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1 | INTRODUCTION

At the end of December 2019, a group of patients was referred to
hospitals with a preliminary diagnosis of pneumonia characterized by
an uncertain etiology.! The disease, caused by severe acute re-
spiratory syndrome coronavirus-2 (SARS-CoV-2), was named cor-
onavirus disease 2019 (COVID-19). More than 5 million deaths from
the disease have been reported through November 25, 2021, along
with nearly 260 million COVID-19 cases.? Although a large amount of

COVID-19 is a disease characterized by acute respiratory failure and is a major
health problem worldwide. Here, we aimed to investigate the role of CD39 ex-
pression in Treg cell subsets in COVID-19 immunopathogenesis and its relationship
to disease severity. One hundred and ninety COVID-19 patients (juveniles, adults)
and 43 volunteers as healthy controls were enrolled in our study. Flow cytometric
analysis was performed using a 10-color monoclonal antibody panel from peripheral
blood samples. In adult patients, CD39" Tregs increased with disease severity. In
contrast, CD39" Tregs were decreased in juvenile patients in an age-dependent
manner. Overall, our study reveals an interesting profile of CD39-expressing Tregs in
adult and juvenile cases of COVID-19. Our results provide a better understanding of

the possible role of Tregs in the mechanism of immune response in COVID-19 cases.

CD39, COVID-19, FoxP3, infectious diseases, Tregs

information has been obtained about COVID-19 since the diagnosis
of the first case, the response of the patient's immune system is still
not fully understood.

Regulatory T (Treg) cells have been shown to play an essential
role in immune homeostasis in many diseases and pathological con-
ditions.® In addition to the well-described role of Tregs in immune
tolerance, recent studies have demonstrated their prominent role in
the immune response to chronic infection by pathogens, including

viral pneumonia and viral origin acute lung injury (ALI). The results
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of these studies suggest that the effector activity of CD8" T
(Cytotoxic T) cells decreases during viral infections.* ¢

CD25 and CD127 have been suggested as two reliable markers
for Tregs. Although these markers are not unique to Tregs, they allow
the identification of a large population of Tregs. CD4*CD25MeC-
D127"" cells are often considered as bona fide Tregs.”® In addition,
the transcription factor forkhead box P3 (FoxP3) has been identified
as a specific marker of Tregs.” FoxP3 has been shown to be involved
in the essential immunosuppressive properties of Tregs in auto-
immune diseases.'® Taking into consideration the heterogeneous
phenotypes of these cells, two phenotypes seem to be beneficial in
identifying Tregs. The determination of CD4*CD25"&" and
CD4*CD25M&"CD127"Y cells with the expression of the transcrip-
tion factor FoxP3 is prime in determining the Treg cell pool.** An-
other marker, Helios, a transcription factor belonging to the lkaros
family, has been proposed as a marker for thymic Tregs (tTregs). In
addition, it has been reported that it can be used to distinguish be-
tween peripheral and thymus-derived Tregs.'? Moreover, Zabransky
et al.'® reported that Helios'FoxP3* Tregs have stronger im-
munosuppressive properties than Helios FoxP3* Tregs.

Tregs are divided into three subsets based on the suppressive
functions of the cells. CD4*CD45RA*FoxP3'°% cells represent naive
or resting Tregs (nTreg), whereas CD4*CD45RAFoxP3MeM cells are
known as activated effector Tregs (eTreg).!**®> Both Treg cell subsets
have been reported to have immunosuppressive effects in vitro.
Another subset of FoxP3* T cells, CD4*CD45RA FoxP3'°" cells, are
functionally distinct from the Treg subsets often referred to as non-
Tregs. These cell subsets are characterized by expressing proin-
flammatory cytokines and having no immunosuppressive effects. '’

CD39 is an ectoenzyme that can hydrolyze adenosine tripho-
sphate (ATP) and adenosine diphosphate to adenosine monopho-
sphate (AMP). The hydrolyzed AMPs are then converted by CD73
into anti-inflammatory adenosine (ADO), which can bind to adeno-
sine receptors on T cells and antigen-presenting cells.'® ADO, which
occurs particularly as a result of changes in ATP metabolism, plays an
important role in the immunosuppressive and anti-inflammatory ef-
fects of Tregs. As CD39 can directly contribute to the suppressive
capacity of Tregs, it is considered a functional Treg marker.'’ Some
studies have reported that CD4*CD25*CD39" Tregs have more im-
munosuppressive effects than CD4*CD25"CD39~ Tregs.”°

Tregs in COVID-19 have been a notable area of research recently.
Several studies have provided insights into the role of CD4" Tregs
(CD25*CD127°", CD25"FoxP3"e"*, CD45RA FoxP3"&") in COVID-19.
In studies of peripheral blood, PBMCs, and lung samples, some authors
reported that Tregs increased, while others thought that these cells de-
creased or remained unchanged.”’ In addition to phenotypic analyses,
studies were supported by gene expression and transcriptome analyses.”
For example, soluble CD25 in peripheral blood was reported to be ele-
vated in COVID-19 patients.”® In addition, FoxP3 expression has been
proposed as a biomarker of disease progression.”* However, some other
studies have reported conflicting results in both cases.”” In conclusion,
the question of whether Tregs support or hinder COVID-19 im-
munopathogenesis remains to be investigated.

In our study, we aimed to investigate the role of CD39-expressing
Treg cell subsets in the immunopathogenesis of COVID-19 and their
relationship to disease severity. Our findings on the association of
Tregs with COVID-19 immunity effectively support the uncovering of
the poorly understood mechanism of immune response in these cases
and make valuable contributions to knowledge that could initiate new

therapeutic approaches.

