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Complex IgE and of the Detectability of IgE in the Complexes
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We studied the polyethylene (PEG) precipitability of monor-neric human IgE. and of human
IgE artificially complexed with rabbit anti-human IgE, ,'\t conditions where precipitation of

' monomeric IgE did not occur, from 0,2 to 20'/f of the complexed IgE was precipitated.
The PEC; precipitahility of the complexes was irrversely related to the IgE/arui-IgE ratio
used for preparation of the complexes. From L.5 to f9,2% ofthe fgF, in the redissolved
precipitates could be detected by use of a two-site IgE immunoradiometric assay, the
percentage being highest for complexes formed at equivalence. We conclude that exact
quantitation of circulating IgE immune complexes (IC) probably is impossible by any PEG
precipitation assay. However, the optimized assay was found to be useful for identification
of IgE IC in sera with total tgE concentrations below 5,000 U/ml, IgE IC were found in
5/20 sera from patients with Felty's syndrome, in 5/39 sera from patients with extrinsic
allergy and high levels of specifrc IgE, and in 1/17 sera from immunized wasp allergies. No
IgE IC were found in 20 normal human ,sera,

Âfy iiwr(̂ ,v, atopic diseases; Felty's syndrome; IgE; immune complexes,

Acet'pted/(trput)tirciliori 17 January 1984

CLINICAL ASPECTS
IgE-containing immune complexes may play a pathogenic role in atopic (1, 2, 3, 12),
rheumatic (14, 18, 24), and infectious diseases (20). Studies of the prevalence of such
complexes, and of their relation to other immunoiogicai parameters and disease activity in
well-characterized groups of patients may contribute to further elucidation of their biological
and pathological significance.

Studies using ultracentrifugation followed by increased in padents with severe atopic diseases
determination of IgE in the fraction by use of a (12), It has been speculated that the natural
radioimmunosorbent test (RIST) have suggest- ligand for these receptors is IgE-containing im-
ed that 20-100% of total IgE in sera from mune complexes (IgE IC) (1, 12), and that
patients with atopic diseases (atopic eczema, circulating IgE IC may play a significant patho-
allergic rhinids, and allergic asthma) exist as genie role in atopic diseases (2, 3, 12),
complexes (2). As a first step in the invesdgation of a possib-

Low affinity Fc receptors for IgE have been le pathogenic role of IgE IC in atopic diseases,
found on human macrophages and monocytes we wanted to determined the prevalence and, if
(1, 12), and the number of peripheral blood possible, the amount of circulating IgE IC in
monocytes with this type of Fc receptor (Fee) is various subgroups of patients with atopic dis-
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eases. To evaluate whether it is possible to
quantitate circuladng IgE IC by a polyethylene
glycol (PEG) precipitation procedure, we have
studied the PEC precipitability of monomeric
and artificially complexed human IgE, and the
detectability of the e-determinant in the arti-
ficial complexes. On the basis of these results,
we have modified and optimized the PEC pre-
cipitadon technique originally described by
Meretey etal. (13).

The optimized PEG precipitation assay was
applied on sera from normal human subjects,
from patients with atopic disease, and from
patients with Felty's syndrome, in whom circu-
lating IgE IC previously have been demon-
strated (13, 14, 18).

MATERIAL AND METHODS

Normal rabbit serum and antisera

Normal rabbit serum from Gibco, Paisley, Scot-
land, was stored at — 20°C, After thawing,
sodium azide (1 g/1) was added and the serum
kept at 4°C up to 2 weeks. This serum (NRS)
was used as carrier serum in the PEG precipita-
tion experiments, unless otherwise stated. Heat-
inactivated normal rabbit serum (HNRS) was
obtained by heating NRS at 56°C for 30 min,

Monospecific rabbit anti-human IgE (e-chain
specific) serum (algE) was from Behringwerke,
Marburg, W. Germany. According to the manu-
facturer, the antigen binding capacity (ABC) of
this antiserum was 464,748 U IgE/ml. For use in
the IgE immunoradiometric assay (IgE IRMA),
a crude immunoglobulin fraction (IgalgE) of
this antiserum was prepared by precipitation
with ammonium sulphate (250 g/1 (final
volume)).

