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Abstract

Background: Cardiac inflammation in heart failure (HF) is characterized by the presence of
damage associated molecular patterns (DAMPs), myeloid cells, and T-cells. Cardiac DAMPs
provide continuous pro-inflammatory signals to myeloid cells through toll-like receptors (TLRs)
that converge onto the adaptor protein “Myeloid Differentiation Response 88” (MyD88). These
induce activation into efficient antigen presenting cells that activate T-cells through their T-cell
receptor (TCR). T-cell activation results in cardiotropism, cardiac fibroblast (CFB) transformation,
and maladaptive cardiac remodeling. T-cells rely on TCR signaling for effector function and
survival, and while they express MyD88 and DAMP receptors, their role in T-cell activation and
cardiac inflammation is unknown.

Methods: We performed transverse aortic constriction (TAC) in mice lacking MyD88 in T-cells
and analyzed remodeling, systolic function, survival, and T-cell activation. We profiled WT vs.
Myad88'~ mouse T-cells at the transcript and protein level and performed several functional
assays.

Results: Analysis of single cell RNA-seq data sets revealed that MyD88 is expressed in mouse
and human cardiac T-cells. MyD88 deletion in T-cells resulted in increased levels of cardiac T-cell
infiltration and fibrosis in response to TAC. We discovered that TCR-activated Myd887/~ T-cells
had increased pro-inflammatory signaling at the transcript and protein level compared to WT,
resulting in increased T-cell effector functions such as adhesion, migration across endothelial cells,
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and activation of CFB. Mechanistically, we found that MyD88 modulates T-cell activation and
survival through TCR-dependent, rather than TLR dependent signaling.

Conclusion: Our results outline a novel intrinsic role for MyD88 in limiting T-cell activation
that is central to tune down cardiac inflammation during cardiac adaptation to stress.

Graphical Abstract

. T-MyD88** T-Myd88
., DAMPSs TCR » TAC: a al 3 i
Sed e Engagemem/v_ @ CD4 i @ e £
Cell Death TEM

T-Cell

PMN (£,

Fibrosis i Inflammation, and Fibrosis

Subject Terms:

Fibrosis; Pathology

Keywords

Heart Failure; Inflammation; T-cells; MyD88; DAMPs

Introduction:

Cardiac inflammation and cardiac fibrosis are two intimately associated hallmarks of

HF, however thus far anti-inflammatory therapies have shown limited success in clinical
trials.1=3 This suggests a more in depth study of specific inflammatory mechanisms is
needed to improve anti-inflammatory therapies in HF. As cardiac damage ensues, the
constant release of damage associated molecular patterns (DAMPS) activates resident
myeloid cells to present antigen to T-cells in a continuous progression of worsening
inflammation.*® DAMPs, also known as “alarmins,” are increased in the heart during HF.6.7
Most DAMP receptors, such as toll-like receptors (TLRs) and the IL-1 family of receptors,
converge onto the adaptor protein Myeloid differentiation primary response protein 83
(MyD88), to initiate an innate immune response.8:2 The persistent inflammation initiated
through DAMP-myeloid-MyD88 signaling during HF suggests that intrinsic mechanisms
must exist to resolve or mitigate a continuous subsequent T-cell immune response during
cardiac maladaptive adaptations to stress.

We previously showed that antigen presentation by myeloid cells results in a type 1

helper T-cell (Th1 cells) response in mice subjected to transverse aortic constriction
(TAC), characterized by cardiac Th1 infiltration and adhesion to cardiac fibroblasts (CFBSs)
through vascular adhesion molecule 1 (VCAM-1).10-12 Further, while T-cell deficient
mice, including 7cra™~ or Mhcl~, are protected from cardiac fibrosis in response to
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TAC, adoptive transfer of Thi cells into these mice partially restored cardiac fibrosis.10:12
This supports that effector T-cells exhibit sustained activation in the cardiac inflammatory
environment, directly responding to stimuli induced by TAC. One of such stimuli is the
presentation of ROS-induced cardiac neoantigen by antigen presenting cells (APCs), which
induces T-cell activation and clonal expansion.13:14 While we know that this process is
potentiated by DAMP-MyD88 signaling in APCs,® whether direct effects of DAMPSs on
T-cells contribute to this response, as well as the T-cell intrinsic mechanisms necessary

to prevent their overactivation have yet to be characterized. Thus far, only one study has
shown MyD88 to be partially protective in TAC, using global cardiac MyD88 deletion with
Adeno-Associated Virus (AAV).15 While DAMP receptors and MyD88 are predominantly
expressed in innate immune cells and provide pro-inflammatory signaling, adaptive immune
cells including T-cells express them as well,16-18 byt their function in cardiac inflammation
is unknown.

We hypothesized that TCR activated T-cell sensing of DAMPs will activate MyD88 thus
contributing to T-cell activation and cardiac fibrosis in response to TAC. To our surprise, this
was not the case, and instead we found that MyD88 deletion in T-cells resulted in enhanced
T-cell effector function and worsened fibrosis, revealing a novel T-cell intrinsic mechanism
that limits TCR overactivation and tunes down inflammation in the onset of experimental
HF.

Data Availability:

Animals:

The data, methods, and materials will be available to other researchers for the purposes
of reproducing the results or replicating procedures. Detailed methods and any associated
references are provided in the supplementary material.

All animal studies were approved by the Tufts University Institutional Animal Care and

Use Committee. C57BL/6, CD45.119, and 7cra’~ mice20 were bred and maintained

under pathogen free conditions. Myd88'~ mice?! were donated by Dr. Linden Hu (Tufts
University, Boston MA), and maintained under specific pathogen free conditions as
heterozygotes by crossing with C57BL/6J mice. Myd88™ CD4¢"¢ mice were generated

by crossing Mya88Vfl mice?? with constitutive CD4°"® expressing mice?3 (Jackson
Laboratory). MyD88 excision was determined by PCR (see Supplemental Table 1 for primer
sequences).

Statistical Analysis:

Statistical analysis was performed using GraphPad Prism 9.4.1. All data is presented as
mean + SEM. Normality was assessed using the D’ Agostino-Pearson Test or the Shapiro-
Wilk Test. For any data that was determined to have a normal distribution, a T-test was
used to compare 2 means, or for >2 means a one-way ANOVA with Tukey’s multiple
comparison test or two-way ANOVA with Sidak’s multiple comparison test were used. For
data that was determined not have a normal distribution, a Mann-Whitney Test was used to
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compare 2 means, or for >2 means a Kruskal-Wallis Test was used with Dunn’s multiple
comparison test. Exact p values are shown in all graphs. Sample size was determined by
power calculation using http://powerandsamplesize.com/Calculators.

