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The movement of fluid across the respiratoty epithe-
lium is controlled by a balance between the secretion of
fluid and electrolytes mediated by apical Cl channels and
the absorption of fluid and electrolytes mediated by
amiloride-sensitive apical Na" channels (1, 2). Thus, the
removal of fluid from the respiratoty tract at birth is due
to activation of the epithelial Na" channels (3). Con-
versely, pseudohypoaldosteronism type I, in which epi-
thelial Na" channel function is defective, is accompanied
by teduced lung fluid clearance (4-6). Disordered fluid
balance actoss the respiratory mucosa is also a major
feature of respiratory infections such as influenza (7-9).

It is well known that many bacteria causing diatthea,
including V. cholerae and E. coli, sectete enterotoxins that
stimulate the secretion of fluid and electrolytes by the
mucosa lining the gastrointestinal tract (10). Recently
viral pathogens causing diarthea have also been reported
to ptoduce diatthea by stimulating fluid and electrolyte
secretion by the gut mucosa (11-13). Thus, it occured
to us that the fluid accumulation in the respiratory tract
associated with respitatoty infections may be due to
altered epithelial transpott.

In the present study we used micro-Ussing chamber
methods (14) to investigate the acute effects of influenza
vitus on ion transpott by mouse tracheal epithelium and
found that it inhibits Na” transport by this epithelium.
We found that exposute of the apical membrane of the
epithelium to PRS influenza virus (10° pfu/mL) for 1 hr
inhibited the amiloride-sensitive Na" current by approx-
imately 75%. Exposute to UV-inactivated PR8 vitus ot
to vitus-free allantoic fluid had no effect on the electrical
properties of the epithelium.

The neurotropic influenza virus, WSN33 (10° pfu/mL),
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was also inhibitory, but the replication-deficient type-5
adenovirus, MX-17, was not (10° pfu/mL). PRS virus had
no significant effect on the time-course or the size of the
responses of the tracheal epithelium to catbachol or
forskolin. Other amiloride-sensitive Na" transporting epi-
thelia were also sensitive to influenza vitus: we found that
PR8 virus inhibited amilotide-sensitive currents in both
the M1 mouse collecting duct cell line and in mouse
colonic epithelium.

We then used pharmacological blockers to define the
step of the infection process which inhibits amiloride-
sensitive Na" channel activity. We found that pre-treat-
ment of the epithelium with neuraminidase, which blocks
binding of the virus to its receptor on the apical surface
of the epithelium, prevented the inhibition of the
amilotide-sensitive curtent by PR8 virus. Inhibition of
endocytosis (cytochalasin D) or uncoating (chlotoquine,
amantadine) of the viral particles, on the other hand, did
not prevent inhibition of the Na~ channels. Furthermore,
a “split-virus” preparation, in which the virus had been
distupted with detergent to render it inactive but sl
capable of binding to the epithelium, was also inhibitory.
This inhibition could be prevented by a monoclonal
antibody directed against hemagglutinin. Thus the Na
channel inhibition produced by influenza virus seems to
be due to hemagglutinin binding to a receptor in the
apical membtane of the respiratory epithelium.

Finally, we examined the intracellular mechanisms of
the inhibition produced by the influenza virus. The
inhibitor of phospholipase CB3, U-73122, blocked the
response, as did a broad-spectrum inhibitor of protein
kinase C, bisindolylmaleimide T (BIM), and the selective
inhibitor of the @ and £ isoforms of protein kinase C,
Gol[umlaut]] -6983. Staurosporine, a non-selective inhibi-
tor of serine and threonine kinases, partially prevented
the inhibitory effect of the vitus, but also itself signifi-
cantly reduced the amiloride-sensitive current. Since Na"
channels in respiratory epithelium have not previously
been shown to be regulated by protein kinase C, we
checked, and confirmed, that the activator of protein
kinase C, 1,2-dioctanoyl-sn-glycerol (DOG), inhibits the
amilotide-sensitive current, wheteas inhibition of ptotein
kinase C with BIM stimulates it. Pertussis toxin (300
ng/mL for 3 hr) did not prevent the inhibitoty effect of
the virus, although, like staurosporine, it reduced the
baseline amiloride-sensitive cuttent.
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This is the first teport of any viral or microbial path-
ogen that regulates amiloride-sensitive Na' channels.
Given the role of amiloride-sensitive Na“ channels in
controlling the amount of fluid in the respiratory tract
(4, 15), the present findings provide an explanation for
the disturbances in respitatory tract fluid balance which
accompany influenza infections (8, 16-19).
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