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Abstract: Type I interferons (IFN), IFN-α/β constitute a critical component of innate immunity 

against viruses. IFN-α/β activates JAK/STAT pathway resulting in expression of various IFN-

stimulated antiviral proteins. While studying IFN-α/β signaling during virus infection, we 

identified human beta defensin-3 (HBD3) as an antiviral factor induced during IFN-α−mediated 

innate antiviral response in human lung epithelial cells. We showed that HBD3 is induced by 

IFN-α and purified HBD3 significantly inhibited vesicular stomatitis virus (VSV) infection. 

Further studies revealed that HBD3 confers its antiviral activity by blocking VSV cellular entry. 

An essential role of HBD3 during innate antiviral response was evident from loss of antiviral 

activity of IFN-α following HBD3 silencing by siRNA. Thus, we have identified HBD3 as an 

IFN-inducible antiviral factor that inhibits infection by blocking viral cellular entry.
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Introduction
Interferons (IFNs) constitute an important molecule of innate immune response induced 

by host to control virus infection.1,2 Type I IFN (IFN-α/β) and type-II IFN (IFN-γ) are 

potent antiviral cytokines that are produced from both nonimmune (eg, epithelial cells) 

and immune cells. IFN-α/β mediates its antiviral activity by binding to IFN receptor 

on the cell surface, which leads to activation of receptor-associated Janus kinases 

(JAK)/signal transducers and activators of transcription (STAT) pathway. Activation 

of JAK/STAT pathway results in expression of IFN-stimulated genes (ISGs). Several 

ISGs are antiviral factors, including oligoadenylate 2-5A synthetase (OAS)/RNase L,3 

dsRNA activated protein kinase (PKR),4 and the Mx proteins (Mx1 in mice and MxA 

in humans).5 These IFN-induced antiviral proteins restricts a wide spectrum of viruses 

including single-stranded nonsegmented negative strand RNA (NNS) viruses.6–9

Enveloped NNS viruses represents viruses such as vesicular stomatitis virus (VSV), 

human parainfluenza virus type 3 (HPIV-3) and human respiratory syncytial virus 

(RSV). It is known that upon IFN-α/β treatment, three well-established ISGs (OAS/

RNaseL, PKR, Mx) are capable of restricting NNS virus infection. However, several 

studies have provided evidence for the existence of alternative IFN-induced factors 

that are required for the antiviral activity of IFN-α/β. It was reported that IFN confers 

its antiviral activity against HPIV-3 independent of PKR, Mx and RNaseL.10 In addi-

tion, studies with PKR, Mx and RNaseL triple knockout mouse embryonic fibroblasts 

demonstrated that IFN-α/β retains its antiviral activity against VSV in the absence 

of PKR, Mx and RNAseL.11 Similarly, the ability of IFN to restrict VSV replication 

in cells expressing PKR, RNase L, and Mx proteins has been reported previously.12 
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Moreover, we have previously shown that type I IFN is 

capable of inducing antiviral factors like phospholipid 

scramblase-113 and soluble secreted factors.14 These studies 

strongly suggest the existence of additional IFN-α/β induced 

antiviral factors that are operational during innate immune 

response against NNS viruses.

In an effort to identify type-I interferon induced anti-

viral factors; we investigated the antiviral mechanism of 

IFN-α in human lung epithelial A549 cells infected with 

VSV, a virus highly sensitive to the antiviral action of 

IFN-α/β15 Our studies revealed that human beta defensin-3 

(HBD3) induced by IFN-α possess significant antiviral 

activity. Defensin family of polypeptides comprising of 

alpha, beta and theta defensins, possess a wide range of 

antipathogenic activity against bacteria and viruses.16–18 

Among them human beta-defensins (HBDs) are small 

epithelial cell-specific peptides that are secreted by epi-

thelial cells to restrict infection during innate immune 

response.17 Recently, antiviral activity of HBDs against 

human immunodeficiency virus-1 (HIV-1) and influenza 

virus has been reported.19,20 We have also recently identi-

fied HBD2 as a nuclear factor-κB (NF-κB)-dependent 

antiviral factor that inhibited RSV infection by virtue of 

blocking RSV cellular entry.21 In this communication we 

demonstrate that HBD3 is an IFN-α inducible protein that 

restricts VSV infection by inhibiting cellular entry of the 

virus into A549 cells.

