
trffiMTffiXru fuXxflffiffiEffiffiEY% ffiffiffi YffiW HPK&ffih&ffi%KS
ffi ffi &LLffi ffiffi Kffi ffigS Wes.W%x %Y&ryffi*m ffi*YWW* &WW

&ru ffi YWYffiWW ffiWl.#ffi #-ffi ffi #K} WWW

Ch.  Harwanegg (1) ,  R.  H i l le r  (1)

SUMMARY: In the emerging f ield of Proteomics, protein microarrays represent an elegant solut ion for the simultaneous ana-

lysis of the { i)  abundance. ( i i }  function and { i i i }  interaction of proteins on a system-wide scale. The great power of microarray-

based miniature sol id-phase immunoassays l ies in their potentialto investigate in paral lel large numbers of analyte pairs while

employing only minute amounts of biologicaf sample material (e.g., serum). This has inspireC researchers to adopt this

approach to the development of novel diagnostic tests with to date publ ished examples in the f ields of autoimmune diseases,

ai lergy and cancer. Here, we discuss recent advancements in the development of protein microarrays for the profi l ing of lgE

antibodies in the diagnosis of Type-1 related al lergic diseases.

INTRODUGTTON

Ft4icrsmrtrmVs

,/%q/// 'qe 
ollowing the first development of microarray

' fu* *  
techno logy  in  the  ear ly  1990s ,  min ia tu r ised.%'  
mu l t ip lex  assays  fo r  the  s imu l taneous ana lys is

o f  gene-express ion  ana lys is  and genotyp ing  on  a
whole-genome scale have become state-of- the-art
app l i ca t ions  in  Genomics-based research  (Rhodes &

Chinna iyan,  2005;  Syvanen,  2005) .  L ike  the i r  DNA-b io -
ch ip  counterpar ts ,  p ro te in  mic roar rays  are  usua l ly

bu i l t  on  p lanar  subs t ra tes ,  such as  h igh-qua l i t y  g lass

microscopy  s l ides ,  s i l i con  wafers  o r  p las t i c  dev ices
( F i g .  1 A ) .  F o r  t h e  i m m o b i l i s a t i o n  o f  p r o t e i n s  i n  a

mic roar rayed fash ion ,  the  sur face  o f  the  subs t ra te  i s

usua l ly  mod i f ied  in  o rder  to  b ind  pro te in  compounds

in  a  s tab le  and b io log ica l l y  ac t i ve  manner .  The la t te r

can be  accompl ished by  the  chemica l  mod i f i ca t ion  o f

the  sur face ,  o r  by  the  app l ica t ion  o f  3D- l i ke  func t iona l
layers ,  such as  n i t roce l lu lose-based or  hydroge l - l i ke

s t ruc tures  (F ig .  1B) .  D i f fe ren t  types  and numbers  o f

capture  molecu les  (e .g . ,  na t ive  or  recombinant  p ro-

te ins ,  an t ibod ies ,  pept ides  or  ap tamer  molecu les)  a re

subsequent ly  immobi l i sed  in  a  mic roar raY fash ion  by

robot ic  equ ipment  to  c rea te  ind iv idua l l y  addressab le
reac t ion  s i tes  (spots ,  fea tures)  (F ig .  1C) .  Each o f  these
(usua l ly )  p rm-s ized spots  i s  la te r  employed in  a  min ia -

tu r ized  l igand-b ind ing  assay  where  each b io log ica l
i n t e r a c t i o n  c a n  s u b s e q u e n t l y  b e  m o n i t o r e d  b y

(1 )  VBC Genomics  B iosc ience  Research  LLC,  Rennweg  95B,  1030
V ienna  (Aus t r i a ) .

