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The Metabolism of IgE in Patients with Immunodeficiency

States and Neoplastic Conditions
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A B S T R A C T Sertum IgE concentrations were deter-
mined and IgE turnover studies were performed
in control individtuals as well as in patients with several
disease states. Patients with common variable hypo-
gammaglobulinemia, thymoma and hypogammaglobu-
linemia, ataxia telangiectasia, and selective IgA
deficiency had significantly decreased mean serum IgE
concentrations. In turnover stuldies, this was found to
be due to decreased IgE synthesis. In spite of these
depressed mean values, some patients with common
variable hypogammaglobtulinemia had normal sertum
IgE concentrations and synthetic rates.

Patients with the Wiskott-Aldrich syndrome had a
significantly elevated mean serum IgE concentration.
In one of four patients studied with the turnover
technique, a strikingly high IgE concentration was
present and was associated with an elevated IgE
synthetic rate. Three other patients had both normal
sertum IgE concentrations and synthetic rates.

Patients with chronic lymphocytic leukemia had
significantly decreased mean serum concentrations and
synthetic rates for IgE. The depressed IgE synthesis
was associated with a significantly prolonged IgE
half-life.

Patients with Hodgkin's disease had significantly
increased serum IgE concentrations. One of three
patients studied had a high serum IgE concentration
and synthetic rate of IgE. The two other patients
had normal serum IgE concentrations associated with
normal synthetic rates.

Finally, patients with protein-losing enteropathy
or familial hypercatabolic hypoproteinemia had normal
IgE concentrations associated with normal IgE
metabolic parameters. In these cases, the disorder
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in the catabolic rate was not severe eniouigh to
affect the total amouint of circulating IgE becauise
IgE normally has a very high fractional catabolic
rate.

In general, IgE levels in a variety of disease states
were correlated with IgE synthetic rates and abnor-
malities in the catabolic rate of IgE in disease did
not exert an important effect on IgE concentration.

INTRODUCTION

In 1966 Ishizaka and co-workers demonstrated that
human reaginic antibody is associated with a distinct
class of immtunoglobulin, subsequently designated IgE
(1). Independently, Johansson and Bennich described
a myeloma protein (ND)' that was antigenically identi-
cal to IgE (2); later, a second IgE myeloma protein
(PS) was detected by Ogawa and co-workers (3).
The isolation of these myeloma proteins permitted
the definition of the chemical characteristics of IgE
molecules and the development of a variety of radio-
immunoassays forthe quantitation of serum IgE levels.

The serum concentration of any plasma protein,
including IgE, is determined by its rate of synthesis
and rate of catabolism as well as its distribution
pattern. Pathologic processes affect these metabolic
parameters in characteristic ways and this gives rise
in tum to characteristic alterations in serum protein
levels. Metabolic turnover studies with purified radio-
iodinated proteins of four of the major classes of im-
munoglobulin molecules (IgG, IgA, IgM, and IgD)
have allowed the definition of the metabolic charac-
teristics of these immunoglobulin classes and have
led to the identification of disorders of these metabolic
parameters in disease (4, 5).

In the present paper we report on the metabolic

'ND and PS refer to the IgE proteins used in the turnover
study and their souirce in this paper.
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TABLE I

Ntimber of
Patients patients studied Sertum mean* IgE Concentrationt

ng/ml ng/ml

Controls 74 96 24-386
Commonvariable hypogamma-

globulinemia 36 11§ 3.24-38.9
Thymomaand hypogamma-

globulinemia 9 4.4§ 3.4-6.0
Chronic lymphotic leukemia 32 18.4§ 3.5-96
Myeloma IgG paraprotein 16 27.4§ 11-71
Myeloma IgA paraprotein 17 35.9§ 7.5-172
Macroglobulinemia of

Waldenstrom 56 67.3 15-305
Ataxia telangiectasia 44 12§ 3.6-40
Selective IgA deficiency 25 35§ 5.6-214
Intestinal lymphangiectasia 10 112§ 18.6-676
Wiskott-Aldrich syndrome 12 3,475§ 499-24,257
Hodgkin's disease 19 9455 162-5,512

* Data are presented as geometric mean.
t 68% Confidence interval.
§ Significantly different from normal P < 0.05.

characteristics of IgE in a variety of disease states
that give rise to both reduced and elevated serum
IgE concentrations. These studies include patients
with a generalized defect in immunoglobulin syn-
thesis, patients with deficient synthesis of one or two
immunoglobulin classes, patients with accelerated
endogenous catabolism of one or more classes of im-
munoglobulin molecules, patients with excessive loss
of immunoglobulin molecules into the gastrointestinal
tract, and finally, patients with excessive synthesis
of one or more classes of polyclonal immunoglobulin
molecules. These metabolic studies define the dis-
order accounting for the IgE abnormality in the patients
studied and bring into focus many of the factors which
control IgE synthesis, catabolism, and distribution.

METHODS

Patients. 43 patients with various immunologic and neo-
plastic disorders were investigated with IgE metabolic turn-
over studies. This group consisted, in part, of patients
with primary immunodeficiency classified according to the cri-
teria of The World Health Organization and included eight
patients with common variable hypogammaglobulinemia,
three patients with thymoma and hypogammaglobulinemia,
three patients with ataxia telangiectasia, four patients with
selective IgA deficiency, and four patients with the Wiskott-
Aldrich syndrome. The patients with neoplastic disease in-
cluded seven patients with chronic lymphocytic leukemia,
three patients with Hodgkin's disease, and five patients
with IgG, IgA myeloma, or Waldenstrom's macroglob-
ulinemia. Also studied were five patients with protein-losing
enteropathy secondary to intestinal lymphangiectasia and one
patient with familial hypercatabolic hypoproteinemia.

Control patients in the IgE metabolic turnover studies

consisted of 10 patients with neuromuscular or neoplastic
diseases who were suitable for study because they had
normal serum IgE concentrations and because groups of
patients with comparable disorders had normal serum IgE
levels. These patients included one patient with malig-
nant melanoma, one patient with the adult Fanconi syndrome,
and eight patients with various neuromuscular disorders.
Their ages ranged from 11 to 63 yr; seven were male and
three were female. None of the patients in these groups
had a history of allergic disorders, skin conditions, or evi-
dence of parasitic infestation.

Serum IgE levels were determined on larger groups of
patients with these different clinical states (Table I). Per-
tinent clinical data concerning these patients are listed in
Tables II-VI. All patients and controls gave informed con-
sent to the performance of the turnover studies.

