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A SINGLE FLOW CITOMETRY 8-COLOR TUBE MAY BE USEFUL TO DEFINE THE
CELL OF ORIGIN IN FOLLICULAR LYMPHOMA
S. Bellesi1, E. Maiolo1, C. Iacovelli1, A. Mosca1, R. Malafronte1, Puggioni P.L1, S. D’Innocenzo1, 
A. Toscano1, E. Alma1, F. Bellisario1, L.M. Larocca2, F. D’Alò1, S. Hohaus1. 
1. Dipartimento di Diagnostica per Immagini, Radioterapia Oncologica ed Ematologia Fondazione Policlinico
Universitario A. Gemelli, IRCCS Roma 
2. Divisione di Anatomia Patologia e Istologia, Fondazione Policlinico Universitario A. Gemelli, IRCCS Roma 

Germinal center (GC) is the site of B-cell proliferation, Ig somatic hypermutation, and antigen-driven B-cell selec-
tion. Normal GC is polarized into dark (DZ) and light zones (LZ), a distinction that is of key importance to GC B
cell selection. Based on the different gene expression profiling (GEP) it is possible to discriminate a DZ or LZ cell
of origin (COO) in GC B-cell Non Hodgkin Lymphoma as Follicular Lymphoma (FL) or aggressive B-cell
Lymphoma (BCL) as GC-Diffuse Large B cell Lymphoma and high-grade BCL. In particular, in aggressive BCL
the definition of a DZ origin with GEP is associated with a worse OS compared to a LZ origin. 
Rare data exist about a Flow Cytometric definition of normal GC or GC-COO in aggressive BCL. To our kno-
wledge, no data have been reported about the definition of FL COO using Flow Cytometry (Fc) and the aim
of our study was to assess the GC phenotypic pattern in FL. 
We analysed 11 biopsies from January 2022 to March 2023 with a histological diagnosis of FL. Cell suspensions
were prepared by tissue mechanical disaggregation and they were incubated with ClearLLab B 10C Beckman
Coulter (BC) to define the presence of a B-cell mature pathological population. A second 8-color COO tube (IgM-
PB/CD45-KO/CD44-FITC/CD10-PE/CD19-ECD/CD27-PC7/CD24-APC/CD38-APCH7) was performed accor-
ding to Clavarino G et al who distinguished CD44+ CD24+ GC1 LZ from CD44- CD24- GC2 DZ among normal
GC B cells from lymph nodes (PLOS One 2016). Data were acquired with DXFlex cytometer (BC). 
Data about COO tube revealed a heterogeneous phenotype in FL. In particular CD27, a common GC marker,
was expressed in 81.8% (9/11) of CD19+ CD10+ CD38+ FL cells. The analysis of CD44 and CD24 expres-
sion on FL cells revealed different phenotypic patterns. In 6/11 patients (pts) (54.5%) we observed a CD44+
CD24+ GC1 LZ origin, in 2/11 pts (18%) we observed a CD44- CD24- GC2 DZ origin. In three pts the GC phe-
notype was atypical: one pt had a “pre-GC1” CD44++ CD24- phenotype and two pts had a CD24+ expression
with a heterogeneous or negative CD44 expression, respectively. Also sIgM expression was heterogeneous.
We observed a positive sIgM expression in 66.6% (4/6) of GC1 LZ cases. sIgM was positive in one of two
GC2 DZ cases. The two cases with CD24+ and heterogeneous or negative CD44 are both negative for sIgM
expression. The only case with a “preGC1” phenotype was positive for sIgM expression.
FL follicles and normal GC share a number of features. FC may help to distinguish different GC phenotypes
in FL with a 8-color tube. The analysis of CD24 and CD44 made it possible to identify a different COO as we
found a GC1 LZ or GC2 DZ phenotype in most of the pts while in three pts an atypical GC phenotype was
detected. To our knowledge this is a first report on the role of FC in the definition of COO in FL. We are cur-
rently expanding this study to analyze for associations between the phenotypic COO, the clinical characteri-
stics of pts and the prognostic impact.

Hematology



CD79b EXPRESSION IN DIFFUSE LARGE B CELL LYMPHOMA AS ASSESSED 
BY FLOW CYTOMETRY OF LYMPH NODE BIOPSIES 
S. Bellesi1, E. Maiolo1, C. Iacovelli1 , R. Malafronte1, F. Campana1, Puggioni P.L1, S. D’Innocenzo1, 
A. Toscano1, E. Alma1, F. Bellisario1, L.M. Larocca2, F. D’Alò1, S. Hohaus1. 
1. Dipartimento di Diagnostica per Immagini, Radioterapia Oncologica ed Ematologia Fondazione Policlinico
Universitario A. Gemelli, IRCCS Roma 
2. Divisione di Anatomia Patologia e Istologia, Fondazione Policlinico Universitario A. Gemelli, IRCCS Roma 

The CD79b molecule constitutes the B cell receptor (BCR) complex along with CD79a and surface immuno-
globulin. The availability of Polatuzumab, an anti-CD79b antibody drug conjugate, as an effective new target
treatment for diffuse large B cell lymphoma (DLBCL) and the scarcity of data about CD79b expression in
immunohistochemistry (IHC) and flow cytometry (FC) raised our attention. The aim of our study was to assess
CD79b expression in lymph node biopsies with IHC diagnosis of DLBCL using FC.
We analysed 101 biopsies between December 2015 and February 2023. Cell suspensions were prepared by
tissue mechanical disaggregation and were incubated with 8 surface markers including the main diagnostic
antigens of B-cell lymphomas
(KappaV450/CD45V500/CD20FITC/CD79bPE/CD5PerCpCy5.5/CD19PECy7/CD10APC/LambdaAPCH7).
Data of the first 45 samples were acquired with BDFACSCanto. Subsequently, 56 samples were acquired with
DXFlex (Beckman Coulter). For each antigen we measured Median Fluorescence Intensity (MFI) on patholo-
gical CD19+ B cells and CD5+ T cells (negative control population) and we calculated the relative MFI as
MFIratio (RMFI) between these two clusters. Analyses were performed separately for the two cytometers. 
In the group of 56 patients (pts) analysed with DXFlex the median percentage of CD79b expression on lym-
phoma cells was 72.5% (2-98). CD79b was strongly positive (>70%) in 50% (28/56), partially positive (range
20%-70%) in 16% (9/56), weakly positive (range 1-19%) in 19.6% (11/56) and less than 1% in 14.2% (8/56)
of pts. CD79b expression was observed in residual normal B cells in pts with lymphoma cells negative for
CD79b. We observed a positive correlation between CD79bRMFI and clonal light-chainRMFI expression
respectively (Spearman R=0.55, p=0.0001). Clonal light-chainRMFI was significantly lower in pts with CD79b
expression less than 20% compared to others (Mann-Whitney median value 6.3 versus 30.3 respectively,
p=0.01). CD79b expression was not correlated with expression of CD20 and CD10. Similar results were found
in the 39 pts analysed with FACSCanto. Spearman test confirmed a positive correlation between CD79bRMFI
and clonal light-chainRMFI (R 0.7, p 0.0001) and clonal light-chainRMFI was lower in pts with CD79b expres-
sion less than 20% (p=0.006). 
We further explored CD79b and light chain expression in two pts without surface expression using intracyto-
plasmic staining for these antigens. In both pts we observed a positive expression of CyCD79b and a clonal
restriction for light chains (Cykappa in one case and Cylambda in one case).  
Our results suggest a co-regulation of CD79b surface expression together with other BCR components and
indicate a high variability of CD79b expression in DLBCL as previously supposed in literature. It will be inte-
resting whether the quantitative study of CD79b on DLBCL biopsies using FC could be helpful to explore asso-
ciations between the level of surface expression and response to target therapy.  
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A THREE-MARKER BASED IMMUNOPHENOTYPE SCORING SYSTEM (ISS) FOR
RISK STRATIFICATION OF CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS 
Angela Bertolini 1, Francesca Picone 1, Marisa Gorrese 1, Annapaola Campana 2, Luca Pezzullo 2, 
Matteo D’Addona 1, Bianca Cuffa 2, Francesca D’Alto 1, Giuseppe Coppola 3, Bianca Serio 2, Carmine Selleri 1,2,
Valentina Giudice 1,2
1 Department of Medicine, Surgery, and Dentistry, University of Salerno, Baronissi, Italy - 2 Hematology and
Transplant Center, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy - 3 Transfusion
Medicine, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy

Background. Chronic lymphocytic leukemia (CLL) is a heterogeneous group of clonal B-cell lymphoprolifer-
ative diseases with different clinical course, molecular and biological features. Neoplastic B cells frequently
have a mature CD5+CD19+CD23+ B lymphocyte phenotype with a weak monoclonal light chain immunoglob-
ulin (SmIg) expression, and low levels of CD20. Risk stratification and prognostication is performed using the
CLL-International Prognostic Index (CLL-IPI) or Rai and Binet staging systems. However, more complex inte-
grated prognostic indexes are required to better stratify CLL patients. Here, we designed an immunopheno-
type scoring system (ISS) using three well-established CLL markers, CD11c, CD38, and CD49d, and its prog-
nostic role in CLL was studied in combination with CLL-IPI and other risk stratification systems.
Materials and Methods. A total of 171 patients were included in this retrospective study after informed con-
sent obtained in accordance with the Declaration of Helsinki. Heparinized or ethylenediaminetetraacetic acid
(EDTA) peripheral blood (PB) specimens were directly stained with the following antibodies: CD45; CD4; CD8;
CD3; CD56; CD19; CD5; CD23; CD10; CD11c; CD20; CD103; CD38; CD49d; SmIg-Kappa; and SmIg (all
from Beckman Coulter, Milan, Italy). Samples were incubated for 20 minutes at 4°C, and then 3 mL of red
blood cell lysis buffer was added, samples incubated for 15 min at room temperature, centrifuged, and cell
pellets resuspended in 500 μL of PBS. Sample acquisition was performed on a five-color FC500 cell analyz-
er cytometer (Beckman Coulter) or on a ten-color three-laser Beckman Coulter Navios Flow Cytometer
(Beckman Coulter). Post-acquisition analysis was carried out using CPX, Navios tetra software, or Kaluza
Analysis Flow Cytometry software v2.1.1 (Beckman Coulter). Instrument daily quality control was carried out
using Calibrite Beads or Flow-Check Pro Fluorospheres (Beckman Coulter), and external quality control by
UK NEQAS for Leucocyte Immunophenotyping. Samples were run using the same PMT voltages, and at least
1 million events were recorded.
Results. On CLL cells, CD49d, CD38, and CD11c expression was investigated and reported as percentage
of positive cells. CD49d+ CLL cells were more frequently CD49d+CD38+ (percent of patients, 48.8% vs
14.6%; P < 0.0001), CD49d+CD11c+ (percent of patients, 48.8% vs 27.7%; P < 0.0211), or
CD49d+CD38+CD11c+ (percent of patients, 34.1% vs 5.4%; P < 0.0001). A positive correlation was described
between CD49d and CD38 (r = 0.4190; P < 0.0001) or CD11c (r = 0.2095; P = 0.0095) expression levels. Next,
CD49d, CD38, and CD11c were combined in the immunophenotype scoring system (ISS) for risk stratification
of CLL patients. Negativity for CD49d, CD38, or CD11c received a value of 0, while positivity for CD38 or
CD11c a value of 1, and positivity for CD49d a value of 3. ISS values ranged from 0 to 5, and each patient
received a score. Subsequently, subjects were divided in six groups (from 0 to 5), and clinical outcomes were
compared between groups. CLL patients with the highest scores (3 to 5) experienced the shortest TtT com-
pared to those subjects with lower scores. Therefore, we combined this immunophenotype score to CLL-IPI
for each patient, and clinical outcomes were compared between groups. Patients with high ISS/high or very-
high CLL-IPI displayed the shortest TtT as well as subjects with high ISS and intermediate or low CLL-IPI com-
pared to those subjects with lower scores (P < 0.0001). Similarly, our ISS score was combined with the
International Prognostic Score for Early-stage CLL (IPS-E), and clinical outcomes were compared. Patients
with high ISS and high IPS-E had the shortest 5-year PFS (P = 0.0336), and the shortest TtT (P = 0.0176). 
Conclusions. Our results showed prognostic utility of immunophenotypic markers in combination with clinical,
molecular, and biochemistry features in CLL. Moreover, our study added evidence to the need to validate
novel complex integrated prognostic systems based on clinical, molecular, and phenotypic aspects. 
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EVALUATION OF CD4+ AND CD8+ T CELLS COUNT AND RATIO IN CHRONIC 
LYMPHOCYTIC LEUKEMIA
Giulia Bivona1,2 Marco Pio La Manna1,2 Roberta Migliore1,2 Nadia Caccamo1,2 and Francesco Dieli1,2
1Central Laboratory of Advanced Diagnosis and Biomedical Research (CLADIBIOR), University of Palermo,
Palermo, Italy. 2Department of Biomedicine, Neurosciences and Advanced Diagnostics, University of
Palermo, Palermo, Italy

Background: Chronic lymphocytic leukemia (CLL) is a mature, antigen-experienced B lymphocyte malig-
nancy. Although significant advances in the understanding and managing of the disease have been achieved,
CLL pathophysiology is not yet fully understood, which hampers developing novel therapeutic strategies [1].
The interaction between malignant cells and other immune and non-immune cytotypes within the tumour
microenvironment has been recognized as a factor influencing the progression of the disease. 
Qualitative and quantitative alterations of T cells in CLL have been reported, and an association between T-
cells features and disease progression has been proved [2]. In this context, T cells represent a major immune
cellular element modulating the onset and progression of CLL [3]. T cells belong to the adaptive arm of the
immune system, displaying accessory and effector functions aimed at defending against pathogens and
tumour cells. Once T cells encounter a specific antigen, they undergo activation and, eventually, differentia-
tion into distinct subsets, acquiring either cytotoxic or helper properties. Common changes include, among
others, CD8+ T cell expansion and consequent CD4+/CD8+ cell ratio inversion. Understanding the impact of
T cell variations in the progression of CLL could improve the management of the disease, but it remains a
challenging issue due to some controversies. Namely, it has been reported that an increased number of CD8+
cells is associated with disease progression, shorter time to first treatment and progression-free survival in
CLL patients [4]. Oppositely, oligoclonal expansion of CD8+ effector cells has been proved to be associated
with disease control in a CLL mouse model, instead of ablation of CD4+ T cells, which did not affect disease
progression [5]. Also, it has been suggested that dysfunctional, tumour-specific T cells in CLL patients display
immunosuppressive mechanisms, being incapable of eliminating neoplastic cells and promoting the escape
of malignant cells from immune surveillance [6].
The expansion of different CD4+ T cell subpopulations in CLL has been reported as well, and their pro-tumoral
immunosuppressive activity has been documented [7]. It has been suggested that IFN-γ secretion by Th1
cells provides for a trophic signal for CLL cells, inhibiting apoptosis and supporting survival [7].
Aim: In the current analyses, we assessed T cell count and subsets in 25 CLL Italian patients to evaluate the
association of CD4/CD8 ratio and CD4+ and CD8+ absolute count with the expression of CD38 by CLL cells,
an established marker of disease severity. 
Methods: Twenty-five treatment naïve CLL patients (8 female and 17 male, average age 68 years) underwent
T cells flow cytometry evaluation for CD3+, CD4+ and CD8+ T cell percentage by using LST tubes on BD
FACSLyric cytometer (BD Biosciences, US). The absolute count was calculated by multiplication with abso-
lute lymphocyte counts obtained on the cell counter. Clinical characteristics (age, sex, B symptoms) were ana-
lyzed for any association with T cell features (cell percentages and absolute counts, CD4/CD8 ratio and T
cells/clonal B cells ratio). 15 subjects have been enrolled as healthy age-matched controls. Disease severity
was defined as the expression of adverse prognosis marker CD38 by clonal B cells [8].
Results: The mean absolute count of CD3+, CD4+ and CD8+ T cells was significantly higher (p < 0.05) in
CLL patients compared to healthy controls. Based on the CD4/CD8 ratio, patients have been categorized into
decreased-, normal- and increased ratio groups, having, respectively, <1.5 (=9 patients), 1.5-2.5 (=10
patients) and >2.5 values (=6 patients). Although an association between T cell features and CD38 expres-
sion by B cells has been found, it did not achieve statistical significance.
Conclusions: Alterations in the T cell composition have been extensively described in CLL. However, the exact
impact of these changes on disease development and progression remains controversial. Further studies are
needed to elucidate whether and how T cell features can be identified as promising targets to develop novel
treatment strategies in CLL.
References: 1. Vlachonikola E, Stamatopoulos K, Chatzidimitriou A. T Cells in Chronic Lymphocytic
Leukemia: A Two-Edged Sword. Front Immunol. 2021;11:612244. doi: 10.3389/fimmu.2020.612244. 
2. Scrivener S, Goddard RV, Kaminski ER, Prentice AG. Abnormal T-cell function in B-cell chronic lymphocyt-
ic leukaemia. Leuk Lymphoma, 2003 44:383–9. 10.1080/1042819021000029993. 
3. Jain M, Rai A, Kushwaha R, Yadav G, Mishra S, Verma SP, Singh US, Tripathi AK, Kumar A. A Cross
Sectional Study on T Cells and Subsets in Chronic Lymphocytic Leukemia and their Association with Clinical
Phenotype. Indian J Hematol Blood Transfus. 2021;37(4):563-568. doi: 10.1007/s12288-021-01397-x. 
4. Nunes C, Wong R, Mason M, Fegan C, Man S, Pepper C. Expansion of a CD8 +PD-1 + replicative senes-
cence phenotype in early stage CLL patients is associated with inverted CD4:CD8 ratios and disease pro-
gression. Clin Cancer Res, 2012; 18:678–87. 10.1158/1078-0432.CCR-11-2630 
5. Hanna BS, Roessner PM, Yazdanparast H, Colomer D, Campo E, Kugler S, et al. Control of chronic lym-
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phocytic leukemia development by clonally-expanded CD8 + T-cells that undergo functional exhaustion in sec-
ondary lymphoid tissues. Leukemia, 2019; 33:625–37. 10.1038/s41375-018-0250-6 
6. Riches JC, Davies JK, McClanahan F, Fatah R, Iqbal S, Agrawal S, et al. T cells from CLL patients exhibit
features of T-cell exhaustion but retain capacity for cytokine production. Blood, 2013; 121:1612–21.
10.1182/blood-2012-09-457531.
7. Buschle M, Campana D, Carding SR, Richard C, Victor Hoffbrand A, Brenner MK. Interferon γ inhibits apop-
totic cell death in B cell chronic lymphocytic leukemia. J Exp Med, 1993; 177:213–8. 10.1084/jem.177.1.213 
8. Kay NE, Hampel PJ, Van Dyke DL, Parikh SA. CLL update 2022: A continuing evolution in care. Blood Rev,
2022; 54:100930. doi: 10.1016/j.blre.2022.100930. 
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CONSENSUS FOR FLOW CYTOMETRY CLINICAL REPORT ON MULTIPLE MYELOMA:
A MULTICENTER HARMONIZATION PROCESS MERGING LABORATORY
EXPERIENCE AND CLINICAL NEEDS
Iole Cordone1*, Rachele Amodeo2, Silvia Bellesi3, Fiorella Bottan4, Francesco Buccisano5, 
Maria Stefania De Propris6, Serena Masi1, Valentina Panichi7, Maria Cristina Scerpa8, Ombretta Annibali9,
Velia Bongarzoni10, Tommaso Caravita di Toritto11, Ugo Coppetelli8, Luca Cupelli12, Paolo de Fabritiis12,
Luca Franceschini5, Mariagrazia Garzia13, Alessia Fiorini14, Giacinto Laverde15, Andrea Mengarelli16,
Tommaso Za3 and Maria Teresa Petrucci17.
1 Department of Research, Advanced Diagnostic and Technological Innovation, IRCCS Regina Elena National
Cancer Institute, Rome, Italy – iole.cordone@ifo.it and serena.masi@ifo.it; 
2 Clinical Pathology and Biochemistry, Sant'Andrea University Hospital, Rome, Italy -
rachele.amodeo@ospedalesantandrea.it 
3 Department of Diagnostic Imaging, Oncological Radiotherapy and Haematology, IRCCS Foundation A.
Gemelli University Hospital, Rome, Italy - silvia.bellesi@policlinicogemelli.it and tommaso.za@unicatt.it
4 Clinical Pathology, San Giovanni Addolorata Hospital, Rome, Italy - fbottan@hsangiovanni.roma.it
5 Department of Biomedicine and Prevention, Haematology and Stem Cell Transplant Unit University of Rome
‘Tor Vergata’, Rome, Italy - francesco.buccisano@uniroma2.it and luca.franceschini@ptvonline.it
6 Department of Translational and Precision Medicine, Immunophenotype Laboratory, 'Sapienza' University,
Rome, Italy - depropris@bce.uniroma1.it
7 Department of Oncology and Haematology, Microbiology and Virology Unit, Belcolle Central Hospital,
Viterbo, Italy - valentina.panichi@asl.vt.it and alessia.fiorini@asl.vt.it
8 Haematology and Stem Cell Unit, Santa Maria Goretti Hospital, ASL Latina, Italy - mcscerpa78@gmail.com
and ucoppet@ausl.latina.it
9 Haematology and Stem Cell Transplant Unit, Campus Bio-Medico University, Roma, Italy - O.Annibali@poli-
clinicocampus.it
10 San Giovanni Addolorata Hospital, Haematology, Rome, Italy - vbongarzoni@hsangiovanni.roma.it
11 Haematology, ASL Roma 1, Rome, Italy - tommaso.caravita@aslroma1.it
12 Haematology, Sant'Eugenio Hospital, ASL Roma 2, Rome, Italy - luca.cupelli@aslroma2.it and 
paolo.de.fabritiis@uniroma2.it
13 Haematology and Stem Cell Transplant Unit, San Camillo Forlanini Hospital, Rome, Italy -
mgarzia@scamilloforlanini.rm.it
14 Department of Oncology and Haematology, Belcolle Central Hospital, Viterbo, Italy
15 Haematology Unit, Sant'Andrea University Hospital, Rome, Italy - giacinto.laverde@ospedalesantandrea.it
16 Department of Research and Clinical Oncology, IRCCS Regina Elena National Cancer Institute, Rome, Italy -
andrea.mengarelli@ifo.it
17 Department of Translational and Precision Medicine, Haematology, 'Sapienza' University, Rome, Italy -
petrucci@bce.uniroma1.it

Flow cytometry is a highly sensitive and specific approach for the discrimination between normal and clonal
plasma cells in multiple myeloma. Uniform response criteria after treatment have been established by the
International Myeloma Working Group and the EuroFlow Group; less standardized is the way in which these
data are reported and no multicenter study has focused on a consensus for the flow cytometry clinical report
shared by clinicians and laboratories.
Innovative software tools enable a large-scale data analysis in order to provide accurate and reproducible min-
imal residual disease (MRD) evaluation, however flow-MRD studies is still strongly linked to the experience of
the operator from the pre-analytical phase to the final conclusion of the study. Comparable results can be
achieved through a careful harmonization process. Moreover, it is advisable for the clinician to have a precise
knowledge of the quality and reliability of the analytical result. 
This work, which is based on routine clinical practice, involves 8 expert laboratories and 12 clinical hematol-
ogy units in the Lazio region. It focuses on the strategies used in real life and, from the analysis of the possi-
ble technical problems and pitfalls of flow cytometry characterization in MM, proposes a report designed and
shared by flow cytometry operators and approved by clinicians. 
From the pre-analytical phase, through sample processing, data acquisition, analysis and evaluation of the
potential limitations and pitfalls of the entire process, the study reaches a final conclusion according to the
most updated principles and recommendations, providing a clear report that limits subjective interpretations
and highlights possible bias in the process better supporting clinical decision-making. The report includes
patient personal information; clinical data and biological material; quality control of the sample (cytometric
myelogram); flow cytometry analysis of plasma cells and lymphoid populations; the limit of detection (LOD)
and quantification (LOQ) for MRD studies; the final comment/conclusion which is a short and clear sentence
that states whether the biological sample is suitable for the study and whether a clonal PC population is pre-
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sent or absent. All laboratory agreed on the extreme care that must be taken in providing an MRD-negative
result, being a positive-MRD highly reliable in MM analysis, if supported by an adequate number of informa-
tive events. 
A possible limitation in the application of the report proposed may be due to the reporting system available in
the laboratory. The development of innovative and certified computer programs dedicated to data reporting
and disease monitoring in diagnostic cytometry is ongoing and strongly needed.