app ly ing  spec i f i c  de tec t ion  an t ibod ies  (e .g '  labe l led

wi th  a  f luorescence dye)  combined w i th  sens i t i ve

detec t ion  methods  (e .g .  f luorescence laser  scann ing

microscopes)  (F ig .  1D) .  As  a  resu l t ,  mu l t i -spo t  f luores-

cence images are  produced and the  ind iv idua l  s igna l

in tens i t ies  o f  each spot  can be  used fo r  ana ly te  quan-

t i f i ca t ion ,  to  de termine pro te in  express ion  leve ls  o r  to

monitor the funct ion of  speci f ic  enzyme-substrate
pa i rs  ts to l t  e t  a l . ,  20051.  A l though the  concept  o f

min ia tu r ized  l igand-b ind ing  assays  has  been descr i -

bed a lmost  15  years  ago [Ek ins  e t  a l . ,  1990] ,  cur ren t

techno log ica l  so lu t ions  to  deve lop  pro te in  mic roar -

rays have most ly remained in a conceptual  state
( L a b a e r  &  R a m a c h a n d r a n ,  2 0 0 5 ;  G l o k l e r  &

Angenendt,2003; Zhu & Snyder,  2003).  Among seve-

ra l  reasons ,  th is  i s  due to  the  h igh  leve l  o f  complex i ty

in t r ins ic  to  the  an t igens  employed in  min ia tu r ised

assays (e.g. ,  s ize,  charge, solubi l i ty ,  surface act iv i ty,

3D s t ruc tu re) ,  the  type  and qua l i t y  o f  sur face  func t io -

na l i sa t ion  (Angenendt  e f  a l . ,  20031 and the  (par t ia l )

lack  o f  techno log ica l  so lu t ions  fo r  h igh-qua l i t y  depo-

s i t ion ing  o f  la rge  numbers  o f  n l -d rop le ts  o f  b io log ica l

so lu t ions  on to  f la t  subs t ra tes  in  a  mic roar rayed fo rm'

* *xwp mvxffi #?€ m@s wîw wú ffi xarym*waw

Type-1  lgE- re la ted  a l le rgy  is  a  ma jor  hea l th  concern  in

the  indus t r ia l i sed  wor ld  (USA,  Europe,  and Japan) '  To

date,  an est imated 25"/o of  the populat ion in these

countr ies suf fers f rom lgE-mediated atopic diseases
(e .g . ,  as thma,  rh in i t i s ,  a top ic  dermat i t i s ,  con junc t iv i t i s

or  s inus i t i s ) .  As  a  consequence,  a  cons iderab le  share
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o f  na t i ona l  hea l t h  ca re  budge ts  i s  spen t  f o r  t he  d ia -
g n o s i s  a n d  t r e a t m e n t  o f  a l l e r g y  e a c h  y e a r
(Sennhauser  e f  a l . ,  2005J.  lgE ant ibod ies have been
iden t i f i ed  as  cen t ra l  med ia to r s  o f  a l l e rg i c  d i seases
more  t han  40  yea rs  ago  ( Johansson  e t  a l . ,  1968 ) ,  and
soon af ter ,  the f i rs t  IVD tests  for  a l le rgy became avai -
l ab le  based  on  t he  de tec t i on  o f  l gE  i n  t he  se rum o f
a l l e rg i c  pa t i en t s  (W ide  e t  a l . ,  1967 ) .  S ince  t he  f i r s t
in t roduct ion o f  IVD tests  for  the determinat ion o f  lgEs,
c rude  o r  pu r i f i ed  ex t rac t s  p roduced  f r om the  a l l e rgy -
e l i c i t i ng  sou rces  (e .g . ,  po l l en ,  an ima l  dande r ,  m i t es ,
f oods ,  mou lds )  have  been  used  as  agen ts  f o r  t he  cap -
tu r i ng  o f  l gE  an t i bod ies  i n  body  f l u i ds  (W ide  e t  a l . ,
1967) .  Cons iderab le  e f for ts  have been spent  by resear-
che rs  and  med i ca l  dev i ce  manu fac tu re rs  f o r  t he  con t i -
nuous  imp rovemen t  o f  t he  qua l i t y  o f  t he  a l l e rgen i c
mater ia l  app l ied in  these tests  (van Ree et  a l . ,  2004\ .
Neve r the less ,  due  t o  t he i r  i n t r i ns i c  he te rogene i t y  and

the  f requent  ins tab i l i t y  o f  the  ind iv idua l  components ,
biological  extracts are di f f icul t  to standardise.

