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Abstract
We examined the gene expression and regulation of Type III interferon (IFN), IFN-λ, in human
neuronal cells. Human neuronal cells expressed endogenous IFN-λ1 but not IFN-λ2/3. Upon the
activation of Toll-like receptor (TLR)-3 expressed in the neuronal cells by polyriboinosinic
polyribocytidylic acid (PolyI:C), both IFN-λ1 and IFN-λ2/3 expression was significantly induced.
The activation of TLR-3 also exhibited antiviral activity against pseudotyped HIV-1 infection of the
neuronal cells. Human neuronal cells also expressed functional IFN-λ receptor complex,
interleukin-28 receptor α subunit (IL-28Rα) and IL-10Rβ, as evidenced by the observations that
exogenous IFN-λ treatment inhibited pseudotyped HIV-1 infection of the neuronal cells and induced
the expression of APOBEC3G/3F, the newly identified anti-HIV-1 cellular factors. These data
provide direct and compelling evidence that there is intracellular expression and regulation of IFN-
λ in human neuronal cells, which may have an important role in the innate neuronal protection against
viral infections in the CNS.
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Interferon lambda (IFN-λ), the newly discovered type III family of IFNs (Kotenko et al.,
2003, Sheppard et al., 2003), comprises three structurally related cytokines, IFN-λ1, IFN-λ2
and IFN-λ3. A gene array experiment covering the whole human genome revealed that all the
IFN-λinduced genes could also be activated by type I IFNs (Zhou et al., 2007). In addition,
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IFN-λ has recently been demonstrated to have a similar action as type II IFN, as certain
chemokines elevated by IFN-λ are considered exclusively to be induced by IFN-γ in human
peripheral blood mononuclear cells (Pekarek et al., 2007). IFN-λ gene expression has been
identified mainly in antigen-presenting cells, such as monocyte-derived dendritic cells,
plasmacytoid dendritic cells (Coccia et al., 2004, Siren et al., 2005), and in a number of cancer
cell lines after Toll-like receptor (TLR) triggering or a panel of different virus infection (Uze
and Monneron, 2007). TLRs are a family of pattern recognition receptors that mediate innate
immune responses to stimuli from pathogens or endogenous signals (Aravalli et al., 2007).
TLR has the ability to activate type I IFNs (IFN-alpha/beta), providing a crucial mechanism
of antiviral defense (Colonna, 2007). Agonists of TLRs 3, 4, 7, 8, 9, which have the ability to
induce type I IFN expression, also induce IFN-λ production in macrophages or plasmacytoid
dendritic cells (Siren et al., 2005, Ank et al., 2006). These findings suggest that IFN-λ is likely
to share strikingly similar patterns of signaling pathway with type I IFNs.

The biological functions of IFN-λs are dependent on their receptors composed of two chains,
IL-28Rα that is specific for IFN-λ and IL-10Rβ that is shared among IL-10, IL-22 and IL-26
(Donnelly et al., 2004). IL-10Rβ is ubiquitously expressed, while IL-28Rα expression is cell-
type dependent. IL-28Rα gene expression is not detected in several cell types, mainly
fibroblastic and endothelial cells (Brand et al., 2005, Lasfar et al., 2006). By signaling through
the heterodimeric IL-28Rα/IL-10Rβ complex, IFN-λ exerts its antiviral, antitumor and
immunoregulatory activities (Lasfar et al., 2006, Uze and Monneron, 2007, Srinivas et al.,
2008). It has been shown that IFN-λ-mediated antiviral activity is linked to its ability to activate
type I IFN-stimulated gene factor 3 (ISGF3) and several antiviral genes (Kotenko et al.,
2003, Doyle et al., 2006). In addition, IFN-λ has the ability to activate both janus kinases-signal
transducers and activators of transcription (Jak-STAT) pathway (Kotenko et al., 2003,
Sheppard et al., 2003, Dumoutier et al., 2004) and the mitogen-activated protein (MAP) kinases
pathway (Zhou et al., 2007). Although the expression and regulatory mechanism of IFN-λ is
now being unclosed, most of the studies have focused on immune cells. More recently, a bias
towards action of IFN-λ on epithelial cells has been suggested in the mouse (Sommereyns et
al., 2008). However, little is known about whether central nerve system (CNS), more
specifically, human neuronal cell, expresses IFN-λ and their receptors. It also remains to be
determined whether IFN-λ expression in human neuron relies on the TLR ligands as those
inducing type I IFN expression in immune cells. In the present study, we examined whether
human neuronal cells possess IFN-λ/receptor machinery. We also determined whether the
activation of TLR-3 could induce IFN-λ expression and activate innate antiviral activity in
human neuronal cells.

