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A B S T R A C T Concentrations of serum IgG, IgA, and
IgM were determined in 200 patients with juvenile rheu-
matoid arthritis. The relative frequency distribution of
IgG and IgM approached that of a log-normal curve;
however, there was marked skewing of the distribution of
the serum concentrations of IgA. The prevalence of se-
lective IgA deficiency was 4%. In order to permit fur-
ther intragroup comparisons, the serum immunoglobulin
concentrations were standardized by comparison to a
sex-age matched control group. By this process it was
found that there was concordance of the serum levels of
IgG with IgA, and IgG with IgM. The standardized
concentrations of IgA and IgM were less in females than
males. The aberration in distribution of serum IgA con-
centrations found in this study, and the relative inability
of females to respond to their disease by increasing spe-
cific serum immunoglobulin levels, add further data sup-
porting the concept of immunodeficiency in the patho-
genesis of juvenile rheumatoid arthritis.

INTRODUCTION
Determination of serum immunoglobulin concentrations
as part of the evaluation of a patient with connective
tissue disease is of potential importance in furthering
our understanding of the pathogenic processes involved
in autoimmune and inflammatory reactions, and is of
diagnostic value in detecting associated immunoglobulin
deficiencies. In addition to the inflammatory joint dis-
ease found in patients with hypogammaglobulinemia
(1-3), an association between juvenile rheumatoid ar-
thritis (JRA) and selective IgA deficiency has been de-
lineated (4-6).
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The significance of immunoglobulin measurements in
a single individual expressed as serum concentrations in
milligrams per milliliter has been difficult to assess be-
cause of biologic variables such as sex and age which
affect their interpretation (7). A method for expressing
immunoglobulin levels in relation to a population group
stratified by sex and age has been developed in this
laboratory in order to study discrete immunoglobulin re-
sponses in JRA. For ease of statistical analysis, a proc-
ess of standardization has been used in which each im-
munoglobulin value is normalized by comparison to the
control group. In this manner variations in immuno-
globulin concentrations can be examined for previously
unrecognized abnormalities and the relative range of
comparative immunoglobulin values can be computed.
In the present study data are developed which show that
the. relative frequency distribution of serum IgA con-
centrations is abnormal in patients with JRA, whereas
the distributions of IgG and IgM are normal. In addi-
tion females with this disease exhibit a lesser degree of
hypergammaglobulinemia in the IgA and IgM classes
than males.

METHODS

Study groups. Sera from 200 patients with JRA (8)
seen from 1961 to 1970 were analyzed. 144 were girls and
56 were boys. Active disease was present in 91%. The
patients ranged in age from one to 21 yr (mean 10.1 yr)
and age of onset of disease was 6 mo to 14 yr (mean 5.8
yr). The first serum drawn on each individual was analyzed.
Sera were also obtained for a disease comparison group
from 263 children hospitalized with a variety of non-
connective tissue diseases. All sera not assayed immediately
were frozen at - 700C.

Type of onset of disease (9) and functional class (10)
were determined in the patients with JRA. Rheumatoid
factors were assayed by a latex fixation tube dilution
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method (9) and antinuclear antibodies by an immunofluores-
cent technique (11).

Preparation of purified immunoglobulins and antisera.
IgG was prepared from Cohn fraction III by DEAE-cellu-
lose2 chromatography with 0.0175 M phosphate buffer, pH
6.3 (12). IgA was prepared from myeloma sera by starch
block electrophoresis in 0.075 M barbital buffer, pH 8.6,
(13) and Sephadex G-200 " filtration with 1 M NaCl in 0.1
Tris-HCl buffer pH 8.2 (14). IgM was isolated from
macroglobulinemic sera by plasmapheresis, euglobulin pre-
cipitation, and Sephadex G-200 filtration. Light chains were
isolated from urines of patients with myeloma by precipi-
tation with 60%o ammonium sulfate at 4VC followed by gel
permeation chromatography on Sephadex G-100. The speci-
ficity of the isolated immunoglobulins was monitored by
double diffusion in gel (15) and by immunoelectrophoresis
(16) against antisera to each of the immunoglobulins and
to whole serum. Antisera prepared in rabbits with specific
immunoglobulins emulsified in Freund's complete adjuvant'
were cross-adsorbed with purified immunoglobulins and
light chains.

Preparation of standard sera. The purified immunoglobu-
lins were assayed for protein nitrogen by a micro-Kjeldahl
procedure (17), and approximate Svedberg constants were
determined by analytical ultracentrifugation in 0.02 M
phosphate, 0.12 M NaCI, pH 7.2, to be 7swo,, for IgG and
IgA, and 19s'20 , for IgM (18). A set of working standards
consisted of four dilutions of serum from a healthy donor
stored in aliquots at - 70'C. Immunoglobulin concentrations
in these standards were determined by comparison to the
purified immunoglobulin standards and to International Ref-
erence Preparation 67/95 (19). International units per milli-
gram of protein were computed for IgG as 10.4, IgA 56.4,
and IgM 12.2.