2 | MATERIALS AND METHODS

2.1 | Patients and clinical assessments

One hundred and twenty-six adult patients (57 females and 69 males;
age: 51.89 + 1.4) and 64 juvenile patients (34 girls and 30 boys; mean
age of age group 0-12 years: 4.9 +0.64 and of age group 13-18
years: 15.50 + 0.25) diagnosed with COVID-19 who applied to and/
or were followed-up at Bursa Uludag University, Faculty of Medicine,
Department of Infectious Diseases, and University of Health Sci-
ences, Bursa Yuksek lhtisas Training and Research Hospital, Depart-
ment of Pediatric Infectious Diseases and Department of Infectious
Diseases, participated in the study. The demographic and clinical
picture in the adult and juvenile patient groups of COVID-19 is de-
monstrated in Table 1. In addition, five patients in the adult group and
28 patients in the juvenile group were followed up within 6 weeks of
discharge. Moreover, a total of 43 (25 adult and 18 juvenile) adult and
juvenile volunteers participated in the study as a healthy control
group. A summary overview of the patients included in the study can
be found in Figure S1. The adult control group consisted of healthy
volunteers who applied to the blood donation center as donor can-
didates and were not diagnosed with COVID-19, had no known or
recognized disease, and were aged between 18 and 84 years. The
juvenile control group included healthy children under 18 years of
age who came for routine checkups (growth and development
monitoring) for reasons other than infection. Laboratory findings in
the adult and juvenile patient groups of COVID-19 are shown in
Table 2. The hematologic abnormalities and comorbidity analysis of
the patients are shown in Figure S2. In addition, only unvaccinated
individuals were included in the study.

The diagnoses of all patients included in the study were made by
physicians specializing in infectious diseases based on the evaluation
of laboratory and radiographic findings and the reverse-transcriptase
polymerase chain reaction (RT-PCR) (Bio-Speedy Direct RT-gPCR
SARS-CoV-2 nucleic acid detection kit; Bioeksen). Adult patient
groups were classified according to pneumonia status. These groups
were composed of cases of noncomplicated, mild, and severe pneu-
monia. In noncomplicated cases, patients with some nonspecific
symptoms but without respiratory complications were selected.
Cases with mild pneumonia consisted of patients who had nonsevere
pneumonia caused by SARS-CoV-2 and did not require oxygen
support. Cases of severe pneumonia were included in the study as
recommended by the WHO (rate >30 breaths/min; severe re-

spiratory distress; or SpO, <93% on room air). On the contrary,
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TABLE 1 Demographic and clinical picture in adult and juvenile patient groups of COVID-19

Adult patients

Total illness Noncomplicated Mild pneumonia Severe pneumonia Healthy controls
(n=126) (n=233) (n=39) (n=54) (n =25) p value
Sex, n (%)
Male 69 (53.2) 17 (51.5) 22 (56.4) 30 (55.6) 11 (44) 0.906
Female 57 (46.8) 16 (48.5) 17 (43.6) 24 (44.4) 14 (56)
Age (years), median 49 (19-89) 41 (19-80) 49 (26-80) 59 (24-89) 39.5 (22-64) <0.01°
(min-max)
Comorbidity, n (%)
Hypertension 22 (17.5) 7 (21.2) 4(10.3) 11 (20.4) - 0.331
Diabetes mellitus 24 (19) 5(15.2) 5(12.8) 14 (25.9) - 0.228
Cardiovascular disease 12 (9.5) 3(9.1) 3(7.7) 6(11.1) - 0.853
Chronic pulmonary 10 (7.9) 4 (12.1) 1(2.6) 5(9.3) - 0.292
disease
Other 27 (21.4) 7 (21.2) 11 (28.2) 9 (16.7) - 0.408

Symptoms at admission, n (%)

Fever 38 (30.2) 11 (33.3) 9 (23.1) 18 (33.3) - 0.510
Cough 65 (51.6) 11(33.3) 26 (66.7) 28 (51.9) - 0.019*
Dyspnea 28 (22.2) 6 (18.2) 5(12.8) 17 (31.5) - 0.083
Myalgia 26 (20.6) 5(15.2) 6 (15.4) 15 (27.8) = 0.229
Sore throat 20 (15.9) 6 (18.2) 6 (15.4) 8 (14.8) - 0.912
Headache 16 (12.7) 9 (27.3) 4 (10.3) 3(5.6) = 0.011*
Anosmia 5(4) 1(3) 3(7.7) 1(1.9) - 0.345
Diarrhea 14 (11.1) 3(9.1) 3(7.7) 8 (14.8) - 0.510
Fatigue 31 (23.8) 8(24.2) 11 (28.2) 12 (20.4) - 0.680
Smoker 7 (5.6) 3(9.1) 2 (5.1) 2 (3.7) - 0.562
Need to mechanical 27 (21.4) 0 (0) 0 (0) 27 (50) N/A
ventilation

Juvenile patients

Total illness 0-12 age group 13-18 age group Healthy control
(n=64) (n=29) (n=35) (n=18) p value
Sex, n (%)
Male 30 (46.9) 16 (55,2) 14 (40) 10 (55,5) 0.390°
Female 34 (53.1) 13 (44.8) 21 (60) 8 (14,5)
Age (years), 11 (0-18) 5(0-12) 15 (13-18) 9 (0.17) 0.621°
median
(min-max)
Comorbidity There is no comorbid disease in juvenile patients.