Preparation of labeled IgE. Plasma from a patient (PS)
with IgE myeloma given to us by Dr. 0. R. McIntyre
(Department of Medicine, Dartmouth Medical School,
Hanover, N. H.) served as the source of purified IgE in the
majority of turnover studies. The plasma was dialyzed against
0.01 MTris, pH 8.0,0.02 MNaCl buffer, and applied to a DEAE
cellulose column equilibrated with the same buffer. (What-
man Inc., Clifton, N. J.) The column was then eluted with
the starting buffer to obtain a broad protein peak and then
eluted with 0.01 M Tris, pH 8.0, 0.06 M NaCl buffer to
obtain a second protein peak; this peak consisted of pure
IgE as shown in Ouchterlony double diffusion analysis by
using goat antisera to human IgE, IgG, IgA, IgM, albumin
transferrin, and whole serum (Melroy Laboratories, Spring-
field, Va.). A number of studies were also performed with an
IgE preparation purified from the serum of patient NDby
Drs. Johansson and Bennich (University Hospital, Uppsala,
Sweden) and kindly given to us. This preparation was also
tested by Ouchterlony analysis and found to be immuno-
chemically pure.

The purified IgE was labeled with 1251 or 131I by McFar-
lane's iodide monochloride method (6). Unbound radio-
iodide was removed by dialysis against pyrogen-free 0.15
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M NaCl. All preparations had an average of less than 2
atoms of iodide per molecule of IgE. The specific activity
was approximately 2 mCi/mg. The iodinated IgE was tested
for pyrogenicity in rabbits, diluted in human serum albumin
to prevent radiation damage, and sterilized by passage through
a 0.22-,um Millipore filter. (Millipore Corp., Bedford, Mass.)

Protocol of turnover study. All patients were hospitalized
on the wards of the Clinical Center of the National
Institutes of Health during the period of study. Over this
period they were clinically stable and their serum IgE
concentration remained constant. Therefore, the patients
were considered to be in a steady state with regard to
IgE metabolism. They received five drops of saturated potas-
sium iodide solution three times a day during the study
to prevent thyroidal uptake of radioiodine. The study was
begun by administration of 5-25 ,uCi of labeled IgE intra-
venously from a calibrated syringe. Serum samples were
collected at 10 min, at 4 h, and daily for 7 to 14 days;
complete 24-h urine specimens were collected each 24 h.
Serum and urine samples as well as a measured dilution of
the administered dose were counted with a gamma ray
well-type scintillation counter with a thallium-activated
sodium iodide crystal.

Serum IgE concentration was measured by double anti-
body radioimmunoassay according to the method described
previously (7). The minimum measurable concentration by
this assay is 4 ng/ml.

Data analysis. The total circulating IgE, the fraction of
intravascular IgE catabolized per day (fractional catabolic
rate of IgE), and the absolute catabolic rate of IgE (synthetic
rate of IgE) were determined by the methods of Nosslin
(8) and Matthews (9). Accordingly, the fractional catabolic
rate (FCR)2 was calculated from the reciprocal of the area
under the serum decay curve and the percent of total exchange-
able IgE in the intravascular pool was obtained by dividing
the area under the serum decay curve by the area under
the whole body decay curve. The plasma volume was
obtained by dividing the value for the amount of radioac-
tivity in the injected dose by the value for the amount
of radioactivity in 1 ml of plasma at zero time; the latter
value was determined by extrapolation of the serum decay
curve to the zero time point. The biological half-life (t1)
was obtained graphically from the serum decay curve. The
whole body decay curve was obtained by cumulative sub-
traction of the values for urinary radioactivity from the
value for radioactivity in the injected dose. The fitting of
the curves to the data and calculation of the areas under
decay curves were performed with a UNIVAC 1108 digital
computer. (Univac Div. Sperry Rand Corp., Philadelphia,
Pa.) Mean values for the serum IgE concentration, total
circulating IgE pool, and the absolute metabolic rate for
IgE were obtained as geometric means. Mean values for the
percent intravascular pool, the half-time survival (t1), and the
fractional catabolic rate were obtained as arithmetic means.
Significance of the difference between means was evaluated
by Welch's t test.

RESULTS

IgE metabolism in control individuals. As shown in
Table II, the geometric serum IgE concentration in
10 control individuals was 111 ng/ml. This is associated
with a wide 68% confidence interval of 38-323

2 Abbreviation used in this paper: FCR, fractional catabolic
rate.

ng/ml. Metabolic studies with 125I-IgE disclosed that
this serum IgE concentration was associated with a
total circulating IgE value of 4.1 ,ug/kg and a total
body IgE pool of 10.2 ug/kg. The IgE survival
was quite short with a mean half-time of 2.7 ± 0.8
days. This corresponded to a fractional catabolic rate
of 94 ± 25% of the plasma pool per day. The absolute
amount of IgE catabolized per day was 3.8 ,ug/kg with a
68% interval of 1.2-12.4 ,ugkg; in the steady state
this is equal to the amount of IgE synthesized per
day.

Diseases with decreased synthesis of all immuno-
globulin classes: commonvariable immunodeficiency.
The geometric mean IgE concentration of 36 patients
with common variable immunodeficiency studied was
markedly reduced to a value of 11.0 ng/ml (Table I).
28 of the patients had an IgE concentration of less
than 15 ng/ml, a value falling below the 10th percentile
of the values in the normal population; these patients
were thus considered to be IgE deficient. Eight of the
patients, however, had normal IgE serum concentra-
tions of 28, 31, 54, 70, 100, 132, 220, and 380 ng/ml.
IgE metabolic studies were performed on eight pa-
tients with commonvariable hypogammaglobulinemia,
including those with extreme reductions of IgE con-
centrations as well as those with IgE concentrations
in the normal range. These eight patients had a geo-
metric mean IgE level of 9.4 ng/ml and a 68%
confidence interval of 2.8-32 ng/ml (Table II). No IgE
was detectable in the serum of four of these patients
(i.e., concentration less than 3.9 ng/ml). In metabolic
turnover studies the plasma volume of these patients
was not significantly greater than that of the control
individuals. Therefore, the total circulating IgE of the
patients (mean 0.41 ug/kg) was significantly decreased
compared to that of controls (mean 4.1 pg/kg, P
< 0.001). The IgE in these patients distributed nor-
mally between the intra- and extravascular pools and
the mean survival time and mean fractional catabolic
rate for IgE were not significantly different from the
corresponding values in control individuals. On the
other hand, the mean synthetic rate for IgE in the
patients with common variable hypogammaglobuline-
mia was only 0.32 gg/kg per day, a value approximately
8% of the mean value obtained in controls. There-
fore, the decreased amount of IgE in the body pool
of such patients is due to decreased synthesis of
IgE and is not due to increased catabolism of this
immunoglobulin.

