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An Inflammatory Profile Correlates
With Decreased Frequency of Cytotoxic
Cells in Coronavirus Disease 2019
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Increased production of inflammatory cytokines and myeloid-
derived suppressor cells occurs in patients with coronavirus di-
sease 2019. These inversely correlated with perforin-expressing
natural killer (NK) and CD3" T cells. We observed a lower
number of perforin-expressing NK cells in intensive care unit
(ICU) patients compared with non-ICU patients, suggesting
an impairment of the immune cytotoxic arm as a pathogenic
mechanism.
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The novel coronavirus, named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), may cause fatal acute res-
piratory disease [1]. The pathogenesis of coronavirus disease
2019 (COVID-19) remains unknown. A wide range of clinical
manifestations occur, ranging from mild disease with a good
prognosis (fever, runny nose, malaise, dry cough, and fatigue)
to severe pneumonia characterized by acute respiratory distress
syndrome and multiorgan failure with a high rate of intensive
unit care (ICU) admission [2].

As in other lethal zoonotic infections of humans, such as se-
vere acute respiratory syndrome coronavirus and Middle East
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respiratory syndrome coronavirus [3], several data support a
role of immune-based pathogenic mechanisms characterized by
hyperinflammatory response and lymphopenia. Patients with
severe pneumonia requiring ICU admission showed high serum
levels of inflammatory mediators and severe lymphopenia, sug-
gesting an unbalanced deleterious immune response [1]. T cells
play an important role in the antiviral immune responses and
in conferring long-lasting protection. COVID-19 patients with
severe disease show a higher level of T-cell activation and high
levels of inhibitory molecules associated with a reduction of
T-cell functionality, suggesting an ineffective immune response
[4-6]. Moreover, cytotoxic cells, such as innate natural killer
(NK) cells and adaptive CD8 T lymphocytes, express high levels
of the inhibitory receptor NKG2A and reduced perforin and
granzyme content, suggesting an impaired cytotoxic immune
response during SARS-CoV-2 infection [6]. The mechanisms
underlying functional immune impairment deserve further
investigation. We evaluated the possible involvement of an in-
flammatory storm in reducing cytotoxic T-cell profiles.

MATERIALS AND METHODS

Patients

Forty-eight patients with COVID-19 disease admitted to the
National Institute for Infectious Diseases “L. Spallanzani” in
Rome were enrolled in the study. The local ethical committee
approved the study and all patients provided written consent.
Blood samples were collected within 5 days from the admission.
Clinical features of enrolled patients are summarized in Table 1
(see also Supplementary Table 1). Twenty healthy donors (HDs)
were used as controls.

Inflammatory and Immunological Parameters
Plasma samples were obtained after speed centrifugation for
10 minutes at 2000 rpm and immediately stored at —80°C.
Interleukin 1B (IL-1p), interleukin 6 (IL-6), interleukin 8 (IL-
8), and tumor necrosis factor alpha (TNF-a) were measured in
plasma samples by using an automated enzyme-linked immu-
nosorbent assay (ELLA microfluidic analyzer, Protein Simple).
Perforin expression was evaluated on whole blood by flow
cytometry. In brief, 50 pL of whole blood was stained with a sur-
face antibody cocktail (anti-V§2 FITC, anti- CD3 PB, anti-CD56
PeCy?7) for 20 minutes at 4°C, lysed with Lysing Solution (BD
Biosciences) for 15 minutes at room temperature in the dark,
and washed with phosphate-buffered saline 1X. Finally, cells
were intracellularly labeled with anti-perforin PE antibody (BD
Biosciences) for 20 minutes at room temperature in the dark.
After 1 wash, cells were acquired using a FACSCanto II flow
cytometer (BD Biosciences).
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Peripheral blood mononuclear cells (PBMCs) were isolated
by Ficoll gradient density and characterized by flow cytometry.
Myeloid-derived suppressor cell (MDSC) identification was
performed on PBMCs stained by using customized Duraclone
Tubes (CD11b FITC, HLA-DR ECD, CDI14 PC5.5, CD33
PC7, CD80 APC, DRAQ7, CD56 APC-Alexa750, CD19 APC-
Alexa750, CD3 APC-Alexa750, CD15 Pacific Blue, CD45KrO,
Beckman Coulter) following the manufacturer’s instruction,
and acquired on a Navios flow cytometer (Beckman Coulter).
Data were analyzed by Kaluza software (Beckman Coulter).

