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Nitrocellulose-Based RAST to Detect
IgE Antibodies in Workers Hypersensitive to
Diphenylniethane-4,4'-Diisocyanate
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RAST was pcrlortucd usiui; both tiitnx clltilo.sc (NC^) and paper discs to cotnp.itc these
solid supports lor ability to dctett Igl'. atitibodics iti seta frotn two patietits with
hypersensitiyity to the itidttstiia! (hciiiicai, diphcuyltticthanc-4,4"-dtisocyatiatc (MD[) .
NG discs had distinct advautai;es iti case of couplitlg the hapten-conjugate antigen to
(lists, atid in use of lesser .itiiotttus ol atitigeti. With regard to sctisitivity, NG discs were
better able tt) distitiguish the positive sera frotn 34 cotltrol sera includitig those with
elevated levels of total Igl^. Iti both RAST systems, itihibtttoti studies indicated high
spccil'icity of antibodies for M D l , with no reactivity detected toward the serutu albumiti
pottidti of the MDI-HSA conjugate .iiitigiti. llowcycr, only iti the NG RAST did
.iiitii)i>di('s (Venn both patients react with |i-tolyi i.socy.tiiatc itthibitor. H.iscfi tut (he ;ibo\"C
fcstilts, N(" tliscs displayed several advatitages iti RAST and arc ret oiuuiended for
routine scfologit al assay of istn yaii;itc-spcciric iuitibodies.

Key winds: Igl'. t adioiuitiuirio.issays; isotyatlatc sciisiti\'ity; tlitroi clliilosc bitldiug; RAST.
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The abilily to detect allergen-specific IgE an(i-
body has tesulled in great progress in (he
diagnosis and (realmen( ol many allergic dis-
eases. I he most widely tised ass.'iy lor cleleelion
of Igl'J antibody is RAST, a "sandwich"
techniqtie in whi(h (he alletgeii is eovalendy
bound to a paper stijjporl (13). Although ihis
system is sensitive to picogram amounts t)r
antibody and is elledtve when used wilh a wide
range of natural and synthetic antigens, i(
possesses certain drawbacks as lollows: I)
Cyanogen bromide is used for covalent binding
of antigens. This chemical is highly re.u(ive,
chemically unstable and (oxic. 2) The \iwi-
cedure requires antigen solutions in c(in-
centrations of 0.5 % or greater. Wi(h i hettitcal
allergens, preparalion ol stillicieiil qtianlilies ol
hapten-prolein conjugates wilh timliirni eoiii-
posilion is frequently diffictill. 3) Certain .tnti-
gens do not react readily with cyanogen br<im-

idc-adivalcd sites on cellulose discs. Etir ihese
reasons, alternative solid support syslcins were
sought for RAST de(eriniti;t(ion of lsocyaiialc-
speciftc IgE antibodies.

Nitrocellulose (NC) has been sticcessfully
emjiloycd in electrophoretic transfer oi antigens
from gels lo solid sup]Dor(s. This material
l)rovides the basis of the Western blottitig pro-
(edtirc, inimunoblouing and dol immunoblol-
(ing (11). In addition, NC supports have been
eni])U)yed .is an allernalive lo the PRIST assay
lt)r detecting total IgE (4) and lo detecl antigen-
antibody complexes through immtitiogold stain-
ing (.5).

Ihe current study examined (he use of NC
as an al(erna(ive to paper discs in RAST for
(ieleclitin of antibodies (o a chemical allergen.
Since sensitivity and hapleii specificity are of
tilmosl iinpor(anee in such immtinoassays,
(hese I'eitttircs were eomiiarcd in the (wo RAST
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procedures using sera obtained from two indi-
viduals with respiratory hypersensitivity to
MDI.

