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You Are What You Eat: Diet-Dependent Changes in
Pulmonary Surfactant

Pulmonary surfactant is a complex mixture of phospholipids,
proteins, and neutral lipids, including cholesterol, that is
synthesized, secreted, and primarily recycled by alveolar type II
(ATII) epithelial cells (1). Surfactant is essential to maintain normal
lung function; by lowering the surface tension of the alveolar lining
fluid, surfactant facilitates alveolar expansion on inspiration and
prevents alveolar collapse at the end of expiration (2). In adults,
abnormalities in surfactant composition and/or function are a key
pathophysiologic feature of many pulmonary diseases, including
pneumonia, acute respiratory distress syndrome (ARDS), asthma,
chronic obstructive pulmonary disease, and pulmonary fibrosis (3).
Interestingly, however, and for reasons that remain unclear,
improving outcomes with surfactant replacement therapy in adults
has proven to be more challenging (4).

Synthesis of surfactant lipids and proteins clearly depends on
the appropriate availability of nutrients. However, the effects of
dietary changes on surfactant composition and function have not
been investigated in depth. In their paper in this issue of the Journal,
Schipke and colleagues (pp. 379–390) investigated the impact of
feeding mice starch-rich, sucrose-rich, and fat-rich diets for
30 weeks relative to a standard fiber-rich diet (5). They found that
the resulting hypercholesterolemia and hyperinsulinemia are
associated with altered lung mechanics in mice fed sucrose- or fat-
rich diets, although ex vivo surfactant function decreased only in
the latter group. In line with these functional changes, surfactant
phospholipid composition was significantly altered in all three
treatment groups, although there were also clear differences in the
predominant phospholipid species between mice fed high-
carbohydrate diets and those fed excess fat. Finally, dietary
modifications were associated with changes in gene expression in
ATII cells and, in the case of mice fed a high-starch diet, alterations
in ATII cell ultrastructure.

The relative contribution of surfactant dysfunction to the
alterations in lung mechanics is most clearly seen in the animals
receiving the fat-rich diet, as demonstrated by significantly reduced
surfactant adsorption, increased hysteresis, and altered
pressure–volume curves. Notably, changes resulting from a
sucrose-rich diet were very similar but insufficient to achieve
significance regarding a decrease in adsorption. The corresponding
compositional changes to surfactant lipids are highlighted by
significant, but relatively small, changes in the proportion of
saturated, monounsaturated, and polyunsaturated fatty acids.
Although an overabundance of polyunsaturated fatty acids has
been associated with reduced surface activity, the increased
amounts in this model are unlikely to fully explain the observed
functional changes in adsorption and lung mechanics; it has
generally required significantly higher concentrations of

polyunsaturated fatty acids, cholesterol, or lysophospholids to
significantly affect surface tension–lowering activity (6, 7). Other
changes in surfactant composition, such as total surfactant
recovery, major phospholipid subclasses present (as a percentage of
total lipids), cholesterol content, and proportions of other neutral
lipids, can and likely will be explored in this model and potentially
yield further insights.

These observations may have some important experimental
implications in mouse models of pulmonary disease. Although most
researchers feed their study subjects standardized chow, many
cardiovascular and cancer studies employ modified (often high-fat)
diets, and this may be an additional experimental variable that needs
to be borne in mind when interpreting changes in lung function in
these animals (8, 9). More importantly, it is possible that surfactant
function could be altered by changes in food intake associated with
either incorporation of unpalatable chemicals in the chow or the
onset of experimentally induced disease. For example, the inclusion
of tamoxifen in the diet to induce gene knockout often results in
initial inappetence, particularly in older mice (10). Likewise, mice
with acute influenza pneumonia stop eating altogether (11); if the
impact of dietary alterations on surfactant is rapid, this alone could
account for some of the lung function abnormalities, such as
reduced lung compliance, reported in infected mice. Indeed, it is
possible that an acute change in diet could have a greater impact on
surfactant lipids than a chronic change; the observed alterations in
gene expression could reflect long-term adaptation to a modified
diet. Hopefully, future studies will shed additional light on how
changes in diet modify surfactant composition and function over
time.

The potential clinical implications of dietary intake leading to
alterations in surfactant composition and function are clear.
Although extreme for the sake of mechanistic clarity and analysis,
the experimental diets used in these studies reflect dietary habits
associated with the obesity crisis. Obesity is a well-established risk
factor for common respiratory disorders associated with surfactant
dysfunction, including ARDS and asthma (12, 13). During both the
H1N1 influenza outbreak in 2009 and the currently ongoing
pandemic from severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), the severity of ARDS and mortality among
patients with obesity were significantly increased (12, 14). Altered
surfactant as a principal mechanism leading to the increased
susceptibility of this vulnerable population is plausible and
provides a basis for considering obesity as a predictor for enriched
responsiveness to surfactant replacement therapy in future clinical
trials.

The experiments described in this article also provide insights
into the mechanisms underlying altered surfactant lipid metabolism
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in mice fed high-carbohydrate and high-fat diets. Dietary
modification resulted in significant changes in gene expression
profiles in isolated ATII cells; unsurprisingly, overall effects of high-
starch and high-sucrose diets were more similar to each other than
to those of high-fat diet feeding. One prominently upregulated gene
in all three groups was abca1, which encodes a membrane-
expressed lipid transporter that is essential for the export of
phospholipids and cholesterol from the basolateral surface of ATII
cells. Transcription factors that regulate lipid biosynthesis, such as
srebf1 and cebpa, were also induced. Interestingly, effects of diet on
pcyt1a, which encodes the rate-limiting enzyme in de novo
phospholipid synthesis, were much more limited. This suggests
that the effects of dietary modification on surfactant phospholipid
composition are primarily due to acyl chain remodeling, and
increased expression of the acyltransferase lpcat1 is consistent with
this mechanism. However, as the authors note, it is not clear
whether changes in gene expression and surfactant composition are
a direct effect of dietary modification on ATII cells or secondary
to systemic metabolic changes associated with obesity,
hypercholesterolemia, and/or hyperinsulinemia in these mice.
Hopefully, their future studies will shed light on this issue.

As rates of obesity (15) and type II diabetes mellitus (16)
continue to rise, the importance of further understanding how
these conditions directly and indirectly impact lung function will
become more essential to public health. Well-controlled studies
such as that of Schipke and colleagues (5) are beginning to provide
valuable mechanistic insight into the interplay between diet and
lung function that could lead to novel strategies for therapeutic
intervention in patients, particularly when they are faced with
additional lung stressors such as pulmonary infections. n
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