice used in cxper-iments \\ere 
0- 10 wk of  age. 

('/ic,tt~rc.rr/\ rirri/ rcJti,yc,ti/.\. 1'111-ificd pertussis toxln was pl~rcliascd 
froni 1.ist f3iologic:il I.:ibor-atorics (('ampbell. ('.A). n icot~namit ic  
adenine dinuclcotidc. guano\inc triphospliate. adcno\~r ic  tri- 
phosphate. kind tliymidinc f'roni Sigma ('licrnical ('o. (St. I ouis. 
MO),  horaric-p! ridinc cornl)lcx from Aldr-ich ( 'heni~cal  ('0.. lnc. 
(Milwaukee. WI). li)r-maltfclihdc (37':;) I tom .I. - 1 .  13akcr- ( 'hem- 
ical ('0. (I'lirllil~shi~r-g. N.1). mcth!scridc rnalcate fi-om Sarido/ 
Inc. (I:as( 1 l ; ino~cr .  N.1). and c!j~roticptadinc 1 [ ( ' I  f.roni Mcr-c,k 
Sharp and Ilolime (M:est I'oint. PA). 

.21c,/lg'l(i/iotr o/ 1'1 \ Mctlih latcd I'tx \+as prepared ;is dcscr-ibcd 
bq Ili (,I (11. (25) .  l31.icll>. 2 5 0  pl of 'a stock jolutron oI'l't\ ( I 0 0  
pglr-nl) in 0.0 I M pliospliatc t>ulli.r- (plH 7.0)/0.05 M Na( ' I  \ \ as  
riiixcd with an  ecl~lal \olurnc of 20 rnM fi)rrnalclclitic ;inti 30 
m M  1,oranc-pyridinc cornl>lcx (121 1 7 .0)  In the phosphate b~ilIi.r-. 
'I'his reaction mixtur-c was inclrl>ated lilr 2 h 111 a n  atrnosplierc 
ofr i i t rogc~i  ;it  room teriipcs;it~r~-c li1llowcd b! cxhalisti\.c di:il!.sis 
tigainst pIiosphate-h~~lti .~~cti  saline. As a contr-ol. P t \  \\.as tr-cateti 
In a n  identical manner- \\it11 the omissron of'tlic ~ncuba t ion  step 
in tlic pr-cscncc ol'fi)rmalticli!dc arid />or-ane-pyric111ic complc.. 

/ / I ~ I I  1 I ~ I /  I I ~ J / I I  liesitlcn t macropliagcs 
were ol>la~nc(l  11) lavagirig the pcritorieal ca\,it! 01' mlcc u it11 5.0 
ml ol'coltl hcp:u-ini/ed (2  [ ) /n i l )  MI:M (f:lo\+ I .ahor-atorrcs. Inc.. 
Mcl.can. VA). ('ells in tllc per-rtoneal fluid \vcre \vaslicti and 
rca~rsj,cridcd in liepar-iri li-cc M1.M coritairiing 10"; I.'('S ( I  I ! -  
('lonc Sterile Sqstcm. Inc.. I .ogan. 1J.I)  and  incubated in a glas\ 
I'ctr-i dish at 17" ( '  within a Iilrriiidilicd incutxitor ( 5 ' 1  ('0.) lilr 
90  rnir). '!'lie rion;~dlicr-~nI cell\ her-e  disc:^^-dcd and  the macr-o- 
phage nionol:iycr- was collc~ctcd I?! tr-catrncnt ~ i t h  I~t loc:~~nc.  

