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Plasmacytoid Dendritic Cells Mediate
Myocardial Ischemia/Reperfusion Injury by
Secreting Type | Interferons
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BACKGROUND: We previously demonstrated that ischemically injured cardiomyocytes release cell-free DNA and HMGB1 (high
mobility group box 1 protein) into circulation during reperfusion, activating proinflammatory responses and ultimately exacer-
bating reperfusion injury. We hypothesize that cell-free DNA and HMGB1 mediate myocardial ischemia-reperfusion injury by
stimulating plasmacytoid dendritic cells (pDCs) to secrete type | interferon (IFN-I).

METHODS AND RESULTS: C57BL/6 and interferon alpha receptor-1 knockout mice underwent 40 minutes of left coronary artery
occlusion followed by 60 minutes of reperfusion (40760" IR) before infarct size was evaluated by 2,3,5-Triphenyltetrazolium
chloride-Blue staining. Cardiac perfusate was acquired in ischemic hearts without reperfusion by antegrade perfusion of
the isolated heart. Flow cytometry in pDC-depleted mice treated with multiple doses of plasmacytoid dendritic cell antigen-1
antibody via intraperitoneal injection demonstrated plasmacytoid dendritic cell antigen-1 antibody treatment had no effect
on conventional splenic dendritic cells but significantly reduced splenic pDCs by 60%. pDC-depleted mice had significantly
smaller infarct size and decreased plasma interferon-a and interferon-3 compared with control. Blockade of the type | inter-
feron signaling pathway with cyclic GMP-AMP synthase inhibitor, stimulator of interferon genes antibody, or interferon regu-
latory factor 3 antibody upon reperfusion similarly significantly attenuated infarct size by 45%. Plasma levels of interferon-a
and interferon-3 were significantly reduced in cyclic GMP-AMP synthase inhibitor-treated mice. Infarct size was significantly
reduced by >30% in type | interferon receptor monoclonal antibody—treated mice and interferon alpha receptor-1 knockout
mice. In splenocyte culture, 4070 cardiac perfusate treatment stimulated interferon-a and interferon-3 production; however,
this effect disappeared in the presence of cyclic GMP-AMP synthase inhibitor.

CONCLUSIONS: Type | interferon production is stimulated following myocardial ischemia by cardiogenic cell-free DNA/HMGB1
in a pDC-dependent manner, and subsequently activates type | interferon receptors to exacerbate reperfusion injury. These
results identify new potential therapeutic targets to attenuate myocardial ischemia-reperfusion injury.
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cause of death in the United States, accounting for

1 of every 5 deaths. Myocardial infarction and heart
failure account for the vast majority of the morbidity
and mortality associated with ischemic heart disease.
The means to attenuate acute myocardial infarction is
2-fold; both early restoration of the blood flow to the
ischemic heart and early inhibition of the inflammatory

Isohemic heart disease remains the single leading

response during reperfusion are key."? The inflam-
matory response during reperfusion is triggered by
damage-associated molecular patterns (DAMPs),
specifically cell-free DNA (cfDNA) and HMGB1 (high
mobility group box protein 1), released from isch-
emic myocardium into circulation during reperfusion.
HMGB1 and cfDNA subsequently activate CD4+ T cells
via a cfDNA-HMGB1-RAGE-TLR9 pathway to further
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CLINICAL PERSPECTIVE

What Is New?

e Asubsetof splenicleukocytes, plasmacytoid den-
dritic cells, is stimulated by myocardial ischemia
to mount a detrimental inflammatory response
mediated by type | interferons that exacerbates
myocardial infarct size after reperfusion.

e Depletion of plasmacytoid dendritic cells, block-
ade of type | interferon production, or loss of
interferon-a/3 receptor function all attenuate
myocardial infarct size in a murine coronary oc-
clusion model of ischemia/reperfusion injury.

What Are the Clinical Implications?

e Plasmacytoid dendritic cells and the type | in-
terferon pathway are novel potential therapeutic
targets to reduce infarct size following myocar-
dial infarction.

e Future studies are needed to further define
the mechanistic pathways contributing to
myocardial infarct exacerbation by inflamma-
tory response activation and identify translat-
able therapeutic interventions to attenuate this
process.

Nonstandard Abbreviations and Acronyms

cfDNA  cell-free DNA

cGAS cyclic GMP-AMP synthase

CP cardiac perfusate

cTnT cardiac troponin T

DAMP damage-associated molecular pattern

DC dendritic cell

HMGB1 high mobility group box protein 1
IFN-I1 type | interferon

IFNAR type | interferon receptor

IRF3 interferon regulatory factor 3

IRI ischemia/reperfusion injury

IS infarct size

mAb monoclonal antibody

pDC plasmacytoid dendritic cell
PDCA-1 plasmacytoid dendritic cell antigen-1
RR ischemic risk region

STING  stimulator of interferon genes
TLR toll-like receptor

WT wild-type

mediate reperfusion injury.? Given that toll-like recep-
tor (TLR) expression is substantively low in T cells,
this pathway likely occurs upstream of CD4* T cells
activation.?
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Dendritic cells (DCs) serve as the sentinels of the
immune system and activate the immune response to
peripheral pathogens via TLRs.>® Compared with the
classic DC (cDC), plasmacytoid DCs (pDCs) represent
a small subset of DCs that differ in life cycle and accu-
mulate primarily in the blood and lymphoid tissues.®? It
is well established that circulating and residential pDCs
sense pathogens and are activated by producing
type-l interferon (IFN-I). Naive T cells are subsequently
activated by either IFN-I or the antigen-presenting
pathway. Recently, several endogenously derived mol-
ecules, referred to as DAMPs, have also been shown
to interact with pDCs and promote production of IFN-I,
including HMGB1'%" and endogenous cfDNA.">13 We
have demonstrated that these DAMPs are released
from ischemic myocardium during reperfusion and
promote an inflammatory response and induce reper-
fusion injury.>'* pDCs, as well as IFN-I, have been
found to play a critical role in organ ischemic/reperfu-
sion injury (IRI)."5=7

We hypothesize that pDCs are activated during
postischemia reperfusion and mediate the proinflam-
matory response by production of IFN-I and subse-
quent activation of type | interferon receptor (IFNAR). In
this study, we tested this hypothesis anticipating that
inhibition of pDCs or the IFN-I pathway would attenu-
ate myocardial IRI.

