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Abstract

The metabolism of human IgE was studied in normals, severe
atopics, and patients with the hyperimmunoglobulin E-recurrent
infection (HIE; Job's) syndrome to determine whether IgE me-
tabolism is altered in patients with marked elevation of serum
IgE. Purified polyclonal '"I-IgE was administered intravenously
and serial plasma and urine samples were obtained. After anal-
ysis, the metabolic data support previously published evidence
that IgE (at concentrations found in normal individuals) is ca-
tabolized at a higher fractional rate than other immunoglobulins
and is catabolized by both an intravascular and an extravascular
pathway. In addition, the data show that the fractional catabolic
rate for IgE is significantly less for the atopic patients
(mean±SEM = 0.20±0.01) and for the HIE patients (0.15±0.02)
than for the normal volunteers (0.52±0.06; P < 0.01) and is
inversely related (r = -0.851; P < 0.001) to the serum IgE
concentration. These findings have specific importance in showing
that decreased fractional catabolic rate contributes substantially
to elevation of IgE in atopic and HIE patients. In addition, the
findings have general significance in that they lead to a unifying
hypothesis of immunoglobulin catabolism.

Introduction

Immunoglobulin E has the unique biologic property of mediating
antigen-dependent immediate hypersensitivity reactions via
binding to high-affinity Fc-epsilon receptors on mast cells and
basophils (1). Previous studies of IgE metabolism (2-6) estab-
lished that IgE is more slowly synthesized and more rapidly ca-
tabolized than other immunoglobulin classes (7). It is cleared
from the plasma at a rate - 10 times that of IgG, 4 times that
of IgM, and IgA and 2 times that of IgD. Other conclusions of
earlier metabolic studies were that IgE, unlike IgG, IgA, or IgM
is subject to at least two catabolic pathways (6) and that at very
high IgE concentrations (in patients with IgE myeloma), IgE
catabolism is greatly reduced. In the following study we have
attempted to explore further the metabolism of IgE by examining
IgE turnover in patients with a wide spectrum of IgE concen-
trations, including patients with elevated IgE levels associated
with severe atopic disease and patients with the hyperimmu-
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noglobulin E-recurrent infection (HIE; Job's) syndrome (8).
Other important aspects of the current investigation are the use
of polyclonal IgE isolated from a patient with HIE rather than
the use of the myeloma proteins previously studied and the ap-
plication of advanced computer analysis with the SAAM-27
program (9) for data analysis.

The data obtained support earlier findings (6) that IgE is
catabolized at a higher fractional rate than are other immuno-
globulins and is catabolized by both an extravascular and intra-
vascular pathway. A new finding is that IgE is cleared from the
plasma more slowly (decreased fractional catabolic rate [FCR])
by both groups of patients with markedly elevated IgE concen-
trations and that (for all subjects) the rate of clearance is inversely
related to the serum IgE level. In addition, the fractional clearance
of IgE in patients with markedly elevated IgE is similar to that
seen for other immunoglobulins under limiting conditions. Fi-
nally, although patients with markedly elevated IgE have a sub-
stantial increase in the mass of extravascular IgE, the proportion
of their total IgE that is in the extravascular space is decreased
compared with normals and is inversely related to the serum
IgE concentration. These findings, in the context of previous
studies have led us to a unifying hypothesis of immunoglobulin
catabolism.

Methods
Patients. Individuals included in this study were as follows: (a) Five
patients with HIE (IgE, geometric mean X/. relative SEM= 34,500
ng/ml X/-. 1.6) were reported previously by Donabedian and Gallin (8)
as patients 3, 7, 10, 12, 13, and 16. At the time of study, three of the
HIE patients were in relatively good health, whereas two were recovering
from serious Staphylococcus aureus infections; all were clinically stable.
(b) Five patients had severe atopic disease (IgE, geometric mean X/.
relative SEM= 1 1,880 ng/ml X/±. 3.6). This group included two patients
with severe (10) atopic dermatitis (using topical steroids), one patient
with allergic bronchopulmonary aspergillosis (prednisone 25 mgQOD),
and one patient with allergic asthma (prednisone 17.5 mgQOD). At the
time of study, all of the atopic patients were in generally good health
(the two patients taking oral steroids were studied 48 h after a dose of
prednisone with the subsequent dose delayed until 4 h after injection of
the tracer). (c) Five normal volunteers (IgE, geometric mean X/+. relative
SEM= 70 ng/ml x/±. 2.1) were also studied. Three had negative histories
of allergic disease, two had a history of mild seasonal rhinitis, and none
had atopic dermatitis. None of the 14 individuals studied had evidence
of parasitic infection.

