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In previous study, we found that an oligodeoxynucleotide with CCT repeats (CCT ODN)
could display immunosuppressive roles for TLR9 response in mice and in vitro. However,
in this study, we found that CCT ODN could obviously elevate the mRNA levels of interfer-
on-inducible protein 16 (IFI16) but no other DNA sensor such as AIM2, which belongs to
same family of IFI16, in human monocyte line U937 cells when stimulated for 2 hours. At
this condition, CCT ODN could also increase the level of interferon- . (IFN-o ) mRNA in
U937 cells. To confirm the CCT ODN-induced IFN- o production associated with IF116, we
knocked down IFI16 expression and found that CCT ODN lost its induction role of IFN- o
production. Then, by using confocal microscope analysis, we found that [FI16 and CCT ODN
could co-localize in the cytosol. The cytosol CCT ODN might be delivered by the cell surface
DEC-205 that was down regulated after CCT ODN stimulation. Together, the study indicates
that CCT ODN can activate IFI16 by associating with DEC-205 to mediate IFN- o produc-
tion in U937 cells, which may be the reason for explaining CCT ODN to attenuate the TLR9
response.
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Introduction
dsDNA-mimic poly(dA-dT). DNA-PKcs, Ku70 and Ku80 bind to DNA

breaks when DNA damaged and promote DNA repair. LRRFIP1
(Leucine-rich repeat and flightless I interact protein 1) binds both
DNA and RNA and induces IRF3 and NF-«B independent signaling
pathway [6]. Both of IFI16 (interferon-inducible protein 16, also
called AIM2-like protein) and AIM2 can sense dsDNA through their
HIN domain in a sequence independent manner [7,8]. Among DNA

The oligodeoxynucleotide with CCT repeats (CCT ODN) is a
human microsatellite DNA sequence-based immunosuppressive
ODN and displayed selectively negative regulatory role on TLR9
activation [1-3]. It can restrain TLRO trafficking in immune cells,
rescue mice from lethal shock sepsis induced by CpG ODN (TLR9
agonist) and decrease serum anti-DNA antibody levels in mice with
lupus-like nephritis with unknown mechanism [4]. As an artificial

sensors, IFI116 can also recognize single-stranded DNA (ssDNA) in a
synthesized single-stranded DNA (ssDNA), CCT ODN might display

length dependent way and possibly acts as target for artificial syn-

its role through certain DNA sensor. We know now;, in addition to
TLR9Y, there are several DNA sensors, such as DAI, RNA polymerase
111, LRRFIP1, AIM2, IFI16 and others, which can sense intracellular
DNA to initiate innate immune responses [5-8]. DAI, DNA-depen-
dent activator of interferon regulatory factors (IRFs), is a first pu-
tative intracellular DNA sensor. It can bind double-stranded DNA
(dsDNA) mimic poly(dA-dT) to induce IFN-a production in a very
cell type specific [5]. RNA polymerase III also recognizes synthetic

thesis ODN.

IF116 has two HIN domains, HIN-A and HIN-B, which were sep-
arated by a spacer region. The HIN-B domain is predominant for
IFI16. It was reported that IFI16 could induce ASC-dependent in-
flammasome activation during infection of nuclear DNA virus, such
as HSV-1, KSHV and EBV [9-11] and act as a shuttle between cytosol
and nucleus for DNA sensing. IFI16 could assemble on naked DNA
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strands based on length to distinguish self and non-self-DNA. Re-
cently, there is a report that IFI16 is required for death of lymphoid
CD4+ T cells abortively infected with HIV by holding up HIV DNA
in cytosol, which results in caspase-1 activation and cell pyroptosis
[12]. The author also confirmed that IFI16 is an only DNA sensor
in charge of HIV DNA sensing, because knockdown another DNA
sensor, including AIM2 and STING, cannot rescue HIV DNA-induc-
ing cell death. It is interesting that AIM2 can also bind DNA in se-
quence-independent manner but cannot instead IFI16 in sensing
HIV DNA. IF116 is able to induce type-I IFN production and mod-
ulate a variety of cell functions including cell cycle, proliferation,
differentiation, apoptosis/pyroptosis, senescence and inflamma-
tion [13-15], and also linked to the phathogenesis of certain auto-
immune diseases, such as systemic lupus erythematosus (SLE) [16-
18]. STING (stimulator of interferon genes), as a mediator of type I
IFN induction, can be recruited to IF116 after IF116 sensed DNA and
activate IRF3 to drive the transcription of IFN and IFN-stimulated
genes [19,20].

