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Introduction
Low-grade inflammation is thought to play an important role in the 
pathogenesis of type 2 diabetes. The primary target tissue of mild 
inflammation is adipose tissue, which is associated with an insulin-re-
sistant state [1–3]. Moreover, recent studies indicated that high fat 
intake leads to changes in the gut microflora, which induces the so-
called metabolic endotoxemia, and leads to the enhancement of sys-
temic inflammatory responses [4, 5]. Persistent insulin resistance 
caused by adipose tissue inflammation forces islet β cells to produce 
higher amounts of insulin, a state known as hyperinsulinemia. Thus, 
sustained insulin resistance results in β-cell dysfunction and, ulti-
mately, cell apoptosis, leading to an insufficient insulin secretary 
state [6, 7]. Although islet inflammation caused by endoplasmic re-
ticulum stress, amyloid deposition, hyperglycemia, and impaired au-

tophagy has been suggested to be associated with reduced numbers 
of β cells in a diabetic state, the precise molecular mechanism is 
largely unknown [8–11]. Under normal conditions, M2 macrophag-
es reside in islets, function to enhance angiogenesis and have a pro-
tective role against exogenous stimuli [12]. In contrast, under obese 
and/or diabetic conditions, the number of immune cells increases in 
islets [13], and enhanced chemokine expression leading to the ac-
cumulation of inflammatory cells and β-cell dysfunction caused by 
infiltrated macrophages is observed [9, 14]. These previous studies 
suggested that low-grade inflammation affects not only insulin re-
sistance, but also β-cell function. We hypothesized that metabolic 
endotoxemia stimulates and activates macrophages and that these 
macrophages may accumulate in islets, interact with resident cells 
such as α and/or β cells, and alter the functions of these cells.
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Abstr act

Metabolic endotoxemia has been implicated in the pathogen-
esis of type 2 diabetes. In addition to adipose tissue inflamma-
tion, inflammatory cell infiltration is also observed in islets, 
although its effect on islets is largely unknown. We hypothe-
sized that macrophage infiltration into islets leads to impair-
ment of α or β cell function, which ultimately act to exacerbate 
the pathophysiology of diabetes. Gene expression in a murine 
α cell line, αTC1, and β cell line, βTC6, was investigated by DNA 
microarray after co-culturing the cells with a murine mac-
rophage cell line, RAW 264.7, in the presence or absence of 
bacterial endotoxin. Among the genes showing highly upreg-
ulated expression, genes specifically upregulated only in β cells 
were evaluated to determine the roles of the gene products on 
the cellular function of β cells. In both α and β cells, expression 
of type I interferon-responsive genes was highly upregulated 
upon endotoxin stimulation. Among these genes, expression 
of the X-linked inhibitor of apoptosis (Xiap)-associated factor 
1 (Xaf1) gene, which is associated with the induction of apop-
tosis, was specifically enhanced in β cells by endotoxin stimu-
lation. This upregulation appeared to be mediated by mac-
rophage-derived interferon β (IFNβ), as endotoxin-stimulated 
macrophages produced higher amounts of IFNβ, and exoge-
nous addition of IFNβ into βTC6 cultures resulted in increased 
Xaf1 protein production and cleaved caspase 3, which acceler-
ated β-cell apoptosis. Macrophages activated by metabolic 
endotoxemia infiltrated into islets and produced IFNβ, which 
induced β-cell apoptosis by increasing the expression of Xaf1.
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Materials and Methods