Adoptive Transfer of Myd88~/~ Th1i cells into Tcra™~ Mice Induces Greater Cardiac Fibrosis
and Systolic Dysfunction than WT Th1 Cells In Response to TAC

We have previously shown that transfer of WT Th1 cells induces cardiac fibrosis in

Tera™~ mice, otherwise protected from fibrosis and systolic dysfunction in the onset of
TAC. Thus, we used this strategy (Figure 1A) to investigate the role of T-cell MyD88 in
TAC-induced cardiac remodeling. At 4 weeks post-surgery, we found that 7cra/~ mice
reconstituted with Myd88~ Th1 cells had decreased fractional shortening (FS), in contrast
to WT Th1 cells, which were unable to alter FS (Figure 1B), as we have previously
described.12 Despite this, both WT and Myd88~/~ Thi cells induced similar left ventricular
hypertrophy, as measured by normalized left ventricular weight (Figure 1C) and wheat-germ
agglutinin (WGA) histologic staining (Figure 1D, 1E). Interestingly, we found 7cra~ mice
reconstituted with Mya88~ Thi cells exhibited significantly greater cardiac fibrosis and
cardiac T-cell infiltration compared to mice reconstituted with WT Th1 cells (Figure 1D—
1G). Further analysis showed that Myad88™~ Th1 cells induced higher cardiac transcript of
Col3and Tgfb1 after TAC, and a trend upward for Co/I (Figure 1H-1J). We confirmed
equal reconstitution of both WT and Myd88~ Th1 cells by flow cytometry quantification
of TCRB*CD4™ cells, finding similar frequencies in the spleen and mediastinal lymph

nodes (MLN) (Figures SIA-C). Together, these data demonstrate that MyD88 deletion in
T-cells results in enhanced T-cell cardiotropism and has detrimental consequences in cardiac
fibrosis and contractile function.

Deletion of MyD88 in T-Cells Results in Enhanced Pro-Inflammatory Function

As an initial step to understand the intrinsic role MyD88 might play in cardiac T-cell
function, we took an unbiased approach and compared the gene expression profile of

WT and Myd88'~ Thi cells by bulk RNA-sequencing. We found >100 differentially
expressed genes when MyD88 was deleted in T-cells (Figure 2A). Gene set enrichment
analysis (GSEA) revealed enriched genes for “MAPK3 Target genes” as well as decreased
enrichment in “Apoptosis” and “Negative Regulation of T-cell Mediated Immunity”
alongside the expected decreased enrichment for “TLR signaling pathways” (Figure 2B-
2E). We validated these pathways at the protein level and found not only increased
phosphorylation of the MAPK effectors ERK and p38, but also increased NF-kB and AKT
phosphorylation (Figure 2F-2G) in Myd88”~ compared to WT Th1 cells. Each signal
downstream of the TCR, and participate in clonal expansion, T-cell survival, and effector
functions. However, we found similar expression of the Th1l signature cytokine, IFNy,

and transcription factor, Thx21, at the protein and transcript level in WT and Myad88™/~
Th1 cells (Figure S2B-S2D). Taken together, these data demonstrate that MyD88 deletion
in Thl cells enhances TCR signaling pathways involved in T-cell activation and survival,
supporting an anti-inflammatory role for MyD88 in T-cells, in contrast to its well established
pro-inflammatory role in myeloid cells.
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Mouse and Human T-cells Express MyD88 in the Cardiac Inflammatory Environment

We hypothesized that constant stimuli in the cardiac inflammatory environment would
require T-cells to have a mechanism controlled by MyD88 to limit T-cell overactivation.
We found that MyD88 protein levels were increased in the LV of TAC mice compared

to sham mice, however the parallel but less frequently used DAMP adaptor TRIF showed
no changes in TAC vs. sham hearts (Figure 2H-21). As this readout includes all cardiac
cell types, we then turned to the existing single cell data collected from cardiac leukocytes
isolated from sham and TAC hearts? to analyze the expression of MyD88 specifically in
T-cells. We first re-clustered cardiac CD45* cells to include only T-cells in both Sham

and TAC mice 1 and 4 weeks post-surgery (Figure 2J-2K, Figure S3) and found that at

1 week post TAC surgery CD4*MyD88-expressing cells began to infiltrate the heart, and
by 4 weeks post-surgery the number of T-cells expressing Mya88was overall increased
compared to Sham, as well as their relative expression of Myd88 (Figure 2L, Figure S3).
We then utilized published CITE-seq data?® from human donors without HF and patients
with HF to select T-cell subsets. Using RNA and protein markers, we annotated distinct
T-cell states and found evidence of cardiac inflammation including a significant population
of MyD88-expressing T-cells in failing hearts (Figure 2M-2N). These data demonstrate
that pro-inflammatory T-cells in mice and humans express MyD88 in the setting of cardiac
inflammation and suggest a novel role for T-cell MyD88 in limiting the overactivation of
T-cells in the inflamed heart.

T-cell MyD88 Deletion Results in Increased Adhesion to ICAM-1 and VCAM-1 and Primary
Cardiac Endothelial Cells

As we observed increased cardiac infiltration of Myd88~ Th1 cells compared to WT cells,
we then sought to investigate whether MyD88 modulates T-cell interactions with adhesion
molecules expressed by the inflamed endothelium required for T-cell extravasation. We used
PMA to mimic TCR signaling and induce T-cell integrin activation to enhance adhesion to
ICAM-1 and VCAM-1 under shear flow conditions. As expected, there was little adhesion
to both ligands in the absence of PMA. However upon PMA treatment, higher numbers

of Myad88™'~ Th1 cells bound to both ICAM-1 and VCAM-1 compared to WT Th1 cells
(Figure 3A-3D). Adhesion was completely abrogated in the presence of anti-LFA-1 or
anti-VLA-4 antibodies, the respective ligands of ICAM-1 and VCAM-1, demonstrating the
increased adhesion of Mya@887'~ Thi cells occurred through canonical interactions (Figure
3A-3D). Further, we did not observe any difference in the surface expression of LFA-1

and VLA-4 between WT and Mya88™'~ Thi cells (Figure 3E-3F). These data support that
MyD88 regulates the integrin activation status downstream of TCR signaling, rather than at
the expression level, to modulate T-cell adhesion.