While the mean values for serum IgE concentration,
total circulating IgE and IgE synthetic rate in the
patients with common variable hypogammaglobuline-
mia are decreased as compared to normal values, 8
of the 36 patients had normal serum IgE concentra-
tions and 3 of the 8 patients studied with metabolic
turnover studies had normal values for serum IgE
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TABLE II
IgE Metabolism in CommonVariable Hypogammaglobulinemia and Thymoma with Hypogammaglobulinemia

Sertim Total Fractional Serum concentration
IgE con- Plasma circulating Intra- Survival catabolic Synthetic

Patient Age Sex centration voltume IgE vascular Ti rate* rate IgG IgA IgM

ng/ml ml/kg plglkg % Days pglkglday mglml mglml mglml

Controls (10)
Meanl 11 1 37.9 4.1 40.6 2.7 0.94 3.8 8.1 2.4 1.1
68% Confidence

interval 38-323 30.9-44.8 1.2-13.9 28.2-53.1 2.0-3.5 0.69-1.19 1.2-12.4 6.0-11.0 1.7-3.3 0.78-1.62

Commonvariable hypogammaglobtulinemia
K. C. 23 F <3.9 42.9 <0.17 37.9 2.3 1.04 <0.17 0.5 0.17 0
D. J. 37 F <3.9 51.2 <0.20 28.2 1.8 1.03 <0.21 1.4 0 0.21
G. W. 43 F <3.9 39.8 <0.16 26.7 4.8 0.92 <0.15 0.70 0 0
M. P. 51 F <3.9 38.3 <0.13 24.1 4.9 0.88 <0.12 1.05 0 0.052
S. F. 39 M 5.1 58.6 0.30 31.5 3.3 0.92 0.27 2.2 0 0
P. B. 24 M 28 42.1 1.18 25.7 3.1 0.64 0.75 1.45 0 0
M. C. 18 F 30.5 35.3 1.08 38.6 2.4 0.64 0.69 4.7 0.42 0.68
J. L. 30 M 70 40.9 2.86 47.4 3.7 0.47 1.34 0.6 0 0

Mean 9.4 43.6 0.41 32.5 3.3 0.82 0.32 1.21 - -

68% Confidence
interval 2.8-32 36.0-51.2 0.13-1.30 24.4-40.6 2.2-4.4 0.61-1.03 0.13-0.79 0.58-2.54

P5 <0.001 P<0.001 P<0.001

Thymomaand hypogammaglobulinemia
S. L. 55 F <2.0 44.7 <0.09 31.2 3.1 0.49 <0.044 1.8 0.44 0
0. 0. 56 F <3.4 47.9 <0.16 39.8 3.8 0.75 <0.12 1.5 0 0
E. H. 55 M <2.0 66.0 <0.13 14.5 4.0 0.89 <0.12 2.65 0.71 0.039

Mean 2.4 52.9 0.12 28.5 3.6 0.71 0.09 1.9 - -

68% Confidence
interval 1.8-3.2 41.4-64.4 0.09-0.16 15.6-41.4 3.1-4.1 0.51-0.91 0.05-0.15 1.4-2.6

P<0.001 P<0.02 P<0.001 P<0.001

* Fraction of total intravascular IgE per day.
The inean values of serum IgE concentration, total circulating IgE, synthetic rate and senim concentrations of IgG, IgA, and IgM are expressed as geometric means.

§ Statistical significance of difference between the means in controls and disease grotup.

concentration. These patients also had values for the
IgE total circulating pool size and IgE synthetic rates
that were within the 90% confidence interval of the
normal population. Thus, in these patients, metabolic
parameters for IgE were much closer to normal values
than corresponding values for other immunoglobulins.
In other words, the concentration and metabolism of
IgE may be discordant with that of other immuno-
globulins in certain patients with hypogammaglob-
ulinemia.

Thymoma and hypogammaglobulinemia. The
serum IgE level was markedly depressed in all the
patients with thymoma and hypogammaglobulinemia
studied. No IgE was detectable in the serum of eight
of the nine patients with thymoma and reduction
of all other classes of immunoglobulins. In the re-
maining patient the IgE level was only 8 nglml.
Similarly, no IgE was detectable in the serum of the
two patients with thymoma and markedly reduced
serum concentrations of IgG and IgA but significantly
elevated serum concentrations of IgM. Metabolic turn-
over studies were performed in three patients with
thymoma and hypogammaglobulinemia in whom no

serum IgE was detectable (Table II). In these studies
the thymoma patients were found to have significantly
increased plasma volumes compared to those of control
individuals (mean value of 52.9±+11.5 ml/kg vs. nor-
mal mean of 37.9±7.0 ml/kg; P < 0.02) and this was
associated with decreased circulating IgE pools. The
serum survival ti of IgE was somewhat prolonged to
3.6 days but the fractional catabolic rate was not sig-
nificantly different from that in control individuals.
Finally, the synthetic rate was less than 1/40 of that
of control individuals and thus, the strikingly low
serum IgE was due to decreased synthesis of IgE and
not to excessive catabolism of this immunoglobulin.

Chronic lymphocytic leukemia. In general, the
serum levels of IgE were reduced in patients with
neoplasms affecting B lymphocytes or plasma cells.
Thus, the IgE levels of 32 patients with chronic
lymphocytic leukemia were extremely reduced with a
geometric mean serum IgE concentration of 18 ng/ml,
a value that differed significantly from that of the nor-
mal population (P < 0.001). In 63% of the patients
with chronic lymphocytic leukemia IgE was below
15 ng/ml, that is, below the 10th percentile for normal
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adults. IgE metabolic turnover studies were performed thesis of IgE which was associated with, but not fully
on seven of the patients with chronic lymphocytic compensated by, an increase in IgE survival.
leukemia (Table III). The serum IgE concentration of Multiple myeloma and Waldenstrbm's macroglobu-
these patients was generally decreased with a geo- linemia. The mean IgE concentration was signif-
metric mean of 10.7 ng/ml and a 68% confidence icantly lower than normal (P < 0.05) in patients
interval of 3.3-35.4 ng/ml. In these turnover studies, with multiple myeloma associated with an IgG or IgA
increased plasma volumes averaging 72.2+±26.4 ml/kg paraprotein. 16 patients with multiple myeloma and an
were found; however, total circulating IgE was still IgG paraprotein had a geometric mean serum IgE
significantly decreased with a geometric mean of 0.74 concentration of 27 ng/ml and the 17 patients with
pug/kg and a 68% interval of 0.25-2.15 pg/kg (P < 0.01). multiple myeloma and IgA paraprotein had a geo-
Of considerable interest is the fact that this patient metric mean IgE level of 36 ng/ml. 56 patients with
group had a significantly prolonged mean serum Waldenstrom's macroglobulinemia had a geometric
survival time and decreased fractional catabolic rate: mean IgE level of 67 ng/ml. Although this value is
the mean values for these parameters were 3.6+0.9 lower than the control mean, the difference is not
days (P < 0.05) and 65±14% (P < 0.02), respectively. significant (P > 0.05). IgE turnover studies were per-
The synthetic rate was significantly decreased com- formed in two patients with IgG myeloma, one patient
pared to control values with a geometric mean of with IgA myeloma, and two patients with Walden-
0.74 ,g/kg per day (P < 0.01). In all, the decreased strom's macroglobulinemia (Table III). These studies
serum IgE resulted from the severely impaired syn- included two patients, one with IgG myeloma and

