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Human Parainfluenza Virus Type 3
Upregulates ICAM-1 (CD54) Expression
in a Cytokine-Independent Manner

JING GAO, SURESH CHOUDHARY, AMIYA K. BANERJEE, AND BISHNU P. DE'
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Human parainfluenza virus type 3 (HPIV3) causes bronchiolitis, pneumonia, and croup in newborns and infants.
Several studies have implicated intercellular adhesion molecule-1 (ICAM-1) in inflammation during infection
by viruses. In this study, we investigated the potential for HPIV3 to induce ICAM-1 in HT1080 cells. FACS
analysis showed that HPIV3 strongly induced ICAM-1 expression in these cells. The ICAM-1 induction was
significantly reduced when the virions were UV inactivated prior to infection, indicating that ICAM-1 induction
was mostly viral replication dependent. Culture supernatant of HPIV3-infected cells induced ICAM-1 at an
extremely low level, indicating that virus-induced cytokines played only a minor role in the induction process.
Consistent with this, potent inducers of ICAM-1 such as IFN-y, TGF-B, and TNF-o. were absent in the culture
supernatant, but a significant amount of IFN type I was present. By using U2A cells, which are defective in IFN
type I signaling, we confirmed that ICAM-1 induction by HPIV3 occurred in a JAK/STAT signaling-independent
manner. These data strongly indicate that HPIV3 induces ICAM-1 directly by viral antigens in a cytokine-
independent manner; this induction may play a role in the inflammation during HPIV3 infection.
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HUMAN parainfluenza virus type 3 (HPIV3), a para- ceptors for ICAM-1 are the integrin lymphocyte
myxovirus, can cause serious respiratory infections in function-associated antigen-1 (LFA-1), which is ex-
newborns and young children including bronchiolitis, pressed on lymphocytes and monocytes, and the inte-
pneumonia, and croup. HPIV3 infection is associated grin Mac-1, which is expressed on polymorphonu-
with severe damage to the lung epithelium associated clear cells. The interaction between ICAM-1 and
with the inflammatory and immune responses LFA-1 and/or Mac-1 regulates in part the tight adhe-
(8,16,17). Many acute viral infections, including sion and transendothelial migration that leads to leu-
airway infections with respiratory viruses, are charac- kocyte infiltration into an area of inflammation. Thus,
terized by early infiltration of infected tissues with changes in the expression of adhesion molecules on
inflammatory response cells such as polymorpho- circulating leukocytes are clearly important in con-
nucleocytes and lymphocytes. These inflammation trolling the formation of cellular exudate at sites of
processes can cause cytotoxic tissue injury by releas- inflammation. Increased levels of ICAM-1 have been
ing products stored in secretory granules as well as reported in a number of diseases, including infec-
toxic free radicals (10,26,27). tions, autoimmune diseases, cancer, and inflamma-

ICAM-1, a member of the immunoglobulin super- tory reactions (6,10,22).

gene family, is an adhesive ligand for neutrophil ICAM-1 is constitutively expressed on a wide va-
and lymphocyte-associated integrins. The counterre- riety of cell types and is upregulated in response to a
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variety of inflammatory mediators, including proin-
flammatory cytokines, hormones, cellular stresses,
and virus infection (19). Moreover, ICAM-I has been
shown to play an important role in viral infection.
The ICAM family has been reported as a mediator
for HIV-mediated syncytia formation (4,5). The mAb
directed against ICAM-1, -2, and -3 to block syncytia
formation both in PHA-activated lymphocytes in-
fected in vitro with primary or laboratory strains of
HIV and in a T-cell line that expresses HIV envelope
and that is cocultured with PHA-activated lympho-
cytes. In HIV-infected individuals, the emergence of
viral isolates with a greater capacity to induce syncy-
tia formation in vitro is associated with rapid disease
progression (4,5,21). ICAM-1 also has been reported
to be a receptor for the major group of human rhino-
viruses (2). Upregulation of ICAM-I on HeLa cells is
associated with increased binding and susceptibility
of the cells to major group rhinoviruses (2). Receptor
blockade, in which anti-CAM-1 antibody is used to
block endogenous ICAM-1, can significantly reduce
the level of both reference stereotypes and clinical
isolates of rhinovirus (11). In addition to the rhinovi-
ruses, paramyxovirus family and other respiratory vi-
ruses also induce ICAM-1 expression (15). Respira-
tory syncytial virus (RSV) increases expression of
ICAM-1 on a human alveolar epithelial cell line, A
549, by inducing the production of IL-1q, in an auto-
crine effect (18). Measles virus and parainfluenza vi-
rus 2 directly induce ICAM-1 through viral gene
products(s) in human umbilical vein endothelial cells
and tracheal epithelial cells, respectively (9,26).
However, the mechanism whereby these viruses in-
duce ICAM-1 expression remains unknown.

