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Interferon Production in Rat Type II
Pneumocytes and Alveolar Macrophages

Nicholas Hahon and Vincent Castranova

ABSTRACT: The time course and magnitude of interferon production induced by influenza
virus were determined in type Il pneumocytes and alveolar macrophages isolated from
rats (Sprague-Dawley). Although the peak of interferon production was approximately 20
b in both alveolar cell types, it was more than three- to fourfold higher in rype II cells
than in macrophages. Dose-response relationships were noted between the virus multi-
plicity of induction as well as population numbers of either alveolar cell type and
interferon yields. The viral-induced cytokines produced by rat type II cells and alveolar
macrophages exhibit physiochemical and biological properties characteristic of inter-
ferons and, with respect to type II pneumocytes, mark their heretofore unrecognized
capability to produce interferon. The best cross-species antiviral protection afforded by
these rat interferons to cells of different origin, expressed as percentage of homologous
species (100%), was as follows: guinea pig 50%, mouse 40%, and both human and
monkey 0%. The beterologous antiviral activity by interferons from either rat alveolar
macrophages or type Il cells on a interferon-sensitive guinea pig cells suggests that these
cytokines may be more appreciably related to the a-like interferon species. The growth of
influenza and Sendai viruses was precluded in both rat alveolar macrophages and type II
preumocytes. The findings herein suggest that type II cells may be a major source of
alveolar interferon for activating the antiviral state and modulating alveolar cell func-
tions requisite for lung integrity.

INTRODUCTION

Since the first reported isolation of type II pneumocytes [1], the granular cells
located in the alveolar epithelial lining, extensive studies have characterized
their physiologic attributes and functional activities, with the totality as yet
incomplete {2-7]. Type II cells are now known to be the primary source of
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pulmonary surfactant [8-10], progenitors of type I pneumocytes for repair of
alveolar epithelium [11, 12], capable of xenobiotic transformation [13], and
synthesizers of various collagenous proteins [14, 15]. Alveolar macrophages,
being mobile and functionally different, may be found either interstitially,
superposed on, or as part of the alveolar surface epithelium [16, 17]. Alveolar
macrophages play an integral role in maintaining pulmonary health and, as
predominant inflammatory and immune effector cells, they are active partici-
pants in both acute and chronic pulmonary diseases [18].

Interferon, a cellular induced protein possessing defensive properties and
capable of biological response modification, that is, antiviral, anticellular, and
immunoregulatory [19], has been reported to be produced and secreted by
alveolar macrophages of both animal and human origin [20-22]. Interferon,
by enhancing cell surface Fc receptors, can increase macrophage phagocytic
and cytotoxic capacity [23]. While these defensive activities of macrophages
may be modulated by interferon, there is evidence that endothelial cell prolif-
eration and lung fibroblast replication [24, 25] along with inflammatory and
other immune responses within the lung may also be influenced by secreted
interferon [26, 27]. The broad range of biologic activities affected by inter-
feron together with the selective and high sensitivity of the interferon induc-
tion process to insidious agents, which are capable of affectmg the lungs
adversely [28-30], presignify an accessory role for interferon in maintaining
pulmonary integrity. In keeping with investigative efforts to understand more
fully the relationships between different lung cells and the interferon system,
the capability of rat type II pneumocytes to produce interferon was exam-
ined.

This report describes the viral induction in rat type II pneumocytes of an
interferon-like protein, heretofore unreported. The time course and magni-
tude of its production by type II cells are compared to those of rat interferon
produced by alveolar macrophages.

