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Senescent cytotoxic T cells in acute myocardial infarction:
innocent bystanders or the horsemen of apocalypse?
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P rogressive deterioration of innate

and adaptive immune functions, a

status termed ‘immunosenescence’, is

associated with the higher frequency

and severity of diseases in the elderly,

such as chronic infections, cancer and

autoimmune disorders.1 Age-related

immunosenescence can be characterized

by a decrease in adaptive immunity and

increase in low-grade chronic inflam-

mation, also referred to as ‘inflamm-

aging’.2 This dysfunctional immunity is

characterized by perturbations of the T-

lymphocyte compartment, largely attrib-

uted to thymus involution, shrinkage of

the naive T-cell repertoire and oligoclonal

expansions of memory T cells, particu-

larly of CD81 effector memory subsets.3

Age and latent viral infections, especially

human cytomegalovirus (CMV), are both

considered a driving force of CD81 T-cell

expansion and senescence, which is char-

acterized by shortened telomeres, pro-

gressive loss of costimulatory receptors,

CD28 and CD27, and expression of sen-

escence-associated surface markers, such

as KLRG1 and the glycoepitope CD57,

which also reflects the proliferative his-

tory of cells.4

In this issue of the Journal, Yu and

colleagues report on the association

between the frequencies of circulating

CD81 T cells that express CD57 and

the short-term cardiovascular mortality

in patients following acute myocardial

infarction. Using flow immunopheno-

typing and functional assays the authors

characterized the CD81CD571 subset

as differentiated, senescent-like, mostly

CMV-reactive cytotoxic T cells. There

are several limitations of this study. The

primary endpoint (cardiovascular death)

was only reached in seven patients, which

makes the study underpowered and too

small to draw definite conclusions. In

part, this seems due to some selection

process in choosing patients with rela-

tively small infarcts, but mainly the over-

all small sample size of 58 patients.

Another limitation is clearly the lack of

distinction between CMV-seropositive

and -seronegative patients. This would

be important, since CMV-specific cells

express high levels of CD57, and as is

shown, CD81CD571 cells react to CMV-

specific antigen stimulation by secretion

of the pro-inflammatory cytokines TNF-

a and IFN-c. The authors assume, which

is most plausible, that expansion of

CD81CD571 T cells would most likely

had occurred already long before the

onset of myocardial infarction, indicating

long-term immune activation or chronic

low-grade inflammation in these patients.

If this would be the case, then what is the

likely mechanism behind the upregula-

tion of CD57 on CD81 T cells in these

patients? It is conceivable that general

chronic inflammation can drive T-cell

proliferation and thereby CD57 express-

ion simply as a marker of proliferation

history of a cell, also reflected by short

telomere length.4 In addition, CD57 also

identifies a population of CMV-specific

cytotoxic T cells, which can induce che-

mokine-mediated endothelial damage,

potentially accelerating the progression

of atherosclerosis.5

Even though other antigenic epitopes

might potentiate persistent T-cell expan-

sion, the most common cause of

increased proliferation and terminal dif-

ferentiation of CD282CD81 T cells is

chronic CMV infection, resulting in

gradual enrichment for terminally differ-

entiated cells that express CD57.6,7 Yu

and colleagues proved reactivity (at least

in part) of CD571 cells towards CMV

epitopes. Are therefore CMV-seroposi-

tive myocardial infarction patients the

actual risk group? There is increasing

evidence that CMV seropositivity may

account for progression of coronary

heart disease and increased cardiovascu-

lar mortality. The largest study to date

has demonstrated a significant asso-

ciation of CMV and cardiovascular dis-

ease in 7700 participants.8 A recent study

by Savva and colleagues9 has found a sur-

prising increase in CHD-related mortal-

ity in CMV-seropositive, but otherwise

healthy individuals over the course of

17 years. This translated into a decrease

in lifespan of almost 4 years. We found

that CMV-seropositive patients with

chronic myocardial infarction have

increased telomere shortening in their

CD81 T cells when compared to CMV-

seropositive healthy controls, suggest-

ing a bidirectional relation between
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CMV-driven immunosenescence and chro-

nic vascular inflammation, the under-

lying cause of coronary artery disease.10

However, chronic inflammation during

healthy aging can also lead to immunose-

nescence without prior infection with CMV

or other herpes viruses.

In conclusion, this new study further

supports a link between T-cell immuno-

senescence and progression of coronary

heart disease (Figure 1), even though

several questions remain unanswered.

Should we treat patients with coronary

heart disease who express features of (pre-

mature) CD81 T-cell senescence more

aggressively? Can we use senescence mar-

kers to distinguish high-risk patients

from otherwise ‘healthy aged’ individuals?

Although an inverse relationship between

telomere length within leukocytes and risk

of coronary heart disease has recently been

settled in a large meta-analysis,11 telomere

length of total leukocytes is not an ideal

biomarker for cardiovascular outcome

due to the significant variation in telomere

length among healthy individuals, both at

birth and over the life course.

Further prospective studies are needed

to validate T-cell senescence as a biomar-

ker and possible risk marker for vascular

disease progression. For this, large-scale

studies that adjust for gender, age, CMV

status and left ventricular function fol-

lowing myocardial infarction are needed.

Studies in healthy volunteers or patients

with lower disease burden would re-

quire far longer follow-up periods due

to the much smaller number of expected

clinical events. These long-needed stud-

ies could provide additional mecha-

nistic insight and further guidance to

develop individual risk-assessment strat-

egies. Eventually, cytotoxic T cells could

prove to be horsemen of the vascular

apocalypse.
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Figure 1 T-cell immunosenescence as a risk factor for patients with CHD. Chronic low-grade inflammation is a hallmark in patients with CHD, which
may cause antigen-dependent or homeostatic T-cell proliferation (upper panel). In addition, CMV-seropositive patients with CHD and MI may have
experienced episodes of virus reactivation and repeated CMV-antigenic challenge, leading to activation and oligoclonal expansion of virus specific
memory T cells. This in turn could finally accelerate the process of gradual clonal loss (‘memory inflation’) and progression of T-cell immunose-
nescence in CMV-seropositive CHD patients (lower panel), characterized by the occurrence of highly differentiated CD57-positive cytotoxic T cells
with shortened telomeres. T-cell senescence could therefore potentiate systemic inflammation, but also induce local endothelial damage and
plaque instability (by secretion of TNF-a and IFN-c), which may impact the prognosis of patients following MI. CHD, coronary heart disease; CMV,
cytomegalovirus; MI, myocardial infarction.
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