Symptoms at admission, n (%)

Fever 37 (57.8) 19 (65.5) 18 (51.4) - 0.189°
Cough 18 (28.1) 7 (24.1) 11 (31.4) - 0.359°
Dyspnea 2(3.1) 1(3.4) 1(2.9) - N/A
Myalgia 2(3.1) - 2(5.7) - N/A

(Continues)
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Juvenile patients
Total illness 0-12 age group 13-18 age group Healthy control
(n = 64) (n=29) (n=35) (n=18) p value
Sore throat 5(7.8) 1(3.4) 4 (11.4) - 0.242°
Headache 8 (12.5) 1(3.4) 7 (20) - 0.049*¢
Anosmia - - - - N/A
Diarrhea 7 (10.9) 3(10.3) 4 (11.4) - 0.607°
Fatigue 1 (1.6) - 1(2.9) - N/A
Smoker - - - - N/A

Note: Statistically significant (*) results are shown in bold.
2Comparison between multiple groups in adults.
PCOVID-19 versus healthy controls.

“COV 0-12 versus COV 13-18.

age-related groups were formed among the juvenile patients included
in the study (0-12 and 13-18 years).

2.2 | Flow cytometry analysis

Peripheral blood samples of the patients were freshly collected and
evaluated by flow cytometry method. Two flow cytometry tubes
were used for isotypic control and Treg cell analysis. First, peripheral
blood samples were transferred with EDTA (100 pl) into two test
tubes. At this stage, CD3 was used as T-cell marker, CD4 as T helper
cell marker, CD8 as cytotoxic T-cell marker, and CD45RA, FoxP3,
CD25, CD127, CD39, and Helios as markers for naive and effector
Treg subsets (FoxP3 and Helios were stained intracellularly). The
aforementioned monoclonal antibodies were pipetted into the Treg
cell tube according to the intended panel and incubated for 15 min at
room temperature protected from light after vortexing. The tubes
were fixed with Reagent 1 (IntraPrep™ Immunotech/Coulter) con-
taining 5.5% formaldehyde and incubated for 10 min at room tem-
perature protected from light. After incubation, 2ml of Isoflow
(IsoFlow Sheath Fluid; Coulter) was added, and both tubes were
centrifuged at 300g for 5min and permeabilized with 100 ul of
phosphate-buffered saline-buffered saponin-based lysis reagent
(Reagent 2; IntraPrep™ Immunotech/Coulter) for 5min. For in-
tracytoplasmic staining, FoxP3 and Helios monoclonal antibodies
were added and incubated for 15 min at room temperature protected
from light after vortexing. Two milliliters of Isoflow were added and
both tubes were centrifuged at 300g for 5 min. After the supernatant
was removed, 350 ul of Isoflow was added to the remaining cells and
analyzed in a flow cytometer (Novious EX; Beckman Coulter). The
following fluorescent stains were selected for the panel of con-
jugated monoclonal antibodies: CD45RA FITC/CD25 PE/CD4 ECD/
CD39 PC5.5/FoxP3 PC7/CD127 APC/CD8 A700/CD3 A750/Helios
PB/CD45 KrO (Beckman Coulter). The gating strategy for flow cy-

tometry analysis of Treg subsets is shown in Figure 1. All flow

cytometric data were analyzed using Kaluza Analysis Flow Cytometry

software (v.2.1; Beckman Coulter).

2.3 | Statistical analysis

The normality of the obtained data was determined by
Kolmogorov-Smirnov/Shapiro-Wilk tests and histogram analysis.
Data in this study were expressed as medians and interquartile
ranges and were analyzed using IBM SPSS Statistics version 21.0
(IBM Corp.). In the adults, multigroup statistics were performed using
the Kruskal-Wallis test and the post hoc Dunn test. In the juvenile
patients, the Mann-Whitney U test and Bonferroni correction were
used for comparisons between groups (0-12 vs. 13-18). Patients
followed up after recovery were evaluated using the Wilcoxon
signed-rank test. Values of categorical variables were compared using
the x? test or the Fisher exact test. Correlation analysis was per-
formed using Spearman's correlation test. In all analyses, p < 0.05 was
considered statistically significant.

3 | RESULTS

3.1 | Tregs and expression of CD39 increase with
disease severity in adults

Adult patients were evaluated in three groups according to their
COVID-19 pulmonary complication status (noncomplicated, mild, and
severe pneumonia). The gating strategy used in the flow cytometry
method is shown in Figure 1.

Tregs were identified in this study as CD25"&"FoxP3* and
CD25M8"CD127'°"~ cells. In adult cases of COVID-19, these cell
levels were statistically significantly elevated, especially in cases with
severe pneumonia. CD25"&"FoxP3* cells were significantly higher in

severe and mild pneumonia than in noncomplicated cases and
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Adult patients

