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Abstract
Interferon Response Factor 3 (IRF3) induces several NK-cell activating factors, is activated by
poly-I:C, an experimental cancer therapeutic, but is suppressed during many viral infections. IRF3
Knockout (KO) mice exhibited enhanced B16 melanoma growth, impaired intratumoral NK cell
infiltration, but not an impaired poly-I:C therapeutic effect due to direct suppression of B16
growth. IRF3 was responsible for poly-I:C decrease in TIM-3 expression by intratumoral dendritic
cells, induction of NK-cell Granzyme B and IFN-γ, and induction of macrophage IL-12, IL-15,
IL-6, and IRF3–dependent NK-activating molecule (INAM). Thus, IRF3 is a key factor
controlling melanoma growth through NK-cell activities, especially during poly-I:C therapy.
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1. Introduction
Natural killer (NK) cells are lymphocytes of the innate immune system prohibited from
attacking healthy cells through Class I MHC-binding inhibitory proteins, such as Ly49 [1],
but which are licensed to kill cancer cells after activating receptor recognition of APC
proteins such as IRF3–dependent NK-activating molecule (INAM) [2, 3]. NK cells are
additionally stimulated by APC cytokines such as IL-12, IL-15, and IL-6 [4]. In comparison,
CD8 T cells of the adaptive immune system are activated and differentiate to cytolytic T
cells (CTL) that can kill cancer cells following recognition of tumor associated epitope
peptides associated with Class I MHC proteins and stimulation by APC cytokines [5].
Following their activations, CTL and NK cells express GranzymeB (GrB), perforin, and
Interferon-(IFN)-γ, which are involved in killing tumor cells [6]. Despite these responses,
humans can develop cancerous and often fatal tumors. This is in part because the effector
activity of NK cells against tumor cells that is rapidly initiated by INAM can be abruptly
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thwarted when NK cells encounter molecules like T cell immunoglobulin and mucin domain
3 (Tim-3) [7, 8] on APCs or when responding CD8 T cells encounter tumor infiltrating
regulatory T cells [9], myeloid derived suppressor cells [10], or Tim-3 [8].

A more complete understanding of immune responses that control malignant melanomas is a
major goal in cancer immunology. The mouse B16 melanoma implantation model has been
used to gain a better understanding of innate and adaptive immune responses to melanoma
[11]. In that model, subcutaneous injection of B16 melanoma cells into C57Bl/6 mice leads
to primary tumors in about 7–9 days and spontaneous metastases in lungs. Development of
B16 melanoma tumors is controlled by infiltration of activated NK cells expressing GrB,
perforin, plus IFNγ [12, 13] and macrophages and dendritic cells (DCs) expressing ligands
for NK cell activating receptors [14, 15], IL-12 [16], plus IL-15 [17]. In addition to NK
cells, T cells are activated and differentiate when they recognize B16 melanoma antigenic
epitopes [18], with Class I or Class II MHC and are stimulated by APC cytokines, such as
IL-12 and IL-15 [4]. However, activation of NK cells and T cells have been shown to be
disrupted by molecules such as Tim-3. Therefore the extent to which NK cells and T cells
are activated by ligands for activating receptors and cytokines expressed by APCs
determines the pace of melanoma growth.

IRF3 is expected to be involved in effective anti-melanoma immune responses because it
participates in expression of IL-12 [19], IL-15 [20], and ligands for activating receptors such
as INAM [14, 21]. The expression of ligands for activating receptors and cytokines occurs
when APCs encounter nucleic acids from cancer cells, which bind to specific pattern
recognition receptors (PRRs) that stimulate cell signaling pathways for activation of
transcription factors, such as IRF3. Activation of the Toll-like receptor (TLR)-3 at APC cell
membranes activates IRF3 [22–25]. Poly-I:C, which has been proposed as a cancer
chemotherapeutic adjuvant, is an artificial TLR3 agonist that also activates IRF3 and
stimulates expression of downstream IRF3-dependent genes associated with anti-tumor
immune responses. Our hypothesis is that activation of NK cells during B16 melanoma
growth and treatment with poly I:C requires IRF3 and plays a significant role in control of
the tumor. The results show that growth of IRF3+/+ B16 melanomas was increased in IRF3
deficient mice, which was accompanied by decreased infiltration of NK cells into the
tumors. Poly I:C treatment reduced growth of IRF3+/+ B16 melanomas, which was
accompanied by an increased infiltration of intratumoral CD8 T cells and decreased
expression of Tim-3 by intratumoral DCs in wild-type mice. In vitro treatment of splenic
mononuclear cells with poly I:C resulted in significant activation of NK cells from wild-type
but not IRF3 deficient mice as evidenced by increased GrB and IFN-γ expression. However
poly I:C treatment of IRF3 deficient mice notwithstanding resulted in a significant decrease
in IRF3+/+ B16 melanoma growth, suggesting that in addition to an effect on antitumor
immune responses, poly I:C has a direct effect on tumor cell growth.

