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Abstract

Type | interferon (IFNa/p) induces antiviral and antiproliferative responses in cells through the
induction of IFN-stimulated genes (ISGs). Although the roles of IFN-activated STAT1 and STAT2
in the IFN response are well described, the function of STAT3 is poorly characterized. We
investigated the role of STAT3 in the biological response to IFNa/p in mouse embryonic
fibroblasts (MEFs) with a germ line deletion of STAT3. These STAT3 knockout (STAT3-KO)
MEFs were reconstituted with STAT3 or the F705-STAT3 mutant (unphosphorylated STAT3)
where the canonical Y705 tyrosine phosphorylation site was mutated. We show that both STAT3
and unphosphorylated STAT3 expression enhance the sensitivity of MEFs to the antiviral,
antiproliferative and gene-inducing actions of IFN. By chromatin immunoprecipitation assays,
unphosphorylated STAT3 appears to bind, albeit weakly, to select gene promoters to enhance their
expression. These results suggest that unphosphorylated STAT3 plays an important role in the IFN
response pathway.
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INTRODUCTION

Interferons (IFNs) are antiviral cytokines that have significant effects on cell proliferation,
differentiation, apoptosis, and the immune system. Binding of the type I IFNs (IFNa, IFNB,
and IFNw) to their cognate cell surface receptor leads to the activation of the receptor-
associated JAK1 and TYK?2 tyrosine kinases. This process then results in the recruitment,
tyrosine phosphorylation, dimerization, and nuclear translocation of the signal transducers
and activators of transcription (STAT) proteins [1, 2]. In the classical JAK-STAT signaling
pathway, STAT1 and STAT2 in a complex with IRF9 bind to the conserved IFN-stimulus
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response element (ISRE) within the promoters of the early response IFN-stimulated genes
(ISGs), inducing their expression. However, IFNa./B may also activate additional signaling
pathways that play important roles in the induction of IFN’s biological effects.

STAT3, which was originally identified as the transcription factor for acute phase response
genes, is activated by a wide variety of cytokines suggesting that it may integrate diverse
signals into common transcriptional responses [3-5]. Activation of STAT3 is defined by the
phosphorylation of tyrosine 705 within the transactivation domain, which is required for
STAT3 dimerization, nuclear translocation, and induction of gene transcription. However,
Y705 phosphorylation may not be needed for all of STAT3 functions. For example,
overexpression of a F705-STAT3 mutant, which cannot be phosphorylated on residue 705
and is denoted as “unphosphorylated” STAT3, enhanced the expression of a number of genes
critical to tumorigenesis, suggesting that STAT3 also regulates transcription by
“nontraditional” pathways [6]. A critical role in cellular physiology is also implicated by the
finding that knockout of the STAT3 gene in mice leads to early embryonic lethality [7],
presumably due in part to the finding that STAT3 plays an important role in mitochondrial
respiration [8]. Moreover, STAT3 apparently plays an important role in tumorigenesis by
regulating cell cycle progression, apoptosis, angiogenesis, invasion and metastasis, and
evasion of immune surveillance [9-12]. Many of these processes have been identified as
targets of IFN action. As a point of convergence for numerous oncogenic signaling
pathways, STAT3 is constitutively activated at a frequency of 50 to 90% in diverse human
cancers [13]. Thus, the activation of STAT3 by IFN would be expected to have important
cellular consequences. In studies characterizing the IFN response pathway in an IFN-
resistant subclone of human lymphoblastoid cells, we identified a defective STAT3-
dependent IFN signaling pathway that can be rescued by stable expression of STAT3 [5, 14,
15]. Moreover, Cxc/11is a STAT3-regulated gene induced by IFNa/p that apparently does
not require STAT3 tyrosine phosphorylation for its induction [16].

The present study explored the involvement of “unphosphorylated” STAT3 in the biological
response to IFNa/p in mouse embryonic fibroblasts (MEFs) with a germ line deletion of
STAT3. These STAT3 knockout (STAT3-KO) MEFs were reconstituted with wild-type
STAT3 as well as the F705-STAT3 mutant where the canonical Y705 tyrosine
phosphorylation site was mutated to a phenylalanine, i.e. “unphosphorylated” STAT3.