These studies hint IFI16 is a potential candidate for sensing
ODN to mediate innate immune response. It is different from viral
DNA produced in cells, ODNs contact intracellular DNA sensor only
when they enter into cells. How the extracellular DNA is delivered
into cells in which intracellular DNA sensor can sense it remains
unclear. There is a report that DEC-205 could recognize extracellu-
lar CpG ODN and transport it into its target cells.DEC-205 is a pro-
fessional endocytic receptor and plays an important role in antigen
capture and presentation to T cells [21]. The structure property of
DEC-205 suggests that it may potentially recognize multiple ligands
and function as a “promiscuous” antigen receptor [22]. However, its
natural ligands have yet not to be identified [23,24]. It calls atten-
tion to us to survey its possibility for extracellular CCT ODN trans-
portation. In this study, we selected monocyte line U937 cells to be
target cells for CCT ODN stimulation and detected IFI16 as neces-
sary sensor of CCT ODN for cell response. The level of DEC-205 on
the surface of U937 cells had been also observed after CCT ODN
stimulation. Our results may provide a clue that extracellular DNA
should be an activator for certain DNA sensor to initiate innate im-
mune response, which may display anti-viral infection or neutralize
a strong stimulation from other factors.

Materials and Methods

Cell Culture

U937 cells (human promyelocytic leukemia cell line, American
Type Culture Collection (ATCC)) were obtained from Department
of Molecular Biology, College of Basic Medical Sciences, Jilin Uni-
versity (Changchun, China). The cells were cultured at 37 °C in a
5% CO, humidified incubator and maintained in RPMI 1640 me-
dium supplemented with 10% (vol./vol.) heat-inactivated fetal bo-
vine serum (FBS) and antibiotics (100 IU penicillin/ml and 100 1U

streptomycin/ml).

ODNs and Reagents

The CCT ODN (5-CCTCCTCCTCCTCCTCCTCCTCCT-3) with
full phosphorothioate modification was synthesized in Takara Co.
(Dalian, China). It is diluted in PBS and tested for endotoxin by
using the Limulus amebocyte lysate assay (Associates of Cape Cod,
Inc.). All reagents used were pyrogen-free reagents. Pooled human
AB sera were obtained from School of Stomatology, Jilin University
(Changchun, China). IF116 siRNA was purchased from Santa Cruz
Biotechnology Inc. Rabbit anti-human DEC-205 andIFI16mAbs
were purchased from MiltenyiBiotec (Auburn, CA). Goat anti-
rabbit IgG FITC-labeled, was purchased from Zymed Laboratories
(San Francisco, CA). Human IFN-a ELISA kit was purchased from
eBioscience.

Flow Cytometry

To examine cell surface expression of DEC-205 proteins on
U937 cells with or without CCT ODN stimulation, cells were plat-
ed into 24-well plates at a density of 1 x 106 cells/well. CCT ODN
at 2 pM was added. After 2 hours’ incubating, cells were harvested
and washed, then incubated for 30 min at 4 °C with primary an-
ti-DEC-205 mAb containing 5% human AB serum. Unbound an-
tibody was removed by washing the cells with PBS (4 °C). After
centrifugation and two additional washing, the labeled cells were
incubated at 37 °C for 30 min and stained with isotype-specif-
ic goat-anti-rabbit Alexa-488 secondary antibodies (Invitrogen).
Then, the cell-associated immunofluorescence was measured by
flow cytometry (FACScan; BD Biosciences).

Confocal Microscopy

For confocal imaging, U937 cells were allowed to adhere to poly
L-lysine-coated cover slips, fixed in 4% paraformaldehyde in PBS
and permeabilized with 0.1% triton-X100. After fixation and per-
meabilization, the cells were blocked in PBS containing 5% BSA and
then stained with rabbit polyclonalprimary IgG overnight at 4 °C.
Unbound antibodies were washed away and cells were incubated
at 37 °C for 1 hour. Then, the cells were stained with isotype-spe-
cific goat anti-rabbit Alexa-488 secondary antibodies (Invitrogen),
mounted with Mowiol (BrunschwigChemie, Amsterdam, The Neth-
erlands) and imaged with a Bio-Rad MRC 1024 confocal system op-
erating on a Nikon Optiphot microscope and a Nikon 100xplanApo
1.4 oil immersion lens. Pictures were analyzed with BioRad-La-
sersharp 2000 and Adobe Photoshop 7.0 software (Adobe Sys-
tems,Mountain View, CA, USA).