Dur ing  t he  l as t  decades ,  t he  ma jo r  l gE -b ind ing  p ro -

t e i ns  o f  t he  mos t  p reva len t  a l l e rgy  caus ing  b io l og i ca l

sou rces  have  been  cha rac te r i sed  on  a  mo lecu la r  l eve l

and  many  o f  t hem have  been  p roduced  as  recomb i -

nan t  p ro te i ns  IKazemi -Sh i raz i  e t  a | . , 2002 ;  Chapman  e t

a1. ,2000;  Thomas & Smi th ,  1999) .  To date,  e f for ts  are
be ing  made  to  use  gene t i ca l l y  eng inee red  va r i an t s  o f

t h e  m a j o r  d i s e a s e - e l i c i t i n g  m o l e c u l e s  t o  d e v e l o p

i m p r o v e d  t r e a t m e n t s  f o r  a l l e r g i c  p a t i e n t s
(N iede rbe rge r  e t  a \ . , 20051 .  A l so ,  i t  has  been  demons -

t ra ted  t ha t  us ing  a l l e rgen  componen ts  can  imp rove

a l l e rgy  d iagnos i s  s i nce  t h i s  a l l ows  f o r  g rea te r  s tan -

dard isat ion than s ta te-of - the-ar t  methods [Valenta e f

a / . ,  1999 ) .  Even tua l l y ,  t h i s  app roach  has  been  te rmed

componen t  r eso l ved  d iagnos i s  (CRD) ,  as  i t  r educes
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Figure 1: Protein microarray development.
(A)  Under ly ing the development  o f  pro te in
microarrays is  the cho ice o f  a  so l id  suppor t
for  the s tab le  immobi l isa t ion o f  b io-more-
cu les.  The most  wide ly  used mater ia l  is  f la t
g lass s l ides (25x75 mm),  whereas suppor ts
can a lso be made of  p last ic  or  s i l i c ion wafers .
(B)  Sur face modi f icat ion is  usual ly  accompl i -
shed by the appl icat ion o f  chemica l  layers
that  may conta in  react ive groups for  the
covalent  b ind ing of  target  molecu les (e .9 . ,
e  poxys l ia  nes) .  A l te  rnat ive ly ,  3D-sha ped
st ructures,  such as hydrogels  or  n i t roce l lu lo-
se-membranes,  can be used to  ach ieve a
h igher  degree of  pro te in  b ind ing and analy te
access ib i l i t y .  (C )  P ro te in  immob i l i sa t i on
occurs  in  a  process ca l led spot t ing,  where n-
vo lumes of  pro te in-so lu t ion are d ispensed on
the microarray sur face repeated ly  in  an auto-
mated (contact  or  non-contact )  fash ion (1-n) .
(D)  The most  wide ly  used method for  analy te
detect ion is  based on the measurement  o f
ana l y te - spec i f i c  f l uo rescence  s i gna l s  t ha t
have been produced in  the course of  a  min ia-
t u r i sed  so l i d -phase  immunoassay .
Al ternat ive methods inc lude RSL (Resonance
L igh t  Sca t t e r i ng ) ,  SPR (Su r face  P lasmon
Resonance)  or  TOF (T ime-of - f l ight )  based
detection of the analytes of interest.