2. Materials and methods
2.1 Mice, cells, and reagents

C57BL/6 and SJL/J mice were obtained from Harlan Laboratories (Indianapolis, IN) and
used at 6–8 weeks age. IRF3 deficient mice (IRF3KO) on the C57BL/6 background were
offspring of breeder pairs obtained from Dr. Karen Mossman [26]. B16-F10 cells were
obtained from Caliper Life Sciences (Hopkinton, MA) and maintained in DMEM with 10%
FBS and 50 μg/ml gentamycin. Poly I:C was obtained from InvivoGen (San Diego, CA).

2.2. Tumor model
For B16-F10 implantation, mice were injected subcutaneously (s.c.) into the dorsal hind
quarter with 5 × 105 B16-F10 cells in 100 μl of PBS. Palpable tumors were monitored with a
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micrometer caliper and tumor areas were calculated from perpendicular radii of tumors on
individual mice from day 9 to day 15–16 post injection. A separate cohort of mice were
injected s.c with B16-F10 melanoma cells and were also injected intraperitoneally (i. p.)
with 250 μg poly I:C in 1 ml PBS on day 0 and day 5. In a separate experiment, 5 × 104

B16-F10 cells were grown in 2 ml of DMEM culture media with or without 50 μg/ml poly
I:C. At 24, 48, and 72 h cells were detached with TrypLE, washed, resuspended in PBS, and
counted with a hemacytometer using trypan blue.

2.2 Macrophage preparations and stimulation
Macrophages were elicited by intraperitoneal injection of 2 ml thioglycollate broth into
mice. Four days later, the peritoneal cavities were flushed with 2 ml DMEM and the cells
were incubated at 1 × 106 cells/2 ml of DMEM cell culture medium (Invitrogen, Carlsbad,
CA) containing 10% fetal bovine serum (FBS) (Invitrogen), and 50 μg/ml gentamycin
(Invitrogen). After 24 h, non-adherent cells were removed and 1 ml of culture medium
added. Adherent cells were greater than 90% Mac-1+ as determined by FACS analysis.
These macrophages were either untreated or treated with 50 μg/ml poly I:C and 8 or 24 h
later RNA extracted for qRT-PCR.

2.3 Isolation of splenic mononuclear cells
Spleens were extracted from mice and placed into DMEM with 10% FBS and 50 μg/ml
gentamycin. Cells were dispersed using 70-μm mesh screens; washed in Dulbecco’s PBS;
treated with erythrocyte-lysing reagent containing 0.15 M NH4Cl, 1.0 M KHCO3, and 0.1
mM Na2EDTA; washed; and resuspended in cell culture medium. Cells were counted with a
hemacytometer using trypan blue. 1 × 106 splenic mononuclear cells/2 ml of DMEM cell
culture medium were either untreated or treated with 50 μg/ml poly I:C and 24 h later cells
were analyzed by FACS.