Cltnical aspects

Patient A was most recently employed as a
laboratory technician. He had a history of
exposure to aromatic isocyanates. His recent
symptomatology was related to an MDI foam-
ing operation. Initially, his symptomatology
was most prevalent in the evening and included
uncontrollable coughing, and difficulty in
breathing. He later experienced severe asthma-
tic episodes at work when cutting polyurethane
foam panels. Following his most severe attack,
his total IgE level was 3663 IU/ml.

Patient B was a grain elevator operator/
repairman who developed asthmatic reactions
90 min after cutting a polyurethane plate
eontaining MDI. The clinical history ol ihis
patient has been described elsewhere (2). The
patient had a total IgE level of 1760 lU/inl, and
was strongly RAST positive for MDI using
cellulose-Viased RAST assay.

Control sera were from 42 individuals work-
ing in an isocyanate production facility, none ol
whom gave evidence of isocyanate sensitivity.
Two of the control palien(s had total IgE values
greater than 1000 IU/ml.

MATERIAL AND METHODS

Antigens

Isocyanale-conjugate antigens were prepared by
the dropwise addition of isocyanates to rapidly

stirred solutions of human serum albumin
(HSA) in 0.05 M borate buffer at pH 9.4 (7).
The isocyanates were diphenylmethane-4,4'-
diisocyanate (MDI, Mondur MR, Mobay
Chemical Corporation), toluene diisocyanate
(TDI, Mondur TD^n, Mobay Chemical Cor-
poration) and p-tolyl isocyanate (p-TMI, East-
man Chemicals). Both the amount of isocyanale
added, and the length of reaction time were
varied to achieve binding of 20-30 moles
hapten per mole HSA as determined by spee-
trophotometric analysis (6).

Preparatt()7i of discs

Cellulose. Discs of 5 mm diameter were eut from
Whatman #44 cellulose paper. Aetivation of
discs using cyanogen Ijromide, reaction with
antigen, and antibody assay were as described
previously (2).

Nitrcce.llulo.se. Five mm diameter discs were
cut Irom nitrocellulose paper ( 1 rans-Hlot nitro-
cellulose, 0.4.5 |im pore size, Bio-Rad I.aborato-
ries). For coupling, antigen solutions (0.001-
0.1%) in 0.01 M Tris-buffered .saline (TBS),
pH 7.6, were ineubated with discs in a water
bath at ambient tem])erature for 2 h with gentle
shaking. 2 ml of antigen solution were used to
coat 25 discs. After incubation, the antigen
sohition was decanted and the remaining pro-
tein-binding sites on discs were blocked using
the lollowmg procedure: An equal volume of
3 % bovine serum albumin (BSA, Sigma) in
TBS, was added and discs were incubated lor 1
h at room temperature with gentle agitation.
After decanting, an equal volume of a 1 %
BSA, 1 % rabbit serum in TBS, was added
followed by meubation for an additional 1 h

Comparison of

Table I

(or K AS I iisint; iiilroci'lkilosc vs. p;i))ci' discs

Pioccdurc

Chemical actwalion oi disc
Optimal antigen concentration
Binding oi antigen to disc
Reaction of antigen with serum
Reaction with st'cond antibody
Storaî c of discs

Solid

Nilroccllulosc Cclkiloso

None
0.001-0.1 %
2 h, 37°C
2 h, 37"C
1 () h, ainl)iciit Unip.
Dry al ambient lemp.

Cyanogen bromide
I %
() h, amhicnl icmp.
Ib li, ambient temp.
\U li, ambient ten\|).
In buffer at lO^C
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Fit^. 1 • Aruit^en coru'cnlratKtn.s cf let rive in tiifHK cllulcsr
R A S T assay. Solutions of inc reasini^ MDI-MSA con-
centration were used to coat nitrocellulose di.scs. Discs were
then reacted with 50 \.i\ of a 1:1 dilution of serum with 0.1 %
BSA in TBS. J'iiKi) incubiiliou wa.s with ''•'^'I-anli-)]um;in Iij]\
reagent.

Closed s<niai'es, scfuiii liom pal icni A; open cii'{'li\s,
sciiim from patient H; rlosed and open diamonds, control
paliciif.s (!̂ ) witli elevated total I,t;l", leveLs.

