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BACKGROUND: GATA2 deficiency is a genetic disorder of hematopoiesis, lymphatics, and
immunity caused by autosomal dominant or sporadic mutations in GATA2. The disease has a
broad phenotype encompassing immunodeficiency, myelodysplasia, leukemia, and vascular
or lymphatic dysfunction as well as prominent pulmonary manifestations.

RESEARCH QUESTION: What are the pulmonary manifestations of GATA2 deficiency?

STUDYDESIGNANDMETHODS: A retrospective review was conducted of clinical medical records,
diagnostic imaging, pulmonary pathologic specimens, and tests of pulmonary function.

RESULTS: Of 124 patients (95 probands and 29 ascertained), the lung was affected in 56%. In
addition to chronic infections, pulmonary alveolar proteinosis (11 probands) and pulmonary
arterial hypertension (nine probands) were present. Thoracic CT imaging found small nodules in
54% (54 probands and 12 relatives), reticular infiltrates in 40% (45 probands and four relatives),
paraseptal emphysema in 25% (30 probands and one relative), ground-glass opacities in 35% (41
probands and two relatives), consolidation in 21% (23 probands and two relatives), and a typical
crazy-paving pattern in 7% (eight probands and no relatives). Nontuberculous mycobacteria were
the most frequent organisms associated with chronic infection. Allogeneic hematopoietic stem
cell transplantation successfully reversed myelodysplasia and immune deficiency and also
improved pulmonary hypertension and pulmonary alveolar proteinosis in most patients.

INTERPRETATION: GATA2 deficiency has prominent pulmonary manifestations. These clinical
observations confirm the essential role of hematopoietic cells in many aspects of pulmonary
function, including infections, alveolar proteinosis, and pulmonary hypertension, many of
which precede the formal diagnosis, and many of which respond to stem cell transplantation.
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Take-home Points

Study Question: What are the pulmonary manifes-
tations of GATA2 deficiency?
Results: The lung was affected in 56% of patients
with GATA2. Chronic nontuberculous mycobacterial
infection was the most common, but pulmonary
alveolar proteinosis and pulmonary hypertension
were seen in 9% and 7%, respectively. Clinical pre-
sentations within families were variable. Allogeneic
hematopoietic stem cell transplantation reversed in-
fections, pulmonary alveolar proteinosis, and pul-
monary arterial hypertension.
Interpretation: GATA2 deficiency has characteristic
clinical and radiographic manifestations. Hemato-
poietic stem cell transplantation can reverse the
major pulmonary manifestations of the disease.
GATA2 deficiency is a recently described primary
immune deficiency that affects hematopoiesis,
lymphatics, and immunity and is transmitted as an
autosomal dominant or sporadic disease. Heterozygous
mutations in GATA2 lead to haploinsufficiency, which
typically presents clinically in late childhood or early
adulthood.1,2 The condition often is recognized clinically
by severe or recurrent infections, lymphedema,
monocytopenia, natural killer (NK) cell and dendritic
cell cytopenias, and a high rate of myelodysplastic
syndrome and acute myeloid leukemia.3-5 GATA2 is a
chestjournal.org
zinc finger transcription factor essential for
differentiation of endothelial and immature
hematopoietic cells.6 Among many other functions,
GATA2 is involved in phagocytosis by alveolar
macrophages.7,8

The respiratory tract in GATA2 deficiency frequently is
affected by viral, fungal, or mycobacterial infections.9

Pulmonary alveolar proteinosis (PAP) develops,
sometimes complicated by pulmonary arterial
hypertension (PAH), as well.10-12 Importantly,
allogeneic hematopoietic stem cell transplantation
(HSCT) successfully reverses the myelodysplasia,
monocytopenia, and B-cell and NK cell deficiencies and
often ameliorates some of the pulmonary manifestations
of this disease, including PAP and PAH.13,14 Therefore,
GATA2 deficiency is critical to identify early to prevent
infections and end-organ damage,15 especially to the
lung.16