Immunosorbents. (a) Immunoglobulins: human IgG (Cappel Lab-
oratories, West Chester, PA), human IgA (Jackson Immunoresearch,
Avondale, PA), and human IgM (Jackson Immunoresearch) were (with-
out further purification) covalently linked to cyanogen bromide-activated
Sepharose (Pharmacia Fine Chemicals, Piscataway, NJ); IgE (PS)-Seph-
arose was prepared as previously described (1 1). (b) Anti-immunoglob-
ulins: goat anti-human IgE was affinity purified on an IgE (PS) column
as previously described (12), further purified by cross-adsorption by pas-
sage over Sepharose-linked human IgG, IgA, and IgM, and finally co-
valently linked to cyanogen bromide-activated Sepharose. IgG fractions
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of goat anti-human IgG (Cappel Laboratories) and goat anti-human
IgA (Cappel Laboratories) were purified by cross-adsorption onto IgE(PS)-
Sepharose and were then covalently linked to cyanogen bromide-activated
Sepharose.

Immunoglobulin assays. IgG, IgA, IgM, IgD, and IgE concentrations
were quantified via enzyme-linked immunosorbent assays (ELISA) pre-
viously described ( 11). IgE was also assayed using the Phadezym IgE kit
(Pharmacia Fine Chemicals).

Protein concentration. Protein concentration was determined by
Coomassie Blue (1 3) using human IgG as standard.

IgE purification. IgE was purified from the plasma of a patient with
HIE (patient 5 in reference 8). 500 ml of fresh plasma was collected
(after an overnight fast) and was added to 50 ml of 100 mMEDTA(pH
7.0). This material was then passed over a 40-ml volume of Sepharose-
linked, affinity-purified, goat anti-human IgE. The column was then
washed with phosphate-buffered saline (PBS) and the absorbed material
was desorbed with 3 MMgCl2, pH 4.7. The eluate was dialyzed overnight
against sterile PBSand concentrated. The material obtained was further
purified by sequential cross-absorbtion with goat anti-human IgG-Seph-
arose and goat anti-human IgA-Sepharose, followed by fractionation on
a high-pressure liquid chromatography (HPLC) TSK-3000 column. The
final material was then concentrated and frozen until used. All steps
except the affinity purification, the HPLC, and the iodination were per-
formed at 4VC. The purified IgE preparation contained < 0.02% IgG,
IgA, IgM, or IgD. 85% of the protein was immunoreactive with anti-
IgE in the ELISA assays. A 7.5% polyacrylamide gel of the IgE preparation
(after reduction in 5% [vol/vol] 2-mercaptoethanol) is shown in Fig. 1
(lane d); commercially available IgG, IgA, and IgM are shown in lanes
a, b, and c, respectively.

Iodination. 70-170 Mg of purified IgE in 100 mMPBS (pH 7.0) was
reacted with 0.3-0.5 mCi of 1251I (New England Nuclear, Boston, MA)
(1 7 mCi/mg) in the presence of five washed lodobeads (Pierce Chemical
Co., Rockford, IL) for 15 min at room temperature and then passed
over a prepacked Sephadex G-25 column preequilibrated with 1%human
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Figure 1. 25-50 Mg of commercially obtained human IgG (lane a), IgA
(lane b), IgM (lane c), affinity-purified human polyclonal IgE (lane d)
and molecular weight standards in thousands (Pharmacia Fine Chemi-
cals, lane e) were reduced by boiling for 3 min, in 5% (vol/vol) 2-mer-
captoethanol and applied to a 7.5% polyacrylamide gel. Samples were
stained with Coomassie Blue.

serum albumin in PBS after which the void volume was collected and
sterile filtered. The iodinated IgE was sampled for pyrogen and sterility
testing by the Bureau of Biologics, National Institutes of Health. Unit
dose samples of sterile, pyrogen-free 25IIgE were frozen at -70'C for
2-8 wk and thawed immediately before use. The specific activity was 1
ACi/Mg; 5%of the counts were not protein bound. Evaluation of two of
our preparations by Dr. T. Ishizaka (personal communication) revealed
that 65% of the counts bound specifically to cultured human basophils
in vitro.

Study protocol. The study protocol (84-1-195) was approved by the
National Institute of Allergy and Infectious Diseases human subject review
committee, the National Institutes of Health radioactive drug research
committee, and the National Institutes of Health radiation safety com-
mittee. All subjects gave informed consent. Individuals undergoing study
received 0.15 ml of saturated potassium iodide solution three times a
day beginning the night before the study and continuing until 1% of
the initial plasma radioactivity remained. The study was initiated by
intravenous injection of 4-12 MCi of labeled IgE in 0.5% human serum
albumin. Plasma samples (5 ml) were obtained at 10, 30, and 60 min,
and 2, 4, 8, and 12 h after injection and then daily. Complete urine
collections were obtained each 24 h throughout the study. Two patients
(one with atopic dermatitis and one with HIE) were unable to collect
adequate urine samples. The analysis for these patients was therefore
limited. The plasma and urine samples as well as a measured aliquot of
the injected dose were counted simultaneously. For analysis of circulating
'25IIgE, sera were obtained 10 min, 8 and 24 h after injection of 1251
IgE and were immediately frozen at -80'C.