Statistical Analysis

Principal component analysis (PCA) including 48 COVID-19
subjects was performed to identify the relevant information and
visualize major trends inherent to the immunological profile.
Data were analyzed using RStudio software from http://www.
rstudio.org with the libraries FactoMineR (for the analysis) and
factoextra (for ggplot2-based visualization). Clusters of vari-
ables were identified using k-means clustering algorithm. To
visualize a correlation matrix in R, we used the corrplot func-
tion and generated a heatmap object using correlation coeffi-
cients (computed using the Spearman correlation test) as input
to the heatmap. The heatmap was produced with the R package
heatmap3. Quantitative variables were compared with nonpara-
metric Mann-Whitney test. P values < .05 were considered sta-
tistically significant. Statistical analyses were performed using
GraphPad Prism version 8.0 software.

RESULTS

To define a possible involvement of inflammatory environ-
ment in shaping the immune response, immune subsets (lym-
phocyte count, percentage of CD3, CD8, NK, V§2, MDSCs),
inflammatory cytokines (IL-1p, IL-6, IL-8, TNF-a), and cyto-
toxic cells (percentage of perforin® CD3 T cells, perforin® CD8
T cells, perforin® NK cells, perforin® V82 T cells) were assessed
(Figure 1A). Higher levels of inflammatory cytokines were ob-
served in COVID-19 patients than in HDs, consistently with
an inflammatory profile being a hallmark of SARS-CoV-2
infection [1, 5]. Moreover, we confirmed the occurrence of
lymphopenia in COVID-19 patients, mainly affecting CD3" T
cells. No significant differences were observed in other immune
subsets and in the frequency of perforin® cells.

To identify the relevant information and visualize major
trends inherent to the immunological profile in COVID-19 pa-
tients, PCA analysis was performed (Figure 1B and 1C). The
variables graph allows visualizing all parameters (immune cells,
inflammatory mediators, and cytotoxic profile) and drawing
conclusions about their correlations (Figure 1B). The longer
vectors represent the variables that mainly contribute to the
variance. Cluster analysis classified the parameters into 3 main
groups: group 1 clustered TNF-a, CD3, and lymphocyte count;

group 2 included cytotoxic cells (perforin® CD3, perforin® CD8,
perforin® Vd2, and perforin® NK); and group 3 included in-
flammatory cytokines (IL-1f, IL-6, and IL-8), innate immunity
(V82 T and NK cells), and suppressor cells (MDSCs). Among
the analyzed variables, the cytotoxic group contributed mainly
to the disease profile.

To define possible associations among immunological
parameters, we therefore performed a correlation matrix
among the same 14 continuous variables (Figure 1C). All re-
sults were represented in a color map matrix, with statistically
significant associations (P < .05) listed in Figure 1C. Results al-
lowed the identification of 3 main clusters that could be iden-
tified as inflammatory markers, immune subsets, and cytotoxic
cells. A strong positive correlation was observed among IL-8
and IL1-B, IL-6 and TNF-a, suggesting a coordinated inflam-
matory response. Interestingly, both IL-6 and IL-8 were neg-
atively correlated with perforin content in both innate (NK)
and adaptive (CD3) immune cells. A similar negative effect was
also observed between MDSCs and innate and adaptive cyto-
toxic cells, suggesting that inflammatory environment and sup-
pressor cells may contribute to decrease cytotoxic activity of
cells of innate and adaptive immunity. To evaluate whether in-
flammatory mediator levels and/or cytotoxic activity were asso-
ciated with severe disease, we grouped ICU patients (n = 7) and
non-ICU patients (n = 41) and we analyzed proinflammatory
cytokines, MDSCs, and cytotoxic cells. We found that neither
inflammatory mediators nor MDSC levels differed between the
2 groups, suggesting that hyperinflammation is a hallmark of
symptomatic COVID-19. Interestingly, the percentage of per-
forin® NK cells was lower in ICU patients as compared to non-
ICU patients and HDs (Figure 1D), suggesting an impairment
of NK cell activity in patients with severe illness.