Over the last 25 years, we have collected data on patients
with GATA2 deficiency and their relatives, some of
whom were followed up syndromically, before genetic
diagnosis. We have been impressed with the early onset
and broad range of presentations of GATA2 lung
disease, including subpleural and paraseptal
emphysema, PAP, and PAH. We describe herein the
pulmonary manifestations, treatments, and
transplantation responses of GATA2 deficiency in a
large cohort of patients followed up at a single center.
Methods
A retrospective review was conducted of clinical medical records,
diagnostic imaging, pulmonary pathologic specimens, and tests of
pulmonary function in 124 patients with mutation-proven GATA2
deficiency seen at the National Institutes of Health between 1992
and 2020. All patients were enrolled on approved protocols of the
National Institute of Allergy and Infectious Diseases, and all
participants or their guardians gave written informed consent.
Included patients were both those referred for evaluation and
treatment of active disease (probands) as well as those recruited
from kindreds with proven GATA2 mutations (ascertained relatives).
Pulmonary function and echocardiography findings were evaluated
before and after HSCT, as available.

Pulmonary function and 6-min walk test results were reviewed and
assessed independently in accordance with 2005 American Thoracic
Society and European Respiratory Society guidelines.17-19

Additionally, chest CT scans selected from time points unassociated
with acute infections, as determined by clinical documentation,
negative culture results, or both, were submitted for independent
review by a radiologist (L. R. F.) with more than 30 years of
experience. Each CT scan was evaluated for nodular opacities,
reticular opacities, paraseptal emphysema (peripheral cysts along the
pleura), ground-glass opacities, consolidations, and crazy-paving
pattern.20 Ground-glass opacities were defined as areas of increased
attenuation in which bronchial walls and vessels remained visible.
The crazy-paving pattern previously described in association with
PAP refers to the appearance of ground-glass opacities with
superimposed interlobular septal thickening and intralobular
reticular thickening.

Mutation groups were categorized as follows: missense included all
missense mutations and in-frame deletions in the C-terminal zinc
finger, null included nonsense and frameshift mutations and large
gene deletions, and regulatory included mutations in the intronic
enhancer region with demonstrated reduced expression of wild-type
protein.1,21

Statistical Analysis

Continuous variables with nonnormal distribution were reported as
median (interquartile range). For comparison of probands’ and
relatives’ variables, Mann-Whitney U test findings were reported.
The Wilcoxon test was used for data before and after bone marrow
transplantation. For comparison of categorical data, such as the
radiographic findings on CT imaging, we used either the c 2 or
Fisher exact test. A P value of < .05 was defined as significant. All
statistical analyses and graphs were performed with the aid of
Prism8 software (GraphPad Software) for macOS.
1351
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Results

Disease Presentation

Initially, probands were referred to the National Institutes
of Health Clinical Center predominantly for evaluation of
disseminated or pulmonary mycobacterial infections,
which tended to occur in late childhood or adulthood.
Most probands sought treatment with nonspecific
symptoms of recurrent fever, night sweats, weight loss,
fatigue, and persistent hematologic anomalies, including
low absolute monocytes, NK cells, and B cells.5 Cough,
dyspnea with or without exertion, decreased exercise
tolerance, and recurrent upper and lower airway infections
in late childhood to early adulthood also were noted. After
identifying probands, family members were screened
genetically and family members with GATA2 mutations
were offered evaluation. For those seen at the National
Institutes of Health, routine laboratory, CT imaging, and
TABLE 1 ] Characteristics of Patients With GATA2 Deficienc

Characteristic

Sex

Male

Female

Age, y

Mediana

Range

IQR

Race

White

Black

Asian

Unknown or multiracial

American native

Pulmonary alveolar proteinosis

Pulmonary function tests

FEV1, % predicted

FVC, % predicted

DLCO adjusted for hemoglobin, % predicted

Myelodysplasia or monocytopenia

Nontuberculous mycobacteria

Viral infection (including warts)

Fungal infection

Malignancy (other than myelodysplasia or leukemia)

Bone marrow transplantation

Data are presented as No. (%), No., or median (range), unless otherwise indic
range.
aMedian age reflects all patients alive at time of report. Those who underwe
transplantation.