Laboratory findings in adult and juvenile patient groups of COVID-19
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Normal range Noncomplicated cases Mild pneumonia Severe pneumonia All patients p value
White blood cell count (K/pl) 4.5-11 5.8 (3.3-14.7) 6.3 (2.3-15.2) 6.4 (1.0-26.1) 6.2 (1.0-26.1) 0.012°
Neutrophil count (K/ul) 2-6.9 3.5 (1.2-15.3) 3.6 (1.3-12.6) 4.3 (2.0-23.6) 3.9 (1.2-23.6) <0.001**"
Lymphocyte count (K/pl) 1.3-3.8 1.6 (0.5-7.1) 1.4 (0.4-4.3) 1.1 (0.4-7.8) 1.3 (0.4-7.8) 0.01*"
Platelet count (K/pl) 145-400 240 (101-686) 215 (103- 497) 257 (24-774) 240 (24-774) NS
Monocyte count (K/pul) 0.2-0.95 0.7 (0.05-1.3) 0.5 (0.07-0.6) 0.4 (0.08-1.4) 0.5 (0.05-1.4) NS
CRP (mg/L) <5 8 (2.0-190) 9.7 (2.0-194) 75 (2.2-234) 37 (2.0 -234)  <0.001**"
Procalcitonin (ng/ml) <0.08 0.01 (0-0.04) 0.02 (0.01-0.04) 0.06 (0.02-1.79) 0.03 (0-1.79) 0.006*"
ALT (U/L) 9-57 18 (5-132) 18 (5-124) 30 (5-145) 27 (5-145) 0.008*"
AST (U/L) 13-30 21 (11-90) 25 (11-98) 37 (9-184) 29 (9-184) <0.001*"
Lactic acid dehydrogenase (LDH) 125-243 229 (84-695) 282 (121-707) 372 (130-664) 312 (84-707) <0.001*>"

(U/L)

Ferritin (pg/L) 15-260 72 (4.2-770) 117.5 (2.8-1268) 346 (12.3-2000) 204 (2.8-2000) <0.001**®
D-dimer (ug/ml) <0.55 0.5 (0.1-4.3) 0.3 (0.1-6.2) 0.6 (0.3-16.3) 0.5(0.1-16.3) <0.001**"
Troponin | (ng/L) <34.2 1.16 (0.6-6.1) 3.3(1.3-25.4) 19.75(2.1-127.9) 9.8 (0.6-127.9) NS
Juvenile patients

Normal range COVID-19

Age, 0-12 years Age, 13-18 years Age, 0-12 years Age, 13-18 years Total p value
White blood cell count (K/pl) 4.5-135 4.5-13 7.9 (3.5-1¢6) 5.1(2.8-9.3) 6.1 (2.8-16) <0.001*
Neutrophil count (K/pl) 1.5-8 2-6.9 3.3 (1-11) 2.6 (1.3-6.3) 2.9 (1-11) NS
Lymphocyte count (K/pul) 1.5-7 1.3-3.8 3.5(0.8-13.5) 1.9 (0.7-3.4) 2.3(0.7-13.5) <0.001*
Platelet count (K/ul) 200-450 145-400 281 (154-593) 246 (156-440) 259 (154-593) 0.03*¢
Monocyte count (K/pl) 0.2-1.0 0.2-1.0 0.6 (0.3-7.2) 0.4 (0.2.-0.7) 0.5(0.2-7.2)  0.01*
CRP (mg/L) <5 <5 3.1 (1-257) 3.1 (3-25.9) 3.1 (1-257) NS
ALT (U/L) 5-30 5-30 16 (6-41) 12 (8-156) 14 (6-156) NS
AST (U/L) 8-60 8-48 30 (15-70) 21 (7-52) 23 (7-70) <0.001*¢
LDH (U/L) 143-345 105-283 288 (180-548) 204 (163-285) 239 (163-548)  0.008*
Ferritin (ng/L) 7-140 7-260 44.1 (9-267) 26 (0-63) 36 (0-267) NS
D-dimer (ug/ml) 0.09-0.5 <0.55 0.22 (0.06-1.6)  0.33 (0.01-1) 0.3 (0.01-1.6) NS

Note: Statistically significant (*) results are shown in bold.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein.

2Severe pneumonia versus mild pneumonia.

PNoncomplicated versus severe pneumonia.

“COV 0-12 versus COV 13-18.

healthy controls. CD25"€"CD127'°"/~ cells also followed a similar
profile and were significantly increased in severe and mild pneumonia
(Figure 2A).

In addition, interesting results were found in the studies on
CD39 expression.
CD3*CD4"* cells was significantly higher in patients with
COVID-19 than in the healthy control group (Figure 2B). CD39
expression in CD25*FoxP3* cells also followed a similar profile

It was found that CD39 expression in

and was significantly higher in the patient groups than in the

healthy group. Moreover, a CD39 expression signature was
detected in these cell groups that increased with disease severity.
In CD25M&"FoxP3*CD127'°%/~ cells, CD39 expression was sig-
nificantly higher in severe pneumonia than in the noncomplicated
and healthy control groups (Figure 2C).

Furthermore, nTregs, €Tregs, and non-Tregs were assessed by
the expression of CD45RA and FoxP3. It was found that nTregs
were significantly higher in patients with severe and mild pneu-

monia compared with healthy controls. On the contrary, eTregs
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FIGURE 1 Flow cytometry gating strategy for analysis of Treg subsets. (A) Lymphocytes were separated based on CD45 and SSC
characteristics. (B) CD39*, CD25"€"FoxP3*, CD25"€"CD127'°%, 45RA*, and FoxP3* cells were separated at the CD3* CD4* lymphocyte gate.
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were significantly increased in patients with severe and mild
pneumonia, but there was no difference between the non-
complicated and healthy control groups. Moreover, non-Tregs
differed significantly from each other in each disease group in
direct proportion to the severity of the disease. In severe pneu-
monia cases, €Tregs were statistically significantly higher than
even in mild pneumonia cases. For mild pneumonia cases, eTregs
were also significantly higher than for noncomplicated cases. In
severe and mild pneumonia cases, these cells were also sig-
nificantly elevated compared to healthy controls (Figure 2D).
Changes in Helios"FoxP3™" cells were also observed in a similar
profile to non-Tregs (Figure 2E). In direct proportion to the se-
verity of disease, from the healthy control group to the cases with
severe pneumonia, each group was found to be significantly
higher than the disease severity group below. There was no

statistically significant difference in Treg subsets in patients fol-
lowed up after recovery compared to initial flow cytometry data
(Figure S3).