MATERIALS AND METHODS

Isolation of Lung Cells

Male Sprague-Dawley rats (200-300 g) were anesthetized with pentobarbital
sodium (65 mg/kg body weight). The trachea was clamped to prevent aspira-
tion of blood into the lungs, and the heart and lungs were removed en bloc.
Blood was removed from the lungs by perfusing phosphate-buffered medium
through the pulmonary artery and veins until the lungs blanched. The com-
position of phosphate-buffered medium (PBM) was (mM) 145 NaCl, 5 KCl,
9.35 Na,HPO,, 1.9 NaH,PO,, and 5.5 glucose (pH 7.4). The heart, adipose
tissue, blood vessels, and loose connective tissue were then removed. Free
alveolar macrophages were collected by lavaging the lung 10 times with ice-
cold PBM. Lungs were lavaged once with 8 ml of enzyme solution—40 U/ml
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type I, elastase, 0.1% collagenase, and 0.018% type II DNase (bovine pancreas)
(Sigma, St. Louis, MO)—in PBM, then filled with 11 ml of enzyme solution,
and incubated at 37°C for 30 min to free lung cells from the pulmonary
epithelium. Thereafter, large airways and connective tissue were removed and
the lungs were finely minced with a tissue chopper adjusted for a slice thick-
ness of 0.5 mm. Digestion was arrested by suspending minced lung tissue in
20 ml of inhibitor solution (0.018% DNase and 25% fetal calf serum in PBM).
This suspension was incubated at 37°C for 10 min with agitation to free lung
cells from the tissue mass. The resultant suspension was strained through
nylon mesh of successively smaller pore size (150, 330, and 440 mesh; New
York Silk Stencil, New York, NY). Isolated cells in this whole-lung digest
were then concentrated by centrifugation (1000 X g at 2°C) for 5 min and
resuspended in PBM containing DNase (0.018%).

Type II pneumocytes were purified by centrifugal elutriation [4, 31]. This
technique employs an elutriation rotor (model JE-6 developed by Beckman
Instrument, Fullerton, CA) that allows sedimentation of cells under centrifu-
gal force while simultaneously exposing the cells to a flow of buffered me-
dium counter to the centrifugal force [32]. Because the sedimentation rate
depends on cell size, different cell types can be separated by altering either
rotor speed or flow rate [33].

Suspensions of isolated lung cells were loaded into the elutriation rotor at a
flow rate of 10 ml/min and a rotor speed of 2000 rpm. Then 200 ml of PBM
containing 0.5% bovine serum albumin was infused through the elutriator at
a flow rate of 10 ml/min to remove cell fragments and small cells (mainly
lymphocytes and leukocytes). Type II cells were then recovered at a flow
rate of 18.9 ml/min. The type II cell-enriched fraction was then centrifuged
(1000 x g at 2°C) for 5 min and the supernatant fluid was removed by
aspiration. The cells were then washed once by resuspension in HEPES-
buffered medium [(mM) 145 NaCl, 5 KCl, 1 CaCl,, 10 Na HEPES, 5.5 glu-
cose (pH 7.4)], and centrifuged. The cell pellet was again resuspended in
HEPES-buffered medium. A Coulter model ZB electronic cell counter (Coul-
ter Instrument, Hialeah, FL) was used to estimate yields of lung cells that
were 19.0 £ 4.0 X 10° type II pneumocytes/rat with purity of 90.3 + 1.3%.

Alveolar type II cells were routinely identified using a Coulter elec-
tronic cell sizing attachment as described previously [4]. We have verified
their identify by the presence of lamellar bodies observed under transmission
electron microscopy and by fluorescent microscopy using the lipophilic fluo-
rescent dye phosphine 3R [4]. In addition, our laboratory has shown that
type II cells isolated as described above synthesize surfactant materials as
judged by the incorporation of ['H]palmitate into disaturated phosphatidyl-
cholines [5].

Alveolar macrophages were harvested from rat lungs by pulmonary lavage
with PBM as described above. This procedure yielded 7.1 + 0.5 x 10° alveo-
lar macrophages/rat with purity of 91.2 + 1.1%. Cellular viability was esti-
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mated by trypan blue dye exclusion [34]. Viability exceeded 90% for both
alveolar type II cells and macrophages.

Viruses and Cell Cultures

Virus strains and cell lines used in this study were obtained from the Ameri-
can Type Culture Collection (Rockville, MD). The Ao/PR/8/34 influenza
and parainfluenza (Sendai) viruses, used for interferon induction and assay,
respectively, were prepared from embryonated chicken eggs and assayed for
virus infectivity by the immunofluorescent cell-counting technique [35]. The
rat fetal lung fibroblast (RFL-6) cell line was used for assay of interferon,
while cell lines of rhesus monkey kidney (LLC-MK,), mouse connective tissue
(L-929), and fetal guinea pig (104C1) were used in species specifity determina-
tions of interferon. Cell lines were propagated in plastic tissue culture flasks
(75 cm®) with Eagle’s minimum essential medium fortified with 100% Essen-
tial Vitamin Mixture (10 ml/l), 200 uM solution i-glutamine (10 ml/l), to
which was added sodium bicarbonate (2.2 g/1), and fetal bovine serum to
10%. Cells were maintained with the aforementioned medium containing
0.5% fetal bovine serum.