''•̂ •''I-labelled affinity-purified rabbit anti-
human IgE (Dj2 specific) was from Pharmacia,
Uppsala, Sweden (Phadebas Rast Isotop® rea-
gent).

Rabbit anti-human lambda light chains (a(X))
serum with reacdvity against surface as well as
hidden lambda light chain determinants was

from DAKO, Copenhagen, Denmark, ABC of
this serum was 0,.5 mg lambda light chain
protein per till, according to the matittfacturer.

Preparation of'-^ I-labelled monomeric,
monoclonal human IgE (*IgE)

Immunochemically pure monoclonal human
IgE (IgE(X)-JK) was isolated from a patient
serum with an IgE M component by fractional
ammonium sulphate precipitation, gel filtratioti,
chromatofocusing and subtraction affinity
chromatography as described elsewhere (11).
The purified IgE was labelled with '-'"'I with a
modification of the chloramine-T method (6).
Iodinated monomeric IgE (designated *IgE)
was separated from aggregates and ftee iodine
on a 1 X 40 cm Sephacryl S-300 (Pharmacia)
column. Elution was performed at flow rate t).2
ml/min at room temperature and fractions of 2
ml were collected. The first two ft actions of the
descending part of the peak corresponding to
monomeric IgE were pooled and diluted 1:5
with HNRS and stored at 4°C until use. The
monomeric nature of *IgE was confirmed by
gel filtration on a calibrated 2.."̂  x 98 cm S-3t)t)
column (see Results). *IgE was prepared at
three different occasions, using different ratios
between '-""I and IgE, The specific activity of
*IgE was 3,5, 6.0 and 9,8 nCi/U IgE, respec-
tively. 1 U IgE is equal to 2.4 ng IgE.

In vitro immune complex preparation

a) *IgE-aIgE IC: To prepare immune com-
plexes of human *lgE and rabbit and-human
IgF (*IgE-aIgE IC) at different antigen-anti-
body (Ag-Ab) ratios, increasing amounts of
*IgE (100-3,200 U/tnl) diluted in NRS were
added to a constant amount of rabbit anti-
human IgE, diluted in NRS. ABC of the dilut-
ed algE was approximately 400 U IgE/ml (final
volume).

*IgE-aIgE IC for gel filtration was prepared
by mixing of 2,000 U *IgE with an amount of
algE corresponding to the ABC 2,000 U IgE.
The mixture was diluted to 2.0 ml with NRS.

The mixtures were vigorously shaken, in-
cubated at room temperature for 1 h and then
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at 4°C for 24 h. Insoluble complexes wete not
removed.

b) IgE-algE IC: To prepare immune complexes
of unlabelled human IgE and rabbit and-
human IgE, increasing amounts (50-3,200
U/ml (final volume)) of monoclonal human
IgE(X)-JK in the form of serum JK diluted in
NRS, were added to a constant amount (ABC:
400 U IgE/ml final volume) of algE diluted in
NRS,

Similar complexes were also formed with
HNRS as diluent.

The mixtures were handled as de.scribed
above.

c) IgE(X)-a('k) IC: Increasing amounts of puri-
fied IgE(?t)-JK (0.125 to 8.0 [Xg IgE/ml, corre-
sponding to about 0.03 to 2.0 [ig ?L-protein/ml)
were mixed with a constant amount (ABC: 0.25
M-g free Xchain/ml final volume) of anti-human
lambda ligbt chains serum, diluted in NRS.
The mixtures were handled as described in (a).