Materials and Methods

Biological reagents and cell culture

The biological activity of recombinant rat IFNB [17] was expressed in terms of international
reference units/mL using the NIH reference mouse IFNp standard [14]. STAT3-knockout
(STAT3-KO) mouse embryo fibroblasts (MEFs) [18] were reconstituted with empty vector
(EV), WT-STAT3 or a STAT3 mutant with the canonical phosphorylation site at Y705
mutated to a phenylalanine (F705-STAT3). The various constructs were cloned in the pcEF
expression vector [5]. Cells (107) were transfected by electroporation (capacitance 300 pF,
250 V) with 50 pg of salmon sperm DNA and 20 pg of plasmid DNA for each sample.
Stable transfectants were selected for neomycin resistance (0.4 mg/ml G418). MEFs were
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plated at 1 x 104 cells/cm? every 3 days in DMEM supplemented with 10% defined calf
serum (DCS), 100 U/mL penicillin G and 100 pg/ml streptomycin.

Antiviral and antiproliferative assays

To determine antiviral activity, cells were incubated overnight with rat IFN, followed by
infection with vesicular stomatitis virus (VSV) for 1 h at 0.1 plaque-forming units (pfu) per
cell. At 24 h post-infection, the virus yield in the medium was assayed by plaque formation
on Vero cells [19]. To determine antiproliferative activity, MEF cultures were plated at 1 x
10° cells in 25-cm? flasks, treated with rat IFNp, and at 2 days after IFN addition cells were
harvested by trypsinization and enumerated in a Coulter Counter [20].

RNA Preparation and Microarray Analysis

Total cellular RNA was prepared from three individual 75cm? flasks of control and rat
IFNB-treated (1,000 units/ml for 5 h) STAT3-KO MEFs transfected with empty vector,
STAT3 or the F705-STAT3 mutant using the RNeasy Mini kit (QIAGEN). RNA (~10 ug)
from two separate experiments was submitted to the UTHSC Center of Genomics and
Bioinformatics (Memphis, TN) for labeling and hybridization to Mouse-6 BeadChips
(IMlumina Inc.). Microarray data analysis was then carried out using IlluminaGUI (http://
illuminagui.dnsalias.org). ISGs were defined as the genes whose expression was increased
by IFN treatment by more than 2-fold (P<0.05). Unsupervised hierarchal clustering was
carried out using standard correlation coefficients on the ISGs.

Quantitative Real time-PCR

Total RNA was isolated using RNeasy Mini kit. Quantitative real time-PCR (qPCR) was
carried out on the iCyclerlQ detection system (BioRad, Hercules, CA) using iScript One-
Step RT-PCR Kit with SYBR Green (BioRad). Reaction parameters were as follows: cDNA
synthesis at 50°C for 20 min, iScript reverse transcriptase inactivation at 95°C for 5 min,
PCR cycling at 95°C for 10 sec and 60°C for 30 sec for 40 cycles. Gene expression data was
normalized to the expression of the B-actin housekeeping gene. The following forward and
reverse primers were used for each gene: B-Actin (5'-AGTGTGACGTTGACATCCGTA-3;
5 -GCCAGAGCAGTAATCTCCTTCT-3"); Adar (5'-
TGAGCATAGCAAGTGGAGATACC-3; 5"-GCCGCCCTTTGAGAAACTCT-3"); Cxcl10
(5’-CGTGTTGAGATCATTGCCAC-3"; 5'-TTAAGGAGCCCTTTTAGACC-3"); Cxcl11
(5"-GGCTTCCTTATGTTCAAACAGGG-3"; 5'-GCCGTTACTCGGGTAAATTACA-3');
Gadd45y (5'-GGGAAAGCACTGCACGAACT-3"; 5'-
AGCACGCAAAAGGTCACATTG-3); Gbpl (5'-GCAGCAAATAGAGCATTGGC; 5'-
CCATTAACTCTTTCCGTTCC-3"); /fi47 (5'-AAGTTCCCCCTTGATGTCTG-3"; 5'-
TTGCCTGAACAAGAACAGTG-3"); Irf1 (5'-ATGCCAATCACTCGAATGCG-3"; 5-
TTGTATCGGCCTGTGTGAATG-3"); Myad88 (5’ -AGGACAAACGCCGGAACTTTT-3';
5 -GCCGATAGTCTGTCTGTTCTAGT-3"); Osmr (5 -
CATCCCGAAGCGAAGTCTTGG-3; 5"-GGCTGGGACAGTCCATTCTAAA-3"); Stat?
(5-TCCTGCCAATGGACGTTCG-3"; 5'-GTCCCACTGGTTCAGTTGGT-3"); 72bp (5'-
GAACGGAGCTGTTGAACTGTT-3"; 5'-GACGCTGATACAGAGGAGACG-3"); Tnfsf10
(5"-GCTTGCAGGTTAAGAGGCAAC-3"; 5 -TCTCCGAGTGATCCCAGTAATG-3).
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Chromatin Immunoprecipitation