Interferon Induction and Production

Experiments were duplicated using different lots of cell preparations. The
procedure generally used for viral induction of interferon in rat alveolar cells
and to monitor interferon production was carried out as follows: type II
pneumocytes or alveolar macrophages, in concentrations ranging from 1.0 X
10°to 7.0 X 10° suspended in 5 ml growth medium, were seeded onto plastic
flasks (25 cm?’). Influenza virus, which had been inactivated by ultraviolet
irradiation for 45 s at a distance of 76.2 mm and wavelength of 253.7 nm, was
added in a 1-ml volume in flasks. The multiplicity of induction (MOI), the
ratio of virus to cells, ranged from 1.0 to 10 depending on the experimental
design. Flasks were then incubated at 35°C for 2 h with gentle shaking on a
platform rocker (Bellco Glass, Inc., Vineland NJ). Thereafter, the fluid con-
tent of flasks was decanted into sterile tubes and centrifuged at 170 X g for 5
min. The supernatant fluid, which contained residual virus, was decanted.
The cells were suspended again in 5 ml growth medium and returned to the
original flasks for incubation at 35°C for 20 h. To follow interferon produc-
tion, flasks were removed at various time intervals inclusive from 0 to 48 h
and stored at —80°C. Later, the content of flasks was thawed, and the fluids
centrifuged ar 1000 X g for 1 h, to sediment cellular debris. Supernatant fluids
were passed through Millex filters, GV, 0.22 um (Millipore Corp., Bedford,
MA) 1o obtain sterile preparations, which were then stored at —80°C until
they were assayed for interferon activity.



Interferon Production in Rat Alveolar Cells 433

Interferon assay. An immunofluorescent cell-counting assay of interferon that
had been described previously was used to determine the interferon potency
of test samples [36]. Interferon-treated RFL—6 cell monolayers were chal-
lenged with 10" cellinfecting units of Sendai virus, and infected cells were
visualized by direct fluorescent-antibody staining. The reciprocal of the inter-
feron dilution that reduced the number of infected cells to 50% of the control
served as the measure of interferon activity, that is, 50% infected cell-
depressing dilution (ICDD50). Although there is no currently available rat
reference interferon standard for use, 0.89 primate interferon units corre-
sponded to 1.0 unit of National Institutes of Health reference standard Hu
interferon B (G-023-902-527) using this assay system with human cell cultures
(1-5¢c-4). A twofold decrease (50%) or increase (100%) of interferon production
from the control, which exceeds 98% confidence limits of the assay [37], was
considered significant.

Interferon Characterization

Virus-induced interferons from alveolar macrophages and type I cells were
assayed for antiviral activity using RFL-6 cell monolayers grown on 15-mm
coverslips. Cells were incubated with interferon preparations at 35°C for 20 h
and then challenged with 10 cell-infecting units of either Sendai or influenza
viruses. Infected cells were visualized by direct fluorescent-antibody staining
with interferon activity indicated by reduction in the number of infected cells
[36].

Physicochemical determinations made on interferon-like preparations in-
cluded the following: stability at pH 2.0 for 24 h (4°C) as well as at 56°C (pH
7.1) for 1 h, solubility (nonsedimentation upon centrifugation at 100,000 X g
for 1 h, nondissolution (dialyzed against HCI-KCI buffer pH 2.0 and then
PBS, pH 7.1, at 4°C for 24 h).

Protein nature of rat interferons induced in both alveolar-type cells was
determined by mixing 1 ml of interferon preparation with 5 mg trypsin in
solution (2.5% trypsin, GIBCO Labs, Grand Island, NY) or with PBS (con-
trol) and incubating mixtures at 35°C for 1 h. Thereafter, test preparations
received 4 mg trypsin (soybean) inhibitor (Sigma). After additional incubation
(35°C, ¥ h), text mixtures were assayed for interferon activity.

The dependency of virus-induced interferon on RNA synthesis, character-
istic of interferons, was determined by using the inhibitor actinomycin-D
(AD). Alveolar macrophage (5 x 10°) cells in plastic flasks (25 cm®) were first
incubated with UV-irradiated influenza virus at 35°C for 1 h, and then with 4
pg AD (Sigma) for 2 h. After removal of virus and AD, 5 ml growth medium
was added to cell cultures, which were incubated at 35°C for 20 h. Interferon
content of medium and controls (no AD treatment) was assayed in the usual
manner.