Quantitation of Iinmniunoglobulins in test sera. Immuno-
assay was performed by a radial diffusion method (20, 21)
in 0.8%o Jonagar No. 25 in Tris-HCl buffer, ionic strength
0.1, pH 7.2. Four dilutions of the standard serum were in-
cluded on each test plate. After incubation for 18-22 h at
4VC, the perpendicular. diameters of the precipitin rings were
measured on a micrometer stage and averaged. The concen-
tration of immunoglobulin was read from a curve con-
structed from the standards and was linear for the fol-
lowing ranges of concentrations: IgG 3 to 16 mg/ml, IgA
0.5 to 2.5 mg/ml, and IgM 0.3 to 2.0 mg/ml. Sera with low
immunoglobulin content were reassayed using diluted stan-
dards by the electroimmunodiffusion method of Laurell (22).
The limit of detectability for IgA by double diffusion in
agar with the anti-IgA antiserum used in this study was
0.005 mg/ml. Sera with immunoglobulin concentrations in
excess of the highest values on a standard curve were di-
luted so that concentrations could be evaluated on the ratio
measurement scale.

Reproducibility of radial immnunodiffusion. The coef-
ficient of variation for repeated measurements of a standard
serum during a 2 yr period was computed with the formula
lOOt.-1 (SD/mean) in order to obtain the 95%o confidence
limits for each assay. These values were +17% for IgG,
±20%o for IgA, and ±27%o for 1gM.

Standardization of immunoglobulin concentrations. Nor-
mal values for serum immunoglobulin concentrations for

'American Red Cross, Bethesda, Md.
' Schleicher & Schuell, Inc., Keene, N. H.
'Pharmacia, Uppsala, Sweden.

' Difco, Laboratories, Detroit, Mich.
'Consolidated Laboratories, Inc., Chicago Heights, Ill.

the sex-age ranges present in this study were established
with 520 sera from a community health study. These sera
were segregated by sex into 5-yr age groups, and means
and standard deviations for the immunoglobulins were de-
termined on log, transformed data which represented the
central 95% of the original computation. For the group at
10 yr, which was the mean age of the patients in this study,
these values in milligrams per milliliter and the slopes of
the respective regression lines in loge units per year of age
were: males-IgG 10.41, 2.6+0.8 X 10', IgA 1.16, 1.3±0.1
X 10', and IgM 0.77, 0.16+1.6 X 10-3; females-IgG 11.13,
1.3+0.8 X 10-3, IgA 1.15, 1.0±0.1 X 10`, and IgM 1.06, -1.5
±1.5 X 10-3.

Immunoglobulin concentrations in milligrams per milliliter
inl an unselected population are not homoscedastic (7); how-
ever, logarithmic derivatives yield a normal distribution.
Loge transformations were therefore performed on the im-
munoglobulin concentrations of the individuals with JRA be-
fore standardization, as this process depends upon the use of
confidence intervals symmetrically placed about the mean.
Standardization permits subsequent use of statistical pro-
cedures which employ parametric concepts and allows ex-
pression of a sex-age corrected value which is an accurate
indication of an immunoglobulin's concentration in relation
to the spectrum of values seen in a normal population. In
the process of standardization the appropriate sex-age mean
for each immunoglobulin in the control population is sub-
tracted from the patient's respective immunoglobulin con-
centration, and the result divided by the corresponding
standard deviation. For example, a standardized value of
2.00 indicates that the measured serum concentration for
that immunoglobulin is two standard deviations greater than
the population sex-age mean.

Statistical methods. Parametric tests included Student's
t test, analysis of variance and covariance, and the Pearson
correlation (23). The statistical programs of the Michigan
Terminal System on an IBM 360/67 duplex computer were
used (24) and a P value equal to or less than 0.05 was
accepted as significant.

RESULTS

Extent of hypergammaglobulinemia in patients with
JRA as a function of sex. Immunoglobulin values be-
fore and after standardization are shown in Table I.
The intensity of hypergammaglobulinemia was related
to sex. Males developed a greater increase in serum
concentrations of IgA (P < 0.003) and IgM (P < 0.01)
in response to their disease than females. Serum levels of
IgG were comparable in both sexes. This observation
was not related to type of onset of disease or differences
in medical therapy between the two groups. Although
the range of measured values was considerable, hyper-
gammaglobulinemia was not age related. Correlation
coefficients computed for the standardized immunoglobu-
lin values indicated that an appropriate correction for
age had obtained (r = - 0.04 to - 0.07).