Materials and methods
Virus, cells, and other reagents
VSV (Indiana serotype, Mudd-Summers strain) was propa-

gated in BHK-21 cells.14,22 Human lung epithelial A549 cells 

were maintained in DMEM (GIBCO-BRL, Gaithersburg, 

MD, USA) supplemented with 10% fetal bovine serum 

(FBS), penicillin, streptomycin, and glutamine. The viral 

titer was monitored by plaque assay analysis with CV-1 cells 

as described earlier.14,22 IFN and TNF were purchased from 

R&D Systems (Minneapolis, MN, USA).

Western blot analysis
Following 7.5% SDS-PAGE and transfer of proteins to the 

nitrocellulose membrane, the membrane was blocked with 

blocking buffer. Anti-VSV P protein antibody (polyclonal) 

was added to the blot in the presence of the blocking buffer 

and incubated overnight at 4 °C. The washed blots were 

incubated with anti-rabbit-horseradish peroxidase (HRP) 

and processed for enhanced chemiluminescence according 

to the manufacturer’s protocol (Amersham-Pharmacia, 

Piscataway, NJ, USA).

VsV infection following hBD treatment
To study the antiviral function of HBD3, A549 cells were 

pre-treated with either HBD1 (control) or HBD3 (12 µg/ ml) 

in DMEM (-FCS) or 10 mM phosphate buffer for three hours 

at 37 °C. Following incubation, VSV (0.5 MOI) was added to 

the washed cells and the adsorption was continued for 1.5 hours 

at 37 °C either in the presence or absence of HBDs. The cells 

were then washed to remove unbound viruses and the infection 

was continued for additional 36 h (in the absence of HBDs) 

in complete (DMEM + 10% FCS) medium. Thirty-six hours 

post-infection, the cell lysates were used for Western blot analy-

sis with anti-VSV P protein antibody to monitor the intracellular 

VSV P protein levels. In addition, the culture supernatants were 

collected to measure virus yield by plaque assay analysis on 

CV-1 cells. The homogeneous preparations of purified HBDs 

utilized in these studies were either obtained as a gift from Dr. 

Miguel E. Quinones-Mateu (Cleveland Clinic Foundation, 

Cleveland OH, USA), who used them to study anti-HIV-1 activ-

ity19 or purchased from PeproTech (Rocky Hill, NJ, USA).

Immunofluorescent staining
A549 cells (grown on coverslips) were either untreated 

or incubated with IFN-α (1000 units/mL) for eight hours 

at 37 °C. The cells were then washed with 1× phosphate-

buffered saline (PBS) and fixed with 3.7% formaldehyde 

in PBS at room temperature and permeabilized with 0.5% 

Triton X-100. The cells were stained with anti-HBD3 anti-

body (Orbingen, San Diego, CA, USA) and anti-rabbit IgG 

conjugated to FITC. The coverslips were mounted on slides 

with Vectashield and visualized in a Leica CISM confocal 

laser-scanning microscope.

VsV g pseudotyped lentivirus expressing 
egFP (lenti-VsV)
To study the cellular entry efficiency of VSV in HBD3-treated 

cells, we have constructed VSV envelope protein (G protein) 

pseudotyped lentivirus expressing the enhanced GFP 

(eGFP) gene (lenti-VSV).14 The construction lenti-VSV was 

achieved by cloning eGFP gene in the BamH1 and EcoRV 

sites of 6.9 kb lentiviral vector under the control of CMV 

promoter (plenti/V5-Dest, Invitrogen) and transfecting this 

vector in 293 cells along with HIV-gag-pol, HIV-Rev and 

VSV G plasmids. Seventy-two hours post-infection, the 

infectious eGFP-expressing pseudotyped viruses possessing 
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VSV G on its envelope were purified from the supernatant. 

The transduction efficiency of these viruses, representing 

cellular entry via VSV G protein was tested in HBD-treated 

A549 cells. For these studies, A549 cells were either 

untreated or incubated with HBD1 and HBD3 (12 µg/ml) for 

eight hours. The cells were then washed and lenti-VSV (15 

MOI) was added in the absence of HBDs (in the presence 

of complete medium). Forty hours post-transduction, eGFP 

expression was monitored by fluorescence microscopy.

Real-time quantitative RT–PCR (qPCR) 
assay to quantify hBD mRnA
RNA from A549 cells incubated with IFN-α (1000 U/mL), 

IFN-γ (1000 U/mL) and tumor necrosis factor-α (TNF-α 20 

ng/mL) was extracted using TRIzol (Invitrogen Life Technolo-

gies, Carlsbad, CA, USA). RNA content in each preparation 

was normalized using human keratin 5 RNA. Intron spanning 

primers and PCR conditions used for qPCR has been described 

previously.23,24 RNA generated by transcribing HBD1 and 

HBD3 plasmids (by using the RiboProbe in vitro transcrip-

tion system from Promega (Madison, WI, USA) was used to 

generate standard curves. Amplifications and data acquisition/

analysis were performed by using the Smart Cycler System 

software (version 1.2d; Cepheid, Sunnyvale, CA, USA).