Priming, an additional activity trait of interferons, was determined by pre-
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treating both rat type II pneumocytes (1.7 X 10°) and alveolar macrophages
(1.0 X 10°) in 75-cm’ flasks with 40 ICDD50 of rat interferon at 35°C for 2 h.
Cells were then exposed to UV-irradiated influenza virus with MOI of 10 and
incubated at 35°C for 1 h. Controls consisted of cell cultures treated similarly
but without interferon priming. Interferon production at 35°C was followed
for 48 h, during which time, at designated intervals, flasks were removed and
stored at —80°C. Flask contents were processed as described earlier and as-
sayed for interferon activity.

Rat anti-interferon globulin prepared in rabbits (Lee Biomolecular Re-
search Laboratories, San Diego, CA) was used for neutralization of rat inter-
feron activity employing constant serum and varied interferon concentrations
[38]. Assessment of interferon neutralization was made by pretreating RFL-6
cell monolayers with interferon-serum mixtures for 20 h followed by chal-
lenge with Sendai virus via the procedure for interferon assay. The anti-
interferon serum did not discriminate as to the « or 8 content of rat inter-
teron.

Virus Multiplication

The growth of either influenza or Sendai viruses concomitant with interferon
production was determined in both type II and alveolar macrophage cells
(3.5 X 10°) seeded separately onto 25-cm’ flasks. Following adsorption of
virus to cells (MOI of 1.0) at 35°C for 1 h on a platform rocker, the fluid
content of flasks was decanted into tubes and centrifuged at 170 X g for 5
min. The supernatant fluid, which contained residual virus, was decanted, and
the cells were suspended again in 5 ml growth medium and returned to the
original flasks for incubation at 35°C. At designated time intervals, from 0 to
48 h, flasks were removed and stored at —80°C. Thereafter, each flask was
thawed (25°C) and frozen (—80°C) twice to disrupt cells, lightly centrifuged
(40 X g, 10 min) to sediment debris, and the supernatant fluid was divided in
aliquots. One portion was assayed for virus content on 1-5¢c-4 cell monolayers
[35], and the other was processed for interferon assessment using RFL-6 cell
monolayers as described earlier.

RESULTS

The 1n vitro production of interferon in both rat type II pneumocytes and
alveolar macrophages (~2.0 x 10° cells of each) after viral induction (MOI of
5.0) was followed for 48 h (Fig. 1). The time dependence of interferon produc-
tion in both type II cells and macrophages was somewhat similar, with the
peak interferon production occurring at 16-20 h. Throughout the time
course the role of interferon production in type II cells slightly exceeded that
of alveolar macrophages but, most significantly, the magnitude of interferon
production was more than threefold higher in type II cells than in the latter
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Figure 1 Influenza virus- (UV-irradiated Ao/PR/8/34) induced interferon production in rat alveolar

type I (1.9 x 10°) and macrophage (1.5 x 10% cells incubated at 35°C at multiplicity of induction of
5.0. Representative data of three determinations.

during the peak period. Thereafter, interferon production rapidly declined in
both alveolar type cells.

To ascertain that the cytokines produced by rat type II pneumocytes and
alveolar macrophages were interferons, the viral-induced substances were ex-
amined for properties characteristic of interferons, for example, antiviral ac-
tivity, nonsedimentation, protein nature, stability at pH 2.0 and at 56°C,
nondissolution, neutralization by anti-interferon serum, and sensitivity of the



436

N. Hahon and V. Castranova

Table 1 Properties of Rat Alveolar Cell-Derived Interferons

Pre- — postinterferon titer"
for rat interferon cell origin

Interferon characteristics Type II Macrophage
Solubility: 100,000 X g 1 h 110 — 105 78 — 78
Trypsin sensttive: 35°C, 1 h 70 - 5 19 —- <5
Stability: pH 2, 4°C, 24 h 120 — 122 82 — 80
Stability: 56°C, 1 h 82 — 80 80 — 78
Nondialyzable 110 — 108 78 — 80
Neutralized by rat anti-interferon

serum 120 - 20 82 — <5
Production inhibited by

actinomycin-D 140 — <5 80 — <5
Antiviral activity”

Sendai virus 85% 82%

Influenza virus 81% 86%

“Reciprocal of interferon titer expressed as infected cell-depressing dilution/ml.
"Expressed as percent reduction of virus from control.

interferon induction phase (RNA synthesis) to actinomycin-D (Table 1). The
cytokines induced in both these alveolar cell types exhibited all the preceding
characteristics associated with o/ interferons.