.,I i llJ-ri/io\ 1~1(1/1o/r 01 .YI 111, 1'1 1 ( I / I ~ /  IIII'I \ 'l'lic c:~p;icit! of' l't\ 
ant1 rnl'tx to AI)I'-ribos! latc mernl>ranc proteins \\,as c \  aluatcd 
using a slight motlificatron ol' the procedure as descl-iheti 11) 
l3acklund (.I (11. (28) .  131-icll!. murinc peritoneal macroptiages ( 5  
x 10" cclls/ml) were suspcntled in MI-M containing 10'; I.'<'S 
ariti either- I'tx 01- ml'tx (20 rig/ml) for 2 I1 at -37" ( ' .  ( ' rude  
rncm1,ranc homogcnatcs \\el-c tlicri prcp;~rcd from both the con- 
trol and tr-catcd macr-ol,liages anti the membrane preparations 
were incul>atcd uit l i  '[II]YAI) and  fresh Pt \ .  .f'Iie standard 
reaction was c;irricd out in 0. I M potassium pliospliatc (171 1 7.0).  
containing I0 niM thymidine. I m M  A'l'f'. 0 .  1 m M  (; ' I  1'. 1 .8  
pM '[IlINAf) (sp act: 27.  I ( ' i/mriiol). acti \ated l'tx (500  ng) and 
ccll rncrnhranc\ for- I h at .37" ( '  in a total \ ' o lun~c  01'50 J'tx 
was ~ictivatcd h) incubation ol ' t t ic toxin lilr- 30 min at I-oom 
temlxxaturc in 0 m M  potassium p1iosph:itc bufti.~-. 1711 7 .0  
contairiing 2 m M  dithiotlir-citol. Mcnihrancs uc rc  w.a~licti f'rcc 
of~rnr-cactcd NAI) anti the amount  of'incor-poratcd rad~oact i \ i t )  
was countcd with ;I scintillation counter (I'ackar-ti Instr-uriicrit 
('o.. Iric.. l ~ o \ v c r  (irovc. 11).  

I ; / / ( , ( , /  of 1'1 rltit/ trl/'i \ or1 c ~ / ~ i t ~ i ~ ~ ~ / r r i ~ ~ c ~ - ~ r ~ ~ / ~ ~ ~ ~ c ~ r I  /11y1i, t:: . /1~c~c,trl l( i  

'I'tic  hili lit? 01' I'tx and  rnl'tx to inhibit cpinej>Iir~nc-ind~lccd 
hypcrglyccrnia \$'as cvalu:~tcd using a slight modiliCatlon ol' the 
method dcscr-ihcd I?!. Yajima o! 01. (20) .  131-icfl!. the mice \\ci-c 
givcri an  IV injcctron ol'cithcr- 1'1 or  ml'tx (130 rig). ('ontr-ol 
animals wcr-c gi\cn a n  iqcct ion ol'nor-ma1 saline. Se\cnt!-l\\o I1 

l a l c ~  the nlicc (I:istcd Sol 0 1 1 )  \\cr-c subcutancou\l! inicc.tcd \ \ ~ t l i  
cpincplirrric (200 pg/kg ol' Ilod! wciglit). 7'hc I>looti glui,osc 
conccntratron of' each animal u a s  determined rrnrncdi:~tcl! hc- 
k)rc arid 00 miri aficr- the cpincplirinc inicetion. Blood specimens 
uscd li)r- blood glircosc deter-minations were ol>tained \i:i the 
rctr-oorl>it:il s in~ i s .  ' I  lie glucose conccntr:~trori ol'each s:implc \\.as 
tictcrmincd h)  the glucose oxidasc mcthoti (30). 

I I ~ ~ I / O / O \ I \ - / / / I O I I ~ I ,  / / I /  / I t i  I I'hc I! m -  
pliocytosis-171-oriioting capacit). ol' I'tx :ind m l ' t  was :isscsscd b! 
quantitilling the n ~ ~ n i h c r -  01' Iyrnplioc>tcs in the per-iplicral cir- 
culation o f 'mice  that hat1 r-cccivcd an  IV in ject~on (250 ng) of' 
citlicr. I'tx 01. ml'tx 72 h prcviou\lq. ( 'ontrol animals r ecc~ \cd  an  
IV infusiori ol' nor-rnal s:~linc. I:ili! ol' blood \vcr-c ohtairicd 
fiom each experimental and control rnousc in hcparini/cd cap- 

illar-! tlrl~es. l'cripiic~-a1 l c i ~ h o c ~ t ~ .  c o i ~ n t s  \ \ere dC(cr-minccl \\.it11 a 
licmoc\ tornctcr- :inel tiill'crcntial ar ia l>s~s  of Ic~rhoc,\ t c ~  \\:is per-- 
li)rmed or1 Wriglits stairicti Illooti sriicxr\. l tic niixri t a l u c ~  
obtaincd from three sirnilar.l> 11-catcd mice uc rc  uscd a\  an  intic\ 
ol'I> mplioc! tosis. 

