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taking metformin had a similarly high rate of
compliance with the medication regimen; the
mean compliance rate was 79.3% (interquartile
range, 70.0 to 92.8) in the metformin group and
79.7% (interquartile range, 71.0 to 92.3) in the
group that received metformin and clomiphene.
In addition, the combination-therapy group had
a rate of diarrhea (60.3%) that was similar to that
in the metformin group (64.9%), although drop-
out, pregnancy, and live-birth rates were signifi-
cantly higher and similar to those in the clomi-
phene group. We attribute the higher dropout
rates in the metformin group to patients’ dissat-
isfaction with the diminished rates of ovulation
and pregnancy.
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GM-CSF Autoantibodies in Pulmonary Alveolar Proteinosis

To THE EDITOR: Uchida et al. (Feb. 8 issue)?® re-
port that in patients with pulmonary alveolar
proteinosis, neutrophil functions are impaired
because of autoantibodies against granulocyte—
macrophage colony-stimulating factor (GM-CSF).
Although this may be true, neutralizing GM-CSF
autoantibodies are found at high levels in a small
proportion (<5%) of healthy persons. The Gamma-
gard immune globulin used as a “negative” con-
trol by Uchida et al. contains these autoantibod-
ies.?* Pulmonary alveolar proteinosis has been
described in patients without autoantibodies
against GM-CSF,* and pathological specimens
from patients with this condition may respond to
preparations of immunoglobulin containing these
autoantibodies.> When primed with 10 ng of
GM-CSF per milliliter, whole-blood neutrophils
from patients with pulmonary alveolar proteino-
sis were severely impaired, presumably because
most GM-CSF adhered to autoantibodies in the
blood. However, without investigating whether
GM-CSF at high autoantibody-saturating doses
can salvage neutrophil functions in pulmonary
alveolar proteinosis, one cannot exclude the pos-
sibility that neutrophil dysfunction in pulmonary
alveolar proteinosis involves additional factors.
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To THE EDITOR: Uchida and colleagues postulate
the use of a humanized monoclonal GM-CSF anti-
body for the treatment of the acute respiratory
distress syndrome (ARDS), which they regard as
a chronic inflammatory disorder. We believe this
proposal is incorrect. First, ARDS has an acute
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onset and is related to sepsis in most cases.* Sec-
ond, elevated concentrations of GM-CSF in bron-
choalveolar-lavage specimens have been found to
correlate positively with survival,2 suggesting a
beneficial effect of GM-CSF in ARDS. In patients
with severe sepsis and acute respiratory dysfunc-
tion (40% of patients with ARDS), the adminis-
tration of GM-CSF at low doses over a period of
5 days improved gas exchange in parallel with a
reduction in alveolar neutrophils.3 In light of these
findings, the use of human recombinant GM-CSF
rather than its antibody might offer a valuable
new option for ARDS treatment.
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THE AUTHORS REPLY: With regard to the com-
ments by Bendtzen and colleagues, their previous
report showed increased autoantibodies against
GM-CSF in 4 of 1258 apparently healthy donors,
and another study* showed non-neutralizing auto-
antibodies in 38 patients and neutralizing auto-
antibodies in 3 among 425 patients who had
autoimmune diseases without evidence of pulmo-
nary alveolar proteinosis. We calculate that the
levels of total autoantibodies in these latter three
patients were 2.9, 8.6, and 17.3 ug per milliliter,
respectively. Our data are consistent with previous
reports that autoantibody levels are markedly ele-
vated in patients with primary pulmonary alveolar
proteinosis (mean [£SE] value in a total of 158 pa-
tients, 113+7 ug per milliliter)>* and are very low
(£1 pg per milliliter) in patients with secondary
pulmonary alveolar proteinosis, congenital pulmo-
nary alveolar proteinosis, or other lung diseases
and in healthy controls.> The autoantibody level
is only 11 pg per milligram of protein in Gamma-
gard (equivalent to approximately 2 to 3 ug per
millilter in serum). In pulmonary alveolar protein-

osis, polyclonal autoantibodies are both neutral-
izing and non-neutralizing, and levels of autoan-
tibodies do not correlate with disease severity.?*

These puzzling observations are explained by
the concept of a “critical threshold” level of neu-
tralizing autoantibodies (not total autoantibodies)
that is required to reduce GM-CSF bioactivity to
a level that impairs myeloid-cell functions.? As-
suming that 50% of autoantibodies are neutral-
izing, we estimate that the critical threshold level
is between 8 and 22 ug per milliliter. Our hypoth-
esis is supported by the dose-dependent rescue of
neutrophil function (the CD11b stimulation index)
at higher concentrations of GM-CSE. In a group
of five patients with pulmonary alveolar protein-
osis, all had an increase in the CD11b stimula-
tion index, reaching 93+11% of the control value
at 100 ng per milliliter or more.

With regard to the comments by Busch and
colleagues, GM-CSF has both short-term and long-
term effects on myeloid cells, as well as direct
effects on respiratory epithelium. ARDS is a
heterogeneous syndrome with distinct phases, in-
cluding exudative, proliferative, and fibrotic phas-
es. Similarly, the distinct phases of sepsis are the
at-risk, hyperinflammatory, and immunoparalytic
phases. We propose that although a subgroup of
patients with ARDS may benefit from augmen-
tation of GM-CSF bioactivity,> another subgroup
may benefit from neutralization of GM-CSF bio-
activity.
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