EXPERIMENTAL PROCEDURES
Reagents

Recombinant human IFN-λ1 and IFN-λ2 were purchased from PeproTech Inc. (Rocky Hill,
NJ). Poly I:C was purchased from Invitrogen (San Diego, CA, USA). Anti-IL-10Rβ antibody
was purchased from R&D Systems Inc. (Minneapolis, MN, USA).

Primary cells
Human brain tissues used were obtained from the National Neurological Research Specimen
Bank (Los Angeles, CA). Primary neuronal cell cultures were prepared from 16 to 18-week-
old human fetal brain tissues, as described previously (Hu et al., 2002). In brief, human fetal
brain cortical tissue obtained under a protocol approved by the Human Subjects Research
Committee of the University of Minnesota were dissociated, trypsinized and resuspended in
DMEM containing 10% heat-inactivated FBS plus penicillin (100 U/mL) and streptomycin
(100 mg/mL) and plated onto collagen-coated plates (1×106 cells/well in 12-well plates). On
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day 5, cell cultures were treated with uridine (33.6 mg/mL) and fluorodeoxyuridine (13.6 mg/
mL), followed by replacement with DMEM with 10% FBS on day 6 and every 4 days thereafter.
On day 12, the neuronal cell cultures consisting of about 80–90% neurons (stained by anti-
NeuN or anti-MAP-2 antibodies), 10–15% astrocytes (stained by anti-GFAP antibody), and
2–5% microglial cells (stained by anti-CD68 antibody) were used for the experiments.

Cell lines
Human neuronal cells (NT2-N) were derived from differentiated Ntera-2clD/1 (NT2) cells
(Andrews, 1984) and were cultured as described previously (Guo et al., 2003). In brief, NT2
cells were plated at a density of 2.3 × 106 per T75 flask and fed twice weekly with DMEM
containing high glucose (Gibco, Grand Island, NY, USA) and 10% FBS (Hyclone, Iogan, UT,
USA) with 100 U/ml penicillin plus 100 μg/ml streptomycin (Gibco) and 10−5M retinoic acid
(RA) (Sigma-Aldrich, ST. Louis, MO, USA) for 5 weeks. The cells were then divided (1:4)
and grown for an additional 48 h in identical media without RA. Neuronal cells growing above
a monolayer of non-neuronal cells were dislodged with trypsin and plated at a density of 0.5
× 106 cells per well in a 24-well plate for this study. NT2-N neurons have morphologic features
similar to primary human neurons, and have processes that differentiate into axons and
dendrites (Andrews, 1984). NT2-N neurons also express cytoskeletal proteins, secretory
markers, and surface markers, which are characteristics of neurons. They also express
functional neuropeptides (Guillemain et al., 2000) and N-methyl-D-aspartate (NMDA) as well
as non-NMDA glutamate receptors (Younkin et al., 1993). Undifferentiated human NT2 cells
grafted into mouse brain differentiated into neuronal and glial cells (Ferrari et al., 2000).

The human neuroblastoma cell lines (CHP212 and SH-SY5Y) were purchased from American
Type Tissue Culture (ATCC; Manassas, VA). CHP212 cells were cultured in Eagle’s MEM-
Ham F12 (1:1) media containing 10% FBS, 0.1 mM non-essential amino acid and 1.0 mM
sodium pyruvate. SH-SY5Y cells were propagated in DMEM with high glucose containing
10% FBS.