Treatment of cells with siRnAs
siRNA against HBD3 and HBD1 were designed based on 

the siRNA designing program provided on-line by Qiagen 

(Valencia, CA, USA). During these experiments, scrambled 

siRNA (control) served as a negative control. The HPLC 

purified siRNAs (control and HBD siRNAs were purchased 

from Qiagen) were transfected using the siRNA transfec-

tion kit (Qiagen) according to the manufacturer’s protocol. 

At 36-hours post-transfection, cells were treated with IFN-α 

(for eight hours) and HBD expression was monitored by 

qPCR. For the infection studies, siRNA transfected cells 

were treated with IFN-α for 8 h, followed by VSV infec-

tion (in the presence of IFN-α) for 36 hours. Viral titer was 

monitored by plaque assay. Previously we have utilized 

scrambled control and HBD2-specific siRNAs (purchased 

from Qiagen) to silence genes in A549 cells.21

Results
Induction of hBD3 mRnA and protein 
by IFn-α
The rationale for focusing on HBD3 as a putative 

IFN- inducible antiviral protein in epithelial cells resulted 

from several known properties of HBD3. HBD3 is an 

inducible protein harboring STAT1-binding sequences 

in its gene.25 Since STAT1 is activated by IFN-α/β, we 

speculated that HBD3 may be induced following IFN-α 

treatment. Moreover, HBDs are expressed exclusively 

in respiratory epithelial cells,17,26–28 the cells (human lung 

epithelial A549 cells) utilized in our studies and it has been 

detected in various body fluids (respiratory secretions, 

saliva, blood).29,30

In order to examine induction of HBD3 mRNA by IFN, 

A549 cells were treated with various cytokines for eight 

hours and the cells were processed for qPCR analysis to 

detect HBD3 mRNA. While induction of HBD3 mRNA 

was not noted in IFN-γ- and TNF-α-treated cells, significant 

levels of HBD3 mRNA was observed in IFN-α-treated cells 

(Figure 1A). In contrast to HBD3, the cytokines failed to 

induce HBD1 mRNA.

Since, IFN-α stimulated HBD3 mRNA, we next inves-

tigated whether such activation leads to HBD3 protein 

synthesis. For these studies, untreated and IFN-α-treated 

(eight hours) A549 cells were used for immunofluorescence 

analysis using HBD3 specific primary antibody and anti-rab-

bit FITC labeled secondary antibody. Confocal microscopic 

analysis of these cells revealed significant increase in HBD3 

protein levels in IFN-α treated cells, compared to untreated 

cells (Figure 1B). Lack of HBD3 protein induction was also 

noted in IFN-γ and TNF-α-treated cells (data not shown). 

Incubation of cells with IFN-α for only two hours lead to 

HBD3 induction, while shorter and/or prolonged exposure of 

cells to IFN-γ and TNF-α did not result in HBD3 activation 

(data not shown). The results from these studies indicated that 

HBD3 is an IFN-α inducible protein. Since HBDs possess 

antiviral function against viruses like HIV-1, influenza and 

RSV,19–21 we next examined whether such function is also 

manifested against VSV.

Pre-treatment of A549 cells with hBD3 
results in the inhibition of VsV infection
In order to examine whether defensins, especially HBD3 

possess antiviral property against NNS viruses, we inves-

tigated the ability of purified HBDs to inhibit VSV infec-

tion. A549 cells incubated with HBD1 and HBD3 (10 

or 20 µg/ml) for three hours at 37 °C were infected with 

VSV. Following virus adsorption for one hour in the pres-

ence of HBDs, fresh medium was added to washed cells 

in the absence of HBDs. At 36 hours post-infection, virus 

titer and infection efficiency was assayed by plaque assay 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Interferon, Cytokine and Mediator Research 2010:226

Basu et al Dovepress

submit your manuscript | www.dovepress.com

Dovepress 

and Western blot (with anti-VSV P antibody) analysis. As 

shown in Figure 2A, plaque assay of medium supernatants 

obtained from HBD3-treated cells revealed significant (by 

100-fold) decline in infectivity. In contrast such inhibition 

was not observed in HBD1-treated cells. Concomitantly, 

Western blot analysis (Figure 2B) of cell lysates with VSV 

P antibody demonstrated complete abolishment (since the 

virus titer was decreased by 100-fold, corresponding to 

99% inhibition in infectivity) of intracellular VSV P protein 

following treatment of cells with HBD3 (20 µg/mL). These 

results suggested that HBD3 possess potent antiviral activity 

against VSV.