Myd88~ Thi cells also adhered to primary cardiac endothelial cells in higher numbers
compared to WT Th1l cells (Figure 3G-3H). However, despite the increased adhesion, the
frequency of Thl cells that transmigrated across the endothelial cells was similar between
genotypes (Figure 3I). Because Thl cell TEM requires chemokine signals for integrin
activation, and the CXCL10-Th1 axis is central to T-cell cardiotropism in response to
TAC26:27 we next evaluated T-cell chemotaxis in response to CXCL10. We found no
differences between WT and Mya887'~ Th1 cell migration (Figure S4A) or in the expression
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of the CXCL10 receptor CXCR3 by flow cytometry or western blot (Figure S4B-S4D).
These data support that MyD88 regulates T-cell effector function by modulating signals
downstream of the TCR that lead to T-cell adhesion to endothelial cells.

T-cell MyD88 Deletion Results in Enhanced Thl Cell Adhesion to Cardiac Fibroblast and
Cardiac Fibroblast Transformation

Based on the high affinity for VCAM-1 that Myd88'~ Th1 cells displayed, and knowing
that Th1 cells interact with CFB through the VLA-4/\VCAM-1 interaction to induce
myofibroblast transformationl2, we next investigated if T-cell MyD88 modulates CFB
transformation through adhesion to VCAM-1. We co-cultured primary CFB with WT

and Myd88™'~ Th1 cells and detached the adhered T-cells to analyze CFB activation in
isolation (Figure 4A). We found that fibroblasts that had been in contact with Myad887'~
Th1 cells expressed higher levels of alpha-smooth muscle actin (a SMA) and Collagen
type 1, readouts of myofibroblast transformation, compared to those that had been in
contact with WT Th1 cells (Figure 4B-4D). As expected, WT Th1 cells adhered to

CFB and induced aSMA expression, however, Myd88~'~ Thi cells adhered in higher
numbers to CFB and induced greater levels of a SMA compared to WT Th1l cells (Figure
4E-4G). Alteration of Th1:CFB ratio further demonstrated that WT and My@88~ Thi
cells adhered to and induced aSMA in CFB in a T cell dose dependent manner, with
sustained enhancement of Myd88~ Thi cell adhesion and CFB transformation at all
ratios (Figure S5). Moreover, inhibition of either the VLA-4/\VCAM-1 interaction or TGFf
blunted myofibroblast transformation by both genotypes, and the former blocked all T-cell
adhesion, confirming that increased myofibroblast transformation induced by Myd88/~ T
cells occurred through contact-dependent induction of TGFB (Figure 4E-4G). These data
demonstrate that the enhanced binding of Myd887'~ Thi cells to CFB VCAM-1 results

in increased CFB transformation in a TGFB-dependent manner, a plausible mechanism to
enhance cardiac fibrosis during TAC.

MyD88 Modulates T-Cell Activation through TCR Signaling

Based on our findings demonstrating overall improved T-cell effector function in the
absence of MyD88, we then sought to dissect if MyD88 in T-cells modulated T-cell
activation through DAMP receptors (TLRs/IL-1R) or through the TCR. We first found

that relevant DAMPs which signal through MyD88 such as pro-IL-1p, IL-33, and HMGB1
were increased at the protein level in the LV of WT mice subjected to TAC compared

to sham mice (Figure S6A-6B). We then took TCR-activated Th1 cells, removed them
from TCR stimulation, and treated them with cardiac lysate from TAC mice (containing
DAMPs) to test whether cardiac DAMPs can further activate T-cells in the absence of

TCR signals. Cardiac DAMPs, or purified HMGBL1 alone, were not sufficient to induce the
expression of the T-cell activation markers CD69 and CD25 (Figure 5A-5C, S6C-S6E).
However, the same dose of cardiac DAMPs was able to increase MHCII expression in
dendritic cells (Figure 5D-5E). To ensure that canonical DAMP signaling was functional in
T-cells despite measuring low receptor expression (Figure S6F-S6G), we treated WT and
Myd88~ Thi cells with LPS, a TLR4 ligand that signals through MyD88, and found LPS
induced a MyD88-dependent increase in ERK phosphorylation and IL-6 expression (Figure
S6H-S6J), both downstream of MyD88. These data demonstrate that despite a functional
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TLR-MyD88 axis in T-cells, signals through this pathway do not further induce CD69 or
CD25 expression, prompting us to explore whether MyD88 modulation of T-cell activation
occurs downstream of the TCR.

To do so, we measured phospho-ZAP70, a component of the TCR signaling complex that
marks T-cell activation, using TCR stimulation /n vitro using aCD3/aCD28, and found

that Myad88™'~ Thi cells exhibited higher expression of pZAP70 compared to WT after
activation but not at baseline (Figure 5F-5G). Additionally, TCR activation of Myd88'~
Th1 cells resulted in higher levels of CD69 (Figure 5H-51), and increased secretion of the
cytokines IL-2 and TNFa compared to WT Th1 cells (Figure 5J-5K), confirming an overall
enhanced activation status in Mya887'~ Th1 cells. Further, small molecule inhibition of
MyD88 during T-cell activation in WT Th1 cells recapitulated both increased CD69 and
pZAP70 (Figure S7). Interestingly, TCR activation of WT cells correlated with upregulation
of MyD88 protein expression compared to inactivated cells, directly associating MyD88
expression with TCR signaling for the first time (Figure 5L-5M). To further investigate how
MyD88 modulates T-cell activation, we investigated the localization of MyD88 upon TCR
engagement by immunofluorescence. We again confirmed increased expression of MyD88
upon TCR activation, alongside expected puncta of TCRp clusters at the membrane during
TCR-induced activation.28 Strikingly, specific MyD88 signal colocalized in said TCRB
puncta (Figure 5N-50), and when T-cells were removed from TCR stimulation, MyD88
decreased at the membrane along with clustered TCRp, albeit not back to the level of

naive T-cells. Interestingly, using confocal microscopy we found MyD88 to co-localize with
TCRp in multiple planes close and distal to the TCR engagement, and MyD88 was also
found in isolation far from TCR engagement (Figure S8). Together, these data demonstrate
that MyD88 co-localizes with the TCR at the membrane during TCR engagement and
suggests that MyD88 functions as a brake of T-cell activation downstream of the TCR rather
than through TLR-DAMP signaling.