l t ~ t / ~ i c ~ / i o / ~  ( I /  ill(, [I.\'. I - [ ' / \  i l 1 \ c v i \ c J  Mice. \\el-c immuni/c~tl  ac- 
col-ding to ttic protocol as prc\ic)~lsl! Jcsc~-il>~cl t>! S t c i n ~ n a n  ( 3 1  

iil. ( 20 ) .  O n  days - 1  ant1 + I  the mice (13.41 13/c.\nZ('r-) ncr-c 
gi\en I mg of RS4 in 0.2 ml 01' ~~l ios~) l iatc. - l>ufL~r.cc l  jalrnc 11'. 
arid o n  da!s 0 anti 7 tile> gi\cri I00 rig of' 1't\ or' ml't\ I \ ' .  
0 1 1  da! 0 the animals \\.csc gi\itri a I lily I3SZ ~r~.icctiori ;iriti 
ohscr\cd closely fix the cic\ciopmcnt of' Ictliar-g\. t:~cli!l>nca. 
i~ \anosis .  sci/urcs. and death.  

I~/O[J / I I~( ,  ~ t ~ i i t ~ \ / e , t ~  01 /1.5', t-1'1 v-/t1e/i1(,('1/ ( / / \ ( ~ i i \ i ~  h1it.i~ ( l34! f 3 /  
cAnK('r)  to he uscd a\  tionor-\ In aciopti\c 11-ansfcr e\pcr-imewts 
nc re  g i \cn  I nig 01' RSA In 0 . 2  ml of ~~liospli:~tc-hlt;~r~ccl zalinc 
11' o n  d u \ s  - I  anti + I .  and I00 ng ol'l't\ or- ml't\ I>! intr-a\cnou\ 
inl'lision o n  da!s 0 2nd 2. l'criphcral I>loocl \ \as  c~ollcc~tcei I'roni 
c~icli animal o n  da! 0 anci li1llo\\irig sacl-~fiec tlicir- ~>cr-iplic~~.al 
I!mpli nodes \ \ere surgicall! c\ciscd. I'hc ~~er-il>licr;~l 1~1ooel salii- 
plcs L\crc allo\\cd to clot anti tlicri ccntr-il'ugc.tl. I lie \cr-~im \ \ a \  
collected and tr.;~risf~rscd I \  (0 .25 ml / ;~n ima l )  into nor-m:il 
R,II .l3/cZnV('r mii,c or mice that liad I ~ c t ~ n  iri,jcc.tctl I \ '  \\ it11 I ' t \  
24 11 prc\iousl\ .  Ilonor- l>riipIi notics \ \ere gcntl! ti~';sc)c.~:itccl in 
RI'MI 1040 (f>utchland I.;thol-ator.!. Iric.. I) t~n\cr-.  ]'.I) supple- 
mented \\ith 5°C F('S anci the rc \~~l t i r ig  single c.eil suspension \\:is 
1ransfi.r-I-ctl I\ '  ( I 0  cclls/recipic.rit) into nol-nial rnic,c or- mice that 
liad rccei\cd an  IV intusiori ol'f'tx or  riiI 't\ 21 h pr i* \ io~\ l ! .  O n e  
Ii fi)lloning the rnfllsron ol ' jc~-uni 01- I!nipIioid cc.lls all rc*cipients 
nc rc  gi\.cn 1.0 r i i ~  of HS,\ ~ntr-;~peritoni'a~l!. I'lic animal\  \\el-c 
then ot>ser\cd closcl! 1 ; ~  tile nc\t  2 11 1'01- Ict1i;ir-g!. t:~c~li!j>ric:i. 
c ~ a n o s i s .  sci/urcs. and  ticatli. 