Gel filtration

*IgE, *IgE-aIgE IC and sera were gel filtered
on a calibrated 2,5 x 98 cm Sephacryl S-300
column. Calibration was performed with myo-
globin (MW 16.8 kdalton), ovalbumin (MW 44
kdalton), IgG (MW 150 kdalton) and thyro-
globulin (MW 670 kdalton) as markers. The
correlation coefficient r for the linear regression
of log MW on the elution volume, V ,̂ was
— 0.999. Before gel filtration, sera were heated
to 37°C for 45 min to dissolve any cryoglobulin,
Particulate material was removed by filtration
through a Millex-PF filter (Millipore, Bedford,
USA) with pore size 0,8 |xm, Ftom 0,6 to 1,5 ml
filtered serum, corresponding to 4,200 to
22,950 U IgE, was applied to the column,

Elution was performed at room temperature
with 0.1 M Tris-HCl, 0.2 M NaCl, 20 mg/1 chlor-
hexidine acetate, pH 7.7. The flow rate was 0.25
ml/min and 5 ml fracdons were collected after
the first 180 ml had passed.

PEG precipitation

*IgE was diluted in NRS to 400 U/ml. To 50 \i\
were added 2.45 ml cold (4°C) PEG (Merck,
Darmstadt, W. Germany; avetage MW 6,000)
solution in varying concentradons, PEG was dis-
solved in 0,1 M borate buffer, 0,02 M EDTA,
400 mg NaN.,/1, pH 8,4 (designated BB/EDTA),
This buffer will prevetit activation of the com-
plement system (7) and solubilization of im-
mune cotnplexes (15), but will not hinder bind-
ing of Clq to the immune complexes (7), PEC
precipitation was carried out at 0°C for 90 min.
After centrifugadon at 3,300 x g at 4°C for 30
min, the precipitates were washed 2 dmes with
2,5 ml cold PEG solution of the same concen-
tration as used for the precipitation. The pre-
cipitates were counted 1 min in a gamma-
counter (counting efficiency 0.45).

The in vitro prepared *IgE-aIgE IC were
tteated similarly.

In vitro prepared IgE-algE and IgE(X)-a(X) IC
and sera were diluted 1:50 with 2.45 ml cold
3.5% (w/v) PEG in BB/EDTA, precipitated and
washed as described above. The precipitates
were dissolved by vortex mixing with 0.1 ml 0.2
M potassium phosphate buffer, pH 7.5, for 1 h.
The redissolved precipitates were further di-
luted with 0.2 ml 10% (v/v) NRS in 0.2 M
potassium phosphate buffer, pH 7,5,

PEG precipitation of fractions obtained
by get filtration of *IgE-aIgE IC

1.25 ml of each fraction obtained by Sephacryl
S-300 gel filtration of *lgE-aIgE IG formed in
the Ag-Ab ratio 1:1 was precipitated by 1.25 ml
7% (w/v) PEG in BB/EDTA. NRS was added to
2% (v/v) final concentradon. After precipita-
tion for 90 min at 0°C, the precipitates were
washed 2 times and counted for 1 min.

Quantitation of IgE in the redissolved
PEG precipitates

A highly sensitive immunoradiometric assay for
IgE quantitation (IgE IRMA) was developed.
This assay is a modification of previously pub-
lished methods (4, 24),

26
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Maxisorb test tubes (Nunc, Roskilde, Den-
mark) were incubated with 0.3 ml immuno-
globulin fraction of rabbit anti-human IgE
(IgalgE) (10 [ig/ml 0.01 M phosphate buffer,
0.15 M, 100 mg sodium azide/1, pH 7.5 (PBS))
at room temperature overnight. Any remaining
binding sites were blocked by incubation with
0.5 ml 2% (v/v) NRS in PBS at 37°C for 1 h,
and the tubes were washed 6 times with PBS
containing 0.1 % (v/v) Tween 20 (PBS/Tw).

Ihe IgalgE coated tubes were incubated
with 0.25 ml 10% (v/v) NRS in 0.2 M phosphate
buffer, pH 7.5 (10% NRS), standard IgE solu-
tions (0.01-1.0 U IgE/ml) obtained by dissolv-
ing of IgE standards from the PRIST kit
(Pharmacia) in 10% NRS, or redissolved PEG
precipitates. After 4 h incubadon at 37°G, the
tubes were washed 6 dmes with PBS Tw.