PIG-A GENE SEQUENCING STUDY IN A COHORT OF PATIENTS WITH 
PAROXYSMAL NOCTURNAL HEMOGLOBINURIA SHOWING DIFFERENT SIZE AND
DISTRIBUTION OF THE PNH CLONE IN FLOW CYTOMETRY
Laura Gentile1, Vincenza Cerbone1, Lucia Mauriello1, Rosa Manganiello1, Antonia Fiore1, Imma Andolfo1,2,
Roberta Russo1,2, Luana Marano3, Antonio Risitano3, Giulia Scalia1, Maddalena Raia1
1CEINGE - Biotecnologie Avanzate Franco Salvatore, Naples, Italy
2Department of Molecular Medicine and Medical Biotechnology, University Federico II, Naples, Italy  
3AORN San Giuseppe Moscati, Hematology and Hematopoietic Stem Cell Transplantation Unit, Avellino, Italy 
gentilela@ceinge.unina.it

Background: Paroxysmal Nocturnal Hemoglobinuria (PNH) is a rare disease and its incidence is around 1–
2 per million. PNH is an acquired form of hemolytic anemia, generated by the clonal expansion of a
hematopoietic stem cell with a somatic mutation in a gene, called PIG-A and involved in an early step of gly-
cosyl-phosphatidyl-inositol (GPI) anchor synthesis. This mutation causes a total or partial deficiency (result-
ing in PNH2 and PNH3 clones respectively) of the entire set of GPI-linked proteins in derived blood cells. The
current golden standard technique for quantifying PNH clones is multicolor flow cytometry (FCM). 
The Italian national FCM archive made by Professor Del Vecchio in 2015 (https://www.clonotecaepn.it) rep-
resents the first large-scale unified collection of FCM data and clinical information regarding patients with PNH
in Italy. In addition, PIG-A gene has been sequenced to search for the causative mutations of the disease.
Thanks to those studies it was possible to denote the presence of unknown and widespread mutations along
the entire gene which, in most cases, results in the production of a truncated protein. Currently, to the best of
our knowledge, the significance of these mutations in patients in which both the PNH2 and the PNH3 clones
are present was not studied. 
Methods: The aim of our study was to find possible correlations between specific types of PIG-A gene mutations
and different size of the PNH2 and the PNH3 clones. For this reason we investigated, within Clonoteca EPN,
patients affected by PNH with PNH2 clones independently distribuited on leukocyte and erythrocyte populations
and, subsequently, sequenced the PIG-A gene of these patients by Next Generation Sequencing (NGS). Seven
patients affected by PNH (3 male and 4 female) were selected from Clonoteca EPN. Finally, peripheral blood sam-
ples were taken from each patient and sent to our laboratory. Analyses were performed by FCM and NGS.
Results: Results obtained from both FCM and NGS analysis, showed a genotype/immunophenotype associ-
ation. In fact, patients with severe mutations affecting the normal enzymatic activity, showed the presence of
a very large PNH3 clone with a small accompanying PNH2  clone (< 20%). Moreover, subjects with no muta-
tions or with mutations that do not affect the activity of the protein showed a large PNH2 clone (> 30%).
Conclusions: The presence of mutations important for PIG-A function in patients with large PNH3 clones on
white blood cells allowed us to confirm that the PNH3 clone causes a total defect of the GPI anchor, compared
to those with less significant mutations.
Results and Discussion: A panel of 8-12 blood group antigens allows achieving an adequate global sensi-
tivity to detect HBT abuse even many days after its execution. Accurate gating strategy together with high-
brightness fluorochromes allow the clear separation of the donor and recipient erythrocyte cells populations.
As for ABT, the counting of EMPs is emerging as the most effective strategy to identify the autologous trans-
fusion as it is more sensitive than the monitoring of the decrease in expression of surface antigens in RBC
subjected to storage.
Conclusion: Flow cytometry has become a basic technique in doping control for all aspects related to the
detection of doping practices with the use of blood cells and at present the only technique suggesting the pos-
sibility of developing a direct method of identifying ABT abuse in sport doping. 
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OPTIMIZATION OF A 10-COLOR STAINING FOR CIRCULATING NEUTROPHIL AND
MONOCYTE SUBSETS IMMUNOPHENOTYPING 
Marisa Gorrese 1, Angela Bertolini 1, Francesca Picone 1, Annapaola Campana 2, Paola Manzo 2, 
Anna Maria Della Corte 1, Giuseppe Coppola 3, Bianca Serio 2, Carmine Selleri 1,2, Valentina Giudice 1,2
1 Department of Medicine, Surgery, and Dentistry, University of Salerno, Baronissi, Italy
2 Hematology and Transplant Center, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy
3 Transfusion Medicine, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy

Background. Neutrophils, the most abundant circulating leukocytes, are mainly involved in pathogen clear-
ance through three mechanisms: phagocytosis; degranulation; and release of neutrophil extracellular traps.
However, neutrophils are not only “pathogen killers” but also they can promote or suppress tumor growth and
metastatic processes. These different immunological functions mirror a great heterogenicity of neutrophil mat-
uration and activation status. Two circulating populations can be differentiated and separated by gradient cen-
trifugation: low-density granulocytes (LDGs) and normal-density neutrophils (NDNs). Several observations
show the involvement of LDGs in immune dysregulation during autoimmune disorders with an activated phe-
notype, while NDNs might exert immunosuppressive activities in an arginase-dependent manner. LDGs might
also contribute to endothelial cell dysfunction and vascular damage in autoimmune vasculitis, and can be
hypo-responsive to anti-myeloperoxidase antibodies despite their high surface expression. Here, a flow cyto-
metric panel that incorporates 11 different markers has been developed and optimized for the efficient identi-
fication of the main circulating subsets of neutrophils and monocytes.
Materials and Methods. Whole peripheral blood (PB) specimens were collected in ethylenediaminete-
traacetic acid (EDTA) tubes or heparin tubes for immunophenotyping from patients after informed consent
obtained in accordance with the Declaration of Helsinki. For immunophenotyping, 50 μL of fresh heparinized
whole PB was stained with antibodies according to the manufacturers’ instructions. The following antibodies
were used: CD56, CD3, CD45, CD34, CD19, HLA-DR, CD15, CD33, CD14, CD11b, and CD16. After 20 min
incubation at room temperature, red cell lysis was performed with IO Test Lysing Solution (Beckman Coulter),
cells were washed twice with phosphate-buffered saline (PBS) (IsoFlow Sheath Fluid, Beckman Coulter), and
then resuspended in 500 μL PBS for acquisition. Samples were acquired on a Navios/EX or a DxFlex cytome-
ter (Beckman Coulter, Brea, CA). Instrument daily quality control was carried out using Flow-Check Pro
Fluorospheres (Beckman Coulter), and external quality control by UK NEQAS for Leucocyte
Immunophenotyping. Compensation was monthly checked by a Beckman Coulter’s Specialist using Flow-Set
and compensation kit (Beckman Coulter). An unstained sample was used as negative control, and single-color
controls were employed for gain setting. Samples were run using the same PMT voltages, and at least
500,000 events were recorded. Post-acquisition analysis was carried out using Navios EX Software v2.0, or
Kaluza Analysis Flow Cytometry Software v2.1.1 (Beckman Coulter).
Results. Cell populations were first identified based on linear parameter (forward scatter area, FSC-A) and
CD45 expression, cells were gated, and CD19 and CD56/CD3 expression was investigated. On CD19-CD56-
CD3- cells, DR-CD34- population was further identified and studied for CD33 and CD15 expression. On
CD33+CD15- neutrophils (normal density granulocytes, NDGs), maturation curve was investigated by CD16
and CD11b expression, and immature CD16-CD11b-, intermediate CD16-CD11b+, and mature
CD16+CD11b+ neutrophils were identified. On CD33+ cells, CD14 and CD15 expression was further studied,
and CD15+CD14- LDGs were gated. Maturation was investigated using CD16 vs CD11b expression, and
CD15 vs CD16. Immature CD16-CD11b-, intermediate CD16-CD11b+, and mature CD16+CD11b+ LDGs
were identified, as well as immature CD15+CD16-, intermediate CD15+CD16dim, and mature CD15+CD16+
LDGs were gated. Similarly, monocytes were first gated based on linear parameters, and then classical
(CD14+CD16-), intermediate (CD14+CD16+), and non-classical (CD14-CD16+) monocytes were identified.
Moreover, on each population, HLA-DR activation status was monitored by measuring median fluorescence
intensity of studied marker. 
Conclusions. Using this broad phenotyping panel, differences in the main circulating neutrophil and mono-
cyte subpopulations can be easily identified and can be applied for immunophenotyping of patients with
autoimmune disorders and hematological malignancies, including myelodysplastic syndromes. 
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CONCOMITANT DIAGNOSIS OF HAIRY CELL LEUKEMIA AND CHRONIC 
LYMPHOCYTIC LEUKEMIA: A RARE ASSOCIATION 
Valvano L.1, D’Auria F.2, Grieco V. 1, Statuto T.1, Nozza F.1, Pietrantuono G.3, Villani O.3, D’Arena G.4 
and Lamorte D.5 
1 Laboratory of Clinical and Advanced Diagnostics, Centro di Riferimento Oncologico della Basilicata (IRCCS

CROB), Rionero in Vulture, Italy; 2 Laboratory of Clinical Pathology, Centro di Riferimento Oncologico della
Basilicata (IRCCS CROB), Rionero in Vulture, Italy; 3 Hematology and Stem Cell Transplantation Unit, Centro di
Riferimento Oncologico della Basilicata (IRCCS CROB), Rionero in Vulture, Italy; 4 Hematology, P. O. S. Luca,
ASL, Salerno, Italy; 5 Laboratory of Preclinical and Translational Research, Centro di Riferimento Oncologico
della Basilicata (IRCCS CROB), Rionero in Vulture, Italy; 5Laboratory of Preclinical and Translational Research,
Centro di Riferimento Oncologico della Basilicata (IRCCS CROB), Rionero in Vulture, Italy.

A case of concomitant hairy cell leukemia (HCL) and chronic lymphocytic leukemia (CLL) in a 50- year-old
man was reported. Two distinct monoclonal B-cell populations were detected by flow cytometry immunophe-
notypic analyses. The predominant population was consistent with HCL: CD19+high, CD20+high, CD5- ,
CD23- , CD43- , CD10- , CD103+ , CD25+ , CD11c+ , CD79b+ , CD200+ , FMC7+ , CD22+high, and
sIgl+high. A smaller population showed the CD19+intermediate, CD20+low, CD5+intermediate, CD23+,
CD43+, CD10-, CD103-, CD25-, CD11c-, CD79b-, CD200+, FMC7+/-, CD22+low, and sIgk+low immunophe-
notype, consistent with monoclonal B-cell lymphocytosis (MBL), typical B-CLL-like. The patient was first treat-
ed with cladribine and then with rituximab and achieved HCL partial remission. Importantly, the high sensitiv-
ity of our flow cytometric approach allowed the detection of a small population “P3” in addition to the typical
HCL and CLL clones. The P3 clone was absent at diagnosis, appeared after therapy and changed over time,
from an HCL-like to a CLL-like immunophenotype. P3 was identified at the last follow up owing to the partic-
ular expression (intermediate intensity) of the l light chain in a portion of CD5+ B cells. The P3 population
showed an MBL/B-CLL phenotype with a characteristic intensity of CD20 and CD19 markers that was used
for the gating strategy. In particular, P3 expressed CD19+intermediate, CD20+intermediate, CD23+,
CD5+high, CD25- , CD11c-, CD43+ , CD103- , CD79b+low, FMC7+low, sIgĸ- , and sIgl+intermediate
immunophenotype. Based on this result, we researched P3 analyzing the previous flow cytometric files. After
cladribrine treatment P3 showedan a HCL-like immunophenotype: CD19+ intermediate, CD20+intermediate,
CD23-, CD5-, CD25+intermediate, CD11c+, CD103+ , sIgĸ- , and sIgl+ intermediate immunophenotype. For
this reason, we hypothesized that the P3 population may have originated from the HCL clone. 1 month after
the end of rituximab treatment, P3 showed the same HCL-like  immunophenotype except for CD20 that was
absent. In conclusion, our case is added to the few other cases of synchronous HCL and CLL already report-
ed in the literature and underlines the importance of analyzing chronic lymphoproliferative disorders by high-
ly sensitive diagnostic techniques like the multicolor flow cytometry to evaluate the possible association
between HCL and CLL at diagnosis and to monitor minimal residual disease after therapy.
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DYSPLASIA RATE IN MYELODYSPLASTIC SYNDROMES CORRELATES WITH 
HIGHLY SUPPRESSIVE TREGS EXPRESSING FOXP3-E2 ISOFORM
Stefania Leone1, Giulia Scalia2, Annamaria Vincenzi1, Flavia Carriero3, Francesco Grimaldi1, 
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Background: An altered immune-tolerance control, mediated by Regulatory T cells (Tregs), has been large-
ly described in MDS. Indeed, in early MDS stage, reduced Tregs levels might favor pro-inflammatory and
autoimmune mechanisms, likely able to damage polyclonal hematopoiesis, while in advanced stages,
increased Treg-dependent suppression of immune effectors has been observed to foster leukemia progres-
sion of the dysplastic clone/s. The expression of the master regulator gene FoxP3 has been largely recog-
nized to be responsible for the immune modulating properties of Tregs. Alternative splicing mechanisms gen-
erate two main isoforms of Foxp3, one containing the exon 2 (Foxp3-E2) and another, shorter, lacking the
exon 2 (Foxp3-Δ2). The expression of Foxp3-E2 has been recently demonstrated to be essential for Tregs
suppressive activity; indeed, Foxp3-Δ2 has been associated with the generation of unstable Tregs and with
an autoimmune phenotype in a murine model.
Aims To investigate whether the expression of Foxp3-E2 versus Foxp3-Δ2 isoform by Tregs, resident in the
bone marrow (BM), might improve the evaluation of immune tolerance control in MDS. The possibility that
such analysis might add a new valuable prognostic biomarker to the evaluation of MDS patients has been also
considered. 
Methods 27 newly diagnosed MDS patients, according to WHO 2022 and 8 healthy donors were recruited in the
study, approved by the Local Ethical committee. BM samples obtained from consenting healthy donors were part
of their marrow donation. Patients were categorized according to IPSS-M. Immune profile, Foxp3-E2, overall
Foxp3 and ki67 expression by Treg have been evaluated by immune fluorescence and multi-parametric flow
cytometry. Mann-Whitney test and Spearman correlation test have been used for statistical analysis. 
Results According to IPSS-M, 21 patients were low risk (9 very low, 10 low, 2 moderate low) and 6 were high
risk (4 high, 1 moderate high, 1 very high). In high risk MDS patients, Foxp3-E2 expression was significantly
increased, as compared to low risk and controls. In addition, in high risk, both Foxp3-E2 and overall Foxp3
CD4+ T cells showed an increased proliferative capability, as assessed by ki67 expression, compared to con-
trols and low risk patients. Foxp3-E2/overall Foxp3 ratio, was significantly decreased in all MDS patients, both
low risk and high risk patients, as compared to controls. A significative direct correlation between the BM per-
centage of CD16-CD11b- dysplastic neutrophils and Foxp3-E2/overall Foxp3 ratio has been identified in the
MDS cohort (Figure 1, A). Moreover, the proliferation level of Treg, as evaluated by their ki67 expression, has
been observed to directly correlate with the percentage of BM blasts (Figure 1, B). In the end, in low risk
patients, Foxp3-E2/overall Foxp3 ratio has been observed to inversely correlate with the activation status of
CD8 T cells, as measured trough CD54 expression.
Summary/Conclusions 
Here we show for the first time that MDS high risk subjects are characterized by an increased number of Tregs
expressing the Foxp3-E2 isoform, thus with a highly suppressive phenotype. More intriguing, the degree of
BM dysplasia directly correlate with the prevalence of actively suppressive Tregs and their proliferative status.
Understanding how the immune system contributes to MDS physiopathology opens future possibility to iden-
tify new prognostic markers and future therapeutic targets, ameliorating MDS clinical management.
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HEMATOGONE EXPANSION AFTER ALLOGENEIC STEM CELL TRANSPLANTATION
MIGHT BE A SENSIBLE AND EARLY BIOMARKER OF NORMAL HEMOPOIESIS
RECOVERY 
P. Manzo, A. Campana, A. Bertolini, F. Picone, M. Gorrese, B. Serio, D. De Novellis, F. D’Alto, D. Morini, 
M. Rizzo, A.M. Della Corte, F. Verdesca, A.M. Sessa, F. Velino, E. Selleri, V. Giudice
Department of Medicine, Surgery, and Dentistry, University of Salerno, Baronissi, Italy
Hematology and Transplant Center, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy
Background. Hematogones, B cell precursors with regenerative potential, can repopulate the bone marrow after
cell-depleting events, such as high-dose chemotherapy and conditioning regimens for hematopoietic stem cells
transplantation (HSCT). In previous studies, hematogones have been proposed as a candidate prognostic
biomarker of clinical outcomes after allogeneic HSCT. In this retrospective real-life monocentric study, we inves-
tigated the role of hematogones in the prognostic definition of transplanted patients, and their association with
other clinical, biological, and molecular biomarkers.
Materials and Methods. A total of 60 consecutive patients who underwent allogeneic HSCT were included in
this study. Patients were diagnosed with acute leukemia, myelodysplastic syndromes, multiple myeloma, or non-
Hodgkin lymphomas, and received chemotherapy as per international protocols at the Hematology and
Transplant Center, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy, from 2016 to
December 2022. Evaluated parameters were divided in three groups: patients’ related factors, including per-
centage of hematogones after HSCT, age, sex, cytomegalovirus (CMV) positivity, type of disease, comorbidities,
cytogenetic abnormalities, clinical and molecular biology; donor’s related factors, such as age, sex, and CMV
positivity; and transplant procedure-related factors, including source of stem cells, HLA-matching, homogroup,
and the number of infused CD34+ cells.
Results. Increased percentage of hematogones at the first re-evaluation post-transplant (median, 104 days) was
associated with a higher relapse-free survival (RFS), and those patients showing hematogones >1% of total
nucleated cells at the first re-evaluation had a significantly higher overall survival and a lower incidence of Graft
versus Host Disease (GvHD) compared to those subjects who did not display hematogone expansion after trans-
plantation. Interestingly, percentage of B cell precursors were significantly higher in female recipients than in
males at first re-evaluation and at most recent re-evaluation (median, 542 days) (p<0.05 and p<0.01, respec-
tively). No associations were described with other factors, such as recipient and donor factors, probability to
develop GvHD, or and transplant procedure-related factors. The presence of comorbidities, including hyperc-
holesterolemia/dyslipidemia, diabetes, or gastric diseases, were significantly associated with reduced survival.
Conclusions. Our results confirmed that hematogones evaluated by flow cytometry immunophenotyping could
be used as a valid prognostic marker of HSCT outcomes even in a real-life setting. Moreover, appearance of B
cell precursors could be a sex-related factor, likely contributing to better clinical outcomes following allogenic
HSCT in female recipients. 