['I \- (//I(/ /tl(,l/i l~I~l!i~O /I/ 1 <, ( / / I  ~.il)fl\ l~ / ( l / (~  ~ l l / ( ~ / ( ~ ~ l / / ( l ( ~  / ~ / ~ l ~ / l ) l : ~  
J ~ I  I he h~o log~cn l  acti \ .~tics 01' l'tx on s~isccl>tihlc targct 
cells h a \ e  reccntl! hccn tli\iticd into t \ \o gcncl.al c.atcgorics. 
I hose that are dependent o n  tile abilit! of'tlic :\-protomcr ol'tlit~ 
toxin to cntcr a ccll and ~21lI'-r-ihos~latc riuclcotidc binding 
proteins such as Xi. a 3 1 hI>a rncmbr-anc protein in\ ol\ctl in 
c!clic nuclcotrde rcg~llation. h a \ c  been tcr-mcd clas.; I at,ti\itic,s 
(23 ) .  I l i o sc  a c t i ~  rties \~Iiicli  arc sccontia~-\  to the I~inil ins 01' tlic 
13-oligonicr 01' 1'1\ to tile cell sur-lllcc ant1 tlo not i r i \o l \c  the. 
modification ofn~lc.Icc>t~clc I ~ i r i d i n ~  131-otcins 11) rit>os!l;ttion ha\ '  
hcen ter-r-ncd class I 1  : ict~\i t ics (24 ) .  lii ct/. (25 )  h a \ c  p~ .e~ \ ro~ i \ I \  
slio\\ ri t l i :~t  red ucti\ c riictli! l:itio~i of  I't 1. :i l ~ r - o ~ ~ ~ ~ c l ~ i r t ~  \\ l i i c ~ l i  

I - c s ~ ~ l t s  in o \ c r  elOri of the amino  group> ol'th(, I>\inc ~.csiclucs 
being drmcth!latcii. r-iiarhetlt! ci~~iiinisllcs tlic i,apac,rt! 01' the, 
toxin to elicit class 11 acti\ltics \\liilc Icx\ins Illc. t.lass I ac.ti\ rtic,s 
I-clati\cl! intact. 

0111. fir\t scrlcs 01' c\pcrimcrits \\el-c ticsrgnc~(i to cc11ili1-m illat 
t>otli J'tx and  niI't\ \ \ere c~~pa \> l i .  of' ~ I I ) I ' - ~ - i t ~ o s ~  lating nuc'lCotltlc3 
klillt~i~lg ] l r O ~ ~ l l l \  I t 1  I ' l \ ' ( J  :llltj 111 ~ ~ l / l ~ O .  ,I\ \lIO\\ l l  1 1 )  1 iihlc 1 .  t l l ~  

131-ciricuhatiori 01' intact macropliagcs \\it11 i.itlic~- I ' t \  oi mI't\ 
rcsultcd in a n  i.tlir~\:ilc.nt rcdui.tron ol'tlic. a\:iil:iblC c~ntloycno~rs 
mcmt>r.anc ~>r -o t i~ i~ i s  \usccptil>lc to r r i l ~ c ~ \ !  lalion \ \ i l l 1  ac,li\ alctl I ' t \  
\uI?sccl~~cnt to rni'mi>l'ane I>r'i'1>:ir-:11rori. 

I:\l>criri-ients ncr-c also i.onti~rc.tccl \\Iic.r-c~ pr-ep;lr:itioris 01' mat,- 

rol~liage mernhranes nc rC  inclrI>:itcti \ \ ~ t l i  '[I I ]h : I l )  in tlic pr-c\- 
cnce of citlicr I't\ or. rnf't\. I-tic r.adiolal>clc%tl ~ilc.rnl>raric Ilic'ri 

