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Introduct ion

Fol lorv ing the c loning of  Der p I  by Thornas et  a l .  in 1988,
there has been tremendous progress in al lergen molecular
biology, and nolr ,most rnajor al lergens from pol lens,  r l i tes.
animal danders, cockroaches, fungi and several foocls have
been cloned and sequenced. The i rnpact of  th is r i ,ork has
been i rnpressive:  over 100 al lergen sequences are avai lable
in the c lata bases; the biologic funct ion of  n-rany al lergens is
now knolvn; expression vectors have been developecl for
prodr,rct ion of  recombinant al lergens, and the ant igenic
structure of  a l lergens in terms of  ant ibody and T cel l  recog-
n i t ion  is  bc ing  d issec ted  in  mi rny  labora tor ies  ( tab le  l )  t l ] .
As a resul t ,  i t  is  nolv real ist ic to envisage that recombinant
al lergens wi l l  increasin-9ly be used in research studies and.

Abstract
Background: The ainr of  the studies rvas to inr , ,est igate the biologic act iv i ty of
recombit tant  cockroach and nr i te al lergens and the i r  potent ia l  fbr  Lrse in diagnosis
and t rea t t len t  o f  a l le re ic  d isease.  Methods :  Cockroach a l le rgens  B la  g  2 ,  B la  g  4
and Bla g 5 and nt i te group 5 al lergens \À/ere produced in bacter ia l  expression
vectors and r-rsed for irtrrlediate skin i ind serurnt I-eE antibocly tests. Results: The
cockroach al lersens shorved very good skin test  react iv i ty in al lergic pat ients.
giv ing posi t ive react ions at  l0 r-  l0 5 

l rg inr l ;  controls \ \ 'erc ncgat ivc i r t  10" p_q/ni l .
These react ions conelated u, i th serunr IgE ant ibody resul ts.  Tl ie prevalence of '
react iv i tv to group 5 nr i te al lergens var ied rv i th exposl l re.  There wAS a high prev-
alence (70%) of sensitization tc: Blomiu troltÌculi.r aller-een, Blo t 5. anrong pa-
t ients f ront  Brazi l  and Singaporc,  r .vhereas <20% of pat icnts l rorn Char lot tes-
'u ' i l le,  US and Manchcster,  UK gave posi t ive skirr  te sts to Blo t  5 (p < 0.001).  Con-
clusions: The resul ts shon, t l iat  rccombinant al lerqens retain biologic act iv i ty
and suggest that  cocktai ls of  t , " r ,o to for . r r  recombinant al lerge ns could be used lor
diagnost ic or therapeut ic purposcs. The phased introduct ion of  recombinant al-
lergens shoLr ld i rnprove the rnanagentent of  a l lergic disease .

more inrportant ly,  wi l l  begin to be assirni lated into c l in ical
pract ice erther for  d iagnost ic or for  theraper.r t ic  purposes.
The approach to diagnosis u,or,r ld bc to use a cocktai l  of
three to four c lonecl  a l lergens instead of  convent ional  heter-
ogeneoLls al lergen extracts.  This would be dependent on re-
combinant  a l le rgcns  hav ing  a  b io log ic  ac t i v i t y  s im i la r  to
their  natural  cour-r terpar ls.  I t  rvould also be possible to use
rec omb i nant a I lergen c ockta i I s t-or i mm unotherapy. [-l orvev-
er. r-r-rost strategies currently under e'u,aluation in clinical
t r ia ls involve using T cel l  pept ide s der ived from al lergen se-
quences, or other strategies using er l lergens to downregulate
T ce l l  responses or to al ter  T cel l  phenotype.

Over the past 3 yeals, r,ve have clonecl allergens frorn
Blqt te l lu gerntunicrr  (Gerrnan cockroach: Bla _e 2,  Bla g4,
Bla g 5) and from the dLrst  mitc,  Blont iu t ropic,ul i .s (Blo t  5 )
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[2-+] .  Tl i is  paper c lcscr ibcs the use of  these recornbinant
al lcrge ns to assc'ss scnsi t izat ion f ì l r  IgE ant ibocly response s
ancl  the potent ia l  fbr  usirrg these reagents fbr  c i iagnosis and
tre atment.