2.4 RNA preparation and quantitative RT-PCR
RNA was extracted from macrophages the Purelink kit from Ambion/Invitrogen (Carlsbad,
CA) according to the manufacturer’s specifications. One-hundred ng to one μg of RNA was
reverse transcribed in 0.5 mM each of dATP, dGTP, dTTP, and dCTP, 20 U of RNAse
inhibitor with Superscript II reverse transcriptase (Invitrogen) at 42°C for 1.5 h followed by
94°C for 5 min. One twenty-fifth of the cDNA sample was incubated with 0. 4 μM of the
following primer pairs (Invitrogen): IL-15: sense 5’ TTAACTGAGGCTGGCATTCATG 3’
and antisense: 5’ ACCTACACT GACACAGCCCAAA 3’; IL-6 sense 5’-ATGAAGTTCCT
CTCTGCAAGA GACT-3’ and antisense 5’-CACTAGGTTTGCCGAGTAGATCTC-3’;
IL-12 p40: sense 5’-GACGTTTATG TTGTAGAGGT- 3’ and antisense 5’-
TTCCAACGCCAGTTCAATGGGC-3’; INAM: sense 5’CAACTGCAATGCCACGCTA 3’
and antisense 5’ TCCAACCG AACACCTGAGACT 3’; GAPDH: sense 5’-
TTGTCAGCAATGCATCC TGCAC-3’ and antisense 5’-ACAGCTTTCCA
GAGGGGCCATC-3’. Quantitative PCR reactions were run on an ABI Prism 7000 thermal
cycler at 50 °C for 2 min, 95 °C for 10 min, 45 cycles of 95 °C for 15 s/60 °C for 30 s.
Relative levels of mRNA for each factor were normalized to GAPDH determined by using
the Ct value and the formula: 2−ΔΔCt.

2.5 FACS analysis of intratumoral mononuclear cells and poly I:C stimulated splenic
mononuclear cells

At day 16 after s.c. injection of B16-F10 cells, tumors were harvested into cold PBS, treated
with collagenase, filtered through a 70 μM nylon filter, and then washed in PBS. Cells were
stained for FACS analysis using PerCP anti-CD11b, FITC anti-CD11c plus PE anti-TIM3,
or FITC anti-CD8 plus PerCP anti-CD4 (all from eBiosciences, Carlsbad, CA).
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Alternatively, cells were stained with FITC anti-CD8, PerCP CD4, plus PE anti-CD49b+,
gated on CD4/CD8 double negative and FACS analyzed for PE-CD49+ cells. In a separate
experiment splenic mononuclear cells were treated with or without 50 μg/ml poly I:C for 24
h and then cells were stained with FITC anti-CD49b- antibody fixed in 4%
paraformaldehyde followed by intracellular staining with APC labeled anti-GrB antibody
(Invitrogen) in 0.25% saponin (Sigma) buffer. For intracellular cytokine analysis, cells were
treated with 5 μg/ml Brefeldin A (Sigma) and APC labeled anti-IFN-γ antibodies were
added. Samples were analyzed using a Becton Dickinson FACSCalibur and data analyzed
using FlowJo software (Treestar, Ashland, OR).

2.6 Statistical analyses
Statistical analyses were performed using GraphPad Prism Software. Student’s two-tailed
unpaired t test or two-way ANOVA was used to determine the significance of differences
between means; p < 0.05 was considered significant.

3. Results
3.1 IRF3 deficiency increases growth of B16 melanomas in vivo

We and others have shown that IRF3 is essential to expression of IFN-β [27], IL-12 [19; 28],
and IL-15 [20], which are cytokines involved in development, survival, and activation of
NK cells [29, 30]. Therefore, IRF3 could have profound effects on anti-tumor NK cell
activity. Since C57Bl/6-derived B16 melanoma cells are sensitive to NK cell cytotoxicity
[31], we used B16-F10 cells to determine the role of IRF3 in immune control of tumor
growth in vivo. B16-F10 cells were injected s. c. into C57Bl/6 (H-2b) and IRF3KO (H-2b)
mice and primary tumor growth was monitored on subsequent days. The results indicate that
solid B16 tumors were measurable in all mice starting at day 9 post injection and increased
substantially in C57Bl/6 and IRF3KO mice through day 16 (Fig. 1A). However, from day 9
through day 16, tumor size was significantly greater in IRF3KO mice compared with C57Bl/
6 mice. Likewise, at day 16 post injection tumor mass was significantly greater in IRF3KO
mice compared with C57Bl/6 mice (Fig. 1B). Histological examination with H & E staining
of day 16 tumors in C57Bl/6 mice revealed an intact epidermis overlaying the growing
tumor (Fig. 1C), while the epidermis was impaired in IRF3KO mice. Therefore IRF3
deficiency increases susceptibility to melanoma growth.