Data analysis. Data for each patient were analyzed separately. Plasma
volume and total circulating IgE were determined as previously described
(6). Compartmental analysis was performed with the use of the simulation
analysis and modeling (SAAM-27) program (9) of Berman et al. (15)
and addressed via the CONSAMcommunications software (16) utilizing
a DEC11/780 computer (Digital Equipment Corp., Maynard, MA) (17-
19). This analysis allows the estimation of metabolic parameters using
alternative compartmental models. Fitting is carried out by iterative ad-
justment of parameters so as to minimize least square differences between
observed and calculated values. Both the plasma die-away curve and the
urine excretion curves are utilized by the SAAMprogram to generate
the best fit for all the data. Using this program, one can estimate (17,
18) for a chosen model, the FCR, the absolute catabolic rate, the synthetic
rate, the size of each compartment, and the intercompartmental rate
constants.

Statistical analysis. All summary data are expressed as either the
arithmetic mean±SEMor the geometric mean X/- the relative SEM.
Data were evaluated by the use of a two-tailed Student's t test or by
Spearman rank-correlation coefficients.

Results

IgE was purified from a patient with the HIE syndrome, iodin-
ated, and then used in the metabolic studies to be described. As
mentioned in Methods, 65% of the counts bound to cultured
human basophils (Ishizaka, T., personal communication) and
5%were composed of free iodine. To explore further the integrity
of the 125ImgE used in these studies, the distribution of 1251I was
analyzed on HIPLC before (Fig. 2 A) and, by chromatography
of whole serum, at various times after injection (Fig. 2, B-D).
As can be seen, the '25I-IgE was homogeneous before injection
and circulated in an unaltered state after injection. This was the
case in three of three normals and three of four patients with
elevated IgE (data not shown). However, in one of three HIE
patients examined, 25% of the radioactive material eluted in
the void volume. This may represent IgE immune complexes.

The '25I-IgE was then utilized in metabolic studies. The pri-
mary data obtained were used to generate a composite plasma
and a composite cumulative urine excretion curve for each of
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the groups studied. As can be seen in Fig. 3, the atopics and the
HIE patients clear the radioactivity more slowly from the plasma
(Fig. 3 A) and excrete it more slowly into the urine (Fig. 3 B).
Thus, the percentage of the injected dose remaining at day 6 in
the plasma of both the HIE patients and the atopic patients is
significantly less than that remaining in the normal volunteers
(P < 0.05 for atopic; P < 0.001 for HIE). In a complementary
fashion, the cumulative excretion of radioactivity at day 6 is
greater in the normal volunteers than for the patients with HIE
(P < 0.01).

Utilizing the SAAM-27 program, we evaluated several com-
partmental models for their capacity to fit the primary metabolic
data. Of the models studied, only the model shown in Fig. 4
gave a good fit for the data from all three patient groups. Omis-
sion of any component resulted in a larger sum of square dif-
ference between the observed and calculated values.

In this model, pools I and 2 represent IgE-bound radioac-
tivity in the plasma. These pools are different in that pool 1
contains (in the initial conditions) the fraction of '25IIgE that
could bind human basophils in vitro ("native" IgE) whereas the
fraction of 125I1IgE that could not bind to these cells ("denatured"
IgE) is placed in pool 2. The material in pool 1 can be catabolized
by a direct (intravascular) pathway into the iodide pool (pool
3), can exchange with an extravascular exchangeable compart-
ment (pool 4), or can be catabolized irreversibly via an indirect
(extravascular) pathway (pool 5). Specific information concern-
ing the extravascular compartments 4 and 5 is limited in that
samples were obtained only from the plasma and the urine. Ra-

U-
wccz HIEfF

Of-',.w

w 40

0r.

W ~2204 5

TIME (days)

Figure 3. Composite graph of (A) plasma die-away and (B) cumulative
urine excretion curves. The data are expressed as a percentage of in-
jected dose. (Triangles) Normal volunteers, (circles) patients with se-
vere atopy, (squares) patients with HIE. For A: atopic vs. normal (P
< 0.05); HIE vs. normal (P < 0.001); HIE vs. atopic (P < 0.05). For
B: atopic vs. normal (NS); HIE vs. normal (P < 0.01); HIE vs.
atopic (NS).