Proceedings of the 41a National Conference of the Italian Society of Cytometry GIC

16 Supplement n. 1, April 2023 to the GIC Letters Journal ISSN 2280-8663



HUMAN BONE MARROW 3D NICHE IMMUNOPHENOTYPING
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Annapaola Campana 2, Denise Morini 1, Anna Maria Della Corte 1, Bianca Serio 2, Giovanna Della Porta 1,3,
Carmine Selleri 1,2, Valentina Giudice 1,2
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Background. Hematopoietic stem cell (HSC) maintenance in vitro is challenging because stem cells need
cell-to-cell contacts and paracrine signals from stromal microenvironment. 3D-culture systems can mimic
physiological tissue architecture thus preserving HSC phenotype. Calcium alginate hydrogels have been suc-
cessfully employed to mimic bone marrow (BM) niche in vitro and to expand progenitor cells in several 3D bio-
engineered scaffolds also fabricated by bioplotting technologies. Calcium alginate is a stable and biocompat-
ible biomaterial and can be easily disassembled by calcium chelation resulting in alginate hydrogel dissolu-
tion and cell recovery that can be used for further studies, such as flow cytometry immunophenotyping of cul-
tured cells. In this study, we optimized a 10-color staining for immunophenotyping of HSCs, progenitor cells,
and mesenchymal stem cells harvested from an ex vivo 3D co-culture system assembled using total BM
mononuclear cells (BMMCs) depleted of MSCs co-cultured with BM-derived MSCs in a calcium alginate-
based scaffold. 
Material and Methods. After scaffold disruption with 50mM EDTA, buffered in 1000mM HEPES, released cells
were fixed in 4% PFA for 20 minutes, and then stained with CD90-FITC, CD105- or CD117-PE, CD3- or CD73-
or CD33-APC, CD11b-PC7, CD14-APC-A750, CD34-APC700, CD16-PB, CD45-KO, and HLA-DR-FITC (all
from Beckman Coulter). Immunophenotyping was performed at day 0, 7, 14 and 21 of culture. Samples were
acquired on a DxFlex cytometer (Beckman Coulter), equipped with violet (405nm), blue (488 nm), and red (638
nm) lasers. Instrument daily quality control was carried out using Flow-Check Pro Fluorospheres (Beckman
Coulter), and external quality control by UK NEQAS for Leucocyte Immunophenotyping. Compensation was
monthly checked by a Beckman Coulter’s Specialist using Flow-Set and compensation kit (Beckman Coulter).
An unstained sample was used as negative control, and single-color controls were employed for gain setting.
Samples were run using the same PMT voltages, and at least 50,000 events were recorded. Post-acquisition
analysis was performed with Kaluza software (v2.1; Beckman Coulter). 
Results. For 3D culture immunophenotyping, cells were first identified based on side scattered area (SSC-A)
and CD45 expression, and myeloid cells were discriminated from mesenchymal stem cells (MSCs) based on
HLA-DR and CD73 expression. On CD73- cells, CD33 and CD34 expression was studied, and CD33+ and/or
CD34+ precursors were further investigated for CD117 and CD11b expression. On CD33-CD34- cells, CD3+
T lymphocytes and CD14+ monocytes were further identified. Radar plots were employed to visualize dynam-
ics changes of each hemopoietic subpopulation over culture period by displaying CD117, CD16, CD11b,
CD33, and HLA-DR markers. Similarly, on CD73+ MSC population, a radar plot was designed using CD73,
CD34, CD117, HLA-DR, CD33, and CD11b expression to investigate potential differentiation commitment of
mesenchymal cells over culture time.
Conclusions. Using this broad phenotyping panel, both hematopoietic stem and progenitor cells and mes-
enchymal stem cells can be easily identified and can be applied for immunophenotyping of samples obtained
from ex vivo 3D biomimetic co-culture systems. 
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CONCOMITANT CUTANEOUS COMPOSITE LYMPHOMA AND BICLONAL B-CELL
LYMPHOPROLIFERATIVE DISEASE
Mestice A.1, Derosa C.2, Perrone T.1, Giordano A.1, Filotico R.3, Tabanelli V.4, Ingravallo G.5, Ruga L.1,
Grande D.1, Magazzino O.1, Specchia G.1, Musto P.1
1. Hematology Section, Department of Precision and Regenerative Medicine and Ionian Area (DiMePRe-J),
University of Bari. 2. Cytometry Labotatory, Department of Clinical Pathology, Miulli General Hospital,
Acquaviva delle Fonti. 3. Section of Dermatology and Venereology, DiMePRe-J, University of Bari . 4.
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Mycosis fungoides (MF) is the main representative of cutaneous peripheral T-cell lymphoma, occasionally
associated with myeloma or B-cell chronic lymphoproliferative disorders (BCLPDs). BCLPDs are character-
ized by light-chain restriction and they are heterogeneous regarding clinical features, morphology,
immunophenotype and sites of involvement. Biclonality in BCLPDs is an uncommon event and can be iden-
tified by flow cytometry on the basis of different surface light-chain expression, light scatter properties or pat-
tern of surface antigen expression. A 59-year-old man with with a one-year history of plaques and papules on
arm and chest's skin and a recent diagnosis of MF was referred to our department for disease staging, The
initial blood results showed lymphocyte count of 7.3x109/l and a beta-2 microglobulin of 2.3 mg/l. PB flow
cytometry demonstrated an increased percentage of B lymphocytes (49%) with high CD45 expression; anal-
ysis of surface immunoglobulin light chain showed a normal kappa/lambda ratio, while a complete
immunophenotype of B cells demonstrated expression of CD5, CD20, CD22, CD23, CD43, CD79b, CD200.
Notably, two distinct CLL clones were distinct with different expression of CD5 and light-chain restriction; in
particular, CD5 dim B-cells (58%) showed kappa-chain restriction while CD5 intermediate B-cells (42%) were
lambda-chain restricted. No differences in expression of FMC7, CD23, CD43, CD200 and CD79b were
observed. No abnormal expression of CD7, CD5 and CD2 was observed on CD3/CD4 cells. Peripheral and
marrow blood morphologic examination showed a heterogeneous lymphocyte population with two prevalent
morphological types: one type was characterized by small to medium-sized lymphocytes, with narrow rims of
cytoplasm and coarsely clumped nuclear chromatin. The second type was characterized by large lymphocytes
with abundant cytoplasm. Biclonal CLL was confirmed on BM aspirate, with a slightly different ratio of two
clones. BM biopsy revealed a lymphoid infiltration (75%) of small cells CD20+, CD5+, CD23+/- while CD3,
CD4, CD8, Cyclin D1 were negative. Immunohistochemical characterization of skin biopsy documented an
epidermotropic lymphoid infiltrate CD3+, CD2+, CD5+, LEF1+, CD4+, CD8-, TIA1-/+, CD30 rare and very
weak, IRF4- and a dermal lymphoid component CD20+, CD3-, CD5+, CD23+/-, LEF1+; molecular examina-
tion documented a monoclonal rearrangement of both IGH and TCRG. The diagnosis of biclonal CLL and con-
comitant MF with dermic colocalization of CLL/SLL was made. The mixed morphology could be related to high
CD45 expression of B-cells. Our case combines two rare events such as composite cutaneous lymphoma and
biclonal BCLPD and it highlights the role of flow cytometry to improve diagnosis of clonality in cases with nor-
mal kappa/lambda ratio.
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FLOW CYTOMETRY AS A USEFUL DIAGNOSTIC TOOL IN PNH RARE 
DISORDER – A CASE REPORT
Pascariello C.1, Cimmino I.1, Frieri C.2, Risitano A.M.2, Raimondi S.A1.
1Immunohematology and Transfusion Medicine, AORN Caserta, Italy – caterina.pascariello@aorncaserta.it
2Hematology Unit, AORN San Giuseppe Moscati Hospital, Avellino, Italy
Paroxysmal nocturnal haemoglobinuria (PNH) is a rare disorder associated with chronic intravascular haemol-
ysis and thromboembolic events. Although PNH is a non-neoplastic clonal disorder, half of patients with
acquired aplastic anemia (AA) develop PNH clones and it has long been associated to mielodysplastic syn-
dromes (MDS).
A 52-year-old woman was admitted into emergency department referred metrorrhagia, asthenia and fatigue,
with initial suspect of acute leukemia. Admission laboratory exams showed 7.3 g/dL Hb, 2.48x106 Red Blood
cells, 2.04x103 White Blood cells (6.6% Neutrophils – 79.5 fl MCV, 89.8% Lymphocytes, 0.4% Monocytes,
0.9% Eosinophils, 0.1% Basophils), 39x103 Platelets. Upon discharge, the patient has been diagnosed with
severe aplastic anemia and was admitted as outpatient to Hematology Unit. Flow cytometric assay displayed
a lymphoid component equal to 79% and 68%, both in peripheral blood and bone marrow respectivetly, show-
ing no alterations on B, T and NK lymphocytes. In contrast, alterations in maturation curve of granulocyte pop-
ulation was detected. A bone marrow biopsy revealed about 80% of plasma cells and lymphocytes,
hemophagocytosis phenoma and reduced cellularity (cells<10%). Furthermore, molecular biology analysis
were performed to investigate a panel of mutation and chromosomal traslocation such as Bcr/Abl, AM1/ETO,
CBFB/MYH11, MLL/AF9, MLL/AF6, PML/RARα, A-B-D mutation on NPM gene. The results showed that
patient didn’t carry any of these mutations. Based on the investigation performed during admission PNH was
suspected, so cytometric analysis was performed on peripheral blood demonstrating the presence of cells
defective in glycophosphatidylinositol (GPI)-linked molecules in granulocytes population. The patient was
treated with anti-thymocyte globulin (ATGAM), cyclosporine and revolade. The patient is currently under inves-
tigation in order to monitorate the therapy induction.
In conclusion, the case highlights the importance of flow cytometry as an helpful tool, given the complex
pathophysiology of PNH disease.
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QUICK EVALUATION OF NORMAL RESIDUAL HEMOPOIESIS 
Francesca Picone 1, Angela Bertolini 1, Annapaola Campana 2, Marisa Gorrese 1, Bianca Cuffa 2, 
Francesca D’Alto 1, Michela Rizzo 3, Roberto Guariglia 2, Serena Luponio 2, Idalucia Ferrara 2, Bianca Serio 2,
Carmine Selleri 1,2, Valentina Giudice 1,2
1 Department of Medicine, Surgery, and Dentistry, University of Salerno, Baronissi, Italy
2 Hematology and Transplant Center, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy
3 Transfusion Medicine, University Hospital “San Giovanni di Dio e Ruggi d’Aragona”, Salerno, Italy

Background. Myelodysplastic syndromes (MDS) and acute myeloid leukemia (AML) are clonal malignant
myeloproliferative disorders characterized by increased proliferation of poorly differentiated myeloid neoplas-
tic cells that progressively infiltrate the bone marrow (BM) ultimately leading to exhaustion of residual normal
hematopoiesis and peripheral blood (PB) pancytopenia. Evaluation of normal hematopoiesis and leukemic
cell infiltration of BM is currently performed by optical microscopy carried out by physicians, with operator-
dependent variabilities. Flow cytometry is more sensitive and specific in distinguishing normal myeloid cells
from neoplastic counterpart even just using linear parameters and CD45 expression. We have showed that a
simple integrated approach using blast counts by flow cytometry, FLT3 mutational status, and WT1 expres-
sion levels could be a useful tool for a better prognostic definition in AML and MDS. Normalized blast count
(NBC) could be an easy standardized prognostic index allowing inter-laboratory data comparison and quick
evaluation of normal residual hematopoiesis. 
Materials and Methods. A total of 88 patients with AML (N = 35) or MDS (high-risk, N = 7; low-risk, N = 46) were
included in this retrospective study after informed consent obtained in accordance with the Declaration of
Helsinki. A group of healthy subjects (N = 20) was used as a control. Heparinized or ethylenediaminetetraacetic
acid (EDTA) peripheral blood (PB) specimens were directly stained with the following antibodies: for PB
immunophenotyping, CD56, CD45, CD34, CD19, CD11b, CD3, CD8, CD71, CD33, CD16, SmIg-kappa, and
SmIg-lambda; for BM immunophenotyping, CD3, CD7, CD5, CD19, CD34, CD16, CD11b, CD13, CD14, CD56,
CD45, CD33, HLA-DR, CD117, SmIg-kappa, and SmIg-lambda. CD45dim blast phenotype was further studied
for CD19, CD20, CD34, CD56, CD5, CD117, CD33, CD16, CD11b, CD36, CD13, HLA-DR, CD64, CD4, CD5,
CD7, CD14, CD10, CD15, CD11a, CD11c, CD45RA, CD45RO, CD61, CD42b, TdT, and MPO expression CD45;
CD4; CD8; CD3; CD56; CD19; CD5; CD23; CD10; CD11c; CD20; CD103; CD38; CD49d; SmIg-Kappa; and
SmIg (all from Beckman Coulter, Milan, Italy). Samples were incubated for 20 minutes at 4°C, and then 3 mL of
red blood cell lysis buffer was added, samples incubated for 15 min at room temperature, centrifuged, and cell
pellets resuspended in 500 μL of PBS. Sample acquisition was performed on a ten-color three-laser Beckman
Coulter Navios Flow Cytometer (Beckman Coulter). Post-acquisition analysis was carried out using Navios tetra
or Kaluza Analysis Flow Cytometry software v2.1.1 (Beckman Coulter). Instrument daily quality control was car-
ried out using Calibrite Beads or Flow-Check Pro Fluorospheres (Beckman Coulter), and external quality control
by UK NEQAS for Leucocyte Immunophenotyping. Samples were run using the same PMT voltages, and at least
1 million events were recorded. NBC was calculated as following: NBC = (%CD34+ cells + %immature cells +
%blasts)/%granulocytes, using frequencies measured by flow cytometry, and a cut-off of 0.5 was employed for
definition of increased (> 0.5) or normal (<0.5) levels.
Results. NBC values were calculated for each subject and compared between groups by ANOVA and
Uncorrected Fisher's LSD for multiple comparisons tests. NBC values were significantly higher in AML com-
pared to low-risk MDS (mean+SD, 8.48+21.3 vs 0.07+0.06, respectively; P = 0.0022) and healthy subjects
(mean+SD, 0.03+0.03; P = 0.0135). No significant differences were observed between high-risk and low-risk
MDS or healthy subjects. 
Conclusions. Our results showed diagnostic utility of NBC for a standardized and fast evaluation of normal
residual hematopoiesis in AML patients. 
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EVALUATION OF WBC CONCENTRATION IN LEUKOREDUCED PRODUCTS BY FLOW
CYTOMETRY WITH LEUKOSURE ENUMERATION KIT 
Sabetta R. 1, Cafaro L. 2, Cirillo N. 1, Cristiano F. 1, D’Aiuto A. 1, D’Andrea G. 1, Di Spirito B. 1, Doddato A. 2,
Guida A. 1, Luongo G. 1, Maiese D. 1, Mautone L. 1, Miccoli C. 1, Pagano A. 1, Palladino C. 1, Peccerillo O. 1,
Polito A. 1, Tarasco A. 1, Tolgetto G. 1, D’Arena G. 1
1U.O.S.D. di Immunoematologia e Medicina Trasfusionale-Ospedale “San Luca” di Vallo della Lucania-ASL
Salerno – povallo.ct@aslsalerno.it
2U.O.S. Servizio Trasfusionale-Ospedale “Dell’Immacolata” di Sapri-ASL Salerno – posapri.cit@aslsalerno.it

Objectives
The presence of white blood cells (WBCs) in blood products for transfusion can cause adverse effects in patients;
according to European and Dutch requirements, at least 90% of the tested WBC-reduced blood products should
contain fewer than 1 x 106 WBCs per product, which corresponds with 3.3 WBCs per μl for a 300 ml blood prod-
uct. The LeukoSure Enumeration Kit is configured to utilize the sensitivity of flow cytometry to enumerate resid-
ual leukocytes at the levels necessary to ensure the quality control of leukoreduced blood products.
Materials and methods
From January 2022 to March 2023 we collected and processed 340 samples of pools of platelets (PLTs) and
103 samples of red blood cells (RBCs). In the test tube, 100 μl of blood product and 100 μl of Lyse Reagent
were added. After mixing, 500 μl of Stain Reagent were added, the samples were mixed again and incubat-
ed for 15 minutes at room temperature in the dark. Finally, 100 μl of Fluorospheres were added. The samples
were measured on the FC 500 flow cytometer and for each sample a fixed number of 10.000 beads events
was counted. Leuko-Trol Platelet Control Cells, which contain mammalian platelets and human leukocytes in
a plasma-like fluid, were employed as low (2.8 ± 1.5 WBC/μl) and high (21.5 ± 5.4 WBC/μl) positive controls.
Results
337 out of 340 of pools of PLTs (99%) (average weight 448.5g and average pH 6.6) showed a WBCs count
below 3.3 cells/μl and 3 out of 340 (1%) have been eliminated and not used for therapeutic purposes because
WBCs count was found to be higher than 3.3 cells/μl. 100 out of 103 of RBCs (97%) had a WBCs count below
3.3 cells/μl, 2 out of 103 (2%) showed a value included from 3.3 to 5.0 cells/μl and in 1 out of 103 (1%) the
WBCs count was found higher than 5.0 cells/μl. For both the WBC-reduced blood products, the known con-
centration of Fluorospheres was of 1010 beads/μl.
Conclusions
As shown, 99% of the routinely produced pools of PLTs and 97% of RBCs were WBC-reduced which amply
conforms to the requirement that at least 90% of the products should contain fewer than 3.3 WBCs/μl. These
findings suggest that the process of WBC reduction is adequate and robust and that the LeukoSure
Enumeration Kit flow cytometric method represents a suitable and reliable tool for quality control of leukore-
ruced products.
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DNT, DPT AND NKT-LIKE CELLS CYTOFLUORIMETRIC IDENTIFICATION 
IN B-CHRONIC LYMPHOCYTIC LEUKEMIA
Luciana Valvano1, Filomena Nozza1, Giovanni D’Arena2, Fiorella D’Auria3, Luciana De Luca3, 
Giuseppe Pietrantuono4, Giovanna Mansueto4, Oreste Villani4, Simona D’Agostino4, Daniela Lamorte5,
Giovanni Calice5 and Teodora Statuto1.
1Laboratory of Clinical Research and Advanced Diagnostics, Centro di Riferimento Oncologico della
Basilicata (IRCCS-CROB), Rionero in Vulture, Italy.
2Hematology, "S. Luca" Hospital, ASL Salerno, Italy.
3Laboratory of Clinical Pathology, Centro di Riferimento Oncologico della Basilicata (IRCCS-CROB), Rionero
in Vulture, Italy.
4Hematology and Stem Cell Transplantation Unit, Centro di Riferimento Oncologico della Basilicata (IRCCS-
CROB), Rionero in Vulture, Italy.
5Laboratory of Preclinical and Translational Research, Centro di Riferimento Oncologico della Basilicata
(IRCCS-CROB), Rionero in Vulture, Italy.

Double Negative T (DNT), Double Positive T (DPT) and Natural Killer T (NKT) cells play a relevant role in
tumors. 
Fifty patients with untreated B-CLL and classified in three prognostic groups (A Low-, B Intermediate- and C
High-risk) and 38 healthy donors were identified in this study. 
Total T, B, NK, NKT-like, DNT and DPT cells were evaluated in peripheral blood by flow cytometry. The per-
centages of each lymphocyte subpopulation showed a reduction from the values of controls due to the
increase in the percentage of CD19+ neoplastic B cells in CLL patients. However, through the comparison of
all small T subpopulations stratified for their respective prognostic group versus healthy subjects, an increase
in DNT and NKT absolute values was found, while any significant changes were observed for DPT cells. The
expansion of NKT-like cells in group A (that did not significantly diminish as percentages) could be due to the
significant expansion of WBC, contrary to NKT-like cells in group B and C, that was significantly reduced
respect to control values as percentage value. Furthermore, the study showed that a significant correlation of
absolute values of NKT-like cells compared to B cells was observed only in prognostic B group. No significant
correlation of B cells to DNT or DPT cells (on total patients or by each prognostic grop) was found. 
A significant increase in total T lymphocytes in patients with B-CLL has previously been reported in the litera-
ture.  Based on previous data that reported the expansion of Tc and Th cells in B-CLL, we analyzed the con-
tribution of all T subpopulations on T cells increase, focusing attention on DNT, DPT and NKT-like subsets.
So, this study demonstrated that absolute CD3+ T cell counts were increased in B-CLL patients largely due
to expansion of Tc, Th and DNT, regardless of prognosis group. In particular, the best correlations were
observed in groups B and C, probably due to the staging. NKT-like and DPT marginally caused the rise of
absolute CD3+ T cell counts; in particular, only in group B correlated positively with the increase in T cells, not
in groups A and C. The same statistical analysis was performed in healthy donors and the correlations were
higher for CD8 and CD4 cells, similar for DPT and NKT-like cells, but curiously lower for DNT cells. The coun-
terevidence in healthy subjects and the significant correlation in patients with B-CLL could suggest that the
increase in DNT is due to an immune response of DNT cells to the disease. Analyzing the variations exclu-
sively between prognostic groups there were no significant variations for the subpopulations of interest.
These results could suggest that the monitoring of these cell numbers may provide helpful information for
evaluating disease activity. These results supported the concept that active B-CLL immune surveillance of
DNT cells is independent of disease staging. In contrast, DPT and NKT-like cells appear significantly only as
the disease progresses.
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FLOW CYTOMETRY ANALYSIS APPLICATION IN RESIDUAL DISEASE MONITORING
OF A CASE OF ACUTE MYELOID LEUKEMIA EVOLVING FROM VEXAS 
MYELODYSPLASTIC SYNDROME
Annamaria Vincenzi 1, Giorgia Battipaglia1,2, Giulia Falconi 3, Alessia Fiore 1, Francesco D’Agostino1,
Raffaella Iannotta1, Francesco Grimaldi1,2, Carmelo Gurnari3,4, Elisa Galossi3, Elena Crisa5, 
Francesca Bonello5, Giulia Scalia6, Barbara Izzo6,7, Maria Teresa Voso3, Fabrizio Pane2
1 Hematology and Bone Marrow Transplantation Unit, Federico II University of Naples, Hematology
Department, Naples, Italy
2 Department of Clinical Medicine and Surgery, Hematology Unit, University Federico II, Naples, Italy
3 Department of Biomedicine and Prevention, University of Rome Tor Vergata, Rome, Italy
4 Department of Translational Hematology and Oncology Research, Taussig Cancer Institute, Cleveland
Clinic, Cleveland, OH, USA
5 Medical Oncology, Candiolo Cancer Institute, FPO-IRCCS, Candiolo (Torino), Italy
6 Centre for Advanced Biotechnology (CEINGE), Naples, Italy
7 Department of Molecular Medicine and Medical Biotechnologies, University Federico II and Centre for
Advanced Biotechnology (CEINGE), Naples, Italy