1352 Original Research
pulmonary function testing were carried out under the
same protocol. The frequency distribution of clinical
manifestations was similar to that reported by previous
studies.1 Thirty-five probands and 13 relatives were
reported previously.1 Population characteristics are listed
in Table 1.

Pulmonary infections predominantly were the result of

nontuberculous mycobacteria (commonly Mycobacterium
avium complex or Mycobacterium kansasii), but some
patients showed fungal infections as well. Most patients
demonstrated early-onset persistent disseminated human
papillomavirus verrucae or condylomata of the skin,
genitals, and anus, which were usually refractory to
multiple treatment methods (e-Table 1).

Of the total of 124 patients identified, 95 were probands

and 29 were ascertained through family screening
y (N ¼ 124)

Probands (n ¼ 95) Relatives (n ¼ 29)

34 (36) 13 (44)

61 (64) 16 (55)

33 36

8-86 6-86

22-40 18-59

73 (76) (n ¼ 46 female) 23 (80) (n ¼ 13 female)

3 (3) (n ¼ 3 female)

2 (2) (n ¼ 2 male)

15 (15) (n ¼ 11 female) 3 (10) (n ¼ 2 female)

2 (n ¼ 1 female) 3 (10) (n ¼ 1 female)

11 0

82 (24-121) 94 (60-113)

92 (37-129) 96 (83-120)

63 (31-111) 76 (54-115)

42 (44) 4 (14)

42(44) 0

70 (73) 16 (55)

24 (25) 3 (10)

11 (11) 1 (0.3)

58 (61) 7 (24)

ated. DLCO ¼ diffusing capacity for carbon monoxide; IQR ¼ interquartile

nt transplantation were censored at the time of hematopoietic stem cell
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(relatives). Probands demonstrated a variable spectrum
of clinical manifestations of GATA2 deficiency; of the 29
family members recruited, nine were entirely
asymptomatic.

At the time of pulmonary function testing, proband and
relative immunologic profiles were significantly different
(P # .001 for all variables analyzed). NK cells were low
in 86% of the probands, but also in 52% of the relatives;
B cells were low in 90% of the probands, but also in
26% of the relatives; monocytes were low in 88% of
probands, but also in 48% of relatives (e-Fig 1).

Overall, 56% (n ¼ 70) of the total cohort of probands
(n ¼ 64) and relatives (n ¼ 6) had histories of clinical
pulmonary disease, most (n ¼ 32) being infections, such
as pneumonia or recurrent bronchitis. At the time of
proband identification, four of the 29 ascertained
relatives already had clinically apparent pulmonary
symptoms. Four probands had lung infections only early
in life without later infections, whereas six had only a
single pneumonia episode. About 50% of those with
pulmonary manifestations demonstrated chronic and
progressive symptoms; 8% (n ¼ 11) had PAP, which was
diagnosed only in probands, one of whom had anti-
granulocyte-macrophage colony-stimulating factor
(GM-CSF) autoantibodies. Overall, 36% of the
combined proband and relative groups had a history of
lung infections; nontuberculous mycobacteria were the
most frequently associated pathogens, also reported only
in probands (Table 1). The overall age of the living
patients was not significantly different between the two
groups.