DISCUSSION

In this study, we show for the first time that the increase in in-
flammatory mediators is correlated with a reduction of innate
and adaptive cytotoxic antiviral function. Our data are in line
with other studies reporting an inflammatory profile in patients
with COVID-19 [1, 5] shown by an increase in IL-1f, IL-6, IL-8,
and TNF-a serum levels in comparison to HDs and with no sig-
nificant differences between ICU and non-ICU patients.

Our results suggest that IL-8 and IL-6 may impact the protec-
tive immune response by reducing the number of perforin” NK
and T cells and consequently cytotoxic activity against infected
cells. Indeed, a correlation between IL-6 level and cytotoxic im-
pairment has been demonstrated in IL-6-overexpressing mice
[7], in several human infectious diseases [8], and in diseases
characterized by hyperinflammation, such as hemophagocytic
lymphohistiocytosis [9]. Moreover, excessive IL-6 observed
during viral infection may also promote the development and
differentiation of other T-cell subsets, such as Th17, that could
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Figure 1. A, Data are reported as median and interquartile range for immunological subset frequency, inflammatory cytokines, and cytotoxic cell percentage. Statistical
differences were assessed by Mann-Whitney test. *P < .05; ***P < .001; ****P < .0001. B, Principal component analysis of the immunological parameters of patients
with coronavirus disease 2019 (COVID-19) patients. Graph of variables: directions and magnitude of each vector indicate the contribution of the corresponding mediator
levels to principal component 1 and principal component 2. Different colors represent different correlation groups between mediator levels and principal components. C,
Immunological correlations among inflammatory and immunological variables (innate, adaptive, and cytotoxic cells). The nonparametric Spearman test was applied to eval-
uate multiple correlations. A color map matrix (left panel) shows the strength and direction of these correlations (-0.5 [green] to +1 [red]). Statistically significant correlations
(P<.05) between variables are shown in the right panel. Variables 1 indicate the parameters shown on the x-axis; variables 2 indicate the parameters shown on the y-axis. 0,
Frequency of perforin-expressing natural killer cells in non—intensive care unit (ICU) patients, in ICU patients, and in healthy donors. Statistical differences were assessed by
Mann-Whitney test. Abbreviations: HD, healthy donors; ICU, intensive care unit; IL, interleukin; IQR, interquartile range; MSDC, myeloid-derived suppressor cells; NK, natural
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contribute to viral persistence by protecting virus-infected cells
from apoptosis and CD8 T cell-mediated destruction [10].

The hyperinflammatory response induced by SARS-CoV-2
infection prompted us to evaluate the frequency of MDSCs
in patient peripheral blood. They have been described as a re-
sponse to inflammatory processes to curb excessive and poten-
tially harmful immune response in several conditions, including
cancer, inflammatory diseases, viral infections, and autoim-
mune disorders [11]. They are able to inhibit several immune
cell subsets, in particular, T lymphocytes and NK cell functions
[12]. Our data suggest that the expansion of MDSCs paral-
leled by a high level of inflammatory mediators in COVID-19
patients can both contribute to decrease the cytotoxic arm of
the immune system. A similar analysis of patients with severe
pneumonia could highlight whether our findings are truly re-
lated to SARS-CoV-2 infection.

Overall, we found that during symptomatic SARS-CoV-2
infection, a hyperinflammatory environment and MDSC ex-
pansion were induced, in turn correlating to a reduced cyto-
toxic function mainly in patients with more severe disease.
Therapeutic approaches targeting interleukin 6R, interferon
gamma, and interleukin 1 are currently under investigation
in patients with COVID-19, with the goal of controlling the
hyperinflammation potentially responsible for lung damage.
A secondary beneficial effect on these cytokine-targeting treat-
ments could be that of improving cytotoxic function of both
NKand T cells.
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