MATERIALS AND METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. This study complied with the 2011 Guide
for the Care and Use of Laboratory Animals, 8th edi-
tion, as recommended by the US National Institutes
of Health, ensuring that all animals received humane
care. The University of Virginia Animal Care and Use
Committee reviewed and approved the study protocol.

Animals and Materials

C57BL/6 wild-type (WT) mice and interferon alpha
receptor-1 knockout (IFNAR17) mice (male, aged
9-12 weeks, purchased from the Jackson Laboratory,
Bar Harbor, ME) were used in the study. PDCA-1 an-
tibody (CD317 antibody, Miltenyl Biotec, Gaithersburg,
MD) was used to deplete pDCs with rat IgG2b was
used as isotype control. IFNAR1 monoclonal antibody
(MAR1-5A3, ThermoFisher Scientific, Grand Island,
NY) was given as an 2 pg/g IV bolus 5 minutes be-
fore reperfusion to inhibit IFNAR1 activity. The signal-
ing pathway leading to IFN-I production was blocked
using cyclic GMP-AMP synthase (cGAS) inhibitor
(RU.521 0.2 pg/g, InvivoGen), anti-STING (stimulator of
interferon genes) antibody (1 ug/g, ThermoFisher), anti-
IRF3 (interferon regulatory factor 3) antibody (1 pg/g,
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ThermoFisher) respectively given as intravenous bo-
luses 5 minutes before reperfusion.

Myocardial IRl and Determination of
Infarct Size

Myocardial infarction was induced in intact mice as
previously described.34'® Briefly, anesthetized mice
(Avertin 250 mg/kg with additional 125 mg/kg IP
dose every 30 minutes) were placed in a supine posi-
tion on a heating pad, orally intubated with a PE-60
tube, and mechanically ventilated at a tidal volume of
10 pL/g and rate of 130 stroke/min (MiniVent Ventilator,
Harvard Apparatus, Holliston, MA). A left thoracotomy
was performed by dividing the left third and fourth ribs
and intervening intercostal muscle to expose the heart.
An 8-0 Prolene suture was passed underneath the left
coronary artery (LCA) at the level of the lower edge of
the left atrium and tied over a piece of PE-50 tubing
to occlude the LCA for 40 minutes. Successful LCA
occlusion was confirmed by color change in the re-
gion at risk. Reperfusion was achieved by removing
the tubing. A volume of 1 to 1.5 mL IP 5% dextrose was
given to replace insensible losses during the operation.
Core body temperature was monitored throughout the
operation with a rectal thermocouple interfaced to a
digital thermometer (Barnant Co, Barrington, IL) and
maintained between 36.5 and 37.5°C.

Following 60 minutes of reperfusion, mice were eu-
thanized under deep anesthesia, and the heart was
isolated and cannulated through the ascending aorta
with a blunt 23-gauge needle and sequentially per-
fused with 3 mL 37°C PBS (pH=7.4) and 3 mL 37°C 1%
2,3,5-Triphenyltetrazolium chloride in PBS. The LCA
was then reoccluded by retying the encircling suture,
and the heart was then perfused with 0.5 to 1.0 mL
10% Phthalo Blue (Heubach Ltd, Fairless Hills, PA) to
delineate the nonischemic region. The heart was then
frozen and trimmed of the right ventricle and atria. The
left ventricle was cut into 5 to 7 slices, which were fixed
in 10% neutral buffered formalin solution. Each slice
was weighed and photographed. The sizes of the non-
ischemic area, the ischemic risk region and the infarct
area were calculated as a percentage of correspond-
ing area multiplied by the weight of the slice as pre-
viously reported (Figure 1C).%4182" The ischemic risk
region (RR, expressed as percentage of left ventricu-
lar mass) is representative of the area of myocardium
supplied by the LCA and becomes ischemic with LCA
occlusion, and the infarct size (IS) was expressed as a
percentage of the RR.

Depletion of pDCs and Flow Cytometry

pDCs were depleted in WT mice by serial intraperi-
toneal injection of PDCA-1 antibodies with 250 pg
PDCA-1 antibody (Miltenyi Biotec) every 2 days for a
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total of 4 doses. Control mice were injected with an
equivalent amount of isotype IgG (Miltenyi Biotec). Four
days after the final injection of antibodies, spleens were
harvested from each group (n=4) for flow cytometry.
The remaining mice underwent myocardial IRl for in-
farct size determination.

Flow Cytometry

The spleen was dissociated into a single-cell suspen-
sion using PBS supplemented with 10% fetal bovine
serum in GentleMACs tubes (Miltenyi Biotec). Red
blood cells were lysed by resuspending splenic cells in
ammonium chloride-Tris buffer and incubation at room
temperature for 8 minutes. Leukocytes were collected
following centrifugation and washed twice in PBS.
The splenic leukocytes were resuspended in PBS
and enriched to 2x108/pL. LIVE/DEAD Fixable Aqua
Dead Cell Stain Kit (ThermoFisher) was used to check
the viability of splenic leukocytes. Specimens (100 pL
each) were treated with CD16/32 blocking antibodies
for 10 minutes followed by antibody mixtures (APC/
Cy7-CD45, FITC-CDS, PerCP/Cy5.5-B220, APC-IA/IE,
PE-PDCAT1, BV421-CD11c¢) (BioLegend, San Diego CA)
for 30 minutes. Corresponding fluorescence minus
one controls were also prepared. Then, all specimens
were fixed by adding 500 pL 4% paraformaldehyde
(Sigma-Aldrich). Flow cytometry was performed using
Attune NXT Flow Cytometer (ThermoFisher), and data
were analyzed using FlowJo software (BD Company,
Ashland, OR). The pDCs were defined by CD45%,
CDS3-/IA/IE* and B220+/PDCA1*, and cDCs by CD45*
and CD11c+/IA/IE*.

Cell Culture Study With Splenocytes
Treated With Cardiac Perfusate
Acquisition of Cardiac Perfusate

Wild type mice were anesthetized and orally intubated
before undergoing a period of LCA occlusion (5, 10, 20
or 40 minutes of ischemia) without reperfusion. Then
hearts were harvested and cannulated via the ascend-
ing aorta with a 23-gauge needle and perfused with
500 pL 37°C phosphate buffered saline (PBS, pH=7.4)
for three cycles. The cardiac perfusate (CP) was col-
lected and centrifuged at 0.9g for 20 minutes to dis-
card cellular sediments. CP levels of cfDNA, HMGB1,
and cardiac troponin T (cTnT) were evaluated using
Nanodrop and western blot (anti-HMGB1 and cTnT an-
tibodies purchased from Abcam).?'