Moreover, interesting results were obtained in correlation ana-
lysis of Treg profile and hematological parameters in adults. In severe
pneumonia cases, lactate dehydrogenase (LDH) and ferritin levels
were negatively correlated with CD3"CD4" cells. Interestingly, LDH
and ferritin levels were significantly positively correlated with Tregs.
Conversely, platelet count was positively correlated with CD3*CD4"
cells while negatively correlated with Treg cells. In addition, the group
of Helios*FoxP3* cells was positively correlated with CRP (-
Figure S5A). In mild pneumonia cases, a negative correlation was
found between non-Tregs and lymphocytes (Figure S5B) Similarly,
Tregs (CD25"&"FoxP3* cells) and lymphocytes were negatively cor-
related in noncomplicated cases (Figure S5C).



SIMSEK €T AL 2095
MEDICAL VIROLOGY — WILEY-
cD25"9" CD127'°% cells
(A) CcD25"9" FoxP3* cells -
* Fems==s=s=s===- '
_____________ 15 *
15 K ; I LT L
Fommmmme-- e o k
-!.‘ R, hl
E 10 ° 10 )
. ® 3
: : >
5 51 oa o & 5 = $
* @ % 5P
0 T T T T 0 T T T T
AD-NC AD-M AD-SEV AD-HC AD-NC AD-M AD-SEV AD-HC
B €D39* cells
(B) CD3*CD4* cells co CD39 MFI
*
80 409 remmeeeemeeees Sesssass 1 L . AT 5
EL
o XXX
ro-seees 1 40000
604 gf %g £ 30 o - 3 g, fi~="=="5 1
0 ] 3 ° [}
o | &8s R 3 30000 @
D 40 [ b4 0 00 % %P o
3 40 g a 204 0 ; 88° m
] o X 8 g g 0 8 20000 ° 00°
| T : 2 e o
® A
20+ [ © 10 - 3 " c §803§
. s 3 By 3 Bhid I SRS 88 e
0 H & - & o8o
" ADNC ADM ADSEV ADHC 0 . ‘ 0 ' : ' ;
& i i AD-NC AD-M AD-SEV AD-HC AD-NC AD-M AD-SEV AD-HC
+
(©) il CD39 MFI CD127'°% CD39* cells
—————————————— N *
100 r el SR ,, 80000 IOOE. ... S . 80 e T .
% i 1 = o° *ex 8
% 80 o ° 8 o e e 1 Py
S o0 +,, 60000 ° 3 3 © 60
5 60 o % S Ca® 5
-4
3 o0 B3 £ 40000 §° §§§ o 5 4
8 4 50800 ® § 83 &0 °%0 E
S o ool % 52 8 S oo g
20000 o 20
= ‘% B A S °88° & owth g3Efe O
9 % 8 o000 o oo £ o oo o :, o Q
0 T T T T 0 T T T T e s 2 LI
AD-NC AD-M AD-SEV AD-HC AD-NC AD-M AD-SEV AD-HC AD-NC AD-M AD-SEV AD-HC
eTregs ik non-Tregs
(D) nTregs CD45RAFoxP3™d CD4SRA FoxP3'o%
CD45RA*FoxP3'o% e e - o ... S e
* 2.0 - A " - ?
10 FoTTTTTTITRRTTY : -———- So—----- . €0 ot L R )
F--Tto- '
o » © @» 8
28 o § 1.5 FEei e ° s —— <
8¢ o + 8 o % 6 ° e S
=3 ° o8g° ® © = 1.0 % = o
S, ﬁ =) o O 4 &
. 26, o °8§8 P ° - s o§° °
: - o8 . <ol g k3
b e ® 2
=2 o8 %’ = 00308 il
X ©%c° Ogoo o Q08 =2 <
o T T T T 0.0 T T o T T T T
AD-NC AD-M AD-SEV AD-HC AD-NC AD-M AD-SEV AD-HC AD-NC AD-M AD-SEV AD-HC
( E) Helios"FoxP3" cells
CD45RA" cells :
100+
ns
» 80 ° ° o | 2
3 o o ©
o 0 o o +
+ . ) 00
3 o0 ? °o§ é
O 404 °:§§8° a
40 00 8° o
s o%gooe P 088
. o%° ° ¢
* 20 oo o o8P 3
. & 5
v T T T T I3
AD-NC AD-M AD-SEV AD-HC s

AD-NC AD-M AD-SEV AD-HC
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3.2 | Low CD39 expression and low Tregs in
juvenile COVID-19 cases

Serious illness and associated deaths are extremely rare in pediatric
COVID-19 patients. In almost all pediatric patients included in our
study, the disease was asymptomatic or with mild symptoms. In this
regard, we found an age-based distinction more useful in pediatric
COVID-19 cases. We examined Treg and CD39 expression in juvenile
patients in two different age groups (0-12 vs. 13-18).

In examining our juvenile patients, we used the same flow cy-
tometric panels as in the adult patients and applied the same gating
strategy. The first striking point we observed in the juvenile patients
was that CD25"€"FoxP3* cells did not change in all age groups,
whereas there was a tendency for CD25ME"CD127'°%/~ cells to de-
crease, especially in the 0-12 age group (Figure 3A).