Chromatin Immunoprecipitation (ChlP) assays were carried out using the ChIP-IT™
Express Enzymatic kit (Active Motif, Carlsbad, CA) according to the manufacturer’s
instructions. To improve the sensitivity of the ChIP assay, cells were treated with the cross-
linking agent Ethylene glycolbis(succinimidylsuccinate) (EGS, 1mM) for 30 min at 22°C
prior to cross-linking with 1% formaldehyde (10 min at 22°C) [21]. Chromatin was sheared
to an average size of 200 bp by enzymatic digestion, and then immunoprecipitated with anti-
pY701-STAT1(A-2, Santa Cruz) or STAT3 (C-20, Santa Cruz). The ChIP-PCR primers for
each gene were designed to amplify a proximal promoter region that contains putative
STAT3 binding sites. The promoter sequences of ISGs (1kb upstream of the transcription
start site) were retrieved using UCSC Genome Browser (http://genome.ucsc.edu) and
putative STAT3 binding sites were identified by TFSEARCH (http://www.cbrc.jp/
research/db/TFSEARCH.html). The following forward and reverse primers were used for
ChIP-PCR:

Cxcl11, TTCCTGAGTTGGTGGGACTC; AAGCCACTGGAAGGTGAAAG;
Gadd45y, TCGCACAATGACTCTGGAAG; CCCACCCTGCAAACTTCTATC;
Myd88, CTTTTAGGCTGGGTAGTTCTGG; TCGCCTGTGGAGTTTCCTAC;
Oasly, TCGATGGGATCCTCAGAAAG; CCTGGCTGAAATGGGAAGTAG,;
Osmr, ACCAGGAGCAAATTCCTGTG; AATCAACTACGGGGCAAGTG; 72bp,
ATTTCCATCCCAACCTCCTT; CAGAAGCCTCCTCACCTGTC; Tnfsf10,
CATTGTTGCCTTCAGCAGTC; TCCTGGACAAAGGACAAAGG.

Data analysis

All quantitative data represent at least three independent experiments performed in
duplicate, at least, and presented as mean + S.D.

RESULTS

The role of STAT3 in the antiproliferative and antiviral actions of IFN

To define the role of STAT3 in IFN action, we compared the IFN sensitivity of WT-MEFs to
that of STAT-KO MEFs. As shown in Fig 1A, STAT3-KO MEFs were relatively resistant to
the antiviral and antiproliferative actions of IFN when compared to WT-MEFs. To
investigate the role of unphosphorylated STAT3 in IFN action, STAT3-KO MEFs were
reconstituted with empty vector (KO+EV), STAT3 (KO+STAT3) or the F705 mutant form of
STAT3 (KO+F705-STAT3). To verify that the STAT3 transfectants expressed STAT3 and
responded to IFN, transfectants were treated with IFN (1,000 1U/mL, 30 min), lysed and
immunoblotted for STAT3 and Y705-STAT3. As shown in Figure 1A, STAT3 was expressed
in transfectants expressing STAT3 or F705-STAT3, and in untransfected wild-type MEFs
(WT-MEFs). STAT3-KO cells transfected with empty vector (KO+EV) showed no
detectable STAT3 expression. Moreover, IFN treatment resulted in STAT3 tyrosine
phosphorylation in KO+STAT3 MEFs, but not in KO+F705-STATS3 transfectants.

To determine the role of STATS3 in the antiproliferative activity of IFN, KO+EV, KO
+STAT3, and KO+F705-STAT3 MEFs were cultured for two days in the presence of
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varying concentrations of IFN. As shown in Figure 1B, KO+EV MEFs were relatively
resistant to the antiproliferative action of IFN, with ~40% reduction in cell proliferation
observed at the highest concentration of IFN examined (1,000 IU/mL). In contrast, KO
+F705-STAT3 MEFs were highly sensitive to the antiproliferative action of IFN with
greater than 50% reduction observed at 10 IU/mL IFN, and >90% reduction in cell
proliferation observed at 1000 IU/mL. In addition, KO+F705-STAT3 MEFs were as
sensitive to IFN as WT-MEFs, suggesting that unphosphorylated STAT3 restored IFN
sensitivity. We then assessed the sensitivity of the various MEFs to the antiviral action of
IFN by determining the ability of IFN to inhibit VSV replication. As shown in Figure 1C,
STAT3-KO MEFs expressing F705-STAT3 were significantly more sensitive to IFN’s ability
to inhibit VSV replication than STAT3-KO MEFs transfected with empty vector. The
apparent leftward shift in the dose-response curve suggests that STAT3-expressing MEFs
were ~ one log more sensitive to IFN’s antiviral action, as compared STAT3-KO MEFs.
Moreover, WT-MEFs were equally sensitive to IFN’s antiviral action as cells expressing the
F705-STAT3 mutant, suggesting that unphosphorylated STAT3 play a crucial role in IFN
action.