In a previous study, we reported that HPIV3
upregulates the expression of both MHC class I and
class II on respiratory epithelial cells and human epi-
thelium-like cells using a pathway independent of
both STAT1 and CIITA (8). In this study, we investi-
gated whether HPIV3 induces ICAM-1 expression on
human epithelium-like HT1080 cells. Our data indi-
cate that HPIV3 induces ICAM-1 directly in a cyto-
kine-independent manner. This HPIV3-induced and
cytokine-independent ICAM-1 expression may play
a role in the virus-related inflammatory process.

MATERIALS AND METHODS

Biological Reagents

Human recombinant interferon-f (rIFN-B) was
purchased from Biosource International (Camarillo,
CA). Human recombinant interferon-y (IFN-y) and
human tumor necrosis factor-o. (TNF-o) were pur-

GAO ET AL.

chased from Boehringer Mannheim (Indianapolis,
IN).

Cell Lines and Culture Conditions

CV-1 (African green monkey kidney) cells were
used for growing the virus and for plaque assays.
HT1080 (ATCC CCL 121) is a fibrosarcoma cell
line. U2A, a P48-defective cell line derived from pa-
rental HT1080 cell lines, was a gift from George
Stark (Department of Molecular Biology, Lerner Re-
search Institute, The Cleveland Clinic Foundation).
All the cell lines were maintained in Dulbecco’s
modified Eagle medium (DMEM) containing 1% L-
glutamine, 1% penicillin/streptomycin, and 10% fetal
bovine serum.

Virus Stock and Infection

The HPIV3 viral stock HA-1 (NIH catalog No.
47784) was grown in the CV-1 cell line. The virions
released in the culture medium were purified by cen-
trifugation at 10,000 X g to remove cell debris fol-
lowed by ultracentrifugation at 100,0000 x g for 2 h
at 4°C using an SW 50.1 rotor, as described pre-
viously (1). The purified virus pellet was suspended
in DMEM medium. IFNs were assayed in the puri-
fied virus pool by antivirus bioassay for IFN-I and
enzyme-linked immunosorbent assay for IFN-y. Vi-
rus titer was determined by plaque assay, and virus
was aliquoted at a concentration of 10° PFU/ml. For
some experiments, virus particles were inactivated
with ultraviolet light as previously reported (8).
HT1080 cells were infected with HPIV3 at 1.0 MOI
in the same medium as used for growing the cells.
The culture supernatants and cells were harvested at
48 h after infection for further experiments, as de-
scribed below.

Flow Cytometry

The HT1080 cells were plated at 5 x 10’ cells/well
in 12-well plates. After 12 h, the cells were either
infected with HPIV3 or treated with supernatant from
UV-irradiated cultures of infected cells. After 48 h,
the cells were harvested for ICAM-1 assay. The anti-
body used for staining ICAM-1 (CD54) antigens was
murine mAb LB-2 conjugated directly to phycoery-
thrin (PE) (Becton Dickinson). Nonspecific back-
ground staining was determined using a control PE-
conjugated isotype-matched Ig (Becton Dickinson).
Cells were inoculated with the antibodies in a reac-
tion mixture containing 1X PBS, 1% BSA, and 0.01%
sodium azide for 30 min at room temperature. Flow
cytometry was performed on a Becton-Dickinson
FAC Scan (San Jose, CA) using Cyclops software
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(Cytomation, Fort Collins, CO). About 10° cells were
analyzed for each sample.

Cytokine Assays

IFN-y and TNF-o. were assayed by ELISA (R&D
Systems, Minneapolis, MN). IFN-I-mediated antivi-
ral activity was determined for their ability to inhibit
vesicular stomatitis virus-induced cytopathic effect
on WISH cells, as described previously (8). Briefly,
HT1080 cells were infected with HPIV3 at 1.0 MOI
at 37°C and the culture supernatant was collected 48
h afterwards. The culture supernatant was UV irradi-
ated to inactivate virions and was used to measure
antiviral activity. The culture supernatant of unin-
fected cells served as the control. The assay was stan-
dardized with reference IFN of known activity. Cell
viability was determined by staining with neutral red
in PBS, eluting in 50% ethanol in 0.1 M NaH,PO,,
and measuring the absorbance at OD 540 nm. The
results are presented as percent protection calculated
as: (A540 of the sample) — (A540 of the virus con-
trol)/(A540 of the cell control) — (A540 of the virus
control) x 100.