Incubation of VsV with hBD3 results 
in loss of virus infectivity
Apart from the ability of defensins to restrict virus entry 

presumably by coating the cell surface following incubation 

of cells with defensins, it was also shown that incubation 
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Figure 1 Induction of hBD3 by type-I IFn. A) qPCR analysis of hBD3 and hBD1 expression in untreated (UT) and TnF-α, IFn-α , IFn-γ-treated A549 cells. For the qPCR, 
the transcript levels were normalized to human keratin 5 and the results are representative of three independent experiments with similar values. B) Confocal immuno-
fluorescence analysis of HBD3 expression in untreated (−IFn-α) and IFn-α-treated (+IFn-α) A549 cells. hBD3 Ab; cells not incubated with antihBD3 antibody (primary 
antibody), but processed with only secondary antibody (anti-rabbit Igg conjugated to FITC).
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of virion particles with HBDs permeabilizes (perforates/

disrupts) the viral envelope lipid bilayer, thus rendering 

noninfectious virion particle that fails to enter the cells.12,20,21 

To explore these possibilities, purified VSV particles (0.5 

MOI) incubated with HBD1 and HBD3 (10 or 20 µg/mL) 

for two hours at 37 °C were added to A549 cells. Follow-

ing 1h adsorption, fresh medium was added to washed cells 

in the absence of HBDs. As shown in Figure 2C, plaque 

assay analysis of medium supernatants obtained from cells 

infected (36 hours postinfection) with untreated, HBD1- 

or HBD3-treated VSV revealed significant (by 100-fold) 

decline in infectivity following HBD3 treatment of virion 

particles. In contrast, such inhibition was not observed 

following incubation of VSV with HBD1. Similar to the 

plaque assay result, Western blot analysis (Figure 2D) 

also demonstrated the loss of infectivity of HBD3-treated 

VSV as evident from the absence of VSV P protein in cells 

infected with these virus particles. In contrast to the potent 
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antiviral action noticed following treatment of cells/viruses 

with HBD3, it failed to inhibit virus replication when it 

was added after (4–8 hours postinfection) virus infection 

(in the absence of HBD3 treatment prior to infection) (data 

not shown). Moreover, we failed to detect further inhibi-

tion in virus infection when higher concentration (more 

than 20 µg/mL) of HBD3 was used in our assay (data not 

shown). In all the above described experiments, uninfected 

A549 cells treated with HBDs (40 µg/mL) for eight hours 

at 37 °C did not demonstrate cytotoxicity (data not shown). 

These results suggested that HBD3 confers its antiviral 

activity by binding to the cell surface and destabilizing 

viral envelope.

hBD3 inhibits cellular entry of VsV
We next focused our attention on the ability of HBD3 

to restrict cellular entry of VSV, since such activity of 

defensins has been noted for HIV-1, herpes simplex virus 

(HSV), influenza and RSV.19–21,31–33 We utilized enhanced 

GFP (eGFP)-expressing pseudotyped lentiviruses (HIV-1 

backbone) harboring VSV envelope (G) protein (lenti-

VSV) to study viral entry. Recombinant lentiviruses 

pseudotyped with various viral envelope proteins have 

been previously used to study viral entry.14,34 The advan-

tage of using these viruses is that they are nonreplicating 

and the expression of marker gene (eg, for GFP) serves 

as a tool to calculate entry efficiency via the envelope 

protein used for pseudotyping. For our studies, HBD3 

and HBD1 (20 µg/mL)-treated (for three hours) A549 

cells were transduced with lenti-VSV. Following five 

hours adsorption, fresh medium was added to washed 

cells in the absence of HBDs. At 40 hours post-transduc-

tion, expression of eGFP was monitored by fluorescence 

microscopy. Our results indicate that HBD3 dramatically 

inhibited cellular entry of VSV as observed by a significant 

decrease in eGFP expression in cells treated with HBD3 

compared to untreated (Figure 3) and HBD1-treated (data 

not shown) cells.