MyD88 Deletion Enhances T-Cell Survival:

As TCR signaling leads to optimal T-cell proliferation and survival, we next investigated the
role of T-cell MyD88 in T-cell survival as another mechanism to explain increased cardiac
T-cell presence, and therefore increased fibrosis. Thl cells were cultured in the absence

of TCR engagement or cytokine stimulation as a way to induce steady T-cell death, and
imaged in real time (Figure 6A). Interestingly, Myd88~ Thi cells exhibited decreased

cell death over time compared to WT Th1 cells, a finding which was further exacerbated

by serum starvation (Figure 6A-6B). Moreover, we performed /7 vivo competitive survival
experiments using equal numbers of adoptively transferred WT and Mya887'~ Thi cells,
carrying the CD45.1 and CD45.2 alleles respectively, into healthy 7cra”/~ recipient mice
(Figure 6C). We found that as early as 1 week post transfer, there were higher numbers of
Myd88'~ Thi cells in the spleen, and this survival advantage was sustained 2 and 4 weeks
post transfer (Figure 6D—6E). These data demonstrate a long-term survival benefit in vivo
for Myad88™'~ Thi cells compared to WT cells and suggest that MyD88 modulation of T-cell
survival in activated T-cells may be responsible for the increased cardiac T-cell presence
during TAC.

Circ Res. Author manuscript; available in PMC 2024 August 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bayer et al.

Page 8

To distinguish between survival and proliferative cues modulated by MyD88 upon TCR
engagement, we next assessed the proliferative capacity of Thl cells, and found that WT
and Myd88™'~ Th1 cells showed similar CFSE dilution as a measurement of proliferation

in the presence of IL-2 after 1 and 3 days in culture (Figure 6F-6G). We additionally
isolated naive CD4* T-cells from WT and Myd88'~ mice and traced CFSE dilution as they
differentiated into effector T-cells in response to TCR stimulation. We again found rapid but
similar proliferation in the presence or absence of MyD88 (Figure 6H-61). From these data,
we conclude that MyD88 acts at the TCR during active TCR signaling and its deficiency
results in a T-cell survival advantage that may explain enhanced cardiac inflammation.

T-cell specific MyD88~/~ mice develop more cardiac fibrosis and cardiac fibroblast

activation

We next generated T-cell specific MyD88~/~ mice (Myd88"1CD4C") to investigate the
intrinsic role of T-cell MyD88 in T-cell activation and adverse cardiac remodeling in
response to TAC. We confirmed that Myd88%"CD4¢* mice had excision of Myad88exon
3 and ablated Myd88 protein specifically in T-cells (Figure 7A-7C). In response to TAC,
we found higher levels of perivascular and interstitial fibrosis in Cre* mice (T-MyD88~/")
compared to Cre littermates (T-MyD88*/*), but no baseline differences, suggesting TCR
engagement is needed for MyD88 dependent fibrosis (Figure 7D-7F). As observed in our
adoptive transfer model, each group of mice developed similar cardiac hypertrophy by LV
weight and WGA staining, and neither group developed significant cell death, determined
by TUNEL staining (Figure S9). In line with the pro-fibrotic phenotype, we found TAC
induced similar increases in Co/Z and Tgfb1 but greater cardiac expression of Co/3and

Fn1 (Fibronectin) in T-MyD88~/~ mice (Figure 7G-7J). Interestingly, we found a significant
increase in total MEFSK4* CFBs in the hearts of T-MyD88~/~ but not T-MyD88*/* mice

in response to TAC (Figure 7K-7L). Further co-staining of a SMA with PDGFRa and
CD31 determined that the majority of aSMA® cells were also PDGFRa and that PDGFRa.*
aSMA* cardiac fibroblasts were increased in TAC T-MyD88~/~ compared to T-MyD88*/*
mice (Figure 7M-0). We also observed limited, yet still present, expression of aSMA

in CD31+ vessels (Supplemental Figure 9F). Moreover, to visualize proliferating and non
proliferating fibroblasts, we stained with Ki67 and found that while TAC increased the
numbers of PDGFRa*Ki67*cells in both genotypes, T cell MyD88 deficiency did not alter
the presence of proliferating fibroblasts at this time point (Figure 7P-7Q, and Supplemental
Figure 9G). Together, these confirm that mice deficient in T-cell MyD88 have increased
cardiac fibrosis in response to TAC alongside with increased CFB co-expressing aSMA and
PDGFRa., yet similar number of proliferating CFBs at this time point.

T-cell specific MyD88~/~ mice have increased T-cell cardiac infiltration, TCR activation, and
decreased survival to TAC

We next characterized the inflammatory profile of T-MyD88~/~ mice in response to TAC,
finding increased cardiac CD4* T-cells compared to T-MyD88*/* mice (Figure 8A-8B),
however when we quantified effector T-cells (defined as CD62L!°CD44N | gating strategy
in Figure S10A), we found similar increases in mLN CD4™ effector T-cells but increased
splenic effector T-cells in T-MyD88~/~ mice, a sign of enhanced systemic inflammation
(Figure 8C-8D). Additionally, only T-MyD88~/~ mice exhibited increased cardiac CD8*
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T-cells after TAC (Figure S10D). We further quantified CD69 expression in cardiac T cells
to probe TCR engagement in the cardiac inflammatory environment and found increased
numbers of both CD4* and CD8" T-cells expressing CD69 in the hearts of T-MyD88/~
mice (Figure 8E, Figure S10E). Moreover, splenic CD4* T cells from T-MyD88~/~ mice
showed enhanced levels of pZAP70 compared to T-MyD88*/* mice in response to TAC,
with no differences observed in pZAP70 in sham mice between groups (Figure 8F-8G),
demonstrating enhanced TCR activation induced by TAC in T-MyD88~/~ mice. Despite
this, and similar to in vitro differentiated Thi cells, T-cells from T-MyD88~/~ mice

had comparable levels of IFNy to those from MyD88+/+ control mice in the onset

of TAC (Figure 8H-81). Moreover, T-MyD88~/~ mice also exhibited increased cardiac
CD11b*CD11c*MHC-II* dendritic cells and CD11b*CCR2*MHC-1I* myeloid cells, but
similar neutrophils (Figure S11A-D), and we did not observe changes in splenic or
mediastinal T-regs at baseline or during TAC (Figure S11F-G).

Overall increases in cardiac inflammation co-existed with increased levels of cardiac Anpin
T-MyD88~/~ TAC mice compared to T-MyD88*/*, suggestive of cardiac damage (Figure 8J).
Lastly, the decline in fractional shortening in response to TAC at 4 weeks was comparable
between genotypes, despite the increased cardiac fibrosis and inflammation (Figure 8K).
However, at 10 weeks post TAC, T-MyD88~~ mice had lower fractional shortening
compared to T-MyD88*/*, demonstrating enhanced systolic decline long term after TAC
(Figure 8L). Moreover, survival post TAC was significantly decreased in T-MyD88~/~

mice compared to T-MyD88*/* littermates (Figure 8M). Taken together, T-MyD88~/~ mice
subjected to TAC have unrestrained systemic and cardiac TCR activation characterized

by enhanced P-ZAP-70 expression as well as enhanced presence of CD69* T cells and
MHC-11* myeloid cells. This demonstrates a central role for T-cell MyD88 in limiting T-cell
activation through the TCR to modulate cardiac inflammation in HF.