Pseudotyped HIV-1 inhibiton Assay
HIV-1 virions pseudotyped with the envelope from amphotropic murine leukemia virus (MLV)
(HIV-1 entry receptor independent) were used to study the impact of PolyI:C and IFN- λ on
viral replication. The plasmid encoding MLV Env gene was provided by John Moore (Aaron
Diamond AIDS Research Center, New York, NY). The Env-deleted luciferase reporter gene
containing plasmid (PNL-Luc-E-R+) was cotransfected into 293T cells along with the plasmids
encoding the MLV Env genes as described (Connor et al., 1995, Lai et al., 2001). Pseudotyped
HIV-1 was prepared as described (Wang et al., 2006). NT2-N cells plated in 24-well plates (3
× 105 cells/well) were pretreated with PolyI:C (0.1, 1, 10 μg/ml) or IFN-λ1 (100 ng/ml) or IFN-
λ2 (100 ng/ml) for 24 h. The cells were then infected with the pseudotyped HIV-1 (p24 20ng/
ml) for 24 h. After wash with plain DMEM, IFN-λ1 (100 ng/ml) and IFN-λ2 (100 ng/ml) was
added in the culture. The cells were lysed in 100 μl of 1x reporter lysis buffer (Promega Corp.)
72 h postinfection. Lysate (50 μl) was mixed with 100 μl of luciferase substrate (Promega
Corp., Madison, WI) and luciferase activity was then determined in a TD-20/20 Luminometer
(Turner Designs, Sunnyvale, CA).

RNA extraction and RT-PCR
Total RNA was extracted from cell culture with Tri-Reagent (Molecular Research Center,
Cincinnati, OH), following the manufacturer’s instructions. The real time RT-PCR for this
study was described previously (Guo et al., 2004). The primer sequences for IFN-λ1, λ2/3,
TLR-3, IL-28Rα, IL-10Rβ, APOBEC3G and APOBEC3F were published previously (Liu et
al., 2002, Coccia et al., 2004, Chen et al., 2006, Ge et al., 2006, Tanaka et al., 2006). The
oligonucleotide primers were synthesized by Integrated DNA Technologies Inc. (Coralville,
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IA). PCR was performed with the Brilliant SYBR Green Master Mix (Bio-Rad Laboratories,
Hercules, CA). All values were expressed as the increase relative to the expression of GAPDH
mRNA. The mean value of the replicates for each sample was calculated and expressed as the
cycle threshold (CT; cycle number at which each PCR reaches a predetermined fluorescence
threshold, set within the linear range of all reactions). The levels of gene expression were then
calculated as the difference between the CT of the sample for the target gene and the mean CT
of that sample for the endogenous control. In some cases, the RT-PCR-amplified products were
analyzed by 2% ultra pure agarose gel electrophoresis.

Data analysis
Where appropriate, data were expressed as mean ± SD. For comparison of the mean of the two
groups, statistical significance was measured by Student’s t test. Calculations were performed
with Stata Statistical Software (StataCorp, College Station, TX). Statistical significance was
defined as P<0.05.

RESULTS
IFN-λ and IFN-λ receptor expression in human neuronal cells

In order to determine whether human neuronal cells express IFN-λ and IFN-λ receptor, we first
examined endogenous IFN-λ mRNA expression in human brain tissue and a set of human
neuronal cells, including primary human neurons, NT2-N neurons and neuroblastoma cell lines
(CHP212, and SH-SY5Y). Because human IFN-λ2 and IFN-λ3 genes are almost identical,
sharing 96% amino acid identity (Sheppard et al., 2003), we use one pair of the specific primers
for both IFN-λ2 and IFN-λ3. Human brain, primary neurons, NT2-N and neuronal cell lines
(CHP212 and SH-SY5Y) expressed IFN-λ1 mRNA. However, IFN-λ2/3 mRNA was not
detectable in these cells (Fig. 1A). Since fully differentiated NT2-N cells are considered as a
model system for neuronal differentiation (Hohjoh and Fukushima, 2007), we also examined
IFN-λ expression during the course of NT2-N differentiation. There is a gradual and steady
increase in the levels of IFN-λ1 (Fig. 1B), while IFN-λ2/3 mRNA was not detected during the
course of the differentiation (data not shown). Since the biological functions of IFN-λ are
dependent on their receptors: IL-28Rα and IL-10Rβ, we also examined the expression of IFN-
λ receptors in human brain tissue and neuronal cells. Human brain, primary neuronal cells and
the neuronal cell lines expressed mRNA for both IL-28Rα and IL-10Rβ (Fig. 1C). Moreover,
we observed a gradual and steady increase in the levels of IL-28Rα and IL-10Rβ during the
course of neuronal differentiation (Fig. 1D). The specificity of the PCR-amplified IFN-λ and
IFN-λ receptor genes was confirmed by the sequencing analysis (data not shown).