Mater ia ls  and Methods

B. ge t 'nr u rr ic,a,-\ I lcrgcns
Reconrbinant Bla s . l  rvas procluce d as a f ls ion protc in in t l re pGEX

c\ l l f r 'ss ion 'cctor lnd pur i f  icd by glutat l r ionc af f  rn i ty chronratography
ard thro.rbin c lca'ase; rBla g 5 (a glLrtathionc transferasc-) \ \ ,as Dro_
cluced in pET2la and prrr i f ìccl  in a srn-qlc stcp b1,af f ìn i ty chrontair . . ,g_
raphv over-s lutathionc- [3] .  Al thou{Ìh Bla g 2 (an aspart ic proreasc)had
bcet l  c lonccl .  at tc l t lp ts to proclucc inrrnuuorc-nct ivc recoprbinapt  a l ler-
gcn in bactcr ia of  vt ' îSt  crprcssion s) 's te l l ls  have so l ì r  bccn Llnsl rcccss-
f ì r l .  Thc re  tb rc .  t t a t t t ra l  B la  g  2  uas  pu r i f  i cc l  by  n ronoc lopa l  a fJ - in i t y
ch ron ta tog raphy  an t i  F IPLC [2 ] .  A l l  a l l c r ,uens  u ,c r . c  o f  >  9 - i9 í  pL r r i t v  as
clctcrrn i  ncd bv s i  I  r  cr-srai  ncr l  S DS-PAG t i  anuI  vs is.

B.  t ropÌcul i . r  Al lc-rgcn.  Blo t  _5
l- l r is  a l lcr-scn \ \ 'AS c lonccl  f ionr  a B.  t t .o l t icul i . i  cDNA l ibrarv apcl

shrrrrecl40( i i ,  honrologv to Dcr p 5 f  rorn Dt, rnt t t to l t l tugoir la. ;  pt ( , t .op-1. . \_
. r ' i i r r r . s .  Rc -conrb inan t  B lo  t , i  r i , as  p roc lL rccd  in  thc  pGEX \cc to r  as  c l c_
s c r i b c d  [ 3 ] .

[ / t t r t r t r t t .\' t t I t I c t. t.s t t n tl S l; i t t T t,.s t i r t 14
Pro toco ls  l b r  sk i r r  t cs t i ng  us in -9  r cco rnb inan t  a l l c rgcns  \ vc r r -  ap_

1 ' r t ' o rcc l  by  thc  [ J r l r vc rs i t l '  o l .V i rg in i i r  I - l unun  Sub jcc ts  I l r cs r iga t iop
Conl t l t i t tee ' .  I t l t radcrtnal  sk in tcsts n,crc carr ic t l  out  using tcrr f ì l lc l  c l i lLr-
t i ons  o f  i i l l c rgcn  ex t rac t  o r  o f  r cconrb inan t  a l l e rgens  f ì -o rn  10 , '  t o
l0 ' '  r t g /n r l ,  and  a  * ' hca l  o f  >8  x l r  n rn r  a t  l -5  n r in  u ,as  r cqa r . c l cc las  pos i_
t i i  c .

Resu l ts  and D iscuss ion

Skin tests to cockroach al le rgens were carr ied olr t  on se-
lected aclul t  pat ients '"vho presentecl to thc [Jniver-s i ty of  Vir-
,grnia Al lergy c l in ic rv i th asr l ìnra.  These pat ier ì rs gave
strongly posi t ive skrn tests to conrrrrercial  /J.  sct . t r tcr t t ic í  cx-
t 'ac t  (10  5-10  t '1 t -u in i l ) ,  

and they  a lso  -ga 'e  gooc l  responses
t o  e i t h e r  r B l a  g 2 .  r B l a  g 4  o r  r B l a  - 9 5  ( t a b r c  2 ) .  S o r r e  p a -
t i e n t s  ( e . g . J . s . ,  s . E . ) g a ' e  p o s i t i r ; e  s k i ' t c s t s  t o  a l l t h r e e  p ' -
r i f ìed al lergens, 'u 'u 'hereas others rcsponclecl  to only one or
trv 'o al lergens (e .g.  lv l .B. ,  s.T.) .  Therc was no evidence fbr
nonspcci f ìc react iv i ty to the rccornbinant al le.rqens or to a
GST vec tor  cont ro l  in  nona l le rg ic  ind i r  i c lua ls .  The preva-
lcnce o f  IgE an t iboc l ies  to  four  coc l<roach a l le  rge 's  (  B la  g  l ,
Bla g 2,  Bla g. t .  Bla -9 5) rvas assessecl  in nrore thar 70 sera
f iom cockroach-al le rgic pat ients by the cnzynre i rnrnunoas-
sar ' .  The resul ts shorvecl  that  nrcasur ing lsE arr t ibocl ics to
cac i r  o l ' thesc  a l l c rgens  cou ld  ìdcn t i f y  >95( ) i r  o f  pa t ien ts
r i ' i th IgE ant ibocl ies to B. ,gerrnrtnic.u.