dioactivity in pool 1 leaves the plasma and can either return (via
compartment 4) or is irreversibly lost from the plasma. The
latter component appears either as radioactivity in the urine
(compartment 6) quickly via compartment 3 (the iodide pool)
or after a delay (via compartment 5 and then 3). It is indeter-
minant whether material enters compartment 5 from compart-
ment 1, from compartment 4, or from both; thus, dashed lines
are drawn for these pathways in Fig. 4. It is possible that com-
partments 4 and 5 may not, in fact, be separate. The material
in pool 2 ("nonbindable" or "denatured" IgE) can only circulate
in the plasma and be degraded directly via an intravascular pro-
cess that is faster than, and independent of, the direct (intra-
vascular) catabolic pathway affecting the "bindable" IgE. Thus,
the nonbindable 1251IIgE is removed from further consideration.
Based on the data of IgE binding (see Methods), we chose initial
conditions such that 65% of the tracer IgE is placed in pool 1
and 30% of the tracer is in pool 2. Compartment 3 represents
free iodide or iodinated tyrosine (freely exchangeable between
the intravascular and extravascular spaces) and initially contains
the remaining 5%of the tracer found in our final preparations.

Representative computer plots of observed and calculated
data from a single normal volunteer are shown in Fig. 5. Fig. 5
A shows the radioactivity ('251-IgE) in 0.5 ml of plasma as a
fraction of the injected dose and Fig. 5 B shows the fraction of
the injected counts recovered in the urine each day (note that
Fig. 5 B displays fractional excretion of 125I and not cumulative
urine data as shown in Fig. 3 B). As can be seen, there is a rise
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Figure 4. Current model of IgE catabolism. For the modeling analysis
described in the text, compartment 1 represents the intravascular na-

tive IgE. Material circulating in this pool is free to bind reversibly to
an extravascular binding site (compartment 4) and to an extravascular
catabolic site (compartment 5). '25I-IgE that is catabolized via either
the direct (intravascular) pathway directly out of compartment I or by
a delay (indirect, extravascular) pathway via compartment 5 will yield
free iodine (1251) in compartment 3 (the free iodine pool). This mate-
rial rapidly appears in the urine (compartment 6). Compartment 2
represents the portion of 125I-IgE that was injected intravascularly but
does bind to the reversible binding sites (and presumably does not be-
have as native IgE). This material is modeled to be catabolized at a

rate faster than, but independent of, the "bindable" IgE in compart-
ment 1.

in the observed fractional 1251 excretion at day 3 (Fig. 5 B). This
rise is a consistent finding in virtually all studies and is the feature
of the metabolic data that mandated the need for a delay catabolic
pathway through pool 5.

IgE metabolic data for each subject are listed in Tables I-
III. Table I lists the serum IgE, the intravascular IgE, the FCR,
and the IgE synthetic rate. The intravascular IgE is the product
of the serum IgE concentration and the plasma volume. The
FCR represents the sum of the rate constants governing the
movement of label irreversibly from compartment 1 as defined
by the expression:

FCR=X31 + \51, (1)

where X31 and X51 are rate constants for the movement of label
from pool 1 to pools 3 and 5, respectively. In the steady state,
the synthetic rate is equal to the absolute catabolic rate and thus
was obtained by multiplying the intravascular IgE concentration
by the FCR. It can be seen that the FCRin normals (0.52±0.06)
is significantly larger than for atopic patients (0.20±0.01; P
< 0.01) or for HIE patients (0.15±0.02; P < 0.001), whereas the
difference between the FCRs for atopics and HIE patients is not
statistically significant. In comparing individual FCRs with in-
dividual serum IgE concentrations, the FCRis inversely related
(Spearman rank-correlation coefficient) to the serum IgE levels
(r = -0.851; P < 0.001); this is shown graphically in Fig. 6.
Finally, the synthetic rate data reveal that, on the average, pa-
tients with markedly elevated IgE have a lower IgE synthetic
rate (60% less for atopics; 71% less for HIE) than would be pre-
dicted on the basis of elevated serum IgE alone (given a constant
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Figure 5. Observed and calculated data from a single normal volun-
teer. (A) Radioactivity in 0.5 ml of plasma as a fraction of the injected
dose. (B) Fraction of the injected dose excreted in the urine each 24 h.
(Triangles) Observed values. (Continuous line) Envelope of the ob-

served values (using the model described in Fig. 4).

FCR). Thus, for an individual patient (e.g. S.W.), the measured
IgE synthetic rate can be as low as 15% of that predicted on the
basis of the FCRfound in normals.