Pathologic Findings

Bronchoscopy, lung biopsy, or both were performed to
diagnose possible infectious, malignant, or infiltrative
processes. Pathologic specimens from BAL fluid (38
probands), lung biopsies (five probands), or autopsy
specimens (seven probands) were available. The BAL
fluid showed lymphocytic (mean, 21 � 23%), monocytic
(52 � 40%), and neutrophilic (40 � 38%)
predominances. Lung biopsies showed chronic
lymphohistiocytic inflammation with scattered
eosinophils, but no granuloma formation. Eight patients
showed histopathologic findings consistent with PAP,
whereas three patients had received a diagnosis of PAP
from a referring institution (Fig 1A, 1B).22 Electron
microscopic evaluation of selected pathologic specimens
confirmed whorled membranous structures and
amorphous, concentric, osmiophilic membranes
resembling tubular myelin, consistent with the diagnosis
chestjournal.org
of PAP (Fig 1C, 1D).23 The proteinaceous background
material harbored amorphous globules that stained
positive for periodic acid-Schiff and were diastase
resistant.24 Lung specimens demonstrated an abundance
of alveolar macrophages, despite the absence of
peripheral blood monocytes.

Diagnostic Imaging

All but three young asymptomatic patients underwent
chest CT scan examinations. Disease-defining images
were selected in the absence of active pulmonary
exacerbations, negative respiratory culture findings, or
both so as to more likely capture the radiographic
features intrinsic to GATA2 deficiency, as opposed to
those resulting from intercurrent infection. The analysis
was carried out with first imaging available.

Apical predominant reticular opacities, central
pulmonary vascular prominence, and paraseptal
emphysema were common. In particular, the paraseptal
emphysema, representing peripheral destruction of
subpleural lung, seemed to progress over time and could
be extensive. Seven relatives had chest CT scans with
completely normal findings, whereas only four probands
did. Nonspecific bronchiectasis was recorded in 10% of
the probands. We recognized small nodules in 54%
(n ¼ 66), (Fig 2A I,II) reticular infiltrates in 40%
(n ¼ 49) (Fig 2B), ground-glass opacities in 36% (n ¼
44) (Fig 2C), paraseptal emphysema in 25% (n ¼ 31)
(Fig 2D I,II), and consolidations in 20% (n ¼ 25) (Fig
2E, e-Table 2). Typical radiographic crazy-paving
pattern, as defined by networks of smoothly thickened
septal lines superimposed on areas of ground-glass
opacity (Fig 2E), was identified in eight patients (all
probands). Five patients with PAP showed typical crazy-
paving pattern on chest CT scans at the first encounter.
No patterns of pulmonary radiographic findings showed
statistically significant correlation with mutation type,
but radiographic findings were more common in
probands than in relatives (e-Table 2).

Pulmonary Function

Pulmonary function data were available for 109 patients
from the initial visit (Fig 3). At the initial visit,
70% already showed diffusion defects (less 75% diffusing
capacity for carbon monoxide). Thirty-five percent of
patients showed reductions in FEV1 % predicted
(< 80%) and 44% overall showed an obstructive or
restrictive patterns on pulmonary function tests (Fig
3A). One patient from the ascertained relative group
showed an obstructive pattern on initial spirometry. All
1353
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Figure 1 – A, B, Photomicrographs showing lipoproteinaceous material filling alveolar spaces with positive periodic acid-Schiff results (A, �200;
B,�400). C, Electron microscopic image showing BAL fluid exhibiting whorled membranous structures and amorphous osmiophilic particles. D, Higher
magnification electron microscopic image showing a whorled membranous body with concentric osmiophilic membranes resembling tubular myelin.
patients with PAP had mild to severe ventilatory defects.
At the first visit, 13% of evaluable patients demonstrated
decreased distance on the 6-min walk test. All these
parameters (FEV1, diffusing capacity for carbon
monoxide, and FVC) were significantly worse in
probands, as expected (Fig 3B). Apparently, age may not
be a relevant factor in the difference between probands
and relatives and pulmonary function test abnormalities
(e-Table 3).