Estimate of concordance of serum immunoglobulin
concentrations. Correlations on interrelationships of the
standardized serum immunoglobulin concentrations were
examined. Concordance was demonstrated for IgG with
IgA (P < 0.01), and for IgG with IgM (P < 0.001).
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TABLE I
Concentrations of Serum Immunoglobulins

Class Mean SD Range Mean* SD* Range*

mg/nd
IgG Total group 15.80 8.05 5.70-58.00 2.00 2.76 -1.19-13.97

Females 15.29 8.55 5.70-58.00 2.08 2.97 -1.19-13.97
Males 14.88 6.64 5.70-39.00 1.80 2.13 -0.98- 9.41

IgA Total group 1.92 1.40 0- 8.20 1.61 2.43 -2.60-12.34
Females 1.72 1.31 0- 7.00 1.29 2.26 -2.60- 8.95
Males 2.43 1.51 0- 8.20 2.45 2.68 -1.94-12.34

IgM Total group 1.92 1.58 0.32-13.23 2.24 3.11 -1.22-23.40
Females 2.05 1.70 0.32-13.23 1.93 2.67 -1.22-15.71
Males 1.61 1.17 0.48- 7.70 3.04 3.93 -0.73-23.40

* Standarized values.

A partial correlation coefficient indicated that any rela-
tionship between IgA and IgM was probably based upon
an interdependence with IgG.

Relative frequency distributions of serum immuno-
globulin concentrations. Frequency distributions of the
log. immunoglobulin concentrations are shown in Figs.
1-3. Cumulative distributions for each immunoglobulin
on a normal probability scale are shown in the figure
inserts. Divergence from linearity (dotted lines) in this
probit analysis reflects deviation from a normal distri-
bution of values (25). The frequency plot for IgG ap-
proached a normal distribution which was broad-based
and skewed slightly to the higher values. Serum concen-
trations of IgM closely reflected a normal distribution.
The cumulative plots for IgG and IgM concentrations
(Figs. 1 and 3) were probably linear and represented in
each case a single population.

The pattern of serum IgA concentrations was more
complex with marked skewing, especially at the lower
end of the concentration scale which included eight indi-
viduals with undetectable IgA. Probit transformation of
these data (Fig. 2) indicated marked deviation from a
normal distribution. This observation was not entirely
accounted for by the group with selective IgA deficiency
since nonlinearity in the lower values persisted when
these eight individuals were excluded from the compu-
tation.

Selective IgA deficiency in children with JRA and in
the comparison groups. Table II summarizes pertinent
clinical data on the eight children with selective IgA de-
ficiency and JRA. There were no children with unde-
tectable IgA in the group of hospitalized children with
nonconnective tissue diseases, nor in the group used to
normalize the immunoglobulin values.

DISCUSSION

Recent studies have found elevated serum immunoglobu-
lins in a significant but highly variable proportion of pa-

tients with JRA (26, 27) but no direct comparison has
been made to adequate sex-age matched control groups.
Thus, while studies have demonstrated hypergamma-
globulinemia in JRA, the degree and statistical signifi-
cance of this finding remained unknown.

In the present investigation we sought to verify aber-
rations in serum inmuunoglobulin concentrations in JRA
and to provide statistically meaningful data based on
comparison with a sex-age matched control group. To
this end, data have been converted to standardized values
which, expressed in terms that indicate the degree of de-
viation from a matched control mean, permit valid in-
tragroup comparisons. Elevation of IgM concentrations
was greatest and showed the greatest range of variation.
That this elevation was less in females than in males is
indicated by the lower standardized value in females. The
increase in serum IgA levels was less by comparison, but
there too there was a discrepancy between the sexes with
the mean standardized value for females being less than
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FIGURE 1 Relative frequency distribution of serum con-
centrations of IgG plotted as natural logarithms against
number of sera. Cumulative distribution on a normal proba-
bility scale in the insert; dotted line is computed from
±+1.96 SD of the data (95%o confidence limits).
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FIGURE 2 Relative frequency distribution of serum concentrations of IgA plotted as natural
logarithms against number of sera. One was added to all values before logarithmic trans-
formation in order to include the 0 concentrations. Eight patients with undetectable IgA
were essentially beyond the defined limits of the abscissa on a logarithmic scale; therefore
the indicated scale distance is only relative. Cumulative distribution on a normal probability
scale in the insert; dotted line is computed from +1.96 SD of the data with the cases of 0
concentration omitted.

that for males. These observations have been interpreted
as representing a relative deficiency of immunoglobulin
class response in females and may find significance in
the fact that JRA is at least twice as common in girls
as in boys. In individual patients in this study there was
a marked concordant relationship between the concen-
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FIGURE 3 Relative frequency distribution of serum con-
centrations of IgM plotted as natural logarithms against
number of sera. Cumulative distribution on a normal proba-
bility scale in the insert; dotted line is computed from
± 1.96 SD of the data.

trations of IgG and IgM, and a lesser but still significant
dependence between IgG and IgA. Observations made in
the present study must be tempered by the fact that
serum immunoglobulins were measured at a single in-
terval of time. Assays of sequential sera have been per-
formed, however, on patients with undetectable IgA in
our clinic, and this deficiency has been a consistent de-
fect with one exception, a girl who had reversal of her
immunodeficiency after plasma transfusions (28).