The role of STAT3 in the induction of gene expression by IFN

To define the role of STAT3 in ISG expression, STAT3-KO MEFs were transfected with
constructs corresponding to EV, wild-type STAT3 or unphosphorylated STAT3, RNA was
isolated from MEFs cultured in the absence or presence of IFNB, and subjected to
microarray analysis. As shown in Figure 2, 168 ISGs were identified (fold change >2,
p<0.05). While the expression of ~40% of the I1SGs was STAT 3-independent (cluster 1),
many ISGs were STAT3-regulated (cluster 2 and 3). Among the STAT3-regulated 1SGs
(31/101), ~30% were IFN-induced in KO+STAT3 and KO+F705-STAT3 MEFs, indicating
that their expression was Y705 phosphorylation independent (cluster 3). To further
characterize the role of STAT3 in ISG induction, RNA was prepared from KO+EV, KO
+STAT3 and KO+F705-STAT3 MEFs treated with IFNB (5 h, 1000 IU/mL), and gene
expression determined by gPCR. Consistent with the microarray data, ISGs such as Cxc/11,
Gadd45y, Myd88 and TZ2bp were induced to higher levels by IFN in KO+F705-STAT3
MEFs than in KO+EV MEFs. These STAT3-regulated 1SGs do not require Y705
phosphorylation for their IFN-induction and were denoted unphosphorylated STAT3-
regulated ISGs. In addition, 1ISGs such as Adar, Cxcl10, Irf1 and Stat2were induced by IFN
to similar extents in both KO+EV and KO+F705-STAT3 MEFs (Fig. 4), indicating that the
induction of these genes was independent of STAT3 expression.

To gain a greater understanding into the role of unphosphorylated STAT3 in the induction of
STAT3-regulated I1SGs, the promoters of these genes were subjected to bioinformatic
analysis. The promoter sequences that are 1-kb upstream of the transcription start site of
STAT3-regulated ISGs were retrieved using the UCSC Genome Browser (http://
genome.ucsc.edu) and potential ISRE (STAT1/STAT2) and SIE (STAT1/STAT3) binding
sites were identified by the JASPAR CORE database (http://jaspar.genereg.net/). Potential
STAT1/STAT3 binding sites were enriched in the promoters of 83.9% unphophorylated
STAT3-regulated ISGs as compared to only being present in 43.3% of the promoters of
STAT3-independent ISGs (p<0.001, Fisher’s Exact test). The enrichment of SIE sites in the
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promoters of unphosphorylated STAT3-regulated 1SGs led us to investigate whether STAT3
directly bound to the promoters of these 1SGs.

The binding of phosphorylated and unphosphorylated STAT3 to the promoters of STAT3-
regulated ISGs

To investigate the binding of STAT1 and STAT3 to the promoter of STAT3-regulated genes,
ChIP assays were carried out on formaldehyde-fixed chromatin prepared from KO+STAT3
MEFs. IFN induced the binding of STAT3 to the promoters of Osmr, Tnsfs10, Gadd45y,
Myd88 and T2bp within 4 hr, with gene-specific differences in binding kinetics (Fig 4A).
IFN also induced the binding of STATL1 to the 7nsfs10and Myd88 promoters. Most
importantly, Gadd45y, Myd88 and T2bp were shown to be STAT3-regulated ISGs that do
not require STAT3 phosphorylation (Fig. 3), suggesting that nonphosphorylated STAT3
bound to the promoters of STAT-dependent genes. To further investigate the binding of
unphosphorylated STAT3 to STAT3-regulated 1SGs promoters, ChIP assays were carried out
on chromatin prepared from KO+STAT3 and KO+F705-STAT3 MEFs. Cxc/11and Oasly
were selected for analysis as they are well described I1SGs that we found to be dependent on
unphosphorylated STAT3. As shown in Figure 4B, IFN induced the binding of STAT3 to the
Cxcl11and Oasly promoters in MEFs expressing WT-STAT3. Moreover, STAT1 was also
recruited to the promoters of these genes. We then carried out ChIP assays with extracts
prepared from KO+F705-STAT3 MEFs and found low but detectable IFN-induced binding
of STAT3 to the Cxc/11and Oasly promoters. To increase the sensitivity of the assay we
carried out a double crosslinking of the chromatin prepared from KO+F705-STAT3 cells.
As shown in Figure 4B, IFN induced the binding of unphosphorylated STAT3 to the Cxc/11
and Oas1y promoters with similar kinetics as observed with MEFs reconstituted with WT-
STAT3, demonstrating that unphosphorylated STAT3 is recruited to the promoters of
STAT3-regulated 1SGs.