An additional criterion for acceptance as an interferon is priming. This
non-antiviral function of interferon involves the exposure of cells to small
amounts of interferon prior to administration of a viral or nonviral inducer.
As a consequence, interferon is produced more quickly and in greater quan-
tity. Type II pneumocytes primed with a small amount of rat interferon
exhibited both features with respect to rapidity (at least 4 h earlier) and en-
hanced (threefold greater) interferon produced in comparison to control (non-
primed) cells (Fig. 2). Although not depicted graphically, and similar to that
shown with type II cells, priming of alveolar macrophages also enhanced
interferon production relative to time (4 h earlier) and magnitude (threefold
greater) than in control (nonprimed) macrophages.

To define the cellular host range for rat interferons derived from type I
cells and alveolar macrophages, their heterologous antiviral activity was exam-
ined in established cell lines of the following origins: guinea pig, mouse, hu-
man, and monkey. Rat fibroblast lung cells (RFL-6) represented the homolo-
gous (control) cell line. Results (Table 2) show that interferons from the two
rat alveolar cell types exhibited the most antiviral protection when tested on
the rat cell line. The best cross-species antiviral activity of these rat derived
interferons was exhibited in guinea pig cells (50%) and was succeeded by
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mouse cells (40%). There was no antiviral protection observed by these inter-
ferons to either human or monkey cell cultures.

The relationship between multiplicity of induction (MOI) and interferon
yield was appraised by interacting various concentrations of UV-irradiated
influenza virus with a constant number of type II pneumocytes (1.5 x 10’
cells) in the manner prescribed for interferon induction. Results (Fig. 3) show
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Figure 2 Priming of rat type LI pneumocytes (1.7 X 10%), pretreated with 40 ICDD50 of rat interferon
for 2 h, before influenza virus- (UV-irradiated Ao/PR/8/34) induced interferon production at 35°C with
multiplicity of induction of 10. Control cell cultures treated similarly with the exception of priming
treatment. Representative data of three determinations.
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Table 2 Defined Cellular Host Ranges for Antiviral Activity of Rat Interferons
from Type II Pneumocytes and Alveolar Macrophages

Percent homologous antiviral activity
of alveolar cell-derived interferon

Host cells and

species origin Type I Macrophage
RFL6 (rat) 100° 100°

104C1 (guinea pig) 523 + 3.8 493 + 7.3
1-929 (mouse) 40.8 + 5.3 40.6 = 99
1-5¢-4 (human) 00 = 00 0.0 £ 00
LLC-MK, (monkey) 32 % 16 0.0 % 0.0

*Homologous titers of rat alveolar interferons representative of 100% antiviral activity as derived from
type Il and macrophage cells were 260 and 150, respectively, and expressed as 50% infected cell-depressing
dilution of interferon/ml.

“Mean of two determinations expressed as percent of homologous titer  standard error of mean.

a dose-response relationship over an MOI range from 0.002 to 1.3 with direct
increase of interferon yields.

The magnitude and comparative relationship between cell numbers of
alveolar macrophages and type II pneumocytes and interferon yields was
investigated. The cell numbers tested ranged from 5.2 x 10’ to 1.0 X 10’
with a constant MOJ of 1.0. The interferon yield increased linearly with
increased numbers of either alveolar cell types (Fig. 4). However, on a per cell
basis, the interferon yield from type II cells was at least fourfold more than
that from alveolar macrophages. This difference in magnitude was exhibited
throughout the range of cell populations tested and reaffirmed the higher
interferon production capability of type II cells over that of alveolar macro-
phages.

The in vitro growth of influenza (Ao/PR/8/34) and Sendai viruses in
either rat alveolar macrophages or type II pneumocytes was determined
concomitant with interferon production for a duration of 48 h. The mulu-
plicity of infection was 1.0. Results (Fig. 5) show that in neither alveolar
macrophages nor type II cells was the multiplication of either influenza or
Sendai viruses supported as evident by the precipitous decline in virus
throughout the interval of 48 h. Interferon production, after a brief lag pe-
riod, reached a peak level in both alveolar cell types at 20 h. At this time, it
was again fourfold higher in type II cells than in macrophages. While it
appears that the corresponding increase in interferon production was respon-
sible for the preclusion of virus growth, the sharp initial decline of virus at a
time when interferon production was inchoate indicates that other factors are
involved.
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Figure 4 Comparative relationship between numbers of rat alveolar macrophages and type II pneumo-
cytes and interferon yvield (50% infected cell-depressing dilution of interferon/5 ml of cell culture me-
dium) with incubation at 35°C for 20 h and multiplicity of induction of 1.0. Representative data of three
determinations.
DISCUSSION

The findings reported herein demonstrate that rat type II pneumocytes, in
response to a viral inducer, are active producers of interferon. In comparison
to rat alveolar macrophages, interferon production by type II pneumocytes
exceeded that of the former by at least three- to fourfold in magnitude (Figs.
1, 4, and 5). This capability, more often associated with cellular defense poten-
tial, constitutes another physiologic activity attributable to type II pneumo-
cytes added to those already known [8-15).