\ \ere \\ashed arid siilyecteti to sotiium cioticc\I ~~~II l~tc- l>ol~acr- ! I -  
amid? gel c1cct1-opliorcsis. Oril! one tland 01' ~.arlioac~ti\ 11) \ \as 
li)urid. cor-rcsporiii~ig to a molecular. \\ciglit 01 '  4 I k 0 a  Sc,rntil- 
latron counting ol' the isolateti 1 I kI>a Iland clctcrrnincd that tlic 
al~il i t)  of mPtx and Ptx to catal!/c the ~II)I'-r-rhos> Intiori 01' the 
membrane pr-otcin \\.as cclui\alcrit (tiara not slio\vn). I Iicsc rc- 
sults intiicatc that hotli Ptx arid ml'tx \\ el-c capahlc ol' cndogcT- 
riousl! rrhosylat~ng a 41 k l l a  mcmbr-anc protein. a class 1 I't\ 
acti\ it!. 





c?[l'~.\-. W c  next clucstioncd whether mPtx could replace f'tx in 
cithcr o f  the  two toxin rccluiring phascs of the  disease process 
( a lk rcn t  o r  eHi.rcnt). '1'0 assess thc toxin's role in gener-ating the 
humoral componen t  of the response. experiments werc designed 
in which donor  mice were coirnmuni/ctl with either I'tx and 
RSA o r  mPtx and  I3SA prior to  scrum collection and  ado l~ t ive  
t r a n s k r  to  susceptible recipients. '1.0 cvaluatc the role ol'thc toxin 
in the cff'crcnt phase of the proccss. recipient animals wcl-e 
"primed" with either Ptx o r  mPtx  24 h prior to  reccrvinb 1 1111 111 uric 
serum ancl the  RSA challenge. As shown in Table 6. animals that 
wcrc i r n m u n i ~ e d  with I'tx anti t3SA were capable of producing a 
humoral substance that ,  when adoptively transferred to  I'tx- 
prctrcatcd recipients. was capable of t ranskrr ing  the disease 
process. 1)onor ;tnirnals that \+,cr-c trcatcd with mPtv arid in]- 
m u n i ~ c d  with RSA did not generate the humoral cornponcnts 
necessary to  adoptively transf'cr the disorder to  susccptiblc rccip- 
ients (group A). f:ur-thcrn~orc, ml'tx was also incapable of I-en- 
dcring normal recipients susccptiblc to  the pathological pr-occss 
caused by the  adoptive transfer of serum from R S  and I'tx 
i rn rnun i~cd  donors  ( g l - O L I ~  I)). 'I'hesc results indicate that the  
involvcmcnt of I'tx in both the allcrcnt and  e tk ren t  phascs of 
this proccss ar-c likely associated with its class 11, and  not class I .  
biological activities. 

.Y1~~11/~/0111\ o/' 11.s t-/)/.Y-/tt(/l/~~~,(/ ( / / \ i~(i \O (/I.(, o t l l~~ / /o r ( i / (~ i /  / ) I ,  
/ r ( , ( i / t~~( , t~ /  oi  it~11111/tti:i~1 tt11(,(> \ \ , I / / I  \( , t .o/ott /~/  (~ t / / i i , yo t~ / \ / \  ottd ( , ( i t 1  

u/\o /)cz ~ < J I , ~ , I . Y ( , ~  111. / / I / ! ( /  //I~,I.(I/II, Since M c \\ere :~h le  to ;lcIopti\ el! 
transfir  the HSA-PI\ Induced pathologic proccss ~ v ~ t l i  ir-nniunc 
serum we questioned \\~Iiethcr tlli5 process \\:I< :ict~~;lll! L ~ I I C  to  :11i 