Figure 2: Al lerEen microarray design and
assay procedure. (A) Schematic representa-
t i on  o f  t he  a l l e rgen  m ic roa r ray  l ayou t .
Ind iv idua l  a l le rgens of  a  s ing le  b io log ica l  sour-
ce are depicted as circles surrounded by a rec-
tangle  bear ing the same co lour .  (B)  lncubat ion
of  a  4-wel l  ch ip  wi th  4  ind iv idua l  serum
samples (20 p l  per  serum).  (C)  Schemat ic
representation of al lergen microarray assay.
A l l e rgen  mo lecu les  (b l ue )  a re  cova len t l y
immobi l ized onto the chemica l ly  modi f ied b io-
ch ip  sur face to  b ind ef f ic ient ly  and in  a  b io lo-
g ica l ly  act ive manner .  A l lergens are recogni -
zed by serum lgE ant ibod ies ( red) ,  which
themselves are detected by a  f luorescent
labe l led ant i -human lgE ant ibody (ye l low) .  (D)
Schemat ic  representat ion o f  f luorescence
laser  scanning.  (E)  A l lergen microarray fa lse
co lour  sample image.  In  the le f t  par t  o f  the
image,  spec i f ic  s igna ls  o f  f luorescence- labe l -
l ed  an t i - human  l gE  an t i bod ies  bound  to
i nc reas ing  concen t ra t i ons  o f  immob i l i sed
human lgE are shown.  F luorescence s ignals
that  cor re la te  to  the spec i f ic  b ind ing of  labe l -
led ant i -human lgE to  a l lergen t r ip l ica tes are
shown in  the r ight  par t  o f  the image.  (F)
Schemat ic  representat ion o f  an a l lergen t r ip l i -
cate  quant i f ica t ion and the cor responding
c lass i f ica t ion range ( low -  in termediate  -  h igh) .

Figure 3: Allergen microarrays in the context
of diagnosis and treatment. - Al lergen mole-
cu les are prepared f rom the most  re levant
d isease-e l ic i t ing natura l  sources (A)  to  create
comprehens ive ep i tope panels  on a l lergen
microarrays (B) .  These "un iversa l  microar-
rays"  can be employed in  large-sca le  c l in ica l
s tud ies to  determine d isease- ,  popula t ion-  or
reg ion-spec i f ic  lgE react iv i ty  pat terns (D) .
Resul ts  obta ined f rom these invest igat ions
may be used to identi fy novel potential mar-
ker  a l lergens for  d isease development  (E)  or
to  use va l idated a l lergen panels  as d iagnost ic
s ignatures for  improved component  reso lved
d iagnos i s  o f  a l l e rgy  (F ) .
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the complexi ty of  natural  extracts to a comparat ively
smal l  number  o f  the  ac tua l  d isease-e l i c i t ing  mole-
cu les .  However ,  us ing  pur i f ied  or  recombinant  a l le r -
gen components  imposes  nove l  p rob lems fo r  the
deve lopment  o f  IVD a l le rgy  tes ts .  When us ing  ind iv i -
dua l  mo lecu les ,  the  number  o f  tes ts  necessary  to  p ro-

v ide  a  comprehens ive  d iagnos is  fo r  a  pa t ien t  can
increase cons iderab ly  s ince  fo r  most  na tura l  a l le rgen
sources  (e .9 . ,  a  par t i cu la r  po l len  or  food)  more  than
one component  needs  to  be  inc luded in to  the  tes t  in
order to ident i fy the complete repertoire of  d isease-
re levant  ep i topes .  A lso ,  wh i le  recombinant  p ro te ins

are advantageous over biological  extracts in terms of
s tandard isa t ion ,  some o f  these molecu les  may no t
d isp lay  the  same immuno log ica l  reac t iv i t y  as  the i r
na tura l  counterpar ts  (Schmid-Grende lmeier  e t  a l . ,
2003).  As a consequence, for  the development of
CRD-based mul t i -ana ly te  tes ts ,  the  ind iv idua l  a l le r -
gens  need to  be  va l ida ted  care fu l l y  in  o rder  to  p rov i -

de  an  accura te  IVD app l ica t ion .