1/10 1/100
Serum Dilution

•̂'î ,̂  2. VA'i'cci ol' scrum dihilion on ninoccllulose KAST

titers. Sera were diluted with TBS-0.1 % BSA, then assayed

for IgE antibody using nitrocelkdosc discs coated with

0.005)% MDI-HSA. Closed squares, serum from jiatient A;

open (iicle.s, serum from p;itient H; closed and open

diamonds, serum froni two lontiol patients as described m

FiK. 1.

with agitation. Discs were air dried aiitl stored
at ambient tempcraluic. When prepared in this
nianner, discs were stable for several months.
Comparison of the paper and NC disc meth-
odologies is ]5resented in Fable 1 .

Nitrocellulose RAS7'

Nitrocellulose dis(s were rehydrated with TBS
containing 0.1 % BSA. Single discs were plaeed
in 10 X 75 mm lest tubes. .')() |.il of serum
dilution were added lo each tube, then tub(\s
were placed in a 37°C water bath for 2 h.
Serum was removed and discs were washed live
times with a solution of 1 % BSA in TBS.
Bound IgE antibody was deteeted by addition
of .50 nl of '-^'I-goat anti-human IgE (Vast,
Vendex Laboratories) followed by incubation
of discs at ambient temperature for 16 h. Discs
were washetl live times then transferred to
polypropylene tubes lor determination of bound
'^''I-rcagent using a l'ackard Gamma Counter.
Results were expressed as the ])eicent of ''-'l-
reagent bound to the discs. Replicate deter-
minations varied by less than 2 0 % .

viously (2) and oiillined in Table I. 'I'he '-T-
rcagcnt wa.s idcnlical (o (hat us<-(l in NC
RASF.

RAS I' tn/ubition as.says

Specificity of both iiumunoassays was evaluated
by inhibition studies using several isocyanate-
HSA antigens as test inhibitors. Sera (25 ).il)
were ineubated with mcieasmg amounts ol
MDI-HSA, 113I-HSA, or pFMI-HSA dis-
.soh'cd in 25 (il assay buffer. Conlrol lubes
received serum and buffer. After incubation at
37° C for 2 h, an antigen-coated disc was added
to each tube and the assays peribrmed as
described above.

The |ierceiil of inhibition was caKulated as
lollows:

inhibition =
C^-Cb

'1 ) X
Cs-Cb

100

Ci, cpm bovind by servun in the piesenee of
inhibitor; Cs, cpm bound by serum in the
absence of inhibilor; C^b, iion-speeifKally bound
radioactivity.

Paper disc RAST

RAS'F using antigens covalcntly attached to
paper discs was iierlormed as described i^re-

Stcithstics

Least squares regression analysis was used
evaluate all RAS'F inhibition studies (3).
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Fig. .'). Inhibition ot nitrocellulose MDI-HSA RAST. Increasing amounts of antigen were added to 2.') nl .serum dilution.
After incubation at . ^ y C for 2 h NC dises, coated with 0 .005% MDI-HSA, were added and the assay performed as
described in the text. A) Patient A, serum assayed at 1:10 dilution; B) Patient B, seruTn assayed al I:.') (hlutiiin. Inhibitors:
MDI-HSA (sciuan-s), pTMI-HSA (open circles), TDI-HSA (triangles), HSA (closed circles).
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Fig. 4. Inh ib i t ion of cellulose M D I - H S A R A S T . Assay w a s pe r fo rmed a.s de.seribed for Fig. 3 exrept tor the u.se o t c e l l u l o s

discs to which M D I - H S A an t igen was eovalent ly b o u n d . S y m b o l s a n d sera as descr ibed in I'ig. '.i.

