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The effect of human leukocyte interferon on the invasiveness of Salmonella and
Shigella species in HEp-2 cell cultures was examined. The intracellular and
extracellular bacteria were identified by a combination of Nomarski differential
interference contrast microscopy and UV incident light microscopy applied on the
same microscope. Pretreatment of HEp-2 cells with human leukocyte interferon
reduced the number of Salmonella typhimurium and Salmonella paratyphi-B
bacteria per cell and the proportion of cells containing bacteria in a dose-
dependent manner. Maximum inhibitory effect was observed with ca. 100 U of
interferon per ml. The inhibitory effect was neutralized with anti-human interferon
globulin. Murine fibroblast interferon did not influence the invasiveness of
Salmonella species. Invasiveness of Shigella flexneri was not influenced by
treatment of cells with human interferon.

Bacterial invasiveness in cell culture mono-
layers has been found to reflect an important
pathogenic property for the enteroinvasive Shi-
gella bacteria (9, 12), invasive Escherichia coli
(25), Salmonella (13), and Yersinia enterocoli-
tica (32). The ability to invade HEp-2 and HeLa
cells is apparently well correlated with the po-
tential to produce disease in humans for Shigel-
la, Salmonella typhimurium, and invasive E. coli
strains. For human pathogenic Y. enterocolitica
serotypes 0:3 and 0:9, the correlation seems
less complete; thus, it is reported that removal
of a plasmid connected with human disease does
not reduce the in vitro invasiveness of the bacte-
ria (33). The cell monolayer model thus reflects a
restricted number of factors involved in the
pathogenic mechanisms of these bacteria. This
model is suitable for examining the influence of
extracellular factors on bacterial invasiveness.

Interferon is frequently present in infections
with bacteria and other infectious agents (1, 7,
19, 27, 29). It has been shown that interferon can
influence several host defense mechanisms
against bacterial infections, e.g., the uptake of
and degradation of bacteria by macrophages and
granulocytes (2, 8, 14), and modify immune
response to various infectious agents (30). Other
studies have indicated that mouse fibroblast
interferon can modify the pulmonary infection of
mice infected with Haemophilus influenzae (8)
and that immune interferon may reduce the
mortality due to S. typhimurium in mice (18). In
this study, we examined the direct effect of
interferon on the ability of epithelial cell barriers
to restrict infections with invasive bacteria. Pre-
treatment of cells with human leukocyte inter-

feron reduced the invasiveness of S. typhimur-
ium in HEp-2 cells in a dose-dependent manner.
Monolayers of HEp-2 cells were grown on

glass cover slips (14 mm in diameter) in 24-well
tissue culture plates (Falcon 3008). Each well
was supplied with 1 ml of cell suspension, ca. 6
x 104 cells in Eagle basal medium containing
bicarbonate, 10% fetal bovine serum, and 100 p,g
of streptomycin and 100 ,ug of penicillin per ml.
They were incubated for approximately 24 h at
37°C in 5% CO2 atmosphere with saturated
humidity. The cell cultures were recognized as
suitable for inoculation when they formed an
almost continuous monolayer with intermediate
blank areas (leopard spots). Before inoculation
they were washed three times with 0.15 M
phosphate-buffered saline (PBS; 37°C), incubat-
ed for 1 h in Eagle basal medium, and then
washed three times again with PBS to minimize
the concentration of antibiotics. Finally, the
cells were supplied with 1 ml offresh Eagle basal
medium containing 1% fetal bovine serum and
no antibiotics.
One S. typhimurium strain (SIFF S4575/81),

one Salmonella paratyphi-B strain (strain 3,
8006; International Salmonella Center, Copen-
hagen) and one Shigella flexneri strain (SIFF
R662/81) were used. The strains of S. typhimur-
ium and S. flexneri were invasive in HEp-2 cell
monolayer, and the S. flexneri strain was able to
produce keratitis in guinea pigs (Sereny test) (5).

