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Loss of C/EBPa in Chronic Cigarette Smoke Exposure: A SAD Day for
Chronic Obstructive Pulmonary Disease

Tobacco or cigarette smoke (CS) exposure is a main driver of
chronic obstructive pulmonary disease (COPD), a progressive
disease involving small airway disease (SAD) with airway
remodeling and fibrosis, and loss of alveoli and terminal bronchioles
(1, 2). Human studies have identified pathology of small airways
,2 mm of diameter as the major contributor to increased airflow
resistance in COPD (1). In addition, CS exposure is associated with
development of centrilobular emphysema (CLE). CLE is distinct
from panlobular and paraseptal emphysema (PSE), the latter being
more common in alpha-1 antitrypsin deficiency (2). Emphysema
pathology is defined by irreversible enlargement of the peripheral
airspaces distal to the terminal bronchioles (3, 4). In smokers,
alveolar attachments (the radial attachment of alveolar walls to the
small airways) are decreased (5), promoting destabilization of the
small conducting airways (6). Abnormalities in the small airways
can occur before emphysema in COPD; for example, CLE in COPD
was found to be preceded by narrowing and loss of terminal
bronchioles (5). Unfortunately, significant progression of SAD
typically occurs without clinically detectable impairments of lung
function in individuals (7), with an estimated 75% loss of small
conducting airway as a requirement before airflow limitations
could be detected through routine pulmonary function assessments
(8). Recent advances in imaging techniques have improved the
ability to detect the loss of small conducting airways, and highlight
the association of SAD to lung function decline in mild and
moderate COPD (5, 9).

Lung destruction and pathogenesis of COPD and emphysema
can be driven by disrupted balance in the levels of proteinases and
antiproteinases, most clearly demonstrated by alpha-1 antitrypsin
deficiency, which is responsible for protection from neutrophil-
derived serine proteases, such as neutrophil elastase (10, 11). Although
recent reviews have highlighted the role of inflammation-induced
protease activity in eliciting extracellular matrix destruction (1, 2),
the cellular and molecular mechanisms regulating the development
of protease/antiprotease imbalance during SAD is not fully
understood.

In this issue of the Journal, Uemasu and colleagues (pp. 67–78)
bring us one step closer to understanding potential signaling
pathways involved in CS-induced SAD by examining the role of the
transcription factor, C/EBPa (CCAAT/enhancer binding protein-
a) in maintaining distal airway homeostasis and response to CS
exposure in mice (10). Previous work established C/EBPa as
critical for alveolar type 2 cell maturation during lung development
(4, 12, 13), and selective deletion of C/EBPa under the Scr
promoter decreased alveolarization, resulting in pulmonary
immaturity resembling bronchopulmonary dysplasia in infants
(14). At maturity, the lung histopathology from these mice

resembled COPD, including bronchiolitis, mucus plugging, and
emphysema, suggesting both a developmental and destructive
process (15). The potential involvement of C/EBPa in human
COPD was previously defined by reduced C/EBPa activity in
airway epithelial cells of smokers with COPD compared with
smokers without COPD, suggesting that C/EBPa may confer a
protective benefit (15).

The current study investigates how deletion of C/EBPa
modifies CS-induced epithelial changes. The contribution of
C/EBPa to cell differentiation in response to chronic CS exposure
was examined with an inducible Cre recombinase system driven by
the Scgb1a promoter to delete C/EBPa in club cells, and a lineage-
tracing model to express enhanced GFP (eGFP) in both club
and alveolar type 2 cells. CS exposure did not alter the number
of club and ciliated cells in the distal airways of wild-type mice,
but there was an increase in eGFP1 ciliated cells, suggesting
that CS exposure induced a compensatory regeneration of ciliated
cells. In contrast, absence of C/EBPa reduced the number of
ciliated cells in the distal airways of CS-exposed mice, with a
reduced number of eGFP1 ciliated cells and shortened cilia,
suggesting a role for this transcription factor in ciliated cell
regeneration. C/EBPa participation in maintaining epithelial
barrier function in response to challenge with CS was discovered,
as deficient mice had reduced levels of the adhesion molecule,
Zo-1 (zonula occuldens-1) protein and greater protein leak into
the alveolar compartment. Development of airspace enlargement
in C/EBPa-deficient mice independent of CS exposure suggests
that C/EBPa contributes to age-dependent emphysema,
as previously reported (15). In addition, C/EBPa was important
for the maintenance of alveolar attachment in response to CS
exposure.

Protease activity was increased in CS-exposed C/EBPa-
deficient mice compared with wild type, accompanied by
reduced expression of the antiserine proteases, Spink5 (serine
peptidase inhibitor kazal type 5) and SerpinD1 (serpin family
D member 1), in distal airway epithelium. These results
indicate that C/EBPa is an important transcription factor
involved in maintaining the balance of serine proteases and
their inhibitors in distal epithelium in response to CS.
Importantly, the observed phenotypes of loss of alveolar
attachments, barrier dysfunction, and ciliated cell regeneration
in CS-exposed C/EBPa-deficient mice could be rescued by
treatment with serine protease inhibitors.