RESULTS

Antigen concentration

'I'he effect ol antigen eoncentration on the ability
of NC dises to deteet MDI-specilic IgE antibody
is presented in Fig. 1. Both experimental sera
displayed maximum titers when dises were pre-
pared using 0.01-1.00 mg/ml antigen solutions
(0.001-0.1 % w/v). I'he eontrol sera gave essen-
tially no binding to discs prepared using 0.005-
2.0 ing/ml antig(m solutions. By comparison, in
cellulose RAST assays, maximum titers were
obtained when antigen eoneentrations of 10-20
mg/inl were used for binding. 'Fhe minimum
effective eoneentration in the eellulose RAS'F
assay was 5 mg/ml.

Serum dilutions

The percent of '•'''I bound as a function of serum
diltition is shown in Fig. 2. In both patients,

titers deereased with increased serum dilution.
When diluted 1:100, sera from both patients
.still had titers greater than two times those of
the control sera.

Specificity oj birtdntg

Inhtbitton assays were perlormed to assess the
specificity of antibody binding in both NC and
paper disc RAST assays. Results are shown in
Figs. 3 and 4. Ihe lines were generated using
linear regression (3) exce|Dt for the data relating
inhibition by Ml^l-FISA in l''ig. 3, which was
best described by a polynomial function. Statis-
tical analyses ol the regression lines are given in
'Fable 2. Using the regression equations, cal-
culation was made of the amount of antigen-
conjugate inhibitor required to effect 50% inhi-
bition of each reaction. These data are given in
'Fable 3.

In the NC system, MDI-HSA was the most
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Tabl<- 2

Statistical analysis ol' RAS T inhibition regression hues

Patient

A
A

A
A
B
B

B
B

Inhibitor

MDl-FISA'
rni-iisA
pi'MFHSA
HSA

MIM-FISA
TDMLSA
p'FMFHSA
HSA

Slope

54.62
0.05

•14,0:i

:i:i.4O
25.(14
19.01

Nitrocellulose discs

Coel'licient (R)

0.975
0.1.59
0,995

nt) cllcHt
0,986
0.972
0,932

no olfec'I

F

< 0.005
> 0.05

< 0,001

< 0.005
<t),()l

< 0,0001

Slope

24.62
9.04

28.21
+.78
I9.t)0

Cellulose discs

Coefficient (R)

0.977
0.824

no effect
no effect

0,998
t). 798
0.984

no effect

P

< 0.005
<0.05

< 0.005
<0.05
< O.O.')

Data best fit by a polynomial regression. All other lines gt-ncrated using lincai" regression analysis (3).

potctil inhibilor of reaction using setuin frotn
eidier patient A (Fig. 3A) or patient B (Fig.
3B). pTMI-HSA afforded sotne inhibition;
TDI-HSA was an inhibitor only with serum
from patient B. HSA did not show atiy inhibi-
tory ability with either serum. In the eellulose-
bascd RAST, MDI-HSA was also the most
effective inhibilor. In this assay, loo, some inhi-
bition was noted with TDI-HSA using serum
from patient B.

A dillerence between assays was observed
with regard to the effeet of pTMl-HSA as an
inhibitor (see Table 3). This antigen inhibited
binding by both sera only in the nitroeellulose
RAST. It was completely ineffective in inhibit-
itig atitibody bitiditig iti the cellulose-based
RAST.

A dillerenee between the two patients was

'Fable 3

Comparisc:)tl of spccifuity ol uilroccllulosc aud cellulose
RAS r assays

^g Required Icjr 50% inhibitic^n'

Patient A

inhibitor Nitro-
cellulose

Cellulosi

Patient B

Nit)'o-
cellulose

MDI-HSA 0.091 26 0.17
TDI-HSA > 1000 > 1000 49
pTMI-HSA t;9 > 1000 7.7
HSA > 1000 > 1000 > 1000

Cellulose

2.0

> 1000
> 1000

' The amount of inhibitor required to cjffect 50% inhibition
was determined from dose;-response curves (sec Fij;s. 3, 4).