RNA Isolation and Quantitative RT-PCR

Total RNA was extracted from U937 cells using RNeasy Mini
kit (Qiagen, Valencia, CA, USA) and reverse transcribed into cDNA
using Tagman reverse transcription reagents (Applied Biosystems)
with random hexamer primer, according to the manufacturer’s
instructions. Real-time qPCR was performed using SYBR Green and
LightCycler 480 system (Roche). The two-temperature cycle of 95
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°C for 15 s and 60 °C for 1 min (repeated for 40 cycles) was used.
Relative quantities of transcripts were calculated using the AACt
method with GAPDH as a reference. The primers used for qPCR
are synthesized by Sangon Biotech (Shanghai, China) and listed in
Table 1.

Table 1: Sequences of primers used in gPCR.

Name Sequence (5’0 3’)
Forward 5’-ACTGGCGTCTTCACCACCAT-3’
GAPDH
Reverse 5’-GCAGGAGGCATTGCTGATGA-3’
Fl16 Forward 5-TAGAAGTGCCAGCGTAACTCC-3’
Reverse 5’-TGATTGTGGTCAGTCGTCCAT-3’
AM2 Forward 5’-AGCTGAAATGAGTCCTGCTGC-3’
Reverse 5’-CTTGGGTCTCAAACGTGAAGG-3’
Forward 5-GGTTTCCAATGCTCAGCTAGAC-3’
LRRFIP1
Reverse 5’-CCTCCTTGACTTCAGCAAACTG-3’
Trex Forward 5’-GCCTTCTGTGTGGATAGCATC-3’
rex
Reverse 5’-GTCTCCACTGACAGATGCTGA-3’
Forward 5’-ACACACCTGATGAGAGTCCTG-3’
DNA-PKcs
Reverse 5’-CTCCTCAATGCTCTGTGCTGT-3’
Ku70 Forward 5-TTGCTTCTGCCTAGCGATACC-3’
u
Reverse 5’-ACTCCTCTGGGTACACGAACA-3’
Kugo Forward 5’-CCTGGATGCACTAATCGTGAG-3’
u
Reverse 5’-CCATCTTCCTTGCCAAGTGAG-3’
Forward 5’-CACAACATCACCCGCAAGGTA-3’
RNA polymerase III
Reverse 5-TGCAGCACTTGTAGAAGGTGG-3’
STING Forward 5’-GGGCTGGCATGGTCATATTAC-3’
Reverse 5’-GGGTCAGCCATACTCAGGTTA-3’
DAl Forward 5’-CAACAACGGGAGGAAGACATC-3’
Reverse 5’-GGCGGTAAATCGTCCATGCTT-3’
IFN Forward | 5-GAAGAATCTCTCCTTTCTCCTGCC-3’
-a
Reverse 5’-ATGGAGGACAGAGATG GCTTG-3’

Gel Electrophoresis and Western Blot

Whole cell extracts were prepared by washing cells twice with
PBS(4 °C) and incubating them in lysis buffer (50 mM Tris, pH 7.5,
150 mM NaCl, 1 mM EDTA, 1%NP-40) with addition of phosphatase
inhibitor cocktails 1 and 2 (Sigma; P2850 and P5726) and protease
inhibitors (30 mM sodium fluoride, 1 mM phenylmethylsulfonyl
fluoride, 10 g/ml aprotinin, 10 g/ml leupeptin, 1 g/ml pepstatin,
1 mM benzamidine) for 30 min at 4 °C on arocking platform be-
fore being scraped and transferred to tubes. The lysates were 103
PD performed with a DC protein assay kit (BioRad Laboratories).
For Western blot analysis, 15 pg total protein was separated using
standard 15% SDS-polyacrylamide gels and transferred to polyvi-
nylidenedifluoride (PVDF) membranes (Immobilon P; Millipore).
All blots were blocked in 5% skim milk in Tris-buffered saline
(TBS)-Tween (0.1%) atroom temperature for 2 h, then read with
the VersaDoc image system (BioRad, Hercules, CA, USA). Rabbit
anti-human GAPDH, IF116, and IFN-a mAbs were purchased from
MiltenyiBiotec (Auburn, CA). Goat anti-rabbit IgG was purchased
from Zymed Laboratories (San Francisco, CA).