TABLE III
IgE Metabolism in Chronic Lymphocytic Leukemia and Myeloma

Sernm Total Fractional Serum concentration
IgE con- Plasma ciretlating Intra- Sturvival catabolic Synthetic

Patient Age Sex centration voltume IgE vasctular t; rate* rate IgC IgA IgM

ng/mil ml/kg plglkg % Days pglkglday mglml mglml mglml

Controls
Meant 111 37.9 4.13 40.6 2.7 0.94 3.77 8.1 2.4 1.1
68% Confidence

level .38-323 30.9-44.8 1.23-13.92 28.2-53.1 2.0-3.5 0.69-1.19 1.15-12.35 6.0-11.0 1.7-3.3 0.78-1.62

Chronic lymphocytic leukemia
L. S. 67 F 3.2 114.7 0.37 21.7 3.3 0.69 0.75 5.1 0.95 1.2
D. C. 63 F <3.4 99.3 <0.34 36.8 4.1 0.49 <0.16 3.6 0.11 0.094
A. NI. 61 F <5.8 46.1 <0.27 32.3 4.7 0.59 <0.16 8.2 3 0.4
I. P. 62 F 9.6 51.7 0.50 42.7 3.7 0.62 0.31 9.3 0.49 0.094
A. E. 55 F 10.5 63.3 0.67 39.9 2.3 0.86 0.57 9 2.8 0.475
D. R. 70 MI 31 78.6 2.44 40.9 4.6 0.79 1.91 3.5 0.89 0.085
S. K. 61 F 84 51.9 4.36 41.8 2.7 0.50 2.18 6.0 0.58 0.31

Mean 10.7 72.2 0.74 36.6 3.6 0.65 0.74 6.0 0.81 0.24
68% Confidence

internal 3.3-35.4 45.8-98.6 0.25-2.15 29.1-44.1 2.7-4.5 0.51-0.79 0.20-2.15 3.9-9.0 0.26-2.49 0.09-0.68

P§<0.01 P<0.01 P<0.01 P<0.05 P<0.02 P<0.01

IgG mveloma
J. P. 63 F <3.9 57.2 <0.22 40.2 2.9 0.49 <0.11 23 0.145 0.17
\I. K. 50 F 68 51.9 3.53 49.7 3.7 0.55 1.93 42 0.4 0.79

IgA mveloma
R. T. 18 M1 44 55.5 2.44 57.7 2.3 0.67 1.64 6.4 25 0.68

Waldenstri6m's macroglobtulinemia
J. \%. 54 NI1 4.8 61.9 0.30 28.3 1.9 1.04 0.31 1.05 0.10 20
S. B. 67 F 150 43.5 6.52 39.0 3.7 0.74 4.8 7.0 0.17 27

Mlean 24.3 .54.0 1.30 43.0 2.9 0.70 0.88 4.811 0.181" 0.451"
68% Confidenee

interval 4.7-12.5 47.1-60.9 0.28-5.97 31.8-54.2 2.1-3.7 0.49-0.91 0.19-4.03 0.9-26.2 0.1-0.32 0.19-1.05

P < 0.001

Fraction of total intravascular IgE per day.
t,§ Same as described in Table II.
Geometric mean svas caletlated exeltuding the valtues of patients swith paraproteins of the same immtunoglobtulin class.
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TABLE IV
IgE Metabolism in Ataxia Telangiectasia and Selective IgA Deficiency

Senrm Total Fractional Serum concentration
IgE con- Plasma ciretlating Intra- Survival catabolic Synthetic

Patient Age Sex centration voltume IgE vascular t4 rate* rate IgG IgA IgM

ngiml tni/kg plglkg % Days ptglkg/day mg/ml mg/ml mg/ml

Controls (10)
Meant 111 37.9 4.13 40.6 2.7 0.94 3.77 8.1 2.4 1.1
68% Confidence

interval 38-323 30.9-44.8 1.23-13.92 28.2-53.1 2.0-3.5 0.69-1.19 1.15-12.35 6.0-11.0 1.7-3.3 0.78-1.62

Ataxia telangiectasia
M. R. 17 M <3.4 45.5 <0.16 37.1 3.9 0.65 <0.10 8.3 5.3 2.2
K. L. 18 M <3.9 36.0 <0.14 39.5 2.7 0.92 <0.13 2.6 0 6.0
V. C. 17 F <3.9 34.1 <0.13 23.7 2.5 0.97 <0.13 9.6 0 2.3

Mean 3.7 35.5 0.14 33.4 3.0 0.85 0.12 5.9 - 3.1
68% Confidence

interval 3.4-4.0 29.4-41.6 0.13-0.16 24.9-41.9 2.2-3.8 0.68-1.02 0.10-0.14 2.9-12.1 1.8-5.5

P5<0.001 P<0.001 P<0.001

Selective IgA deficiency
B. H. 39 F 4.1 44.1 0.18 22.5 3.6 1.07 0.19 35.8 0 0.35
B. W. 72 M 8.4 42.2 0.35 26.6 3.0 0.45 0.19 10.5 0.31 0.58
N. I. 61 F 9 33.6 0.30 26.1 2.5 0.45 0.14 13.6 0 0.34
J. W. 47 F 12.6 43.7 0.55 36.8 1.4 0.77 0.42 12.8 0 1.65

Mean 7.9 40.9 0.32 28.0 2.6 0.71 0.21 16.0 - 0.58
68% Confidence

interval 4.9-12.7 36.0-45.8 0.20-0.51 21.9-34.1 1.7-3.5 0.43-0.99 0.13-0.34 9.2-17.7 0.28-1.21

P<0.001 P<0.001 P<0.001

* Fraction of total intravasctular IgE per day.
I,§ Same as described in Table II.

one with Waldenstrom's macroglobulinemia, with ex-
treme reduction of IgE levels and three patients with
IgE levels within the normal range. As a group,
the patients showed a marginally low serum IgE con-
centration with a mean of 24.3 ng/ml and a 68%
confidence interval of 4.7-125 ng/ml. In spite of the
fact that these patients exhibited an expanded plasma
volume with a mean of 54.0+6.9 ml/kg, the total
circulating IgE was decreased slightly with a mean
total circulating IgE of 1.30 ,ug/kg and a 68%confidence
interval of 0.28-5.97 ,ug/kg. The survival time and
fractional catabolic rate of IgE were all normal.
The rate of IgE synthesis (mean 0.88 ,ug/kg per day,
68% confidence interval 0.19-4.03 ug/kg per day) was
decreased in these patients compared to control values
(mean 3.8 ug/kg per day, 68% confidence interval
1.2-12.4 ,ug/kg per day), but this decrease was not
statistically significant (P > 0.1). The two patients with
the low serum IgE levels had IgE synthetic rates
lower than those observed in any of the control
individuals. Thus, the decreased serum IgE concentra-
tions observed in some myeloma patients are derived
from impaired IgE synthesis.

