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ABSTRACT
Background: The study was conducted in order to
determine if the glycoprotein KL-6 is a useful biomarker in
differentiating neuroendocrine cell hyperplasia of infancy
(NEHI), a benign form of children’s interstitial lung
disease, from the more severe inborn errors of surfactant
metabolism (IESM), since their clinical presentation can
be similar.
Methods: Serum KL-6 levels were measured in 10
healthy control children, 6 with NEHI and 13 with IESM
(4 with surfactant protein C (SP-C) and 9 with ABCA3
mutations). The initial clinical presentation, findings on
previous CT scans and interstitial lung disease (ILD)
scores at the time of KL-6 testing were compared.
Correlations of KL-6 levels with age and with interval from
lung biopsy were evaluated.
Results: The median (range) KL-6 levels were 265
(1–409), 194 (47–352), 1149 (593–4407) and 3068
(726–9912) U/ml for the control, NEHI, SP-C and ABCA3
groups, respectively. When compared with the control
and NEHI groups, median KL-6 levels were significantly
higher in the SP-C (p,0.01; p = 0.01, respectively) and
ABCA3 groups (p,0.001; p = 0.001, respectively);
however, there was no difference between the control
and NEHI groups (p = 0.91). An inverse relationship was
seen between KL-6 levels and age in the IESM groups,
but not in the NEHI or control groups. Children with NEHI
had similar presenting clinical features and were equally
symptomatic at the time of KL-6 measurement as those
with IESM.
Conclusions: Children with NEHI have normal KL-6
levels, in contrast to those with IESM, who have elevated
serum KL-6 levels; serum KL-6 may be a useful biomarker
in distinguishing between these entities when their clinical
presentations overlap.

Children’s interstitial lung disease (chILD) encompasses a heterogeneous group of rare diffuse lung
disorders with varying prognoses. More severe
forms include the inborn errors of surfactant
metabolism (IESM), such as the mutations in the
surfactant protein C (SP-C) and ABCA3 genes.1 2 In
contrast, neuroendocrine cell hyperplasia of
infancy (NEHI) is considered a benign form, with
no reported mortality.3 4 Although the underlying
pathology of these conditions is very different,
their clinical presentations may overlap.
In addition to severe respiratory failure in the
newborn period,2 5 SP-C or ABCA3 mutations can
also present later in infancy with persistent
retractions, tachypnoea, hypoxaemia, crackles
and poor growth.6–12 The family history can be
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negative, even in patients with autosomal dominant SP-C mutations.6 8 Findings on high-resolution CT (HRCT) of the chest in infants with SP-C
or ABCA3 mutations typically show bilateral
diffuse ground-glass opacification with septal
thickening.7 10 12 13 Mutational analyses for the SPC and ABCA3 genes are now available through
commercial reference laboratories, but are occasionally non-diagnostic, even when the histopathology is consistent with IESM.2 14 The
histological findings of the lung disease due to
proven SP-C and ABCA3 mutations consistently
include hyperplasia of type 2 pneumocytes and
interstitial inflammation.1 2
Children with NEHI also present from the
neonatal period to late infancy with features
identical to those described for IESM. Chest
radiographs demonstrate hyperinflation and
increased interstitial markings,3 and HRCT typically shows patchy ground-glass opacification
distributed centrally and in the right middle lobe
and lingula, as well as diffuse air trapping.4 While
these CT findings can be distinctive, the significant
clinical manifestations seen with NEHI can raise
concerns for more severe chILD, and a diagnostic
open lung biopsy is frequently undertaken in these
children. The histology in NEHI, however, is
notable for the absence of significant interstitial
inflammation and is instead characterised by
increased numbers of pulmonary neuroendocrine
cells within the airway epithelium and lobular
parenchyma.3
Despite their similar clinical presentation, the
marked differences between the histology of IESM
and NEHI raise the question of whether noninvasive biomarkers may be able to differentiate
severe from benign forms of chILD or be able to
predict the presence or absence of significant
interstitial inflammation. One such potential
biomarker is KL-6, a glycoprotein that is preferentially expressed in the normal lung by type 2
alveolar cells and bronchiolar epithelial cells.15
Investigators have demonstrated increased expression of KL-6 on regenerating alveolar cells in
patients with various types of ILD, with correspondingly high serum levels.16 17 Such elevated KL6 levels have also been reported in various forms of
chILD,18 while normal levels are seen in asthma,
bronchiolitis, pertussis, common viral and bacterial
pneumonias, and acute eosinophilic pneumonia.19–21
Furthermore, while KL-6 levels have been correlated with disease activity, they do not appear to
be affected by steroid therapy.22
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Serum KL-6 differentiates neuroendocrine cell
hyperplasia of infancy from the inborn errors of
surfactant metabolism
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METHODS
Subjects