The Phadebas Rast isotop reagent was dis-
solved in 10 ml 10% NRS, and 0.25 ml was
added to each tube. After overnight incuba-
tion, the tubes were washed 6 times with PBS
Tw and counted for 2 min.

and counted for 1 min. The bound activity was
expressed in percent ofthe amount added.

Patients and controls

Sera frotn 20 normal human subjects were kind-
ly supplied by the hospital's Blood Bank. No
history concerning the donors was obtained.

Sera from 39 padents with extrinsic allergy,
defined by serum IgE RAST class 4 (scale 0-4)
to at least one allergen, were obtained from
patients referred to the Department of Allergy,
Rigshospital,

Sera with high IgE concentrations (5,0t)0—
23,500 U/ml) were obtained from four patients
with severe atopic eczema (described in (16)).

Sera from 17 wasp-allergic patietits who had
been in immunotherapy with wasp venom for at
least 1 year were kindly supplied by Dr, H,-J,
Mailing, Department of Allergy, Rigshospital.

Sera from 20 patients with Eelty's syndrome
were examined both by the PEG precipitation
technique and by an in vitro phagocytosis
method described in (18),

Quantitation of IgE in .sera and fractions
obtained by gel filtration

Total IgE in sera was determined by the
Enzygnost IgE assay (Behringwerke) or by the
PRIST assay. The IgE concentration in the frac-
tions obtained by gel filtration of sera was de-
termined by the PACIA method (9) which em-
ploys a rabbit anti-human IgE serum with D̂ , I
specificity.

Asse.s.sment of binding of *IgE-aIgE IC
to IgalgE coated tubes

Tubes coated With IgalgE were incubated over-
night at room temperature with about 10,0t)0
cpm of each fraction obtained by gel filtration
of ''•IgE-algE IC, The exact amount of radio-
activity added to each tube was determined by
cotinting during the incubation. After incuba-
tion, the tubes were washed 6 times in PBS/Tw

r;rble 1

Ge\ frltratrorr ol ser;i Irorrr four patients with ,severe atopic
cc/erirn

Parierrt

C.\

c:.s
I'S
KH

.Amount ol
IgE loaded

on colrrrnrl
(U)

(i,(i()O

4,200
Hi,450

.Amount ol

tgE re-
covered in

Iraction

1-30 (U)

23,750
5.9R()
4,750

13,510

Amount ol
IgE in

f ractiorr
1-12 in U

and ix'rrcrrt
ol the

amorrnt
recovered

735 (3,1)
i:iO (2,2)

0 (0,0)
395 (2,9)

pd-IgE
UVrrrI

scr'irrrr

(),4H
0,34

bdl
0,66

bdl: below detectable limit.

T h e amoun t ot IgE in traction 1 — 12 was considered to be
complexed IgE (IgE IC), see Discussion.
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I ig, I, (;el nitration ol '-"'l-labelled monorrieric human IgE (*IgE) and of sera from two patients with severe atopic ec/ema,
1,1(10 U *IgE (specilic radioactivity 3,5 nC;i/U IgE). 0,84 ml serum (4,200 LI IgE) without 3,57f PEG precipitable IgE (I'EC;-),
or- O.I) ml ,serum (6,600 U IgE) with I'EC; pr-ecipitable IgE (PEC. + ) was gel frltered on a calibrated 2,5 x 98 cm .Sephacryl ,S-3()()
lolurrrrr. The Irrst 180 ml were discarded and 30 fractions of 5 ml collected. All fractions were examined for radioactivity or IgE
coriterrt, Absriaa: Upper level: Eraction nurrrber. Lower level: Approxirrrate MW in kilodalton, Ordinate: Left: Radioactivity
(cprrr/rnl). Right: IgE corrcentration (U/ml),

Statistics

The correlation between the amount of IgE IC,
expressed in pd-IgE U/ml, and total IgE in the
patients' sera was tested by calculation of the
Kendall rank correlation coefficient T The
level of significance was selected as a = 1,0%
(two-sided).