Diseases with deficient synthesis of one or two im-
munoglobulin classes: ataxia telangiectasia. The
geometric mean serum IgE concentration of the 44
patients with ataxia telangiectasia was markedly re-

duced to a value of 12 ng/mg and 80% of the patients
had an IgE level of less than 15 ng/ml. IgA deficiency
(serum IgA < 0.2 mg/ml) occurred in 66% of these
patients. IgE turnover studies were performed in three
of the patients with ataxia telangiectasia (Table IV),
none of whom had detectable serum IgE. The total
circulating IgE level was, therefore, below the de-
tectable level and the synthetic rate of IgE was
reduced to a value of less than 0.12 ,ug/kg per day, a
value obtained by assuming a serum concentration
equal to the minimum measurable concentration of
serum IgE. On the other hand, the serum survival
and fractional catabolic rates for IgE in ataxia telan-
giectasia patients were normal with mean values of
3.0±0.8 days, and 85±17% of the intravascular pool
per day, respectively. Therefore, the strikingly de-
creased IgE concentration of the ataxia telangiec-
tasia patients originates from severely impaired
synthesis of IgE.

Selective IgA deficiency. The term selective IgA
deficiency is used to refer to individuals with serum
IgA concentrations of 0.2 mglml or less with normal
or elevated concentrations of serum IgG and IgM;
thus individuals with selective IgA deficiency may or
may not be IgE deficient as well. Serum IgE concen-
trations were determined in 25 patients with selective
IgA deficiency. The mean IgE concentrations of these
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patients, 35 ng/ml, was significantly lower than that of
normal adults (P < 0.02). 11 of the 25 individuals
of this group had IgE levels of less than 15 ng/ml.
Among the 25 patients with isolated IgA deficiency,
7 individuals belonged to the same family; therefore,
of 18 patients in whom selective IgA deficiency has
been independently ascertained, 5 or approximately
28% had associated IgE deficiency. It should be noted
that the IgA deficient patients in the present study
were predominantly from a population of blood bank
donors. Other workers who have studied atopic patients
with IgA deficiency have noted normal IgE levels
in their patients (10). IgE metabolism was studied
in four patients with combined IgA and IgE deficiency
(Table IV). The serum IgE concentrations in these
patients varied between 4.1-12.6 ng/ml with a mean of
7.9 ng/ml. The total circulating IgE was also signif-
icantly decreased as was the IgE synthetic rate (0.32
,ug/kg and 0.21 ,g/kg per day, respectively; P < 0.001)
when compared to control values. However, both the
serum survival and fractional catabolic rate of IgE were
not significantly different from those observed in con-
trol individuals. It should be noted that one of the
patients with selective IgA deficiency associated with
IgE deficiency and one of the patients with ataxia
telangiectasia with a similar protein pattern had ex-
ceedingly short IgA survivals (along with circulating
antibodies to IgA) but normal survivals of IgE. Thus,
in the patients with selective IgA deficiency studied,
the accompanying IgE deficiency is due solely to
decreased IgE synthesis unassociated with shortened
IgE survival.

Diseases wcith accelerated endogenous catabolism
or excessive loss of immunoglobulins: protein-losing
enteropathy. Hypogammaglobulinemia associated
with a short immunoglobulin survival may occur
secondary to excessive loss of plasma proteins into
the urinary or gastrointestinal tract or may reflect
an abnormality in endogenous catabolism of protein
molecules. Thus, the serum immunoglobulin concen-
trations of 10 patients with excessive loss of protein
into the gastrointestinal tract (protein-losing enterop-
athy) secondary to intestinal lymphangiectasia were
significantly reduced with mean serum IgG concentra-
tion of 4.4 mg/ml, mean IgA concentration of 1.04
mg/ml, and mean IgM concentration of 0.64 mg/ml.
On the other hand, the serum IgE level (mean 112
ng/ml) did not differ significantly from that obtained
in normal patients (P > 0.3). IgE turnover studies
were performed in five patients with protein-losing
enteropathy secondary to intestinal lymphangiectasia
(Table V). These patients had a significant loss of
serum protein into the gastrointestinal tract with an
average of 30.6% of the IV pool lost by this route
per day as determined with 5'Cr-albumin studies.
These six patients had a mean serum IgE concentra-
tion of 61.0 ng/ml with a 68% confidence interval
of 28.1-132.7 ng/ml. In metabolic turnover studies the
mean value for the total circulating IgE was 2.78
,ug/kg in these patients, whereas the serum IgE sur-
vival and fractional catabolic rates averaged 2.8 days
and 99%of the IV pool, respectively. Finally, the mean
synthetic rate for IgE was 2.69 ,ug/kg per day with a
68% confidence interval of 1.32-5.51 ,g/kg per day.

TABLE V
IgE Metabolism in Protein-Losing Enteropathy and Hypercatabolic Hypoproteinemia

Serorn Total Fractional Senim concentration
IgE con- Plasmna cireculating Intra- Suirvival catabolic Synthetic

Patient Age Sex centration volorme IgE vascular ti rate rate IgG IgA IgM

ng/miil itrglkg pg/kg % Days pg/kglday ng/llli mglml mg/inl

Controls (10)
NMeant 111 37.9 4.13 40.6 2.7 0.94 3.77 8.1 2.4 1.1
68% Confidence

interval 38-323 30.9-44.8 1.23-13.92 28.2-53.1 2.0-3.5 0.69-1.19 1.15-12.35 6.0-11.0 1.7-3.3 0.78-1.62

Protein-losing enteropathy
H. W. 21 F 28 60.2 1.68 24.3 2.9 0.73 1.22 6.4 2.3 1.2
V. R. 23 F 31 41.4 1.28 36.2 3.3 1.42 1.82 4.6 3.5 2.0
D. S. 13 F 52 40.4 2.10 51.9 2.4 0.98 2.06 7.8 2.25 0.62
R. B. 15 M 150 33.1 4.97 55.2 2.1 0.85 4.24 4.5 0.8 0.58
NM. NI. 51 xi 125 58.9 7.36 42.2 3.2 0.99 7.29 5.6 2.0 0.46

Mean 61.0 46.8 2.78 42.0 2.8 0.99 2.69 5.7 2.0 0.83
68% Confidence

interval 28.1-132.7 34.7-58.9 1.32-5.85 29.6-54.4 2.3-3.3 0.73-1.25 1.32-5.51 4.5-7.1 1.1-3.4 0.45-1.52

Hypereatabolic hypoproteine mia
XV. J. 39 F 46 45.2 2.08 62.3 1.9 0.73 1.51 1.9 3.2 1.15

Fraction of total intravasetlar IgE per day.
t Same as described in Table II.
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All of these metabolic parameters were not significantly
different from those obtained in controls. Thus, even

in the face of a significant loss of serum proteins into
the gastrointestinal tract, there was no significant
decrease in the plasma pool of IgE nor in the survival
ti, nor was there a significant elevation in the frac-
tional catabolic rate for this protein.