Protein microarray$ fsrr  the prof i l ing

af al lergen-spesi f ic  ant ibodi*s

I  The pr inciple of  a l lergen microarrays:  Protein
m i c r o a r r a y s  e m p l o y i n g  a  l a r g e  n u m b e r  o f  a l l e r g e n
c o m p o n e n t s  d i s p l a y  o n e  e l e g a n t  s o l u t i o n  f o r  t h e
m u l t i p l e x  d e t e r m i n a t i o n  o f  a l l e r g e n - s p e c i f i c  l g E
r e a c t i v i t y .  I n  p r i n c i p l e ,  a l l e r g e n  m i c r o a r r a y s  r e p r e -
s e n t  m u l t i - a n a l y t e  ( i n d i r e c t )  s o l i d - p h a s e  i m m u -
n o a s s a y s  f o r  t h e  c a p t u r i n g  o f  a n t i b o d i e s  i n  t h e
s e r u m  o f  a l l e r g i c  p a t i e n t s  a n d  s u b s e q u e n t  m o n i t o -
r i n g  b y  t h e  a d d i t i o n  o f  f l u o r e s c e n c e - l a b e l l e d  s e c o n -
d a r y  a n t i b o d i e s  ( D e i n h o f e r  e t  a 1 , 2 0 0 4 1 .  A  s c h e m a t i c
overv iew o f  a  representa t ive  a l le rgen mic roar ray
l a y o u t  i s  d e p i c t e d  i n  F i g u r e  2 .  A  p a n e l  o f  ( r e c o m b i -

n a n t  a n d  p u r i f i e d )  a l l e r g e n  m o l e c u l e s  i s  i m m o b i l i -
z e d  o n t o  a  c h e m i c a l l y  m o d i f i e d  g l a s s  s l i d e  i n  a n
a r r a y e d  f a s h i o n  ( s e e  F i g u r e  2 4 ) .  T h e  d i m e n s i o n s
( 7 5  x  2 5  m m )  o f  t h e  m i c r o s c o p y  g l a s s  s l i d e  a r e
c o m p a t i b l e  w i t h  s t a n d a r d  l a b o r a t o r y  i n s t r u m e n t a -
t i o n  f o r  s l i d e  h a n d l i n g  a n d  m i c r o a r r a y  s c a n n i n g .
E a c h  a l l e r g e n  i s  s p o t t e d  i n  a  t r i p l i c a t e  f o r m  t o  a s s u -
r e  h i g h  a s s a y  r e l i a b i l i t y .  A d d i t i o n a l l y ,  s e r i a l l y  d i l u -
t e d  p u r i f i e d  h u m a n  l g E s  a r e  s p o t t e d  i n  c o n c e r t  w i t h
t h e  a l l e r g e n s  f o r  t h e  p u r p o s e  o f  a s s a y  c a l i b r a t i o n
a n d  q u a l i t y  c o n t r o l  ( s e e  F i g u r e  2  A  a n d  E ) .
F u r t h e r m o r e ,  e a c h  g l a s s  s l i d e  c o n t a i n s  4  i d e n t i c a l
a l l e r g e n  a r r a y s  t h a t  a l l o w  f o r  t h e  t e s t i n g  o f  m o r e
t h a n  o n e  s e r u m  o r  s e v e r a l  s e r u m  d i l u t i o n s  o n  a
s i n g l e  c h i p  ( s e e  F i g u r e  2 B ) .  E a c h  o f  t h e  a l l e r g e n
m i c r o a r r a y s  i s  s u r r o u n d e d  b y  a  t h i n  l a y e r  o f
T e f l o n @  i n  o r d e r  t o  c r e a t e  i n d i v i d u a l  r e a c t i o n  w e l l s

a s  w e l l  a s  t o  p r e v e n t  s a m p l e  o v e r f l o w  d u r i n g  t h e
a s s a y  ( F i g u r e  2 B l .  B a s i c a l l y ,  t h e  e x i s t i n g  l a y o u t

c o n t a i n s  4 8  d i f f e r e n t  a l l e r g e n  c o m p o n e n t s  w h e r e a s

i t  p e r m i t s  t h e  i m m o b i l i s a t i o n  o f  u p  t o  1 5 0  i n d i v i -

d u a l  a l l e r g e n s  i n  a  m i c r o a r r a y e d  f o r m .