groups, followed by the Mann–Whitney test for pairwise
comparisons. The relationshipa between KL-6 levels and age at
testing and interval from lung biopsy were analysed using the
Spearman correlation in order to avoid normality assumptions.

RESULTS
Clinical presentation

A blood sample was collected from 10 healthy children, 6 with
NEHI and 13 with IESM (4 with SP-C and 9 with ABCA3
mutations). Study subjects included all children with diagnosed
NEHI or IESM who are followed or have been evaluated at our
institution (5 NEHI, 11 IESM), as well as subjects recruited via
collaborating physicians (1 NEHI, 2 IESM).
The diagnosis of NEHI was established by surgical lung
biopsy, with all biopsies reviewed by the paediatric lung
pathologists at Texas Children’s Hospital, using guidelines of
.75% of airways containing neuroendocrine cells, .10%
neuroendocrine cells in any individual airway and the presence
of prominent neuroepithelial bodies. The children with IESM
were diagnosed by mutational analysis under a research
protocol at the Johns Hopkins University School of Medicine
or by the CLIA (Clinical Laboratory Improvement
Amendments)-certified Johns Hopkins DNA Diagnostic
Laboratory. The control group consisted of 10 healthy children
who were recruited from families whose parents were members
of the Pediatric Pulmonary Section at Texas Children’s Hospital.
Exclusion criteria in the control group included a history of
febrile illness or upper respiratory tract infection during the
3 weeks prior to enrolment or a history of pneumonia during
the 3 months prior to enrolment.
The records of the children with NEHI or IESM were
reviewed to collect information on the initial clinical presentation. Available CT scans from the first 18 months of life were
reviewed for the pattern of ground-glass opacification and the
presence of septal thickening. As children with NEHI are known
to improve with age,3 and the clinical course of those with IESM
can be variable,12 the clinical status of each subject at the time of
KL-6 testing was assessed using the ILD severity score23 in order
to relate to serum KL-6 levels. Levels were also correlated with
age and with time interval from lung biopsy for each group.
The control subjects and eight of the children with ABCA3
mutations have previously been reported.12 18 Results of the
current study have also been presented in abstract form.24 The
Institutional Review Board of the Baylor College of Medicine
approved this study, and informed written consent was
obtained from each subject’s parent or legal guardian.

The 6 children with NEHI were all born at term. Their ages at
symptom onset ranged from birth to 5 months. All presented
with tachypnoea and hypoxaemia, while retractions, persistent
crackles and poor growth were less frequent features (table 1).
Most of the patients had at least one hospitalisation (one child
had .20) due to respiratory illness, but none had suffered
respiratory failure. Chest CT obtained at 3–9 months of age
consistently revealed bilateral ground-glass opacification,
usually with a patchy distribution that was limited to the right
middle lobe, lingula and central regions. In one child, however, a
repeat study 4 weeks after his initial one showed a change from
the typical patchy distribution to that of diffuse panlobar
involvement of ground-glass opacification (fig 1A,). Septal
thickening was absent in all studies. Open lung biopsy was
undertaken in these children at ages 5–17 months, and the
histology consistently demonstrated an increased proportion of
airways containing bombesin-immunopositive cells (79–100%),
an increased proportion of immunopositive cells in immunopositive airways (12–32%) and the presence of neuroepithelial
bodies, but very little if any inflammation and no hyperplasia of
type 2 alveolar cells. Half of these children had received chronic
systemic steroid therapy at some point during infancy (but
none in the year prior to KL-6 testing), and the mean KL-6 levels
for the treated and untreated children were not significantly
different (229 U/ml vs 190 U/ml, respectively, p = 0.7). All 6
children were still alive at ages 4 months to 8 years but
continued to have hypoxaemia, either continuously or only
with sleep, at the time of KL-6 testing.
Ten of the children with SP-C or ABCA3 mutations had
symptom onset in infancy. Two had respiratory failure in the
newborn period (one recovered and one underwent lung
transplantation). Three others (one with SP-C and two with
ABCA3 mutations) developed respiratory failure beyond the
newborn period but within the first 3 months of life, after
having presented with tachypnoea, retractions and hypoxaemia
of only several weeks duration; two of them subsequently died.
The remaining five patients had similar clinical manifestations
but did not have rapidly progressive deterioration (table 1).
Chest CT scan was performed by age 18 months (range 3–
18 months) in six of these children. Four studies were available

