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Supplemental Methods 

 

Flow cytometry analysis 

Immunophenotype analysis on whole peripheral blood was performed according to a 

standard no-wash procedure, using a PrepPlus™ 2 workstation (Beckman Coulter Inc., Brea, 

CA, USA). Blood samples were incubated with antibodies (Beckman Coulter Inc., Brea, CA, 

USA) for 15 min at 20°C. Following is the list of antibodies used: 

● FITC-conjugated CD57 (clone NC1), PE-conjugated CD45RA (ALB11), ECD-

conjugated CD8 (SFCI21Thy2D3), PC5.5-conjugated CD56 (N901), PC7-conjugated 

CD4 (SFCI12T4D11), APC-conjugated CD27 (1A4CD27), APC A700-conjugated CD45 

(J33), APC A750-conjugated CD3 (UCHT1), PB-conjugated CD16 (3G8), KR OR-

conjugated CD19 (J3-119) 

● FITC-conjugated CD57 (clone NC1), PE-conjugated HLA-DR (Immu-357), ECD-

conjugated CD8 (SFCI21Thy2D3), PC5.5-conjugated CD38 (LS198-4-3), PC7-

conjugated CD4 (clone SFCI12T4D11), APC-conjugated CD14 (RMO52), APC A700-

conjugated CD45 (J33), APC A750-conjugated CD3 (UCHT1), PB-conjugated CD16 

(3G8), KR OR-conjugated CD19 (J3-119) 

● PE-conjugated IgD (IA6-2), ECD-conjugated CD3 (UCHT1), PC5.5-conjugated CD27 

(1A4CD27), PC7-conjugated CD20 (clone B9E9), APC-conjugated IgM (SA-DA4), APC 

A700-conjugated CD45 (J33), APC A750-conjugated CD38 (LS198-4-3), PB-

conjugated CD21 (BL13), KR OR-conjugated CD19 (J3-119) 

Red blood cell lysis and cell fixation were performed using TQ-Prep workstation and 

ImmunoPrep reagent system (Beckman Coulter Inc., Brea, CA, USA). Samples were 

acquired with Navios and analyzed with Navios software (Beckman Coulter Inc., Brea, CA, 

USA). 

To determine the intracellular levels of p-STAT1 and p-STAT3, whole peripheral blood was 

incubated with FcR Blocking reagent (Miltenyi Biotec, Paris, FR) followed by the addition of 

anti-human FITC-conjugated CD56 (BD Bioscience, San Jose, CA, USA; clone NCAM16.2), 

PerCP-Cy5.5-conjugated CD3 (BD Bioscience, San Jose, CA, USA; clone UCHT1), PE.Cy7-

conjugated CD19 (eBiosciences, ThermoFisher Scientific, Waltham, MA, USA; clone HIB19), 

APC.H7-conjugated CD14 (BD Bioscience, San Jose, CA, USA; clone MφP9), Brilliant Violet 

421™-conjugated CD15 (BD Bioscience, San Jose, CA, USA; clone W6D3) antibodies and 

Aqua LIVE/DEAD dye (ThermoFisher Scientific, Waltham, MA, USA). Red blood cells were 

lysed using Cal-Lyse™ Lysing Solution (ThermoFisher Scientific, Waltham, MA, USA) in 

accordance with the manufacturer’s instructions. Cells were then fixed with 2% 

paraformaldehyde and permeabilized with 90% cold methanol. For the intracellular staining, 

PE-conjugated p-STA3 (pTyr705) (Cell Signaling Technologies, Danvers, MA, USA, clone 

D3A7), APC-conjugated p-STA3 (pTyr705) (eBioscience, ThermoFisher Scientific, Waltham, 

MA, USA; clone LUVNKLA) and Alexa Fluor® 647-conjugated pSTAT1 (pY701) (BD 



Bioscience, San Jose, CA, USA; clone 4a) antibodies were used. All steps were performed in 

ice. Samples were acquired with FACS Canto II (BD, Franklin Lakes, NJ, USA) using the gate 

strategy exemplified in Supplemental Figure 4. Data were analyzed with FlowJo software 

(Tree Star, Inc., Ashland, OR, USA).  