Pulmonary Hypertension

Echocardiography was performed on 87% of the overall
cohort. PAH was diagnosed in nine patients (8%), all
probands, by echocardiographic measurements, based
principally on right ventricular systolic pressure of >
35 mm Hg, elevation of tricuspid regurgitation velocity
to > 3.4 m/s, increased right ventricular size or
dysfunction, or a combination thereof.25 The findings of
one autopsy were consistent with PAH. Six patients with
PAH had received a diagnosis of concomitant
myelodysplastic syndrome.1,13 At least three patients
demonstrated PAH during follow-up. In three patients
1354 Original Research
with PAP and PAH who had undergone HSCT,
pulmonary arterial pressures returned to normal as
determined by echocardiography and confirmed in one
patient by right heart catheterization (Fig 4). Two
patients had PAH without PAP, and the pulmonary
hypertension improved in them after HSCT, as well.

Outcome: Treatment and Response

Disseminated nontuberculous mycobacteria were
treated according to the 2007 American Thoracic Society
and Infectious Diseases Society of America
recommendations.17 GM-CSF therapy (aerosolized and
subcutaneous) was tried in four patients with GATA2-
associated PAP without appreciable response. Whole
lung lavage, performed on nine patients, was moderately
effective for PAP with recovery of typical milky lavage
fluid. After whole lung lavage, patients showed transient
improvement in oxygenation and restrictive ventilatory
defects as well as improved radiographic appearance.

As of this report, 64 patients had undergone HSCT since
2006, with an overall survival of 80%. Median time after
transplantation for this cohort was 2.7 years (range, 6
[ 1 6 0 # 4 CHES T OC TO B E R 2 0 2 1 ]



Figure 2 – CT scans with the characteristics described in GATA2 deficiency. A, Nodules: I, coronal and II, axial on 20 mm maximum intensity
projection show numerous diffuse small nodules bilaterally (male patient, aged 29 years). B, Reticular infiltrate: Axial CT scan reticular shows infiltrate
in left upper lobe (female patient, aged 31 years). C, Ground-glass opacities: Axial CT scan (male patient, aged 16 years). D, Paraseptal emphysema: I,
Coronal multiplanar reformation 0.5 x 0.3 mm CT scan shows striking diffuse paraseptal emphysema (subpleural blebs) along all pleural surfaces
(black arrows peripherally) including fissures and mediastinum (white arrows); II, Axial 0.5 x 0.3 mm CT scan diffuse paraseptal emphysema
(subpleural blebs) along all pleural surfaces (black arrows peripherally) including fissures and mediastinum (white arrows) (male patient, aged 21
years). E, Consolidation: Axial CT scan (female patient, aged 21 years). F, Crazy paving: Axial CT scan shows extensive areas of ground-glass opacity
within regions of interstitial markings resembling a “crazy paving” pattern (female patient, aged 37 years).
months-16 years). Fifty-one patients (80%) received
myeloablative conditioning before transplantation from
13 (25%) matched related donors, 22 (43%) unrelated
donors, and 16 (31%) haploidentical donors. Of the 13
patients who received nonmyeloablative conditioning,
three patients (23%) underwent HSCT with material
from matched related donors, five patients (38%)
underwent HSCT with material from matched unrelated
donors, one patient underwent HSCT with material
from a haploidentical donor, four patients (30%)
underwent HSCT with material from umbilical cord
blood, and one patient underwent HSCT with material
from an haploidentical donor.

In contrast to the results with GM-CSF therapy or whole
lung lavage, we saw rapid and remarkable clinical
responses in PAP after HSCT. Five patients with PAP
received nonmyeloablative conditioning, and two others
received myeloablative conditioning with similar overall
survival. Improvements in diffusing capacity for carbon
monoxide, FVC, total lung capacity, and FEV1 were seen
in five patients with PAP in whom pulmonary data from
before and after transplantation were available.