DISCUSSION

The present study explored the involvement of phosphorylated and unphosphorylated STAT3
in the biological response to IFN in MEFs with a germ line deletion of STAT3. We show that
STAT3 expression enhances the sensitivity of MEFs to the antiviral and antiproliferative
actions of IFN, irrespective of the phosphorylation state of STAT3. These findings are
consistent with our previous studies on a STAT3-defective human Daudi lymphoblastoid
DRST3 cell line, which was highly resistant to the antiproliferative and antiproliferative
actions of IFN [15]. Expression of WT-STAT3 rescued sensitivity to IFN’s antiproliferative
and antiviral actions. In the present study, we found that the tyrosine phosphorylation of
Y705 of STAT3 is not required for the increased sensitivity to IFN action of STAT3-KO
MEFs reconstituted with STAT3. Taken together, these results demonstrate that
unphosphorylated STAT3 plays an important role in the induction of IFN’s antiproliferative
and antiviral effects in very different cell types, i.e. fibroblasts and B-lymphoblastoid cells.

To further characterize STAT3 s role we carried out gene expression profiling on STAT3-KO
MEFs reconstituted either with WT-STAT3, F705-STAT3, or empty vector. This approach
showed that STAT3 regulates the induction of ISGs, and that a subset of the STAT3-
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regulated ISGs is independent of Y705 phosphorylation. STAT3 forms homodimers as well
as heterodimers with STAT1 that bind to promoter elements in target genes to regulate their
transcription. To define how STAT3 regulates ISG expression, we analyzed the putative
transcription factor binding sites in the proximal promoter regions (1-kb upstream of the
transcription start site) of the three groups of ISGs that we identified by gene expression
profiling (STAT3-independent ISGs, phosphorylation-dependent STAT3-regulated I1SGs, and
unphosphorylated STAT3-regulated ISGs). This analysis revealed that ISRE binding sites are
present at a similar frequency in the promoters of STAT3-regulated 1SGs and STAT3-
independent 1ISGs. However, GAS binding sites are significantly enriched in the promoters
of STAT3-regulated ISGs, suggesting that STAT3 regulates 1SG expression primarily
through GAS sites. To determine whether STAT3 was bound to the promoters of STAT3-
regulated 1SGs that are dependent on Y705 phosphorylation, we carried out ChlP assays on
chromatin prepared from IFN treated STAT3-KO cells reconstituted with WT-STAT3, and
found that STAT3 was recruited to GAS sites in phosphorylation-dependent STAT3-
regulated genes such as 7nsfZ0and Osmr. Moreover, IFN also induced the recruitment of
STAT3 to unphosphorylated STAT3-regulated genes such as Gadd45y, T2bp, and Myd88.
STAT1, as well as STAT3, was also bound to the promoters of several STAT3-regulated
ISGs, such as 7nsf10 and Myd88, which differ in the requirement for Y705 phosphorylation.

