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PERSPECTIVE

Pneumoproteinaemia: a new perspective in the assessment 
of lung disorders

C. Hermans, A. Bernard
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The glomerular and alveolar capillary walls share sev-
eral features in their structure and function. Both consist
of endothelial and epithelial layers resting on their respec-
tive basal membrane. A basic common requirement for an
appropriate functioning of these barriers is that they should
allow a free diffusion and/or filtration of small molecules
(solutes and gases) but efficiently retain larger plasma pro-
teins. The functional capacity of these barriers mainly de-
pends on their available exchange/filtration surface area
which can be evaluated by the diffusion capacity of the
lung for carbon monoxide (DL,CO) and the glomerular fil-
tration rate (GFR) for the kidney.

Retention of plasma proteins at the level of the kidney
is achieved by the glomerular filter whose polyanionic and
porous properties almost completely hinder the filtration
of negatively-charged proteins the size of albumin or lar-
ger. The selectivity of this filtration process is also depen-
dent upon the glomerular haemodynamics i.e., the GFR
and its determinants. By contrast, the glomerulus allows a
free filtration of small molecules including the low mole-
cular weight (LMW) proteins (<40 kDa) which are reab-
sorbed and catabolized by the proximal tubule. Loss of
glomerular permselectivity results in an increased excre-
tion of albumin and other high molecular weight proteins
(glomerular proteinuria), which is an important hallmark
of glomerular diseases, whereas impairment of tubular
funtion is associated with an increased excretion of LMW
proteins (tubular proteinuria) [1]. With respect to the lung,
there is increasing evidence that, as in the kidney, the tran-
sepithelial passage of proteins is governed by steric, elec-
trostatic and haemodynamic factors. Human and animal
studies have indeed shown that the ability of proteins and
tracers to move across the lung epithelium/blood barrier is

inversely proportional to their molecular size and influ-
enced by their shape [2, 3, 4]. This was demonstrated not
only for the penetration of plasma proteins into the lung
but also for the clearance of proteins and tracers from the
alveolar spaces [4]. In the lung as opposed to the kidney,
the flux of proteins across the epithelial barrier is however
bidirectional. The predominant route of this passage app-
ears to be paracellular via tight junctions between epithelial
cells. Transcellular transport has been reported but appears
to be of minor importance [4]. As for the kidney, hetero-
porous models have been proposed for the lung epithe-
lium/blood barrier with a predominant population of small
por-es and a small fraction of much larger pores. There is
no general agreement about the exact permeability of this
barrier and pore-size estimates vary between 0.5–2.5 nm
for the small pores and up to 400 nm for the larger ones [2,
5, 6]. In addition to size-selective properties, polyanionic
proteoglycans are present on the capillary and epithelial
basal membranes as well as the interstitium, which generate
an electric field repelling negatively-charged macromole-
cules [7, 8]. The leakage of proteins across this barrier is
probably also influenced by haemodynamic factors
among which is hydrostatic pressure on both sides.

Increased permeability of the alveolar epithelial barrier
is one of the main consequences of many lung disorders
and results in the accumulation of varying quantities of
oedema within the alveoli and the lung interstitium. Alter-
ed haemodynamics and loss of size-selectivity appear to
be responsible for this accumulation, most likely through
the paracellular route. Whether a loss of the charge-selec-
tivity is also present and exacerbates this oedematous proc-
ess remains to be established but this is quite conceivable by
analogy with the glomerular barrier. Experimental studies
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ABSTRACT: Here we make the hypothesis that the determination of the concentra-
tion of lung specific secretory proteins in serum or pneumoproteinaemia could be
used in the evaluation of lung disorders with a similar utility as proteinuria in kidney
diseases involving the glomeruli. Human and experimental data indicate that compa-
rable structural and functional features govern the passage of proteins across the
lung epithelium/blood barrier and the glomerular filter. The concentrations in serum
of some lung-specific secretory proteins, such as the bronchiolar Clara cell 16 kDa
protein (CC16) and alveolar surfactant-associated proteins A and B (SP-A and SP-B,
respectively), might be used to assess the integrity of the bronchoalveolar/blood bar-
rier known to be disrupted in many lung disorders. In addition, if this barrier is in-
tact or slightly compromised, these proteins might serve as peripheral markers to
detect changes in secretory epithelial cells in the lung.
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have shown that the passage of different-sized marker mole-
cules from the lower respiratory tract into the bloodstream
also increases during inflammatory conditions and corre-
lates with the severity of the lung injury [9, 10]. The main
route of clearance for lung proteins leaking into the inter-
stitial space is via the bloodstream; lymphatic drainage ac-
counting for about 25% [4]. This increase in bidirectional
permeability is presently estimated by the measurement of
plasma proteins in lung lavage and/or aspiration fluid or
on the basis of the clearance of tracer molecules introdu-
ced into the respiratory tract [11, 12].