This result in Tregs aroused curiosity about how CD39 ex-
pression evolves. We observed that patients aged 0-12 years had
lower CD39 expression in CD4" cells than patients aged 13-18
years (Figure 3B). However, no statistical significance was found
between juvenile patients and healthy controls. A similar profile
was observed for CD39 expression in CD25"8"FoxP3* cells. In-
terestingly, COVID-19 cases in the 0-12 age group tended to
decrease, while cases in the 13-18 age group tended to increase
compared with the age-matched healthy controls. The CD39
expression profile of CD25M"M8"CD127'°"/~ cells also showed the
same signature (Figure 3C). According to these results, it can be
assumed that patients aged 0-12 years with COVID-19 express
less CD39 in Tregs. When comparing all juvenile COVID-19 and
healthy groups participating in the study, CD39" Tregs tended to
decrease overall.

Interesting results also emerged from the analysis of nTregs,
elregs, and non-Tregs by examining the expression of CD45RA and
FoxP3 together. nTregs were significantly lower in both the 0-12
years age group and the 13-18 years age group than in the healthy
control groups in the corresponding age range (Figure 3D). Although
no statistically significant results were obtained for eTregs and non-
Tregs, a decreasing trend was observed for these cells in the 0-12
years age group. In addition, when Helios and FoxP3 expressions
were examined, a slight decrease was observed in the patient groups
for Helios* Tregs (Figure 3E).

After recovery, no major change was observed in juvenile pa-
tients who were followed up. However, in patients aged 13-18 years,
non-Treg levels were found to be significantly lower after recovery
(Figure S4).

4 | DISCUSSION

The course of COVID-19 infections varies from asymptomatic to
acute respiratory failure syndrome and multiorgan dysfunction.?®
Tregs have been shown to have an important impact on the immune
response in many acute and chronic viral infections, but their role in

COVID-19 immunopathogenesis remains to be elucidated.?” Here,

we present the CD39-expressing Treg profile in juvenile and adult
COVID-19 patients. Understanding the Treg activation mechanisms
induced by SARS-CoV-2 is required to prevent or enhance the im-
munosuppressive effect of disease and increase its im-
munoprotective effect on the host.

Since the onset of the disease, there have been many studies on
the question of whether Tregs are friends or foes in COVID-19, but
there is still no consensus on this question. Some studies have re-
ported that Treg levels decrease in SARS-CoV-2 infection, while they
increase in others. In our study, Tregs increased significantly with
disease severity in adult patients. Consistent with our study, de Biasi
et al.?® reported an increased proportion of CD25M&8"CD127"°% cells
in COVID-19 patients. In another study, Tan et al.>’ reported that
these cell subsets increased in both mild and severe cases, with a
relatively smaller increase in severe cases compared with mild cases.
Pefia et al.*° also reported a significant increase in CD25"ehFoxP3*
cells in the severe group compared with the other groups. Recently,
Neumann et al.>* reported a five-fold increase in interleukin (IL)-10-
producing Tregs in severe cases compared with healthy individuals.**
However, there were several studies that contradicted our study. Qin
et al.>? reported a slight decrease in CD25"&"CD127"°% Tregs in
COVID-19 infections, while Liu et al.>® reported a significant de-
crease in thymic Treg (CD45RA*CD3*CD4*CD25*CD127"°%) and
induced Treg (CD45RO*CD3*CD4*CD25*CD127'"°%) cell levels (%) in
severe and mild cases. These two-sided results raise curiosity about
the role of Tregs in the immunopathology of COVID-19.

Infection and/or cellular damage results in a high release of ATP
from cells. Extracellular ATP has a proinflammatory effect on the
immune system. In recent years, some studies have reported high
levels of extracellular ATP in various inflammatory diseases, including
ALl and acute respiratory distress syndrome (ARDS). In the immune
system, extracellular ATP acts as a messenger that triggers pro-
inflammatory effects. Although there is no evidence yet of the pos-
sible effects of extracellular ATP on SARS-COV-2 infection, recent
data suggest that it may have an underlying effect on COVID-19.
Thus, CD39 and CD73, which are responsible for the conversion of
extracellular ATP to ADO, may play a key role in the progression of
COVID-19. Stimulation of A2A receptors (major adenosine receptors)
to which ADOs bind leads to suppression of proinflammatory IL-6
production and increase in TGF-f production. The presence of TGF-
promotes FoxP3 expression and Treg cell polarization.>**> Therefore,
in this study, we aimed to investigate the variation of CD39 ex-
pression in Tregs in COVID-19. To our knowledge, there is only one
study in the literature on the expression of CD39 in COVID-19.
Ahmadi et al.>® examined the expression of CD39 and CD73 in CD8"
and CD4" cell subsets in 14 COVID-19 patients. Although they found
a significant increase in CD73 expression in CD8" cell subsets, they
found no correlation between CD39 expression and these cell
subsets.

In this study, we observed a significant increase in CD39-
expressing Tregs in cases of mild and severe pneumonia in COVID-19,
which may be a sign of the development of a strong im-

munosuppressive response that seems to be particularly beneficial in



_WILEY—27

MEDICAL VIROLOGY

JOURNAL OF

SIMSEK ET AL

Iy
=
o
a
R
oo o«H
T T T T
o (=3 (=3 =3
=3 =3 =3 =3
=3 o (=3 =3
o =] (=3 o
0 < o -
S|1I82 +@J u!
oo%% - ), e %ﬁ m %
% %,
® % <,
3 ool |5 ¢ %, %
wc v&o b @ %
k] 3 3 Y,
m ° ﬂﬂw - &, 400, K o%o - &, 400,
5 v g
£ L IR
r ' (A
m.a o \u.\.A ' . AAA
N mm - 0. *_ L 0.
S CWE [ Hoooesry %
&v 1 &v
o& e, 7 L o@o&-w »
o <,
r T T T T 400, QAO
w © © - ~ o " m w w © ° p\w
S99 ,yA2 40 %
° ° %@ B VV 00
L7 Q
Q %%.m, ° -
® 00 ‘? L, (9 S %
= s Y
3 %, 9
by o o amoo -, o g «o«
3 % On : % oo Lo, o
w Ox\ 3 “a 9,
E e la kB
% o % g & .
o oo o, %, ) o8 “n
2, oooomw o unvs 3,
Lo % %
ég N.Q nooogo Lo \X\.
T T T T T “o. 0
© ® © <% o © 0, %
- r I T T T 00
—  SIIPd ,pA210 % ~& 8 § & ° »
< o slie2 40 %

