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OBSERVATIONS

Rapid and Progressive Pulmonary Fibrosis in 2 Families with DNA Repair
Deficiencies of Undetermined Etiology

Timothy J. Vece, MD', Marc G. Schecter, MD', Richard A. Gatti, MD2, Rashmi Tunuguntla, PhD?, Christine Kim Garcia, MD?,
Claire Langston, MD*, Megan K. Dishop, MD®, Robert H. Moore, MD', and Leland L. Fan, MD®

Known genetic causes of pediatric interstitial lung disease include disorders of surfactant metabolism, telomerase,
and DNA repair. We report 4 children from 2 families with rapidly progressive and fatal pulmonary fibrosis. A novel
DNA repair defect unrelated to the ataxia-telangiectasia mutated gene was found in 1 child from each family.

(J Pediatr 2012;160:700-2)

ecently discovered genetic disorders affecting surfac-

tant metabolism,' telomere length,” and DNA repair’

now account for an increasing number of cases of in-
terstitial lung disease (ILD) in children. Despite these discov-
eries, however, the etiology of many cases of familial ILD
remains unknown.

We describe sibling pairs from 2 families who developed
rapidly progressive ILD leading to terminal respiratory fail-
ure. A novel defect in DNA double-stranded break repair
was found in 1 child tested from each family. This study
was approved by Baylor College of Medicine’s Institutional
Review Board.

Case Reports

Family A

Patient Al was a full-term male who exhibited failure to
thrive (FTT) at age 6 months. At 14 months, he developed
fever, diffuse pulmonary opacities, and progressive respira-
tory failure. Lung biopsy revealed proliferative diffuse alve-
olar damage with enlarged, bizarre pleiomorphic and
hyperchromatic nuclei in pneumocytes and interstitial cells
and eosinophils in the interstitium (Figure 1, A; available
at www.jpeds.com). Despite treatment with intravenous
methylprednisolone and intravenousimmunoglobulin, he
died 52 days later.

Patient A2, the younger sister of patient A1, was a full-term
infant who had FTT at age 2 months. At 13 months, she
developed progressive respiratory failure, likely related
to viral illness. Imaging studies demonstrated bilateral
diffuse infiltrates (Figure 2, A and B). Lung biopsy
revealed proliferative diffuse alveolar damage with the
same enlarged pleiomorphic and hyperchromatic nuclei in
pneumocytes and interstitial cells seen in her brother’s
biopsy specimen, but with an absence of eosinophilia
(Figure 2, C). She underwent lung transplantation 51 days

ATM Ataxia-telangiectasia mutated
A-T Ataxia-telangiectasia

FTT Failure to thrive

ILD Interstitial lung disease
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later, but died of progressive liver failure 1 vyear
posttransplantation. Her liver demonstrated no pleo-
morphic cells on autopsy.

Family B

Patient B1 was a full-term male with FIT and chronic re-
spiratory symptoms initially diagnosed as asthma. At age
4 years, he developed respiratory failure associated with
influenza B and died 58 days later. Patient B2, the youn-
ger sibling of patient Bl, was a full-term male who devel-
oped FIT at age 2 months. At 34 months, he developed
respiratory failure associated with picornavirus and died
53 days later. Both brothers had lung biopsy findings sim-
ilar to those seen in the siblings in family A (Figure 1, B
and C).

Results of Genetic Testing and DNA Repair
Studies

In all 4 cases, common causes of respiratory disease, includ-
ing cystic fibrosis, immunodeficiency, and aspiration, were
ruled out. Unfortunately, testing for genetic lung disorders
was not performed on patients Al and B1, because the famil-
ial pattern of disease was not appreciated until the second
child in each family developed a similar disorder. The
Table presents the results of genetic testing in patients A2
and B2. No mutations in surfactant and telomerase genes
were found, and telomere length was normal. Lymphocytes
from peripheral blood were immortalized using Epstein-
Barr virus, and lymphoblastoid cell cultures were
established. The cells were plated in 96-well trays and
irradiated with 1 Gy. After 2 weeks, the wells with surviving
colonies were scored and compared with daily controls
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Figure 2. Diagnostic imaging studies and lung biopsy histopathology from patient A2. A, Chest radiograph at presentation.
B, Chest computed tomography, performed 4 days after admission. C, Histopathological analysis showing severe prolif-
erative diffuse alveolar damage with large, bizarre, hyperchromatic nuclei in interstitial cells (black arrow).

from healthy cells and from patients with ataxia-
telangiectasia (A-T). Both patients exhibited diminished
colony survival, indicating a disorder of double-stranded
DNA repair (Table). Tests performed for known causes
of deficient double-stranded DNA repair mechanisms,
including 53BP1 foci, were negative (Table and Figure 3;
available at www.jpeds.com).

Discussion

These cases reported here represent a novel form of familial,
rapidly progressive respiratory failure associated with FTT in
young children. No surfactant or telomerase mutations were
found in the child tested from each family, and telomere
length was normal. However, an unknown defect in DNA re-
pair was found.

A-T, caused by mutations in the ataxia-telangiectasia
mutated (ATM) gene, is the most common inherited
form of defective repair of DNA double-stranded breaks.*
Schroeder et al’ identified ILD in 25 of 97 patients with
A-T and chronic lung disease. The mean age of onset
was 17.5 years (range, 9-28 years), and 19 of 25 patients
died within 2 years of onset. In 13 patients, lung histology
showed chronic inflammation and fibrosis with atypical
epithelial and interstitial cells containing large hyperchro-
matic and pleiomorphic nuclei. This histological pattern
is likely caused by accumulation of DNA resulting in fail-

ure of the cells to divide secondary to the deficient DNA
repair. Our patients demonstrated a histological pattern
on lung biopsy similar to that described in patients with
A-T, but they were much younger at presentation, had
a more rapidly progressive course, and did not have any
other systemic manifestations of A-T, such as progressive
ataxia or abnormal cells in other tissues, such as the liver.
Similar to patients with A-T, our patients demonstrated
decreased lymphoblastoid colony survival after DNA dam-
age with 1 Gy of ionizing radiation.® However, both pa-
tients had an ATM protein level inconsistent with A-T.
Because patient A2 had an ATM protein level of 48%,
his ATM genes were sequenced; no ATM mutations were
found.

A new DNA repair defect consequent to mutations in the
RNF168 gene has been described recently. RNF168 is a ubig-
uitin ligase protein in the chromatin ubiquitin ligase cas-
cade.”” In 1 of the 2 patients reported to date, a rapidly
progressive and fatal respiratory failure in association with
growth retardation was described.'® Absence of RNF168 pro-
tein at sites of double-stranded breaks also prevents forma-
tion and retention of 53BP1 nuclear foci at these sites.
Postirradiation 53BP1 foci formation was intact in both pa-
tients A2 and B2, arguing against RNF168 deficiency as
a cause of respiratory failure.

In summary, we report 4 children from 2 families who
presented with FTT and rapidly progressive, fatal ILD
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