Serum KL-6 measurements

Table 1

A 3 ml venous blood sample was obtained from each subject for
analysis of KL-6. Samples were drawn in a plain container,
processed for serum and stored at270uC until used. Each serum
sample was then analysed in duplicate for KL-6 using commercially available ELISA kits and following the protocol of the
manufacturer (Sanko Junyaku, Tokyo, Japan). The reported value
for each test was the average of the duplicate results. The
detection range of the kit for standard KL-6 is 1–20 U/ml. The
within-run and between-run coefficients of variation were no
more than 10%, and the recovery rate was 90–108%.

Statistical analysis
Group comparisons were done using non-parametric procedures. The Kruskal–Wallis test was used for comparing >3
678

Clinical features of subjects who presented in infancy

Tachypnoea
Retractions
Crackles
Hypoxaemia
Poor growth
Respiratory failure
CT* findings
Diffuse GGO
Patchy GGO
Septal thickening

NEHI

IESM

6/6
5/6
4/6
6/6
2/6
0/6

10/10
7/10
5/10
8/10
7/10
5/10

1/6
6/6
0/6

4/6
2/6
4/6

*Available studies from the first 18 months of life.
GGO, ground-glass opacification; IESM, inborn errors of surfactant metabolism; NEHI,
neuroendocrine cell hyperplasia of infancy.
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We sought to characterise serum KL-6 levels in children with
SP-C and ABCA3 mutations and in those with NEHI. Since
alveolar epithelial cell hyperplasia is a common histological
feature of IESM, but not of NEHI, we hypothesised that serum
KL-6 would be elevated in IESM, but not in NEHI.
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for review, while only the report was available in the remaining
two. The majority showed diffuse ground-glass opacification,
but multifocal, patchy involvement was also seen. Septal
thickening was noted in 4/6 studies (fig 1C,D). For 12 of the
enrolled children with SP-C or ABCA3 mutations, open lung
biopsy was undertaken between ages 1 month and 7 years, and
histological findings consistently included interstitial inflammation with type 2 alveolar cell hyperplasia.

Serum KL-6 levels
The median (range) serum KL-6 levels were 265 (1–409), 194
(47–352), 1149 (593–4407) and 3068 (726–9912) U/ml for the
control, NEHI, SP-C and ABCA3 groups, respectively (fig 2).
When compared with the control group, serum KL-6 levels were
significantly higher in the SP-C (p,0.01) and ABCA3 (p,0.001)
groups. Likewise, when compared with the NEHI group, KL-6
levels were also significantly higher in the SP-C (p = 0.01) and
ABCA3 (p = 0.001) groups. If the SP-C and ABCA3 groups are
combined and compared with the NEHI group, the differences
are still highly significant (p = 0.001). On the other hand, there
was no difference between the median values for the control
and NEHI groups (p = 0.91). All serum KL-6 values for subjects
with IESM were above 500 U/ml, while all values for controls
and patients with NEHI were below this level.
The median (IQR) age at the time of KL-6 testing was 11
years (9–12 years) for the healthy control children, 2.1 years
(1.2–3.8 years) for the children with NEHI, 9.7 years (0.8–15.4
years) for those with SP-C mutations and 8.0 years (0.3–10.5
years) for those with ABCA3 mutations. When serum KL-6
Thorax 2009;64:677–681. doi:10.1136/thx.2008.107979