I Assay procedure and analysis: Prior to the assay

s t a r t ,  e a c h  s l i d e  c o n t a i n i n g  4  i d e n t i c a l  a l l e r g e n

microarrays is washed intensively for  120' to remove

non-cova len t ly  bound a l le rgens  f rom the  mic roar raY-

surface. Then, 20 pl  of  pat ient 's serum is dispensed

direct ly onto each react ion wel l .  Fol lowing a 120'

incubat ion  and a  shor t  wash ing  s tep ,  b ind ing  o f  a l le r -
gen-spec i f i c  lgEs  is  mon i to red  by  the  add i t ion  o f  a

f luorescent ly  labe l led  an t i -human lgE an t ibody  fo r  60 '
(F igure  2C) .  A f te r  a  second wash ing  s tep ,  the  ch ip  i s

ana lysed by  scann ing  in  a  (confoca l )  f luorescence

laser -scanner .  F igure  2E d isp lays  a  fa lse  co lour  image
produced af ter  a typical  a l lergen microarray assay'

To  ca lcu la te  (semi - )quant i ta t i ve  lgE resu l ts ,  the  f luo-

rescence image has  to  be  ana lysed by  cus tomised

software packages. In short ,  the f luorescence intensi-

ty  (F l )  va lues  o f  the  ind iv idua l  spo ts  a re  recorded
(F igure  2F)  whereas  a  number  o f  b io in fo rmat ic  qua l i -

t y  con t ro l  p rocedures  are  app l ied  IHarwanegg e t  a l . ,

2 O O 4 l .  B y  a s s a y i n g  a  c a l i b r a t o r  s e r u m  o n  e a c h

microar ray  s l ide  conta in ing  pre-de f ined lgE quant i t ies

to  a  number  o f  se lec ted  a l le rgens  be ing  par t  o f  the

microar ray  layout ,  the  F l  va lues  de termined in  the

"unknown"  samples  can be  in te rpo la ted  by  l inear

regress ion  ana lys is .  Eventua l l y ,  fo r  each ind iv idua l

component ,  the  spec i f i c  lgE concent ra t ions  are  de ter -

mined and these va lues  are  fu r ther  ass igned to  four

d is t inc t  c lasses  (negat ive ,  low,  med ium and h igh) ,

tha t  cor re la te  to  RAST c lasses  0 ,  1  -  2 ,3  -  4  and 5  -  6 ,

respect ively.

In  p r inc ip le ,  p rocess ing  a  s ing le  s l ide  (conta in ing  4

ident ica l  a l le rgen mic roar rays)  can be  accompl ished
in  5  hours .  However ,  us ing  convent iona l  mic roar raY

i n c u b a t i o n  c h a m b e r s ,  u p  t o  5 0  s l i d e s  ( e q u a l l i n g  1 5 0

assays  or  severa l  thousand ind iv idua l  a l le rgen-spec i -

f i c  lgE de terminat ions)  can be  car r ied  ou t  by  an  expe-

r i e n c e d  u s e r  i n  a  s i n g l e  d a y . U s i n g  a p p r o p r i a t e

mic roar ray  scann ing  equ ipment  and cus tomised so f t -

ware  packages fo r  image ana lys is ,  severa l  hundred

exper iments can be processed automat ical ly.