Splenocyte Culture With Stimulation by CP

Splenic leukocytes were collected from WT mice (as
described in flow cytometry methods) and incubated
in 6-well plates (BD Company) at a concentration
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Figure 1. Plasmacytoid dendritic cell (pDC) depletion and effect of infarct size after ischemia/

reperfusion injury (IRI).

A, Serial intraperitoneal (IP) injection of PDCA-1 antibodies significantly depleted splenic pDCs without
affecting classic dendritic cells (cDCs). The numbers of cDCs and pDCs are presented as percentage of
splenic IA/IE positive antigen presenting cells (APC). B, Ischemic region at risk (RR; percentage of left
ventricle, as defined by the area supplied by the left coronary artery) and infarct size (IS; percentage of
RR) after 40760 IRI in pDC-depleted and isotype IgG-treated control mice. *P<0.05. C, Representative
2,3,5-Triphenyltetrazolium chloride—Phthalo blue staining left ventricle sections following 40760’ IRl from
pDC-depleted and control mice. IA/IE, MHC class Il antigen.
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of 8.2x108 cells in 1.2 mL of culture media per well.
Then 200 pL of 570" CP or 4070 CP, respectively,
were added to 4-well (h=4/group) cell culture plates
and incubated for 4 hours. Another group had sple-
nocytes pretreated with RU.521 at a dose of 8 pg/mL
(19 pmol/L) administered 30 minutes before addition of
407/0" CP and incubation for 4 hours. Following the in-
cubation period, culture supernatants were collected,
and levels of interferon-a and interferon-(3 were meas-
ured by western blot. Live counts of splenic leukocytes
were measured using a fluorescence automated cell
counter (Cellometer K2, Nexcelom. Lawrence, MA).

Measurement of Interferon-a and
Interferon-3

Plasma and culture supernatant levels of interferon-a
and interferon-3 were determined using an ELISA
kit (Bio-Rad Laboratories). Levels of interferon-a
and interferon-f3 in the supernatant of splenic leuko-
cyte cultures were also evaluated using western blot
(ThermoFisher).

Statistical Analysis

Comparisons between groups were performed with
1-way ANOVA with Bonferroni’s correction for multiple
comparisons and unpaired Student’s t test. Prism 9
(GraphPad Software Inc., La Jolla, CA) was used to
perform statistical calculations. Flow cytometry data
was analyzed using FlowdJo. Data are presented as
mean+SEM, with a P value of <0.05 indicating statisti-
cal significance.

RESULTS

Depletion of pDCs Attenuates Myocardial
IRI

Four days after the final injection of the antibodies
(PDCA-1 for pDC depletion or isotype IgG control),
spleens were harvested from each group (n=4) for flow
cytometry, which demonstrated that PDCA-1 antibody
treatment had no effect on the number of splenic cDCs
(expressed as percentage of MHC class Il antigen [IA/
IE] positive antigen presenting cells, 1.87+0.33 versus
1.55+0.12 in IgG control mice, P>0.05), but significantly
reduced splenic pDCs by 60% (0.47+0.01 versus
1.41+£0.29 in IgG control mice, P<0.05; Figure 1A). In
pDC-depleted mice undergoing 40760 IRI, there was
no difference in ischemic risk region (RR, expressed as
percentage of left ventricular mass) compared with the
isotype 1gG control group (39«3 versus 40+1, P>0.05),
but the pDC-depleted mice had significantly smaller IS
(expressed as percentage of RR) of 31+3 when com-
pared with IgG control mice (49+3, P<0.05; Figure 1B
and 1C).
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Blockade of IFN-I Production Attenuates
Myocardial IRI

Production of IFN-I requires sequential activation of a
signaling pathway which includes cGAS, STING, and
IRF3. The role of cGAS, STING, and IRF3 in mediat-
ing myocardial IRl was thus evaluated using selective
inhibitor of cGAS (RU.521 at a dose of 0.2 ug/g body
weight), anti-STING antibody (1 pg/g), or anti-IRF3 an-
tibody (1 pg/g), respectively, in C57BL/6 WT mice un-
dergoing 40760" IRI. These compound or antibodies
were administered 5 minutes before onset of reperfu-
sion. There was no difference in RR among all groups
(P>0.05). IgG control mice had an IS of 53+4. Individual
blockade of cGAS, STING, or IRF3 similarly attenuated
IS by =45% to 30.4+4, 31.9+5, and 33.9+5, respec-
tively (P<0.05 versus IgG control; Figure 2).

Blockade of pDC - IFN-1 Pathway
Reduces Production of IFN-I

Following 40760 myocardial IRl in WT control mice,
pDC-depleted mice, and RU.521 treated mice, or
100 minutes of maintenance under anesthesia and
mechanical ventilation after thoracotomy in sham-
operated mice, the plasma levels of interferon-a and
interferon-3 were measured by ELISA. Compared with
sham, both interferon-a and interferon-(3 were found to
be significantly elevated in following 40760 ischemia/
reperfusion (50.3+4.3 versus 22.5+1.2 pg/mL, and
31.4+2.4+18.3£0.6 pg/mL, respectively; P<0.05 for
both; Figure 3). However, this increase interferon-a and
interferon-B was significantly attenuated in RU.521-
treated (81.4+2.2 pg/mL and 22.1+0.5 pg/mL, P<0.05
versus control for both) and pDC-depleted mice

100

| = |gG isotype Control (n =7)
BE RU.521 (n=9)

3 STINGAb (n=9)

1 =3 IRF3Ab(n=8)

Percentage (%)

Risk Region (% LV) Infarct Size (% RR)

Figure2. Infarctsize analysisafterblockade of components
of the pathway leading to type Il interferon (IFN-I) production.
Ischemic region at risk (RR; percentage of left ventricle) and
infarct size (IS; percentage of RR) after 40760° ischemia/
reperfusion injury (IRI) with individual blockade of cGAS, STING,
and IRF3 with selective inhibitors RU.521, anti-STING, or anti-
IRF3 mAb, respectively, were compared with a control group
that underwent treatment with PBS only. *P<0.05 vs IgG isotype
control group. cGAS indicates cyclic GMP-AMP synthase; IRF3,
interferon regulatory factor 3; mAb, monoclonal antibody; and
STING, stimulator of interferon genes.
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(25.9+1.2 pg/mL and 19.0+0.2 pg/mL; P<0.05 versus
control for both).