VEXAS (Vacuoles, E1 enzyme, X linked, Autoinflammatory, Somatic) syndrome is a recently described dis-
ease caused by somatic mutations in the ubiquitin-like modifier activating enzyme 1 (UBA1) gene. It is char-
acterised by overlapping variable autoinflammatory clinical manifestations and a typical morphological finding
is the presence of cytoplasmic vacuoles in both erythroid and myeloid precursors in bone marrow. It is fre-
quently associated with diagnosis of myelodysplastic syndromes (MDS). Despite no standard treatment has
been established yet, azacitidine and allogeneic hematopoietic stem cell transplantation (allo-HSCT) are
promising therapeutic options, but the indications for these treatments are not easily applicable to all patients.
Here we report the first case of VEXAS Syndrome evolving to AML.
A 59-year old patient was indeed initially diagnosed with low-risk MDS with multilineage dysplasia and sys-
temic autoinflammatory symptoms, that nearly one year after first diagnosis evolved to Acute Myeloid
Leukaemia (AML). The patient was firstly treated with azacytidine and venetoclax (Aza-ven) that was subse-
quently stopped due to impaired performance status. Afterwards, due to disease relapse, a 3+7 schedule was
started in order to perform allo-HSCT. Importantly, flow cytometric analysis allowed rapid diagnosis and also
helped for monitoring residual disease after treatment. Longitudinal monitoring of UBA1 in droplet digital PCR
was also performed for disease monitoring.
Here we summarize bone marrow evaluations with flow cytometry and UBA1 analysis at different timepoints:
a) At diagnosis (January 2021) morphology showed dysplastic features and vacuolization in the erythroid and
granulopoietic lineage with 3% of blasts. CD34+CD45+ cells in flow cytometry were 1.8%; UBA1 mutation was
found positive with a VAF of 49%
b) Progression to AML (March 2022): 24% agranular blasts at cytological examination. In flow cytometry 16%
blasts expressing CD45dim/CD34+/CD117+/HLA-DR.+/CD13+/CD33+ (UBA1 mutation VAF of 68%)
c) After the first cycle of Aza-ven (May 2022) morphological remission was observed (4% blasts) with 2%
CD34+CD45+ cells in flow cytometry (UBA1 not evaluated)
d) After the second cycle of Aza-ven (June 2022) no blasts on the cytological smear, CD34+CD45+ cells were
0.9%, (UBA1 mutation VAF of 1,39%)
e) Relapse (September 2022) of both autoinflammatory symptoms and leukemia with 14% blasts in BM and
2% CD34+CD45+ cells in flow cytometry (VAF for UBA1 increased to 23.9%)
f) Post 3+7 induction treatment (November 2022) bone marrow examination showed no blasts and
CD34+CD45+ <1% with UBA1 mutation being nearly
undetectable (VAF of 0.07%)
To our knowledge, this is the first case of AML transformation in the context of VEXAS syndrome, and we
report the use of flow cytometric analysis as a valid tool of residual disease monitoring in this context, to be
coupled with other techniques such as drop digital PCR for UBA1 monitoring.
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A NOVEL BASOPHIL ACTIVATION TEST FOR DIAGNOSIS OF IMMEDIATE HYPER-
SENSITIVITY REACTIONS TO TAXANE
La Sorda M1, Fossati M2, Graffeo R1, Buzzonetti A2, Zampetti N2, Ferraironi M1, Sanguinetti M1, 
Scambia G3, Fattorossi A2, Ferrandina G3, Nucera E4, Aruanno A4, Bonomo A4, Battaglia A5
1 Lab Sci & Inf Diseases, 2 Cytometry Facility, 3 Gynecol Oncology Dept and 4 Allergology Dept at
Fondazione Policlinico Gemelli, IRCCS, and 5 Life Sci & Public Health Dept, UCSC, Rome Italy

Taxane (Tx) and platinum (Pl)-based chemotherapy (CT) has represented the key component treatment of
gynaecological and breast cancer over the past 20 years. However, Tx and Pl-induced immediate hypersen-
sitivity reactions (iHSRs) have become increasingly frequent in clinical practice, because of longer survival of
cancer patients and increased chance to administer more CT lines and more cycles for each line. Yet, sever-
al personalized premedication/desensitization strategies allow patients to continue CT after iHSR occurrence.
Choice of the most appropriate desensitization strategy is generally based on iHSR grade and on results of
skin testing and laboratory tests, i.e., serum specific IgE assay and Basophil Activation Test (BAT). However,
in the case of Tx neither serum specific IgE assays nor BAT are commercially available. Thus, development
of drug-specific in vitro allergy testing is urgently needed for accurate diagnosis of iHSR and treatment choice
and for a thorough definition of immune and non-immune mechanisms involved in iHSR to Tx. In the present
study, we optimized a flow-assisted BAT aimed at supporting accurate diagnosis of allergy to Tx and at inte-
grating information for a personalized and effective iHSR management program. To this end, we have intro-
duced a novel BAT acceptance criterion aimed at checking for basophil (Ba) viability in the BAT after in vitro
exposure to Tx, in order to keep under control Ba performance and prevent false negative test results. Twenty-
eight patients were enrolled in the study (17 had iHSR to Tx, and 11 were tolerant to Tx). Ba were identified
as CD45+CCR3+CRTH2+CD3- cells with peculiar SSC properties and their degranulation measured as
increase in CD203c fluorescence intensity and CD63 expression. A significant association between increase
in both the CD63 and CD203 degranulation markers and iHSR to Tx was found. An algorithm was created,
which included both degranulation markers, and served for establishing a cutoff value that correctly recog-
nized patients with iHSR to Tx (cutoff value≥0.024) from tolerant patients. Because Ba in the BAT can degran-
ulate via either IgE or non-IgE mediated stimuli, we added ibrutinib, a known inhibitor of the FcεRI-dependent
Ba degranulation, in our BAT to provide in vitro evidence on the causative mechanism of Ba degranulation. By
this approach, we could recognize when Ba degranulation was dependent on IgE cross-linking in a selected
set of BAT-positive patients.

Immunology



BENRALIZUMAB AFFECTS NK CELL MATURATION AND PROLIFERATION IN
SEVERE ASTHMATIC PATIENTS
Laura Bergantini1 Miriana d’Alessandro1 Tommaso Pianigiani1 Behar Cekorja1 Elena Bargagli1 
and Paolo Cameli1
1Respiratory Disease Unit, Department of Medical Sciences, University Hospital of Siena (Azienda
Ospedaliera Universitaria Senese, AOUS), Viale Bracci, 53100 Siena, Italy

Introduction: Benralizumab is an anti-interleukin-5 receptor α monoclonal antibody with antieosinophilic activ-
ity. A particular mechanism of action of this drug is determined by its afucosylated constant fragment (Fc) that
binds FcγRIIIa receptors on the membrane of natural killer (NK) cells.
After this interaction, NK cells activate antigen-dependent cell cytotoxicity (ADCC) through the release of
proapoptotic proteins, leading to apoptosis of eosinophils.
Objectives and Methods: Multiparametric flow cytometry of NK and T cell subsets was performed in severe
asthmatic (SA) patients (n=10), before (T0) and after 1 (T1) and 6 (T6) months of benralizumab, and com-
pared with mild and moderate (M/M) asthmatic patients (n=9) and healthy controls (HC) (n=15). Serum
cytokines levels were detected through multiplex assay. Proliferation assay through flow cytometry was per-
formed at baseline and during the follow-up of therapy.
Results: At baseline, SA patients showed lower percentages of mature CD56dimCD16br NK when compared
with HC and M/M (65±22,2 in HC vs 65,3±20,3 in M/M vs 25±23,9 in SA respectively; p=0,0026). After ben-
ralizumab administration, a shift of NK cell phenotypes towards maturity and towards the release of cytotoxic
mediator IFN-γ (0.52±0.3 at T0, 0.72±0.52 at T1 and 1.15±0.6 pg/ml at T6; p=0.0114) were observed.
Decrease percentages of T Effector memory were reported for both CD4+ cells (61,1±22,6 at T0 and
51,2±22,4 at T6) and CD8+ cells (49,6±9,6 at T0 and 37,7±18,5 at T6) after 6 months of therapy. An indirect
correlation between the proliferation state of NK cells and steroid-sparing (r=-0.94 p=0.005) was reported.
Conclusions: Together these data contribute to our understanding of the mechanisms of action of benral-
izumab in the resolution of inflammation in SA patients. The activation and maturation of NK cells promoted
by benralizumab allow the depletion of eosinophils and mediate T cell development.
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DEVELOPMENT OF A NOVEL ROBUST FLOW CYTOMETRY APPROACH FOR 
IDENTIFICATION OF PERIPHERAL MYELOID-DERIVED SUPPRESSOR CELLS OF
GRANULOCYTE ORIGIN IN CANCER PATIENTS
Cimmino CA1, Fossati M1, Buzzonetti A1, Zampetti N1, Scambia G1, Fattorossi A1, Battaglia A2
1 Cytometry Facility, Fondaz Policlinico Gemelli, IRCCS, and 2Sci and Public Health Dept, UCSC, Rome Italy

Myeloid-derived suppressor cells (MDSC) are a heterogeneous population that play a prominent role in the
establishment of the immunosuppressive tumor microenvironment. High peripheral MDSC counts have been
associated with great tumor burden, poor response to immunotherapy and poor survival in cancer patients.
MDSC can be subdivided into two main cell subsets distinguished by phenotype and activity: monocyte-
MDSC and polymorphonuclear (PMN)-MDSC. Peripheral PMN-MDSC are abundant in cancer patients and
their frequency correlates with intratumoral PMN-MDSC. Thus, blood represents an easy-accessible and
viable source for measuring PMN-MDSC and the minimal phenotypic signature CD45+CD15+CD11b+Lox-
1high (aka PMN-MDSC phenotypic backbone), together with PMN-like light scattering properties, should allow
distinction between PMN-MDSC and PMN in whole blood (WB). However, WB PMN are exquisitely sensitive
to changes in processing methods and certain pre-analytical variables, including time elapsed between blood
collection and testing and anticoagulant types, alter the PMN activation status. Because activated PMN
(aPMN) are phenotypically and morphologically indistinguishable from PMN-MDSC when using the PMN-
MDSC phenotypic backbone, more research is urgently needed to solve this issue, especially as far as clini-
cal immunomonitoring studies are concerned. Thus, in this study we search for a new PMN-MDSC-specific
phenotype allowing for recognition of genuine PMN-MDSC from aPMN in WB. To this end, selected antibod-
ies to myeloid cell-associated surface receptors were added to the PMN-MDSC phenotypic backbone and
tested for ability to distinguish genuine PMN-MDSC from aPMN under diverse pre-analytical conditions.
Results showed that the CD45+CD15+Lox-1highCD11bdimCD66bdim/bright phenotype permitted stable
enumeration of PMN-MDSC, irrespective of diverse WB processing conditions. In order to confirm reliability
of this novel PMN-MDSC phenotype, we tested these cells for functional markers and suppressive function by
flow-cytometry and showed that they express high intracellular arginase-1 levels and are endowed with abili-
ty to suppress T cell proliferation. Thus, we provided evidence for PMN-MDSC in WB to be unequivocally
defined by this novel immunophenotypic signature. We then evaluated CD45+CD15+Lox-
1highCD11bdimCD66bdim/bright PMN-MDSC frequency in the WB of ovarian, cervical, breast and non-small
cell lung (NSCL) carcinoma patients, ahead of any treatment. All patients presented with higher WB PMN-
MDSC levels than healthy subjects. Interestingly, the highest levels were found in NSCL carcinoma patients.
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A MULTICENTER STUDY OF THE EFFECTS OF INTERSTITIAL LUNG DISEASES ON
THE ALVEOLAR EXTRACELLULAR VESICLE PROFILE
Miriana d’Alessandro1#, Sara Gangi1, Piera Soccio2,3, Elisabet Cantó4, Ruben Osuna4, Laura Bergantini1,
Paolo Cameli1, Gaia Fabbri1, Sara Croce1, Giulia Scioscia2,3, Giusy Montuori1, Matteo Fanetti1, 
Giorgia Moriondo2,3, Fabrizio Mezzasalma5, Diego Castillo6, Donato Lacedonia2,3, Silvia Vidal4, 
Elena Bargagli1
1. Respiratory Diseases and Lung Transplantation Unit, Department of Medical and Surgical Sciences &
Neuro-sciences, University of Siena, 53100 Siena, Italy
2. Department of Medical and Surgical Sciences, University of Foggia, Foggia 71122, Italy
3. Institute of Respiratory Diseases, “Policlinico Riuniti of Foggia”, Foggia 71122, Italy
4. Inflammatory Diseases, Institut de Recerca de l'Hospital de la Santa Creu i Sant Pau, Biomedical Research
Institute Sant Pau (IIB Sant Pau), 08041 Barcelona, Spain.
5. Diagnostic and Interventional Bronchoscopy Unit, Cardio-Thoracic and Vascular Department, University
Hospital of Siena (Azienda Ospedaliera Universitaria Senese, AOUS), Siena, Italy
6. Respiratory Department, Hospital de la Santa Creu i Sant Pau, Sant Pau Biomedical Research Institute
(IIB-Sant Pau). Barcelona, Spain

Diagnosis of interstitial lung diseases (ILD) is difficult to perform. Extracellular vesicles (EVs) facilitate cell-to-cell
communication, and they are released by a variety of cells. Our goal aimed to investigate EVs markers in bron-
choalveolar lavage (BAL) from idiopathic pulmonary fibrosis (IPF), sarcoidosis and hypersensitivity pneumonitis
(HP) cohorts.
ILD patients followed at Siena, Barcelona and Foggia University Hospitals were enrolled. BAL supernatants were
used to isolate the EVs. They were characterized by flow cytometry assay through MACSPlex Exsome KIT
Majority of alveolar EVs markers were related to the fibrotic damage. CD56, CD105, CD142, CD31 and
CD49e were exclusively expressed by alveolar samples from IPF patients, while HP showed only CD86 and
CD24. Some EVs markers were in common between HP and sarcoidosis (CD11c, CD1c, CD209, CD4, CD40,
CD44, CD8). Principal Component Analysis distinguished the three groups based on EVs markers with total
variance of 60.08%
This study has demonstrated the validity of the flow cytometric method to phenotype and characterize EVs
surface markers in BAL samples. The two granulomatous disease, sarcoidosis and HP cohorts shared alve-
olar EVs markers not revealed in IPF patients. Our findings demonstrated the viability of the alveolar com-
partment allowing to identify lung-specific markers for IPF and HP.
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IMMUNOPHENOTYPIC CHARACTERIZATION OF PERIPHERAL BLOOD-DERIVED B
LYMPHOCYTES OF PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS DURING
B-CELL TARGETED THERAPY WITH ANTI-BLYS
Clara Di Mario1, Luca Petricca2, Valentina Varriano3, Annamaria Paglionico3, Maria Rita Gigante2, 
Simone Perniola3, Dario Bruno3, Barbara Tolusso1, Elisa Gremese1,3 
1 Immunology Research Core Facility – Gemelli Science and Technology Park (GSTeP) - Fondazione
Policlinico Universitario A. Gemelli IRCCS – Roma
2 UOC di Reumatologia – Fondazione Policlinico Universitario A. Gemelli IRCCS - Roma
3 UOSD di Immunologia Clinica –  Fondazione Policlinico Universitario A. Gemelli IRCCS - Roms

Background and aims.
BLyS inhibition following Belimumab therapy is associated with circulating B-cell subsets and short-lived plas-
macells reduction. The aim of this study was to characterize the B cell phenotype in Systemic Lupus
Erythematosus at baseline and after anti-BlyS treatment.
Methods.
Fifty-four active SLE patients (49 females, mean age 40.6±13.2 years, disease duration 12.3±9.0 years,
SLEDAI-2K 6.6±3.1) who received Belimumab were enrolled. Phenotyping of peripheral blood B cells (using
as phenotypic markers IgD, CD38 and CD27) was performed at six (T6) and twelve (T12) months by flow
cytometry.
Results.
In the whole SLE cohort a reduction of CD19pos [T0: 11.1±6.1% vs T6: 6.4±3.4%, p<0.01; T12: 4.2±3.4%,
p<0.01] and CD19posIgDposCD27neg [T0: 55.8±28.7% vs T6: 34.9±22.2%, p<0.01; T12: 30.0±19.4%;
p=0.04] and an increase of CD19posIgDnegCD27pos [T0: 21.0±20.2% vs T6: 37.5±21.4%, p<0.01; T12:
42.2±21.7%, p=0.02] after therapy was observed. Stratifying patients based on organ involvement, a reduc-
tion of CD19pos [T0: 10.7±4.6% vs T6: 6.8±2.4%, p=0.03; T12: 4.5±3.5%, p=0.03] and
CD19posIgDposCD27neg [T0: 61.0±24.6% vs T6: 38.9±17.5%, p<0.01; T12: 36.9±16.0%, p=0.03] in patients
with mild organ involvement and an increase of CD19posIgDnegCD27posin both subgroups [(severe SLE T0:
24.1±25.0% vs T6: 44.9±27.4%, p=0.01) (mild SLE T0: 18.9±18.3 vs T6: 31.2±12.7%, p<0.01)] was found.
Evaluating the B cell subsets according to the treatment response, a reduction of CD19posIgDposCD27neg
at T6 [(responders T0: 55.4±29.3 vs T6: 32.3±19.9, p<0.01) (no-responders T0: 63.1±41.3% vs T6:
41.4±33.5%, p=0.05)] and an increase of CD19posIgDnegCD27pos [(responders T0: 22.4±21.2% vs T6:
39.6±19.4%, p<0.01) (no-responders T0: 20.6±26.1% vs T6: 38.6±35.3%, p<0.05) was observed in both
groups. ROC curve analysis of IgDnegCD27possubset identified a cut-off of 9.94% [AUC(95% CIs:0.761:
(0.566-0.957),p=0.023) associated with response at T6. Moreover, having an IgDnegCD27pos rate ≥9.94%
[OR:4.5(95%CIs:0.9-17.2)] and the presence of anti-dsDNA antibodies at baseline [OR:5.2(95%CIs:1.2-
22.1)], identified patients who achieved early response within T6 from therapy initiation.
Conclusions.
Analysing B cells subsets, a different immunophenotype emerged in SLE non-responder patients compared
to responder patients, probably configuring a B-cell phenotype more resistant to anti-Blys therapy in non-
responders. Moreover, baseline immunological features and IgDnegCD27posB cell subset rate could be novel
putative biomarkers of response to anti-BLyS therapy in SLE.
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EFFECTS OF PROBIOTICS ON FUNCTIONAL ACTIVITIES OF THP-1-DERIVED
MACROPHAGES IN COMBINATION WITH MORINGA OLEIFERA AQUEOUS EXTRACT 
Di Placido D.1, El Degwy N. 1, Roglia V. 1, Minchella A. 1, Potestà M. 1, and Montesano C. 1,2
1. Department of Biology, University of Roma Tor Vergata, Rome, Italy
2. UNESCO Interdisciplinary Chair in Biotechnology and Bioethics, Rome, Italy.

Background
The emerging role of chronic, low-grade inflammation in the progression of diseases typical of modern soci-
ety has prompted the scientific community to comprehend the influence of nutrition and dietary patterns on
inflammation. The gastrointestinal tract can suffer the effects of chronic inflammation, leading to a persistent
activation of the immune system.
Moringa oleifera Lam. (MO), commonly used in African traditional medicine, is widely known for its high con-
tent in nutrients and bioactive compounds, that have been characterized in all parts of the plant, especially in
leaves and seeds. Many studies have confirmed MO pharmacological properties on several metabolism-relat-
ed diseases, in particular, MO has been proven to have anti-inflammatory, anticancer, and immunomodulato-
ry properties.
Lactic acid bacteria (LAB) are recognised as common inhabitants of the human gastrointestinal tract, and
have received attention in recent years due to their postulated health-promoting effects. There is evidence that
probiotic bacteria can modulate the host's immune response. 
Materials and Methods
Cell cultures and differentiation. The human monocytic cell line THP-1 was induced towards differentiation
with PMA at a concentration of 20 ng/mL.
MOES preparation. The extract of Moringa oleifera seeds (MOES) was prepared according to an African tra-
ditional method and administered to cells at a concentration of 2.5 mg/ml.
Probiotic cultures. Lyophilized cultures of Lactobacillus plantarum TJA7 were provided by Probionova SA
(Basel, Switzerland), purified by subsequent subcultures and administered to cells at a Multiplicity Of Infection
(MOI) of 500 bacteria : 1 cell.
Cytokine staining. Cytokine expression was evaluated by harvesting 0.5 x 106 cells for each treatment at
different time points (0, 3, 6, 12, and 24 hours), washed with PBS, permeabilized and stained with 0.5μl of
monoclonal antibodies specific for the following cytokines:  TNF-α, IL-6, IL-8, IL-1β, IL-10 and surface anti-
gens: CD16/CD11b and CD36.
Results
The effect of the co-treatment of MOES and of L. plantarum (LP) on cytokines production in THP-1-derived
macrophages was observed at 0, 3, 6, 12 and 24 hours, alone or in combination with LPS stimulus (20ng/mL).
Without LPS, differentiated THP-1 cells showed changes in the percentage of cells producing different
cytokines, suggesting a stronger and synergistic effect as compared to single treatments. The percentage of
TNF-α positive cells stimulated with LPS and treated LP + MOES was reduced respect to LPS alone, that
instead present a peak after 6 hours. The percentage of IL-8 positive cells was lower in MOES+LP treatment
and MOES alone respect to the control after 12 hours. Also the percentage of IL-10 positive cells appears to
increase after 3 hours respect to control. When in presence of LPS, this treatment induces a reduction of
CD36+ cells in every time point. 
Conclusion
The results suggest that cells treated with MOES and LP in inflammatory conditions do not undergo a further
inflammatory state but tend to upregulate specific cytokines to recruit other cell populations in the site of
inflammation and enhance the capability of macrophage to recognize antigens through CD36.
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AN INNOVATIVE FLOW CYTOMETRY TEST FOR EARLY DIAGNOSIS OF INVASIVE
BACTERIAL AND VIRAL INFECTION
La Sorda M, De Lorenzis D, Spanu T, D’Inzeo T, Fiori B, Graffeo R, Sali M, *Battaglia A, Sanguinetti M,
**Fattorossi A.
Dip. Sci. Lab. Infettivol. and **Facility di citometria, Fondazione Policlinico Gemelli, IRCCS, Roma, *Dip.