T'he serum IgE level and IgE metabolic parameters
were also normal in a patient with familial hypercata-
bolic hypoproteinemia, a disorder with a generalized
hypercatabolism of long surviving serum proteins in-
cluding albumin, IgG, and IgA (Table V).

Diseases with hypergammaglobulinemia as a

result of increased synthesis of immunoglobulins:
Wiskott-Aldrich syndrome. 12 patients with the
Wiskott-Aldrich syndrome, a disease characterized by
thrombocytopenia, eczema, and a very high incidence
of infections, were studied. Mean serum IgG level
of the patients was 10.2 mg/ml, a value quite similar
to the age-matched mean value of 8.8 mg/ml in con-

trols. Mean serum IgA levels of the patients were

significantly elevated with a mean value of 3.7 mg/ml
as compared to the mean value of 1.4 mg/ml in con-

trols (P < 0.01). Mean serum IgM level in the patients
was 0.56 mg/ml, a value significantly lower than the
mean value of 1.0 mg/ml observed in controls (P
<0.01). The IgE levels of these 12 patients were

markedly increased with a mean of 3,475 ng/ml and a

68% confidence interval of 499-24,257 ng/ml. IgE
turnover studies were performed in four patients with
the Wiskott-Aldrich syndrome, including one patient
with an exceedingly high IgE concentration (37,000
ng/ml) and three patients with serum IgE concentra-
tions within the normal range (Table VI). In the patient
with the high serum IgE level metabolic study dis-
closed a total circulating IgE of 1,729 ,g/kg and a

synthetic rate of 1,089 ,ug/kg per day, values that were

some 300 times normal. The fractional catabolic
rate for IgE was normal in this patient. In the pa-

tients with normal serum IgE concentrations the total
circulating IgE and IgE synthetic rate did not differ
significantly from normal values. The fraction of the
intravascular pool of IgE catabolized per day was

normal in all four patients studied (92% of the IV
pool/day). These results indicate that when IgE levels
are elevated in patients with the Wiskott-Aldrich
syndrome, it is due to increased synthesis of this
protein and, when IgE levels are normal, the param-
eters of IgE metabolism are normal.

Hodgkin's disease. The mean serum IgE concen-

tration in 19 patients with Hodgkin's disease was
945 ng/ml, a value significantly greater than the con-

trol value (P < 0.001). IgE metabolism was studied
in three patients (Table VI), one with an elevated
serum IgE concentration (935 ng/ml) and two with
normal serum IgE concentrations (18.3 and 73 ng/ml).

TABLE VI
IgE Metabolism in Wiskott-Aldrich Syndrome and Hodgkin's Disease

Serum Total Fractional Serum concentration
IgE con- Plasma circulating Intra- Survival catabolic Synthetic

Patient Age Sex centration volume IgE vascular t4 rate* rate IgG IgA IgM

ng/mi mil/kg pglkg % Days ug/kg/day mg/ml mg/ml mg/ml

Controls (10)
Meant 111 37.9 4.1 40.6 2.7 0.94 3.8 8.1 2.4 1.1
68% Confidence

interval 38-323 30.9-44.8 1.2-13.9 28.2-53.1 2.0-3.5 0.69-1.19 1.2-12.4 6.0-11.0 1.7-3.3 0.78-1.62

Wiskott-Aldrich Syndrome
D. 0. 10 M 33.4 53.3 1.78 35.4 3.5 0.92 1.64 6.7 5.5 0.15
J. 0. 11 M 104 55.0 5.72 34.8 3.5 1.06 6.06 8.74 8.5 0.052
R. M. 4 M 140 45.7 6.40 44.4 1.5 1.06 6.75 7.4 2.2 0.57
A. D. 1 M 37,000 46.7 1,729 61.0 1.5 0.63 1,089 5.6 1.78 0.255

Mean 366 50.2 32.1 43.9 2.5 0.92 16.4 7.0 3.7 0.18
68% Confidence

interval 16-8,447 45.5-54.8 1.5-668 31.7-56.1 1.3-3.7 0.72-1.12 0.92-290 5.8-8.5 1.8-7.7 0.07-0.50

P§ < 0.01

Hodgkin's disease
J. R. 20 F 18.3 38.0 0.69 38.8 2.5 0.95 0.66 11.0 1.83 2.4
J. B. 33 M 73 55.3 4.04 49.7 2.6 0.88 3.56 12.2 3.94 0.81
E. J. 24 M 935 45.2 42.3 42.3 2.4 0.68 28.8 7.7 1.46 0.088

Mean 108 46.2 4.9 43.6 2.5 0.84 4.08 10.1 2.19 0.56
68% Confidence

interval 15-792 37.5-54.9 0.6-38.7 38.0-49.2 2.4-2.6 0.70-0.98 0.61-27.0 8.0-12.8 1.30-3.69 0.10-2.99

* Fraction of total intravascular IgE per day.
M,) Same as described in Table II.
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TABLE VII
Metabolic Properties of Human Immunoglobulins

Total Fractional
Immtino- Sertum circulating catabolic Synthetic
globulin concentration Distribution* pool ratet Half-life rate

mg/ml mg/kg Days mglkg/day

IgE 0.0001 41 0.004 94.3 2.7 0.0038
IgD§ 0.023 75 1.1 37.0 2.8 0.4
IgM 0.93 76 37.0 18.0 5.1 6.7
IgA 2.6 42 95.0 25.0 5.8 24.0
IgG 12.1 45 494.0 6.7 23.0 33.0

* Percent intravascular of total body pool
t Percent of intravascular pool per day.
§ The metabolic properties of IgD, Igi
previously (4, 5).

The patient with an increased IgE serum level had
an increased synthetic rate (28.8 ,g/kg per day),
whereas the two patients with normal levels had
synthetic rates that did not differ significantly from
normal. The serum survival half-times and the
fractional catabolic rates for IgE were normal in all
patients. Thus, some patients with Hodgkin's disease
had significantly elevated IgE levels and synthesized
relatively large amounts of IgE, whereas others
with this disease synthesized IgE normally; on the
other hand, all patients catabolized IgE at a normal
rate.

DISCUSSION

There is a wide range in the serum concentration
and in the synthetic and catabolic rates of the five
major classes of immunoglobulins in normal indi-
viduals (4, 5) (Table VII). The serum concentration
of IgE in normal individuals, approximately 100
ng/ml, is markedly less than that of any of the other
immunoglobulin classes. This is primarily due to the
fact that the synthetic rate of IgE, 0.0038 mg/kg per
day, is only 1/100th that of IgD, 1/1,000th that of
IgM, and 1/10,000 that of IgA and IgG. In addition,
the low serum IgE concentration is due to the fact
that the fractional catabolic rate of IgE, 94% of the IV
pool/day, is markedly greater than that of the other
immunoglobulin classes.