RESULTS

Gel filtration of *IgE, *IgE-aIgE and .sera

By gel filtradon *IgE eluted as homogeneous,
sytnmetrical peak with maximum in fraction 19
(Fig. 1), corresponding to MW 230 kilodalton.
Less than 0.5% of the peak value (fraction 19)
was found in fraction 12, and no significant

radioactivity was detected in fractions with
lower number.

.\ serum sample from four patients with
severe atopic eczema was gel filtered. Erom 2,2
to 3,1% of the IgE recoveted was found in
fraction 1 — 12, when sera positive in the PEG
precipitation assay (see below) were gel filteted
(Table I, Eig. 1). No IgE was found in these
fractions, when a serum without PEG precipit-
able IgE was gel filtered.

The elution profile for *IgE-aIgE IC, form-
ed at equivalence, is shown in Eig, 2, 63% of
the radioactivity lecoxered was fotind in frac-
tioti 1-12.

Binding of *IgE-aIgE IC of different _ .._ ,
size to IgalgE coated tubes

From 58 to 87% of the added radioactivity
remained bound after 6 washes (Fig, 2). In-
ctease in MW resulted in decrease in binding.
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Fig. 2. Gel fitration of preformed ''''•''I-labelled immune complexes. '--'M-labelled IgE-algE IC (*lKE-aIgE IC) formed by
incubation of radiolabelled human IgE and rabbit anti-human IgE at equivalence, were fractionated on a calibiated '2.."> x 9H
cm Sephacryl S-;̂ t)() column. The first f8() ml were discarded, and 22 fractions of !i ml were collected. Fractions 2-'2() were
examined for ':i.5'/t PEC. precipitability (A) and for hinding to tubes coated with rabbit anti-human IgE (A), No PEC
precipitable IgE was found in fraction f4-2(), Ab.m.m: Llpper fevel: Fraction number. Lower level: Approximate MW in
kilodalton, Ordinate: Left: Radioactivity (cpm/ml) in the fraction (O), Right: Percent cpm precipitated by :(,,'>'/t I'EC; (A) or f>ound
to algE coated tubes (A),

PEG precipitation of*IgE and *IgE IC

The results obtained when *IgE and *IgE-aIgE
IC were precipitated with varying concentra-
tions (w/v) of PEG in BB/EDTA are shown in
Fig. 3. It appears that insoluble complexes, i,e.
complexes which are precipitable by simple
centrifugation, were formed at the Ag-Ab ratio
1:4 only. For tbe precipitation of complexes
formed at higher Ag-Ab ratios PEC was neces-
sary.

Significant precipitation of *IgE did not occur
until concentradons of 4—5% PEG were reach-
ed. We therefore selected 3.5 % PEG for further
studies.

The results obtained when *IgE-aIgE IC of
different sizes, obtained by gel filtration, were
precipitated by 3.5% PEG, are shown in Fig. 2.

Quantitation of IgE in the redissolved
PEG precipitates by the IgE IRMA

The sensitivity of the IgE IRMA, defined as tbe
IgE concentration corresponding to x -I- SEM of
the binding obtained with buffer, was about
0.01 U IgE/ml (Eig. 4). As the dilution factor
was 6, the detection limit for IgE in serum was
0.06 U/ml.

Eor IgE which is both precipitable by 3.5%
PEG and detectable in the IgE IRMA, we intro-
duce the term "pd-IgE" and we state the
amount of IgE IC in sera as pd-IgE U/ml.

Based on the variation in background binding
obtained with normal human sera, only sera
containing 0.3 or more pd-IgE U/ml were con-
sidered positive.