ELISA for IFN-a

IFN-a production in the culture supernatants was measured
using an ELISA kit (eBioscience) according to the manufacturer’s
protocol. The optical density was detected at a wavelength of 450
nm on a microplatereader (Wellscan MK3; Labsystems). A standard
curve ranging from 7.8 to 500 pg/ml was constructed using serial
dilutions of a human IFN-a standard provided with the kit. Samples
with values greater than the negative control but less than 7.8 pg/
ml were assigned values based on the extrapolation of the standard

curve.

Small Interfering RNA and Transfection

The siRNA oligonucleotides targeting IFI16 were purchased
from Santa Cruz Biotechnology Inc. The IFI16-siRNA is a pool of
three different siRNA duplexes of A, B and C (Table 2). A negative
control siRNA 5’-r(UUCUCCGAACGUGUCACGU)d(TT)-3" was used
to monitor non-specific effects. 48 hours after transfection, Western
blot was carried out to examine the knockdown of the targeted

proteins.

Table 2: The sequences of three IFI16 siRNAs.

Name siRNA Sequences
Sense 5’-CCACAAUCUACGAAAUUCALt-3’
A Antisense 5’-UGAAUUUCGUAGAUUGUGGtt-3’
Sense 5’-CCAUCCAGCAGUUUCUUCAtt-3’
b Antisense 5-UGAAGAAACUGCUGGAUGGtt-3’
Sense 5’-GGAAGGAGAUAAACUGAAALt-3’
¢ Antisense 5’-UUUCAGUUUAUCUCCUUCCtt-3’
Statistical Analysis

Results were representative of at least three independent ex-
periments. The values were expressed as mean and standard devi-
ation (SD) of individual samples. Statistical significance was deter-
mined by the Student’s t-test. A P<0.05 was considered a significant
difference between the experimental groups.

Results

CCT ODN Induces the Expression of IFI16 and IFN-a in
U937 Cells

To observe whether CCT ODN triggering modulates DNA
sensors in U937 cells, the expression of various known cytoplasmic
DNA sensors was assessed by quantitative RT-PCR (qRT-PCR) after
treatment with CCT ODN for different times. The result showed
that CCT ODN could regulate the expression levels of different
DNA sensor mRNA4, including IFI16, LRRFIP1, Ku80, DNA-PKcs
and AIM2, but not other DNA sensors when cultured the cells for
2 hours (Figure 1A). Among the up-regulated DNA sensors, [FI16
expression level was elevated at 30 minutes, reached peak at 2
hours and dropped down at 24 hours. When the cells treated by
CCT ODN for 2 hours, the mRNA levels of IFI16 was reached to over
2.5-fold, which was higher over one-fold than that of AIM2, Ku80
and DNA-PKcs, and half fold than that of LRRFIP1. Because IFI16-

Copyright@ Zhimin Zhang | Biomed ] Sci & Tech Res| BJSTR. MS.ID.003357.

14569


http://dx.doi.org/10.26717/BJSTR.2019.19.003357

Volume 19- Issue 5

DOI: 10.26717/BJSTR.2019.19.003357

STING pathway could induce type I interferon (IFN) production, we
detected IFN-a mRNA in the cells by qRT-PCR. It was shown that
CCT ODN could up-regulate IFN-a transcription in U937 cells after
treated for 30 min and 2 hours. The peak of IFN-a mRNA was seen

at 2-hour treatment of U937 cells with CCT ODN (Figure 1B). The
results reveal that CCT ODN induces IFN-a production possibly
through IF116 signal pathway.

A
3
- AIMZ
= IFI6
L . - LRRFIP1
; - STING
§ -+ RNA polymerase Il
o 14 - Trex1
E 8 Kufo
-& KusD
o - . . - ¥ DNA-pkcs
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£ 21 *+ IFN-a
=
<l
=
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0 .
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24h
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Figure 1: The effect of CCT ODN on the expression of DNA sensors and IFN- o in U937 cells. U937 cells were plated in 6-well
plates at a density of 1x10° cells/well in RPMI 1640 medium/10% FCS, treated with CCT ODN (1 p M) for different times
indicated in the figure, and then harvested for evaluating the mRNA levels of target genes by qRT-PCR. GAPDH mRNA level
was as normalized standard. The data are representative of three independent experiments.

a)  The levels of different DNA sensor mRNA.
b)  Comparison of IFI16 and IFN- a mRNA levels.