IFN-I Mediates Myocardial IRI by
Activating IFNAR1

WT mice treated with PBS (control), control isotype
lgG monoclonal antibody (mAb) at a dose of 2 pg/g,
or IFNAR1 mAb (MAR1-5A3) at a dose of 2 ug/g as an
intravenous bolus 5 minutes before reperfusion, and
congenic IFNAR1”" mice underwent 40760" IRI. RRs
were comparable among these groups (P>0.05). WT
control and IgG control mice had similar IS (53+4%
versus 49+3%; P>0.05). IS was significantly reduced
by >30% in IFNAR1 mAb-treated and IFNAR1” mice
(29.5+4% and 34.3+5% respectively, P<0.05 versus
PBS control and P<0.05 versus isotype IgG control;
Figure 4).

Cardiac-Derived cfDNA and HMGB1
Stimulate Splenic Leukocytes to Release
IFN-I
CP was collected from WT mice undergoing varying
durations of myocardial ischemia without reperfusion,
and levels of cfDNA, HMGB1, and cInT were meas-
ured. There was no difference between sham and
570" CP levels of cfDNA or HMGB1 (P>0.05), but cTnT
was increased in 570" compared with sham (P<0.05;
Figure 5A and 5B). CP levels of ¢cfDNA, HMGB1, and
cInT were exponentially more elevated in 4070” com-
pared with 2070" and 570" (P<0.05), and overall in-
creased as a function of ischemia time.

Splenic leukocytes were treated with short isch-
emia time CP (570, which served as control), and
long ischemia time CP (4070) with or without RU.521

[] Sham (n=5) RU.521 (n = 5)
B WT(n=5) ] PDCA-1Ab (n = 4)
60 *

I O

IFNa IFNB

Figure 3. Circulating plasma levels of interferon-a and -3
immediately following 40760’ ischemia/reperfusion injury
were compared after depletion of plasmacytoid dendritic
cells by plasmacytoid dendritic cell antigen-1 antibody and
inhibition of cyclic GMP-AMP synthase by RU.521 to those in
a control group that underwent treatment with PBS only and
a sham operated group that underwent thoracotomy only.
*P<0.05 vs all other groups.
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Figure 4. Infarct size analysis with loss of interferon-a/3

receptor (IFNAR) function.

Ischemic region at risk (RR, percentage of left ventricle) and
infarct size (IS, percentage of RR) after 40760 ischemia/
reperfusion injury were compared in interferon-a receptor-1
knockout (IFNAR1) null mice and mice that underwent blockade
of IFNAR with IRNAR1 antibody to a wild-type (WT) control group
that underwent treatment with PBS only, and an IgG control
group that received isotype IgG monoclonal antibody. *P<0.05
vs WT and IgG control groups.

pretreatment of the splenocytes (n=4 culture wells/
group). All treatments reduced live splenocyte count
by =7% after 4 hours of culture with no significant dif-
ference among the three groups (P>0.05, Figure 6A).
While the 570" CP, containing 22+3 pg/mL cfDNA
(Figure 5A), increased production of interferon-a and
interferon-[3, the 4070" CP, containing 160+19 pg/mL
cardiogenic cfDNA, stimulated splenocytes to produce
significantly more interferon-a and interferon-f3, by >3-
fold and 7-fold, respectively (P<0.05 versus 570" CP,
Figure 6B). RU.521 (at a dose of 19 pmol/L) significantly
reduced the effect of 4070 CP on splenocyte produc-
tion of interferon-a and interferon-B (P<0.05 versus
407/0" CP; Figure 6B).

DISCUSSION

Our previous studies have demonstrated that necrotic
cardiomyocytes release DAMPs, cfDNA, and HMGBH1,
that enter into the circulation during reperfusion, stimu-
late inflammatory responses, and ultimately exacerbate
myocardial infarct size.®'* The present study further
demonstrates that DAMPs released from ischemic
myocardium upon reperfusion stimulate production
of IFN-I by splenic pDCs. IFN-I then activates IFNARs
on downstream leukocytes to amplify the detrimental
inflammatory responses that exacerbate myocardial
infarct size. Blockade of any portion of this pDC-IFN-
[-IFNAR pathway suffices to significantly attenuate
myocardial IRI.

Interferons have long been associated with reg-
ulating the immune response to infection, inflamma-
tion, and tumorigenesis. The IFN-1 family consists of
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Figure 5. Markers of myocyte injury and damage-
associated molecular patterns (DAMPs) released after
ischemic injury.

A, Levels of cell-free DNA (cfDNA) and B, HMGB1 (high mobility
group boxy protein 1) and cardiac troponin T (cTnT) in cardiac
perfusate (CP) obtained following coronary artery occlusion
without reperfusion. The production of cfDNA and HMGB1 is a
function of myocardial ischemic duration and myocardial injury
as defined by cTnT. *P<0.05 vs all other groups.

a number of related cytokines that all act through the
interferon-a/3 receptor (IFNAR), which is composed of
2 subunits, IFNAR1 and IFNAR2. Interferon-a, -B3, -,
-K, -W, -6, and -1, as well as limitin, all signal through
the IFNAR; however, only the first 2 to be discovered,
interferon--a and -3, have been studied in depth.?>2*
Type linterferons are pleiotropic cytokines that influence
immune responses through their effects on myeloid
cells,®>28 T cells, 2”28 and B cells,?” as well as promote
the acquisition of cytotoxic activity by both T and nat-
ural Killer cells.?®2428.29 |FN-| is expressed rapidly in re-
sponse to infection and plays a key role in mediating
innate host defenses and modulating the adaptive im-
mune response against pathogens.°3" Although most
cells in the body are able to produce IFN-I, pDCs have
been termed the natural “IFN-producing cells” because
of their unique molecular adaptations for nucleic acid
sensing and ability to produce enormous amounts of
IFN-1.%2-34 Dendritic cells (DCs) serve as the sentinels of
the immune system and instruct the adaptive immune
response to peripheral pathogens.>® Compared with
the classic DC (cDC), pDCs represent a small subset of
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DCs that accumulate mainly in the blood and lymphoid
tissues.b® It has been well established that circulating
and residential pDCs sense pathogens and, upon ac-
tivation, produce IFN-I. Naive T cells are subsequently
activated by either IFN-I or the antigen-presenting path-
way. The significant role of IFN-I in post-myocardial in-
farction remodeling has been well defined.3® Our study
suggests that pDC-derived IFN-I, whose production is
stimulated by cardiogenic DAMPs cfDNA and HMGB1
(Figure 5 and 6), is responsible for mediating postisch-
emia reperfusion injury (Figure 1).