To translate the murine results to human emphysema, lung
biopsies were obtained from former smokers who were subtyped as
nonemphysema, CLE, or PSE dominant based on computed
tomographic scans. In these samples, C/EBPa was detected in both
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airway and alveolar epithelial cells, with significantly reduced
CEBPA (CCAAT/enhancer binding protein a) mRNA levels in
PSE-dominant disease and a trend for reduced mRNA levels in
CLE-dominant disease compared with nonemphysema. CEBPA
levels were significantly associated with SPINK5, but not KLK13 or
SERPIND1, in divergence from the murine model. Abundance of
LEKTI (SPINK5 protein) was reduced in the small airways of lungs
from the CLE group compared with the PSE-dominant and
nonemphysematous groups, suggesting that decreased C/EBPa
may be associated with emphysema and decreased levels of the
antiserine protease, LEKTI, in CLE-dominant disease. Whether
these associations reflect regional differences in antiprotease
expression that may contribute to COPD heterogeneity versus
limitations due to regional sampling of tissue and small sample
size among the groups remains uncertain. However, the
murine studies link loss of epithelial C/EBPa to increased
susceptibility to SAD in response to chronic CS that is
dependent on increased serine proteinase activity. Future
challenges for this area of investigation will be to use human
tissue to further identify and validate changes in these pathways
among nonsmokers without lung pathology and smokers with
and without SAD and emphysema. These types of studies
will provide more significantly relevant data on par with the
findings presented by Uemasu and colleagues. Validated
therapeutic targets that can be used before SAD has resulted
in significant nonreversible lung damage will be of interest
for future clinical development. Overall, this study advances
the understanding of the pathogenesis of SAD in COPD,
and provides new insight to potential strategies to alter
susceptibility. n

Author disclosures are available with the text of this article at
www.atsjournals.org.

Matthew E. Long, Ph.D.
Anne M. Manicone, M.D.
Division of Pulmonary, Critical Care, and Sleep Medicine
University of Washington
Seattle, Washington

References

1. Tuder RM, Petrache I. Pathogenesis of chronic obstructive pulmonary
disease. J Clin Invest 2012;122:2749–2755.

2. Higham A, Quinn AM, Cançado JED, Singh D. The pathology of small
airways disease in COPD: historical aspects and future directions.
Respir Res 2019;20:49.

3. Hogg JC, Macklem PT, Thurlbeck WM. Site and nature of airway
obstruction in chronic obstructive lung disease. N Engl J Med 1968;
278:1355–1360.

4. Bhatt SP, Soler X, Wang X, Murray S, Anzueto AR, Beaty TH, et al.;
COPDGene Investigators. Association between functional small
airway disease and FEV1 decline in chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2016;194:178–184.

5. Martin C, Frija J, Burgel PR. Dysfunctional lung anatomy and small
airways degeneration in COPD. Int J Chron Obstruct Pulmon Dis
2013;8:7–13.

6. Saetta M, Ghezzo H, Kim WD, King M, Angus GE, Wang NS, et al. Loss
of alveolar attachments in smokers: a morphometric correlate of lung
function impairment. Am Rev Respir Dis 1985;132:894–900.

7. McDonough JE, Yuan R, Suzuki M, Seyednejad N, Elliott WM, Sanchez
PG, et al. Small-airway obstruction and emphysema in chronic
obstructive pulmonary disease. N Engl J Med 2011;365:1567–1575.

8. Berger KI. Small airway disease syndromes: piercing the quiet zone. Ann
Am Thorac Soc 2018;15:S26–S29.

9. Cosio M, Ghezzo H, Hogg JC, Corbin R, Loveland M, Dosman J, et al.
The relations between structural changes in small airways and
pulmonary-function tests. N Engl J Med 1978;298:1277–1281.

10. Uemasu K, Tanabe N, Tanimura K, Hasegawa K, Mizutani T,
Hamakawa Y, et al. Serine protease imbalance in the small airways
and development of centrilobular emphysema in chronic obstructive
pulmonary disease. Am J Respir Cell Mol Biol 2020;63:67–78.

11. Greene CM, Marciniak SJ, Teckman J, Ferrarotti I, Brantly ML, Lomas DA,
et al. a1-Antitrypsin deficiency. Nat Rev Dis Primers 2016;2:16051.

12. Janssen R, Wouters EFM. Loss of alveolar attachments as
pathomechanistic link between small airways disease and
emphysema [letter]. Am J Respir Crit Care Med 2020;201:878–879.

13. Vasilescu DM, Martinez FJ, Marchetti N, Galbán CJ, Hatt C, Meldrum
CA, et al. Noninvasive imaging biomarker identifies small airway
damage in severe chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2019;200:575–581.

14. Martis PC, Whitsett JA, Xu Y, Perl AK, Wan H, Ikegami M. C/EBPalpha
is required for lung maturation at birth. Development 2006;133:
1155–1164.

15. Didon L, Roos AB, Elmberger GP, Gonzalez FJ, Nord M. Lung-specific
inactivation of CCAAT/enhancer binding protein alpha causes a
pathological pattern characteristic of COPD. Eur Respir J 2010;35:
186–197.

EDITORIALS

10 American Journal of Respiratory Cell and Molecular Biology Volume 63 Number 1 | July 2020

http://www.atsjournals.org/doi/suppl/10.1165/rcmb.2020-0069ED/suppl_file/disclosures.pdf
http://www.atsjournals.org