The amount of pd-IgE found when artifici-
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1-ig, :i, PEC precipitation of '-'•''I-labelled monomeric (*IgE) and complexed (*lgE-aIgE IC:) human IgE, Radiolabelled
monomeric human IgE (*IgE) and *IgE-containing IC, formed fiy incubation of *IgE and antilgE in tfie Ag-Ab ratios stated in
Ihe figure, were precipitated with varying concentrations ol' PEC 6,()()(), Ab.scvi.m: Concentration (w/v) of PEC; 6,()()(), Ordinate-
Perceni of ihe added radioactivity recovered in the precipitates.

ally formed IgE-algE and IgE(X)-a(X) IĈ  were
precipitated with 3.5% PEG is shown in Eig. 5.
Redissolving the cotnplexes at pH I 1.4 did not
iticrease the atnount of detectable IgE (restilts
not shown). When igE-algE IC were prepared
with HNRS, the amount of pd-IgE in the re-
dissolved precipitates was insignificant (results
not shown).

The relation between Ag-Ab ratio during the
formation of IgE-algE IC, PEG precipitability
and IgE detectability is shown in Table 2.

The amount of pd-IgE found in the patients'
sera is shown in Eig. 6. No IgE IC was found in
the 20 normal human sera.

The five positive sera from patients with
Felty's syndrome were also positive for IgE IC
when examined for in vitro phagocytosis by
normal polymorphonuelear leukocytes (18).

The amount of pd-IgE in the 80 patients' sera
was not correlated to total IgE concentration (n
= 80, T = 0.1313, z = 1.72, two-sided p =
8.7 %). Neither was the amount of pd-IgE in the

14 positive sera correlated to total IgE concen-
tration (n = 14, T = -0.1564, z = -0.779,
two-sided p = 43.4%).

DISCUSSION

Nature of IgE-containing immune complexes and .
relevance of our model systems

Circulating IgE-containing immune complexes
conceivably may be composed of a) IgE and
and-IgE antibodies, including anti-idiotypic an-
tibodies, and b) IgE antibodies (IgE Ab), in-
cluding IgE rheumatoid factor (IgE RF), and
exogenous or endogenous antigens. Mixed
complexes (e.g. containing specific antibodies
of several immunoglobulin classes) may also
occur (21), and as IgE can acdvate completnent
both by the classical and by the alternative
pathway (19), complement components may
also be parts of the complexes.
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cpm bound

_U IgE/ml

Eig, 4, Standard curve for IgE determination in the IgE
immunoradiometric assay, Ab.ncs.sa: IgE concentration
(tJ/ml), Ordinate: Radioactivity (cpm) bound (O). Mean ± 2
SEM (n = 2). (•): background obtained with buffer.

Ag-Ab rafio

3200 U IgEI<l/iiil

Eig, 5, Quantitation of IgE in redissolved PEC precipitates of
in vitro prepared IgE IC:, IgE IC were prepared by incuba-
tion of human IgE (X) with rahbit anti-human IgE (O) or
rabbit anti-(>.)-chain (•) in the Ag-Ab ratios stated. The
mixtures were precipitated with 'i.bVt PEG 6,()()(), IgE in the
redissolved precipitates was quantitated by the IgE IRMA,
Values below t).3 pd-IgE U/ml were considered insignificant
and have not been plotted. Abscissa: Upper level: Ag-Ab
ratio. Lower level: Ag (IgE) concentration (U/ml), Ordinate:
Units PEG precipitable and detectable IgE per ml incubation
mixture (mean ± 2 SEM; n = 2),

rahle2

Detectability o( IgE in redis,solved 3,,5 Vi PEG precipitates of

IgE-algE IC formed at different Ag-Ab ratios

Amount Amount

Ag-Ab ratio " ' ^S^ " ' 'gK Percent IgE
precipitated detected detectable

(U/ml) (U/ml)