To define the role of unphosphorylated STAT3 in ISG expression at the level of promoter
interaction ChIP assays were carried out on STAT3-KO cells reconstituted with F705-
STAT3. Although IFN-induced binding of phosphorylated STAT3 to ISG promoters was
detected by standard ChlIP assays using formaldehyde cross-linked chromatin, binding of
unphosphorylated STAT3 could not be detected using standard formaldehyde crosslinking.
We resorted to a two-step cross-linking procedure with both EGS and formaldehyde, which
was used previously to reproducibly detect the inducible binding of STAT3 to the promoter
of angiotensinogen [21]. We detected the IFN-induced binding of unphosphorylated STAT3
to the promoter of a number of STAT3-regulated genes (Cxc/11 and Oasly) that did not
require Y705 phosphorylation. These observations indicate that unphosphorylated STAT3
may directly bind to select ISG promoters, but that the binding is of lower affinity when
compared to phosphorylated STAT3. Alternatively, the binding of unphosphorylated STAT3
may involve an indirect interaction mediated by the binding of other transcription factors.
Since STAT1 was also recruited to the promoter regions of some STAT3-regulated genes, it
is possible that unphosphorylated STAT3 is recruited through its interaction with STAT1.
However, STAT1 was not bound to all STAT3-regulated genes, suggesting that the
recruitment of unphosphorylated STAT3 to STAT3-regulated 1SG promoters may also
involve protein binding to sites that are adjacent to GAS elements, such as ISRE, IRF and
NF-xB binding sites. We previously found that NF-xB binding sites are frequently found
near ISRE or GAS elements in ISG promoters [22, 23]. Moreover, STAT3 and NF-xB
proteins were co-recruited upon IFN treatment to the promoter of human Cxc/11[16]. A
number of studies indicate that there is molecular crosstalk between STAT3 and NF-xB
pathways [15, 24-26]. It is interesting that many previously identified NF-xB-regulated
ISGs [22, 23] are also STAT3-regulated I1SGs. Future detailed studies on the regulatory
elements adjacent to GAS elements are necessary to determine how interaction with other
transcription factors such as NF-xB affects the binding of STAT3 to ISG promoters.
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Highlights

. Expression of STAT3, and of a STAT3 mutant in which canonical Y705
tyrosine phosphorylation site was mutated restored sensitivity to the antiviral
and antiproliferative of interferon-a./p

. The expression of ~60% of the interferon-stimulated genes was STAT 3-
dependent and ~30% of these STAT3-regulated genes were not dependent on
STAT3 tyrosine phosphorylation

. STATS3 that is not tyrosine phosphorylated (unphosphorylated STAT3) is
recruited to the promoters of STAT3-regulated interferon-stimulated genes

. These results suggest that unphosphorylated STAT3 plays an important role in
the interferon response pathway
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Figure 1. The role of STAT3 in IFN-induced antiproliferative and antiviral activities
(Panel A) Lysates prepared from the indicated STAT3-KO MEFs before and after IFN
addition (1,000 1U/mL, 30 min) were resolved by SDS-PAGE, blotted onto PVDF
membranes and probed with anti-STAT3, anti-Y705-STAT3 or p-actin. (Panel B) The
indicated STAT3-KO MEFs were treated with varying IFN concentrations (1-1000 IU/mL)
and after 2 days the cell counts were determined in a Coulter Counter. (Panel C) The
indicated STAT3-KO MEFs were treated overnight with varying IFN concentrations (0-30
IU/mL), infected with VSV (0.1 pfu/cell), and at 24 h post-infection the viral titer was
assayed on Vero cells. The results of at least three independent experiments, each carried out

in duplicate, were averaged.
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Figure 2. Microarray analysis of ISG expression
The Venn diagram shows the distribution of the 168 1SGs (Fold induction by IFN >2,

P<0.05) between KO+EV, KO+WT and KO+F705-STAT3 MEF lines. Based on expression
patterns, the ISGs were partitioned into three clusters: cluster 1 represents STAT3-
independent ISGs; cluster 2 represents tyrosine phosphorylated STAT3-regulated 1SGs; and
cluster 3 represents unphosphorylated STAT3-regulated 1SGs.
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Figure 3. The role of STAT3 in ISG expression
gPCR for several representative STAT3-independent ISGs (Upper Panel), tyrosine

phosphorylated STAT3-regulated 1SGs (Middle Panel), and unphosphorylated STAT3-
regulated ISGs (Lower Panel) was carried out on cDNAs prepared from the three MEF lines
(EV-transfected cells, WT-STAT3 transfected cells, and F705-STAT3-transfected cells)
treated in the absence or presence of IFN (1,000 IU/mL for 5 hr). Gene expression was

normalized to actin expression and presented as mean values +/— SEM (n=3).
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Figure 4. The effects of IFN on STAT binding to the promoters of STAT3-regulated 1SGs
ChIP assays were carried out on extracts from control and IFN-treated STAT3-KO MEFs

transfected with WT-STAT3 (Panel A), and WT-STAT3 or F705-STAT3 (Panel B) using the
indicated antibodies for precipitation and primers that targeted the promoters of these
STAT3-regulated 1SGs. Similar results were obtained in at least three independent
experiments.
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