Discussion:

Here we report that deletion of MyD88 in T-cells is detrimental for the heart and for

survival in experimental non-ischemic heart failure. We find that Th1 cells, major drivers of
cardiac fibrosis in response to TAC, survive longer, are more inflammatory, have enhanced
cardiotropism, and greater adhesion to cardiac endothelial cells and fibroblasts when lacking
MyD88. We demonstrate for the first time, to our knowledge, the expression of MyD88 in
cardiac mouse and human T-cells, and its localization to the TCR upon TCR engagement.
Moreover, we show evidence that MyD88 functions as a brake of T-cell activation upon TCR
signaling, rather than solely modulating TLR signaling induced by DAMPs, its classical
function in innate cells. This represents a novel T-cell modulatory mechanism involved in
cardiac inflammation, fibrosis, and dysfunction in experimental HF.

The pro-inflammatory role of MyD88 in myeloid cells is well established. It triggers pro-
inflammatory cytokine secretion, and induces the expression of major histocompatibility
complex type Il (MHC-I1) in antigen presenting cells for an optimal T-helper cell immune
response.? In contrast, its role in adaptive immune cells is not well understood, and even less
so in the context of cardiac inflammation. The only study investigating a role for MyD88

in pressure-overload induced HF showed that global cardiac MyD88 deletion conferred a
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partial protection in response to TAC. However this used a non-cell specific approach, and
therefore protection was likely conferred through inhibition of DAMP signaling in innate
immune cells.1> Our data provide evidence that in contrast to its role in innate immune
cells in cardiac inflammation, in T-cells, MyD88 plays an anti-inflammatory role, which we
hypothesize contributes to the partial protection was observed with global cardiac MyD88
deletion.

We have previously shown that Thl cell production of IFN+y is essential for the induction
of cardiac fibrosis in TAC2, therefore we hypothesized that MyD88 might modulate IFNy
expression in addition to T-cell activation. However, our findings demonstrate that the lack
of MyD88 did not result in changes to Th1 identify, as seen by IFNy or Thx21 levels in

in vitro differentiated T cells as well as 7nvivo during TAC. This somewhat differs from a
described role for T cell MyD88 in the Th1/Th17 response to LPS injection and ovalbumin
(OVA) immunization.?? Isolated T cells from LPS and OVA treated mice re-stimulated
and expanded for OVA ex vivo had decreased IFN+y and IL-17 expression, despite similar
proliferation and T-reg frequency. While the proliferation and T-reg frequency are in line
with our results in mice subjected to TAC, the differences in the IFN+y response could

be attributed to different TCR stimuli /n vitro (OVA vs anti-CD3/anti-CD28) and different
inflammatory conditions /n vivo (LPS/OVA vs TAC). Moreover, we show that cardiac
DAMPs do not further induce activation marker expression on T cells, while LPS, used

in that report, is a more potent activator of TLR4. Thus, the context of T-cell activation
may differently influence the outcome of MyD88-TCR signaling in these two distinct
inflammatory settings. Along these lines, our results demonstrating that MyD88 functions as
a brake for T cell effector function is in agreement with studies showing that T-MyD88~/~
mice had slowed growth of melanoma.3% When MyD88 was deleted using the Foxp3 Cre
driver, authors reported no difference in T-reg numbers, in line with our results, but worse
allograft survival, potentially a result of enhanced T-cell effector function.3!

While T-cell effector function was broadly enhanced in the absence of MyD88, we mainly
found functions regulated directly by TCR signaling to be enhanced in Myd887/~ Thl

cells. For example, TCR signaling directly influences cytokine secretion, cell survival, and
T-cell adhesion,28 and specifically, p-AKT signaling has been previously shown to regulate
integrin activation on T-cells.32 Thus, we propose that the increased adhesion to protein
ligands, endothelial cells, and CFBs observed in Myd88~ Thi cells is a direct result

of MyD88 modulation of TCR induced AKT signaling. This is further supported by our

in vitro studies showing that enhanced adhesion to ICAM-1 and VCAM-1 of Myd887!~
Th1 cells was dependent on PMA treatment, a mimic of active TCR stimulation known

to induce p-AKT. We hypothesize increased T-cell endothelial interaction might further
contribute to perivascular fibrosis. On the contrary, the lack of alteration to Thl polarization
or chemotaxis to CXCL10 in Mya88~'~ Th1 cells would be explained by the fact that

these two are more dependent on cytokine receptor or G-protein coupled receptor signaling,
respectively, both of which operate mostly independently from the TCR.33:34 Further studies
depicting how MyD88 specifically regulates these signals are needed to explain why many,
but not all T-cell effector functions are enhanced in My@887'~ Thi cells. TCR signaling

is intimately associated with cell survival, and as such, we found that My@88~~ Thi cells
exhibited a survival advantage both 7n vivo and in vitro. However, we have yet to fully
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elucidate the mechanism of cell death regulated by MyD88, whether that be apoptosis as
suggested by our RNA-seq results, or other pathways including inflammatory cell death. In
contrast to the survival advantage conferred by MyD88 deletion in T-cells that we outline
here, we were surprised to see similar cellular proliferation in response to CD3/CD28
stimulation or IL-2 /in vitro. While MyD88 might be more specific to pro-survival signaling,
it is possible that MyD88 modulates proliferation /7 vivoin a more complex inflammatory
environment with DAMPs and TCR co-stimulation.

While we originally thought that sensing of cardiac DAMPs would be a major factor
influencing Th1-MyD88 signaling, we found that DAMPs either alone or in combination
were unable to modulate T-cell activation /n vitro. One study has shown a protective role
for HMGBL1 in TAC, however other studies have disputed this.3%36 Our RNA-seq data and
in vitro studies stimulating T-cells with cardiac lysate and DAMPs suggest that this is not
the case during sterile inflammation in the heart. Our results demonstrate that the absence of
MyD88 alters T-cell effector function in response to TCR engagement and in the absence of
TLR stimulation /n vitro. Additionally, it has been well described that TLR ligation can act
as a co-stimulatory signal for T-cell activation and influence T-cell polarization.37:38 While
we did not explicitly test this, it is possible that in a more complex scenario /n vivo, DAMP
agonism of TLRs in Th1 cells among other cells also contribute to cardiac fibrosis and
inflammation, in line with studies reporting that DAMP sensing by CFB can contribute to
fibrosis.3940 More work in the field is warranted to investigate potential crosstalk between
TLR / DAMP receptors and TCR signals through MyD88 or other adaptors in distinct
inflammatory and infectious settings.