Through the use of metabolic turnover studies
with radioiodinated purified immunoglobulins the
disorders of the immune system characterized by
hypogammaglobulinemia or hypergammaglob-
ulinemia have been shown to be due to a variety
of pathophysiological mechanisms. Abnormal
serum immunoglobulin levels have been shown to be
due to decreased or increased synthesis of one
or more classes of immunoglobulins, to accelerated
endogenous catabolism of immunoglobulins, to

and IgG have been reported

excessive loss of immunoglobulins into the urine or
gastrointestinal tract, or to a combination of these
processes (5).

The abnormalities of serum IgE concentration
and the underlying alterations in IgE metabolism
responsible for the abnormalities in the various dis-
eases reported here are similar, in many cases,
to these observed with IgG, IgA, and IgM. In a
number of instances, however, IgE concentration and
metabolism are discordant with the other immuno-
globulins. In part, this is a reflection of the fact
that IgE synthetic rates are far lower than those
of other immunoglobulin molecules, whereas frac-
tional catabolic rates are far higher. Additionally, the
discordance is related to the presence of unique
mechanisms operating on IgE synthesis and catabo-
lism, but not on other immunoglobulins.

Metabolic studies have helped establish that a
generalized defect of immunoglobulin synthesis
underlies the broad category of diseases known
as the hypogammaglobulinemias. This category in-
cludes patients with severe combined immune de-
ficiency in whom both B- and T-cell abnormalities
are present, as well as patients with infantile x-
linked agammaglobulinemia in whom a B-cell ab-
normality is present (11-15). In patients with these
diseases there is generalized depression of immuno-
globulin levels, including IgE (16-19).

The hypogammaglobulinemias also include a
large and heterogenous category of patients with so-
called common variable hypogammaglobulinemia.
These are patients with hyposynthetic defects of
IgG, IgA, and IgM with variable times of onset, as
well as variable clinical manifestations and degrees of
cellular immune dysfunction. Clearly, these patients
are heterogenous with regard to the basic disorder
responsible for the deficiency of immunoglobulin
synthesis. These disorders include defects in the
maturation of stem cells into B cells, intrinsic de-
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fects in B cells that prevent their maturation into
plasma cells, and defects in the secretion of immuno-
globulin molecules that are synthesized (20, 21).
In addition, we have demonstrated that some patients
with common variable hypogammaglobulinemia
have an abnormality of regulatory or suppressor T
cells which act to suppress B-cell maturation and anti-
body production (22).

In the majority of cases, patients with common
variable hypogammaglobulinemia have a markedly
reduced serum IgE level and, on the basis of the
metabolic turnover studies reported here, lack the
ability to synthesize (or secrete) this immunoglobulin
class. In these patients the pathogenetic mechanism
responsible for the reduced IgE synthesis is pre-
sumably similar to that operating on the other im-
munoglobulin classes. It should be noted, however,
that approximately 20% of the patients in the present
study had an IgE level within the normal range and
were able to synthesize normal quantities of IgE.
The mechanism of this sparing of IgE is not known
but undoubtedly is related to the fact that one or
more of the underlying pathologic processes men-
tioned above is incomplete insofar as IgE is con-
cerned. In any case, this sparing may be of clinical
significance in that it appears that antibodies in
the IgE immunoglobulin class, with specificity for
immunoglobulins of the classes that are deficient,
can be produced and may result in anaphylactic-like
reactions to gammaglobulin administration or to
any blood products containing immunoglobulins.
(Unpublished data).

Hypogammaglobulinemia involving a reduction in
polyclonal immunoglobulin levels and in the rate
of immunoglobulin synthesis has been observed in pa-
tients with certain types of neoplastic disease, such
as patients with benign thymomas, patients with
chronic lymphocytic leukemia, and patients with
multiple myeloma with IgG or IgA paraprotein.
Hypogammaglobulinemia occurs in some 10% of
patients with benign thymoma (23). These patients
usually have an extreme reduction in immunoglob-
ulin-bearing lymphocytes but have significant
numbers of cells with the receptor for the Fc por-
tion of the IgG molecule (24). In most patients with
thymoma and hypogammaglobulinemia, essentially no
IgE was present in the serum and metabolic studies
showed that a disorder of IgE synthesis and not
catabolism accounted for this IgE concentra-
tion defect.

The hypogammaglobulinemia associated with
B-cell neoplasms, chronic lymphocytic leukemia,
and multiple myeloma may be due, in part, to pro-
duction by malignant classes of cells of humoral
regulators of B-cell proliferation and immunoglobulin
synthesis (25, 26). In the case of myeloma, another

potential factor in the impaired synthesis of poly-
clonal immunoglobulins may be the presence of
suppressor mononuclear cells. In this regard we
have recently shown that the majority of patients with
multiple myeloma had circulating phagocytic mononu-
clear cells that suppressed polyclonal immuno-
globulin synthesis (27).

These negative pathophysiological mechanisms,
whatever their precise role, affect all classes of im-
munoglobulins, including IgE. As shown in this study,
the geometric mean serum IgE concentrations of
patients with chronic lymphocytic leukemia was 18%
of normal, whereas the mean value for patients
with myeloma and an IgG paraprotein was 25% of
normal and was 35% of normal for patients with
myeloma and IgA paraprotein. Moreover, patients
with these diseases and reduced serum IgE levels
had pool sizes and rates of IgE synthesis that were
significantly reduced. Also of interest is the fact
that in patients with chronic lymphocytic leukemia
the survival of IgE was slightly but significantly
prolonged. The cause of this prolongation is not
clear, but in view of the fact that IgE maybe catabolized
by a degradative mechanism not shared by the other
immunoglobulins it is possible that in chronic
lymphocytic leukemia this extra degradative mech-
anism is somewhat impaired.

In the hypogammaglobulinemia mentioned
above, the pathologic process affects the synthesis
of all classes of immunoglobulins, including IgE.
In selective IgA deficiency, either occurring spor-
adically or in families, or occurring in association
with ataxia telangiectasia, the synthesis of only one or,
at the most, two immunoglobulins is defective. Thus,
in selective IgA deficiency or in ataxia telangiectasia,
only IgA concentration or IgA and IgE concentra-
tions are subnormal, whereas the other immuno-
globulin concentrations are normal.

In previous metabolic studies of selective IgA de-
ficiency patients, decreased IgA synthesis has been
found as the primary defect; in addition, in over a third
of such patients antibodies to IgA have been shown to
develop and, as a result, in many patients there is a
markedly reduced survival of IgA (28). In patients
with IgA deficiency who have anti-IgA antibody,
administration of blood or blood products con-
taining IgA may result in a severe transfusion reac-
tion (29, 30). In the metabolic studies of IgE re-
ported here we show that, as in the case of IgA,
the deficiencies of IgE levels and pool size in selec-
tive IgA deficiency are due to decreased IgE syn-
thesis; in this case, however, accelerated catabolism
of IgE molecules was not demonstrated.