Scienze della Vita e Sanità Pubblica, UCSC, Roma, Italy
Early diagnosis and immediate treatment of invasive bacterial and viral infection reduce the risk of death.
Bacteria culture tests and molecular tests are the gold standard for differential diagnosis of bacterial and viral
infection. However, they may require several days to be performed, thereby reducing the clinical utility, may
be invasive (e.g,bronchoalveolar lavages) and a substantial proportion of patients even with severe sepsis are
culture negative. Present flow cytometry (FC) test optimizes and simplifies previous FC tests by minimizing
the influence of variables inherent in FC analysis (instrument and/or of reagent performance, operator expe-
rience, subjective analysis), is easy-to-perform, quick (execution time ~40 minutes) and requires only 50μl of
venous blood making it applicable to paediatric patients. The test measures the increase in Fcγ receptor type
1 (CD64) expression on polymorphonuclear granulocytes (PMN) as indicator of bacterial infection and the
increase of Siglec-1 (CD169) expression on monocytes (MO) as indicator of viral infection. The test also mea-
sures HLA-DR expression reduction and type 2 interleukin 1 receptor (IL-1R2) expression increase in MO as
indicators of immunocompromised status. We analysed 78 patients (age: 31-88 yrs, median 67 yrs; M/F ratio
1.8) from emergency room and hospitalization wards, in which infection was diagnosed clinically by the man-
aging physicians. Seventy-six percent of patients had bacterial infection, 11% had bacterial/viral co-infection
and 13% had viral infection with no evidence of bacterial co-infection. Presence of bacteria and/or viruses was
sought with standard microbiological tests on various bodily samples (blood, urine, sputum, bronchoalveolar
lavages, pharyngeal swabs, etc.). Age and gender matched health care professionals (n=15) with no evidence
of infection were included as comparison. A significant increase in CD64 expression was present in >98% of
patients with bacterial infection, irrespective of concomitant viral co-infection; a significant increase in CD169
expression was seen in >98% of patients with viral infection, irrespective of bacterial co-infection. Three of the
4 patients with reduced HLA-DR expression and concomitant IL-1R2 increased expression died. CONs: 1)
The test does not provide indications about the responsible bacterial or viral species and, in the case of bac-
terial infections, about the sensitivity to the different antibiotics. 2) Modulations of different markers may poten-
tially reflect the presence of cytokines not induced by pathogens. This hypothesis is currently under study.
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EVALUATION OF BASOPHILS SUBSETS IN PATIENTS WITH SEVERE
EOSINOPHILIC ASTHMA AND THEIR RESPONSE TO THE ANTI-IL5R MONOCLONAL
ANTIBODY BENRALIZUMAB
C. De Falco1, F. Perna2, D.F. Mariniello3, F. Massaro3, M. Balestrino3, A. Sola3, F.Garziano1, R. Boenzi1, 
C. Calabrese3
1. U.O.C. Clinical Biochemistry, A.O.R.N. Ospedali dei Colli, 80131 Napoli, Italy
2. Department of Clinical Medicine and Surgery, University Federico II, A.O.R.N. Ospedali dei Colli, 80131
Napoli, Italy
3. Department of Translational Medical Sciences, University of Campania 'Luigi Vanvitelli', A.O.R.N. Ospedali
dei Colli, 80131 Napoli, Italy

Basophils are the least common granulocytes, representing less than 1% of peripheral blood leukocytes in
both mice and humans. These cells share some features with tissue-resident mast cells even if they differ in
several aspects. Of great interest is the correlation of basophils and eosinophils in asthmatics. Suzuki et al
demonstrated a higher sensitivity, specificity, positive predictive value and negative predictive value of sputum
basophil counts for the discrimination of an eosinophilic asthma phenotype than blood eosinophil count and
exhaled nitric oxide (1). Although the contribution of basophils to the pathogenesis of asthma in humans
remains poorly understood, studies have identified a high number of basophils in both post-mortem lung tis-
sue and bronchial biopsies of asthmatic patients (2-3). Basophils are increased in the sputum of eosinophilic
asthmatics compared to non-eosinophilic asthma phenotypes but, interestingly, basophils are increased in the
sputum of both allergic and non-allergic eosinophilic asthmatic patients (8-9). Basophils have a multifaceted
role in several immunological processes in asthma. Basophil-derived IL-4 plays a role in the activation of both
naïve T helper cells and innate lymphoid cells (ILC) toward a type 2 response (4).  Basophils function as anti-
gen-presenting cells for an allergen-induced T helper type 2 response (6). Basophil-derived IL-4 has been
shown to regulate the infiltration of eosinophils and it could be speculated that early basophil migration into
the lungs during exacerbations might be important for subsequent infiltration of eosinophils into airways.
Understanding the factors that regulate basophil trafficking and activation might lead to better clarify their role
in asthma pathogenesis.
Two phenotypically distinct basophil populations in the peripheral blood have been identified: IL-3-elicited
basophils which degranulate in response to IgE-mediated crosslinking, and the other TSLP-elicited that exhibit
a limited ability to degranulate after IgE-mediated crosslinking, responding robustly to stimulation with IL-3, IL-18
or IL-33 (10). Collectively, these studies highlight that IL-3-elicited and TSLP-elicited basophils differentially
respond to IgE-mediated activation and can be further distinguished by their response to a variety of cytokines.
We evaluated, by flow cytometry, the different subpopulations of circulating basophils in patients with severe
eosinophilic asthma, treated with Benralizumab (30 mg/4 weeks for 3 times and then 30 mg/8 weeks) at base-
line and after 6 months of therapy. In particular, plasma samples were collected from each patient and ana-
lyzed by flow cytometry to characterize basophils surface receptors (IL-3R, IL-5R, TSLP-R, IL-25R, IL-33R,
and FcεRI) expression at the baseline and after 6 months of treatment.
We will report in detail the gating strategy and the preliminary results obtained.
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IN DEPTH CHARACTERIZATION OF HUMAN CMV- DRIVEN ADAPTIVE NK CELLS
THROUGH MASS SPECTROMETRY AND FLOW CYTOMETRY ANALYSES
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Human Natural killer (NK) cells are a population of innate lymphocytes, usually short- lived and rapidly
responding against viral infections and tumors. However, upon cytomegalovirus (CMV) infection, NK cells
reveal unexpected adaptive traits typical of T cells, such as enhanced effector function and longevity. CMV- 
driven adaptive NKs show high NKG2C (i.e. a HLA- E- specific activating receptor) levels, a mature phenotype
(CD57+KIR+NKG2A- ), epigenetic modifications and could display anti- tumor properties. In view of their
longevity and specialized functional features, adaptive NK cells are suitable candidates in cellular
immunotherapy.
Adaptive NK cells have been investigated so far mainly through cytofluorimetric approaches and transcrip-
tomic studies. Thus, to better characterize and possibly identify novel functional pathways associated to this
NK cell subset, we have set up a mass spectrometry proteome analysis on FACS- sorted adaptive NK cell sub-
sets isolated from six CMV- seropositive healthy donors. In particular we compared the proteomic signature of
adaptive NKG2C+CD57+ NK cells with conventional NKG2C- CD57-  NK cells, i.e. more immature NK cells
lacking CMV- driven imprinting.
We identified 4618 proteins from NK cell subsets lysates, representing the largest protein catalogue reported
so far for NK cells, and observed a sharply different proteome profile in adaptive compared to conventional
NK cells. Indeed, we found 165 proteins that were significantly more expressed and 263 proteins that were
significantly down- regulated on NKG2C+CD57+ NK cells as compared to NKG2C- CD57-  NK cells. The dif-
ferent proteome profile shown by adaptive NK cells confirmed previous data obtained by cytofluorimetric stud-
ies, such as higher expression of LILRB1 and lower expression of CD161. On the other hand, our proteome
analysis confirmed at the protein level data from transcriptomic studies, such as higher expression of the anti-
apoptotic protein Bcl- 2, possibly responsible for adaptive NK cell longevity, and of the signaling protein CD3e.
Based on the hints from mass spectrometry data, we further investigated the most significant differentially
expressed proteins through intracellular flow cytometry to validate our results in a larger donors cohort and to
explore in detail NK cell subsets not included in the proteomic analysis. We could thus reveal that high Bcl- 2
expression mainly characterizes NKG2C+ NK cells including not only adaptive NKG2C+CD57+ but also the
less differentiated NKG2C+CD57-  NK cells. In addition, we confirmed that cytoplasmic CD3e expression
marks adaptive NKG2C+CD57+ NK cells highlighting the phenotypic proximity that this NK cell subset dis-
plays with T lymphocytes.
Thus, mass spectrometry proteome profiling of adaptive NK cells, combined to cytofluorimetric analyses, has
provided further insights in their biology and revealed novel features that could be relevant also to better har-
ness this NK cell subset for immunotherapeutic purposes.
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BIOMIMETIC PROTEOLIPID LEUCOSOME VESICLE CHARACTERIZATION BY FLOW
CYTOMETRY IMMUNOPHENOTYPING
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ABackground. Novel platforms for drug delivery are required to highly increase molecule uptake by specific
targeted cells simultaneously reducing off-target effects and to enhance drug efficiency. Liposomes consist of
an aqueous volume entrapped by one or more bilayers formed by both natural and/or synthetic lipids. Indeed,
cationic Liposomes, sterically stabilized, exhibit high affinity to cell membranes and can be used to deliver
exogenous material intracellularly via cell membrane fusion. Liposomes are promising biocompatible vesicu-
lar carriers, also because of their amphipathic nature allowing encapsulation of a wide range of molecules.
Despite chemical functionalization, carrier clearance is not completely prevented, therefore novel biomimetic
strategies, including membrane protein incorporation within liposome bilayer, are of high interest as promis-
ing drug delivery systems. In this study, we characterized liposomes functionalized with human membrane
proteins and assembled using a microfluidic technology, by mixing phosphocholine-based phospholipids plus
cholesterol. These biomimetic proteo-lipid vesicles (BPLVs) were characterized for several surface markers to
confirm that BPLVs can successfully incorporate human surface membrane proteins and can correctly orient
them through the synthetic lipid bilayer. 
Materials and Methods. BPLV characterization was carried out by flow cytometry immunophenotyping. To
avoid bead use for vesicle identification by linear parameters, vesicles were rhodamine-conjugated, and par-
ticle concentration was assessed using Nanosight, an instrument for Nanoparticle Tracking Analysis (NTA)
(Malvern Instruments Ltd, Malvern, Worcestershire, UK). Afterwards, a total of 1x107 particles were resus-
pended in 100 μL of filtrated water and were stained with FLAER-FITC (), CD3-ECD, CD33-PC5.5, CD14-
Alexa Fluor 750, CD45-Krome Orange, and HLA-DR-SuperNova 780 (all from Beckman Coulter). After 20 min
incubation at room temperature, samples were directly resuspended in a final volume of 300 μL of filtrated
water for acquisition. Samples were acquired on a DxFlex cytometer (Beckman Coulter), equipped with violet
(405 nm), blue (488 nm), and red (633 nm) lasers. Instrument daily quality control was carried out using
CytoFlex Daily QC Fluorospheres (Beckman Coulter). Post-acquisition analysis was performed using FlowJo
software (v.10.8.1; BD Biosciences).
Results. For BPLV characterization, vesicles were first identifying by gating for rhodamine and CD3, hypoth-
esizing that correctly formed BPLVs incorporated both rhodamine-conjugated lipids and human surface pro-
teins, such as CD3. Next, CD3+Rhodamine+ vesicles were studied for: CD14, a monocyte marker; CD33, a
granulocyte / monocyte marker; CD45, a pan-leukocyte marker; HLA-DR, an activation marker; and FLAER,
a molecule that binds the GPI-anchor thus identifying all GPI-linked proteins and being a marker of the pres-
ence of post-translational-modified proteins on BPLVs. An unstained sample of rhodamine-conjugated parti-
cles was used as negative control for setting gate boundaries. Human surface proteins were highly enriched
on BPLV surface and correctly positioned within the lipid layers. In particular, CD33, CD14, and GPI-linked
proteins were highly present, while CD45 and HLA-DR were at low levels, likely because of donor-dependent
T cell activation status. 
Conclusions. BPLVs can be successfully characterized by multiparametric flow cytometry immunophenotyp-
ing avoiding beads usage adopting rhodamine-conjugated lipids. However, titration should be performed dur-
ing protocol optimization to identifying optimal particle and antibody concentrations. 
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Background: Natural Killer cells (NKs) represent the innate counterpart of T lymphocytes and are characterized
by a high anti-tumor and an anti-viral cytotoxic activity. Recently, it has been demonstrated that NKs can express
PD-1 as an additional inhibitory receptor. Specifically, PD-1 was identified on a subpopulation of terminally dif-
ferentiated NKs from healthy adults with previous HCMV infection. So far it is unknown whether PD-1 appears
during NK-cell development and whether this process is directly or indirectly related to HCMV infection. 
Methods: In this study, we analyzed the expression and function of PD-1 on Cord Blood derived NKs (CB-
NKs) on a large cohort of newborns through multiparametric cytofluorimetric analysis. 
Results: We identified PD-1 on CB-NKs in half the newborns analyzed. PD-1 was present on CD56dim NKs,
and particularly abundant on CD56neg NKs, but only rarely present on CD56bright NKs. Importantly, unlike in
adult healthy donors, in CB-NKs PD-1 is co-expressed not only with KIR, but also with NKG2A. PD-1 expres-
sion was independent of HCMV mother seropositivity and occurs in the absence of HCMV infection/reactiva-
tion during pregnancy. Notably, PD-1 expressed on CB-NKs was functional and mediated negative signals
when triggered. 
Conclusion: To our understanding, this study is the first to report PD-1 expression on CB derived NKs and
its features in perinatal conditions. These data may prove important in selecting the most suitable CB derived
NK cell population for the development of different immunotherapeutic treatments.
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PHENOTYPIC AND FUNCTIONAL STUDY OF CD8+ TISSUE-RESIDENT MEMORY
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Mojtaba Shekarkar Azgomi1,2, Bartolo Tamburini1,2, Francesco Dieli1,2, Nadia Caccamo1,2
1 Central Laboratory of Advanced Diagnosis and Biomedical Research (CLADIBIOR), University Hospital of
Palermo, 90129 Palermo, Italy; 2 Department of Biomedicine, Neuroscience and Advanced Diagnosis,
University of Palermo, Italy, 3 Haematology, Biomedical Department of Internal Medicine and Medical
Specialties, University of Palermo, Palermo, Italy. 4 Division UOC C.Q.R.C. Ospedali Riuniti Villa Sofia
Cervello, Palermo, Italy;

Non-circulating resident memory T lymphocytes (TRM) constitute a cells subset that permanently resides in
the peripheral tissues, including bone marrow (BM), and acts as sentinel against pathogens. In addition, these
cells constitutively express specific tissue-homing markers like CD103. In recent years, several studies have
assessed the possible role of CD8+ TRM in the immune response against tumours.
Multiple Myeloma (MM) is the clonal expansion of malignant plasma cells that can release monoclonal
immunoglobulins or their fractions. It is part of a broader spectrum of pathological conditions, including mon-
oclonal gammopathy of undetermined significance (MGUS) and smouldering multiple myeloma (SM). The
malignant plasma cells, as their physiological counterpart, have a tropism for the bone marrow trophic nich-
es, representing the perfect environment for the proliferation of these cells.
Considering that the onset of MM is a multistep process, which results in the colonization of BM, we analyzed,
by flow cytometry and functional experiments, the consistency, phenotype, and functional properties of the BM
TRM in 26 patients with a new diagnosis of MM and five patients with SM to evaluate a possible role of these
cells in the immune response against malignant plasma cells infiltrating the BM.
The ex vivo average frequency of MM CD8+ TRM gated as CD3+, CD8+, CD103+, and CD69+ was 0.6%.
These cells showed mainly (77,8%) effector memory (EM) phenotype (CD45RA-, CCR7-) while the 10,1%
showed terminally differentiated (TEMRA) phenotype (CD45RA+, CCR7-). In five patients with smouldering
myeloma (SM), a pre-malignant disease of plasma cells, we detected a 0,2% average frequency of CD8+
TRM cells, with the vast majority displaying an EM (80,5%) phenotype.
To evaluate factors able to induce the expansion of these cells in vitro, we cultured BM-derived mononucle-
ate cells (MC) in the presence of three different combinations of homeostatic cytokines, IL-15, IL-7 plus IL-15,
and IL-7 plus IL-15 and TGF-β. Results yield an increase in the percentage of CD8+ TRM in all conditions
tested, especially under the proliferative input of IL-15. Furthermore, adding PHA to the mix of three homeo-
static cytokines caused a more pronounced expansion of CD8+ TRM cells.
To study the possible cytotoxic immune function of MM patients’ BM CD8+ TRM cells, we also evaluated
CD107a/b expression on their cell surface after stimulation with ionomycin and PMA. Results showed signif-
icant degranulation of BM CD8+ TRM cells, confirmed by the appreciable cytotoxic activity of ex vivo expand-
ed CD8+ TRM against autologous myeloma cells in a Cr51 cytotoxicity assay.
This study highlights the presence of a small but reactive population of CD8+ TRM with a potential cytotoxic
capacity in the BM of MM patients. However, further studies are needed to profoundly investigate the functional
role of these cells against myeloma cells, also in the perspective of possible use in future therapeutic programs.
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SPATIAL PROFILING OF TUMOR-INFILTRATING IMMUNE CELL SUBPOPULATIONS
IN CHILDHOOD EPENDYMOMA
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Immune-therapy is a strategy for targeting a variety of tumors and tumor microenvironment (TME) composi-
tion is often related to patients’ response. Tumors are frequently described as immunologically “hot” or “cold”.
In “hot” tumors the TME is infiltrated by T cells, suggesting an ongoing immune response, while TME of “cold”
tumors contains only few T cells, suggesting a weak immune response. Thus, classifying a tumor as “hot” or
“cold” may predict immunotherapy efficacy. Additionally, spatial and temporal heterogeneity of cancer-cell
clones with diverse molecular and biological characteristics can condition tumor ability to overcome microen-
vironmental constraints, such as growth factors and oxygen deprivation, acidic and/or hypoxic conditions, vas-
cularization, immunological surveillance and exposure to drugs. Thus, understanding the complexity of the
TME and of its role as main driver of tumor evolution is of outmost importance. Ependymomas (EPN) are the
second most common malignant tumor of the Central Nervous System (CNS) in children. The mainstays of
treatment consist in surgery and radiotherapy, chemotherapy being generally ineffective. Thus, novel thera-
peutic strategies such as immunotherapy are being explored for achieving long-term disease control. Studies
focused on genomics, transcriptomics and methylomics have greatly expanded our understanding of the biol-
ogy underlying childhood EPN and single-cell RNA-seq studies have revealed the heterogeneity of tumor and
TME. These approaches, however, ignore key features of anatomical connections, including spatial arrange-
ment. We performed TME spatial phenotyping in childhood EPN at diagnosis and at relapse to explore the
main immune and tumor cell subpopulations, and their connections, using the Tyramide Signal Amplification-
based Opal assay for the TME immunofluorescence staining. We used the following antibody panels:
CD68/CD163 (M2 macrophages); CD68/CCL2 (M1 macrophages); CD68/CD44 (macrophages associated to
tumor angiogenesis); CD68/CD163/Ki67 (activated M2 macrophages); CD68/CCL2/Ki-67 (activated M1
macrophages); CD8/CD4/FOXP3 (regulatory T cells); SP100/Ki67 (proliferating tumor cells); FOS/COL9A2
(neuronal tumor stem cells);  CA9/CD44 (mesenchimal-like tumor cells), DNAF1/RSPH1 (astro-ependymal
like tumor cells), AQP4/GFAP (ependymal like tumor cells). Preliminary data suggest the presence of a large
spatial and temporal heterogeneity in the TME of childhood EPN that will probably provide useful information
for future immunotherapy strategies.
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MULTIPARAMETER FLOW CYTOMETRY FOR EVALUATION OF MOUSE AND
HUMAN EOSINOPHILS AS POTENTIAL IMMUNE BIOMARKERS
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Eosinophils are a rare subset of bone marrow-derived granulocytes that play major roles in allergic diseases
and parasitic infections. Eosinophils are also implicated in a variety of important biological functions, includ-
ing host defense against bacterial and viral infections, and cancer. Circulating eosinophils are emerging as
potential prognostic/predictive immune biomarkers in different clinical settings, including viral diseases like
COVID-19, and cancer. Multiparameter flow cytometry (MFC) enables high-throughput profiling and classifi-
cation of eosinophil subsets. Human blood eosinophils express a variety of cell surface receptors relevant to
their identity, maturation, activation, apoptosis, adhesion, rolling, homing, and migration in tissues. They are
defined as CD45+ leukocytes expressing CD294 (CRTH2), CD15 and the late differentiation marker Siglec-8,
while lacking CD3, CD19, CD56, CD14 and CD16 lineage markers. In addition, their activation has been asso-
ciated to upregulation of CD63, CD69 and CD11b, and downregulation of CD62L. Previous studies indicated
that IL-33 induces potent activation of human and mouse eosinophils resulting in increased expression of
CD69 and CD11b, the latter promoting adhesion and contact-dependent degranulation. In the present study,
we have developed MFC panels for analysis of phenotype and activation status of mouse and human
eosinophils in steady-state conditions or upon activation. In particular, we developed a panel for the charac-
terization of mouse eosinophils ex vivo in tumor models and following stimulation with IL-33 in vitro, consist-
ing of several monoclonal antibodies (MoAbs): Ly6G, Siglec-F, CD69, CD11b and CD44. In parallel, we
designed a panel for human eosinophil activation, consisting of a commercial backbone dried antibody mix-
ture, containing CD45, CD294, CD11b, CD15, CD16, CD33 and CD274 (PDL-1), CD62L and a lineage mark-
er cocktail for lympho-monocyte exclusion, integrated with MoAbs detecting Siglec-8 along with the CD69 and
CD63 activation markers, to stain whole blood samples stimulated in vitro. Moreover, a deep MFC of circulat-
ing granulocytes, including eosinophils, was performed on whole blood samples, in the context of a clinical
study for the development of a therapeutic vaccine for breast cancer patients. Preliminary results indicated a
statistically significant lower eosinophil rate in metastatic compared to primary breast cancer patients; lower
levels of activated eosinophils (CD62L-) in both primary and metastatic patients, compared to age-matched,
female healthy volunteers, as well as lack of different activated innate immune cells (p = 0.001 for CD62L-) in
primary and metastatic patients versus healthy subjects. Although optimization and harmonisation will be cru-
cial to guarantee reproducibility of data especially in multicentre trials, our MFC panels provide a starting tool
for eosinophil characterization as immune biomarkers in pre-clinical models of disease and clinics.
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ANALYSIS AND SORTING OF EXTRACELLULAR VESICLE SUBPOPULATIONS 
BY HIGH-RESOLUTION FLOW CYTOMETRY
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Sargiacomo Massimo1, Fiani Maria Luisa1
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Exosomes are a subtype of small extracellular vesicles (sEV) formed within late endocytic compartments or
multivesicular bodies (MVB) by inward budding of their limiting membrane into the lumen. Interest in exo-
somes has grown exponentially in recent years due to their crucial role in intercellular communication and to
their potential clinical application in therapy and diagnosis. However, important aspects of the biology of exo-
somes remain unknown because of the wide heterogeneity among secreted vesicles. Thus, new reliable
experimental strategies to identify specific exosome populations originating from MVB are needed. We devel-
oped a methodology to obtain fluorescent vesicles (Bodipy sEV) by using palmitic acid Bodipy FL C16 (C16)
and lauric acid Bodipy 558-568 (C12), that emit fluorescence in the wavelength of green and red, respective-
ly. When internalized by cells, they are converted into phospholipids and are incorporated into the bilayer of
secreted vesicles that can be traced and counted through flow cytometry.
To characterize Bodipy sEV we first analyzed their protein and lipid profile and then sorted them to obtain a
pure population of green fluorescent sEV. Sorted Bodipy sEV were analyzed by electron microscopy. We
observed a homogeneous population of vesicles about 80 nm in size smaller than the bulk of secreted sEV
expressing the exosomal markers CD63 and CD81 on their surface. Moreover, we successfully sorted green
and red Bodipy sEV released by cells labeled with C16 and C12.
Finally, we have combined the C12 labelling technique with transfection using a DNA vector that expressed a
mutant form of the HIV-1 Nef protein (NefG3C) fused with Green Fluorescent Protein (GFP). This particular
variant of Nef contained a palmitoylation domain at its N-terminus, which served as a sEV-anchoring protein.
Upon transfection and sorting, experimental data indicated that the cells released green and red sEVs along
with double-labeled vesicles identified as exosomes. Taken together, these results demonstrate that the use
of sorting is a valuable tool in obtaining pure population of sEV that can be further characterized and used to
study their interaction with antigen presenting cells, like dendritic cells and macrophages. 
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FLOW CYTOMETRY CHARACTERIZATION OF TUMOR ASSOCIATED MACROPHAGES
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University of Naples Federico II ¬ Department of Molecular Medicine and Medical Biotechnology, Naples, Italy 