CD127'°% CD39"* cells

—

80
60
40
20

CD39" cells

&?mﬁ&@ow;@o&,
o L,

00 om ©re D,

° ob@-ﬂo\x,\.

° ° o °c ° 0,
© © < N N

slI9d ,edx0d 5,520 30 % _

R
Pt hanean

Mo 5,
ko)
X
9
3 ° § %,
" {o)
o 4
¢ 3 °T %, 9%,
R% L
5 %,
5 o ¥, M
3 %
m 0 Vuo
O
&Mﬁv ﬂv QY
%
dlr
0
.
D,
wn < (2] ~N - o n
Y
)
X
9
) ° ..* %, %
2 o)
%] 8o”u 2
) %, ",
ow 2. "
E g %
° & o Ao
3 .
o o Y
¥} S&MIW oo
L, y
o YO 7] r
%
0 e, »
°
%.
O ® © ¥ N 9 0.\.
- (=] o o (=] Qo
2
[\d
o
0w X
o 0
o w
ﬁ +
= &
6o
4 1
D 1
o |
*
*
1
1
‘
[ 9
© ©o < ~N o
—
O S| +pad 40 %

o 0|0
00 ol
LRSI Y
Yo
° (S bl
8 %o,
+
~ o o
o oo +oo . 400
8 &
'S 9,
: o 8 %,
8 8 %- u, n
5 o Y
= ° oL 0.
owmoo 2
7
%,
ooo@gv n
o
T T T T 1 “o.
2 v o w o 9,
~N - - o (=3

SII92 ,\VHSyad ,vad 40 %

o ofm?

CD45RA" cells

xRk
FEEs=====5
°
°
%
o

100
8

SI122 +7QJ 30 %

(E)

(See caption on next page)

FIGURE 3



2098
—‘—Wl LEY-

SIMSEK ET AL.

MEDICAL VIROLOGY

a disease whose severe cases are characterized by aggressive in-
flammation and cytokine storms. In contrast to this profile we ob-
served in Tregs, why does aggressive inflammation in COVID-19 not
tend to decrease with disease severity? First, circulating Tregs can be
expected to proliferate more in severe cases and have a stronger
immunosuppressive effect, but there may be abnormalities in their
migration to tissues and organs (especially the lungs). Some molecules
with immunomodulatory properties, such as sphingosine-1-phosphate
(S1P), can mediate migration of Tregs to the lungs.®” Besides, the S1P
molecule was found to be inversely correlated with disease severity in
COVID-19, which may indicate a discrepancy in the efficient migra-
tion of Treg cells.®® In addition, some membrane receptors enable
Tregs to undergo chemotaxis. Some chemokine receptors, such as
CCR4, CCR5, CCR7, and CCRS8, are effective for migration to the
lung.®’ It is possible that there is a dysfunction in these membrane
receptors that may affect migration to the lung. However, He et al.*°
and Ronit et al.** reported that Tregs are increased in the lung mi-
croenvironment (the bronchoalveolar lavage fluid) in COVID-19
patients. Clearly, further studies are needed on the migration of
Tregs in COVID-19. Second, we and others have focused on the
immunophenotypic characteristics of Tregs in COVID-19. As far as we
know, there are no studies on the immunosuppressive abilities of
these cells in SARS-CoV-2 infections. Some cells of the CD4"FoxP3*
phenotype can differentiate into a Th17-like Treg cell subset that can
produce IL-17A. In the presence of IL-6, IL-1B, and IL-23, these cells
can contribute to inflammation by producing the proinflammatory
cytokine IL-17A.%>*% In addition, it has been reported that Tregs may
have proinflammatory properties, dysfunctional immunosuppressive
abilities, and possibly antiangiogenic properties in some diseases.**
Third, Tregs could perform their role much better in COVID-19. In
particular, the increase in CD39 expression in these cells observed in
this study may be evidence of this. Tregs may suppress valuable im-
mune responses to resolve the infection and modulate immunity to
the benefit of SARS-CoV-2. Pefia et al.>° reported a significant in-
crease in CD25"&"FoxP3" cells in the severe group compared with the
other groups. On the basis of their cytometric and transcriptomic
profiling studies, they showed that the Treg cell profile and tran-
scriptomic pattern of tumor-infiltrating Tregs were similar in severe
COVID-19 cases. They also observed that the proinflammatory IL-32
release of Tregs increased with IL-10. In view of these findings, Tregs
might play a proinflammatory supportive role under the influence of

hidden factors in addition to their strong immunosuppressive role in
COVID-19.