To our knowledge, this is the first investigation of a T-cell specific deletion for MyD88

in sterile cardiac inflammation, which we characterized using both adoptive transfer and
endogenous genetic deletion. In the T-MyD88~/~ mouse, we found no baseline changes

in cardiac function or T-cell subsets in the heart and lymphoid organs, and no baseline
expression of P-ZAP70 in T cells, immediately downstream TCR engagement. The
increased phosphorylation of ZAP-70 in T-MyD88~/~ mice compared to T-MyD88*/*
control littermates in the onset of TAC further support that MyD88 modulates T-cell
cardiac inflammation through TCR mediated activation secondary to cardiac insult, rather
than non-specific DAMP induced signals. One limitation of this mouse model is that the
CDA4-Cre driver also excises MyD88 from double positive CD4/CD8 T-cells during thymic
development, thus MyD88 is also deleted in CD8* T-cells. And indeed, we found increases
in CD8*CD69* T-cells in the heart. Our adoptive transfer approach of Th1l cells into

T-cell deficient mice eliminates any confounding effects from other T-cell subtypes, and

in fact showed earlier systolic decline than the T-MyD88~/~ mice post TAC. Moreover, our
observation that T-MyD88~/~ mice have worsened survival to TAC further emphasizes the
necessity of T-cell MyD88 in limiting chronic inflammation in HF in the context of a fully
intact immune system.

Both our adoptive transfer and genetic approach for MyD88 deletion in T-cells showed
significantly increased cardiac fibrosis, which we attribute to increased T-cell survival and
enhanced fibroblast activation. We have previously shown that CD4 cells co-localize with
CFB in vivo'3 and that their contact is required for myofibroblast transformation in vitro.12
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As such, we conclude while IFN-y was not enhanced on a per cell basis, the overall increased
presence of highly inflammatory T-cells resulted in greater T-cell fibroblast cross-talk and as
such, greater fibrosis. Moreover, our findings in T-MyD88~/~ mice provide evidence that the
fibrotic response resulting by the lack of MyD88 in T cells is in part due to overactivated
CD4" and CD8™ T cells unable to tune down TCR signals, as seen by increased P-ZAP70
and CD69. However enhanced T-cell function further contributed to an overall increased
proinflammatory and profibrotic milieu consisting of increased MHC-11* myeloid cells,

able to continue to reactivate T-cells. Together, this potent inflammatory environment
increased fibrosis. While to thoroughly determine whether T-cell MyD88 modulates CFB
proliferation and/or myofibroblast transformation, Periostin-Cre lineage tracing would be
required,?142 our results suggest that the lack of MyD88 in T cells results in enhanced

CFB activation given the increased presence of PDGFRa* aSMA™ CFBs, rather than
increased proliferation at this time post TAC. It is possible that T-cell MyD88 modulates
CFB proliferation at earlier time points post TAC*3and thus we see more total activated
CFBs at this time point. Nevertheless, the increased T cell activation and survival of
MyD88~/~ T cells results in a heightened fibrotic response dependent on TGF, collagen

11 and fibronectin. It is further plausible that enhanced binding by MyD88~~ Th1 cells
increases fibroblast transformation due to stronger collective mechanical force, and while we
did not explicitly test this, future studies aim to further define mechanisms of T-cell CFB
interaction.

Despite these interesting and novel findings, our study has some limitations we would like
to outline. Given the altered fibrotic response and the worsened survival to cardiac stress
observed in the absence of T-cell MyD88, one can speculate that cardiac stiffness may lead
to diastolic dysfunction and contributes to less survival to TAC, in addition to the systolic
dysfunction we report, yet we have not performed hemodynamics studies to thoroughly
characterize the role of T-cell MyD88 in cardiac relaxation. While we demonstrate a
modulatory role for T-cell MyD88 in pressure overload HF, this role may be different in
other models of sterile or infectious inflammation. We focus on Th1 cells, but our data
indicate that MyD88 might contributes similarly to CD8* T-cell activation, which has other
implications in contexts more dependent on a cytotoxic T-cell response, such as cancer or
immune checkpoint-induced myocarditis.*44> Mechanistically, while we demonstrate the
first evidence that MyD88 co-localizes with the TCR during active TCR engagement and
modulates immediate downstream signals such as ZAP70 and AKT, the exact molecular
binding partner(s) that recruit or limit MyD88 access to the TCR signaling complex to
modulate T-cell activation remain an ongoing area of investigation. We hypothesize that the
strength of TCR stimulation alongside other signals that recruit MyD88 will influence the
degree of MyD88 localization to the TCR vs. other locations or outcomes.

The different role we report for MyD88 in T-cells vs. innate immune cells in the context

of DAMP signals might explain the limited of efficacy of clinical trials targeting DAMPs
such as IL-1pB, whereas a more targeted approach modulating the signaling effectors such as
MyD88 might prove more effective?46
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Conclusion:

In summary, we report here a novel role for MyD88 in regulating T-cell signaling and
effector function in the context of cardiac inflammation and cardiac fibrosis. This work
contributes to our understanding of cardiac inflammation in HF and reveals a unique
cell-intrinsic role for MyD88 in modulating TCR signaling that is independent of T-cell

TLR recognition of DAMPs. This novel anti-inflammatory role for MyD88, distinct from
the pro-inflammatory role in innate immunity, is a necessary mechanism to limit T-cell
overactivation and survival in response to cardiac stress. Our results highlight the importance
of cell specific therapeutic approaches for immunomodulation in HF.
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CITE-seq Cellular indexing of transcriptomes and epitopes by sequencing
CFB Cardiac fibroblast

DAMPs Damage associated molecular patterns
FS Fractional shortening

GSEA Gene set enrichment analysis

HF Heart Failure

HMGB1 High mobility group box 1

ICAM1 Intracellular Adhesion Molecule 1
LPS Lipopolysaccharide
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Novelty and Significance:

What is Known:

. Helper T-cells are a driving factor of cardiac inflammation and fibrosis in
pressure overload HF

. DAMPs induced in HF drive pro-inflammatory signaling in innate immune
cells

What New Information Does this Article Contribute:

. An intrinsic role for T-cell MyD88 modulates TCR signaling independently of
T-cell TLR recognition of cardiac DAMPs and limits T-cell overactivation in
response to cardiac stress.