levels were related to age and to the interval since lung biopsy,
there were no correlations seen in the NEHI group (R = 0.26,
p = 0.62 for both comparisons) or the control group (R = 20.12,
p = 0.74 for comparison with age). On the other hand, there
were significant inverse correlations demonstrated when serum
KL-6 levels were related to age and to interval from lung biopsy
in the patients with IESM (SP-C and ABCA3 combined)
(R = 20.65, p,0.05; R = 20.69, p,0.05; respectively). In three
children with ABCA3 mutations, serial follow-up KL-6 levels
were also available and showed decline with increasing age
(fig 3).
When comparing the clinical status of patients in each group
in terms of requirement for supplemental oxygen at the time of
KL-6 testing using the interstitial lung disease (ILD) score, the
median (range) score was 3.5 (3–4), 3.5 (1–4) and 4.0 (1–4) for
the neuroendocrine cell hyperplasia of infancy (NEHI), surfactant protein C (SP-C) and ABCA3 groups, respectively
(p = 0.86). In the NEHI group, the mean KL-6 level for the 3
children with an ILD score of 3 was 273 U/ml, while the mean
level for those with a score of 4 was 145 U/ml.

DISCUSSION
Our report is the first to describe the differences between serum
KL-6 levels in children with NEHI as compared with those with
IESM. While these levels are expected to be normal in diseases
predominantly involving the airways and elevated in ILD, our
results suggest that serum KL-6 may be able to help differentiate
NEHI from the IESM in patients whose clinical presentation
can be consistent with either condition.
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Figure 1 CT scans of the chest in
infants with neuroendocrine cell
hyperplasia of infancy (NEHI), ABCA3
mutations and surfactant protein C (SP-C)
mutation. (A and B) Images at different
time points in the same patient with
biopsy-proven NEHI, demonstrating
classic (A) and more diffuse (B) patterns
of ground-glass opacification. (C) CT in a
3-month-old infant with ABCA3 mutations
showing diffuse ground-glass
opacification and very subtle septal
thickening. (D) CT in another 3-month-old
infant with ABCA3 mutations revealing
more patchy ground-glass opacification
but with prominent interstitial thickening.
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Our findings have reaffirmed that the manifestations of
NEHI can overlap with those of more severe chILD, such as the
IESM. While none of the children with NEHI developed
respiratory failure, this manifestation would not be a helpful
early differentiating feature. Consistent with previous reports,3 4
we saw on the CT scans of all six children with NEHI a
characteristic distribution of the ground-glass opacification and
an absence of septal thickening. However, some of the children
in our study with IESM who had CT scans in the first
18 months of life also had patchy involvement of ground-glass
opacification, and some did not have septal thickening.
Additionally, when one child in our study who was eventually
diagnosed with NEHI underwent a repeat CT scan due to
clinical deterioration, more diffuse ground-glass opacification
was seen, prompting a diagnostic open lung biopsy. All six
children with NEHI (only two of whom were primarily cared
for at our institution) had been deemed to have lung disease
significant enough to warrant an open lung biopsy by
27 months of age. The biopsies all showed the diagnostic
features of NEHI and, despite the significant clinical manifestations, there was a lack of notable inflammation.
Our study also reiterates the need to consider early open lung
biopsy in some cases of suspected IESM. Two of the children
with ABCA3 mutations who presented beyond the neonatal
period were symptomatic only for a few weeks before they
developed rapidly progressive respiratory failure, leading to
death. While mutational analysis allows for non-invasive
diagnosis of the IESM, they routinely require 3–5 weeks for
completion. CT findings of diffuse ground-glass opacification
would suggest the presence of an IESM, especially if septal
thickening is also seen, but these findings may not be
consistently found. If lung transplantation is to be considered
for treatment of an IESM, a prompt lung biopsy may be
necessary in children with rapid progression of symptoms, as it
may provide a presumptive diagnosis based on typical histological patterns and electron micrographic findings of abnormalities of lamellar bodies.5 12 25 Furthermore, previous reports
indicate that there are children with histological features
consistent with an IESM in whom no mutations are found.2 14
Thus, non-diagnostic genetic testing for IESM is not necessarily
reassuring, and further evaluation with lung biopsy may still be
required.
680