On the contrary, CD39-expressing Tregs decreased in the juve-
nile patients in an age-dependent manner (0-12 vs. 13-18).
Pediatric-specific risk factors for COVID-19 have not been ade-
quately explored. A physiologic increase in immunoregulatory
cells and a well-regulated immune system appear to be beneficial in
SARS-CoV-2 infections in children and infants.*> However, our cur-
rent understanding of the immunopathogenesis of COVID-19 is still
insufficient to clarify how children are protected from the symptoms
of SARS-CoV-2 infection.

We also analyzed nTregs, €lregs, and non-Tregs based on
CDA45RA and FoxP3 expression. In adults, we observed an increase in
these cell groups in direct proportion to the severity of the disease.
Interestingly, the percentage of non-Treg cells was increased 2.5-fold
in the severe pneumonia group compared with the healthy group.
A downward trend in this cell group was observed in patients who
followed up after recovery (Figure S3). However, in juvenile patients,
nTregs were significantly reduced at the time of illness. After recovery,
a slight decrease in nTregs continued and a significant decrease in non-
Tregs was observed (Figure S4). Although the results in the €Treg and
nTreg profiles in adults were fairly consistent throughout the study, the
significant results in non-Tregs are of particular interest. Notably, non-
Tregs have no immunosuppressive properties and produce proin-
flammatory cytokines, such as IL-2, IFN-y, and IL-17.% These results
may support the theory of “proinflammatory Tregs” in COVID-19.

Helios* Treg cells are known as thymus-derived Treg cells. Co-
expression of Helios and FoxP3 enhances the immunosuppressive ef-
fect of Tregs.*® CD45RA'Helios"FoxP3* Tregs have been observed to
increase in HIV-1 infection and have been reported to cause the release
of PD-1 from monocytes.*” In a study conducted in murines, an increase
in Helios*FoxP3* Tregs proliferating rapidly in the lungs and a correla-
tion with TGF-B was found in pneumococcal pneumonia.*® Moreover, in
this study, Helios"FoxP3" (gated on CD3*CD4*CD45RA") cells were
found to be significantly higher in adult COVID-19 cases than in healthy
controls. This raises the possibility that Helios"FoxP3* Tregs expand
rapidly in the peripheral circulation and lungs in COVID-19 and can be
an early marker of disease progression.

As a result of correlation analysis of laboratory parameters and
Treg cell subsets, three important parameters emerged in severe
pneumonia cases. It has been reported that LDH and ferritin levels

FIGURE 3 Graphical representation of statistical significance (p) and cell percentages (median and IQR) of Treg subsets of juvenile patient
groups according to flow cytometry analysis data. In all analyses, p < 0.05 was considered to indicate statistical significance (*p < 0.05, **p < 0.01,
% < 0.001). (A) CD25"&"FoxP3* and CD25"€"CD127'°" Tregs were not significantly altered in juvenile COVID-19 cases. (B) CD4*CD39" cells
were significantly higher in the 13-18 age group than in the 0-12 age group. (C) CD39" cells in the CD25"&"FoxP3* gate showed age-related
changes. Moreover, the percentage in the age group 0-12 years was significantly lower than that in the healthy control group. (D) As a result of
classification based on CD45RA and FoxP3, significant age-related changes were observed in nTregs. Moreover, nTregs were significantly lower
in the patient groups than in the age-matched healthy controls. (E) Although no significant changes were observed in Helios*FoxP3* cells, a

decreasing trend was observed in juvenile patients. Moreover, CD45RA cells were significantly decreased in the patients of age group 13-18
years as compared to the patients of age group 0-12 years. J-COV 0-12, Juveniles 0-12 age; J-COV 13-18, Juveniles 13-18 age, J-HC 0-12,
healthy juveniles 0-12 age; J-HC 13-18, healthy juveniles 13-18 age, J-COV Total, total juvenile patients; J-HC Total, total healthy controls
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increase with the severity of the disease in COVID-19 cases.*”*° In

our study, Tregs were found to increase with disease severity and
positively correlated with these parameters. Decreased platelet count
at COVID-19 was associated with disease severity.”* Consequently, a
negative correlation between Tregs and platelet count was found in
this study. In mild pneumonia and noncomplicated cases, there is a
negative correlation between lymphocytes and Treg subsets (non-
Tregs and CD25"&"FoxP3* cells, respectively) (Figure S5). This may
indicate an increase in Treg cell subsets despite lymphocytopenia.
Finally, we are well aware of some limitations of our study. First,
the major limitation of this study is the small sample size of healthy
controls. Second, the possible role of memory Tregs in COVID-19 was
also a matter of interest to us. Patient samples were collected not only
during the acute phase of COVID-19 but also during the con-
valescence phase. However, memory Tregs could not be distinguished
from the eTregs. Third, the recruitment of CD73, in addition to CD39
in our panel, could provide valuable clues about the effect of extra-
cellular ATP in SARS-CoV-2 infection. Our result could be strength-
ened by additional markers, such as Nrpl, CCRé4, and CTLA-4. In
addition, it should be mentioned that a larger number of patients fol-
lowed up would have made a valuable contribution to this study.
Taken together, in our study, significant increases were dis-
cerned in Tregs and expression of CD39 in adult COVID-19 patients.
In juvenile patients, it was noticed that CD39 expression of Tregs
tended to change in an age-dependent manner. We speculate that
changes in the Treg profile of juveniles and adults at COVID-19 may
play a role in immunopathogenesis and control of the disease. A
better understanding of the Treg activation mechanisms induced by
SARS-CoV-2 will open new perspectives for the treatment of the
disease to prevent or enhance the immunosuppressive effects. Fur-
ther studies are needed to determine the immunoprotective prop-
erties of Tregs in adult and juvenile COVID-19 patients and their

impact on the prognosis of the disease.
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