3.2 Poly I:C treatment decreases growth of B16 melanomas even in IRF3 deficient mice
Because poly I:C is a TLR3 agonist that activates IRF3 to induce expression of cytokines
such as IL-15 and NK activating ligands such as INAM, it has been used successfully as a
potential therapeutic agent in treatment of experimental tumors [32]. However, poly I:C
could work by enhancing anti-tumor immunity of NK cells [33] or work directly through
TLR3 on tumor cells [34]. Therefore, we s.c injected B16-F10 melanoma cells, which
express IRF3, into C57Bl/6 and IRF3KO mice. Tumor bearing mice were treated with i. p.
PBS or 250 μg/ml poly I:C on day 0 and 5 and tumor growth was monitored on subsequent
days. As expected, B16 melanoma growth was significantly decreased in tumor-bearing
C57BL/6 mice treated with poly I:C (Fig. 2A). Unexpectedly, poly I:C treatment
significantly decreased tumor growth in IRF3KO mice compared with PBS treated IRF3KO
mice (Fig. 2B). Therefore, poly I:C is effective at reducing growth of melanomas that are
expressing IRF3 even in the absence of IRF3 in the tumor-bearing host.

It has been presumed that poly I:C is an effective adjuvant in slowing tumor growth due to
its effect on the immune system of tumor bearing experimental animals. The previous
experiment indicates that even when IRF3 is ablated in tumor-bearing animals, poly I:C
affects tumor growth, presumably through activation of tumor cell IRF3. To test this, B16-
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F10 cells were treated with 50 μg/ml poly I:C in vitro and cell growth was monitored for 72
h. The data confirm that poly I:C directly slows the growth of B16-F10 melanoma cells (Fig.
2C).

3.3 IRF3 deficiency impairs infiltration of intratumoral NK cells
IRF3 has been shown to contribute to the development of anti-tumor CD8 T cells by
contributing to expression of IL-15, IL-12, and IL-6 [35] and activation of NK cells by
inducing INAM [3]. To determine if IRF3 deficiency affects the infiltration of NK cells into
growing tumors, B16-F10 cells were injected into C57BL/6 and IRF3KO mice. At day 16,
tumors were extracted and mononuclear cells were isolated and FACS analyzed with
antibodies to CD49b (NK cell marker) or CD8. The results show that IRF3 deficiency
significantly impaired the infiltration of intratumoral NK cells (Fig. 3A) but not infiltration
of CD8 T cells (Fig. 3B). Treatment of tumor bearing mice with poly I:C did not increase
intratumoral NK cells in either C57BL/6 or IRF3KO mice (Fig. 3A). However, poly I:C
treatment significantly increased CD8 T cell infiltration into tumors of C57BL/6 mice (Fig.
3B), but did not increase CD8 T cell infiltration into tumors of IRF3KO mice. These data
suggest that IRF3 is required both for NK cell infiltration into tumors and poly I:C
stimulation of CD8 T cell infiltration into melanomas.

3.4 IRF3 is required for TIM-3 expression by DC and for poly I:C repression of TIM-3
expression by intratumoral DCs

In contrast to INAM expression by tumor-associated DCs and macrophages, which brings
about anti-tumor effects through NK cells, TIM-3 expression by tumor-associated DCs and
macrophages suppresses anti-tumor immune responses [8]. Therefore, we determined TIM-3
expression by FACS analysis of intratumoral CD11c and CD11b cells at day 16 of tumor
growth with or without poly I:C treatment. The results show that TIM-3 expression by
CD11c DCs was greater in tumor-bearing C57Bl/6 mice compared with IRF3KO mice.
Also, treatment with poly I:C significantly decreased TIM-3 expression by intratumoral DCs
(Fig. 3C). In contrast to DCs, TIM-3 expression by CD11b intratumoral macrophages was
high in both tumor-bearing C57Bl/6 and IRF3KO mice, however poly I:C treatment had
little effect on expression of TIM-3 by intratumoral macrophages (Fig. 3D). Therefore, IRF3
contributes to TIM-3 expression by DCs but also contributes to its repression by poly I:C.