We have shown that DAMPs cfDNA and HMGB1
are released from ischemic cardiomyocytes during
reperfusion to promote inflammatory responses and
induce reperfusion injury; both cfDNA and HMGB1
are required in this detrimental process as HMGB1
facilitates transportation of cfDNA into the cytosol to
activate downstream immune responses.>'* By col-
lecting cardiac perfusate at different durations of LCA
occlusion in this study, we reaffirmed that myocardial
excretion of DAMPs cfDNA and HMGB1 and degree
of myocardial necrosis as quantified by CP cTnT level
is a function of ischemic duration (Figure 5). We have
previously reported that myocardial IRI is minimal if
ischemic duration is <10,2'® and showed here that
at 5 minutes of LCA occlusion there is no increased
release of cfDNA or HMBG1 and negligible ischemia-
induced cardiomyocyte necrosis, in comparison to the
multifold increase of cTnT with longer durations of LCA
occlusion. At 40 minutes of LCA occlusion, there was a
dramatic increase in myocardial injury as represented
by CP levels of cfDNA and HMGBH1, and cTnT (Figure 5).
Using CP to treat splenic leukocytes, we found that 570
CP had minimal effect in stimulating splenic leukocyte
production of interferon-a or interferon while 4070” CP
significantly increased interferon-a and -3 production.
Pretreatment of the splenocytes with RU.521, an inhib-
itor of the signaling pathway leading to IFN-I produc-
tion, significantly attenuated this stimulatory effect of
4070" CP (Figure 6B). These results demonstrate that
cfDNA and HMGB1 released from ischemic cardiomy-
ocytes are capable of stimulating an IFN-I-producing
inflammatory response.

Facilitated by HMGB1 and leukocyte-expressed
pattern recognition receptor RAGE, cfDNA enters leu-
kocytes and mediates an CD4* T-cell inflammatory re-
sponse via a cytosolic TLR9-dependent pathway.>4
We have shown that the ischemic myocardium is the
sole source of circulating DNA immune complex that
exacerbate inflammatory responses during reperfu-
sion by activating TLR9.2'® TLR9 has been reported to
sense and detect endogenous DNA derived from dead
cells®®3” and mediate IRI.>3® However, expression of
TLRs is substantively low in T cells.®® Thus, this cfDNA-
HMGB1-RAGE-TLR9 pathway must occur in another
immune cell subtype upstream of T-cell activation.
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Figure 6. Effect of postischemia cardiac perfusate (CP) on splenocyte production of type |
interferons.

Splenocyte cultures were treated CP obtained after 5 minutes of ischemia without a reperfusion period
(570") and CP obtained after 40 minutes of ischemia without reperfusion (4070’) both with and without
additional pretreatment with RU.521. A, Live splenocytes before and at 4 hours following CP treatment.
B, Levels of interferon-a and -3 in splenocyte culture supernatant as measured by western blot after

treatment with 570" CP, 4070” CP, and 4070’ CP + RU.521. *P<0.05 vs 570" CP; #P<0.05 vs 4070’ CP.

TLR9 is particular potent in activating pDCs, which
subsequently activate T cells by producing IFN-|,29:39:40
and DAMPs, including HMGB1'®'" and endogenous
cfDNA,'?"8 have been shown to interact with pDCs to
promote production of IFN-I. In the current study, pDC
depletion using PDCA-1 mAb had an isolated effect in
reducing pDCs without any significant effect on cDC
numbers (Figure 1A). The pDC-depleted mice had sig-
nificantly smaller IS and lower plasma interferon-a and
-B levels following ischemia and reperfusion (Figure 1B
and Figure 3), providing direct evidence that pDCs are
activated in this setting to produce IFN-I and contribute
importantly to myocardial IRI.
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The intracellular cGAS-STING-IRF3 signaling path-
way is a component of the immune system that leads
to production of IFN-I in response to the presence of
cytosolic cfDNA. Upon cfDNA detection, cGAS reacts
to create cGAMP, which binds to stimulator of interferon
genes (STING), triggering phosphorylation of transcrip-
tion factor interferon regulatory factor 3 (IRF3). IRF3 then
translocates to the nucleus to promote transcription of
inflammatory genes including IFN-1.3%4' To evaluate their
role in myocardial IRI, cGAS, STING, and IRF3 were
individually inhibited with cGAS inhibitor RU.521, anti-
STING antibody, or anti-IRF3 antibody, respectively,
before left coronary artery occlusion and subsequent
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reperfusion. We found blockade of any 1 of these 3 key
components of the IFN-1 pathway attenuated myocar-
dial infarct size equally (Figure 2). Loss of IFNAR func-
tion by either antibody inhibition or genetic knock out
was similarly effective in significantly attenuating myo-
cardial IRI (Figure 4). These results indicate that IFN-I
production contributes importantly to myocardial IR,
and elucidate another step in the pathway that medi-
ates myocardial IRI by demonstrating the important role
of IFNARs. This suggests that IFN-I mediates the exac-
erbation of myocardial injury by binding and activating
IFNARs on downstream inflammatory cells, potentially
CD4* T cells which we previously demonstrated to have
a central role in this detrimental process.®*

Though it has been reported that most cells in
the body are able to produce IFN-1, we posit that
the signaling pathway and resultant IFN-I produc-
tion that primarily mediate myocardial IRl is located
inside pDCs. pDCs have been shown to be stimu-
lated by DAMPs, including HMGB1'®"" endogenous
cfDNA,'?3 to produce IFN-I, and activated pDCs are
known to rapidly produce enormous amounts of IFN-
1.32-34 Our previous study demonstrated that myocar-
dial infarct size following IRl is finalized by the first
hour after reperfusion.! Therefore, the inflammatory
response during this period of time is critical to pro-
ducing reperfusion injury.>™ As pDCs are the first line
immune response to cfDNA, the surge of cfDNA re-
leased from ischemia-injured myocardium (Figure 5)
activates pDCs to likely be the major source of IFN-
during this immediate period of time after onset of
reperfusion. This is supported by our results finding
that pDC depletion completely abrogates the acute
increase in circulating interferon-a and -3 stimulated
by myocardial ischemia and reperfusion, an effect
that was equal to or exceeded that of IFN-I produc-
tion inhibition by RU.521. Additionally, we demon-
strated that blockade of the pathway leading to IFN-I
production imparted similar cardio-protection as
pDC depletion (Figures 1-2). Thus, inhibition of pDCs
or the production of IFN-I likely within pDCs suffices
to diminish the ischemic injury-induced inflammatory
response and attenuate postischemic reperfusion
injury.