One patient without PAP initially received a diagnosis
of idiopathic PAH in childhood and received
maintenance treatment with prostacyclin and sildenafil.
She showed complete resolution of PAH and ceased all
chestjournal.org
PAH medications after transplantation. One of the
patients with PAP and PAH that resolved after HSCT
went on to demonstrate progressive worsening
pulmonary fibrosis that required bilateral lung
transplantation (patient 1 in reference 13). Pulmonary
function evaluation before and after HSCT was
recorded in 48 patients (Table 2). The crude mortality
rate was 19% overall, but 54% in those with PAP.
Median survival was not significantly different between
those with and without severe lung disease (infections,
PAP, and so forth; P ¼ .19, log-rank test). Importantly,
75% of those who died without having undergone
HSCT showed severe lung compromise at initial
presentation.

Discussion
GATA2 deficiency has a high rate of lung involvement,
even in the absence of overt hematopoietic dysfunction.
Whether these manifestations are the result of abnormal
alveolar macrophages, impaired pulmonary lymphatic
circulation, impaired phagocytosis, or the lack of new
monocytes repopulating the pulmonary compartment
remains unclear.26

Recurrent infection and alveolarmacrophage dysfunction
in GATA2 deficiency may lead to damage of lung elastin,
which alsomay contribute to the pulmonary changes seen
in these patients.27,28 GATA2 plays a crucial role in
1355
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Figure 3 – A, B, Distribution of pulmonary function test patterns at first visit. A, Pie chart showing pattern of impairment. B, Scatterplots showing
pulmonary function test findings at first visit in probands and relatives (median and interquartile range). 6MWT ¼ 6-min walk test; DLCO ¼ diffusing
capacity for carbon monoxide.
hematopoiesis, but it is also involved in the development

and function of macrophages. Impaired surfactant

metabolism by dysfunctional alveolar macrophages also

may underlie PAP. The rapid resolution of PAP after
1356 Original Research
transplantation in GATA2 deficiency suggests that PAP is

quite sensitive to the supply of new hematopoietic

elements, although whether it is in fact the monocyte-

derived component is not yet proven.13,29
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Figure 4 – Graph showing pulmonary arterial hypertension findings:
right ventricular systolic pressure measured by echocardiography before
and after bone marrow transplantation. HSCT ¼ hematopoietic stem
cell transplantation; PAP ¼ pulmonary alveolar proteinosis.
The mechanisms by which GATA2 regulates
phagocytosis are unclear, but likely are to be exacerbated
by the lack of NK cells, a common feature of advanced
GATA2 deficiency. GATA2 may interact with other
hematopoietic transcription factors, including the
transcription factor PU.1. Ets family.30 Numerous
studies have demonstrated a central role for the ETS
family transcription factor, PU.1, in GM-CSF mediated
regulation of alveolar macrophage phagocytosis.31-33

Further studies are needed to elucidate better the
molecular mechanisms underlying PAP in GATA2
deficiency, including the relationships among GATA2,
the transcription factor PU.1 and GM-CSF.
Cytopenias and dysfunction of other hematopoietic
compartments, including NK cells, B cells, and dendritic
cells, also may contribute to GATA2-mediated
pulmonary disease.

Interestingly, at a point in the disease process when they
typically have neither circulating monocytes nor marrow
TABLE 2 ] Pulmonary Function Test Results Before and Aft

PFT (N ¼ 48) Before HSCT, % Predicted Af

FEV1, % 84 (24-110)

DLCO, % adjusted for hemoglobin 67 (34-111)

FVC, % 93 (40-129)

6MWT (n ¼ 14), m 456 (191-629)

Data are presented as No. or mean (range). Data are presented for 75% of the p
out for only 20% of patients who underwent transplantation. PFTs after tra
transplantation. 6MWT ¼ 6-min walk test; HSCT ¼ hematopoietic stem cell tra

chestjournal.org
monocyte precursors, patients with GATA2 deficiency
still have abundant macrophages in BAL fluid, as seen
on cytopathologic examination of clinical aspirates and
at autopsy in patients who have not undergone
transplantation. This normal pulmonary alveolar
macrophage abundance suggests persistence of
macrophages from the period of normal hematopoiesis,
which is seen early in life in GATA2 deficiency.
However, these persisting pulmonary macrophages also
may derive from tissue-resident macrophages, in which
case, their dysfunction may be secondary to loss of other
blood elements.34