The inhibition in eGFP expression was not due to inhi-

bition in alternate stages (especially the mode of nuclear 

targeting and reverse-transcription of the gene in lenti-VSV 

will be achieved by the mechanism utilized by HIV-1) in 

viral life-cycle, since a) the major inhibitory mechanism of 

HBD3 is primarily at the entry stage of HIV-1,19,33 b) addition 

of HBD3 at post-transduction time-frames (2–12 hours 

post-transduction) does not inhibit eGFP expression (data 

not shown) and, c) HBD3 was present only during adsorption 

stage and transduction was performed in the absence of 

HBD3.

Reduced antiviral activity of IFn-α 
in hBD3 silenced cells
Our studies, thus, indicated that IFN-α induces HBD3, 

which inhibited VSV infection, probably at the stage of 

viral entry. Based on these observations, we speculated 

that HBD3 may constitute one of the IFN-α inducible 

antiviral protein in epithelial cells. In order to verify 

the role of HBD3 during antiviral function of IFN-α, 

we examined the antiviral efficiency of IFN-α in cells 

silenced for HBD3 expression. Silencing of HBD3 

expression was achieved by transfecting HBD3 specific 

siRNA. Following 36 hours post-transfection, cells were 

treated with IFN-α (eight hours treatment) and induction 

of HBD3 was monitored by qPCR. We noted significant 

reduction in HBD3 mRNA levels in cells (IFN-α treated) 

transfected with HBD3 specific siRNA compared to cells 

Mock −HBD3 +HBD3

+VSV G Lentivirus

Figure 3 HBD3 inhibits cellular entry of  VSV. Confocal immunofluorescence microscopic analysis of eGFP expression in mock-transduced cells and in cells transduced with 
VsV g-pseudotyped lentivirus with (+hBD3) or without (−hBD3) pre-treatment with hBD3 for 3 h. hBD3 was absent during lentivirus transduction.
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(IFN-α-treated) expressing the control siRNA (Figure 4A). 

We next utilized these cells to measure antiviral activity 

of IFN-α. For these studies, untransfected and siRNA 

transfected cells were either untreated or treated with 

IFN-α (eight hours treatment). Following IFN-α treat-

ment, cells were infected with VSV in the presence of 

IFN-α. At 36 hours post-infection, plaque assay analysis 

of medium supernatants obtained from these cells revealed 

as expected dramatic decline in infectivity (four logs or 

10,000-fold reduction in viral titer) in cells treated with 

IFN-α compared to untreated cells (Figure 4B). Such 

decrease in viral titer was also observed in IFN-α-treated 

control siRNA-expressing cells (Figure 4B). However, the 

antiviral efficiency of IFN-α was substantially reduced in 

cells expressing HBD3-specific siRNA, since only 4000-

fold reduction in viral titer was noted in IFN-α-treated 

HBD3-silenced cells (Figure 4B). A comparison of the 

fold decrease in viral titer (as determined by plaque assay 

results from Figure 4B) 1 IFN-α treatment of control and 

HBD3 silenced cells is shown in Figure 4C. Western blot 

analysis (Figure 4D) of cell lysates with VSV P antibody 

confirmed the plaque assay results. While complete 

abolishment of intracellular VSV P protein was observed 

in IFN-α-treated control siRNA-expressing cells, sig-

nificant levels of P protein was visible in IFN-α-treated 

HBD3 specific siRNA expressing cells. These results, 
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Figure 4 Role of hBD3 during antiviral function of IFn-α. A) qPCR analysis of hBD3 expression in untreated (UT) and IFn-α-treated cells transfected with either control 
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thus, indicate that HBD3 plays an important role during 

antiviral action of IFN-α.

Discussion
Our interest in identifying type-I IFN-induced antiviral 

factors stemmed from previous observation that apart 

from PKR, RNaseL, and Mx, additional IFN-α/β−induced 

antiviral factors are required to inhibit NNS viruses.10–12 

Our rationale to focus on HBD3 as a putative IFN-induc-

ible antiviral protein was based on several factors includ-

ing, a) HBD3 gene harbors STAT-1-binding sequences,25 

b) HBD3 expression is induced by IFN-γ treatment of 

keratinocytes,35,36 c) antiviral activity of HBD3 has been 

demonstrated against HIV-1 and influenza virus,19,20 and 

d) HBD3 is specifically expressed in epithelial cells,17,26–28 

the cells utilized by us to study virus–host interaction. Our 

current studies have identified HBD3 as an IFN-inducible 

antiviral protein. We show induction of HBD3 following 

IFN-α treatment of human lung epithelial cells (Figure 1). 