Tumor-associated macrophages (TAMs) play a central role in tumor growth, immune tolerance, and
immunotherapy (IT) resistance. There is an urgent need for diagnostic tools for accurate qualitative, and quan-
titative assessment of these tumor-friendly cells. Immunophenotyping blood cells to evaluate the immune sys-
tem is a powerful technology. Unfortunately, in depth knowledge of TAMs and a signature that can clearly and
reliably identify them is still lacking. In the last decade, our lab has been involved in studying FKBP51 in
immune oncology. FKBP51 promotes immune evasion through its short isoform, FKBP51s, a protein highly
expressed in circulating monocytes of cancer patients resistant to IT. In this study we identified FKBP51s as
univocal biomarker of TAMs. As a first approach, we performed ex vivo experiments of macrophage polariza-
tion with both the THP-1 macrophage cell line and primary monocytes to obtain classically activated M1-
macrophages, alternatively polarized M2a macrophages, and the deactivated M2c-macrophages. The THP-1
immunophenotype revealed a strong CD45, HLA-DR, and CD86 expression associated with the M1
macrophages, while CD206, CD36, and Arginase 1 were highly expressed in M2 macrophages. Selective
FKBP51s expression in M2c and M2a macrophages was observed by immunoblot and confirmed by flow
cytometry. By immunophenotyping primary macrophages, we found Arginase 1 and the scavenger receptor
CD36 significantly expressed in M2 macrophages, but some differences in M1 and M2 profiles were observed
with respect to THP-1, thus highlighting the profound heterogeneity of primary samples. Particularly, the M2
markers CD163 and PD-L1 did not show significant differences in expression among the different profiles.
Interestingly, we observed that the co-expression of CD163 or PD-L1 with FKBP51s appeared only in M2
macrophages, thus supporting the conclusion that FKBP5 splicing can make the difference in identifying this
cell subset. To validate our in vitro results, we immunophenotyped TME and peripheral blood from 37
Glioblastoma patients, using classical M1 and M2 macrophage markers in conjunction with FKBP51s and flow
cytometry. Analysis of TME highlighted a strong positivity for FKBP51s in tumor infiltrating macrophages and
in the tumor cells. Similarly, immunophenotyping of peripheral blood showed co-expression of FKBP51s with
typical M2 markers (PDL-1, CD169, CD163, CD206, CD36, Arginase) in CD14-gated cells. In conclusion, in
the complex scenario of macrophage polarization, where membrane protein expression is heterogeneous and
common determinants mark either M1 and M2, this spliced protein appears to be an M2 hallmark useful for a
qualitative/quantitative assessment of TAMs in cancer patients.
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AGE-MATCHED REFERENCE VALUES FOR CIRCULATING NATURAL KILLER T
(NKT)-LIKE CELLS
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Background and Aim
Natural Killer T (NKT)-like cells are a heterogeneous group of T lymphocytes characterized by the expression
of CD56 and other NK antigens. In particular, these cells are capable to produce cytolytic molecules typical of
the innate immunity compartment, so their imbalance could lead to pathologic conditions. To the best of our
knowledge, there is a scarcity of reference values of these cells, especially for the pediatric population, where
normal ranges for different age groups are still lacking. Therefore, in this study we have defined reference val-
ues of NKT-like cells, for adults and for pediatric subjects subdivided in 5 age ranges, following a CE-IVD lab-
oratory work-up.
Materials and Methods
Peripheral EDTA blood samples from outpatients referred to our laboratory for immunophenotyping were pro-
cessed with a lyse-no-wash protocol using MultitestTM 6-color TBNK Kit. Moreover, the expression of CD4
and CD8 on NKT-like cell population was also evaluated. Flow cytometry acquisition and analysis were per-
formed with BD FACSLyric (FACSuite and FACSuite Clinical softwares v1.5, BD). 
Outpatients without alteration of any laboratory test and healthy blood donors were used to determine NKT-
like age-matched reference values. A total of 490 subjects divided into six age ranges were finally enrolled: n.
44 (0-15 months), n. 72 (15-24 months), n. 85 (2-5 years), n. 65 (5-10 years), n. 66 (10-16 years), n. 117 (>16
years) and n. 41 blood donors. 
Both reference values of absolute NKT-like cell count (μl) were expressed as median and 5th and 95th per-
centiles.
Results
Our reference values for NKT-like cells as cells/μl were: 14/μl (3-52) for 0-15 months; 18/μl (3-48) for 15-24
months; 26/μl (10-68) for 2-5 years; 46/μl (12-114) for 5-10 years; 53/μl (15-153) for 10-16 years; 97/μl (27-
225) for >16 years. Considering the percentage on total lymphocytes our reference values were: 0.2% (0.03-
1.0) for 0-15 months; 0.3% (0.07-1.0) for 15-24 months; 0.7% (0.2-1.9) for 2-5 years; 1.5% (0.4-4.6) for 5-10
years; 2.4% (0.6-7.2) for 10-16 years; 4.8% (1.3-11.2) for >16 years.
NKT-like cell number increases with the age both in percentage and absolute count. Interestingly, while NKT-
like/CD8+ cells increased with age, NKT-like/CD4+ cells showed an opposite trend. Similarly, double-positive
cells (NKT-like/CD4+CD8+) gradually decreased with age, while double negative cells (NKT-like/CD4-CD8-)
increased up to 16 years and then decreased in adults. 
Conclusions
This work is a first step over the definition of robust reference values for NKT-like cell subpopulations under
the CE-IVD conditions.  Providing NKT-like cell number and frequency in the diagnostic report appears help-
ful to better delineate the immune profile of patients and to establish NKT-like cells involvement in different
disorders. 
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BOTH DOWN-REGULATION AND IN VIVO BLOCKADE OF MGLUR5 RECEPTORS
REDUCE THE REACTIVE PHENOTYPE OF SPINAL-CORD ASTROCYTES AND
IMPROVES THE DISEASE PROGRESSION IN A MOUSE MODEL OF AMYOTROPHIC
LATERAL SCLEROSIS
C. Usai1, M. Milanese2,3, T. Bonifacino2, C. Torazza2, F. Provenzano2, S. Ravera2, C. Rebosio2, M. Balbi2,
G. Bonanno2,3
1Inst. of Biophysics, Nat. Res. Council, Genoa, Italy; 2Dept. of Pharmacy, Unit of Pharmacology and
Toxicology, University of Genoa, Genoa, Italy; 3Centre of Excellence for Biomed. Res., University of Genoa,
Genoa, Italy 

Amyotrophic lateral sclerosis (ALS) is a lethal neurodegenerative disease characterized by a selective death
of motor neurons (MNs). ALS is a multifactorial and non-cell autonomous disease, where the non-neuronal
cells are involved in MNs degeneration. Glutamate-mediated excitotoxicity has been proposed as a major
cause that trigger MNs degeneration. Although the etiopathogenesis is not fully understood, several studies
demonstrated that damage within MNs is sustained by the degeneration of spinal cord astrocytes. The
metabotropic glutamate receptor mGluR5 likely play a role in ALS, since it is over-expressed and functional-
ly altered in different experimental model of ALS. In this work we investigate the effects of mGluR5 down-reg-
ulation on the reactive phenotype of astrocytes in ALS. We used here spinal cord astrocyte cultures from adult
mice expressing the mutant human SOD1 with a Gly93Ala substitution (SOD1G93A), mice expressing half
dose of mGluR5 (mGluR5+/-) and mice carrying the SOD1G93A transgene and lacking one allele of the
mGluR5 encoding genes. Experiments with the FURA2 dye showed a higher cytosolic calcium concentration
in SOD1G93A than in WT mice. mGluR5 knocking-down significantly reduced the excessive [Ca2+]i. Confocal
microscopy revealed that the astrogliosis markers GFAP, vimentin and S100β were more expressed in
SOD1G93A respect to WT mice and decreased in SOD1G93AmGluR5+/- mice. The same was true for the
expression of the autophagy activation marker LC3-II. mGluR5 knocking-down also reduces the presence of
misfolded-SOD1 protein. Thus, a lower constitutive level of mGluR5 had a positive impact in SOD1G93A
mouse astrocytes, suggesting that mGluR5 may be a pharmacological target for cell specific therapeutic
approaches in ALS. Based on these results, we tested the effect of the pharmacological blockade of mGluR5
in SOD1G93A mice by CTEP [2-chloro-4-((2,5-dimethyl–1-(4- (trifluoromethoxy)phenyl)-1H-imidazol-4-
yl)ethynyl)pyridine], a mGluR5 negative allosteric modulator (NAM), starting at the early symptomatic stage of
the disease (90 days of life). This treatment increased survival probability and improved motor abilities of mice,
showing that blockade of mGluR5 has a significant impact in-vivo on ALS clinical outcome. In conclusion, our
results suggest that mGluR5 may represent a target for the use of CTEP, or other mGluR5 NAMs, as promis-
ing drugs for the therapy for ALS.
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GUADECITABINE INCREASES RESPONSE TO COMBINED ANTI-CTLA-4 AND ANTI-
PD-1 TREATMENT IN MOUSE MELANOMA IN VIVO BY CONTROLLING THE
RESPONSES OF T-CELLS, MYELOID DERIVED SUPPRESSOR CELLS AND NK
CELLS 
Adriana Amaro, Francesco Reggiani, Daniela Fenoglio,  Rosaria Gangemi, Anna Tosi, Alessia Parodi, 
Barbara Banelli, Valentina Rigo, Luca Mastracci, Federica Grillo, Fabio Sallustio, Laura Emionite, 
Antonio Daga, Tiziana Altosole, Gilberto Filaci, Antonio Rosato, Michele Maio, on behalf of EPigenetic
Immune-oncology Consortium Airc (EPICA) investigators, Ulrich Pfeffer and Michela Croce.
IRCCS Ospedale Policlinico San Martino, Genova, Italy1, Department of Internal Medicine, University of
Genova, Genova, Italy2, Immunology and Molecular Oncology Diagnostics, Veneto Institute of Oncology IOV-
IRCCS, Padova, Italy3, Department of Interdisciplinary Medicine, University of Bari "Aldo Moro", Bari, Italy6,
Department of Surgery, Oncology and Gastroenterology, University of Padova, Padova, Italy7,University of
Siena, Siena, Italy8.

The combination of PD-1 and CTLA-4 blockade has determined an improved overall survival (OS) rate for
malignant melanoma at 3 years of 58% as compared to ipilimumab alone. Immune checkpoint blockers (ICB)
limit the tumor’s immune escape yet only for approximately a third of all tumors and, in most cases, for a lim-
ited amount of time. Several approaches to overcome resistance to ICB are being investigated among which
the addition of epigenetic drugs that are expected to act on both immune and tumor cells. Guadecitabine is a
dinucleotide prodrug of a decitabine linked via phosphodiester bond to a guanosine that showed promising
results in the phase-1clinical trial, NIBIT-M4 (NCT02608437). We used the syngeneic B16F10 murine
melanoma model to study the effects of immune checkpoint blocking antibodies against CTLA-4 and PD-1 in
combination, with and without the addition of Guadecitabine. We comprehensively characterized the tumor’s
and the host’s responses under different treatments by flow cytometry, multiplex immunofluorescence and
methylation analysis. Guadecitabine in combination with ICBs significantly reduced tumor growth compared
to ICB and Guadecitabine treatment. The demethylating drug led to a general DNA-demethylation and tran-
scriptional modification of gene expression. In particular, Guadecitabine greatly enhanced the efficacy of com-
bined ICBs by increasing effector memory CD8+ T cells, and reducing tumor infiltrating regulatory T cells and
MDSC cells, in the TME. These results indicate Guadecitabine as a promising epigenetic drug to be added to
ICB therapy.
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ANALYSIS OF EXTRACELLULAR VESICLE CARGO SECRETED BY GLIOBLASTOMA
CANCER CELL MODELS IN VITRO AND IN VIVO
Cifola I.1, Vilardo L.1, Gatti G.2, Panini N.3, Orsini T.4, Fratini F.5, Papi M.6, Falcone G.4, Cenciarelli C.7,
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Small extracellular vesicles (sEVs) mediate intercellular communication in both normal and tumor cells. sEVs
derived from glioblastoma (GBM), one of the most aggressive and lethal forms of primary brain tumors,
release molecules that alter the surrounding environment to favor tumor invasion. Important molecular effec-
tors of this tumor promoting activity are microRNAs (miRNAs) and proteins. 
We studied the miRNA (by Agilent microarray technology) and protein (by mass spectrometry) content of sEVs
derived from three GBM cancer stem cell (CSC) lines originated from primary human tumors, in comparison
with two established GBM cell lines (U87 and U373). The isolated sEVs were counted and characterized by
FACS, for the presence of surface EV specific markers (e.g. CD81, CD9). We found a total of 854 miRNAs
contained in the sEVs of our samples, of which 195 (23%) were in common among the three cell types. The
analysis of such miRNAs indicate that U87 and U373 cell line-sEVs are selectively enriched for miRNAs that
are known to display tumor suppressor activity. While, their protein cargo is enriched with oncoproteins and
tumor-associated proteins. Conversely, among the most up-regulated miRNAs in CSC-sEVs, we also found
pro-tumor miRNAs and proteins related to stemness, cell proliferation, and apoptosis. These data show that
the miRNA and protein contents of sEVs are not functionally correlated, being miRNAs linked to pathways that
control transcription and presumably regulate gene expression in recipient cells. In contrast, proteins present
in EVs appear to be involved in a broad spectrum of cellular signal transduction pathways that may control
how recipient cells respond to external signals. 
The characterization of EVs secreted by tumor cells, to identify molecular signatures for tumor diagnosis has
a great potential in the liquid biopsy landscape, which could possibly replace the more costly and invasive tis-
sue biopsies in the near future. Recently, we developed a human GBM xenograft mouse model, using the U87
MG cell line, to accurately identify the sEVs specifically secreted in the bloodstream by the tumor cells from
the brain. We traced the secreted EVs by transfecting the U87MG cells with a construct coding for a red flu-
orescent (dTomato, dT) CD81 fusion protein. CD81 is a tetraspanin specifically expressed on the sEV surface.
After transfection, to enrich the dT-CD81 cell population, we sorted the fluorescent cells and expanded them
in vitro. We then characterized the sEVs released by the U87 MG-dT-CD81 cell clone by microscopy, WB and
FACS after immunocapturing the vesicles with magnetic beads. Then, we injected the U87MG-dT-CD81 cells
in NSG mouse brains and purified circulating fluorescent sEVs. FACS analysis revealed the presence of about
1% of human fluorescent sEVs in the mouse plasma and we sorted them to profile miRNAs by RNASeq. 
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DNA-PK INHIBITION SUSTAINS IMMUNOTHERAPY RESPONSE INDUCING 
NON-CANONICAL ACTIVATION OF STING PATHWAY THROUGH MAVS SIGNALING
IN SCLC 
De Rosa C.1, Tuccillo C.1, Amato L.1, Tirino V.2, Iommelli F.3, Papaccio F.4, Ciardiello F.1, Morgillo F.1 
and Della Corte CM.1
1 Department of Precision Medicine, University of Campania Luigi Vanvitelli, Italy;
2 Department of Experimental Medicine, University of Campania Luigi Vanvitelli, Italy;
3 Institute of Biostructures and Bioimaging, National Research Council, Naples, Italy;
4 Department of Medicine, Surgery and Dentistry, “Scuola Medica Salernitana”, University of Salerno,
Baronissi, Italy

Introduction
Small Cell Lung Cancer (SCLC) is a hard-to-treat cancer type due to high aggressiveness and biological fea-
tures. Several studies demonstrated that the addition of DNA damaging therapies (chemo-, radiotherapy or
DNA Damage Repair Inhibitors, DDRi) to immunotherapy (IO) increases antitumor immune response via acti-
vation of Stimulator of Interferon Genes (STING), the major innate immune pathway. As a result, STING ago-
nists are proving to be highly active immune-adjuvant agents in the treatment of both infectious diseases and
cancer. Given the heterogeneity of SCLC and the possibility of switching between subtypes under treatment
pressure, we hypothesize that DDRi may induce simultaneous activation of multiple innate immune pathways
and sensitize otherwise immune-resistant SCLC. Here, we show that human PBMC-derived lymphocytes
mount innate immune responses after DDRi involving a non-canonical STING activation mediated by DNA-
PK inhibition, leading to assembly of an alternative STING signalling complex including mitochondrial antivi-
ral signalling protein (MAVS). 
Material and method
PBMCs from SCLC patients (pre- and post-chemoimmunotherapy, CIT) or healthy donors were isolated and
grown for 5 days alone or in coculture with H446 SCLC cell line spheroids. After 48h, DNA-PK-I and/or
ENPP1-I (2 μM) plus atezolizumab (10 μg/ml) were added for further 72h. STING, MAVS and PDL1 expres-
sion was assessed at mRNA and protein levels in SCLC and PBMC. Indirect immunofluorescence (IF) and
co-immunoprecipitation (IP) experiments were used to assess the subcellular localisation and physical inter-
action of STING and MAVS in immune cells. After coculture, spheroid diameter was assessed and spheroid-
infiltrating (IN) and medium-remaining (OUT) immune cells were mechanically separated and analysed by
flow cytometry (FC).
Results and discussion
The expression of STING, MAVS and PDL1 was significantly increased (p<0.0005) in DNA-PK-I treated SCLC
PBMCs compared to untreated cells. Higher levels of STING/MAVS were found in PBMCs collected from
patients after CIT. Increased mitochondrial recruitment of STING was found in DNA-PK-I treated immune
cells. IP analysis showed a physical interaction between MAVS and STING in DNA-PK-I PBMC-derived lym-
phocytes from SCLC patients. After ENPP1-I treatment, no STING translocation or interaction with MAVS was
detected. 3D coculture was used to verify the efficacy of the DDR pathway in enhancing STING-MAVS-medi-
ated antitumour immunity. The strategy using DNA-PK-I plus IO strongly increased the spheroid infiltration of
lymphocytes (CD3+CD45+) when comparing the cellular proportions IN and OUT to control and highly reduced
spheroids diameter after 5 days, suggesting that immune cells infiltration disrupted the tumour structure.
Conclusion
We provide evidence that inhibiting DNA-PK recruits STING to mitochondria to interact with MAVS and medi-
ate a direct antitumour effect. Our results suggest that DNA-PK inhibitors may be a therapeutic strategy to
improve the response to IO in SCLC patients.
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IDENTIFICATION OF HERV-K EXPRESSION IN PATHOLOGICAL LYMPHOCYTES
SUBPOPULATION OF CHRONIC LYMPHOCYTIC LEUKAEMIA
Vita Petrone1, Alessandro Giovinazzo2, Roberta Laureana3, Chiara Cipriani1, Marialaura Fanelli1, 
Antonella Minutolo1, Giovangiacinto Paterno3, Elisa Buzzatti3, Sandro Grelli1, Giovanni Del Poeta3,
Emanuela Balestrieri1, Maria Ilaria Del Principe3, Claudia Matteucci1
1. Department of Experimental Medicine, University of Rome "Tor Vergata", Rome, Italy; 2. Institute of
Biochemistry and Cell Biology, CNR, Monterotondo, Rome, Italy; 3. Department of Biomedicine and
Prevention, University of Rome "Tor Vergata", Rome, Italy.