Table 1 .  In tpact  o f  rno lccu lar  bro losv
c l i n i ca l  p rac t i cc

on al lcrgcn rcsearch arrd

I t l c r r t i f ì ca t i on  anc l  c l o r r i ng  o f  a l l c rgcns
Scque-ncc hornolouy scarches - biologic f ìrrrct iorr
Pror luc t ion o  f  rccontb i  nant  a I  Iergerrs
Idcnt i  f ìcat ion o f  ant igcn ic  determinants

S i tc -c l i  rec ted ntu tagcnes is  (  lgE ant ibod ies )
Dcr i 'u 'a t ion o f  T  ce l lc lones and ep i topc.  r lupp inq
,,\nal i , 's is of al lcrgen--specif rc irnntunc responsc

IVI o I c c Lr I a r rn odc I i n g/t Ii re r- - cl i rn e n s i o n a I st ru c t u re
Dc'elop'rc.t  o I  new, d i  a gnosti  c anci thcrapeuti  c procl,cts

Table  2 .  B io log ic  act i r  i ty  o f  rcconrb inant  cockroach a l lc rqens

Intradennal skin test t i ter

B. germanicu nBla g 2 rBla g . l  rBla g 5

Pat icnts
.I  S.
S .  E .
T B .
R. N,I.
i \ t .  t ) .

S T
C o n t r o l s  ( n  : 4 )

l 0  . .

l 0  i i

l 0 '
l 0  5 .

I 0 '
1 0 . i

>  l 0 :

I t )
I 0
n.  c l
I 0
l 0
l 0

> 1 0

l 0 l

l 0  5

l 0  i

l 0  
j

> l

> I

> l 0

l 0 l

l 0  r

l 0  r

l 0 I

n .  c l .

> l

> t 0

t 5

I

Skin tests to l). trolt icoli.s and D. pterott.t ' .s.sintts allergens
have been cerrr ied out as part  of  a nrLr l t icentcr internat ional
study to evaluate al lergenic cross-react iv i ty betrveen these
species.  The study'uvas designed to compare IgE responsr:s
to the t 'uvo mite species and to the recorrbinant groLrp 5 i r i -
lergens in areas where pat icnts were ei ther exposed to both
rr i tes (Brazi l ,  Singapore) or only to D. l t teron.r ,ssi t tu.s (char-
lo t tesv ' i l l e .  uS and Manchesteq  uK) .  In  Braz i r  anc l  S inga-
pore.  60-10% of rr"r i te al lergic pat ienrs eave posi t ive skin
tests or hi ic l  senrm lgE ant ibodics to rBlo t  5.  In contrast .  t l ie
prevafence of  sensi t izat ion r ,vas 120o,/o in pat ients f ror-n
Char lo t tesv i l le  o r  iV fanches ter  (p<0.001) .  in  keep ing  lv r th
previous studies,  the prer, 'a lence of  sensi t izat ion to rDer p 5
r,i 'as 40-50'% anrongst each groLll l of patients [5] Interest-
ingly,  60%t of  'unexposed'  pat ients f r"om char lot tesvi l le or
vlanclrester save positi 'n,e skin te sts to both D. pteron.Ì.sJir/r/.t
ancl B. tropic'oli.s, suggesting that these species arso produce
cross-react ing al lergens. In Brazi l  and Singapore,  the r lag-
ni tucle of  skin test  responses to rDer p 5 and rBlo t  5 ( in
terrns of intraderrnal t iter) weìs very srrl i lar. Horvever.
anlong the fèr.v pat ients f ì 'orr  char lot tcsvi l le rvho gar e pt-rs i -
t ivc skin tcsts to Blo t  5,  the t i te r  rvas 3--z l  loes lo,uver thern to
Der  n  5 .