1:4
1:1
4:1

8:1

21,3
10,(1
24,0
1(),(̂

1,3,-)
1,92
0,,')2
t),lfi

(-3

19,2
2,2

L'niabelled or labelled IgE (Ag) was incubated with rabbit
anti-human IgE in the Ag-Ah ratios stated. The percent of
IgE precipitated by 3,5'/? PEG was determined in the experi-
ments with labelled IgE (Fig, 3), and the amount of IgE
precipitated calculated by multiplication with the IgE concen-
tration (column 2), In parallel experiments with unlabelled
IgE, run on a different day, the PEG precipitates were
redissolved, and the amount of detectable IgE quandtated by
the IgE IRMA (Eig, :'>) (column 3),

Both IgM (19, 23) and IgG (8) anti-IgE auto-
antibodies have been found in sera frotn aller-
gic patients as well as in sera from some non-
allergic persons. Inganas et al. (8) have
provided evidence that IgG anti-IgE immune
complexes exist in sera from some allergic pa-
tients. Observadons made by Ullmer et al. (21)
indicate that complexes consisdng of IgG and
IgE antibodies and complementary food anti-
gens may exist in sera from food-allergic
padents immediately following relevant chal-
lenge, but complexes consisting of IgE and-
bodies and inhalant allergens or insect venom
allergens have not been unquestionably de-
monstrated in human sera. We therefore con-
sidered complexes consisdng of animal anti-
human IgE antibody and human IgE to be a
relevant model system for the IgE-containing
immune complexes to be found in sera from
allergic patients and used this type of com-
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•2,0

pd-lgE U/ml

A A • A IgE U/ml

102 103

Fig, (i. Amount of fgE fC: in patients' sera as function of total serum IgE, Ihe amount of IgE IC in .sera from immunized wasp
venom allergic patient,s (•), from patients with extrinsic allergy (O), severe atopic eczema (©), or Eelty's syndrome (A) was
determined by precipitation of sera with PEG followed by quantitation of IgE in the redissolved precipitates. Values below 0,3
|Kl-IgE U/ml (dotted line) were considered insignificant, and no attempt was done to differentiate values in this region, Akscis.sa:
I'otal sertim IgE concentration (U/ml), Ordinate: Amount of IgE IC (pd-IgE U/ml),

plexes for optimization of the PEG precipita-
tion.

IgE-containing immune complexes in sera
(rom patients with rheumatoid arthritis and
Felty's syndrome may contain IgE RF (14, 24).
When the PEC precipitation technique was ap-
plied to sera from these patients, we found
perfect agreement with the results obtained by
an in vitro phagocytosis technique (18). In this
case therefore the PEC precipitation technique
is also useful for detection of IgE-containing
immune complexes in which IgE is theandbody.

Gel filtration of monomeric human IgE
and IgE-containing immune complexes

Gel filtration of '2-''I-labelled monomeric human
IgE (*lgE) defined the zone broadening of the
monomeric IgE peak to be expected, when the
sera were gel filtered under identical conditions
(Fig. 1). On the basis of this experiment, occur-

rence of more than 0.5% of the peak value of
the IgE concentration in fraction 12, or in any
fraction with a lower number, was considered
evidence for the existence of IgE IC or IgE
aggregates in the serum, and the amount of IgE
recovered in fraction 1—12 was used as an
estimate of the IgE IC content of the serum.
According to this definition, less than 3% of
serum IgE eluted as complexes when sera from
four patients with severe atopic eczema were gel
filtered (results partly shown in Fig. 1 and sum-
marized in Table 1). This figure is substantially
lower tban that found by Brostoff et al. (2)
(30-100% complexed IgE in sera from patients
witb atopic eczema). Further studies, using IgE
IC of different types and defined composition,
are needed to clarify whether this discrepancy is
due to different handling of serum samples, use
of different separation techniques, or use ot
different methods for quantitation of the com-
plexed IgE. In this context it should be noted
that use of a competidve radioimmunoassay.
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such as the RIST, gives values (or complexed
IgE which are about (bur times higher than the
valtjes found with a non-competetive IgE im-
munoradiometric assay (17), and that the IgE
RIST is subject to interference by nonspecific
blocking factors which may cause incorrectly
high IgE values, especially near the detection
limit of the RIST (22).