Here we hypothesize that the permeability of the alveo-
lar barrier might be evaluated less invasively from the
other side by measuring in the plasma lung-specific pro-
teins originating from the lumen of the respiratory tract.
We propose the terms pneumoproteins and pneumoprotei-
naemia to refer to these proteins and their occurrence in
plasma. Such a typical pneumoprotein detectable in serum
is the 16 kDa Clara cell protein (CC16) secreted along
the bronchial tree by nonciliated Clara cells [13]. Another
pneumoprotein is surfactant-associated protein A (SP-A),
a ~28–35 kDa protein mainly secreted by alveolar type
II cells, occurring in the respiratory tract and serum in
monomeric and various oligomeric forms [14, 15]. Simi-
lar findings have been made with the ~18 kDa surfactant-
associated protein B (SP-B), secreted by both alveolar and
bronchiolar cells [16].

The exact mechanism by which these proteins enter
into plasma and the exact sites of their passage remain to
be determined. The most plausible explanation is passive
diffusion through the bronchoalveolar/blood barrier. The
driving force for this movement is most likely provided by
the huge concentration gradient between the epithelial lin-
ing fluid and plasma documented for some of these pneu-
moproteins. For instance, in the case of CC16, values in
the bronchoalveolar lining fluid exceed those in serum by
more than three orders of magnitude (fig. 1) [17–19]. In
view of the sieving properties of the alveolar barrier, one
might assume that small pneumoproteins like CC16 (mole-
cular radius ~1.9 nm) move with little hindrance whereas
the passage of larger pneumoproteins such as oligomeric

SP-A (molecular radius ~11 nm) is much more restricted.
The hypothesis of a diffusional exchange for these pro-
teins between the respiratory tract and the bloodstream is
supported by the significant correlation between CC16
concentrations in serum and bronchoalveolar lavage fluid
(BALF) of healthy subjects [17, 18]. Like other LMW pro-
teins, plasma CC16 is rapidly eliminated by the glo-
merular filtration-tubular reabsorption route and therefore
increases as the GFR declines (fig. 1). However, the exact
route by which the surfactant-associated proteins are clear-
ed from the circulation has not yet been clearly determined.

The concept that lung proteins are transferred into pla-
sma by passive diffusion across a permselective barrier
leads to two potential applications. First, these proteins
might be used to assess the integrity of the barrier which
may be compromised in a number of disorders. An incre-
ase in serum CC16 has recently been reported in patients
with interstitial lung disorders such as pulmonary fibrosis
and sarcoidosis and also in subjects exposed to lung irri-
tants such as firesmoke [20–22]. In rat, a marked increase
in serum CC16 has been found following lung injury and
inflammatory changes induced by different pneumotoxi-
cants such as ozone and lipopolysarcharide (LPS) (unpubli-
shed data). In all these circumstances, an increased protein
leakage across the bronchoalveolar/blood barrier was pre-
sent as evidenced by the elevated levels of albumin in
BALF. These findings support the hypothesis that the eleva-
tion of CC16 in these disorders results from an increased
leakage through the bronchoalveolar/blood barrier inde-
pendently of variations in its synthesis in the lung. Very
interestingly, increased SP-A levels have also been ob-
served in serum of patients with pulmonary fibrosis and
adult respiratory distress syndrome (ARDS) [15, 23]. In
the latter, the augmentation of SP-A was negatively corre-
lated with indices of arterial oxygenation, an inverse rela-
tion which is reminiscent of that between proteinuria and
GFR frequently seen in patients with advanced renal failure
[15]. We therefore speculate that the pathophysiological
mechanisms of proteinuria which have been extensively
studied in health and disease might be, to a large extent,
applicable to pneumoproteinaemia. Second, when the bron-
choalveolar/blood barrier is intact or slightly impaired,
measurement of lung-specific proteins in serum could be
used to evaluate the changes in number and/or integrity of
lung epithelial cells. This is supported by the decrease of
CC16 in the serum of smokers, a condition where the
number of Clara cells is markedly decreased as demon-
strated by histological and immunohistochemical studies
[18, 24–26]. We therefore speculate that, similarly to
CC16, other exchangeable lung-specific proteins could be
identified and serve to detect epithelial changes at diff-
erent levels of the respiratory tract. These observations
suggest that the pneumoproteinaemia might find some
applications as a noninvasive indicator for evaluating and
monitoring lung disorders. Further studies are however
needed to better understand the pulmonary and extrapul-
monary determinants of the pneumoproteinaemia and det-
ermine its significance and usefulness in comparison with
current diagnostic tools.

In conclusion, if our hypothesis is confirmed, it will
certainly open up new perspectives in the assessment of
lung disorders and the detection of early effects caused by
pneumotoxicants in the workplace and the environment.
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Fig. 1.  –  Schematic representation of the passage of 16 kDa Clara cell
protein from the lung into the blood followed by its renal elimination.
Also indicated are the factors likely to influence the concentration of
CC16 in serum. The scale is based on human data [17–19]. ELF: epithe-
lial lining fluid; BALF: bronchoalveolar lavage fluid; GFR: glomerular
filtration rate.
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