Cells and cell culture
Alpha cell line αTC1-6 and beta cell line βTC6 [American Type Cul-
ture Collection (ATCC), Manassas, VA, USA] were maintained in Dul-
becco’s modified Eagles medium (DMEM) (Gibco, Massachusetts, 
USA) containing 15 mM HEPES, 3.0 g/l ( + )-d-glucose, 3 mM BSA, 
17 mM NaHCO3, 1 % NEAA, 10 % fetal bovine serum (FBS) (Biowest, 
Nuaillé, France) in an atmosphere of 10 % CO2 at 37  °C. Murine mac-
rophage cell line RAW264.7 (ATCC) was maintained in DMEM con-
taining 10 % FBS. Co-cultures of α cells and macrophages or β cells 
and macrophages were performed using a transwell system (Corn-
ing Inc., Acton, MA, USA) with a 0.4 μm porous membrane to sep-
arate the upper and lower chambers. An amount of 1 × 106 α cells 
or β cells were cultured in the lower chamber, while 1 × 105 RAW 
cells were cultured in the upper chamber [15]. The cells were treat-
ed with 1 ng/mL Escherichia coli (E. coli) lipopolysaccharide (LPS) 
(Sigma Aldrich, St. Louis, MO, USA) for the indicated times.

DNA microarray analysis
To identify differentially expressed genes in αTC1-6 and βTC6 
co-cultured with RAW264.7 macrophages in response to LPS, total 
RNA was isolated from αTC1-6 and βTC6 at 0 (pre-treatment), 4, 8, 
and 16 h after the addition of LPS using RNeasy Mini kit (Qiagen, 
Hilden, Germany). The quantity and quality of the extracted RNA 
were checked with a 2100 Bioanalyzer (Agilent Technologies, Santa 
Clara, CA, USA). Double-stranded cDNA and biotinylated cRNA 
were synthesized using a Low Input Quick Amp Labeling Kit, One-
Color (Agilent Technologies). Labeled RNA was then fragmented 
and hybridized to Agilent Expression Array (Agilent Technologies). 
The arrays were scanned using the SureScan Microarray Scanner 
G2600D (Agilent Technologies) and analyzed with Agilent Feature 
Extraction Software Version 11.5.1.1 (Agilent Technologies). To 
identify upregulated genes, we calculated intensity-based z-scores 
[16] and ratios (non-log-scaled fold change) from the average of 
normalized signal intensities of each probe for comparison between 
LPS-stimulated and unstimulated samples. Then we established 
criteria for upregulated genes: z-score > 2.0 and ratio > 1.5-fold. In 
order to investigate the functional implications of these genes, we 
used the Database for Annotation, Visualization and Integrated Dis-
covery (DAVID) software (http://david.ncifcrf.gov). Among select-
ed genes, a number of interferon (IFN)-related genes and chemok-
ines were included. We then selected 8 upregulated genes in αTC1 
and/or βTC-6 for further analysis.

Enzyme linked immunosorbent assay (ELISA)
Monocyte chemoattractant protein-1 (MCP-1) and IFNβ protein con-
centration in the culture media were determined by ELISA kits (R & 
D Systems, Minneapolis, MN, USA and Biolegend, San Diego, CA, 
USA) according to the manufacturer’s instructions. Absorbances at 
450 nm were determined using a microplate reader Thermo Scien-
tific™ Multiskan™ FC (Thermo Fisher Scientific, Waltham, MA, USA).

Real-time polymerase chain reaction (PCR)
Total RNA was isolated from whole cells with TRIzol (Thermo Fish-
er Scientific) and reverse transcribed using Prime Script RT reagent 

Kits (Takara, Shiga, Japan). The protocol for the reverse transcrip-
tion cycle was 42  °C for 30 min and 95  °C for 2 min. RT-PCR was 
performed using the KAPA SYBR® FAST qPCR Kits (Kapa Biosystems, 
MA, USA) and Step One Plus Real-Time PCR System (Applied Bio-
systems, CA, USA). PCR was carried out in two steps, the first at 
95  °C for 5 s and the second at 60  °C for 30 s, which were then re-
peated 40 times. Gene expression levels were normalized to 
GAPDH. Primer sequences are shown in Table 1S.