lmmedi:~te o r  t>  pe I li? pcl.sensiti\ it) response. 13ccallsc tlic 131-i- 

nial-! \asoactivc arninc associated \\.it11 ~mrncd ia t e  h!pcrsensiti\- 
i t )  responses in mice is serotonin (34). \ \ c  dcsigncci i 'per-imcnts 
to  evaluate the efkct  of serotonin antagonists o n  l't\-l3S..2- 
induced disease. Micc \verc coirnmunired ~ i t h  t3S.4 and  1't.i 
according to  the basic protocol described in "Materials and 
Methods." .After the challenge RSA injection o n  da! 6. tlicise 
animals that had 1101 bee11 prctre;~ted nit11 tlic s c ~ - o t ~ n i r i  ;1111;1g0- 
nists eshibilcd the typic;~l shock-like s>mpfoms  ;~nci died \\.ithin 
2 11. T h e  animals that h:td been gi \cn  a I\no\vl~ serotonin antas- 
onist sccnicd sub~ectl\.cl!. less ac t i \c  f ix a short pcriclcl of t ime 
txrt o then\ ise  rernaincd \!.mptom fi-cc ('l'ahlc 7).  I hcse I-csi~lts  
strorigl  sugge\t that the rnurinc f3S/\-I't\-ir1duc~~d tiisor.di~r i.! 
~~ctuall!. the product of' an immedia te- t>pe h!~)el-scnsitl\.it! 1.c- 
sponse. 

1'1-cvious stutlies 11ai.e sho\\ri that tlic dcatli ol' riiicc I'rolii 

I'xpcrimcnt (iroup 'I rcatmcnt* No. afkcted/no. tcstcdi- (iroup I>onor trcatriicnt* Kccipici~t trcatmcr~ti- Yo. t i~tctl  

I A None 015 
I3 l3SA O / i  
( ' I'tx 015 
I )  rnl't\ 0/5 
I I3SA + I'tx 5/5f 
I I3SA + rnl'tx 015 

2 A Yone 015 
13 IISA + I'tx -5 / .5 1: 
' liSA + rnl'tx 015 

* Micc rcccivcd an I I '  injeerion 01' I3SA ( I  mg) on day\ I anti + I .  
:ind an  IV ir~fi~vori ol'cithcr I'tx or- ml'rx (100 ng) on days 0 and +2. 

-t 0 1 1  d;iy h all animal\ were cliallcr~gcd nith ;in 11' injection 01' 13SA 
( I  rng). Al~~m:ils were then otxcr-vet1 closcl) for lethargy. tacli!j~nca. 
scl/urc activity. kind death. 

j: All animals in gr-oup I: (cupc~lrncnt I )  and group R (cxpc~-imcnt 1) 
dlcd witll~rl  2 11 01' I3SA ~ri.jccr~orl. 

2 RS.4 t mPt\ 1'11 + 11i111111ric \ c r ~ ~ r ~ i  l J / l O  

B BS. \+mPt\  m l ' t \ + ~ i ~ ~ r n ~ ~ n c \ c ~ - ~ ~ n i  O l l O  

(- BSA + 1'1\ l't\ + 1111 I ~ I I I I I ~  \CI.LIIII S!lUq 
1 )  BSA + l't\ ml'h + ~rnrii~iiic jcrum O/lO 

* I>onor mice (RAI H/c,\nN('r) rccc~\ccl a n  11' ~nlcctioii of I{%,\ 
da)s - I  and + I .  and I n  IV Iqcctlon of either I't\ or ~nl't\ (100 rig) on 
t i a ~  s 0 ;rrid +7. 

I -  Irr~rnnnc scrilm from tic,i~or- ~ r r ~ i n i : ~ l ~  i \ a \  prcpar-c~d a\ dcc,r~l>ctl 111 

"blatcrials and nlethoii5." llacl1 rcc1pic111 ;in~rnal (1321 l3/c,\n\('il 1.1.- 

ccl\cd an I V  ~niilsion of Immune jcr-urn (0  li lnl) 14 ii alicr I C C C I \ I I I ~  

:iri IV iri.jcction of c~tlicr )'I\ or 1ii1'1\ [ 100 I I ~ ) .  011c li :iftcr I I ~ ~ I I \ I O I I  01' 
immune scrum all recipients \\ere gi\cri a n  [I '  Iqcction ol'I%S,\ ( I 1iig1. 

1- Anlrnals \\ere ohscl-\cd c.loscl> Sor Ictl~arg). rac.lll,lica. c.>ano\is. 
scl/urc acti\it). arid ilc;~tli. 