Table II lists the total body IgE, the intravascular IgE, the
extravascular IgE, and the percentage of the total IgE that is
extravascular. These values are derived from measurement of
the mass of IgE in pool 1 and determination of the steady state
rate constants. The latter (X41, X14, X51, X35) are derived from
the compartmental model (Fig. 4). The following formulas were

used to determine the distribution of IgE:

Mass (1)X41 = mass (4)X,4;

mass (5)X35 = mass (l)X51;

(2)

(3)

and, from Eqs. 2 and 3,

extravascular mass mass (4) + mass (5) X4, X51

intravascular mass mass (1) X14 X35
(4)

As can be seen in Table II, the total, intravascular, and extra-
vascular IgE levels in the patients with markedly elevated IgE
are greatly increased compared with the levels in the normal
volunteers and, considering all subjects, are directly related to
the serum IgE levels (r = 0.97; P < 0.001). In contrast, the
percentage of the IgE that is extravascular ranges from 60-76%
in normal volunteers to 24-54% in with HIE and is inversely
related to the serum IgE level (r = -0.810; P < 0.01); this is
shown graphically in Fig. 7.

It is useful to calculate an average "half-life" (tQ) for each
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Table L Metabolism of IgE

Patient group Patient Serum IgE Intravascular IgE FCR Synthetic rate synthetic rate Synthetic rate

pg/mi pg/kg pg/kg per d pg/kg per d %predicted

Normals L.F. 0.02 1.21 0.56 0.68 0.62 108.54
M.H. 0.27 12.02 0.63 7.54 6.19 121.75
M.N. 0.02 1.09 0.27 0.29 0.56 52.04
R.L. 0.02 0.89 0.50 0.45 0.46 97.48
H.G. 0.63 26.84 0.62 16.64 13.82 120.39

Geometric mean 0.07 3.28 1.62 1.69
X/. relative SEM 2.11 1.88 2.07 1.88
Arithmetic mean 0.52 100.04
±1 SEM 0.06 11.43

Atopics D.M. 21.83 1090.00 0.18 198.38 561.35 35.34
G.A. 90.52 3980.00 0.19 772.12 2049.70 37.67
R.H. 5.58 280.00 0.21 59.64 144.20 41.36
C.H. 1.80 70.00 0.23 15.82 36.05 43.88

Geometric mean 11.88* 540.00* 109.64* 278.10
X/- relative SEM 2.33 2.12 2.05 2.12
Arithmetic mean 0.20t 39.56*
±1 SEM 0.01 1.65

HIE C.C. 20.88 970.00 0.19 182.36 499.55 36.50
C.S. 71.54 3850.00 0.13 504.35 1982.75 25.44
K.Z. 10.00 580.00 0.20 117.16 298.70 39.22
S.W. 23.72 520.00 0.08 41.08 267.80 15.34
T.L. 137.97 5790.00 0.15 891.66 2981.85 29.90

Geometric mean 34.50* 1455.00* 208.57* 749.33
X/. relative SEM 1.60 1.56 1.57 1.56
Arithmetic mean 0.15* 29.28*
±1 SEM 0.02 3.80

* P < 0.001 compared with normals. * P < 0.01 compared with normals.

subject. To do this one can determine the slope (X) for an average
single exponential decay:

tv, = (In 2)/X. (5)
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However, IgE is catabolized by both a direct and indirect path-
way. Thus, there are two processes contributing to an average
slope. The rate at which IgE leaves the plasma (the FCR) and
the rate at which IgE leaves the delay pool (N). Because, on
the average, xYi of the tracer leaves the plasma by the direct
catabolic pathway and (100-x)% leaves by the indirect pathway
(experiencing a delay), an average t½, for circulating IgE can be
calculated using the formula:

4,= {(x/100)(l/FCR)
+ [(100-x)/ 100](1/FCR + 1/X35)}(ln 2).0.4
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Figure 6. FCRas a function of serum IgE levels. (Triangles) Normal
volunteers, (circles) patients with severe atopy, (squares) patients with
HIE. Spearman rank-correlation coefficient r = -0.851; P < 0.001. A
line is drawn for interpretative purposes only.

(6)

As shown in the last column of Table III, the average t4, for
circulating IgE in four normal individuals is 1.79±0.15 d,
whereas for three patients with severe atopy and four patients
with HIE the mean t½, values are 4.34±0.19 d (P < 0.001) and
5.76±1.29 d (P < 0.01), respectively. In addition, the average
t½, is, as expected from the FCRdata (Table I and Fig. 5), inversely
related to the serum IgE concentrations (r = -0.880; P< 0.001).

By separating the components of the t4, calculation in Eq.
6, we can estimate average t½, values for IgE catabolized by each
pathway. Thus, it is evident (Table III) that the rates of catabolism
via both the direct (intravascular) and the indirect (extravascular,
delay) pathways are slower in patients with markedly elevated
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Table II. Extravascular IgE

Patient group Patient Serum IgE Intravascular IgE Total body IgE Extravascular IgE IgE

pug/kg Ag/Ikg pg/kg pg/kg %eravascular

Normals L.F. 0.02 1.21 5.11 3.90 76.34
M.H. 0.27 12.02 34.29 22.27 64.95
M.N. 0.02 1.09 2.72 1.63 59.90
R.L. 0.02 0.89 3.13 2.24 71.56
H.G. 0.63 26.84 69.43 42.59 61.34