Western blot analysis
The cells were solubilized with CytoBusterTM Protein Extraction Re-
agent (Merck, Darmstadt, Germany). Equal amounts of protein 
from whole cell lysates were resolved by SDS-PAGE. Then, the pro-
teins were transferred to polyvinylidene difluoride membranes (Mil-
lipore, Billerica, MA, USA) using the semi-dry system [Trans-Blot®SD 
Semi-Dry Transfer Cell (Bio-Rad Laboratories, Hercules, CA, USA)]. 
Antibodies were as follows: anti-β-actin (Cell Signaling Technolo-
gy, Inc., MA, USA), anti-Xaf1 (Abcam, Cambridge, UK), anti-Cleaved 
Caspase-3 (Cell Signaling Technology, Inc.). After incubation with 
secondary antibodies (HRP-conjugated anti-rabbit and anti-mouse, 
Cell Signaling Technology, Inc.), immunoreactive proteins were vis-
ualized using enhanced chemiluminescence (Chemi-Lumi One 
Super, Nacalai Tesque), and signals were analyzed using Image 
Quant LAS4000 (GE Healthcare, Chalfont, UK).

Glucose-stimulated insulin assay
βTC6 Cells were plated at a density of 2 × 105 cells/well in 24 well 
plates. After overnight, cells were washed with PBS and pre-incu-
bated with Krebs–Ringer bicarbonate HEPES buffer (KRBH; 115 mM 
NaCl, 24 mM NaHCO3, 5 mM KCl, 2.5 mM CaCl2, 1 mM MgCl2, and 
25 mM HEPES, pH 7.4) for 1 h. The medium was then removed and 
replaced with KRBH containing 0 or 2.8 mM glucose and incuba-
tion was performed for 2 h [17]. All incubations were performed at 
37  °C under an atmosphere of 5 % CO2. Following the stimulation 
period, the insulin levels in the medium were measured with an in-
sulin ELISA kit (Morinaga Institute of Biological Science, Inc., Kan-
agawa, Japan).

siRNA Treatment of βTC6 cells
βTC6 cells were transfected with siRNAs against mouse Xaf1, Xiap, 
Ifnar1, and Ifnar2, using Metafectene Pro (Nippon genetics, Tokyo, 
Japan), according to the manufacturer’s instructions. The siRNA 
duplexes were designed by Sigma-Aldrich as follows: Xaf1, 
5′-GUAAAGAUGUUCGUCCAAATT-3′ (sense) and 5′-UUUG-
GACGAACAUCUUUACTT-3′ (antisense); Xiap, 5′-GCAAUAGAUA-
GAUGGCAGUTT-3′ (sense) and 5′-ACUGCCAUCUAUCUA-
UUGCTT-3′ (antisense); Ifnar1, 5′-GUUAUAACUGGAUUAGGUTT-3′ 
(sense) and 5′-ACCUAAUCCAGUUAUAAUCTT-3′ (antisense); Ifnar2, 
5′-CAGAUGAACCUUGCACUAUTT-3′ (sense) and 5′-AUAGUGCAA-
GGUUCAUCUGTT-3′ (antisense). Stealth RNAi Negative Control 
Low GC (Invitrogen, Carlsbad, CA, USA) was used as a control. For-
ty-eight hours after siRNA transfection, cells were stimulated with 
IFNβ for 24 h.

TUNEL staining
βTC6 cells were stimulated with IFNβ and/or palmitate for 24 h. 
Evaluation of apoptosis was performed with ApopTag® Plus In Situ 
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Apoptosis Fluorescein Detection Kit (Merck, Darmstadt, Germany) 
to find DNA strand breaks using the terminal deoxynucleotidyl 
transferase-mediated dUTP nick end labeling (TUNEL) reagent ac-
cording to the manufacturer’s protocol. Propidium iodide (PI) (Do-
jindo, Kumamoto, Japan) was used to visualize the nuclei. Cells that 
showed TUNEL positive in the nuclei were identified as apoptotic. 
One μM Thapsigargin (Wako Pure Chemical Industries, Ltd., Osaka, 
Japan) was used as a positive control. Stained cells were photo-
graphed and analyzed using BZ-9000 BZ-X Analyzer (Keyence, 
Osaka, Japan). The ratio of cell apoptosis was expressed as the per-
centage of TUNEL positive cells versus PI positive cells. Five random 
fields from each sample were selected and quantitated.