3 Figlit of tile 10 an~mal \  bcc.;rn~c Ictliarg~c and  c>:iriotic slier-ti! alicr 
t11c IP ~njcction of RSA. Sc\cn ol'tllc c~glit cliccl \\~tIlin 2 11. 

1'1s 
13S4 + Ptx 
HSA + PI\ 
HSA + 1'11 
13SA + l'l\ 

HS,\ + l'tu 
BS!\ + PI\ 
RSA + 1'11 

f3SA + Pt\ 

Plx + immunc jcr-uiil 
Immune Iyniphoc!tc\ 
I't\ + ~mmunc  I',~iiphoc\tc\ 
Ir~imunc \crLim 
I't\ + immune serum 
Imrnunc 1~rnplioc)tcs 
I'tx + Immune I)mpl~oc>lc\ 
Irrirn~inc 5cruni 
f'1\ + immune scr-urn 

* I>onor micc (IiAI.l3/cAnN('r) rccci\cd an  IV ~njcc t~on 0 1 ' 1 ' 1  (100 ng) on da!s 0 and +7. and/or an 11' ~njcctiori of HS.4 ( I ~ n g )  on <la)\ I and 
+ I .  On day 6 pcr-~phcral hlood waj collected l'rorn each animal. tile! \$ere then \acrificcd and their periplicral I>lnj]li notlc\ c\ci\ccl. 

.F I.yri~phoicl cells and Immune \crurn were prepared from tiorlor arlini:il\ as dcscrlbcti i r i  "hfater~al ;inti r1i~tl1od\ " l:acl~ ~ C ' C I P I C I I I  :1111rii:rI I C C C ~ \ C ~  

a n  1V ~r~lilsion 01' I x 10' Ihmph node cells or 0.21 ml of Irnmunc scrum. Selected groups of rcclplcnt\ had rccci\cil an IV ~ n j c c t ~ o ~ i  < > I '  1'1\ 24 h 
prior to :~dopt~vc transkr. An 11' injcct~on of I i S  was g i ~ c n  to all rcc~jllents I li after rccci\in$ the inl'~is~on ol'irnmunc \cru!n or \!rnj>lio~ti c.c'll\ 

11 Animals wcrc obscrvcd closely lilr lethargy. tachypnca. c)r~nosi\. sci/urc acti\it>. and death. 
S; All I-ccipicnt animals In group\ l i  (cxl3crirncnt I )  and I )  (exper-~mcnt 2) d~etl  \b~tl i~n 2 h oi'recc~\~ing the 11' injcclion of I3S4. 
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Table 7. EiI2ct cjf.serotonin untugonists on develop/nmt ( f B S A -  
Prx-induced disruse 

No.  o f  deaths$ 

Group* Tred tmen t t  N o  tested 
-- - -- - - -- - 

A N o n e  616 
B C y p r o h e p t a d ~ n e  0 /6  
C Methyse r~de  016 
D 1V normal  sa11neQ 0/6  /I 

-- - -- -- - -- - -- 

*All  mlce  (BALB/cAnNCr)  were coimmunized with BSA a n d  Ptx 
according t o  t he  protocol listed in  "Material a n d  methods." 

t T h e  animals  in g roup  B were given 0.6 m g  o f  Cyprohcpt idine  by 
gavage every 6 h beginning o n  day  4 o f  t he  protocol. G r o u p  C received 
2.5 m g  o f  Methsergide every 6 h .  T h e  animals  i n  g roup  A were gavaged 
with normal  saline. O n  day  6 all animals  were given a n  IP injection o f  
BSA ( I  mg). 

$Anima l s  were observed closely for lethargy, tachypnea. cyanosis, 
seizure activity, a n d  death .  

5 Animals  were given 0 .5  m l  o f  normal  saline intravenously within 10 
m i n  o f  becoming symptomat ic  (all animals  i n  g roup  D demonstra ted 
lethargy, tachypnea, a n d  mild cyanosis within 3 0  min  o f  IP BSA injec- 
t ion).  