TLR-3 expression in human neuronal cells
TLRs are now considered as the primary sensors for the host cells to generate innate immune
response (Akira et al., 2006). We investigated TLR-3 expression in human brain tissues and
neuronal cells. As shown in Fig. 2A, human brain tissues, primary neurons, NT2-N and
neuronal cell lines (CHP212 and SH-SY5Y) expressed TLR-3 mRNA. The observation that
human neuronal cells express TLR-3 was further confirmed by the finding that there was a
steady increase in TLR-3 expression during NT2-N neuronal differentiation (Fig. 2B).

TLR- 3 activation induced IFN-λ expression
Since TLR-3 plays an essential role in initiating intracellular type I IFN-mediated innate
immunity against virus infections, we investigated whether the activation of TLR-3 could
induce IFN-λ expression in human neuronal cells. We treated with PolyI:C, the ligand to
TLR-3. The neuronal cells (primary human neurons, NT2-N, CHP212 and SH-SY5Y) that had
undetectable levels of IFN-λ2/3 became positive for IFN-λ2/3 after PolyI:C treatment (Fig.
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3A). The cells treated with PolyI:C expressed significantly higher levels of IFN-λ1 than
untreated cells (Fig. 3B). This PolyI:C-mediated induction of IFN-λ1 was dose- and time-
dependent in both primary neurons (Fig. 4A+4B) and NT2-N cells (Fig. 4C+4D). Similarly,
the effect of PolyI:C on IFN-λ2/3 expression was dose-and time-dependent in primary human
neurons (Fig. 5A+5B) and NT2-N cells (Fig. 5C+5D). Because the control (untreated) cell
cultures had undetectable levels of IFN-λ2/3, the data presented in Fig. 5 could not be
quantitatively analyzed. This PolyI:C-mediated regulation of IFN-λ was specific, as other TLR
ligands (LPS, R837, ssRNA and CpG) had little impact on both IFN-λ1 and IFN-λ2/3
expression (data not shown).

TLR-3 activation inhibited pseudotyped HIV-1 replication
We next examined whether TLR-3 activation can inhibit pseudotyped HIV-1 replication in
human neuronal cells. We showed that PolyI:C treatment of NT2-N cells significantly inhibited
pseduotyped HIV-1 replication (Fig. 6A). This inhibitory effect of PolyI:C is dose-dependent
(Fig. 6A). To investigate whether the induction of endogenous IFN-λ plays a role in TLR3-
mediated antiviral activity against pseudotyped HIV-1, we pretreated NT2-N cells with
antibody to IL-10Rβ, the receptor for all three IFN-λs. As shown in Fig. 6B, antibody to
IL-10Rβ significantly neutralized the antiviral activity of PolyI:C, while control IgG had little
effect. IL-10Rβ antibody or control IgG alone had no effect on pseudotyped HIV-1 replication
(Fig. 6B). To further confirm IFN-λ has antiviral activity against pseudotyped HIV-1
replication in human neuronal cells, we treated NT2-N cells with recombinant IFN-λ. As
demonstrated in Fig. 7A, both IFN-λ1 and IFN-λ2 had the ability to inhibit pseudotyped HIV-1
replication in NT2-N cells. In parallel with their antiviral activity, both IFN-λ1 and IFN-λ2
induced the expression of APOBEC3G and APOBEC3F, the newly identified anti-HIV-1
cellular factors, in the neuronal cells (Fig. 7B).

DISSCUSSION
Since type III IFN was discovered, the vast majority of research has focused on its expression
and biological activity in the immune system, the primary source for the production of
cytokines, including IFNs. Some of these cytokines not only have immunoregulatory action
but also exhibit neuromodulatory activities (Ernstrom and Soder, 1975, Blalock, 1989,
Besedovsky and del Rey, 2002). Recently, CNS cells have been shown to possess their own
strategies toward a neuroprotective and less destructive function by expressing these cytokines
and intracellular antiviral proteins (Paul et al., 2007). The ability to mount an effective innate
immune response in the CNS is likely to be critical in eliminating pathogens, which is vital for
the CNS protection (Carpentier et al., 2008). It has been shown that Type I IFNs could be
synthesized and released by glial and neuronal cells (Patterson and Nawa, 1993, Wan et al.,
2008). We (Wan et al., 2008) and others have reported that human neuronal cells express type
I IFNs. In this study, we have for the first time demonstrated there is the expression of type III
IFN transcripts in human neuronal cells. This observation, however, disagrees with the study
showing infection with Lactate dehydrogenase-elevating virus (LDV) resulted in an absent or
very low rate of IFN-λ2/3 expression in brain of mice (Sommereyns et al., 2008). This
discrepancy could be due to species-specific difference. Lasfar et al showed that IFN-λ
genomes in human and mouse are different. There are three genes encoding human IFN-λ,
however there are only two intact mouse genes exsited, representing mouse IFN-λ2 and IFN-
λ3 gene orthologues. The mouse IFN-λ1 gene orthologue contains a stop codon in the first
exon and is therefore predicted not to encode an intact protein (Lasfar et al., 2006).
Interestingly, human neuronal cells constitutively express IFN-λ1, but not IFN-λ2/3 (Fig. 1A).
The differential expression pattern of IFN-λ1 and IFN-λ2/3 was also reported by the other
group, showing that asthmatic adults had increased sputum IFN-λ2/3 mRNA but similar IFN-
λ1 mRNA expression in comparison with healthy subjects (Dominique et al., 2008). The

