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ARTICLE INFO ABSTRACT

Background: A sizeable proportion of patients with Acute Coronary Syndromes (ACS) shows a unique adaptive
immune system profile, associated to a worse outcome, characterized by higher CD4* CD28™!" T-cells, lower
regulatory T-cells (Treg) and increased CD4+ CD28™ /Treg ratio. We sought to investigate the correlation be-
tween CD4*+ CD28™!! T-cells, Treg, CD4* CD28™!" /Treg ratio and plaque phenotype as assessed by Optical Coher-
ence Tomography (OCT).

Methods: Peripheral blood mononuclear cells (PBMC) were collected from 30 Non-ST Elevation Myocardial
Infarction (NSTEMI) patients, sub-grouped according to OCT analysis of culprit lesions into two cohorts: Rup-
tured Fibrous Cap (NSTEMI-RFC, n = 12) and Intact Fibrous Cap (NSTEMI-IFC, n = 18). Stable Angina patients
(SA, n = 18) were used as controls. We examined the frequency of CD4+ CD28™" and Treg (defined as CD4*"
CD25"" CD127'°% Foxp3™ T-cells) by flow-cytometry.

Results: CD4+ CD28™!! frequency (median, range) was significantly higher in NSTEMI-RFC patients (17.3%, 12.5-
33.8) as compared with NSTEMI-IFC (3.8%, 0.3-14.1) and SA (3%, 0.6-17.7) (P < 0.001 for all comparisons). We
also found a higher CD4* CD28™"! /Treg ratio in NSTEMI-RFC patients (6.6%, 3.7-13.9) than in NSTEMI-IFC
(1.6%,0.3-5.2) and SA (1.2%,0.3-8.7) (P < 0.001 for all comparisons). Finally, there was an inverse correlation be-
tween CD4" CD28™"' /Treg ratio and cap-thickness (R = —0.44; P = 0.002).

Conclusion: Patients with NSTEMI presenting with RFC as culprit lesion at OCT evaluation have a specific pertur-
bation of adaptive immunity, mostly involving CD4* CD28™! T- cells and Tregs, as compared with patients with
IFC and SA. This specific imbalance of T-cells might play a key role in fibrous cap thinning, predisposing athero-
sclerotic plaque to rupture.
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1. Introduction T (Th) lymphocytes and defective regulatory T-cells (Treg) [2,3]. CD4*~

CD28™!" T-cells represent an unusual subset of cytotoxic long-living

A perturbation of adaptive immunity, mostly involving CD4 ™ T-cells
repertoire, has been observed in patients with Acute Coronary Syn-
dromes (ACS) and systemic inflammation [1,2]. Patients with ACS
have skewed T-cell differentiation, oriented toward aggressive helper
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lymphocytes producing Interferon-y (IFN-y), with increased resistance
to apoptosis [4,5]. Monoclonal expansion of this subpopulation has been
documented in unstable ruptured plaques [6] and it is strongly associ-
ated with recurrence of ACS [7], particularly among diabetic patients
[8]. Indeed, about one third of ACS patients shows a specific imbalance
of T cells, characterized by higher CD4" CD28™!" T-cells, lower Treg
and increased CD4 " CD28™!" /Treg ratio. This specific immune-imbal-
ance is associated to a worse outcome, thus representing a potential
useful biomarker per se [9].

Optical Coherence Tomography (OCT) is a high resolution
intracoronary light-based imaging technique able to identify the plaque
phenotype underlying coronary thrombosis [10,11].
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Aim of the present study was to investigate the correlation between
a specific immunological T-cell subsets imbalance (i.e. CD4* CD28™!!
and Treg) and OCT plaque phenotype.

2. Methods

Complete methods are reported in Online Appendix.

2.1. Study population

We prospectively enrolled 30 consecutive patients admitted to our Coronary Care
Unit with a diagnosis of Non-ST Elevation Myocardial Infarction (NSTEMI), undergoing
OCT evaluation of the culprit coronary plaque before stent implantation for clinical reasons
and with a clearly identifiable feature of the culprit plaques.

We also enrolled 18 patients with symptoms of Stable Angina (SA) lasting >12
months, angiographically confirmed coronary artery disease, no previous acute coronary
events, and no overt ischemic episodes during the previous 48 h.

Exclusion criteria were presented in Online Appendix.

All individuals gave their written informed consent. The study protocol conforms to
the ethical guidelines of the 1975 Declaration of Helsinki. The Ethics Committee of the
Fondazione Policlinico Universitario “A. Gemelli” - Catholic University of Rome approved
the study. The authors have certified that they comply with the Principles of Ethical Pub-
lishing in the International Journal of Cardiology [12].