The viral-induced cytokines produced by both rat alveolar macrophages
and type II pneumocytes exhibited (Table 1) many of the biological and physi-
ochemical properties characteristic of interferons [39, 40]. Among these rat
alveolar interferons was “priming” (Fig. 2), a non-antiviral function [41].
DNA-dependent RNA synthesis, a requirement of virus-induced interferon
synthesis, was also inhibited by actinomycin-D in both alveolar cell types
[42]. Additionally, the antiviral activity of rat interferon from both alveolar
cell types was neutralized by rat anti-interferon serum. The unavailability of
specific a, B, or v rat anti-interferon serum precluded a distinction of inter-
feron species. The best cross-species antiviral protection of note was afforded
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Figure 5 Decline of influenza Ao/PR/8/34 and Sendai viruses concomitant with interferon production
in rar alveolar macrophages (3.0 X 10%) and type II pneumocytes (3.5 x 10° incubated at 35°C with
multiplicity of induction of 1.0. Mean of two determinations.
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by both rat alveolar interferons on guinea pig cells, ~50% protection. This
correlates with the antiviral protection of guinea pig cells attained with inter-
feron derived from rat embryo fibroblasts [43]. Because guinea pig cells are
particularly sensitive to the antiviral activity of « interferon [44], it would
appear, although not exclusive, that the rat interferons produced by alveolar
macrophages and type II pneumocytes are closely related to a-like species of
interferon. These interferons exhibited activities and properties concordant to
those reported for rat interferons that were virus-induced in a rat tumor glial
cell line C6 [45].

A direct dose-response relationship was observed between the virus multi-
plicity of induction (from 0.002 to 1.3) and interferon production; a linear
relationship was noted between cell population numbers (from 5.2 x 10’ to
1.5 x 10) of either alveolar cell types and yields of interferon. Ideally, an
MOIT of 1.0 will ensure maximal interferon yields under efficient conditions
for virus-cell adsorption. The dose-response relationship is obviously self-
limiting with excessive MOI To achieve high interferon yields, cell popula-
tion numbers are a significant factor. As evident in Fig. 4, rat interferon yields
from either alveolar cell types with a constant MOI of 1.0 increased linearly
as the cell population numbers increased. Rat type II cells were highly effi-
cient producers of interferon. With equivalent cell numbers, approximately
fourfold more interferon was produced by type II cells than by alveolar mac-
rophages.

The ability of rat alveolar macrophages and type II pneumocytes to sup-
port the growth of either influenza or Sendai viruses was not in evidence.
Factors other than interferon alone may account for the preclusion of virus
growth in these cells, despite evidence of concomitant production of inter-
feron (Fig. 5). This is suggested by the following: (1) the initial virus decline
occurred when interferon production was minimal, and (2) the similar pat-
terns of virus decline occurred in both alveolar cell types despite their differ-
ent magnitudes of interferon production. The lack of either cell surface recep-
tors conducive for virus attachment or ineffective virus-cellular intrareactions
at the molecular level requisite for virus replication and assembly are other
considerations that may account for the nonviral susceptibility of both alveo-
lar macrophages and type II cells. The rat is not normally susceptible to
influenza virus infection but is infectable by Sendai virus [46]. The foci of
Sendai virus multiplication in the respiratory tract of rats most likely
occurs in parenchymal lung cells other than alveolar macrophages and type I
cells.

Although type II cells comprise approximately 15% of the total lung cell
population and account for a small part (4%) of total alveolar epithelial sur-
face area, they make up from 60 to 66% of alveolar epithelial cells by number
[47, 48]. In view of this dominance and the magnitude of interferon produc-
tion therein, type II cells could be one of the major sources of alveolar inter-
feron for activating the antiviral state, activating and enhancing phagocytosis,
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and modulating immune mechanisms and accessory alveolar cell functions
requisite for lung integrity.

We thank James A. Booth and William H. Pailes for their excellent technical assistance.
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