Partially purified human leukocyte interferon
(a + I; 2 x 106 U per mg of protein) was
obtained from K. Cantell, Helsinki. The antivi-
ral activity was tested by means of an infectivity
inhibition microtest (6) with human embryo fi-

1198



NOTES 1199

broblast cells and vesicular stomatitis virus. One
unit of the international standard preparation
(69/19) was equivalent to 1.0 to 1.3 U in our
system. Anti-human interferon globulin was ob-
tained from J. K. Dunnick, National Institute of
Allergy and Infectious Diseases, Bethesda, Md.
A 1:1,000 dilution neutralized 10 U of interferon.
Mouse fibroblast interferon (a + 3) was ob-
tained from the late K. Paucker, Philadelphia,
Pa.
The cell cultures were treated with interferon

for 24 h in concentrations from 50 to 10,000 U
per ml. After 24 h they were washed with PBS
and incubated for 1 h in fresh medium without
interferon. The cultures were then inoculated
with 200 ,ul of a bacterial suspension that had
been cultured on heart infusion agar and sus-
pended in PBS. The concentration was adjusted
to an optical density of 0.75 at 320 nm (Hitachi
model 101 spectrophotometer). Control cultures
not treated with interferon were included for
each bacterial strain. After incubation for 3 h
with the bacteria, the cultures were washed in
PBS and fixed overnight in 2% glutaraldehyde in
0.1 M cacodylate buffer with 0.1 M sucrose. The
S. flexneri culture was incubated for another 2 h
before fixation.

Bacterial invasiveness was quantified by
counting intracellular bacteria in each of the
parallel samples. To ensure that our results
reflected invasiveness and not merely differ-
ences in bacterial adhesiveness, we examined
the cell cultures in a combined light microscopi-
cal system which allows differentiation between
extracellular and intracellular localizations of
bacteria. This system (4) combines Nomarski
differential interference contrast microscopy
and UV incident light microscopy applied on the
same microscope. The UV incident light micros-
copy gives the total number of bacteria in the
cell culture, whereas the differential interference
contrast microscopy distinguishes between the
different locations of the bacteria. The accuracy
of the method for selecting extracellular bacteria
has been confirmed by means of scanning elec-
tron microscopy in a previous study (4). In each
of two parallel cultures, 200 cells were examined
for intracellular bacteria at a total magnification
of x1,000. The microscope slides were coded
before reading in the microscope, so the micros-
copist did not know which treatment had been
given to the specimen. The number of bacteria
per cell was recorded. Statistical differences
were evaluated by the chi-square test.

After 3 h of incubation, a considerable number
of cells were invaded by bacteria. The interfer-
on-treated cultures harbored less intracellular S.
typhimurium than the control cultures. This ef-
fect was dose dependent. The distribution of S.
typhimurium in the cells at various concentra-

tions of interferon is shown in Fig. 1. Treatment
with low concentrations of interferon entailed a
shift of the distribution to the left in Fig. 1. Even
the lowest concentration of interferon, 50 U/ml,
gave a statistically significant shift. The maxi-
mum inhibitory effect was observed with 100 U
of interferon per ml. At two consecutive concen-
trations, 500 and 1,000 U/ml, a shift toward the
right on the X-axis was observed compared to
the effect of 100 U, and thus the inhibitory effect
was less complete. With 10,000 U, an even
further shift to the right was seen, and this high
dosage gave the lowest inhibitory effect. When
bacterial invasiveness is characterized by single
parameters, the degree of inhibitory effect can
be further illustrated (Table 1). The maximum
inhibitory concentration of interferon (100 U/ml)
reduced the number of intracellular S. typhimur-
ium per 100 cells from 160 to 6 and the propor-
tion of cells infected from 32 to 2.4%.
To test the specificity of the anti-invasive

activity of interferon, we pretreated cell cultures
with 100 U of human interferon per ml that had
been neutralized with anti-human interferon
globulin. The neutralized interferon had no sig-
nificant effect on invasiveness of S. typhimurium
(Table 1). To test for species specificity of
interferon, we also treated the cultures with
heterologous mouse fibroblast interferon at a
concentration of 100 U/ml. This treatment also
did not significantly alter the invasiveness pat-
tern of S. typhimurium compared to control
cultures.
To examine whether the effect on invasive-

ness of S. typhimurium was specific for that
species of the Salmonella genus exclusively, we
tested S. paratyphi-B for invasiveness in cell
cultures pretreated with concentrations of inter-
feron that gave the maximum inhibition of S.
typhimurium. When the cell monolayer was
preincubated with interferon at concentrations
of 100, 200, and 300 U/ml, S. paratyphi-B was
significantly inhibited in penetrating the cell
cultures (Table 1).
The effect of interferon on the invasiveness of