Statistical analysis
Data are presented as mean ± SD. The significance of the difference 
between groups was evaluated with the Student’s t-test. Data were 
statistically analyzed using one-way analysis of variance with Tuk-
ey’s test when multiple groups were compared. The tests were per-
formed using SPSS/w 17.0 software (Statistical Package for Social 
Sciences for Windows, Inc., Chicago, IL, USA). A p-value of < 0.05 
was considered significant.

Results

Interferon-associated genes were upregulated, 
particularly in βTC6 co-cultured with endotox-
in-stimulated macrophages
To determine the effects of metabolic endotoxemia-stimulated 
macrophages on islet cell function, changes in gene expression in 
both αTC1 and βTC6 cells co-cultured with RAW264.7 macrophag-
es in the presence or absence of E. coli LPS (1 ng/ml) were investi-
gated by microarray analysis; the results are shown in ▶Fig. 1a 
(αTC1) and b (βTC6). Upon endotoxin stimulation, the expression 
of Mcp-1, Cxcl1, and IFN-associated genes were highly upregulat-
ed compared to that in cells co-cultured with macrophages with-
out endotoxin stimulation. We conducted real-time PCR to confirm 
these results (▶Fig. 1c, d). Interestingly, changes in the expression 
of most genes appeared to be larger in βTC6 than in αTC1 cells. 
Among these genes, Xaf1 gene expression was high and only up-
regulated in βTC6 cells, but not in αTC1 cells.

MCP-1 protein secretion into the culture medium was observed 
in both αTC1 and βTC6 cultures with macrophages upon endotox-
in stimulation (▶Fig. 2a). These results suggest that metabolic en-
dotoxemia upregulates interferon-responsive genes in islets and 
that enhanced MCP-1 secretion by both α and β cells may cause 
further immune cell infiltration. Based on these results, soluble fac-
tors secreted from endotoxemia-stimulated macrophages appear 
to upregulate Xaf1 expression. Endotoxin-stimulation of RAW 
264.7 macrophages resulted in higher expression of the Ifnβ gene 
(▶Fig. 2b) and protein secretion (▶Fig. 2c). Because interferon-re-
sponsive genes are highly upregulated, particularly in βTC6 cells, 
we compared the basal expression of both interferon-α/β receptor 
1 (Ifnar1) and Ifnar2 gene, and confirmed that receptor expression 
was higher in βTC6 cells (▶ Fig. 2d). We also checked the glu-
cose-stimulated insulin secretion in βTC6 (Supporting Information 
Fig. 1S).

Macrophage-derived IFNβ induced expression of 
Xaf1 in βTC6 cells
Particularly, in β cells, higher gene expression of interferon-respon-
sive genes was induced and apoptosis-associated signals appeared 
to be activated. In fact, the culture supernatant of endotoxin-stim-
ulated RAW 264.7 cells induced higher Xaf1 gene (▶Fig. 3a) and 
protein expression (▶Fig. 3b, c) in βTC6 cells. IFNβ stimulation of 
pancreatic β cells resulted in higher Xaf1 gene expression (▶Fig. 3d) 
and protein synthesis levels in an IFNβ-dose dependent manner 
(▶Fig. 3e, f). These results suggest that macrophage-derived IFNβ 
stimulated β cells to synthesize Xaf1 at high levels. Xaf1 specifical-
ly inhibits Xiap, which inhibits caspase 3 activation and suppresses 
the apoptosis cascade [18, 19]; thus, as a result, Xaf1 promotes cell 
death [19]. In contrast, the Xiap-independent apoptosis-promot-
ing action by Xaf1 has been reported [20, 21]. In βTC6 cells co-cul-
tured with macrophages in the presence of endotoxin, Xiap gene 
expression was unchanged (data not shown). Thus, enhanced ex-
pression of Xaf1 in pancreatic β cells by activated macrophage-de-
rived IFNβ may promote β-cell apoptosis.