Zhou et al. Page 5

Neuroscience. Author manuscript; available in PMC 2010 March 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



distinct expression of IFN-λ family members in the neuronal cells is also supported by a recent
study (Osterlund et al., 2007) demonstrating that similar to IFN-β, IFN-λ1 gene is regulated
by virus-activated IRF-3 and IRF-7, whereas IFN-λ2/3 expression is mainly controlled by
IRF-7, which resembles IFN-α gene regulation.

IFN-λ expression is tightly controlled and takes place after viral infection (Kotenko et al.,
2003, Ank et al., 2006). IFN-λ expression can be also stimulated by the activation of TLRs
(Yang et al., 2005). For example, TLR-9 ligand was demonstrated to induce IFN-λ expression
in dendritic cells (Coccia et al., 2004). TLR-3, 4, 7, 8 ligands enhanced IFN-λ expression in
macrophages (Siren et al., 2005). In this study, we showed that among the TLR ligands tested
(PolyI:C, LPS, R837, ssRNA and CpG), only PolyI:C (TLR-3 ligand) significantly enhanced
the expression of all the three members of IFN-λ family in the neuronal cells. This PolyI:C-
induced IFN-λ expression varied in primary human neurons and NT2-N cells, as the levels of
induced IFN- λ expression in NT-2N cells were much higher than those in primary neurons.
Although it is unclear what mechanisms are involved in this differential response of primary
neurons and NT2-N cells to PolyI:C treatment, it is possible that the restricted response of
primary human neurons to PolyI:C stimulation has biological significance in protecting
neurons, as over expression of IFN-λ may have detrimental effect on neurons. Further studies
are required in order to determine cellular factor(s) that contribute to this restricted response
to TLR-3 activation in primary human neurons. Nevertheless, this distinct TLR-3 ligand-
mediated IFN-λ expression in human neuronal cells suggests TLR-3 may have a unique role
in regulation of biological function of neuronal cells. The modulation of innate immunity by
TLR ligands is likely to be relative to the presence of TLR expression in host cells. To date, it
has been demonstrated TLR expression is widespread and varies among cell types examined
(Paul et al., 2007). The CNS, as a vital organ, expresses all the known TLRs, mainly involving
glial cells (microglia, astrocytes and oligodentrocytes) (Olson and Miller, 2004, Jack et al.,
2005). However, conflicting data regarding TLR expression in neurons were recently reported
(Lehnardt et al., 2003, Ma et al., 2006). Our finding that primary human neuron cells, as well
as human neuronal cell lines, constitutively expressed TLR-3 at transcriptional levels (Fig. 2)
supports the observation that NT2-N cells expressed TLR-3 at both mRNA and protein levels
(Prehaud et al., 2005).

TLR-3 responds to viral dsRNA and induces type I IFN expression, thus playing a key role in
antiviral immune responses. TLR-3-mediated antiviral activity in the CNS is also highlighted
by a recent report showing TLR-3-deficient patients appear to be specifically prone to herpes
simplex virus 1-induced encephalitis (Zhang et al., 2007). In this study, we provided direct
experimental evidence that activation of TLR-3 by PolyI:C, an artificial mimic of viral RNA,
inhibited pseudotyped HIV-1 replication in human neuronal cells, suggesting TLR-3 signaling
has a role in neuronal protection. This TLR-3-mediated antiviral activity in human neuronal
cells is partially mediated by the induction of endogenous IFN-λ, which was evidenced by the
observation that antibody to IFN-λ receptor could compromise neutralize the inhibitory effect
of PolyI:C on pseudotyped HIV-1 replication. The anti-HIV ability of IFN-λ in human neuronal
cells was also confirmed by our finding that human recombinant IFN-λ, when added to NT2-
N cell cultures, inhibits pseudotyped HIV-1 infection. The antiviral ability of intracellular IFN-
λ system is also demonstrated by a recent report that the strong antiviral activity evoked by
treatment of mice with TLR-3 ligand was significantly reduced in IFN-λ receptor knockout
mice (Ank et al., 2008).