S. flexneri was tested to elucidate whether the
inhibitory effect was restricted to bacteria within
the genus Salmonella or whether this phenome-
non was a more common characteristic of
enteroinvasive bacteria. When cell cultures
were pretreated with 500 U of human interferon
per ml, no significant effect on the invasiveness
of S. flexneri was observed (Table 1).
The present data clearly show that treatment

of HEp-2 cells with homologous leukocyte inter-
feron significantly reduces the invasiveness of
the Salmonella species tested. Both the propor-
tion of cells infected and the number of intracel-
lular bacteria per cell were decreased in the
interferon-treated cells. The biphasic effect of
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FIG. 1. Number of intracellular S. typhimurium bacteria in HEp-2 cells after pretreatment ofHEp-2 cells with
various concentrations of interferon.

interferon is very similar to its other biological
effects, e.g., on phagocytosis and antibody re-

sponse (2, 28, 31). The number of observed
intracellular bacteria is the sum of several pro-
cesses, namely, adhesion and penetration of
bacteria and to some extent intracellular multi-
plication. Any of those parameters might be
influenced by interferon.
Adherence of bacteria is mediated by specific

receptors on the cell surface (20, 21, 24). Several
receptor structures are influenced by interferon
treatment. The expression of some receptors is
apparently stimulated specifically, whereas oth-
er receptors are not (22, 23). To our knowledge
there are no published data indicating a suppres-
sion of receptors by interferon. The observation
that the invasiveness of Shigella species is not
inhibited by interferon treatment like that of
Salmonella is easiest to explain by a possible
different effect on receptors for these bacteria.
Further studies on this question are in progress
in our laboratory.
The mechanisms by which the bacteria pene-

trate the cell membrane are not clearly under-
stood. Both bacterial and host cell factors are of
importance (16, 17). Our data clearly point to the
importance of cellular mechanisms. Several ear-

TABLE 1. Invasiveness of S. typhimurium, S.
paratyphi-B, and S. flexneri in HEp-2 cells treated

with interferon

No. o No. of
Interferon" % bacteria bacteriaSpecies concn (U/ml) Infected per per 100

cells infected perl10cell cel

S. typhimurium 0 32 5.0 160
50 34 4.3 110
100 2.4 2.3 6
500 7.0 2.9 22

1,000 6.0 5.9 36
10,000 19 3.5 68

100b 33 5.2 173
100' 27 5.3 144

S. paratyphi-B 0 34 5.4 185
100 7 3.5 25
200 2 7.5 15
300 3 5.7 17

S. flexneri 0 30 10.7 320
500 29 9.8 284

a Human leukocyte interferon, except where indi-
cated.

b Neutralized with anti-interferon globulin.
' Murine fibroblast interferon.
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lier reports indicate that interferon alters the
functional properties of the cell membrane.
Thus, interferon impaired cell motility, in-
creased plasma membrane rigidity, and reduced
lateral movement of some cell surface receptors
(26). After interferon treatment, the cell mem-
brane seems to be less permeable to some low-
molecular-weight substances (3, 11, 26), and
retrovirus budding appears to be inhibited (10).
The reduced penetration of invasive bacteria
may be due to the same phenomenon. Whether
these membrane changes are primary effects or
secondary to an intracellular alteration of a
metabolic process remains to be determined.
The possibility of an effect on the intracellular

multiplication of bacteria cannot be excluded. In
fact, interferon treatment inhibited the intracel-
lular multiplication of several nonviral agents,
including bacteria (15). However, the finding
that not only the total number of bacteria per cell
but also the percentage of cells containing bacte-
ria is reduced, argues against this alternative.
The present observations may indicate that, in

addition to activation of specific host defense
mechanisms, interferon may influence the entry
of bacteria into cells and thereby directly inter-
fere with the establishment of bacterial infec-
tion.
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