IFNβ promoted apoptotic cell death in βTC6 cells
We therefore valuated whether IFNβ upregulated caspase 3 expres-
sion in pancreatic β cells, and the results are shown in ▶Fig. 4a, b. 
IFNβ significantly upregulated the expression levels of cleaved 
caspase 3 protein. It is known that saturated fatty acids such as pal-
mitate are involved in β-cell death [8, 22]. Interestingly, co-stimu-
lation with both IFNβ and palmitate further upregulated cleaved 
caspase 3 expression in β cells (▶Fig. 4a, b). Apoptotic cells were 
detected by TUNEL staining. As shown in ▶Fig. 4c, in agreement 
with cleaved caspase 3 expression, TUNEL-positive cell numbers in-
creased following IFNβ stimulation. Furthermore, co-stimulation 
with IFNβ and palmitate increased the number of cells undergoing 
cell death by up to 50 % (▶Fig. 4c, d). These results indicate that 
activated macrophage-derived IFNβ caused activation of caspase 
3 by upregulating Xaf1 expression and accelerating β-cell apopto-
sis induced by palmitate. βTC6 cells transfected with Xaf1 siRNA 
showed a significant reduction in the number of IFNβ-induced ap-
optotic cells as compared with the cells transfected with scrambled 
siRNA (▶Fig. 4e, f). In contrast, cells transfected with Xiap siRNA 
showed a tendency to increase the number of IFNβ-induced apop-
tosis as compared to the cells transfected with scrambled siRNA 
(▶Fig. 4e, g). Transfection of Ifnar1 or Ifnar2 siRNA significantly 
decreased the apoptosis by 10–15 % (▶Fig. 4e-i). These results 
suggest that suppression of IFNβ signaling downregulated Xaf1 ex-
pression and subsequent apoptosis.

Discussion
In this study, we first compared the changes in gene expression lev-
els under low-grade inflammatory conditions; under metabolic en-
dotoxemia-associated conditions, it appeared that β cells were in-
fluenced more profoundly than α cells. IFNβ secretion from acti-
vated macrophages was enhanced. Because the basal expression 
of the type I IFN receptor, IFNAR1/2 was higher in β cells than in α 
cells, IFN signals may be more intensively transduced in β cells. 
When type I IFN binds to IFNAR 1/2, Janus kinase-signal transduc-
er and activator of transcription is activated, resulting in the tran-
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▶Fig. 1	 Expression of interferon-associated genes in both α and β cells co-cultured with endotoxin-stimulated macrophages: a, b: Time course by 
DNA microarray analysis for highly expressed genes in αTC1 a and βTC6 b cells co-cultured with RAW 264.7 macrophages in the presence or absence 
of E. coli LPS (1 ng/ml) stimulation. Data are expressed as fold changes of the genes expressed with LPS stimulation against those without LPS stimu-
lation. c, d: Real-time PCR analysis of representative genes from the microarray analysis that were highly expressed in αTC1 c and βTC6 d cells co-cul-
tured with RAW264.7 cells following E. coli LPS (1 ng/ml) stimulation. mRNA was extracted 0, 4, 8, and 16 h following stimulation. Representative 
data from three independent experiments are shown.  * *  p < 0.01;  *  p < 0.05; n = 4; Student’s t-test.
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scription initiation of a series of genes with promoters containing 
interferon-stimulated response element-binding sites. Most genes 
induced by the activation of interferon-stimulated response ele-
ments are associated with antivirus, anti-proliferative, and immu-
nosuppressive activities, and thus, type I IFN may be useful for the 
treatment of several infections caused by viruses and autoimmune 
diseases [23, 24]. This is the first study to show that IFNβ upregu-
lated the expression of Xaf1 in β cells. It has also been shown that 
IFNβ enhances Xaf1 expression in a colon cancer cell line [25]. Xaf1 
promotes apoptosis by inhibiting Xiap [19]. In addition, it may be 
associated with p53-mediated cell death [26]. p53-mediated β-cell 
death has been reported in mice with constitutively active glucoki-