RNase Protection Assays

Total RNA was isolated from cells using the RNA
STAT-60 according to the manufacturer’s specifica-
tions (Tel-Test, Inc., TX). RNase protection assay
was performed by using probes for TGF- and
GADPH, provided in the RionuantiTM Multi-Probe
RNase Protection Assay (RPA) system (Pharmingen,
San Diego, CA).

RESULTS

Induction of ICAM-1 Expression by HPIV3 in
HTI1080 Cells

We previously reported that HPIV-3 induces both
MHC class I and MHC class II in human lung epithe-
lial cells A549 and human fibrosarcoma cells
HT1080 (8). In the case of MHC class II, we found
that the induction through HPIV3 occurred directly
by viral gene products in a STATI- and CIITA-inde-
pendent manner. The MHC class I induction, on the
other hand, was mediated by viral antigens as well as
endogenous IFN type 1. Because ICAM-1, like MHC
class I and class II, is involved in T-cell activation
and antiviral immune response (6,10,12,27,28), we
investigated whether ICAM-1 expression is induced
in HPIV3-infected cells. HT1080 cells were infected
with HPIV3 at 1.0 MOI; after 48 h the cells were
harvested and ICAM-1 levels in these cells and in
mock-infected cells were measured by FACS analysis

using anti-ICAM-1 monoclonal antibody. As shown
in Figure 1, a basal level of ICAM-1 expression mea-
sured as mean fluorescence intensity (MFI) was de-
tected in mock-infected cells. In HPIV3-infected
cells, MFI was about 3.8-fold higher. To determine
whether ICAM-1 induction was dependent on viral
replication, we then examined the production of in-
fectious virions in these cells. The cells were infected
with HPIV3 at an MOI of 1.0, and at 48 h postinfec-
tion progeny virions released into the medium were
measured by plaque assay. About 1x 10° to 1 x 10
PFU/ml of infectious virus particles were produced,
indicating efficient replication of HPIV3 in these
cells (Table 1). Next, we UV inactivated the virions
and, after confirming the absence of infectious parti-
cles, used them to infect HT1080 cells. At 48 h
postinfection, the cells were harvested and ICAM-1
expression was measured. As shown in Figure 1, UV-
inactivated virions also induced ICAM-1 expression,
but at a low level (1.7-fold) compared to mock-in-
fected cells (Fig. 1). These data indicate that the in-
duction of ICAM-1 by HPIV3 occurs in large part
by viral antigens in a replication-dependent manner.
Virus-induced cytokines may play an additional role
in the induction process.

Role of Endogenous IFN-I in the HPIV3-Induced
Expression of ICAM-1

Potential mechanisms underlying the inflamma-
tory response during virus infection include synthesis
of cytokines and other inflammatory mediators. Cell
adhesion molecules including ICAM-1 are required
for migration of inflammatory cells. In many cell
types ICAM-1 expression is upregulated by proin-
flammatory cytokines such as TNF-o, IFN-y, and IL-
1, which are expressed in a variety of cells after ex-
posure to viruses. Previous studies have showed that
RVS and rhinovirus induced the expression of
ICAM-1 in an autocrine fashion by inducing TNF-q,
IFN-v, and IL-1 (1,20,23,25,29). However, the induc-
tion of cytokines and consequently ICAM-1 expres-
sion varies with cell type and stimulus.

To investigate the role of virus-induced cytokines
in the induction of ICAM-1 expression, we trans-
ferred the infected cell culture supernatant to a fresh
monolayer of cells. After 48 h, the cells were har-
vested and ICAM-1 was measured by FACS assay.
As shown in Figure 4, low levels of ICAM-1 were
induced on fresh monolayer of cells by the infected
cell culture supernatant. To investigate this further,
we studied the induction of ICAM-1 by exogenous
IFN-v and other potent inducers. As shown in Figure
2, exogenous cytokines such as IFN-y and TNF-o can
induce significant ICAM-1 expression , whereas IFN-
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Figure 1. Flow cytometric analysis of ICAM-1 expression on HT1080 cells infected with either HPIV3 or UV-inactivated HPIV3. HT1080
cells (5 x 10 cells/ml) were infected with HPIV3 or UV-inactivate HPTV3 (1.0 MOI) and harvested at 48 h postinfection for [CAM-1 FACS
assay. In each panel, the mean fluorescence intensity (MFI) and the percentage of cells staining for ICAM-1 are indicated. Results are

representative of three independent assays.