3.5 IRF3 deficiency precludes GrB and IFN-γ expression by NK cells in response to poly
I:C

Data from several labs indicate that expression of GrB [36] and IFN-γ [37] are critical
factors in the anti-tumor effect of activated NK cells. Therefore, splenic mononuclear cells
from C57Bl/6 and IRF3KO mice were treated with poly I:C in vitro and after 24 h, CD49b+

NK cells were examined by FACS analysis for intracellular GrB and IFN-γ. Poly I:C
treatment significantly increased expression of GrB and IFN-γ in CD49b+ NK cells of
C57Bl/6 mice but did not increase expression of GrB (Fig. 4 A,B) or IFN-γ (Fig. 4 C,D)
from those of IRF3KO mice. Poly I:C may in part control tumor growth by activating
macrophage IRF3, which induces expression of NK cell-promoting cytokines, such as
IL-12, IL-6, and IL-15, or NK cell-activating molecules, such as INAM. To determine if
IRF3 deficiency had an impact on expression of poly I:C induced cytokines and NK cell-
activating molecules from APCs that contribute to induction of GrB and IFN-γ,
macrophages from C57Bl/6 and IRF3KO mice were treated with poly I:C for 8 and 24 h and
IL-12 p40, IL-15, IL-6, and INAM expression was evaluated by qRT-PCR. The results
indicate that IRF3 deficiency significantly impaired poly I:C induced expression of IL-12
p40, IL15, IL-6, and INAM (Fig. 5). Therefore, IRF3 likely contributes to activation and
intratumoral infiltration of NK cells expressing GrB and IFN-γ, in part through expression
of cytokines and NK-cell activating molecules by inflammatory macrophages.
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4. Discussion
The data herein, using the B16 melanoma mouse model, point to IRF3 as a critical factor
leading to responses controlling tumor growth. We found that IRF3 has direct and indirect
effects on growth of B16 melanomas. Specifically, IRF3 was found to indirectly affect the
growth of B16 melanomas by contributing to the infiltration of NK cells into the tumor. This
suggests that IRF3 promotes expression of chemokines for NK cell intratumoral infiltration.
IRF3 has been shown to be responsible for expression of several chemokines NK cells
including Rantes and IP-10 [38,39] and activated NK cells express receptors for these
chemokines [40]. Therefore, IRF3 likely contributes to intratumoral infiltration of NK cells
seen in this report through its well-known role in expression of Rantes and IP-10.

We found that poly I:C, a TLR3 agonist that activates IRF3 and proposed as an adjuvant in
cancer therapy, decreased tumor growth in IRF3KO mice. These data suggest that activation
of IRF3 directly affects growth of B16 tumor cell, which do express IRF3. Indeed
overexpression of IRF3 in B16 melanoma cells has previously been found to decrease tumor
growth when the tumor cells were implanted into mice [38]. This was attributed to IRF3
induced expression of Rantes and IP-10 from B16 melanoma cells. Therefore, poly I:C
induction of Rantes and IP-10 from the implanted B16 melanoma cells could increase NK
cell infiltration. However, others have shown that IRF3 decreases cell growth by increasing
p53 and p21 activity in cells [41] through induction of promyelocytic leukemia (PML)
protein[42]. Moreover IRF3 is involved in induction of apoptosis through induction of Noxa
[43] and by dimerization with Bax and translocation to mitochondria [44]. Recently, poly
I:C through TLR3 has been shown to induce necroptosis in an IRF3 independent but RIP-3
dependent fashion [45]. Our data suggest that, in addition to its IRF3-dependent effect on
NK cells, poly I:C directly contributes to reduced proliferation of B16 melanoma cells. The
observed direct effect of poly I:C could be due to IRF3-dependent cell cycle arrest and
apoptosis or IRF3-independent necrosis.

In addition to its effect on NK cell infiltration into B16 melanomas IRF3 also has an impact
on poly I:C induction of NK cell cytolytic potential. One of the main anti-tumor effects of
poly I:C is its ability to enhance NK cell activity [33]. We showed that IRF3 deficiency
impaired poly I:C-induced NK cell expression of GrB and IFN-γ. Similarly, we have seen
recently that IRF3 deficiency impairs GrB and IFN-γ expression in recall responses of CTL
from virus infected mice (data not shown). Because of these effects on NK cells, poly I:C is
viewed as a promising adjuvant in vaccine development and in therapy of cancers [46].
However, evidence so far indicates that the effect of poly I:C on NK cell activity is through
its ability to induce the expression of NK cell-enhancing cytokines, such as IL-12 and IL-15
from macrophages and DCs or ligands of NK activating receptors, such as INAM. We show
here that expression of poly I:C-induced IL-12 p40, IL-15, IL-6, and INAM is impaired in
macrophages of IRF3KO mice, which strongly suggests that reduced poly I:C induced GrB
and IFN-γ expression is due to deficient expression of IL-12, IL-15, or INAM from
macrophages. It is not known if poly I:C directly induces expression of GrB or IFN-γ by NK
cells.

