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Heart failure (HF) is the most frequent cause of hos-
pitalization of elderly patients. Although it can be the 
end result of diverse risk factors, aging per se of 

cardiac-associated tissues can lead to cardiac function 
degeneration, as well as trigger cardiac inflammation. 
To study the effects of aging on cardiac function and 
inflammation, in the absence of confounding causes, we 
examined healthy wild-type C57BL6/J male mice, at 2 
months of age (young), 12 months (adult), or 18 months 
(aging). Through echocardiography, we observed (Fig-
ure I in the Data Supplement) that aging led to reduced 
fractional shortening and ejection fraction, increased 
left ventricle internal dimension in systole and diastole, 
increased heart weight to tibia length ratio, and reduced 
relative wall thickness. This phenotype matches previ-
ously reported systolic dysfunction occurring in this age 
range.1 To analyze the effect of aging in cardiac inflam-
mation, we examined the hearts via real-time quantitative 
polymerase chain reaction to identify the presence of key 
immune mediators and cell subsets, the latter by using 
lineage-specific markers (Figure II in the Data Supple-
ment). Gene expression for cytokines, such as TNFα 
(tumor necrosis factor α) and IFNγ (interferon γ), che-
mokines CCL2 (CC motif Ligand 2) and CXCL10 (CXC 
motif Ligand 10), markers of proinflammatory type 
1-polarized responses, increased significantly between 

2 and 12 months of age, matching findings in pressure-
overload HF.2 This was accompanied by innate immune 
cell presence (CD11b), which includes key cell subsets, 
such as macrophages.3 T cells (CD3e) were present, with 
increasing abundance of CD8+ T rather than CD4+ T with 
aging, as previously observed,1 whereas B cells (CD19) 
appeared more abundant in aging mouse hearts. Notably, 
a few of these markers displayed an early peak. To vali-
date the mRNA expression data using a protein-based 
assay, we performed immunohistochemical staining on 
paraffin-embedded heart sections of mice at 2, 12, and 
18 months of age (Figure III in the Data Supplement). 
Confirming the gene expression analysis, macrophages 
(Iba1 [ionized calcium- binding adapter molecule 1]) and 
T cells (CD3e, a marker of T cell presence and thus proxy 
of cardiac infiltration/proliferation of T cells) were sig-
nificantly expanded in the hearts of mice at 12 and 18 
months compared with 2 months of age, whereas mast 
cell abundance (toluidine blue) and collagen deposition, 
a sign of fibrosis and a hallmark of HF, also increased 
with age.

The cardiac inflammation induced by aging alone 
displayed great similarity to that occurring during 
pressure-overload HF.4 We recently demonstrated 
that pressure-overload HF can be treated by target-
ing this inflammation via T-cell costimulation inhibitors, 
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such as Food and Drug Administration–approved drug 
CTLA4-Ig (cytotoxic T lymphocyte associated antigen 
4) (abatacept), which blocks T cell activation, damp-
ens inflammation, and averts further cardiac damage.4 
The drug is also efficient in rescuing tumor therapy-
induced myocarditis in humans.5 To follow a protocol 
with theoretical translational potential for age-related 
HF, we decided to intervene only once reduced car-
diac function was evident. We treated adult-to-aging 
C57BL6/J male mice, starting at 15 months of age, 
with 200 µg of abatacept in 100 µL of PBS or PBS 
alone, twice a month (Figure [A]) for 7 months, that 
is, up to 22 months of age (old mice). Mice above 18 
months develop far more substantial diastolic rather 
than systolic dysfunction,3 as indeed do old-age 
humans. We thus monitored both sets of parameters 
via echocardiography. Abatacept led to significantly 
higher systolic heart function (Figure [B], %fractional 
shortening, %ejection fraction). Most importantly, after 
7 months of treatment with abatacept, 22-month-
old mice exhibited significantly better diastolic func-
tion compared to control-treated mice (Figure [C]), 
evaluated as doppler mitral valve (MV) E wave, tissue 
Doppler e′ wave, and E/e′. As expected from studies 
on pressure-overload HF, abatacept-treated old mice 
displayed significantly reduced cardiac infiltration by 
macrophages, T cells, and, consequently, reduced fibro-
sis (Figure [D]). However, mast cells, whose activity lies 
upstream of the adaptive immunity targets of costimula-
tion blockade, were unaffected by treatment (Figure [D]).

The cardioprotective effect of abatacept in pressure-
overload HF is lost in the absence of anti-inflammatory 
cytokine IL (interleukin)-10, although the levels of the 
cytokine are unaffected by treatment.4 Similarly, IL-
10–deficient mice, treated with abatacept starting at 
12 months of age for 3 months (an accelerated pro-
tocol to avoid IL-10-deficiency–driven autoimmunity) 
had similar systolic and diastolic heart function as IL-
10–deficient mice treated with control (Figure IV in the 
Data Supplement).

Our results show that T cell costimulation blockade 
inhibits age-related systolic and diastolic cardiac dys-
function. As with the application of the same drug in 
pressure-overload–induced HF, this dampens cardiac 
infiltration by immune cells, leading to reduced fibrosis 
formation in the heart, and may involve an IL-10–de-
pendent loop.4 Given the recently demonstrated effi-
cacy of costimulation blockade in clinical treatment of 
tumor immunotherapy-induced myocarditis,5 our findings 
expand the range of settings in which T cell function has 
been shown to affect cardiac pathology.

Data and materials are available upon request.
Experiments were performed after institutional and 

national authorization.
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Figure. Abatacept treatment significantly improves systolic and diastolic function in old mice.
A. Schematic representation of the therapeutic protocol applied to aging mice. C57BL6/J male mice were screened via echocardiography at 
14 mo of age, and starting at 15 mo of age received 2×/mo 200 µg abatacept in 100 µL of PBS or 100 µL of PBS via intraperitoneal injection, 
for further 7 mo. Systolic heart functionality at 18 and 22 mo of age, and diastolic heart functionality at 22 mo of age via echocardiography was 
recorded and analyzed by a blinded operator. B, Abatacept treatment improves systolic function. %fractional shortening (FS), %ejection fraction 
(EF), and relative wall thickness (RWT) of 14-, 18- and 22-mo-old C57BL6/J mice treated with abatacept (white column/blue circles) or with 
PBS (white column/red squares) are plotted as mean±SEM (abatacept-treated n=24, PBS-treated n=20). %FS, %EF and RWT of 2- (white 
column/orange circles), 12-(light gray column/pink squares), 18-mo-old (dark gray column/burgundy triangles), 22 mo-old treated with PBS 
(white column/red squares) and 22-mo-old abatacept-treated (white column/blue circles) C57BL6/J male mice are plotted as Scatter plot with 
bar; columns represent the mean and each dot represents one mouse (2 mo n=18, 12 mo n=19, 18 mo n=9, abatacept-treated n=24, PBS-
treated n=20). Full legend and statistical details in the Data Supplement. C, Abatacept treatment improves diastolic function. Echocardiographic 
analysis of transmitral early peak velocity (E), early diastolic mitral annulus velocity (e′) and E/e′ estimated by transmitral Doppler and tissue 
Doppler of 22 mo-old C57BL6/J mice treated with abatacept (white column/blue circles) or with PBS (white column/red squares) are plotted 
as mean±SEM (n=20). Shapiro-Wilk test was performed to confirm normal distribution. Unpaired t test. *P=2.04×10-2; ****P=1.12×10-6. D, 
Macrophage infiltration, collagen deposition, and T celll infiltration but not mast cell presence is reduced by abatacept treatment. Full legend is 
given in the Data Supplement.
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