B is a poor inducer. Other researchers have also re-
ported that TGF-B can induce significant ICAM-1
expression in these cells (24). Therefore, we investi-
gated whether these cytokines were potential media-
tors of ICAM-1 expression induced by HPIV3 in
HT1080 cells. First, we investigated the induction of
these cytokines by HPIV3 in the culture supernatant
of HT1080 cells. The culture supernatant was har-
vested at 48 h postinfection and tested by ELISA for
the presence of IFN-y and TNF-o.. As shown in Table
2, IFN-y and TNF-o. were not detectable in control
and HPIV3-infected HT1080 cell culture supernatant,
but TNF-o was detected in infected human tracheal
epithelial cells (about 100 U/ml), indicating that ex-
pression is cell type specific (data not shown). RNase
protection assay detected no significant induction of
TGF-B mRNA after HPIV3 infection (Fig. 3). Even
though, we did not detect any level of IFN-y, TNF-
o, and TGF-B, which are important proinflammatory
factors that induce ICAM-1, we did discover endoge-
nous IFN-I in the culture supernatant of HPIV3-in-
fected HT1080 cells. Using antivirus bioassay, we
found that cells infected with HPIV3 (1.0 MOI) con-
tained about 200—-300 U/ml of IFN type I in the cul-
ture supernatant at 48 h postinfection (Table 2).
These data demonstrate that HPIV3 infection induces
HT1080 cells to secret IFN type I but not other proin-

TABLE 1
PRODUCTION OF INFECTIOUS HPIV3 VIRIONS

Time (h) Viral Yield (PFU/ml)

48 1x 10°-10

HT1080 cells (5% 10*/ml) were infected with
HPIV3 at 1.0 MOI and after 48 h postinfection
the progeny virions released into the medium
were tested for their ability to produce plaque on
a monolayer of CV-1 cells.

flammatory cytokines. This IFN type I apparently
contributes to the ICAM-1 induction by the infected
cell culture supernatant.

ICAM-1 Induction by HPIV3 in Cells Defective in
IFN Type I Signaling

The above results indicate that HPIV3 induces
ICAM-1 expression, in large part, through viral anti-
gens. The virus induced about 200—-300 U/ml of IFN
type I, raising the question of whether this endoge-
nous IFN type I played a role in the induction pro-
cess. To investigate this further, we used U2A
(7,13,14) cells, which are defective in P48 and
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Figure 2. Flow cytometric analysis for ICAM-1 expression on
HT1080 cells treated with IFN-y, TNF-a, or IFN-B. HT1080 cells
(5 x 10° cells/ml) were either untreated or treated with IFN-y (100
U/ml), TNF-o (100 U/ml), or IFN-B (100 U/ml) and were har-
vested at 48-h culture for ICAM-1 assay. In each panel, the mean
fluorescence intensity (MFI) and the percentage of cells staining
for ICAM-1 are indicated. Results are representative of three inde-
pendent assays.
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TABLE 2
CYTOKINE PRODUCTION IN THE
CULTURE SUPERNATANT FROM
HPIV3 INFECTIVE CELLS

Unit/ml
Cytokines —-HPIV3 +HPIV3
IFN-y 0 0
TNF-o 0 0
IFN-I 0 200-300

HT1080 cells (5 x 10*/ml) were infected with/
without HPIV3 at 1.0 MOI and after 48-h post-
infection the culture supernatants were collected
for cytokine assay. IFN-y and TNF-a were as-
sayed by ELISA. IFN-I was assayed by antiviral
bioassay.

thereby defective in autocrine and paracrine function
of endogenous IFN-I. As shown in Figure 5, HPIV3
induced ICAM-1 expression efficiently in U2A cells
compared with parental cells. HPIV3 induces ICAM-
1 on U2A cells at 3.8-fold, which is about the same
level of induction observed in HPIV3-infected
HT1080 cells (Fig. 1). Together, these data are con-
sistent with our hypothesis that ICAM-1 expression
by HPIV3 is viral antigen specific and occurs in a
cytokine-independent manner.