The data herein concerning the role of IRF3 in NK cell activity during tumor growth is
significant due to the fact that virus infection often target IRF3 to decrease its activity so as
to establish the cellular environment for viral replication. The influenza virus NS1 protein
[47], rotavirus NSP1 protein [48], and Theiler’s virus L-protein [49] inhibit IRF3 activity. In
addition, following viral infection and nuclear localization of IRF3 for transcriptional
purposes, IRF3 exports from the nucleus, is polyubiquinated, and degraded at the
proteasome [50]. Therefore virus infection either directly or indirectly contributes to
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intermittent decreases in IRF3 activity. Our data herein suggest that any decrease in IRF3
activity will impair NK cell activity and contribute to accelerated tumor growth.
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Fig 1.
IRF3 deficiency increases growth of B16 melanomas. C57Bl/6 and IRF3KO mice were
subcutaneously injected with 106 B16-F10 melanoma cells and tumor growth of individual
mice was monitored for 16 days post injection. (A) Data are means of tumor areas +
standard error, n=8–10; p<.0001 for differences between mouse strain between days 9–16 by
two-way ANOVA (B) Data are means of tumor mass (g) of individual C57BL/6 or IRF3KO
mice at day 16 post injection, n= 3–4. (C) H & E stains of representative B16-F10
melanomas in C57BL/6 or IRF3KO mice at day 16 post injection.
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Fig 2.
In vivo and in vitro effect of treatment with poly I:C on B16-F10 melanoma growth. C57Bl/
6 and IRF3KO mice were subcutaneously injected with 106 B16-F10 melanoma cells on day
0, intraperitoneally injected with PBS or 250 μg poly I:C on day 0 and then again on day 5,
and tumor growth of individual mice was monitored for 16 days post injection or tumors
were extracted on day 19 and weighed individually. (A, B) Data are means of tumor areas +
standard error, n= 6–7. P<.0001 for differences between PBS and poly I:C treatment for
C57BL/6 mice (A) and IRF3KO mice (B) by two-way ANOVA analysis. (C) B16-F10 (5 ×
104) melanoma cells were grown in cell culture media with or without 50 μg/ml poly I:C
and viable cells were enumerated after 24, 48, and 72 h using trypan blue and
hemacytometer microscopy. Data are means + standard error, n=3. P<.0001 for differences
between control and poly I:C treated B16 cells by two-way ANOVA analysis.
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Fig 3.
Effects of IRF3 and poly I:C on phenotype of tumor infiltrating mononuclear cells. Day 16
B16-F10 melanomas were excised, dissociated and mononuclear cells stained with
antibodies to cell surface CD49b (A), CD8 (B), CD11c (C), CD11b (D), and TIM-3 (C, D).
Data are means of % of total mononuclear cells, or % of gated NK cells (CD49b), CD8 T
cells, or DCs (CD11c), and macrophages (CD11b) expressing TIM-3 for individual mice.
Means were analyzed by Student t test. *P<.05 compared to C57Bl/6.
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Fig 4.
In vitro effect of poly I:C on activation of NK cells. Splenic mononuclear cells of C57Bl/6
and IRF3KO mice were treated with poly I:C (50 μg/ml) for 24 h and then stained with
fluorescent antibodies to cell surface CD49b and fluorescent antibodies to intracellular GrB
and IFN-γ. Data are representative FACS plots (A, C) and means + standard error (B, D) of
% NK cells (CD49b) expressing GrB or IFN-γ or of mean fluorescent intensity (MFI) for
individual mice. *P<.05 compared to C57Bl/6.
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Fig 5.
Key macrophage factors that contribute to NK cell activity are impaired in IRF3 deficiency.
Peritoneal inflammatory macrophages, from C57Bl/6 or IRF3KO mice, at 1 × 106/ml of
culture media were treated with or without 50 μg/ml poly I:C for 8 or 24 h after which cells
were lysed, RNA extracted, and analyzed for expression of (A) IL-12 p40, (B) IL-6, (C)
IL-15, and (D) INAM by qRT-PCR. Means + standard error of relative expression
normalized to GAPDH expression were analyzed by Student t test. *P<.05, **P<.01, ***P<.
005 compared to C57Bl/6.
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