I r r  v i r o  S t r r t l r cs  o f  I ì c con rb inan t  A l l e rqcns I n t  . , \ r e  h  . \ l l c r g y  l n t r r r L r r r o l  i ( 1 9 7 .  Ì  I - 1 .  l 0 l  l ( ) - l I 0 3



our  resu l ts  on  the  b io log ic  ac t i v i t y  o f  recombinant  cock-
roach and mite al lergens sug_9est that  i t  wi l l  be possible to
use selected recorr-rbinant al lergens for c l in ical  ancl  invest i_
sat ive pLlrposes. cockroach appears to be a mult ia l lergen
svsterr  q, 'here a cocktai l  of  as many as four al lergens coulc l
be required fbr fu l l  c l iagnost ic sensi t iv i ty.  we have recenr ly
shol ' , 'n that  both Bla g 2 and Bla g 4 can induce prol i ferat ive
T cel l  responses in some cockroach-al lergic pat ients,  suu-
gest ing that these al lergens could be candidates for  T-cel l -
based i r -nrnunotherapies.  Blo t  5 appears to be a rnajor al-
lergen in areas l l 'here B. trctlt ic u/is is endemic. we have also
cloned another al lergen (8t8.  t roponin) f ronr t l ie B. [ ropicu-
/ is cDNA l ibrary.  our resul ts make i t  c lear that  Blo t  5 alone
w'or-r ld be insuff ic ient  i ìs an indicator of  sensi t izat ion to
B. t ropiccr l is ,  but  a cornbinat ion wi th another c loned al ler-
gen could be enou-gli fbr rnost clinical purposes. 13. tropicct-
i is extract is not yet available conrmercitrl ly i incl, therefore,
the recombinant al lersens nray r ,vel l  serve as better c l iaenos-
t ic reagents.

Schc inc r  O .  K ra f i  DG.  B ls i c  anc l  p rac t i ca l  as -
pccts of  rccornbir l rnt  l l lcrgcns.  i \ l lcrgr .  199_5;
, i 0 :38 - l - i 91 .
. \ rnrc la LK. Vai lcs LD. Nlann B. l ,  Shannon J.
Fox J\ \ .  \ 'edvick TS. I lay,dcn Nf L.  ( 'haprnan
\ lD:  l \ lo lecular  c loning of  a rnajor  cockrt rach
lBlut te l lu tcrnruni t 'u)  a l lcrgcn,  Bl l  g 2:  Sc-
quence  ho rno logy ' to  thc  aspar l i c  p ro tc i ì scs .
J  B io l  Chcnr  1995 :270 :  l 9_ r6 i  t 95ó8 .
,,\rrutla LK. Vailcs LD. Hat,dc-n N,1L, Ilcnlarlin
DC. Chapman lv lD:  Nlolccular  c lonir rg o l 'cock-
roach al lcrgcn,  13la g -1,  ic lenr i f ies l igancl  b incl -
rng protc ins (or  cal l 'c ins)  l ts  a causc of  Is l_ antr-
bodv  responscs .  J  B io l  Chern  1995 ,270 :3  I  l 9 ( r
i | 2 0 r .

The rcsul ts sLlggest that  recornbinant al lergcns rv i l l  in-
crcasinely be able to be used in al lergy pract icc.  c lear ly.  the
biologic act iv i ty of  each recombinant al lergen lv i l l  neeci  to
be cornpared rv i th their  natural  counterpar ls ( ivhcre possi-
b le ) in  a  la rge  popu la t ion  o f  a l le rg ic  pa t icn ts ,  and cont ro l lec l
c l in ical  t r ia ls lv i l l  be r ìecessary to evalLrate each al lergen on
a case-by-case basis.  we have also shown witrr  Der p 2 that
the biologic act iv i ty of  a l lergens can be mocl i f ied by nlLlra-
gencsis and that var iants rv i th markedry reduced lgE-ant i -
body-binding act iv i ty can be generated [6-g] .  such varr ianrs
nray be useful  in immunotherapy because the precise anr ino
acid subst i t r - r t ions can be defìned and their  ef fects orr  both
ant ibody and T cel l  responses can be evaluatecl .  The intro-
duct ion of  recombinant al lergens for diagnost ic and t l ier-
apeut ic purposes should s igni f icanly inrprove the nlanage-
nren t  o f  a l le rs ic  d iseases .
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