DISCUSSION

In this study we investigated the induction of
ICAM-1 expression in HT1080 cells. These are epi-
thelial-like cells derived from human fibrosarcoma
and originally subcultivated under conditions that
eliminate the growth of fibroblasts and favor that of
epithelial cells (1). We chose this cell line not only
because it supports HPIV3 replication, but also be-
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Figure 3. HPIV3 did not induce TGF-ao mRNA expression on
HT1080 cells. HT1080 cells were either untreated (left) or infected
with HPIV3 (1.0 MOI) and assayed at 48 h. RNA was analyzed
by RNase protection assays for TGF-3 and GADPH.

cause it has extensively been used to characterize the
IFN-signaling pathway (7,12-14). In a previous
study, we reported that MHC class I and class II mol-
ecules were induced by HPIV3 on HT1080 cells in a
STATI1- and CIITA-independent manner (8). Virus-
induced IFN type I played an additional role in the
induction of MHC class I but not MHC class II (8).
Because ICAM-1 is an important cell surface mole-
cule and is induced by viruses (27,28), we investi-
gated its induction by HPIV3. Infectious HPIV3 viri-
ons induced ICAM-1 by about 3.8-fold (Fig.1),
where UV-inactivated virions induced ICAM-1 ex-
pression by only 1.7-fold (Fig.1). Culture supernatant
from infected cells similarly increased ICAM-1 level
by about 1.9-fold similar to the level induced by 100
U/ml of IFN-B (Fig. 2). The culture supernatant from
HPIV3 infected cells contained about 100-300 U/ml
of IFN-I, as assessed by antivirus bioassay, which
may contribute to the ICAM-1 induction. Potent in-
ducers of ICAM-1, such as IFN-y, TNF-c, and TGF-
B were not detected in HT1080 cells. Our data indi-
cate that IFN-B can also induce ICAM-1, albeit at a
low level (Fig. 2). By using cells lacking P48 and
thereby defective in the autocrine and paracrine func-
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Figure 4. Flow cytometric analysis for ICAM-1 expression on HT1080 cells treated with the culture supernatant from HPIV3-infected cells.
The culture supernatants from HPIV3-infected HT1080 cells and uninfected cells harvested at 48 h postinfection were inactivated by UV
and transferred (20% volume) to fresh monolayers of HT1080 cells. The cells (5 x 10’ cells/ml) were harvested after 48-h treatment for
ICAM-1 FACS assay. In each panel, the mean fluorescence intensity (MFI) and the percentage of cells staining for ICAM-1 are indicated.
The results are expressed as MFI expression levels and are representative of three independent assays.
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Figure 5. Flow cytometric analysis of [CAM-1 expression on U2A cells infected with HPIV3. U2A cells (5x 10’ cells/ml) were left
uninfected or infected with HPIV3 (1.0 MOI), and at 48 h postinfection were assayed with FACS assay. Untreated cells served as the
control. In each panel, the mean fluorescence intensity (MFI) and the percentage of cells staining for ICAM-1 are indicated. Results are

representative of two independent assays.

tion of endogenous IFN-I, we found that HPIV3 can
induce ICAM-1 in an IFN signaling-independent
manner.

Like HPIV3, several viruses have been shown to
induce ICAM-1. Examples include cytomegalovirus-
mediated induction of ICAM-1 on endothelial cells
(3), measles virus-mediated induction on human um-
bilical vein endothelial cells (9), respiratory syncytial
virus-mediated induction on human nasal epithelial
cells (15), and parainfluenza virus type 2-mediated
induction on human epithelial cells (26). In all these
cases, induction of ICAM-1 expression was shown to
be mediated by viral antigens directly in a cytokine-
independent manner. In the case of respiratory syncy-
tial virus, the viral envelope glycoproteins appear to
be involved in the induction process. Moreover, in-
duced expression of ICAM-1 is associated with in-
creased adhesive activity of respiratory syncytial vi-

rus-infected nasal epithelial cells (15,18). In the case
of HIV, the gp41 glycoprotein was shown to be in-
volved in the ICAM-1 induction, and an elevated
level of circulating ICAM-1 is observed in infected
cells (4,6,21,22). Thus, it remains to be determined
which protein or proteins of HPIV3 are involved in
the ICAM-1 induction, and what role they play in the
virus infection process.
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