Further more, purified HBD3 significantly inhibited VSV 

infection by virtue of blocking viral cellular entry antivi-

ral activity against VSV (Figures 2, 3). An important role 

of HBD3 during IFN-α−mediated antiviral response was 

evident from loss of antiviral efficiency of IFN-α following 

HBD3 silencing by siRNA (Figure 4).

Defensin family of polypeptides, constituting of alpha, 

beta and theta defensins are cysteine rich peptides pos-

sessing antibacterial and antiviral activity.16–18 Human 

beta-defensins (HBDs) are compact biologically active 

cationic polypeptides of 40–50 amino acids (4–7 kDa) 

with distinctive molecular framework characterized by 

six cysteine residues paired in three disulfide bridges. The 

three well-established HBDs belonging to the beta-defen-

sin family of polypeptides are HBD1, HBD2, and HBD3. 

Apart from the antimicrobial activity of HBDs, we and 

others have demonstrated potent antiviral function of HBDs 

against HIV-1, RSV, and influenza virus.19–21 Recently, we 

demonstrated that interaction of HBD2 with RSV enve-

lope results in loss of infectivity as a result of inhibition in 

cellular entry due to permeabilization/disruption of viral 

envelope.21 The antiviral activity of HBD2 was also noted 

for VSV (data not shown). Similar antiviral mechanism of 

HBD2 and HBD3 against HIV-1 has been proposed previ-

ously.19 Moreover, treatment of cells with HBD2 and HBD3 

resulted in inhibition of HIV-1 cellular entry by virtue of 

downregulation of HIV-1 cellular receptor from the cell sur-

face and/or coating of plasma membrane by HBDs leading 

to inaccessibility of the HIV-1 cell surface receptor.33 Apart 

from HBDs, alpha and theta defensins also restricted HSV 

and HIV-1 replication, respectively by inhibiting cellular 

entry of these viruses.19–21,31–33 Nevertheless, these studies 

have established a potent antiviral activity of defensins 

against broad spectrum of virus. Our current studies have 

extended these observations to demonstrate a critical func-

tion of HBD3 during innate immune response against virus 

infection. Our studies suggest that HBD3 may constitute an 

important IFN-α induced antiviral factor.

The antiviral specificity of HBD3 is borne out by the 

observation that HBD1 failed to inhibit VSV infection. 

The inability of HBD1 to restrict virus infection was also 

noted for HIV-1and RSV.19,21 The lack of antiviral activity 

of HBD1 could be due to its constitutive expression (in 

contrast to inducible expression of HBD3). In that context, 

it is possible that although HBD1 will interact with the 

cell surface and the viral envelope by virtue of its cationic 

nature, it may fail to mask the cellular receptor of VSV and 

destabilize the envelope to yield conformationally inactive 

VSV G protein. A similar phenomenon was observed with 

another cationic peptide, melittin. It was demonstrated that 

binding of melittin to VSV envelope results in permeabili-

zation of the envelope and formation of pores.37 However, 

melittin-treated virus retained its infectivity, suggesting that 

a massive perturbation of envelope is required for compro-

mising infectivity. Such destabilization of the envelope may 

be achieved by HBD3 and not by HBD1. It is interesting 

to note that although IFN-γ activates STAT1, it failed to 

induce HBD3 mRNA in lung epithelial cells. Moreover, 

previously IFN-γ-mediated induction of HBD3 was noted 

in keratinocytes.35,36 The difference in inducibility of HBD3 

could be due to discrete transcriptional complexes formed 

following cellular treatment with IFN-α/β (STAT1/STAT2 

hetero-dimer) and IFN-γ (STAT1 homo-dimer). It is also 

possible that although these complexes will include STAT1, 

other transcriptional factors may be required for efficient 

expression of HBD3 gene which is lacking in IFN-γ-treated 

cells. In addition, IFN-α- and IFN-γ-mediated HBD3 stimu-

lation could be cell-type dependent (eg, keratinocytes vs 

lung epithelial cells).

In summary, our current studies have demonstrated 

that significant amount of antiviral function of IFN-α is 

attributable to HBD3. Thus, HBD3 represents an IFN-

inducible antiviral factor that inhibits virus infection 

by blocking viral cellular entry. Future studies aimed at 

characterizing the antiviral function of HBD3 in IFN-α-

treated cells and the mechanism involve in induction of 

HBD3 in epithelial cells will lead to better understand-
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ing of the innate immune antiviral function of IFN-α/β 

in epithelial cells.
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