Background: The dysregulated expression of human endogenous retrovirus K (HERV-K) at transcriptional
and protein levels, as well as viral particle production, have been found in tissues, sera, and cell lines isolat-
ed from different types of tumors. The mechanisms underlying HERV-K oncogenic activity could depend on
the expression of oncogenic viral proteins, on the induced immune escape mechanisms, on the regulation of
gene expression mediated by the long terminal repeat sequences or by the ability of retro-transposition deter-
mining genomic instability and alteration of the expression of neighboring genes. In the field of oncohematol-
ogy some studies have identified alterations of HERVs messengers and proteins expression in human lym-
phoid leukemic cells and the presence of circulating antibodies to HERV-K. On these bases, the objective of
the study was to evaluate the potential use of distinct HERVs families as biomarkers of disease and progno-
sis of chronic lymphocytic leukemia (CLL). Materials and methods: Peripheral blood mononuclear cells were
isolated from peripheral venous blood of 75 patients with CLL and 49 healthy donors (HDs). CLL patients were
divided according to the treatment regimen they received. The expression of the ENV gene of HERV-K (HML-
2), HERV-H, HERV-W, pathogenic HERV-W and HEMO were analyzed by Real Time PCR. In addition, the
percentage of HERV-K ENV-positive cells in B lymphocyte subpopulations (CD19+CD5+) and in association
with the negative prognostic marker CD38 was characterized by flow cytometry analysis. Results: The molec-
ular analysis showed significantly higher expression of HERVs in patients compared with HDs. Significant dif-
ferences in all genes analyzed between untreated patients and those treated with chemotherapeutic or bio-
logical drugs patients were found. Moreover, a higher level of ENV HERV-K protein in CD19+CD5+ cells of
CLL patients and its modulation in the presence of therapy were found. Association between transcriptional
and protein expression of HERV-K ENV and unfavorable prognostic factors were found. Discussion and con-
clusion: These results could help to clarify the CLL complexity, proposing HERVs and as potential new diag-
nostic and prognostic markers, suggesting their involvement in the etiopathogenesis of the disease. This sce-
nario opens new avenues for investigating the use of HERVs as potential therapeutics in combination with
standard therapies
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EVALUATING THE ADIPORON EFFICACY IN SENSITIVE AND GEMCITABINE 
RESISTANT PANCREATIC DUCTAL ADENOCARCINOMA MIAPACA-2 CELLS 
Salzillo A.1, Ragone A.1, Spina A.1, Sapio L.1 and Naviglio S.1 
1. Department of Precision Medicine, University of Campania “Luigi Vanvitelli”, Naples, Italy.

Introduction: Pancreatic ductal adenocarcinoma (PDAC) is the most common malignant disorder affecting
pancreas, and leads to nearly half a million deaths per year worldwide. Besides radiation and surgery,
Gemcitabine (Gem) represents the conventional antineoplastic drug used to treat PDAC. Unfortunately, the
limited success rate of Gem treatment and the relative ease in developing chemoresistance warrant for more
effective therapeutic approaches in PDAC. The first synthetic orally active adiponectin receptor agonist
AdipoRon (AdipoR) has shown to possess cardioprotective, anti-diabetic, and anticancer activities. Here, we
explore the antiproliferative impact of AdipoR, as well as the chance of increasing sensitivity, in both MIA
PaCa-2 and MIA PaCa-2 Gem resistant (MIA PaCa-2 Gem-Res) human PDAC cells.
Materials and Methods: PDAC cells were exposed to AdipoR (10 μg/ml) alone or in combination with Gem (15
nM) for up to 48 hours. The outcome were evaluated by measuring cell growth and colony forming ability using
growth curves and chlorogenic assays, respectively. Fluorescence activated cell sorting (FACS) analysis was
performed with the purpose of defining the drug-induced effects on cell phases’ distribution. MIA PaCa-2 Gem-
Res were obtained exposing MIA PaCa-2 cells to increasing Gem concentrations. FACS analysis was employed
to confirm Gem resistance, as well as to investigate the AdipoR consequences in these cells. 
Results: AdipoR improved Gem response in both MIA PaCa-2 and MIA PaCa-2 Gem-Res cells, with no addi-
tional cytotoxic effects. FACS analysis of MIA PaCa-2 cells showed intermediate features in combination treat-
ment (Combo) with respect to single agents. Specifically, Combo displayed a G0/G1 increase closer to AdipoR
and a S-phase accumulation similar to Gem. In MIA PaCa-2 Gem-Res instead, AdipoR persisted in braking
cell cycle progression, while no differences were observed between Gem and the untreated counterpart. But
even more interesting, reducing both S and G2/M phases, the concomitant administration of AdipoR and Gem
further enhanced the G0/G1 accumulation compared with AdipoR alone in MIA PaCa-2 Gem-Res cells. In
addition, AdipoR reduced clonogenic potential by 45 and 55% in response to AdipoR and Combo, respectively. 
Conclusion: Our results recognize additional and newly AdipoR therapeutic usages in PDAC, either as a
potential partner in Gem-based therapy or as subsequent line of treatment in Gem resistance cells. 
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CIRCULATING CD137+ T CELL LEVELS ARE CORRELATED WITH RESPONSE TO
PEMBROLIZUMAB TREATMENT IN ADVANCED HEAD AND NECK CANCER
PATIENTS  
Alessio Cirillo 1,2*, Ilaria Grazia Zizzari 2*, Andrea Botticelli 1, Lidia Strigari 3, Angela Asquino2 , 
Hassan Rahimi 2 , Simone Scagnoli 1 , Fabio Scirocchi 2, Angelina Pernazza 4, Angelica Pace 2, 
Bruna Cerbelli 4, Giulia d’Amati 4 , Paolo Marchetti 5, Marianna Nuti 2, Aurelia Rughetti 2 
and Chiara Napoletano 2 
*equally contributed
1 Division of Oncology, Department of Radiological, Oncological and Pathological Science, Policlinico
Umberto I, “Sapienza” University of Rome, 00161 Rome, Italy-alessio.cirillo@uniroma1.it, andrea.botticel-
li@uniroma1.it, simone.scagnoli@uniroma1.it
2 Laboratory of Tumor Immunology and Cell Therapies, Department of Experimental Medicine, “Sapienza”
University of Rome, 00161 Rome, Italy- ilaria.zizzari@uniroma1.it, angela.asquino@uniroma1.it, chiara.napo-
letano@uniroma1.it, hassan.rahimi@uniroma1.it, Fabio.scirocchi@uniroma1.it,  Marianna.nuti@uniroma1.it,
aurelia.rughetti@uniroma1.it
3 Medical Physics Unit, “Sant’Orsola-Malpighi” Hospital, 40138 Bologna, Italy – lidia.strigari@aosp.bo.it
4 Department of Radiology, Oncology and Pathology, “Sapienza” University of Rome, 00161 Rome, Italy
Angelina.pernazza@uniroma1.it, bruna.cerbelli@uniroma1.it, giulia.damati@uniroma1.it
5 Istituto Dermopatico dell’Immacolata (IDI-IRCCS), 00161 Rome, Italy paolo.marchetti@idi.it

Abstract: Pembrolizumab, an anti-PD-1 antibody, has been approved as first-line treatment for recurrent or
metastatic head and neck squamous cell carcinoma ((R/M) HNSCC). However, only   a minority of patients
benefit from immunotherapy, which highlight the need to identify novel biomarkers to optimize treatment
strategies. CD137+T cells have been identified as tumour-specific T cells correlated with immunotherapy
responses in several solid tumours. In this study, we investigated the role of circulating CD137+ T cells in
(R/M) HNSCC patients undergoing pembrolizumab treatment.
PBMCs obtained from 40 (R/M) HNSCC patients with a PD-L1 combined-positive-score (CPS)>1 were anal-
ysed at baseline via cytofluorimetry for the expression of CD137, and it was found that the percentage of
CD3+CD137+ cells is correlated with the clinical benefit rate (CBR), PFS, and OS. 
The results show that levels of circulating CD137+ T cells are significantly higher in responder patients than
in non-responders (p=0.03). Moreover, patients with CD3+CD137+ percentage >1.65% had prolonged OS
(p=0.02) and PFS (p=0.02). Multivariate analysis, on a combination of biological and clinical parameters,
showed that high levels of CD3+CD137+ cells (>1.65%) and performance status (PS)=0 are independent
prognostic factors of PFS (CD137+T cells, p=0.007; PS, p=0.002) and OS (CD137+T cells, p=0.006; PS,
p=0.001). 
Our results suggest that levels of circulating CD137+ T cells could serve as biomarkers for predicting the
response of (R/M) HNSCC patients to pembrolizumab treatment, thus contributing to the success of anti-can-
cer treatment.
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EPIGENETICS OF THERMAL STRESS: A FLOW CYTOMETRY AND ELECTRON
MICROSCOPY APPROACH
Casali C.1, Gaiaschi L.1, Zannino L.1, Cavallo M.1, Milanesi G.1, Mazzini G.2, Biggiogera M.1
1. Laboratory of Cell Biology and Neurobiology, Department of Biology and Biotechnology “L. Spallanzani”,
University of Pavia, Via Ferrata 9, 27100 Pavia, Italy. 2. Institute of Molecular Genetics, National Research
Council (IGM-CNR), Italy.
email: claudio.casali@unipv.it

NIntroduction
The cellular environment of living organisms constantly encounters several agents which have the potential
to perturbate the cellular homeostasis, causing damage at multiple levels. Stress response and adaptation is
based on profound modifications of the gene expression pattern, which is achieved acting at different levels,
such as structural and architectural nuclear rearrangement and epigenetic modifications. The crosstalk
between genome-epigenome, its role in shaping the epigenetic landscape and the stress-mediated cellular
response has not yet been fully elucidated. In this complex framework, an important starting point is to deter-
mine the impact of frequently encountered stresses on the histone epigenetic layer, how the latter varies
according to each perturbation, consequently changing the chromatin organization. Whereas various stress
responses have largely been investigated, major features of certain insults remain obscure and elusive. For
example, temperature alterations are among the most common stresses cell must deal with. Hyperthermia is
widely studied as the response is similarly activated by a range of cellular stressors and by pathophysiologi-
cal conditions. On the contrary, hypothermia has been far less studied, but it is currently gaining major rele-
vance for its clinical, therapeutical, and industrial outcomes.
Aim
This work aims at investigating the relationship between thermal stress and cell structural and epigenetic
response by focusing our attention on histone post-translational modifications, on their influence on chromatin
organization following stress exposure as well as on the level of cell damage triggered by the thermal stress.
Methods
Flow cytometry assay of HeLa cells stained with propidium iodide was performed to evaluate the impact of the
thermal shocks on cell viability. Electron microscopy morphological analysis and immunogold labelling were
adopted to investigate alterations at the ultrastructural level.
Results
The combination of flow cytometry and electron microscopy highlights the distinct structural and epigenetic
fingerprints in response to the two types of insult. Hyperthermia is strictly associated with increments in his-
tone methylation and induces a more compact chromatin organization. Conversely, hypothermia does not
determine a univocal epigenetic response: indeed, different epigenetic markers are contemporarily exhibited,
confirming the delicate gene expression regulation pathways required when dealing with severe condition
alterations.
Conclusions
Cells react differently to stresses in terms of histone markers distribution, chromatin organization and damage
response. Given the involvement of epigenetic and chromatin organization in stress adaptation, elucidating
the role of histone-mediated gene expression regulation in the transcription of genes involved in protective or
pathogenic pathways may underline potential outcomes for medical, pathological, and commercial applica-
tions.
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MICROBIAL COMMUNITY PROFILES AND ANTIBIOTIC RESISTANCE POTENTIAL IN
A MARINE AQUACULTURE SYSTEM
Marco Melita1, Grazia M. Quero2, Naomi Massaccesi2,3, Marco Basili2,3, Elena Manini2, Gian Marco Luna2,
Stefano Amalfitano1,4
1 Istituto di Ricerca Sulle Acque (IRSA-CNR, Roma)
2 Istituto per le Risorse Biologiche e le Biotecnologie Marine (CNR-IRBIM, Ancona)
3 Alma Mater Studiorum - Università di Bologna (Bologna)
4 National Biodiversity Future Center (NBFC, Palermo)
Aquaculture represents a key source of fish food for human consumption, but the environmental impact of fish
farming practices is still poorly investigated. One of the main concerns is the increased nutrient and pollution
levels of surrounding waters and coastal areas, including local eutrophication conditions and the dispersal of
chemicals and antibiotics used to prevent fish diseases. In the frame of the project ARENA (https://www.jpi-
arena.eu/it/), we aim at producing an overview of microbial community profiles and antibiotic resistance poten-
tial in a marine aquaculture setting located in a highly anthropized coastal environment with multiple pollution
sources (e.g., urban settings). Flow cytometry was used to identify and count the planktonic, benthic, and fish-
associated microorganisms. The Biolog assays (Ecoplates, MT2, 11C and 12B 96-wells microplates) were
used to explore the community level physiological profiles and the occurrence of potential microbial resistance
to 16 major classes of antibiotics (i.e., Aminoglycosides, Glycopeptides, Tetracyclines, Lincosamides, β-
Lactams, Quinolones, Polymyxines, Phenicols, Sulfonamides, Macrolides, Aminocoumarines, Pteridines,
Ammonium salts, Aminocyclitol, Hydroxammases, Rifamicines). Our results indicated a relatively high and
widespread microbial load level in all environmental samples (waters, sediments), along with potentially
expressed antibiotic resistance. At the end of the tourist season, sediments affected by urban runoff showed
the highest metabolic functional diversity and the largest resistance expression toward antibiotics. The study
findings are intended to provide knowledge and tools for future operative efforts to decrease the spread and
magnification of antibiotic resistant bacteria and microbial contamination in aquaculture.

FLUORESCENCE-GUIDED DETECTION OF MICRO- AND NANO-PLASTICS IN 
ENVIRONMENTAL SAMPLES
Silvia Morgana1, Barbara Casentini2, Valentina Tirelli3, Felicia Grasso3, Stefano Amalfitano2
1 Istituto per lo studio degli impatti Antropici e Sostenibilità in ambiente marino (IAS-CNR), Via della Vasca
Navale, 00146 Roma
2 Istituto di Ricerca Sulle Acque (IRSA-CNR), Via Salaria Km 29.300, 00015 Monterotondo, Roma
3 Istituto Superiore di Sanità, Area di Citometria, Servizio Grandi Strumentazioni e Core facilities, Viale Regina
Elena 299, 00161 Roma

Plastic pollution represents a global environmental issue with relevant associated risks for ecosystem and
human health. Fluorescence-based detection techniques have demonstrated to be a rapid and reliable track-
ing method for micro and nanoplastics (MNPs) identification in numerous studies by combining pre-treatment
procedures, specific staining protocols, and advanced analytical instruments (including flow cytometry).
However, despite an increasing scientific attention, the detection of plastic debris in the submicron and nano
size range is still challenging when targeting environmental complex samples. In particular, the suitable
approaches are not consistently harmonized and generally case/system-specific, with detrimental conse-
quences on data reproducibility, accuracy, and comparability.
In this work, we aim to provide background information on the existing fluorescence-based approaches to
assess the occurrence of MNPs in environmental samples of different origin, including potentialities offers by
flow cytometry to detect small plastic particles as demonstrated by our recent study. Overall, fluorescence-
based techniques are likely offering promising results and unique analytical opportunities for the detection and
quantification of environmental MNPs even at the nano-size domain.
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CANCER INDUCES VERY HIGH LEVELS OF SPERM OXIDATIVE STRESS
Costanza Calamai1, Oumaima Ammar1, Viktoria Rosta1, Salvatore Zimmitti2, Lisa Giovannelli3 
Linda Vignozzi1,4, Csilla Krausz 1,4, Monica Muratori1
1 Department of Experimental and Clinical Biomedical Sciences “Mario Serio”, University of Florence,
Florence, Italy; 
2 Medical Specialization School of Hygiene and Preventive Medicine, University of Florence, Florence, Italy;
3 Department NEUROFARBA, University of Florence, Florence, Italy;
4 Andrology, Women's Endocrinology and Gender Incongruence Unit, AOU Careggi, Florence, Italy.

It has been extensively shown that cancer impairs spermatogenesis and several studies observed also an
increase of sperm DNA fragmentation (sDF), albeit not confirmed by others. To our best knowledge, so far no
investigation has been conducted on sperm oxidative stress. In this study we aimed to detect both sDF and
oxidative stress levels in spermatozoa of patients affected by testicular and haematological cancer. For oxida-
tive stress we used a novel flow cytometric method detecting both viable (ROS production in viable sperm frac-
tion/viable spermatozoa) and total (ROS production in viable sperm fraction/total spermatozoa) oxidative stress.
We found that cancer (22.50[17.00-26.75]%, n=85) increased sDF respect to the two control groups: normo-
zoospermic subfertile subjects (12.75[8.63-14.88]%, n=52, p<.001) and healthy donors (8.50[7.00-14.00]%,
n=19, p<.001). The induction of viable oxidative stress (n=96) with cancer was even higher: 36.60[24.05-
58.65]% versus 11.10[8.63-14.90]% in normozoospermic subfertile subjects (p<.001) and 9.60[8.00-14.03]% in
healthy donors (p<.001). Similar, albeit lower, differences were found for total oxidative stress: 23.90[14.27-
37.63]% in cancer vs 8.15[6.23-11.08]% in normozoospermic subfertile subjects (p<.001) and 6.00[7.46-
10.29]% in healthy donors (p<.001). When we correlated the amounts of sDF to those of oxidative stress we
observed a sharp association between the two parameters when we considered all subjects (cancer patients
and controls) (r=0.591, p<.001, n=134), but we failed to reveal a correlation when only cancer patients were
studied (r=0.200; p>.05, n=63). When we compared the main subtypes of testicular cancer, we observed a
clear, albeit not significant (p=0.077), trend to higher viable oxidative stress in non-seminoma vs seminoma
cancer, whereas no difference in sDF levels was revealed. Similarly, no difference in either oxidative stress and
sDF amount was observed in patients with testicular cancer before and after orchiectomy.
In conclusion, cancer highly increases sperm oxidative stress, beside to sDF levels. It is possible that alter-
native mechanisms to oxidative attack are responsible for increase of sDF by cancer. Since the levels of
sperm oxidative stress might affect the outcomes of sperm cryopreservation, cancer treatments and even
sperm epigenoma, future studies will tell us whether detection of oxidative could be of help in managing the
reproductive issues of cancer patients.

PLANKTONIC MICROBIAL COMMUNITY PATTERNS IN WATERS OF AN EAST
AFRICAN SODA LAKE (SONACHI, KENYA) 
Agnese Piacentini1, Stefano Amalfitano1, Stefania Venturi2,3, Nic Pacini4, Lydia A. Olaka5, Jacopo Cabassi3,
Francesco Capecchiacci2,3, Franco Tassi2,3, Orlando Vaselli2,3, Andrea Butturini6, Stefano Fazi1
1 Water Research Institute, National Research Council of Italy (IRSA-CNR), Monterotondo, Rome, Italy. 
2 Department of Earth Sciences, University of Florence, Florence, Italy. 
3 Institute of Geosciences and Earth Resources, National Research Council of Italy (IGG-CNR), Florence, Italy. 
4 Department of Environmental Engineering, University of Calabria, Arcavacata di Rende, Rende, Italy.
5 Department of Geology, University of Nairobi, Nairobi, Kenya
6 Department of Evolutionary Biology, Ecology and Environmental Sciences, University of Barcelona,
Barcelona, Spain.

Soda lakes are highly alkaline (pH 9-11) and characterized by high concentrations of dissolved sodium car-
bonate. These extreme conditions create a unique environment for planktonic microbial communities that are
adapted to survive in extreme conditions. These extremophilic microorganisms play important roles in the car-
bon and nutrient cycling in lake waters and are important models for studying the limits of life on Earth.
Here, we present the microbial community patterns found along the water column of the soda lake Sonachi in
the East African Rift Valley (Kenya). As assessed by flow cytometry, microscopy, and molecular methods,
numerous suspended aggregates promoted the interactions between Bacteria, Cyanobacteria, and Archaea.
Moreover, the formation and origin of microbial aggregates appear to be critical in connecting the lake com-
partments through biomass and organic matter transfer. Our findings provide insights into understanding how
hydrogeochemical features and microbial community profiles of a meromictic soda lake could promote
methane emission.