. MyD88 is expressed in mouse and human cardiac infiltrated T-cells.

. T-cell deletion of MyD88 results in enhanced cardiac T-cell infiltration,
fibrosis, systolic dysfunction, and worse survival in response to pressure
overload induced HF.

Circ Res. Author manuscript; available in PMC 2024 August 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bayer et al.

Page 19

Novelty and Significance:

Cardiac and systemic inflammation are hallmarks of heart failure, however thus far
anti-inflammatory therapies have shown limited success. T-cells, myeloid cells, and
damage associated molecular patterns (DAMPSs), co-exist in the failing heart. Myeloid
cells recognize DAMPs, which signal to converge on the adaptor MyD88, a necessary
step for myeloid cell activation and presentation of antigens to CD4" T-cells. Little is
known about if T-cells can respond directly to cardiac DAMPSs, or if there are intrinsic
T-cell mechanisms to limit T-cell overactivation. We show that MyD88 is expressed in
cardiac T-cells in pre-clinical and clinical heart failure. We report the first evidence, to
our knowledge, that T-cell MyD88 limits T-cell activation through T-cell receptor signals,
and thus plays an anti-inflammatory role that tunes down cardiac inflammation. As such,
Myd887'~ T-cells exhibit increased pro-inflammatory signaling and effector function /in
vitro and in the onset of heart failure /n vivo. Further, MyD88 T-cell deficient mice
exhibited more cardiac fibrosis and had a survival disadvantage to heart failure as a result
of unrestrained pro-inflammatory T-cell activation, T-cell survival, and increased cardiac
presence that contributes to cardiac fibrosis and inflammation. Together, our findings
outline a novel regulatory mechanism for T-cell mediated cardiac inflammation.
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Figure 1: Tera™™ Mice given Myd88‘/' Thl cells in the onset of TAC develop more cardiac
fibrosis and systolic dysfunction

A. Schematic of experimental design, 8-10 week old male 7cra’~ mice underwent 25G
TAC or Sham surgery then were reconstituted with 10 million WT or Myd88~ Th1 cells
2 days, then 2 weeks post surgery, and tissues were harvested after 4 weeks. B. Fractional
shortening as measured by echocardiography after 4 weeks. C. Measured weight of excised
left ventricles normalized to tibia length. D. Representative images of LV of WGA (left),
Picrosirius red (midde), and CD4 by IHC (right). Scale bars are 100 uM (middle) or 50

UM (left/right). E. Average cardiomyocyte size quantified using ImageJ on WGA stained
sections. F. Left ventricular perivascular fibrosis quantified with ImageJ from Picrosirius
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red stained sections. G. CD4 infiltration was counted manually after IHC stain for CDA4.
H-J. RNA was isolated from the LV of each group of mice for gene expression analysis by
RT-gPCR. Each data point is an individual mouse. Statistical analysis by 2-way ANOVA
with Sidak’s multiple comparison test for all panels except C, which used Kruskal-Wallis
test with Dunn’s multiple comparison test. P values shown.
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Figure 2: MyD88 Regulates T-cell Signaling In vitro and In the Heart
A. Bulk RNA sequencing was performed using RNA from n=3 WT or Myd88/~ Thi

cells, shown are differentially expressed genes with hierarchical clustering using p<0.05

for significance. B-E. Selected gene set enrichment analysis from Bulk RNA-seq data,
shown enriched in Mya@887'~ Thi cells as compared to WT. F. Representative western blot
from WT or Myd887'~ Thi cells, quantified in G. from n=3 independent experiments and
normalized to WT signal. H. Representative western blot from the LV WT mice after 4
weeks TAC or Sham surgery, quantified in 1. for n=5 mice total. J. Pooled 4 week Sham

and TAC UMAP of total cardiac T-cells with overlay of Cd4 or Cd8a expression (K). M.
Relative Myd88 expression in Sham vs. TAC T-cells clusters. M. UMAP of T-cells from
pooled patient heart samples. N. Relative expression of Myd88in healthy donors or patients
with heart failure. Statistical analyses by multiple T-tests (panels G-I), p values shown.
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Figure 3: MyD88 Deletion Increases Thl Adhesion Ability Without Impairment of
Transendothelial Migration

A-D. WT or Myd887'~ Th1 cells were perfused at 1 million cells / mL at an estimated
shear stress of 1 dyne / cm? over ICAM-1 or VCAM-1 after 5 minutes of treatment with
50 ng/mL PMA and/or 20 minutes of treatment with 20 pg/mL aLFA-1 or a VLA-4 where
indicated, shown are representative images (A-B), quantified in C-D. E-F. Representative
flow cytometry plots from WT or Mya@887'~ Thi cells shown with quantification of n=4
independent experiments. G. 1 million WT or Myd88™'~ Thi cells were perfused over
mouse heart endothelial cells pre-treated with 125 ng/mL TNFa for 4 hours, at an estimated
shear stress of 1 dyne / cm?, at 37°C. TEM was monitored over 10 minutes and adhered
vs. migrated cells were counted manually. Representative images of adhered cells (black
arrows) vs. transmigrated cells (blue arrows) in G. with quantification of adhesion in H.
and percent migration (migrated / adhered) in 1. In all panels each data point is from an
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independent experiment. All scale bars are 50 uM. Statistical analysis by 2-way ANOVA
with Sidak’s multiple comparison test (C,D), Mann-Whitney Test (E, F) or T-test (H, I), p
values shown.
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Figure 4: MyD88'/‘ Th1 Cells Exhibit Increased Binding to and Activation of Fibroblasts
A. Schematic of T-cell fibroblast co-cultures. WT cardiac fibroblasts were cultured with WT

or Myd88~ Th1 cells at a ratio of 2:1 CFB:Th1 for 16 hours with 20 pg/mL aVLA-4 or 5
pg/mL a TGFP where indicated, non-adherent T-cells were washed off with PBS, and where
indicated T-cells were detached with 5 mM EDTA. B. Representative western blot from
cardiac fibroblasts after detaching WT or Myad88~'~ Thi cells, quantified using ImageJ for in
C/D. E. Fibroblasts were stained for aSMA and CD4, and imaged by immunofluorescence
microscopy. Representative images shown in E. aSMA was quantified using imageJ and
normalized to untreated cells (F) and T-cells adhered were counted manually (G). Each data
point represents an independent experiment. Scale bars are 50 pM. Statistical analysis by
1-way ANOVA with Tukey’s multiple comparison test (C-D) or 2-way ANOVA with Sidak’s
multiple comparison test (F-G) with p values shown.
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Figure 5: MyD88 Acts as a Break During T-cell Activation through TCR but not TLR signaling
Th1 cells were cultured in T-cell media with 10 pg/mL of lysate generated from the LV

of WT TAC mice for 24 hours, then analyzed by flow cytometry. Example plots shown

in in A. with quantification for n=3 independent experiments in B-C. D-E. BMDCs were
cultured with 10 pg/mL of TAC lysate for 24 hours, then analyzed by flow cytometry.
Representative plots shown in D, with quantification for n=3 independent experiments in