The pathologic significance of the diffuse hypergam-
maglobulinemia seen in patients with JRA, or its rela-
tionship to sex, is not clear. It may reflect a specific or
a nonspecific response to antigenic stimuli or inflamma-
tion. Serum immunoglobulins in an individual patient re-
flect a dynamic equilibrium of synthesis, catabolism, and
distribution within the vascular and extravascular com-
partments (29). Increases in both synthetic and catabolic
rates of IgG have been demonstrated in patients with
rheumatoid arthritis (30). In mice it has been shown
that sex influences gamma globulin metabolism (31).
Female mice of the A strain displayed discontinuous
half-life distributions of yG-globulin, whereas males
showed a more symmetrical curve. In normal human fe-
males serum IgM concentrations are higher throughout
the age span than in males (32).

Previous reports of serum immunoglobulin concentra-
tions in the general population have indicated that they
are log-normally distributed (7). In the present study
in JRA, values for IgG and IgM were distributed log-
normally, while those for IgA were not. The significance
of the occurrence in JRA of a group with selective IgA
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TABLE I I
Clinical Data on Eight Patients with Selective IgA Deficiency and Juvenile Rheumatoid Arthritis

Sex M F F F F F F M
Age of onset (yr) 8 7 9 12 9 7 5 1
Duration of disease (yr) 4 8 7 1 1 1 2 4
Type of onset* M M P P M P P M
Functional class II II II III II III II II
Recurrent infections - - - - - + -

Rheumatoid factors - - - - - - - -
Antinuclear antibodies - - + + + + -

Serum IgG concentrationi 2.28 0.70 0.52 2.66 1.87 0.52 13.8 1.08
Serum IgM concentrations -0.45 -0.90 0.57 2.90 2.10 8.98 1.12 2.40

* Type of onset of disease is M, monarticular or oligoarticular, and P, polyarticular.
$ Standardized values.

deficiency is enhanced by the tendency of the distribution
of serum IgA concentrations to merge into it with par-
tial deficiencies. It is unlikely that any of the individuals
with selective IgA deficiency, which has been defined as
undetectable serum IgA by the cited immunologic as-
says, have no IgA. In support of this hypothesis Grey,
Rabellino, and Pirofsky have demonstrated IgA anti-
genic determinants on the surface of lymphocytes from
patients with IgA deficiency (33).

Selective IgA deficiency is the most common humoral
immunodeficiency with a frequency of 0.14% in adults
(34). IgA deficiency has been reported in children with
ataxia telangiectasia (35), in families of patients with
hypogammaglobulinemia (36), in systemic lupus ery-
thematosus (37), in steatorrhea (38), and in individuals
with recurrent sinopulmonary infections (39, 40). IgA
deficiency has also been reported in "normal" adult
males (41).

Selective IgA deficiency might be secondary to the
presence of anti-IgA antibodies. These anti-globulins
have been described in some patients with ataxia telan-
giectasia who have increased immune elimination of
exogenous IgA (42). It is also possible that transpla-
cental passage of antibodies directed against lymphoid
precursor cells destined to synthesize IgA might block
their differentiation in the fetus. Dray has shown in rab-
bits that maternal isoantibodies to allotypic specificities
of gammaglobulin may interfere with the ability of the
progeny to exhibit the corresponding allotype in serum
(43). Kincade, Lawton, Bockman, and Cooper found
that anti-IgM antibody injected into the chick embryo
prevented development of both IgM and IgG producing
cells and led to suppression of synthesis of these immuno-
globulins after bursectomy (44). The report of Fuden-
berg and Fudenberg suggested that maternal 7S agglu-
tinins directed against determinants in fetal gammaglob-
ulins might be important in the etiology of transient
hypogammaglobulinemia of infancy (45).

The pathologic significance of the selective IgA defi-
ciency seen in JRA is basically unknown. It was found

in 4% of the patients in the present study. Other in-
vestigators have cited the frequency of IgA deficiency
in JRA as 2-9% (5, 26, 46). As a form of immunode-
ficiency, this defect may be associated with impaired im-
munologic surveillance. In contrast to diffuse hyper-
gammaglobulinemia, IgA deficiency may thus be more in-
timately related to pathogenesis as a reflection of a more
profound but as yet unidentified immunologic disturbance
involving the cellular immune system (46).
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