Regardless of origin, these persistent alveolar
macrophages eventually are incompetent regarding
surfactant clearance, whether because of intrinsic
GATA2 dysfunction or their failure to be stimulated
properly by other cells. The rapid and definitive
resolution of PAP in most patients after HSCT suggests
that regardless of the initial origin of pulmonary alveolar
macrophages, they are replaced rapidly or reinvigorated
by elements transferred at HSCT. Although some
patients in our study showed significant improvement in
pulmonary function after HSCT, it should be noted that
both transplant conditioning (particularly total body
radiation and busulfan-based regimens) and pulmonary
graft-vs-host disease also can impair pulmonary
function, and these complications should be recognized
and managed promptly.35

Dysfunction of the nitric oxide pathway in the
pulmonary endothelium may lead to increased vascular
smooth muscle tone and vascular remodeling, and thus
may contribute to the development and progression of
PAH.36 Cell-specific endothelial nitric oxide synthase
expression in airway epithelium is dependent on the
interaction of GATA2 with the endothelial nitric oxide
synthase promoter.37 Hematopoietic element
participation in the pulmonary vasculature also is
possible and may explain the rapid resolution of PAH
after HSCT. Further studies are required to understand
er HSCT

ter HSCT, % Predicted > 10% Improvement > 10% Decline

78 (35-109) 8 20

60 (26-108) 9 21

91 (45-120) 9 13

522 (361-655) 9 2

atients who underwent transplantation. Six-minute walk tests were carried
nsplantation carried out after a median of 1 y (range, 6 mo-6 y) after
nsplantation; PFT ¼ pulmonary function test.
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better the possible roles of GATA2 in the pulmonary
endothelium and in the development of pulmonary
hypertension.38,39

Alveolar macrophage dysfunction and overall
pulmonary compromise in GATA2 deficiency are
temporized, reversed, or both by donor-derived cells, a
process that occurs relatively rapidly after
transplantation.40 Interestingly, HSCT has been shown
to reverse PAH in both mice and rats,41 consistent with
the identification of lung trafficking of cells arising from
hematopoietic cell types.26 The latter study
demonstrated reduced right ventricular pressures with
reversal of right ventricular dysfunction and lung
pathologic features in recipient rats. We saw reversal of
hematologic, immunologic, and pulmonary
manifestations, including PAP, PAH, and some
parenchymal disease, after HSCT.42

Previously, we reported a prevalence of PAP of 31%,
compared with the much lower rates in this report of
11%. Our previous report largely was based on
patients referred for severe or chronic mycobacterial
infections who typically had been sick for prolonged
periods and had extensive marrow dysfunction. Most
of those patients were referred before the
identification of GATA2 as the genetic defect
underlying this disease. In contrast, more recent
1358 Original Research
patients have been detected much earlier in the
course of the disease, already had undergone
molecular diagnostic testing, and often had begun
prophylactic antibacterial treatment. Other factors
may be unaccounted for as well.
Interpretation
GATA2 deficiency is associated with characteristic,

significant, and progressive pulmonary disease. More
than half of the present cohort of patients showed lung
abnormalities on pulmonary function testing or
imaging, even in asymptomatic relatives identified
through family screening. In addition to recurrent
respiratory infections, patients demonstrated
characteristic parenchymal changes, including
paraseptal emphysema and PAP associated with
progressive restrictive ventilatory defects and pulmonary
hypertension. Remarkably, PAP and PAH improved
rapidly and durably with HSCT. The reversal of PAH by
HSCT suggests important and dynamic interactions of
the hematopoietic and pulmonary vascular
compartments. Many and complex pulmonary
manifestations of GATA2 deficiency are detectable
before hematopoietic failure. Earlier recognition may
lead to earlier definitive therapy.
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