To quantify the amount of monocytes and monocyte subsets (defined as classical, CD14high 

CD16low/dim; intermediate CD14int CD16+; non classical CD14low/dim CD16high), peripheral blood 

was incubated with FcR Blocking reagent (Miltenyi Biotec, Paris, FR) followed by the addition 

of: anti-human PE-conjugated CD56 (BD Bioscience, San Jose, CA, USA; clone NCAM16.2), 

FITC-conjugated-CD16 (Biolegend, San Diego, CA, USA; clone 3G8), PerCP-Cy5.5-

conjugated CD3 (BD Bioscience, San Jose, CA, USA; clone UCHT1), PE.Cy7-conjugated HLA-

DR (eBiosciences, ThermoFisher Scientific, Waltham, MA, USA; clone L243), APC.H7-

conjugated CD14 (BD Bioscience, San Jose, CA, USA; clone MφP9), Brilliant Violet 421™-

conjugated PD-L1 (BD Bioscience, San Jose, CA, USA; clone MIH1) antibodies and Aqua 

LIVE/DEAD dye (ThermoFisher Scientific, Waltham, MA, USA). Red blood cells were lysed 

using Cal-Lyse™ Lysing Solution (ThermoFisher Scientific, Waltham, MA, USA) in accordance 

with the manufacturer’s instructions using the gate strategy exemplified in Supplemental 

Figure 5. 

To perform t-SNE analysis, cells were gated based on CD45 expression and SSC. Cell number 

was then reduced to 5x103 events and 12 samples per group were concatenated in a single 

FCS file, using FlowJo software, version 10.6.2. The concatenated file was imported into the 

R/Bioconductor platform through the flowCore package 

(https://www.bioconductor.org/packages/release/bioc/html/flowCore.html). 

After compensation, data was transformed using the estimated Logicle transformation (1). 

Subsequently, t-SNE and FlowSOM metaclustering analyses were performed through the 

Catalyst package (https://github.com/HelenaLC/CATALYST) using the default settings. The 

following parameters were used for the analysis: FSC-A, SSC-A, CD45, CD3, CD4, CD8, 

CD19, CD56, CD16, CD57, CD45RA, CD27.  

 

Detection of cytokines and serology 

Sera of COVID-19 patients were tested for IL-6, TNFα, IL-1β and IL-8 production by Ella 

Automated Immunoassay System (RnD system, Minneapolis, MN 55413) according to the 

manufacturer’s instruction. Cytokines released by patients’ monocytes and neutrophils were 

quantified by Human ProcartaPlex™ Panel 1 multiplex (ThermoFisher Scientific, Waltham, 

MA, USA). 

The ELISA assay to detect Immunoglobulins (Ig) used fragment of the SARS-CoV2 spike 

glycoprotein (S-protein) as antigens based on a recently published protocol (2). The Spike 

SARS-CoV2 glycoprotein receptor binding domain (RBD) and the soluble full-length trimeric 

ectodomain used as antigens were expressed in mammalian HEK293 cells at IEO, Milan by 

Drs. Marina Mapelli and Sebastiano Pasqualato as glycosylated proteins by transient 

https://www.bioconductor.org/packages/release/bioc/html/flowCore.html


transfection with pGACCS vectors generated in Dr. Krammer's laboratory. The constructs 

were synthesized using the genomic sequence of the isolated virus, Wuhan-Hi-1 released in 

January 2020, and contained codons optimized for expression in mammalian cells. Secreted 

proteins were purified from the culture medium by affinity chromatography, quantified and 

stored in liquid nitrogen in aliquots. The ELISA tests to detect IgG and IgA in patients’ sera 

used as antigens both the recombinant fragments of the RBD of the Spike SARS-CoV2 

glycoprotein and the soluble ectodomain. After binding of the proteins to a Nunc Maxisorp 

ELISA plate, patients’ sera to be analyzed were applied to the plate to allow antibody 

binding, then revealed with secondary anti-human-IgG (BD) or IgA (Biolegend) antibodies 

conjugated to HRP. Reaction was revealed upon addition of TMB (Merck). Optical density at 

450 nanometers was measured on a Glomax (Promega) plate reader. All samples were 

tested with a two-step ELISA assay, as indicated in (3). The first step consisted in the 

detection of putative positives towards the RBD fragment, that were further validated in a 

second-step assay on the full-length soluble ectodomain.  