IFI16 is Required for CCT ODN to INDUCE IFN-a Produc-
tion in U937 Cells

To confirm the up-regulation role of CCT ODN for IF116 expres-
sion, U937 cells were lysed after treatment with CCT ODN for 48
hours and the supernatant of the cell lysate was analyzed by West-
ern blotting using anti-IFI16 antibody. The result revealed that
there was certain level of IFI16 in U937 cells, which was upregu-
lated by CCT ODN (Figure 2A). After assessed using grey values, it

was found that CCT ODN could significantly increase the expression
level of IF116 in U937 cells (Figure 2B). To be clear the induction
role of CCT ODN on [FN-a production was through IFI16 pathway,
we firstly knocked down the IFI16 expression level using IFI16
siRNA (Figure 2A & 2B) and then detected the secretion levels of
IFN-a from the cells. It was found that CCT ODN could significantly
promote [FN-a secretion from U937 cells. The effect of CCT ODN
could be abolished by IFI16 siRNA (Figure 2C), indicating IFI16 is
required for CCT ODN inducing IFN-a production in U937 cells.
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Figure 2: CCT ODN induces IFI16 and IFI16-dependent IFN- o

|
production in U937 cells. U937 cells were cultured with CCT

ODN directly or after IFI16 siRNA transfetion for 48 hours. The cells or cell supernatants were collected for western blotting

with anti-IFI16 mAb or IFN- o detection by ELISA.
a)  Western blot result of IFI16.
b)  Grey values of the western blot results.

©)

Co-Localization of CCT ODN with IFI16 in U937 Cells

IFI16 as a DNA sensor has been shown to interact with
various DNA localized in cytoplasm. To investigate whether IFI16
colocalizes with CCT ODN, we employed immunofluorescence
confocal microscopy. The Figure 3 shows fluorescence images of
U937 cells. The fluorescence of IFI16 (green) and CCT ODN (red)
demonstrated a prominent cytoplasm punctate staining area.
Merged images showed significant punctate areas of colocalization
for IFI16 and CCT ODN in the cytoplasm of U937 cell. These data
suggest that CCT ODN gets through the cell membrane into the
cytoplasm and binds to IFI16.

IFN- o levels in the supernatants of the U937 cells detected by ELISA. Data expressed as mean + SEM.

DEC-205 as Surface Receptor for CCT ODN to Enter U937
Cells

A recent report demonstrated that DEC-205, a C-type lectin,
could act as a cell surface receptor for CpG ODN in human pDCs
[25]. To survey the possible role of DEC-205 for delivering CCT ODN
into U937 cells, the cells were labeled with anti-DEC-205 antibody
followed by flow cytometry or confocal microscopy analysis. The
results showed that 30.2 % of U937 cells were surface DEC-205
positive when cultured at 4 °C. At 4 °C culture condition, CCT ODN
didn’t affect the level of DEC-205 on the cells. When the cells were
cultured at 37 °C, CCT ODN decreased the level of DEC-205 on the
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surface of the cells (Figure 4A). By comparing the MFI of DEC-205
on the cells cultured either at 4 oC or at 37 oC, it was found that
CCT ODN could significantly decrease the level of DEC-205 on the
cells cultured at 37 °C (P<0.001) (Figure 4B), hinting DEC-205 may
be internalized with CCT ODN together into the cells. To confirm

CCT ODN-Cy3 IFI116-FITC

the deduction, the stained cells were analyzed using confocal mi-
croscope. It was found that DEC-205 expressed on the surface of
the cells when cultured at 4 °C, whereas moved into the cells when
cultured at 37 °C (Figure 4C), indicating that DEC-205 can internal-
ize into the cells along with CCT ODN.

DAPI Merge

Figure 3: Co-localization of CCT ODN and IFI16 in U937 cells. U937 cells were incubated with Cy3-labeled CCT ODN for
2 hours and then fixed on slides. The slides were stained with rabbit polyclonal IgG to human IFI16 overnight followed by
addition of Alexa Fluor 488-conjugated goat anti-rabbit IgG for 1 hour at room temperature. All slides were visualized under
a confocal microscope (x 1000). Data are representatives of three experiments.