Study Limitations

We have previously demonstrated that cardiogenic
cfDNA mediates myocardial IRl by activating TLR9,
and the current study further defines that pDCs have
an essential role in the pathway downstream of TLR9
activation. However, we did not provide direct evi-
dence to show that cfDNA binds and activates TLR9
inside pDCs and the possible involvement of other im-
mune cells cannot be excluded. Additionally, research-
ers were not blinded when performing myocardial
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infarct measurements, which is a potential source
of bias. Overall, though, the present study provides
data necessary for designing further studies that will
delineate the mechanisms involved in inflammatory
response—mediated IRI. Our future directions include
further evaluation of the direct interaction between car-
diogenic DAMPs and isolated pDCs. Additionally, we
plan to focus on the downstream activation of inflam-
matory cells by IFN-I. This may be broad as IFNAR is
expressed on many inflammatory cells.84? In particular,
though, we plan to investigate the interaction of CD4*
T cell activation with the IFN-I signaling pathway as we
have previously demonstrated that CD4* T cells play a
central role in mediating myocardial IRI,>* and IFN-I is
a potent activator of CD4* T cells via IFNAR.27:2843-45
Furthermore, the signaling pathways activated inside
CD4* T cells and following IFN-I binding to IFNAR re-
main to be defined.

In summary, we demonstrated that production of
IFN-I is activated during myocardial IRI by cardiogenic
DAMPs released following ischemic injury in a pDC-
dependent manner. Blockade of this process, either
by depletion of pDCs, inhibition of the cGAS-STING-
IRF3 signaling pathway leading to IFN-I production, or
downstream loss of IFNAR function attenuates myo-
cardial IRl and infarct size following acute coronary
occlusion. These results have important implications
because they present new potential therapeutic targets
in the pDC—-IFN-I-IFNAR pathway to reduce infarct size
following MI, and newly identify a specific splenic leu-
kocyte population (pDCs) that play an important role in
mediating myocardial IRI.

ARTICLE INFORMATION

Received January 14, 2021; accepted June 7, 2021.

Affiliations

Department of Surgery, University of Virginia, Charlottesville, VA (L.L., A.Z.,
BY., E.J.C,, .LL.K, ZY.); and Department of Pharmacology, Changzhi Medical
College, Changzhi City, Shanxi Province, China (L.L.).

Sources of Funding

This work was supported by National Heart, Lung, and Blood Institute grants
RO1HL130082 (to Dr Yang) and T32HL007849 (to Dr Kron).

Disclosures
None.

REFERENCES

1. Yang Z, Linden J, Berr S, Kron |, Beller G, French B. Timing of adenos-
ine 2A receptor stimulation relative to reperfusion has differential effects
on infarct size and cardiac function as assessed in mice by MRI. Am
J Physiol Heart Circ Physiol. 2008;295:H2328-H2335. DOI: 10.1152/
ajpheart.00091.2008.

2. Tian Y, Charles EJ, Yan Z, Wu D, French BA, Kron IL, Yang Z. The
myocardial infarct-exacerbating effect of cell-free DNA is mediated
by the high-mobility group box 1-receptor for advanced glycation
end products-Toll-like receptor 9 pathway. J Thorac Cardiovasc Surg.
2019;157:2256-2269.e3. DOI: 10.1016/j.jtcvs.2018.09.043.


https://doi.org/10.1152/ajpheart.00091.2008
https://doi.org/10.1152/ajpheart.00091.2008
https://doi.org/10.1016/j.jtcvs.2018.09.043

Laietal

20.

21.

J Am Heart Assoc. 2021;10:e020754. DOI: 10.1161/JAHA.121.020754

Yang Z, Day Y-J, Toufektsian M-C, Ramos SI, Marshall M, Wang X-
Q, French BA, Linden J. Infarct-sparing effect of A2A-adenosine
receptor activation is due primarily to its action on lymphocytes.
Circulation.  2005;111:2190-2197.  DOI:  10.1161/01.CIR.00001
63586.62253.A5.

Yang Z, Day Y-J, Toufektsian M-C, Xu Y, Ramos SI, Marshall MA,
French BA, Linden J. Myocardial infarct-sparing effect of adenos-
ine A2A receptor activation is due to its action on CD4+ T lympho-
cytes. Circulation. 2006;114:2056-2064. DOI: 10.1161/CIRCULATIO
NAHA.106.649244.

Banchereau J, Steinman RM. Dendritic cells and the control of immu-
nity. Nature. 1998;392:245-252. DOI: 10.1038/32588.

Merad M, Sathe P, Helft J, Miller J, Mortha A. The dendritic cell lineage:
ontogeny and function of dendritic cells and their subsets in the steady
state and the inflamed setting. Annu Rev Immunol. 2013;31:563-604.
DOI: 10.1146/annurev-immunol-020711-074950.

Hemmi H, Akira S. TLR signalling and the function of dendritic cells.
Chem Immunol Allergy. 2005;86:120-135. DOI: 10.1159/000086657.
Sheen JH, Strainic MG, Liu J, Zhang W, Yi Z, Medof ME, Heeger PS.
TLR-induced murine dendritic cell (DC) activation requires DC-intrinsic
complement. J Immunol. 2017;199:278-291. DOIl: 10.4049/jimmu
nol.1700339.

Hey YY, O’'Neill HC. Murine spleen contains a diversity of myeloid and
dendritic cells distinct in antigen presenting function. J Cell Mol Med.
2012;16:2611-2619. DOI: 10.1111/.1582-4934.2012.01608.x.

Saidi H, Bras M, Formaglio P, Melki MT, Charbit B, Herbeuval JP,
Gougeon ML. HMGBH1 Is involved in IFN-alpha production and TRAIL
expression by HIV-1-exposed plasmacytoid dendritic cells: impact
of the crosstalk with NK cells. PLoS Pathog. 2016;12:e1005407. DOI:
10.1371/journal.ppat.1005407.

Dumitriu IE, Baruah P, Bianchi ME, Manfredi AA, Rovere-Querini P.
Requirement of HMGB1 and RAGE for the maturation of human plas-
macytoid dendritic cells. Eur J Immunol. 2005;35:2184-2190. DOI:
10.1002/6ji.200526066.

Lande R, Gregorio J, Facchinetti V, Chatterjee B, Wang Y-H, Homey
B, Cao W, Wang Y-H, Su B, Nestle FO, et al. Plasmacytoid dendritic
cells sense self-DNA coupled with antimicrobial peptide. Nature.
2007;449:564-569. DOI: 10.1038/nature06116.