2.2. Blood sampling, PBMC isolation and flow-cytometry

Venous blood samples were taken at patient enrollment, within 24 h from symptoms
onset, before undergoing coronary angiography and OCT evaluation, that were performed
within 48 h in all patients (9.8 4 3.6 h). White blood cell counts and T-cell subset distribu-
tion were analyzed on fresh blood samples. Serum cardiac troponin I (¢Tnl) and high-

-~

sensitivity C-reactive protein (hs-CRP) were determined at the time of hospital admission
as routine measurement (see Online Appendix).

T-cell subset frequency (CD4* CD28™!" T-cells and Treg defined as CD4* CD25-
high cD127'°% Foxp3+ T-cells) was examined by flow-cytometry, as previously described
[3,7] and as shown in Online Appendix and Supplementary Fig. 1.

2.3. OCT analysis

A frequency domain OCT system (ILUMIEN OPTIS, St. Paul, MN) was used to perform
OCT analysis of the culprit lesion before stent implantation. Culprit lesion was identified by
angiography, electrocardiographic alterations, and/or regional wall motion abnormalities
on echocardiographic assessment. NSTEMI patients were sub-grouped according to culprit
lesion morphology into two cohorts: Ruptured Fibrous Cap (RFC) and Intact Fibrous Cap
(IFC).

RFC was defined as the presence of fibrous cap discontinuity leading to a communica-
tion between the inner (necrotic) core and the lumen (Fig. 1, Panels A-E). Plaque rupture
included also fibrous cap disruption detected over a calcified plaque according to recent
proposed criteria [13-16].

IFC included both definite (the presence of an attached thrombus overlying an intact
plaque) and probable erosions, defined as luminal irregularity without thrombus or
thrombus without a superficial lipid or calcified plaque in the proximity of the thrombus
(Fig. 1, Panels A’-E’) [14]. Finally, IFC included also smooth plaques without evidence of
rupture or thrombus as recently suggested [14,15]. Patients with other culprit OCT imaged
aspects such as haematoma and dissections were excluded from the study. Additional OCT
features are reported in Online Appendix.

2.4. Statistical methods

Statistical analysis was performed with SPSS software v22.0 (IBM Corporation,
Armonk, New York). Complete methods are reported in Online Appendix.

Fig. 1. Representative OCT images of coronary plaque rupture and plaque erosion. Coronary angiogram showing a complex, scalloped lesion (dashed yellow line) of the proximal left anterior
descending artery (A). OCT imaging disclosed a coronary plaque rupture (B-D), appearing as a discontinuity of the fibrous cap (red arrows) with an emptied cavity (asterisks). A longitudinal
OCT view of the culprit vessel is provided in E. Coronary angiogram showing two eccentric lesions of the right coronary artery (A’). The distal lesion (dashed yellow line) appeared to be a

coronary plaque erosion at OCT imaging (B’
provided in E’. Abbreviations. OCT = Optical Coherence Tomography.

-D’) with a discrete amount of white thrombus (red arrows) overlying an intact fibrous cap. A longitudinal OCT view of the culprit vessel is
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3. Results

Characteristics of study population and plaque features are reported
in Supplementary Table 1.

CD4" CD28™! frequency (median, range) was significantly higher
in NSTEMI-RFC patients (17.3%, 12.5-33.8) as compared with NSTEMI-
IFC (3.8%, 0.3-14.1) and SA (3%, 0.6-17.7) (P<0.001 for all compari-
sons) (Fig. 2A). No differences were observed in Treg frequency
among groups (Fig. 2B). Nevertheless, we found a higher CD4" CD28-
nll Treg ratio in NSTEMI-RFC patients (6.6%, 3.7-13.9) than in
NSTEMI-IFC (1.6%, 0.3-5.2) and SA (1.2, 0.3-8.7) (P < 0.001 for all com-
parisons), suggesting that an immune imbalance toward an aggressive
Th-lymphocyte response might play a role in plaque rupture (Fig. 2C).
Finally, there was an inverse correlation between CD4* CD28™! /Treg
ratio and cap-thickness (R = —0.44; P = 0.002) (Fig. 2D).

At multivariate analysis, CD4* CD28™!! T-cell frequency and CD4*~
CD28™" /Treg ratio were independently associated with RFC (OR 1.48,
95% C11.10-1.98, P = 0.009 and OR 1.10, 95% CI 1.02-1.19, P = 0.008, re-
spectively). Best cut-off values at the ROC curve analysis were CD4+ CD28-
nul T_cell frequency > 10.6% (sensitivity 100%, 95% CI 73.5-100%;
specificity 88.9%, 95% CI 73.9-96.9) and CD4 " CD28™" /Treg ratio > 3.4%
(sensitivity 91.7%, 95% CI 81.5-99.8%; specificity 83.3%, 95% Cl 67.2-93.6).

4. Discussion

In the last decade, the advent of OCT has shed new light on our
knowledge of the pathophysiological mechanisms of ACS. Previous
post-mortem studies demonstrated that not only ruptured plaques, but
also eroded plaques with intact fibrous cap could complicate with
thrombus formation [17]. In the era of statin treatment, we are facing
a gradual shift in the histological features of unstable plaque, from rup-
ture to erosion. However, plaque rupture still represent the most
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common plaque morphology responsible for thrombosis and the most
frequent substrate of myocardial infarction, especially among men [18].