The hemefilts of rnimroarrmy-b#s#d
a l le rgy  d lagnos l *

In  cont ras t  to  convent iona l  a l le rgy  d iagnos is ,  a l le rgen

microar rays  are  mul t i -ana ly te  tes ts  tha t  permi t  the

s imu l taneous inves t iga t ion  o f  up  to  severa l  hundreds

a l le rgens  in  a  s ing le  ana ly t i ca l  s tep .  Yet ,  the  amount

o f  b io log ica l  mater ia l  (e .g . ,  pa t ien t  serum)  consumed
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fo r  a  s ing le  inves t iga t ion  is  cons iderab ly  smal l  com-
pared to convent ional  immunoassays which is benef i -
c ia l  in  cases  where  sample  mater ia l  i s  l im i ted  (e .g . ,  in
pediatr ic al lergy test ing).  In addi t ion,  the emergence of
pr int ing machines that permit  the product ion of  a large
number of  microarrays f rom minute amounts of  star-
t ing  mater ia l  ( i .e . ,  a l le rgen so lu t ion)  a t  h igh  qua l i t y  has
lead to a s igni f icant reduct ion in manufactur ing costs.
The lat ter  is  extremely important for  the development
o f  comprehens ive  a l le rgen mic roar rays  conta in ing  a
la rge  number  o f  recombinant  o r  pur i f ied  na tura l  mo le-
cules.  Addi t ional ly,  the avai labi l i ty  of  an increasing
number  o f  f lex ib le  subs t ra tes  (e .g . ,  p las t i c  s l ides
containing 10 or more react ion wel ls or microt i t re-plate
based microarrays) wi l l  lead to an increase in through-
put of testing as well as to a further reduction of assay
costs.  ln combinat ion,  these advancements are prere-
quis i tes for  the real isat ion of  large cl in ical  studies as
wel l  as for  the introduct ion of  a l lergen microarray
based tests into routine-diagnostic settings.

Future aspects

Most important ly,  to create an al lergy test  of  improved
d iagnost ic  va lue ,  a l le rgen mic roar rays  need to  be  va l i -
da ted  care fu l l y  aga ins t  the  complex  background o f
we l l -de f ined c l in ica l  samples .  In  o rder  to  do  so ,  i t  w i l l
be important to create al lergen microarray panels that
conta in  lgE b ind ing  ep i tope reper to i res  s imi la r  o r  iden-
t i ca l  to  those occur r ing  in  the  na tura l  d isease-e l i c i t ing
sources  (F ig .  3A) .  An apparent  so lu t ion  to  the  cur ren t -
l y  ex is t ing  lack  in  comprehens ive  a l le rgen reper to i res
is the generat ion of  mixed component/extract  based
a l le rgen mic roar rays  (F ig .  3B) .  "Un iversa l "  a l le rgen
microar rays  conta in ing  the  most  re levant  d isease-e l i -
c i t ing  sources  fo r  sc reen ing  purposes  may represent
a  pr imary  means to  de termine reg iona l ,  popu la t ion-
or  d isease-spec i f i c  pa t te rns  o f  a l le rgen-spec i f i c  lgE
react iv i ty (Fig.  3C).  Ut i l is ing the lgE react iv i ty prof i les
obta ined in  the  cor respond ing  s tud ies  (F ig .  3D) ,  nove l
marker  a l le rgens  fo r  d iagnos is  o r  vacc ine  deve lop-
ment  can be  ident i f ied  (F ig .  3E) .  In  add i t ion ,  cus tomi -
sed a l le rgen pane ls  can be  assembled  to  c rea te  (per -
sonal ised) diagnost ic tests of  improved predict ive
va lue  (F ig .  3F) .  The improvement  o f  spec i f i c  immuno-
therapy  based on  hypoa l le rgen ic  fo rms o f  ma jor  a l le r -
gens  (e .9 . ,  Be t  v  1 )  has  bee pursued now fo r  severa l
years.  Ef for ts to t ranslate these scient i f ic  successes
ín to  p rac t ica l  c l in ica l  app l i ca t ions  has  resu l ted  in  ear ly
proof-of-concept studies that  demonstrate the use of
genet ica l l y  eng ineered a l le rgens  fo r  the  vacc ina t ion
o f  a l l e r g i c  p a t i e n t s  I N i e d e r b e r g e r  e t  a 1 . , 2 0 0 5 ] .
Espec ia l l y  fo r  th is  type  o f  (upcoming)  t rea tment ,  the
avai labi l i ty  of  CRD tests wi l l  proof benef ic ia l .  Today,
mic roar ray-based ident i f i ca t ion  o f  ma jor  and minor