IFN-λ receptor complex was composed of two subunits: IL-28Rα and IL10Rβ. The expression
of both IL-28Rα and IFN-10Rβ was detected in the human brain specimens, neuronal cells
(primary neurons, NT2-N) and neuronal cell lines (CHP212 and SH-SY5Y) (Fig. 1C). This
observation is highly significant, as the coexpression of both IL-28Rα and IL-10Rβ is essential
for the biological functions of IFN-λ. It has been reported that IL-10Rβ alone is not efficient
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to render cells responsive to IFN-λ. Similarly, IL-28Rα alone has little effect (Kotenko et al.,
2003). IFN-λ functionally resembles type I IFNs, inducing antiviral protection in vitro
(Kotenko et al., 2003,Sheppard et al., 2003,Robek et al., 2005) as well as in vivo (Ank et al.,
2006). Our finding that IFN-λ1 and IFN-λ2 had the ability to inhibit pseudotyped HIV-1
replication in human neuronal cells supports the concept that IFN-λ is indeed involved in host
innate immunity against viral infection. Although the precise mechanisms by which IFN-λ
exerts their effect on HIV-1 replication remained to be determined, our observations that IFN-
λ had the ability to induce intracellular expression of anti-HIV-1 factors (APOBEC3G/3F)
provide a sound explanation for the IFN-λ action (Fig. 7).

CONCLUSION
Taken together, given the essential functions of IFNs in the host cell-mediated innate immunity,
the finding that human neuronal cells possess IFN-λ-mediated intracellular antiviral immunity
is highly significant. Although the precise mechanisms underlying the regulation of IFN-λ and
antiviral activity of IFN-λ in human neuronal cells remain to be determined, the induction of
antiviral IFN-λ by the TLR-3 activation in human neuronal cells, indicates that TLR-3/IFN-
λ system may have a crucial role in innate neuronal protection against viral infections in the
CNS. Further studies are needed to determine the cellular and molecular mechanisms by which
IFN-λ is regulated by viral and/or other cellular factors in the CNS. In addition, it is of a great
interest to determine whether IFN-λ has other not yet known biological functions in the CNS.
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Abbreviation
APOBEC3G 