Julian MW, Shao G, Bao S, Knoell DL, Papenfuss TL, VanGundy ZC,
Crouser ED. Mitochondrial transcription factor A serves as a danger
signal by augmenting plasmacytoid dendritic cell responses to DNA. J
Immunol. 2012;189:433-443. DOI: 10.4049/jimmunol.1101375.

Tian Y, Pan D, Chordia MD, French BA, Kron IL, Yang Z. The spleen
contributes importantly to myocardial infarct exacerbation during post-
ischemic reperfusion in mice via signaling between cardiac HMGB1
and splenic RAGE. Basic Res Cardiol. 2016;111:62. DOI: 10.1007/s0039
5-016-0583-0.

Zhai Y, Qiao B, Gao F, Shen X, Vardanian A, Busuttii RW, Kupiec-
Weglinski JW. Type |, but not type Il, interferon is critical in liver injury
induced after ischemia and reperfusion. Hepatology. 2008;47:199-206.
DOI: 10.1002/hep.21970.

Freitas MC, Uchida Y, Lassman C, Danovitch GM, Busuttil RW, Kupiec-
Weglinski JW. Type | interferon pathway mediates renal ischemia/reper-
fusion injury. Transplantation. 2011;92:131-138. DOI: 10.1097/TP.0b013
e€318220586e.

Castellaneta A, Yoshida O, Kimura S, Yokota S, Geller DA, Murase N,
Thomson AW. Plasmacytoid dendritic cell-derived IFN-alpha promotes
murine liver ischemia/reperfusion injury by induction of hepatocyte IRF-
1. Hepatology. 2014;60:267-277. DOI: 10.1002/hep.27037.

Tian Y, French BA, Kron IL, Yang Z. Splenic leukocytes mediate the hy-
perglycemic exacerbation of myocardial infarct size in mice. Basic Res
Cardiol. 2015;110:39. DOI: 10.1007/s00395-015-0496-3.

Yang Z, Zingarelli B, Szabo C. Crucial role of endogenous interleukin-10
production in myocardial ischemia/reperfusion injury. Circulation.
2000;101:1019-1026. DOI: 10.1161/01.CIR.101.9.1019.

Yang Z, Bove CM, French BA, Epstein FH, Berr SS, DiMaria JM,
Gibson JJ, Carey RM, Kramer CM. Angiotensin Il type 2 receptor
overexpression preserves left ventricular function after myocardial in-
farction. Circulation. 2002;106:106-111. DOI: 10.1161/01.CIR.00000
20014.14176.6D.

Cerniway RJ, Yang Z, Jacobson MA, Linden J, Matherne GP. Targeted
deletion of A(3) adenosine receptors improves tolerance to ischemia-
reperfusion injury in mouse myocardium. Am J Physiol Heart Circ
Physiol. 2001;281:H1751-H1758.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

pDCs and Type | Interferons in Myocardial IRI

Pestka S, Krause CD, Walter MR. Interferons, interferon-like cy-
tokines, and their receptors. Immunol Rev. 2004;202:8-32. DOI:
10.1111/1.0105-2896.2004.00204 .x.

Swann JB, Hayakawa Y, Zerafa N, Sheehan KC, Scott B, Schreiber RD,
Hertzog P, Smyth MJ. Type I IFN contributes to NK cell homeostasis,
activation, and antitumor function. J Immunol. 2007;178:7540-7549.
DOI: 10.4049/jimmunol.178.12.7540.

Metidji A, Rieder SA, Glass DD, Cremer |, Punkosdy GA, Shevach EM.
IFN-alpha/beta receptor signaling promotes regulatory T cell develop-
ment and function under stress conditions. J Immunol. 2015;194:4265—
4276. DOI: 10.4049/jimmunol.1500036.

Riley CH, Brimnes MK, Hansen M, Jensen MK, Hasselbalch HC, Kjaer
L, Straten PT, Svane IM. Interferon-alpha induces marked alterations
in circulating regulatory T cells, NK cell subsets, and dendritic cells
in patients with JAK2V617F-positive essential thrombocythemia and
polycythemia vera. Eur J Haematol. 2016;97:83-92. DOI: 10.1111/
ejh.12687.

Swiecki M, Wang Y, Vermi W, Gilfillan S, Schreiber RD, Colonna
M. Type | interferon negatively controls plasmacytoid dendritic cell
numbers in vivo. J Exp Med. 2011;208:2367-2374. DOI: 10.1084/
jem.20110654.

Le Bon A, Thompson C, Kamphuis E, Durand V, Rossmann C, Kalinke
U, Tough DF. Cutting edge: enhancement of antibody responses
through direct stimulation of B and T cells by type | IFN. J Immunol.
2006;176:2074-2078. DOI: 10.4049/jimmunol.176.4.2074.

Huber JP, Farrar JD. Regulation of effector and memory T-cell func-
tions by type | interferon. Immunology. 2011;132:466-474. DOI:
10.1111/1.1365-2567.2011.03412.x.

Villanueva Al, Haeryfar SM, Mallard BA, Kulkarni RR, Sharif S.
Functions of invariant NK T cells are modulated by TLR ligands and
IFN-alpha. Innate Immun. 2015;21:275-288. DOIl: 10.1177/17534
25914527327.

Tough DF. Type linterferon as a link between innate and adaptive immu-
nity through dendritic cell stimulation. Leuk Lymphoma. 2004;45:257—
264. DOI: 10.1080/1042819031000149368.

Platanias LC. Mechanisms of type-I- and type-ll-interferon-mediated
signalling. Nat Rev Immunol. 2005;5:375-386. DOI: 10.1038/nri1604.
Banchereau J, Pascual V. Type | interferon in systemic lupus erythe-
matosus and other autoimmune diseases. Immunity. 2006;25:383-392.
DOI: 10.1016/j.immuni.2006.08.010.

Ali S, Mann-Nuttel R, Schulze A, Richter L, Alferink J, Scheu S. Sources
of type | interferons in infectious immunity: plasmacytoid dendritic
cells not always in the driver’s seat. Front Immunol. 2019;10:778. DOI:
10.3389/fimmu.2019.00778.

Swiecki M, Colonna M. Type | interferons: diversity of sources, pro-
duction pathways and effects on immune responses. Curr Opin Virol.
2011;1:463-475. DOI: 10.1016/j.coviro.2011.10.026.