a l le rgen reac t iv i t ies  in  a  comprehens ive  pane l  o f
d isease-e l i c i t ing  molecu les  (e"9 . ,  der ived  f rom po l len ,
mi tes ,  mou lds ,  an ima l  dander ,  food)  may be  used tn
crea te  ind iv idua l  fo rmula t ions  o f  ex t rac ts  fo r  impro-
ved spec i f i c  immunotherapy .  To  fu r ther  improve the-
rapy  o f  a l le rg ic  d iseases ,  a l le rgen mic roar rays  cou ld
be employed to monitor the ef f icacy of  speci f ic  immu-
notherapy  (e .9 . ,  by  s imu l taneous ly  measur ing  the  up-
or  down- regu la t ion  o f  a l le rgen-spec i f i c  lgE/ lgG ant i -
bod ies  in  the  course  o f  the  therapy)  o r  to  unve i l
potent ia l  s ide-ef fects dur ing the t reatment (e.9. ,  by
ident i f y ing  the  poss ib le  appearance o f  nove l  a l le rgen-
sens i t i sa t ions) .  In  conc lus ion ,  the  po ten t ia l  o f  a l le rgen
microar rays  fo r  the  improvement  o f  a l le rgy  d iagnos is
and t rea tment  w i l l  be  fu l l y  exp lo i ted  when compre-
hens ive  a l le rgen (component )  pane ls  have been va l i -
da ted  in  care fu l l y  des igned c l in ica l  s tud ies  and an t i -
body ( lgE/ lgG) react iv i ty patterns have been ident i f ied
tha t  improve the  d iagnos t ic  and pred ic t i ve  power  o f
these mult ianalyte tests.
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I ttre book:
à Over the past 25 years,  the prevalence of  food al lergy
has increased considerably.  This disease is of ten the f i rst
step in the l i fe of  an al lergic pat ient .  l f  neglected, food
al lergy paves the way for mult i -sensi t izat ion to environ-
menta l  a l le rgens ,  as thma,  a l le rg ic  rh in i t i s ,  ser ious  ana-
phylact ic accidents and even ser ious acute asthma.
à  Screen ing  fo r  food a l le rg ies  i s  based in i t ia l l y  on  the
cl in ic ian's personal  expert ise.  This book -  af ter  presen-
t ing  bas ic  in fo rmat ion  (de f in i t ions ,  mechan isms,  ep ide-
miology) -  provides al l  the keys to ef fect ive screening:
the  f requency  o f  a l le rgens  accord ing  to  age,  c l in ica l  p ic -
tures,  which data to record dur ing pat ient  interviews,
how to make a food enquiry,  a l lergological  test ing.  The
authors give a detai led descr ipt ion of  prevent ive and
therapeut ic strategies that  can be pract ical ly appl ied.
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Current pract ices of  monitor ing food al lergy are docu- ,
mented. Future therapies are br ief ly discussed.

I ttre public :
>  A  too l  to  he lp  w i th  the  d iagnos is  and rou t ine  mana-  I
gement of  a l lergy,  th is book wi l l  be extremely useful  to l
genera l  p rac t i t ioners  who are  inc reas ing ly  concerned ;
w i th  th is  pub l i c  hea l th  i ssue,  and to  a l le rg is ts  w ish ing ;
to  base the i r  knowledge on  prec ise  and updated  da ta .  l t  r
w i l l  be  a  use fu l  gu ide  fo r  p ro fess iona ls  in  the  food;
indus t ry .
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