^ Data from reference 2,

tiotecl with regatd to speetfietty ol anttbody.
Serttm from patietit B showed some reactivity
(albeit limited) with TDI-HSA; that from
patient A did not. l^his effeet was seen iti both
the NC and eellulose RAST inhibition studies.

DISCUSSION

RAST assay for IgE antibody has become a
standard tool lo assist in clinical diagnosis of
allergic sensitization. The purpose of the cur-
rent study wa.s (o evaluate the use oi' NC discs
it! performing RAST assay, by comparing
tesults with those obtained u.sitig cellulose discs.

Nitrocellulose discs offered several advan-
tages over paper discs. NC assay appealed to be
titore sensitive. In comparing reaction of sen-
sitized vs. control sera, 20-30-lold differences
were noted in NC assay (6 % or greater binditig
with sensitized sera compared with 0.2 % bind-
ing by control sera, see Fig. 1). In the cellulose
RAST, binding of 30 % by sensitized sera must
be ctJmparcd with binding of 5 % by cotilrol
sera (2).

Another advanlage of the NC .system wa.s its
tieed for much stnaller quantities of atitigen.
With NC discs, 0.005% antigen .solutions were
optimtttii for dise eoating, whereas with cel-
lulose discs 1.0% antigen solutiotis were
needed. This difference is substatitial when coti-
sidering the difficulties routinely encountcted in
jiteparing and purifying effective isocyanate-
prt)leiti conjugates (6). In addition, tiiuch less
antigeti was tieeded in the NC assay to perfortn
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inhibition studies. Such studies are essential

when investigating chemical hypersensitivity

where it is important to distinguish antibody

specificity for hapten from carrier specificity,

and to determine cross-reactivity of antibody

for related chemical haptens.

A third advantage of the NC assay was the

absence of need to activate discs prior to coating

with antigen. Cyanogen bromide is used for

activation in the conventional cellulose RAST.

This is a highly irritating chemical which must be

carefully handled and stored. Additionally, with

cyanogen bromide activation of discs, the antigen

must be dissolvable in aqueous 0.1 M sodium

carbonate buffer (1, 9). By comparison, the use of

nitrocellulose discs has the advantage that a

wider range of solvents may be ttsed to dissolve

the antigen. Thus, it tnay be possible to make

discs with antigens which dissolve poorly in aque-

ous solution (12). Moreover, wilh NC, it has

been possible to apjjly several antigens to dif-

ferent sites on the discs (12), a modificalion nol

possible with cyanogen bromide-activated discs.

The specificity of RAST assays was com-

pared using inhibition studies. Both assays were

highly specific lor MDI-HSA and required

more than l.')() times as mttch TDI-HSA to

ellect comparable inhibition (see data of patient

B, Table 3). However, a difference was noted

between RAST assays with regard (o antibody

specificity. pTMI-HSA was an effective inhibi-

tor of NC RAST but not cellulose RAST

(Table 3). This dilference was observed with

sera from both palient.s. The interactions

between protein antigens and cyanogen btoni-

ide-aclivated cellulose involve covalent bonds.

The interactions between proteins and nitro-

cellulose are of an absorptive nature. The

observed specificity of antibodies may then have

been influenced by the nature tjf the attachment

of antigen to the solid support.

It! comparing (he (wo patienls, il was appar-

ent that antibodies from patient B showed some

recognition, although limited, of TDI-HSA,

whereas those from patient A did n()(. Wlie(her

this difference reflects the time or ex(en( of

prior exposure to TDI, or the route of expo-

sure. Is uncertain. However, btjth sera showed

overwhelming specificity lor MDI-HSA.

This study evaluated an alternative tnethod

for performing RAST, i.e., tise of nitrocelktlose

rather than cellulose discs. The NC-bascd

method exhibited bo(h sensitivity and specif-

icity, as well as distinct procedural advantages.

No disadvantages were noted. Based on these

results, use of nitrocellulose discs in RAST is

recommended for evaluation of isocyanale-spe-

cific antibodies.
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