King KR, Aguirre AD, Ye Y-X, Sun Y, Roh JD, Ng RP, Kohler RH,
Arlauckas SP, lwamoto VY, Savol A, et al. IRF3 and type | interferons fuel
a fatal response to myocardial infarction. Nat Med. 2017;23:1481-1487.
DOI: 10.1038/nm.4428.

Bamboat ZM, Balachandran VP, Ocuin LM, Obaid H, Plitas G, DeMatteo
RP. Toll-like receptor 9 inhibition confers protection from liver ischemia-
reperfusion injury. Hepatology. 2010;51:621-632. DOI: 10.1002/
hep.23365.

Oka T, Hikoso S, Yamaguchi O, Taneike M, Takeda T, Tamai T, Oyabu
J, Murakawa T, Nakayama H, Nishida K, et al. Mitochondrial DNA that
escapes from autophagy causes inflammation and heart failure. Nature.
2012;485:251-255. DOI: 10.1038/nature10992.

Flaherty S, Reynolds JM. TLR function in murine CD4(+) T lym-
phocytes and their role in inflammation. Methods Mol Biol.
2016;1390:215-227.

Paget C, Mallevaey T, Speak AO, Torres D, Fontaine J, Sheehan KCF,
Capron M, Ryffel B, Faveeuw C, Leite de Moraes M, et al. Activation
of invariant NKT cells by toll-like receptor 9-stimulated dendritic cells
requires type | interferon and charged glycosphingolipids. Immunity.
2007;27:597-609. DOI: 10.1016/j.immuni.2007.08.017.

Montoya CJ, Jie HB, Al-Harthi L, Mulder C, Patino PJ, Rugeles MT,
Krieg AM, Landay AL, Wilson SB. Activation of plasmacytoid dendritic
cells with TLR9 agonists initiates invariant NKT cell-mediated cross-
talk with myeloid dendritic cells. J Immunol. 2006;177:1028-1039. DOI:
10.4049/jimmunol.177.2.1028.

Li SF, Gong MJ, Zhao FR, Shao JJ, Xie YL, Zhang YG, Chang HY.
Type | interferons: distinct biological activities and current applications

10


https://doi.org/10.1161/01.CIR.0000163586.62253.A5
https://doi.org/10.1161/01.CIR.0000163586.62253.A5
https://doi.org/10.1161/CIRCULATIONAHA.106.649244
https://doi.org/10.1161/CIRCULATIONAHA.106.649244
https://doi.org/10.1038/32588
https://doi.org/10.1146/annurev-immunol-020711-074950
https://doi.org/10.1159/000086657
https://doi.org/10.4049/jimmunol.1700339
https://doi.org/10.4049/jimmunol.1700339
https://doi.org/10.1111/j.1582-4934.2012.01608.x
https://doi.org/10.1371/journal.ppat.1005407
https://doi.org/10.1002/eji.200526066
https://doi.org/10.1038/nature06116
https://doi.org/10.4049/jimmunol.1101375
https://doi.org/10.1007/s00395-016-0583-0
https://doi.org/10.1007/s00395-016-0583-0
https://doi.org/10.1002/hep.21970
https://doi.org/10.1097/TP.0b013e318220586e
https://doi.org/10.1097/TP.0b013e318220586e
https://doi.org/10.1002/hep.27037
https://doi.org/10.1007/s00395-015-0496-3
https://doi.org/10.1161/01.CIR.101.9.1019
https://doi.org/10.1161/01.CIR.0000020014.14176.6D
https://doi.org/10.1161/01.CIR.0000020014.14176.6D
https://doi.org/10.1111/j.0105-2896.2004.00204.x
https://doi.org/10.4049/jimmunol.178.12.7540
https://doi.org/10.4049/jimmunol.1500036
https://doi.org/10.1111/ejh.12687
https://doi.org/10.1111/ejh.12687
https://doi.org/10.1084/jem.20110654
https://doi.org/10.1084/jem.20110654
https://doi.org/10.4049/jimmunol.176.4.2074
https://doi.org/10.1111/j.1365-2567.2011.03412.x
https://doi.org/10.1177/1753425914527327
https://doi.org/10.1177/1753425914527327
https://doi.org/10.1080/1042819031000149368
https://doi.org/10.1038/nri1604
https://doi.org/10.1016/j.immuni.2006.08.010
https://doi.org/10.3389/fimmu.2019.00778
https://doi.org/10.1016/j.coviro.2011.10.026
https://doi.org/10.1038/nm.4428
https://doi.org/10.1002/hep.23365
https://doi.org/10.1002/hep.23365
https://doi.org/10.1038/nature10992
https://doi.org/10.1016/j.immuni.2007.08.017
https://doi.org/10.4049/jimmunol.177.2.1028

Laietal

42.

43.

for viral infection. Cell Physiol Biochem. 2018;51:2377-2396. DOI:
10.1159/000495897.

Stark GR, Kerr IM, Williams BR, Silverman RH, Schreiber RD. How cells
respond to interferons. Annu Rev Biochem. 1998;67:227-264. DOI:
10.1146/annurev.biochem.67.1.227.

Cervantes-Barragan L, Lewis KL, Firner S, Thiel V, Hugues S, Reith W,
Ludewig B, Reizis B. Plasmacytoid dendritic cells control T-cell response
to chronic viral infection. Proc Natl Acad Sci U S A. 2012;109:3012—
3017. DOI: 10.1073/pnas.1117359109.

44,

45.

J Am Heart Assoc. 2021;10:e020754. DOI: 10.1161/JAHA.121.020754

pDCs and Type | Interferons in Myocardial IRI

Longhi MP, Trumpfheller C, Idoyaga J, Caskey M, Matos |, Kluger C,
Salazar AM, Colonna M, Steinman RM. Dendritic cells require a sys-
temic type | interferon response to mature and induce CD4+ Th1 im-
munity with poly IC as adjuvant. J Exp Med. 2009;206:1589-1602. DOI:
10.1084/jem.20090247.

Gallagher KM, Lauder S, Rees IW, Gallimore AM, Godkin AJ. Type |
interferon (IFN alpha) acts directly on human memory CD4+ T cells al-
tering their response to antigen. J Immunol. 2009;183:2915-2920. DOI:
10.4049/jimmunol.0801607.

11


https://doi.org/10.1159/000495897
https://doi.org/10.1146/annurev.biochem.67.1.227
https://doi.org/10.1073/pnas.1117359109
https://doi.org/10.1084/jem.20090247
https://doi.org/10.4049/jimmunol.0801607