Thus far we have considered synthetic defects of
immunoglobulin metabolism. Hypogammaglobuline-
mia, however, may occur as a result of catabolic de-
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fects as well, either as a disorder of an endog-
enous catabolic pathway or because of excessive
loss of immunoglobulins into the urinary or gastro-
intestinal tracts. Familial hypercatabolic hypopro-
teinemia is an example of the first type of disorder
and intestinal lymphangiectasia and protein-losing
enteropathy is an example of the second type of
disorder. Familial hypercatabolic hypoproteinemia is
a disorder characterized by markedly reduced serum
albumin and IgG levels secondary to a short sur-
vival of these proteins which is not associated with
protein loss into the urinary or gastrointestinal
tract (31); the origin of the endogenous catabolic
defect is not known. Serum IgE concentrations in
two patients with this disorder were normal, and in
the one patient studied, the survival of IgE was like-
wise normal.

Intestinal lymphangiectasia is a disease of intes-
tinal lymphatics occurring as a primary disorder or as
a disorder secondary to cardiac or neoplastic disease.
Patients with this disease lose lymph fluid contain-
ing plasma proteins and lymphocytes into the gas-
trointestinal tract and as a result immunodeficiency
develops. In addition, they have hypoalbuminemia
and hypogammaglobulinemia consequent to short-
ened protein survival (32). Patient with this disorder
lose protein in a bulk fashion irrespective of size
into the gastrointestinal tract. Thus, even very large
immunoglobulin molecules, such as IgM, are lost into
the intestinal tract at the same rate as the smaller
molecule albumin (32). Nevertheless, as in the case
of the endogenous catabolic defect studied, IgE
concentration and IgE survival in these patients with
gastrointestinal tract protein loss were normal. The
most likely explanation for the normal serum IgE
levels and survival times in these hypercatabolic
states lies in the fact that the normal rate of IgE
catabolism is so high that the increment in catabolism
due to pathologic endogenous catabolism or external
loss is proportionally unimportant. More specifically,
if the normal rate of catabolism is 94% of the IV
pool/day (as in the case of IgE) and the pathologic
loss rate is 30% of the IV pool/day (as in the case
of patients with intestinal lymphangiectasia studied),
the predicted immunoglobulin level as a per-
centage of normal would be

normal FCR 94 76%
normal FCR+ pathologic FCR 94 + 30

Thus in this case even high fractional catabolic rate
has little effect on serum level. With the same
analysis, it can be shown that gastrointestinal loss
can have a profound effect on the serum level of
IgG and other immunoglobulins; in these cases
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FIGURE 1 Relationship between synthetic rate of IgE
and serum IgE concentration in patients with immunode-
ficiencies, neoplasms and hypercatabolic disorders, as
well as control individuals. The statistical calculations
were done by using logarithmically transformed values of
synthetic rate and serum concentration of IgE.

the normal rate of catabolism is usually low rela-
tive to the pathologic rate (6% of the IV pool/day
for IgG), and the effect of a pathologic catabolic
rate of 30% of the IV pool/day is to lower the serum
level to 17% of normal by using the equation shown
above. In summary, the groups of patients with hypo-
gammaglobulinemia due to short immunoglobulin sur-
vival have normal IgE levels in contrast to the markedly
reduced IgE levels in the majority of patients with
a generalized defect of immunoglobulin synthesis.
Thus, the IgE level may be of value in differentiat-
ing patients who have hypogammaglobulinemia due
to hypercatabolism from those who have the same
abnormalities due to decreased synthesis.

Elevated IgE levels have been noted in patients
with parasitic infestations, with skin rashes, and with
such allergic disorders as eczema and asthma (33-36).
In the present study we examined IgE levels and
IgE metabolism in two other groups of patients with
elevated IgE levels, those with Hodgkin's disease and
those with the Wiskott-Aldrich syndrome. In each of
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these disorders the mean IgE level was markedly
elevated; however, it should be noted that whereas
certain patients had exceedingly high IgE levels,
other patients had IgE levels within the normal
range. On the basis of the metabolic turnover studies
it is clear that increased IgE synthesis was the pri-
mary factor in the elevated IgE levels observed in
these patients.

Both the Wiskott-Aldrich syndrome, a disorder char-
acterized by thrombocytopenia, eczema and an in-
creased incidence of infections, and Hodgkin's disease
are complex disorders which can result in high IgE
levels on the basis of a number of possible patho-
physiologic mechanisms. One possibility has as its
basis the fact that both the Wiskott-Aldrich syndrome
and Hodgkin's disease are associated with T-cell
dysfunction (37, 38). Tada, Okumura, and co-workers
have obtained evidence that thymic-dependent regula-
tory cells play a major role in terminating IgE anti-
body responses and thus can limit the synthesis of
IgE generally (39, 40). Thus, one may postulate that
in diseases where T-cell function is defective, so
also may be the function of T cells that are normally
involved in terminating IgE responses. This con-
cept is supported by the observation that certain
patients with the DiGeorge syndrome as well as
certain patients with recurrent infections and im-
paired cellular immunity have elevated IgE levels
(17).

In our examination of IgE concentration and metabo-
lism in a variety of pathologic states we noted that
there is an extreme variation in the mean serum
IgE concentration. For instance, there is approxi-
mately a 1000-fold difference between the mean
IgE concentration of patients with thymoma and hypo-
gammaglobulinemia on the one hand and those
with the Wiskott-Aldrich syndrome on the other
hand. Indeed, the immunoglobulin level of the
patients with generalized defect in immunoglobulin
synthesis is approximately one ten millionth of that
of the patients with IgE myeloma protein. An
analysis of the relationship between the serum IgE
concentration and the fractional catabolic rate of
IgE or the synthetic rate of IgE indicates that the
differences in serum IgE levels among different dis-
eases are due predominantly to alterations in the
synthetic rate of IgE. Thus, there was a highly posi-
tive correlation (Fig. 1) between the synthetic rate
and the serum IgE concentration (F = 0.98, P
< 0.001). Moreover, in contrast to the observations
with other immunoglobulin molecules, there were
no groups of patients in whom a low IgE level was
due to reduced IgE survival or a high IgE level
was due to prolonged survival. This is not to say,
however, that catabolic factors play no role in the con-
trol of IgE levels. Wehave seen (41) that extremely

high IgE levels in patients with a myeloma pro-
ducing an IgE paraprotein are, in fact, associated
with a decreased IgE fractional catabolic rate.
Rather, it is more correct to say that at the IgE
concentrations seen in most pathologic states, cata-
bolic mechanisms are not saturated and a high
catabolic rate is observed, regardless of serum IgE
concentration.
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