E. F. Representative western blots from WT or Myd88~~ Thi cells, quantified in G. WT

or Myd88™!'~ Naive CD4* splenocytes or Thi cells were stained and analyzed by flow
cytometry, with representative plots shown in H. quantified in I. from n=3 independent
experiments. J-K. Supernatants were collected for ELISA from 1 million WT or Myd88'~
Th1 cells cultured in fresh T-cell media for 24 hours from n=4 independent T-cell preps. L.
Representative western blots from WT or Myd88~'~ Naive CD4* or Thi cells, quantified in
M. from n=4 independent experiments. N-O. Naive WT (N) or Mya88~'~ (O) T-cells were
plated on coverslips in the absence or presence of aCD3/CD28 for the indicated timepoints,
or removed from stimulation for 24 hours, then stained with MyD88 and TCRp for analysis
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by fluorescent microscopy. Scale bars are 2 UM. Statistical analysis by T-test (B,C, E, J, K,
M), or 2-way ANOVA with Sidak’s multiple comparison test (G, I) P values shown.
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Figure 6: MyD88 Knockout Enhances Survival but Not Proliferation in Th1 Cells
A. WT or Myad88™'~ Th1 cells were cultured on aCD43 coated plates (10 pg/mL) in

the presence of 10 pg/mL Pl in media with or without 10% FBS. PI incorporation was
monitored for 72 hours, baseline subtracted, and normalized to a 100% death Triton-X
treated control. C. Scheme of /7 vivo competitive survival, in which healthy 7cra”’-

mice were reconstituted with 10 million WT CD45.1 and Myd88'~ CD45.2 Thi cells

in 1:1 abundance, then spleens were harvested at indicated time points. D. Example flow
cytometry plots gated on CD4*TCRB* cells from /n vivo survival showing transfer mix, then
splenocytes after 1, 2, and 4 weeks, quantified in E. from 5-6 mice / group. F. Activated
Th1 cells were stained with CFSE then cultured in the presence of 25U/mL IL-2 and
collected after 1 or 3 days, example flow cyometry plots shown in F. quantified in G. from
n=3 independent experiments. H. Naive CD4* T-cells (CD62LMNCD44!°%) were sorted from
splenocytes of WT or Myad88™'~ mice, stained with 5 uM CFSE, then polarized to Thi
cells as described in methods and collected after 3 days activation, representative plot in H.
quantified in 1. from n=3 independent experiments. Statistical analysis by 2-way ANOVA
with repeated measures (A, B), 2-way ANOVA with Sidak’s multiple comparison test (1),
1-way ANOVA with Tukey’s multiple comparison test (E), or multiple T-tests (G), with n.s.
= no significance, p values shown.
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Figure 7: T-Cell Specific MyD88 Knockout Mice Show Increased Cardiac Fibrosis with
Increased Cardiac Fibroblast Activation and Proliferation

A. Schematic showing Myd88 floxed exon 3 and primers used to detect Cre-mediated
excision. B. Genomic DNA was isolated from CD4* T-cells and control tissues and
amplified to detect Mya88excision by PCR. C. Western blot of CD4* T-cells and control
tissues for MyD88 deletion. D. 8-10 week male and female Myd88"CD4Ce mice using
Cre* and Cre™ littermates underwent 27G TAC or Sham surgery. Representative images
from LV samples stained with Picrosirius, scale bars are 100 uM. E-F. ImageJ was used to
quantify fibrosis F in perivascular or interstitial regions respectively. G-J. RNA was isolated
from the LV of each group of mice for gene expression analysis by RT-gPCR. K. The LV
of each group of mice was enzymatically and mechanically digested for analysis of cardiac
fibroblasts (CD45~Mefsk4*) by flow cytometry, shown are representative plots from TAC
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mice (K) with quantification (L). M-N. Representative images from LV samples stained for
aSMA and PDGFra, scale bars are 25 pM, with quantification in N. and individual channels
shown in O. for a Cre+ TAC example. P-Q. Representative images from LV samples stained
for PDGFra and Ki67, scale bars are 25 UM, with quantification in Q. Each data point
represents an individual mouse. Statistical analysis by 2-way ANOVA with Sidak’s multiple
comparison test (E,F,H,J,L), Kruskal-Wallis Test with Dunn’s multiple comparisons test
(G,I,N,Q), p values shown.
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Figure 8: T-Cell Specific MyD88 Knockout Mice Show Increased T-cell Activation,
Cardiotropism, Systolic Decline, and Survival

A. 8-10 week male and female Mya88™"1CD4C" mice using Cre* and Cre~ littermates
underwent 27G TAC. Representative images from LV samples stained for CD4

with IHC, scale bars are 50 uM, with quantification in B. C-D. The mediastinal

lymph nodes and spleen of each group of mice was digested and effector T-cells
(TCRB*CDA4*CD62L'°CD44N) were quantified by flow cytometry. E. The LV of each
group of mice was enzymatically and mechanically digested for analysis of cardiac T-cell
reactivation (CD45*CD4*CD69%) by flow cytometry. F-G. Splenic CD4" cells were isolated
from each group of mice for analysis of Zap70 phosphorylation, shown is a representative
blot from 3 mice / group (F) with quantification of 6 mice (G). H-1. The mediastinal lymph
nodes were digested and stimulated with PMA, lonomycin, Brefeldin, and Monensin A for
4 hours before analysis of IFNy expression by flow cytometry, shown are representative
plots (H) with quantification in I. J. RNA was isolated from the LV of each group of mice
for gene expression analysis by RT-qPCR. K-L. Fractional shortening was measured by
echocardiography at 4 weeks post surgery (K.) or 10 weeks post surgery (L). Each data
point represents an individual mouse. M. Survival of Myd88"1CD4C" mice after 27G
TAC analyzed by Mantel-Cox test. (n=4 Sham mice per each genotype, n=11 T-MyD88*/*
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TAC, n=10 T-MyD88~/~ TAC). Statistical analysis by 2-way ANOVA with Sidak’s multiple
comparison test (All except I) or T-test (1), p values shown.
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