Geometric mean 0.07 3.28 10.07 6.70
X/. relativeSEM 2.11 1.88 1.81 1.78
Arithmetic mean 66.82
±1 SEM 2.79

Atopics D.M. 21.83 1,090.00 1,749.48 659.48 37.70
G.A. 90.52 3,980.00 ND ND ND
R.H. 5.58 280.00 492.43 212.43 43.14
C.H. 1.81 70.00 191.30 121.30 63.41

Geometric mean 11.88* 540.00* 548.26* 257.09*
X/. relative SEM 2.33 2.12 1.69 1.50
Arithmetic mean 48.08
±1 SEM 15.05

HIE C.C. 20.88 970.00 1,273.71 303.71 23.84
C.S. 71.54 3,850.00 8,432.22 1,682.37 54.34
K.Z. 10.00 580.00 996.68 257.95 41.81
S.W. 23.73 520.00 ND ND ND
T.L. 137.97 5,790.00 7,645.24 1,136.32 24.27

Geometric mean 34.50* 1,455.02* 2,117.35* 790.04*
X/-. relative SEM 1.60 1.56 1.65 1.59
Arithmetic mean 36.00*
±1 SEM 6.00

ND, not determined because of inadequate urine collection. * P < 0.001 compared with normals. tP < 0.01 compared with normals.

IgE (P < 0.001, direct; P < 0.05, indirect). Furthermore, although
the proportion of the total body IgE that is catabolized by the
indirect catabolic pathway tends to be less in subjects with severe
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atopy (40±10%) and patients with HIE (33±15%) than in normal
volunteers (54±7%), these differences did not reach statistical
significance. However, the proportion of the total circulating
IgE catabolized via the indirect pathway is inversely related to
the serum IgE concentrations (r = -0.655; P < 0.05), is inversely
related to the absolute amount of extravascular IgE (r = -0.645;
P < 0.05), and is directly related to the proportion of IgE that
is extravascular (r = 0.700; P < 0.02). Thus, those patients with
elevated IgE who have an increase in the mass of IgE in the
extravascular space (Table II) have a smaller proportion of their
IgE catabolized by the indirect pathway. It is therefore possible
that the indirect catabolic pathway is located in an extravascular
compartment and its ability to handle an increased load starts
to become saturated at very high IgE levels. Finally, it is of interest
that the indirect catabolic pathway is either saturated or does
not exist for the single patient, C.C. (see Table III). This finding
may be related to the observation that this is the patient who
had evidence of immune complexes on HPLC (see above).

jo- DiscussionI&~
IgE (ng/mI)

Figure 7. Extravascular IgE as a percentage of the total body IgE is
shown as a function of serum IgE levels in the 12 subjects for whom
there was adequate data to calculate this parameter. Spearman rank-
correlation coefficient, r = -0.8 10; P < 0.01). A line is drawn for in-
terpretative purposes only.

Utilizing purified polyclonal human IgE, we studied IgE metab-
olism in normal volunteers, in patients with severe atopic disease
and markedly elevated IgE, and in patients with HIE. Wefound
that IgE purified from a patient with HIE is catabolized normally
(similar to myeloma IgE [2-6]) in normal volunteers. In addition,
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Table III. Calculated t,12 of IgE

ti/2 for IgE moving t,/2 for IgE moving from %of IgE
from pool I to pool I to pool 3 via catabolized via Weighted "half-life"

Patient group Patient Serum IgE pool 3 (direct) pool 5 (indirect) indirect path for IgE

ug/ml days

Normals L.F. 0.02 1.24 2.30 0.70 1.98
M.H. 0.27 1.10 2.61 0.63 2.05
R.L. 0.02 1.39 2.47 0.42 1.84
W.G. 0.62 1.12 1.50 0.40 1.27

Mean 1.21 2.22 0.54 1.79
±SEM 0.06 0.21 0.07 0.15

Atopics D.M. 21.83 3.85 7.50 0.24 4.73
R.W. 5.58 3.30 5.54 0.38 4.15
C.W. 1.81 3.15 4.84 0.59 4.15

Mean 3.43* 5.96* 0.40 4.34*
±SEM 0.21 0.80 0.10 0.19

HIE C.C. 20.88 3.65 ND 0.01 3.65
C.S. 71.54 5.33 19.19 0.30 9.49
K.Z. 10.01 3.47 5.04 0.74 4.63
T.L. 137.97 4.62 7.01 0.27 5.27

Mean 4.27* 10.41§ 0.33 5.76"
±SEM 0.43 4.43 0.15 1.29

Data from one normal individual with adequate urine collection did not allow precise determination of the percentage of IgE catabolized by the
indirect (extravascular) pathway. Urine collection was inadequate from one person with atopy and one subject with HIE. ND, Not determined.
* P < 0.001 compared with normals. t P < 0.0 I compared with normals. I Not significant, but for all patients with elevated IgE (n = 6) the
mean value is 8.19±2.05 (P < 0.05 compared with normals). "l P < 0.05 compared with normals.