11 All animals  in g roup  A died within 2 h o f  BSA challenge. 

immediate hypersensitivity reactions is due to loss of blood 
volume (35). With this knowledge we questioned whether volume 
expansion of the animals during the acute stages of their illnesses 
would clinically modify the disease process. One group of Ptx 
and BSA immunized animals was therefore given an intravenous 
infusion of normal saline (0.5 ml) within 10 min of becoming 
symptomatic. We found that the animals that received a bolus 
of normal saline shortly after becoming symptomatic survived 
(group D), while those that did not receive fluid therapy died 
(group A). These results lend support t o  the hypothesis that the 
clinical condition produced by coimmunizing mice with Ptx and 
BSA is secondary to an immediate type hypersensitivity response 
(anaphylaxis) and does not resemble or simulate the neurological 
illness temporally related to pertussis immunization in infants. 

DISCUSSION 

Steinman et al. (26) recently reported that a clinical syndrome 
with pathological features very similar to postpertussis vaccina- 
tion encephalopathy could be induced in specific strains of mice 
after their immunization with BSA and Ptx. Previously, this 
same group established that a similar type of clinical condition 
could be induced in mice by immunization with BSA and 
pertussis vaccine (27) and suggested the possibility of an anaphy- 
lactic-type reaction being responsible.The original intention of 
the present investigation was to determine whether the mecha- 
nism of action of Ptx in this murine model was related to the 
toxin's capacity to induce a class I or class I1 activity. Our studies, 
however, have now established that Steinman's model is not one 
of neurologic encephalopathy but rather is the result of vascular 
collapse secondary to an anaphylactic reaction. Several lines of 
experimental evidence support this conclusion: 1) sensitivity to 
the BSA-Rx-induced disease can be passively transferred with 
the immune serum obtained from sensitized animals into Ptx- 
treated recipients; 2) animals that are immunized with BSA and 
R x  and then pretreated with serotonin antagonists prior to  BSA 
challenge d o  not develop the typical clinical manifestations of 
the disorder; and 3) symptoms of the condition can possibly be 
alleviated by giving BSA-Ptx immunized animals fluid therapy 
as soon as clinical manifestations are noted following the BSA 
challenge. 

In mice, both IgG, and IgE can function to induce antigen- 
specific release of mediators from mast cells and basophils that 
are capable of initiating immediate type hypersensitivity reac- 
tions (36). Antibodies belonging to the IgG, subclass, unlike IgE, 

are not inactivated by heating at 56" C or by sulfhydryl reagents 
(37). We have determined that heating the serum from BSA-Ptx 
sensitized animals for 30 min at  56" C did not diminish the 
ability of that immune serum to passively transfer anaphylactic 
sensitivity to Ptx primed recipients (data not shown). These 
results suggest, but d o  not prove, that antibodies of the IgG, 
subclass may be involved in the BSA-Ptx-induced immediate 
hypersensitivity reaction. Further work is in progress to  test this 
hypothesis. 

Our studies have also revealed that the development of ana- 
phylaxis in this murine system exhibits some interesting charac- 
teristics. By employing preparations of Ptx and mPtx in parallel 
we were able to  demonstrate that the ADP-ribosyl transferase 
capacity of pertussis toxin is insufficient to initiate the BSA-Ptx- 
induced immediate type hypersensitivity reaction. Our findings 
also indicate that the development of this reaction is associated 
with a class I1 or immunopotentiating activity of the toxin. In a 
series of adoptive transfer experiments we further demonstrated 
that both the donor of the humoral component and the recipients 
of the immune serum need to be treated with Ptx for the BSA- 
Ptx induced hypersensitivity response to take place. mPtx could 
not substitute for Ptx in either the afferent or efferent phase of 
this process. 

While the murine model system described Steinman et al. (26) 
originally looked quite promising, our finding that the experi- 
mentally produced condition actually represents an immediate- 
type hypersensitivity reaction rather than a true encephalopathy 
indicates that an experimental model for human postpertussis 
vaccination encephalopathy is still lacking. 
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