Figure 3 Serum KL-6 levels related to age (top) and interval since lung
biopsy (bottom).
Because KL-6 is strongly expressed on the apical membrane of
regenerating type 2 pneumocytes,16 and increased leak of KL-6
into the circulation seems to result from cell injury and/or
inflammation-induced increased permeability of the alveolar–
capillary membrane,26–28 measurement of serum KL-6 levels may
be an ideal non-invasive method of assessing for the presence of
interstitial inflammation. Elevated KL-6 levels in bronchoalveolar lavage (BAL) fluid have been demonstrated in pulmonary
alveolar proteinosis, hypersensitivity pneumonitis, sarcoidosis,
acute respiratory distress syndrome and idiopathic pulmonary
fibrosis,22 29 30 and in various ILDs elevated serum KL-6 levels
have been correlated with BAL levels.26 27 In adults, 500 U/ml
has been suggested as an upper limit of normal for serum
levels.21 While not as well defined in children, studies reporting
healthy paediatric controls have consistently reported serum
KL-6 levels below this cut-off and that these levels do not vary
with age.18 20 28 31–34 In our study, there was no overlap in serum
KL-6 levels between healthy children or children with NEHI and
those with IESM, and a limit of 500 U/ml effectively separated
the two former groups from the latter. Therefore, it would
appear that a normal serum KL-6 level correlates with the
absence of significant interstitial inflammation.
There are some apparent weaknesses of our study which need
to be addressed. First, we recognise that the number of patients
in each group is small. The rarity of these conditions makes it
difficult to enrol significantly larger numbers of subjects within
a reasonable amount of time, even within our referral
Thorax 2009;64:677–681. doi:10.1136/thx.2008.107979
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Figure 2 Serum KL-6 levels in the study groups (with group medians).
NEHI, neuroendocrine cell hyperplasia of infancy; SP-C, surfactant
protein C.
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population. However, the differences in serum KL-6 levels
amongst the groups were so marked, without any overlap in
individual values, that clinical and statistical significance was
still demonstrated. Secondly, the mean age of the NEHI group
was lower than that of the SP-C and ABCA3 groups, raising the
possibility that differences in age and disease duration may have
contributed to the differences in KL-6 levels. However, in the
patients with SP-C or ABCA3 mutations, there was actually an
inverse relationship between age and serum KL-6 levels. On the
other hand, KL-6 levels did not vary with age in the children
with NEHI, as was noted in our and other previously reported
normal controls.19 20 Therefore, the differences in levels were
most marked in the infants. Lastly, the cross-sectional design of
the study resulted in measurement of KL-6 levels at various
intervals after lung biopsy had been undertaken in many of the
subjects and various treatments had been given. Thus, it is
difficult to prove that a priori the serum KL-6 levels would have
been helpful in the decision to proceed to a lung biopsy.
However, there was no correlation between KL-6 levels and the
interval between biopsy and KL-6 measurement in the NEHI
group, and all of these children were still symptomatic with
some degree of hypoxaemia at the time of testing. On the other
hand, an inverse relationship was again seen for this comparison
in the patients with IESM. In the study, there was one young
infant with NEHI and one with ABCA3 mutations who
actually had serum KL-6 measured prior to undergoing open
lung biopsy, and the levels were markedly different (47 U/ml vs
5978 U/ml, respectively). Additionally, in three children with
ABCA3 mutations, we were able to follow levels serially over a
span of 4 years, and all showed a decline over time. Therefore, it
does not appear that the differences in the serum KL-6 levels
between children with NEHI and those with IESM can be
explained solely because they were measured at various times
after lung biopsy had been undertaken.
In conclusion, based on our findings, we think that serum KL-6
levels could be helpful in a diagnostic algorithm for the evaluation
of an infant with suspected ILD. In the patient whose clinical
course has not included respiratory failure and who has the
characteristic distribution of ground-glass opacification limited to
the right middle lobe, lingular and central regions, a normal serum
KL-6 level would add confidence to the diagnosis of NEHI and
may obviate the need for a diagnostic surgical lung biopsy. On the
other hand, an elevated serum KL-6 level would raise concerns
that another process involving significant interstitial inflammation or alveolar epithelial cell injury is more likely to be present. In
this case, evaluation for an IESM should be undertaken by genetic
testing, or by a lung biopsy if genetic testing is non-diagnostic or if
rapidly progressive symptoms develop. Further studies are needed
to evaluate serum KL-6 levels in other forms of mild and severe
chILD, especially those also not associated with significant
interstitial inflammation, in order to understand better its clinical
utility in practice.