we found no substantial difference in the manner in which pa-
tients with HIE and patients with severe atopy catabolize IgE.
These findings argue strongly against the possibility that patients
with HIE have a unique defect in either the structure or the
catabolism of IgE. Upon analysis of the metabolic data with the
SAAM-27 program, we were able to construct a minimal com-
partmental model of IgE metabolism that fits the data from all
three subject groups and is compatible with known biochemical
and physiological information concerning IgE. From this analysis
it is apparent that IgE metabolism is distinctive in at least four
ways: (a) IgE is catabolized at a higher fractional rate than other
immunoglobulins; (b) the IgE FCR is inversely related to the
serum IgE concentration and, under the limiting condition of
high serum IgE concentrations, is catabolized at a fractional rate
similar to that of other immunoglobulins; (c) IgE is catabolized
by an extravascular as well as an intravascular pathway; and (d)
the fraction of the total IgE that is extravascular as well as the
proportion of IgE that is catabolized by the extravascular pathway
are inversely related to the serum IgE concentration.

It is clear from the data in this study and from data published
previously (2, 4-7, 20) that in normal individuals IgE is cata-
bolized at a fractional rate - 10 times that of IgG, 4 times that
of IgM and IgA, and 2 times that of IgD. One explanation for
this observation is that IgE is subject, not only to the catabolic
processes that affect all immunoglobulins, but also to a super-
imposed catabolic mechanism specific for IgE. Support for this
view comes from a consideration of the relationships between
immunoglobulin concentrations and immunoglobulin catabo-
lism. For IgG, the FCRin individuals with normal IgG levels is
0.06±0.01 but is increased in patients with very high IgG levels
(0.15-0.17). As presented in this study, normal serum IgE con-

centrations are associated with high FCR (0.52±0.06), which
are decreased at high IgE concentrations to 0.15±0.02. A similar
situation has been described for IgD (20, 21). Finally, for IgA
(22, 23) and IgM (24) no concentration effects have been seen.
These immunoglobulins display FCR(0.25±0.02 and 0.19±0.01,
respectively) similar to those encountered with the other im-
munoglobulins when high immunoglobulin levels are present.
Thus, there appears to be a baseline FCRthat affects all im-
munoglobulins (FCR = 0.15-0.25) and is decreased in the case
of IgG and increased in the case of IgD and IgE, presumably
because of the presence of additional concentration-dependent
factors. The IgG situation has been explained (25) by postulating
the existence of saturable protective sites that shield IgG from
catabolism and therefore function as a "negative" catabolic
pathway. By the same token, we postulate an additive ("positive")
catabolic pathway for IgD and IgE.

The FCR for IgE in normal volunteers measured in this
study was smaller than that reported earlier (0.52±0.06 vs.
0.94±0.08 in reference 6). This is mostly due to the inclusion
(in our current model) of pool 2 for nonbindable '25I-IgE, which
allowed us to exclude the effect of rapidly degradable and non-
physiologic IgE. A second discrepancy from the previous data
on IgE metabolism relates to differences in the t½ values in the
two studies. In the present study the t½, obtained is shorter than
that obtained previously. This relates to the fact that the t½, for
IgE was previously determined by measuring the slope of the
terminal portion of the plasma die-away curve (6) on the as-
sumption that the disappearance of tracer from the plasma during
this period of time is determined by a single exponential decay.
Wefound, however, that IgE catabolism occurs via both an in-
direct (extravascular, delay) route as well as by a direct (intra-
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vascular) catabolic route. Thus, for IgE, the terminal portion of
the plasma die-away curve is determined by at least two separate
metabolic processes. On this basis, we have chosen to calculate
the average t½, (Table III) using an expression containing the
weighted (average) exponential decay for each pathway (Eq. 6).

An interesting and important corollary of the variation in
FCRwith serum IgE levels is a necessary reassessment of the
estimation of relative IgE synthetic rates. As shown in Table I,
inferences concerning IgE synthetic rates based on serum IgE
levels can overestimate true synthetic rates by as much as 6.5-
fold if FCR is not taken into account.