 

Cell isolation and functional assay 

Cells were isolated from EDTA-treated tubes (BD Biosciences, NJ, USA) and freshly 

separated by Ficoll-Hypaque (GE Healthcare, Uppsala, Sweden) gradient centrifugation. 

PBMCs were counted and the monocyte fraction (CD14+) was further isolated by CD14-

microbeads (Miltenyi), following manufacturer’s instructions. From the CD14- fraction the 

CD66+low density gradient neutrophils (LDNs) were isolated by the sequential addition of 

CD66b-FITC antibody (BD Biosciences, NJ, USA) and microbeads anti-FITC (Miltenyi), 

following manufacturers’ instructions. The normal density neutrophils (NDNs) CD66b+ were 

isolated from the red blood cell (RBC) layer by dextran density gradient followed by CD66b-

antibody as described for LDNs. The purity of each fraction was evaluated by flow cytometry 

analysis. Samples with a purity greater than 95% were assessed for their suppressive 

capacity. 2x106 cells of each cell type were plated in 24-well plates for 12 hours. At the end 

of the incubation, viability was evaluated by flow cytometry and Trypan blue assay, and 

both the supernatants and the cells were collected and cultured with CellTrace (Thermo 

Fisher Scientific) labeled PBMCs, stimulated with coated anti-CD3 (clone OKT-3, eBioscience, 

Thermo Fisher Scientific) and soluble anti-CD28 (clone28.2, eBioscience, Thermo Fisher 

Scientific) for 4 days in 37°C and 8% CO2 incubator. For the cells a ratio of 3:1 

(target:effector) was used. At the end of the culture, cells were stained with anti-CD3-

PE/Cy7 (UCHT1, eBioscience, Thermo Fisher Scientific) and CellTrace signal of lymphocytes 

was analyzed with FlowJo software (Tree Star, Inc. Ashland).  
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Supplemental Table 1: Baseline clinical characteristics of enrolled patients. 

 

 



 

 

Supplemental Figure S1: Gating strategy for p-STAT1 and p-STAT3 evaluation. 

 

 

 



 

Supplemental Figure S2: Baricitinib alters STAT3 signaling pathway in 

leukocytes. (A) Levels of p-STAT3 (Tyr705) and p-STAT1 (Tyr701) were analyzed by flow 

cytometry in the peripheral blood of COVID-19 patients before treatment (n=6) and HDs 

(n=6). (B-F) Activation of STAT3 pathway was analyzed in peripheral blood of patients (n=6) 

undergoing baricitinib treatment by flow cytometry. MFI of p-STAT3 was measured at t0 

(baseline), t4 (4 days following treatment), t7 (7 days following treatment) on NK cells (B), 

T lymphocytes (C), monocytes (D), neutrophils (E), B lymphocytes (F) and normalized to t0 

for each patient. Data are reported as mean ± SEM. Statistic performed by One-way RM 

ANOVA. 



 

 

Supplemental Figure S3: Baricitinib does not alter the number of some leukocyte subsets. 

Peripheral blood of COVID-19 patients enrolled in either baricitinib (n=12) or basic treatment 

(n=8, Ctrl) arms was analyzed at t0 (baseline), and t7 (7 days following treatment) by flow 

cytometry. Number of cells/µl was reported for leukocytes (A), NK cells (B), neutrophils (C), 

monocytes (D). Normal reference range is shown in light gray boxes. Data are reported as 

mean ± SEM. Statistic performed by One-way RM ANOVA. 

 

 

 



 

 

 

Supplemental Figure S4: Gating strategy used for enumeration of lymphocyte 

subsets 

 



 

Supplemental Figure S5: Expression intensity of single markers used for t-SNE analysis 

of peripheral blood from 12 patients at t0 (A) and t7 (B) of baricitinib treatment. 

 

 