nase and in subjects with persistent hyperinsulinemic hypoglyce-
mia of infancy with mutated genes regulating insulin secretion [27]. 
Previous reports indicated that both receptor subunits are required 
for IFN signal transduction despite the fact that IFNAR2 binds more 
strongly than IFNAR1 to type I IFNs [28]. We consider that suppres-
sion of either type of IFNAR1 or IFNAR2 was enough to downregu-
late IFNβ signaling, followed by the suppression of Xaf1 expression 
and reduced apoptosis.

In this study, we found that IFNβ upregulated caspase 3 expres-
sion in β cells and promoted cell apoptosis, suggesting that mac-
rophage-derived IFNβ is a critical trigger of β-cell death. In addi-
tion, under this condition, saturated fatty acids further upregulat-

▶Fig. 2	 Higher expression of interferon-responsive genes was induced in β cells than in α cells: a MCP-1 protein concentration of the respective 
culture supernatants was determined 16 h following LPS stimulation. b Relative gene expression levels of Ifnα, Ifnβ, and Ifnγ in RAW264.7 mac-
rophages stimulated with or without 1 ng/ml E. coli LPS for indicated times. c IFNβ protein concentration in the culture supernatants of RAW264.7 
macrophages incubated with LPS for 12 h. d Relative gene expression levels of type I IFN receptor genes in αTC1 and βTC6 cells. Representative data 
from three independent experiments are shown.  * * *  p < 0.001;  * *  p < 0.01;  *  p < 0.05; n = 4; Student’s t-test.
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ed β-cell death. Because both α and β cells secreted MCP-1 when 
co-cultured with endotoxin-stimulated macrophages, metabolic 
endotoxemia may have influenced both α and β cells, and these 
cell-derived chemokines further acted to recruit immune cells into 
islets and evoked IFN signals into β cells.

A recent report valuating islets of type 2 diabetes model mice 
showed that expression of microRNA (miR)-200 family members 
is highly induced; miR-200 negatively regulates anti-apoptotic and 
stress-resistant networks via several mechanisms including the 
negative regulation of caspase inhibiting Xiap, and β-cell specific 
overexpression of miR-200 induces β-cell death and fatal diabetes 
[29]. Although further studies are necessary to understand the mo-
lecular mechanisms of β-cell death enhanced by Xaf1, inhibition of 