The metabolism of IgE is also distinctive from that of the
major immunoglobulin classes in that there is evidence for ex-
travascular catabolism. This was first suggested in a prior study
(6), but has been more clearly delineated in the compartmental
analysis performed here. The current study demonstrates that a
satisfactory fit of the data required the inclusion of an extravas-
cular catabolic pool (pool 5) as well as an extravascular ex-
changeable pool (pool 4). Of interest, the modeling analysis al-
lowed estimation of the relative amounts of IgE in the intravas-
cular and extravascular pools as well as the proportion of IgE
catabolized by each pathway. As shown in Table II, the absolute
amount of extravascular IgE increases as the serum IgE increases
(r = 0.991; P < 0.001). However, it is important to note that
the proportion of the total IgE that is extravascular decreases as
the serum IgE concentration increases (r = -0.810; P < 0.01)
(Table II and Fig. 6), suggesting that the rise in serum IgE is
greater than the increase in available binding sites. A related
interesting observation is that the proportion of the IgE that is
catabolized by the extravascular pathway is inversely related to
the serum IgE concentration and is directly relatedto the pro-
portion of IgE that is extravascular (see Table III). These rela-
tionships suggest that part of the excess catabolism of IgE may
be due to the presence of IgE receptors that function as extra-
vascular catabolic sites. In addition, the convergence of the in
vitro binding data and the computer modeling analysis supports
the hypothesis that the extravascular exchangeable binding pool
may consist of one or more types of IgE receptor and that these
receptors may be part of the extravascular nonexchangeable cat-
abolic pool. Because of its high affinity and large number, the
mast cell IgE receptor is a likely candidate for such a role both
in regard to IgE binding and in terms of IgE catabolism. However,
IgE receptors of lower affinity on other cell types may also be
important.

Our finding that the absolute amount of extravascular IgE
increases as the serum IgE level increases (Table II) is compatible
with published observations that patients with elevated IgE have
increased numbers of IgE receptors on circulating basophils (26)
and lymphocytes (27, 28). In addition, up-regulation of IgE re-
ceptors (after exposure to high concentrations of IgE) has been
observed in vitro for rat basophil leukemia cells (29) and for
mouse macrophages and lymphocytes (30), suggesting that this
may be a general finding for cells bearing IgE receptors.

In spite of the above arguments, at least two objections can
be raised to the idea that the high-affinity IgE receptor of the
mast cell is an important extravascular catabolic site. First, there
are several studies indicating that cutaneously injected IgE turns
over very slowly in comparison to the turnover of IgE moving
through the extravascular catabolic pathway as described in this
study. Thus, the calculated t4, of skin-sensitizing activity after
administration of reagnic serum (31) and the to of '3'I-IgE in-
jected subcutaneously (32) are long (8.5-14 d) in comparison

to our estimated t½ for IgE in normal volunteers (1.8 d overall
and 2.2 d by the indirect catabolic pathway). Furthermore, sub-
cutaneously injected IgE has been shown to block Prausnitz-
Kustner reactivity for prolonged periods (> 2 wk) (33). This
discrepancy is partially mitigated by the fact that in yet another
study (34), the t½ of subcutaneously injected reaginic serum was
estimated to be 4.2-4.9 d. In addition, it should be kept in mind
that while the disappearance of Prausnitz-Kustner reactivity and
the catabolism of IgE are closely related, they are not the same
phenomena. Finally, the connective tissue mast cell is only one
of several types of tissue mast cells (35) and those in the skin
probably represent a relatively minor proportion of the total
body IgE high-affinity binding sites.

A second objection to the hypothesis that the high-affinity
IgE receptor of the mast cell may mediate IgE catabolism is that
monomeric IgE bound to the rat high-affinity IgE receptor of
the basophilic leukemia cell is not catabolized (36, 37). However,
although this cell line resembles mucosal mast cells (35), there
are marked ultrastructural differences between the two cell types
and there may also be differences in the manner in which these
cells handle IgE monomers. In addition, it is not known whether
other cell types with high-affinity receptors for IgE (e.g., bone
marrow-derived mast cells, connective tissue mast cells, and ba-
sophils) can catabolize monomeric IgE. Finally, as mentioned
above, there are other cells with low-affinity IgE receptors, spe-
cifically macrophages (30, 38), lymphocytes (27, 28, 39), and
eosinophils (40) in which the issue of IgE catabolism has not
been studied and thus remain as possible sites of catabolism.

In conclusion, evidence has been presented that supports a
model of IgE catabolism in which IgE is catabolized at rates
greatly exceeding that of the other immunoglobulins and is ca-
tabolized via intravascular and extravascular catabolic pathways.
In addition, the model indicates that the FCRof IgE is inversely
related to the serum IgE concentration and, under the limiting
condition of elevated serum IgE levels, is similar to that of the
other immunoglobulins. This suggests that IgE is catabolized in
normal individuals via a nonsaturable catabolic pathway com-
monto all immunoglobulins as well as by a saturable IgE-specific
pathway. Finally, the model indicates that the proportion of the
total IgE that is extravascular and the proportion of IgE catab-
olized by the extravascular pathway are inversely related to the
serum IgE concentration. These findings suggest that the extra-
vascular catabolic pathway may be related to one or more types
of IgE receptor.
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