An adaptive immune imbalance with a skewed T cell differentiation,
oriented toward aggressive effector T cells and defective Tregs, have
been documented in ACS patients with systemic inflammation [2,3].
CD4* CD28™!" T-cells represent a specific subset with proatherogenic
and plaque-destabilizing properties [4,5], potentially involved in fibrous
cap rupture and preferentially founded in unstable ruptured plaques [6].

In the present study, we observed a deeper T-cell perturbation in
NSTEMI patients with RFC at OCT evaluation of the culprit lesion as com-
pared with NSTEMI-IFC and SA patients, characterized by a significant
expansion of aggressive CD4" CD28™!" T lymphocytes in the absence
of an adequate Treg response, thus representing the failure to mount
an effective counter regulatory response.

Moreover an inverse correlation between CD4+ CD28™"!! /Treg ratio
and cap thickness was observed, suggesting that inflammation could
decisively contribute to plaque rupture. Our results are in line with pre-
vious evidence that patients with RFC had a higher plaque burden [16]
and higher serum CRP and matrix metalloproteinase-9 levels [15], and
identify for the first time a subset of patients with a specific adaptive im-
mune system profile that might be associated to a more event-prone
coronary artery plaque phenotype.

Finally, it is well known that ACS patients presenting with RFC as culprit
lesion have a worse outcome, mainly due to recurrent analogue episodes of
coronary instability [ 11]. Nevertheless, the clinical relevance of the adaptive
immunity alterations investigated in this study was previously well
elucidated by our group [9], by demonstrating that NSTE-ACS patients
with this distinct immune system profile had a worse outcome, with a
significantly higher incidence of new acute coronary events at 12-
months follow-up. In the era of precision medicine, the knowledge of
the specific immune signature of this sizeable proportion of patients
could pave the way to a more tailored therapeutic approach [1,18].
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Fig. 2. CD4* CD28™" T lymphocytes, Treg and CD4* CD28™" /Treg ratio in NSTEMI patients. A. CD4* CD28™" lymphocytes frequency was significantly higher in NSTEMI-RFC patients as
compared with NSTEMI-IFC and SA (P < 0.001 for all comparisons). B. Treg frequency did not show statistically significant difference among the three groups of study. C. CD4* CD28™" /Treg
ratio was found significantly higher in NSTEMI-RFC patients as compared to NSTEMI-IFC and SA (P < 0.001 for all comparisons). Data are presented as single data points and mean 95% CI (12
NSTEMI-RFC patients, 18 NSTEMI-IFC patients, and 18 SA patients were included in the analysis). D. Correlation analysis with relative scatter graph and regression line showing a linear inverse
correlation between CD4* CD28™ " /Treg ratio and cap-thickness. Abbreviations. ACS = Acute Coronary Syndrome; NSTEMI-RFC = Non-ST Elevation Myocardial Infarction with evidence of
Ruptured Fibrous Cap; NSTEMI-IFC = Non-ST Elevation Myocardial Infarction with evidence of Intact Fibrous Cap; SA = Stable Angina; Treg = Regulatory T lymphocytes; CI = Confidence Interval.
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4.1. Study limitations

This is an observational prospective analysis, including a limited
number of patients. No power calculation could be performed because
of the lack of previous studies in this setting, thus the enrollment of pa-
tients in each group was arbitrary.

Patients were not matched for risk factors; however, no significant
differences were observed to this regard.

T-cell count and function in peripheral blood not necessarily reflect
what happens in the microenvironment of the unstable plaque; yet,
we previously showed that CD4+ CD28"!" T-cells infiltrate unstable
plaques [6], where Treg represent a minority of T-cell population.

The association between transient adaptive immunity alterations
and coronary thrombosis remains exploratory in nature, because a
causal link could not be inferred. We could speculate that only alter-
ations persisting after clinical stabilization of the disease might have a
direct and causative role; on the contrary the direction of causality in
the acute phase might only be clarified by Mendelian randomization
or intervention trials. For this reason further prospective studies will
be needed to unravel this important conundrum.

Our findings suggest an association between an imbalance in different
subsets of T lymphocytes (i.e. CD4" CD28™" and Treg) and a specific OCT
feature, i.e. plaque rupture, but do not resolve the question of causality
and they need to be validated in a separate prospective study.

4.2. Conclusions

Patients with NSTEMI presenting with RFC as culprit lesion at OCT eval-
uation have a specific perturbation of adaptive immunity, mostly involving
-CD4* cD28™" T lymphocytes and Tregs, compared with patients with
IFC and SA. This specific imbalance of T-cells might play a key role in fi-
brous cap thinning, predisposing atherosclerotic plaque to rupture.
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