IFNβ-mediated pancreatic β-cell death may be a therapeutic strat-
egy for type 2 diabetes.
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▶Fig. 3	 Macrophage-derived IFNβ is a primary molecule upregulating Xaf1 in βTC6 cells: a–c RAW264.7 macrophages were stimulated with or 
without 1 ng/ml E. coli LPS for 12 h, then the culture medium was added to βTC6 cells. Sup (-), supernatant from RAW 264.7 macrophages without 
stimulation; Sup (+), supernatant from LPS stimulated RAW 264.7 macrophages. a Relative expression level of Xaf1 in βTC6 cells at 0, 4, 8, 16, and 
24 h after addition of the supernatant from LPS stimulated RAW 264.7 macrophages. b, c Representative immunoblots b of Xaf1 expression in βTC6 
cells incubated with or without supernatant of RAW264.7 macrophages. βTC6 cells were collected 24 h following addition of the supernatant to 
examine with immunoblotting. Quantitative data from three independent experiments are presented as bar graphs c. d Relative gene expression 
levels of Xaf1 in βTC6 cells stimulated with or without IFNβ. e, f Representative immunoblots e of Xaf1 expression in βTC6 cells stimulated with or 
without IFNβ. βTC6 cells were collected 24 h following addition of IFNβ to examine with immunoblotting. Quantitative data from four independent 
experiments are presented as bar graphs f.  * * *  p < 0.001;  * *  p < 0.01;  *  p < 0.05; n = 4; Student’s t-test.
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▶Fig. 4	 IFNβ promotes apoptotic cell death in βTC6 cells: a, b Representative immunoblots a of Xaf1 in βTC6 cells stimulated with or without IFNβ 
and/or palmitate (PA) for 24 h. βTC6 cells were collected 24 h following addition of IFNβ (500 unit/ml) and/or 400 μM palmitate (PA) to examine with 
immunoblotting. Quantitative data from four independent experiments are presented as bar graphs b. c Images of TUNEL staining from βTC6 cells. 
βTC6 cells were stimulated with IFNβ (500 unit/ml) and/or palmitate (PA, 400 μM) for 24 h. Thapsigargin (1 μM) was used as a positive control. e 
Images of TUNEL staining from βTC6 cells. βTC6 cells were transfected with siRNAs against mouse Xaf1, Xiap, Ifnar1, and Ifnar2. Forty-eight hours 
after siRNA transfection, cells were stimulated with IFNβ (500 unit/ml) for 24 h. c–i Evaluation of apoptosis was performed with TUNEL staining. PI 
was used to visualize the nuclei. Stained cells were photographed and analyzed using a microscope. The ratio of cell apoptosis was expressed as the 
percentage of TUNEL staining positive cells versus PI staining positive cells. Five random fields from each sample were selected and quantitated. 
Representative photos from four independent experiments are shown c, e and quantified data are shown as bar graphs d, f–i.  * *  p < 0.01;  *  
p < 0.05; n = 4; Tukey’s test b, d; Student’s t-test f–i.
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▶Fig. 1S	Glucose-stimulated insulin secretion in βTC6 cells. βTC6 
cells were stimulated by 0 or 2.8 mM glucose. Data represent 
means  ±  SEM of three to five independent experiments.  *  p < 0.05; 
n = 4; Student’s t-test 

▶Table 1S	  Primer sequences used for real-time PCR.

Gene Forward Reverse

Gapdh 5′-AATGTGTCCGTCGTGGATCTGA-3′ 5′-GATGCCTGCTTCACCACCTTCT-3′

Mcp-1 5′-AGGTCCCTGTGATGCTTCTG-3′ 5′-TCTGGACCCATTCCTTCTTG-3′

Cxcl1 5′-CACCCAAACCGAAGTCATAG-3′ 5′-AAGCCAGCGTTCACCAGA-3′

Cxcl10 5′-TGAGAGACATCCCGAGCCAA-3′ 5′-GAGGCAGAAAATGACGGCAG-3′

Isg15 5′-AGTGCTCCAGGACGGTCTTA-3′ 5′-CGTGTCTACAGTCTGCGTCA-3′

Irf9 5′-TTCAGGATGGCCTCAGGCAAAGTA-3′ 5′-GAACAAGTCTATTTCCATGGAGACG-3′

Ifi27 5′-GTGACTTCAGATTTTCCTTCCCC-3′ 5′-ACTGTCATGGCTCCCCCAA-3′

Ifit3 5′-CTGAACTGCTCAGCCCACA-3′ 5′-TCAGCTTGCCCTAAGCACTC-3′

Xaf1 5′-GCAGACCAAGGAAAGCCAAC-3′ 5′-ACTTGGAGTGTGATGGGCTG-3′

Ifnα 5′-TTGAAGGTCCTGGCACAG-3′ 5′-GAGGTTCAAGGTCTGCTGA-3′

Ifnβ 5′-CTGGCTTCCATCATGAACAA-3′ 5′-CATTTCCGAATGTTCGTCCT-3′

Ifnγ 5′-TCAAGTGGCATAGATGTGGAAGAA-3′ 5′-TGGCTCTGCAGGATTTTCATG-3′

Ifnar1 5′-TTTAATCCTGCCGTAGCCCC-3′ 5′-GCCAGCTCCTCCAGTTAGTG-3′

Ifnar2 5′-GCCGCCAGAATTTGAGATCG-3′ 5′-GGGCTCGTGCTTCTTCCTAA-3′
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