apolipoprotein B mRNA-editing enzyme, catalytic polypeptide-like 3G

APOBEC3F  
apolipoprotein B mRNA-editing enzyme, catalytic polypeptide-like 3F

CNS  
central nerve system

GAPDH  
glyceraldehydes-3-phosphate dehydrogenase

HIV  
human immunodeficiency virus

IFN  
interferon

IL-10Rβ  
interleukin-10 receptor β subunit

IL-28Rα  
interleukin-28 receptor α subunit

PolyI  
C, polyriboinosinic polyribocytidylic acid
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TLR  
toll-like receptor
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Fig. 1. Expression of IFN-λ and IFN-λ receptors (IL-28Rα and IL-10Rβ) in human brain tissues
and neuronal cells
A+C: IFN-λ and IFN-λ receptor expression in brain tissues and neuronal cells. RNA isolated
from human brain tissues, primary neurons, NT2-N, CHP212 and SH-SY5Y cells was
subjected to the real-time RT-PCR with the specific primers for IFN-λ1, λ2/3, IL-28Rα,
IL-10Rβ and the internal control GAPDH. Reverse transcription product without template was
used as a negative control (Neg). PolyI:C treated human macrophages and hepatocytes were
used as a positive control (Pos) for A and C, respectively. The RT-PCR-amplified products
were analyzed by 2% agarose electrophoresis. B+D: IFN-λ1 and IFN-λ receptor (IL-28Rα,
IL-10Rβ) expression during the course of differentiation of NT2 to NT2-N cells.
Undifferentiated NT2 cells (day 0) were cultured in vitro for 64 days, and RNA was collected
at indicated time points for the real time RT-PCR analysis. The expression of IFN-λ1,
IL-28Rα, IL-10Rβ mRNA was indicated as the increase in induction (n-fold) relative to day 0
NT2 cells, which is normalized to GAPDH levels. Value is mean ± SEM of three different
experiments (*, P<0.05).
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Fig. 2. Expression of TLR-3 in human brain tissues and neuronal cells
A: TLR-3 expression. RNA isolated from human brain tissues, primary neurons, NT2-N,
CHP212 and SH-SY5Y cells was subjected to the real-time RT-PCR with the specific primers
for TLR-3, and the internal control GAPDH. Reverse transcription product without template
was used as a negative control (Neg). PolyI:C treated human macrophages were used as a
positive control (Pos). The RT-PCR-amplified products were analyzed by 2% agarose
electrophoresis. B: TLR-3 expression during the course of differentiation of NT2 to NT2-N
cells. The expression of TLR-3 was indicated as the increase in induction (n-fold) relative to
day 0 NT2 cells, which is normalized to GAPDH levels. Value is mean ± SEM of three different
experiments (*, P<0.05).
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Fig. 3. Effect of TLR-3 activation on IFN-λ expression
Primary neurons, NT2-N, CHP212, SH-SY5Y cells were treated with or without PolyI:C (10
μg/ml) for 4 h. Total cellular RNA was extracted for the real time RT-PCR. Data is expressed
as the PCR-amplified products analyzed by 2% agarose electrophoresis (A) or the increase of
IFN- λ1 mRNA in induction (n-fold) relative to the control (B). Value is mean ± SEM of three
different experiments (*, P<0.05).
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Fig. 4. Effect of PolyI:C on IFN-λ1 expression
Primary neurons (A+B) and NT2-N cells (C+D) were treated with PolyI:C at indicated doses
for 4 h, or treated with polyI:C at 10 μg/ml for the indicated timepoints posttreatment. Total
cellular RNA was extracted for the real time RT-PCR. Data is expressed as the increase of
IFN- λ1 mRNA in induction (n-fold) relative to the control. Value is mean ± SEM of three
different experiments (*, P<0.05).
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Fig. 5. Effect of PolyI:C on IFN-λ2/3 expression
Primary neurons (A+B) and NT2-N cells (C+D) were treated with PolyI:C at indicated doses
for 4 h, or treated with polyI:C at 10 μg/ml for the indicated timepoints posttreatment. Total
cellular RNA was extracted for the real time RT-PCR. The PCR-amplified products of IFN-
λ2/3 was analyzed by 2% agarose electrophoresis. Similar results were obtained in three
separate experiments.
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Fig. 6. Effect of TLR-3 activation on pseudotyped HIV-1 replication
A. PolyI:C inhibited pseudotyped HIV-1 replication. NT2-N cells were pretreated with PolyI:C
at indicated concentration for 24 h prior to infection with pseudotyped HIV-1. B. Effect of
antibody to IFN-λ receptor on PolyI:C-mediated anti-pseudotyped HIV-1 activity. NT2-N cells
were incubated with or without PolyI:C (10 μg/ml) and/or antibody to IL-10Rβ (5 μg/ml) for
24 h prior to pseudotyped HIV-1 infection. Goat IgG was used as the control. Luciferase activity
was measured in the cell lysates 72 h post infection.
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Fig. 7. Effect of recombinant IFN-λ on pseudotyped HIV-1 replication and APOBEC3G/3F
expression
A. Effect of IFN-λ on pseduotyped HIV-1 replication. NT2-N cells were pretreated with IFN-
λ1 (100 ng/ml), IFN-λ2 (100 ng/ml) for 24 h prior to infection with pseudotyped HIV-1. IFN-
λ1 and IFN-λ2 were maintained in the culture post HIV-1 infection. Luciferase activity was
measured in the cell lysates 72 h post infection. B. Effect of IFN-λ on APOBEC3G/3F
expression. NT2-N cells were treated with IFN-λ1 (100 ng/ml) or IFN-λ2 (100 ng/ml) for 12
h, and total cellular RNA was extracted from cell cultures for the real-time PCR assay. Data
is expressed as the increase in induction (n-fold) relative to untreated control and is normalized
to GAPDH levels. Value is mean ± SEM of three different experiments (*, P<0.05; **, P<0.01).
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