A CCTODN
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5
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DEC-205-FITC
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g " s
|
= § |
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» |
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rmm m I'(.' oDM
c DAPI DEC-205-FITC Merge

CCT ODN
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Figure 4: Confocal image of DEC-205 on/in U937 cells. U937 cells were cultured with or without CCT ODN for 30 min at 4 °C
or 37 °C and then stained or fixed followed by staining with anti-DEC-205 antibody. Afterward, the cells were analyzed by flow
cytometry or a confocal microscope. Data are representatives of three independent experiments.

a)  Data from flow cytometry analysis.

b)  MFI of surface DEC-205 of U937 cells. Data are mean + SEM of three independent experiments. Statistical significance
determined by two-way ANOVA followed by Bonferroni test.

C) Confocal analysis of CCT ODN-activated U937 cells. Magnification: x 100.
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Discussion

In this study, we showed that a human microsatellite DNA
mimicking ODN with eight CCT repeats (CCT ODN) displayed an
immune regulatory role in type I interferon induction in a human
monocyte line U937 cells. This result is attractive to us because of
its immunosuppressive activity showed in our previous research.
To be clear the mechanism of CCT ODN, we tested its role of regulat-
ing intracellular DNA sensors. There is no report about regulatory
ODNs (rODNs) plays their role through DNA sensor. As we known,
rODNs can be divided into four types according their features of
sequences and activities. Type I rODNs are guanine rich oligode-
oxynucleotides, such as ODNs of 2114, 2088 and H154, and display
inhibitory effect on CpG ODN-induced immune responses, such as
proliferation of B cells, production of cytokines (e.g. IL-6, IL-12 and
IFN-y) by mouse spleen cells, secretion of IFN-a by pDCs, and so
on. Type Il rODNs are oligodeoxynucleotides with TTAGGG repeat
based on mammalian chromosome telomere sequences, such as
A151. It is typical rODN with many immunosuppressive activities.
Usually, there are 500 - 3000 TTAGGG repeats in human chromo-
some telomeres. Type III rODNs are oligodeoxynucleotides with
tandem quinine sequences and can inhibit its combination with
CpG ODN or uptaking of CpG ODN.

TypeIVrODNsarelonger sulfur modified oligodeoxynucleotides
and display inhibitory roles by competing TLR9 with CpG ODN in
a length-dependent manner. All of above rODNs are composed of
G-rich sequences. However, CCT ODN presented in this study has
no ‘G’ in its sequence and only contains CCT repeats, which are
abundant in microsatellite DNA in human genome. In this point,
CCT ODN should belong to a novel type of rODNs based on its
immunosuppressive roles presented in our previous study but
revealed stimulation activity on IFN-a induction through a cytosol
DNA sensor IF116, indicating any ODN may display negative role on
one hand and positive role on the other hand. IFI16 can recognize
both of ssDNA and dsDNA through its HIN domains. Although the
length of naked ssDNA is thought to be necessary for IF116’s DNA
sensing, no one proved ODN could not target IFI116. In this study,
we found CCT ODN could elevate the expression of IFI16 at mRNA
and protein levels, which was connected to its induction activity of
IFN-a production. This phenomenon hints IFI16 mediated pathway
may attenuate TLR9-mediated pathway. TLR9 is for recognizing
microorganism derived CpG DNA, whereas cytosol DNA sensor like
IF116 may be just for self-derived DNA to attenuate the strength of
innate immune response through TLR pathway.

It’s interesting that CCT ODN induces IFN-a production in U937
cells is [FI16 dependent. It is unknown how CCT ODN reached the
IF116, possibly by DEC-205 delivering. Why DEC-205, as surface re-
ceptor for CpG ODN, can distinguish CpG ODN and CCT ODN and
send them to different cytosol receptor? So far, IFI16 is reported
to recognize DNA in a sequence-independent manner. May be DEC-
205 binds different DNA by different motif, which lets IFI16 decide
to sense or no-sense. All these questions need to be clarified in the

future study. Anyway, our data in this article not only demonstrated
IF116, as a cytosolic DNA sensor, triggered type-I IFN pathway, but
also revealed a novel mechanism of immune signaling in which CCT
ODN was predominantly sensed by IFI16 along with DEC-205 in-
ternalization in U937 cells, and thereby triggered IFN-a production.
It remains to be determined whether other DNA sensors evolved
in type I IFN pathway in the host as a mechanism of responding
to CCT ODN. Identification of intracellular interaction partners of
IF116 will reveal how it modulates the type I IFN pathway.
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