PEG precipitation oj monomeric
and cornptexed IgE

The conditions found by us to give precipita-
tion ol IgE IĈ  without signilicant precipitation
of monomeric IgE were almost identical to
those applied by Meretey et al. (13, 14). In
these conditions falsely positive results did not
occur when serum IgE was below 5,000 U/tnl
(Fig. 6). At IgE concentiations higher than
11,000 U/ml, the amount of IgE IC tended to
increase linearly with total IgE concentration,
indicating non-specific precipitation of tnono-
meric IgE at extremely high IgE concentrations
(Fig, 6).

However, the lack of correlation between the
amotint of IgE IC and total IgE in patients'
sera confirtns that significant precipitation of
monomeric IgE does not occur at low and
moderate serum IgE concentrations in our as-
say. It! contrast, Stevens et al. (20), using serutn
dilution 1:4 at the PEC precipitadon, found a
strongly positive correlation between IgE IC
and total IgE in sera from patietits infected
with Schistosoma species. No data were pro-
vided to exclude the likely possibility that the
observed correlation was due to non-specific
precipitation of monomeric IgE, caused by the
low serum dilution,

.\lthough 63 % of the IgE inctibated with
algE at equivalence fortned IC (Fig, 2), only
3% was precipitable by 3,5% PEC (Eig. 3),
.Apparently, onh a small fraction of the IgE IC
is precipitable at the assay conditions used.
(Partial denaturation of IgE during labelling
with '-'T, storage and incubation may explain
why only 63% of the IgE forms complexes at
equivalence). Furthermore, complexes of dif-
ferent sizes (Fig. 2) and different Ag-Ab com-

position (Fig. 3) are precipitated to a different
extent. In sera, the actual composition of the
immune complexes is unknown, for which rea-
son it is impossible to predict the degree of
precipitation of circulating IgE IC.

Evaluation of the possibility for quantitation of IgE
in the redissolved precipitates

Our results indicate that big IC (Eig. 2), formed
in Ab excess (Fig. 3), are preferentially precipit-
ated by PEG. This observation is in agreement
with the results recently presented by Cx)oper &
Moore (15), who found that PEG treattnent of
ill j«(ro-prepared IC enhanced their size and C;lq
binding capacity. This effect of PEC; treatment
was most pronounced (or IĈ  formed at equi-
valetice and in Ag excess. It is thus very likely
that the precipitated IC have a low Ag-Ab tatio,
even if the IC were (ortned in Ag (IgE) excess.
In such .\h excess IG, the accessability of the
E-determitiants was found to be very limited
(Fig, 5), also it! the lgE(X)-a(X,) IC^ in which the
E-determinants are not directly blocked by im-
munochemical interaction with an anti-IgE anti-
body. Thus, preferential precipitation of IC
with low .Ag-Ab ratio, in which the e-determin-
ants are stericaily blocked, may explain the low
detectability of IgE in the redissolved preci-
pitates (Table 2),

V>y use of an acid pepsin digestion ol the
cotnplexes (10) it would pt-obably be possible to
obtain a ttue quatititation of the precipitated
IgE and thereby to eliminate one source of
error iti the quantitation of IgE IG by PEG
precipitation assays.

CONCLUSION

Due to the different PEG ptecipitability of di(-
ferent types of IC it will probably not be pos-
sible to obtain an exact quantitation o( the
amount of IgE IC in sera by any PEC precipita-
tion assay. This itnplies that although numeric
expressions (percent radioactivity bound.
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pd-IgE U/ml) are obtained, a correlation be-
tween the amount of IgE IC detected and the
amount of circulating IgE IC cannot be as-
sumed, and the finding of different amounts of
IgE IC in sera from different patients, even
within the same group, should not be over-
interpretated. However, the fact remains, that
such assays are useful for identification of at
least some patients with circuladng IgE IC, and
their use may contribute to our understanding
ol the possible pathogenic role of IgE in
various diseases.
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