CULTURABILITY VS VIABILITY: ADVANCED MONITORING OF THE ANTIMICROBIAL
AND ANTI-BIOFILM ACTIVITY OF NATURAL COMPOUNDS TO BE INCORPORATED
IN ACTIVE PACKAGING
Poscente V. 1,2 , Di Gregorio L. 1 , Costanzo M. 1 , Bindo A.1,3, Del Fiore A. 1 , Nobili C. 1, Bernini R.2,
Garavaglia L.4, Bevivino A. 1 
1 ENEA, Italian National Agency for New Technologies, Energy and Sustainable Economic Development;
Biotechnologies and Agroindustry Division, Department for Sustainability, Rome,Italy; 2 University of Tuscia,
Department of Agriculture and Forest Sciences, Viterbo, Italy 3 University Campus Bio-Medico, Rome, Italy 4
I.L.P.A. Group, Valsamoggia, Italy

Background: The increasing focus on packaged and ready-to-eat products has enhanced the risks associ-
ated with foodborne illness, demanding the development of advanced microbiological monitoring systems.
Natural bioactive compounds incorporated in innovative packaging represent an extremely promising alterna-
tive for preventing food microbial contamination and spoilage and for extending products’ shelf-life. 
Objectives: The aim of this study was to assess the antimicrobial and antibiofilm activity of selected bioac-
tive compounds against foodborne pathogens and spoilage microorganisms. Both traditional culture-based
method and Flow Cytometry (FCM) were applied to evaluate the potentiated action of Lactobacillus plantarum
probiotic strain together with natural antimicrobial molecules on the culturability and viability of pathogenic and
spoilage strains. 
Methods: Traditional microbiological methods and FCM [1] were applied to evaluate the effect of antimicro-
bial treatment of natural compounds (Thyme essential oil (EO), Origanum EO, Basil EO, Citrus Limon EO,
Carvacrol, Limonene, Gallium(III) nitrate hydrate, Nisin) at different concentration (50-100-250-500 ppm)
against the planktonic and sessile cells of four selected strains (Escherichia coli ATCC25922, Pseudomonas
fluorescens ATCC 13525, Listeria monocytogenes 54ly, Lactobacillus Plantarum DSM 20174). 
Results: The results obtained showed a higher efficacy of Carvacrol and Thyme EO, highlighting an overes-
timation of the dead population using the culture-based method; in fact, when the FCM method was applied,
the prevalence of injured bacterial cells in a viable but non-culturable (VBNC) state was observed. When
bioactive molecules were applied to a preformed biofilm of L. plantarum, an enhanced effect was observed.
The latter could represent a promising alternative to functionalize antimicrobial ready-to-eat products pack-
aging.
1. Di Gregorio, L.; Tchuenchieu, A.; Poscente, V.; Arioli, S.; Del Fiore, A.; Costanzo, M.; Giorgi, D.; Lucretti, S.;
Bevivino, A. Synergistic Action of Mild Heat and Essential Oil Treatments on Culturability and Viability of
Escherichia coli ATCC 25922 Tested In Vitro and in Fruit Juice. Foods 2022, 11. 
This work was supported by ILIP S.r.l and grated by the European Union – NextGenerationEU Project “MIRRI
Italian Research Infrastructure for Sustainable Bioscience and Bioeconomy”
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CHARACTERIZATION OF BIOMIMETIC NANOPARTICLES AND ANALYSES OF
THEIR HOMOTYPIC TUMORAL TARGETING CAPABILITY BY FLOW CYTOMETRY
Baldari C.1,2*, Maiorano G. 2, Gigli G.1,2, Palamà I.E.2 
1. Department of Mathematics and Physics, University of Salento, Monteroni Street, 73100 Lecce, Italy 2.
CNR-Nanotechnology Institute, CNR-NANOTEC, Monteroni Street, 73100 Lecce, Italy 
*Corresponding author: clara.baldari@unisalento.it

Nanotechnology approaches offer the opportunity to specifically target cancer cells for delivering active ther-
apeutic agents, with important applications in the growing field of immunotherapies.
In our research, biomimetic nanovectors are produced, by using polymeric NPs based on carboxyl-terminat-
ed polycaprolactone (PCL) that are covered by cancer cell membrane, thus conferring to the assembled NP
the ability to entirely replicate the surface antigenic diversity of source cells. Biomimetic NPs are physically
characterized by DLS and TEM analysis, as well as through a cytofluorimeter CytoFLEX S (Beckman‐Coulter)
equipped with a violet laser detector to collect side scatter (VSSC). By flow cytometry measurements on
biomimetic NPs important parameters such as number and size distribution of different nanoformulations are
extracted, including PCL-core NPs, membrane vesicles and assembled biomimetic NPs by employing a tem-
plate with gates for different sizes. The correct coating of PCL NPs with cancer cell membranes is confirmed
by DLS analyses thanks to changes in both size and surface charge, and morphologically by TEM images for
the presence of a layer surrounding NPs core. The purity and retention of cancer cell membrane proteins on
biomimetic NPs is assessed through SDS-PAGE and Western blotting. Also, anticancer immune responses
and specific targeting capabilities through homotypic binding are deeply investigated. In particular, cellular
uptake of biomimetic NPs over time, and homotypic binding with different cell lines are assessed by flow cyto-
metric analyses and Confocal Laser Scanning Microscopy imaging. These investigations confirm the higher
internalization rates of biomimetic-NPs in their source cells, when compared to other cell lines, thus confirm-
ing the self-recognition capability typical of cancer. In conclusion, resulting biomimetic NPs can be used to
deliver tumour-associated antigens to APC cells or to homotypically target cancer cells for drug/ gene deliv-
ery thanks to a cancer-targeting strategy based on the intrinsic self-adhesive properties of cancer cell mem-
branes. By coating the nanocore with cancer cell membranes, it is possible to take advantage of this cell-to-
cell adhesion for cancer cells targeting in precision medicine.
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RAPID EVALUATION OF T CELL CLONALITY IN THE DIAGNOSTIC WORK-UP OF
MATURE T CELL NEOPLASMS: TRBC1-BASED FLOW CYTOMETRIC ASSAY 
EXPERIENCE
Capone M.1, Peruzzi B.2, Palterer B.2, Bencini S.2, Sanna A.3, Puccini B.3, Nassi L.3, Statello M.2, 
Carraresi A.2, Stefanelli S.2, Caporale R.2, Annunziato F.1,2
1 Department of Clinical and Experimental Medicine, University of Florence, Florence, Italy
2 Flow Cytometry Diagnostic Center and Immunotherapy (CDCI), AOU Careggi, Florence, Italy
3 Hematology, Unit AOU Careggi, Florence, Italy
4 General Laboratory, AOU Careggi, Florence, Italy
5 Genetic Diagnostic Unit of Careggi University Hospital

The identification of mature T cell neoplasms by flow cytometry is often challenging, due to overlapping fea-
tures with reactive T cells and limitations of currently available T cell clonality assays. The description of an
antibody specific for one of two mutually exclusive T cell receptor (TCR) β-chain constant regions (TRBC1)
provides an opportunity to facilitate the detection of clonal TCRαβ+ T cells based on TRBC-restriction. Here
we prospectively analyzed 14 healthy controls and 63 patients with the flow cytometry protocol currently used
for suspected T cell neoplasm implemented with immunostaining targeting TRBC1. Specimens were firstly
classified in 3 groups based on clinical records data, laboratory findings and immunophenotypic features. T
cell clonality was assessed by TCR Vβ repertoire analysis and the new rapid TRBC1 assay. Results showed
that TRBC1 unimodal expression was unequivocally associated with samples presenting with immunopheno-
typic aberrancies. Moreover, we demonstrated that the use of TRBC1 is useful in solving uncertain cases and
confirmed the high sensitivity of the method in identifying small T cell clones of uncertain significance (T-CUS).
Finally, we found a high degree of concordance (97%) comparing the currently available clonality assessment
methods with the proposed new method. In conclusion, our results provided real-life evidence of the utility of
TRBC1 introduction in the flow cytometric clonality evaluation for the routine diagnostic work-up of T cell neo-
plasms.

SAMPLE PREPARATION AFFECTS FLUORESCENCE SIGNAL IN MULTICOLOR
FLOW CYTOMETRY
Simona Di Terlizzi 1, Chiara Villa 1, Daniela Boselli 1, Emanuele Canonico 1, Monica Romanò1, 
Achille Anselmo1.
1Flow Cytometry Resource, Advanced Cytometry Technical Applications Laboratory
(FRACTAL) Istituto Scientifico San Raffaele, Milano, Italy.
diterlizzi.simona@hsr.it

Flow cytometry is an evolving technology largely used in basic research as well as in translational research
and clinical practice. The development of new fluorophores together with the implementation of instruments
have contributed to the growth of the so-called next generation flow. Moreover, the improving complexity of
the antibody panels for immunophenotyping runs in parallel to the increase of the experiment set up thus lead-
ing the appropriate antibody and fluorochrome selection combined with optimized staining protocols, as imper-
ative steps for a successful in-depth flow cytometry analysis.
Here, we analyze some factors that might affect the fluorescence signal from a wide range of newborn class
of fluorochromes. In particular, we focused on two critical aspects: sample washing and fixation.
First, we observed a reduction of the background signal upon increasing the number of sample washes, prob-
ably due to the reduction of the antibody aspecific binding.
As second topic, we analyzed the impact of aldehyde-based fixatives on both cell morphology and fluores-
cence signal thus defining PFA 1% for two hours at room temperature as the best condition to preserve cell
shape and size and to minimize the formation of fluorescent formaldehyde adducts.
Finally, in the effort to highlight whether alcohol-based fixatives, mainly used for phosphoprotein analysis,
affect the fluorescence signals, we tested their impact over time on 56 different fluorescent dyes. Interestingly,
we observed a dramatic bleaching of some dyes thus limiting their use in multicolor panels that require these
kind of fixatives.
Altogether, these data demonstrate the key value of the sample preparation for a good multicolor flow cytom-
etry set up, thereby minimizing misleading data.
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HIGH-THROUGHPUT BLOOD ANALYSIS USING SPIRAL MICROFLUIDICS TESTED
BY IMAGING FLOW CYTOMETRY AMNIS
Mugnano M.1,2, Cerbone V.2, Montella A.2,3, Scalia G.2, Miccio L.1, Capasso M.2,3, Iolascon A.2,3, 
Serra A.4, Mari S.5, Ferranti F.5 and Maffettone P.L.1
1 Department of Chemical, Materials and Production Engineering, University of Naples Federico II, Napoli,
Italy – martina.mugnano@unina.it
2 CEINGE—Advanced Biotechnologies, Napoli, Italy
3 DMMBM, Department of Molecular Medicine and Medical Biotechnology, University of Naples ‘Federico II’,
Napoli, Italy
4 Luminex B.V., Het Zuiderkruis 1, 5215 MV ‘s-Hertogenbosch, The Netherlands
5Italian Space Agency (ASI), Rome, Italy

A detailed procedure for blood analysis using spiral microfluidic devices is presented that allows size-based
isolation of blood cell populations using hydrodynamic forces present in curvilinear microchannels. Spirals are
used to separate cells according to their size due to the so-called Dean forces. Channel dimension, number
of spirals and diameter of the curvature influence the sorting effect. The sample is introduced through a cen-
tral inlet and fractions with particles of different size can be received at the different outlet ports. The chip con-
tains four sorting structures with different features such as: number of turns, number of outlets, channel width
and channel depth. Here, we test blood sample from healthy donors with a specific chip structure with 12 num-
ber of turns, 6 number of outlets, channel width of 80 μm and a channel depth of 50 μm. In order to assess
the performance of the procedure for separating blood cell populations, the innovative imaging flow cytome-
try Amnis is employed. The FlowSight system (Luminex) is an advanced imaging flow cytometer, combining
features of fluorescent microscopy and flow cytometry. The instrument is accompanied by a dedicated image
analysis software (IDEAS), which allows advanced quantification of intensity, location, morphology, population
statistics, and more, within tens of thousands of cells per sample. This allows feature finder tools for the iden-
tification of parameters that allow us to discriminate between different cell subpopulations based on the selec-
tion of few representative events. This instrument gives rise to novel applications that were difficult to achieve
by either conventional flow cytometry or microscopy.
Here, the results of the procedure for sorting blood components are presented and discussed. The fast-pro-
cessing time and the ability to collect and sort blood populations and to detect possible pathological cells from
a small patient blood volume would open in future to a broad range of biomedical applications, for example in
aerospace field. Indeed, there is a great demand of new technologies to monitor the human health during
space missions avoiding complex sample preparations and suppling reliable results without highly skilled per-
sonnel. Space environment introduces several different hazards (distance, confinement, hostile/closed envi-
ronments, radiation, and microgravity) that have health risks and consequences that span multiple organ sys-
tems. The astronauts are subjected to psycho-physical stress and possible inflammatory states. The knowl-
edge gained in the human spaceflight field has highlighted the importance of frequent monitoring of astro-
naut’s health. Early diagnoses and in situ medical interventions could mitigate the risk of health consequences
induced by space exposure. In the context of long-term human missions, our revolutionary approach could be
extremely useful to monitor the astronaut health after space missions and patient health on the Earth.
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SINGLE-CELL ANALYSES AND IMMUNOLOGICAL PATTERNS IN IBD PATIENTS
Petito V, Rumi G, Scaldaferri F
Dipartimento di Scienze Mediche e Chirurgiche, Fondazione Policlinico Universitario A.Gemelli IRCCS, Rome,
Italy.
Dipartimento di Medicina e Chirurgia Traslazionale, Scuola di Medicina e Chirurgia, Università Cattolica del
Sacro Cuore, Rome, Italy.

Inflammatory bowel disease (IBD) is an umbrella term that covers several clinical conditions, with two of them
being the most common: Ulcerative Colitis (UC), which is limited to the colonic mucosa; and Crohn’s Disease
(CD), which potentially affects any segment of the gastrointestinal tract from the mouth to the anus.
Both UC and CD are chronic, lifelong inflammatory diseases with a pattern of flare-ups and remission. While
we have learned a lot about the predisposing factors, clinical symptoms, pathways, pathology, and genetics,
the exact cause of these diseases remains unknown. The number of clinical trials aimed at the discovery of
novel therapeutic options is increasing annually. But with more trials comes increasing complexity and chal-
lenges.
Increased expression of CD39 by peripheral blood Treg is observed in the setting of clinical and endoscopic
remission in inflammatory bowel disease.  Deficiency of CD39 expression by T reg can be linked to inability
to suppress experimental colitis. CD39 expression endows Th17 cells with immunosuppressive properties and
promotes the transition to a less pathogenic phenotype. (1)
As a CD4+ T cell subset, Th17 cells play dual roles in the pathogenesis of IBD (mainly a proinflammatory role).
Th17 cells can not only protect the intestinal mucosa by keeping the balance of the immune microenvironment
but also exacerbate the intestinal inflammatory response through proinflammatory cytokines. The differentia-
tion process of Th17 cells can be divided into three stages: IL-6 and TGF-β initiate the differentiation of Th17
cells, IL-21 expands the differentiation state of Th17 cells, and IL-23 maintains the stable maturation of Th17
cells during the later stage of differentiation.
A previously unrecognised imbalance exists between cellular and humoral immunity to the microbiota in IBD,
with loss of mucosal T cell-mediated barrier immunity and uncontrolled antibody responses. Regulatory func-
tion of Trm may explain their association with intestinal health. Promoting Trm and their interaction with den-
dritic cells, rather than immunosuppression, may reinforce tissue immunity, improve barrier function, and pre-
vent B cell dysfunction in microbiota-associated disease and IBD aetiology.
We recently start a protocol aiming to better describe functional and inflammatory patterns in ulcerative coli-
tis patient. We, in fact start to evaluate along typical lymphocyte subpopultation CD45RA antibody to facilitate
further characterization or sorting of naïve (CD45RA+) or activated/memory (CD45RA-) CD4+Foxp3+ or
CD4+Foxp3- T lymphocytes. On the other hand, we start to emphasize naïve and memory T cells, the panel
comprises the following fluorochrome-conjugated antibodies: CD197, CD95, CD27, CD3, and CD8.
A primary hypothesis consist to look for residential and mucosal CD8 lymphocyte before and after biological
treatment in order to correlate their frequency with inflammation and consequential mucosa healing. (Figure 1)
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Figure 1. CD8 central and effector memory in patient with IBD
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A NEW RNA-BASED FLOW CYTOMETRIC METHOD TO ASSESS 
POST-TRANSPLANT CHIMERISM IN PEDIATRIC PATIENTS UNDERGOING 
ALLOGENEIC HEMATOPOIETIC STEM CELL TRANSPLANTATION
M.M. Sindoni1,2, S. Nucera1,2, C. Bugarin 1, T Villa 1, A. Balduzzi 2,3, G. Gaipa 1
1Tettamanti Research Center, IRCCS San Gerardo dei Tintori, Monza, Italy
2University of Milano Bicocca, Monza, Italy
3Pediatrics, School of Medicine and Surgery, IRCCS San Gerardo dei Tintori, Monza, Italy

Background: Mixed chimerism is a condition of coexisting donor and recipient hematopoietic cells after
hematopoietic stem cell transplantation (HSCT). Since it is of pivotal importance for clinical management of
patients, chimerism analyses are routinely performed on total peripheral blood or bone marrow cells, but also
on sorted cell subsets as this can be predictive of graft rejection. 
Aim: We propose a novel flow-cytometric based method to assess chimerism in patients with donor-recipient
sex-mismatch.
Material and methods: PrimeFlow RNA assay allows to detect the presence of a mRNA through flow cytom-
etry. We identified a transcript derived from a Y chromosome gene as target, KDM5D, allowing to distinguish
male and female cells. The signal produced by the mRNA was acquired through Aurora flow cytometer, 5
Laser (Cytek®). The same samples were in parallel analyzed by short tandem repeats PCR (STR-PCR) which
is the gold standard method for chimerism analysis. 
Preliminary data: Following an initial set-up phase, we performed flow-cytometric chimerism analysis on
HSCT patients’ samples (n=8) and obtained comparable results to gold standard method STR-PCR on total
peripheral blood cells and in lymphoid and myeloid fractions. Subsequently, we exploited the potential of the
technique by developing ad hoc cytofluorimetric panels to assess chimerism in T and B lymphocyte subsets.
Compared to the gold standard, our method produces more information about the main immune cell subsets
without the need of sorting the cells.
In conclusion, custom cytofluorimetric panel could be designed for the immune cell subset of interest. This
paves the way for in-depth studies of post-HSCT immune reconstitution.
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THE POTENTIAL ROLE OF POMEGRANATE EXTRACT OBTAINED BY HYDRODY-
NAMIC CAVITATION AS ADJUVANT IN CANCER THERAPIES 
Rossella Chirico1, Gabiele Di Marco2, Christian Maracchioni1, Vita Petrone1, Marialaura Fanelli1, 
Alessia D’Agostino2, Antonella Canini2, Sandro Grelli1,3, Angelo Gismondi2, Claudia Matteucci1, 
Francesco Meneguzzo4, Antonella Minutolo1
1. Department of Experimental Medicine, University of Rome Tor Vergata, Rome, 00133, Italy; 2. Department
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Introduction Natural bioactive compounds possess anti-cancer properties including the ability to kill cancer
cells without being toxic to normal cells. Most fruit is rich of polyphenols as flavonoids and tannins, which inter-
fere with carcinogenicity. In this study, the possible anticancer capacity of an extract of whole pomegranate
obtained by hydrodynamic cavitation (HC) was evaluated. It’s known that pomegranate contains high amount
of polyphenols such as punicalagin, an ellagitannin with antioxidant activity and influence on modulation of
multiple signaling pathways, suggesting its use in combination with standard therapies. HC involves the for-
mation, growth and collapse of vapor-filled microbubbles in a circulating liquid-solid mixture subjected to an
oscillating pressure field, leading to the localized release of energy in extreme density and in the mechanical,
thermal and chemical forms. HC is applied in water remediation, disinfection or extraction of natural products
and is used as microbiological stabilisation technique. Materials and methods After different times of HC, phe-
nolic content of five pomegranate extracts (from MGM1 to MGM5) were assessed by Folin-Ciocalteau assay.
A breast cancer cell line (AU565-PAR) was treated with MGM3 at different concentration for 48 h and then cel-
lular growth was evaluated by trypan blue exclusion test. Cell death by apoptosis was assessed by propidium
iodide while the early apoptosis by annexin V staining by flow cytometry. The ROS production was analysed
using DCFDA fluorogenic probe by flow cytometry. Furthermore, growth and cell death were examined in
healthy donors lymphomonocytes (PBMCs) after MGM3 treatment to evaluate toxic effects.
Results The Folin-Ciocalteau assay showed higher concentration of polyphenols in MGM3 which was used for cell
treatments. Increasing doses of MGM3 significantly inhibited AU565-PAR growth. Furthermore, MGM3 induce
apoptosis and early apoptosis shown by high percentage of annexin and 7AAD positive cells. No significant effects
on viability and mortality of PBMCs from healthy donors was detected. In addition, untreated cancer cells showed
high percentage of DCFDA-positive cells while the treatment with MGM3 induced ROS decrease.
Discussion and conclusion Many events can contribute to progression of cancer, including inflammatory
and oxidative processes. In this regard, it is necessary to find substances that target tumor cells and that have
both an antiproliferative and proapoptotic effect but also anti-inflammatory and antioxidant capacity. The use
of plant compounds purified by HC could be optimal due to their low toxicity and fewer side effects, allowing
their use in adjuvant cancer therapies. This study provides preliminary evidence to support that treatment with
MGM3 obtained by HC decreased breast cancer cells viability and induced apoptosis without any dangerous
effect on healthy donor cells, suggesting its possible use in future antineoplastic therapies.
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A POTION OF ETERNAL YOUTH: THE ANTI-AGING EFFECT OF VOGHERA SWEET
PEPPER 
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Riccardo Vicini3, Elisa Roda1,4, Paola Rossi 1 and Maria Grazia Bottone1
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4 Laboratory of Clinical and Experimental Toxicology, Pavia Poison Centre—National Toxicology Information
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*Co-first authors

Aging and its related disorders are the main important issues nowadays and the first cause of this physio-
pathological condition is the overproduction of reactive oxygen species, which leads to oxidative stress. In this
regard,  one of the molecules that act as an anti-oxidant mediator is Ascorbic acid and its role as an anti-aging
factor is clearly well described in the literature. Our previously published results clearly demonstrated that,
Capsicum annuum L. var. Peperone di Voghera (VP), a peculiar type of pepper cultivated by a limited num-
ber of producers in the province of  Pavia and Alessandria, has a high nutritional value and is particularly rich
in ascorbic acid. Based on these data, the anti-aging effect mediated by the high levels of vitamin C detected
in the extract of edible part of VP, compared to another important Italian variety,  i.e. Carmagnola pepper (CP),
was evaluated in in vitro model of both young and old Normal human diploid fibroblasts (NHDF) using: (i)
phase contrast microscopy, to investigate the possible morphological alteration, (ii) flow-cytometry, focusing
our attention on cell cycle, and (iii) immunocytochemistry, evaluating the modification/alteration of the expres-
sion levels/cellular localization of specific markers of proliferation and aging, i.e. PCNA, p16 and p53.  Using
phase contrast microscopy, we first observed that VP may help cells to maintain physiological morphology,
compared to CP-treated cells. Parallelly, cytofluorimetric analyses revealed that pepper extract led to an
increase in G2 events, probably linked to a consequent increase in mitotic events. The hypothesis of an
increase in mitotic events, following pepper treatment, was also supported by the enhancement of PCNA
expression levels observed in old fibroblasts after treatment, corroborating the idea that this extract could
recover the young phenotype in adult fibroblasts. Lastly, the analyses of p16 and p53 expression levels con-
firm the anti-aging effect of our extracts. Based on these results, we may suppose that VP is able to preserve
physiological phenotype in young NHDF, modulating several molecular mechanisms involved in aging and
regulating the expression levels of both proliferation and aging markers, leading to the partial recovery of
“young-like” phenotype in old fibroblast.
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GLIOBLASTOMA MULTIFORME: STUDY OF CELL ALTERATIONS DUE TO 
PLATINUM COMPOUNDS AND PHYTOTHERAPY IN T98G AND U251 HUMAN
GLIOBLASTOMA CELL LINES
Gaiaschi L. 1*, Casali C. 1*, Gola F. 1, De Luca F. 1, Favaron C. 1, Ravera M. 2, Rossi P. 3, Mazzini G. 4,
Bottone M.G. 1
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University of Pavia, Via Ferrata 9, 27100 Pavia, Italy
2Department of Sciences and Technological Innovation (DiSIT), University of Piemonte Orientale “A.
Avogadro”, Viale Teresa Michel 11, 15121 Alessandria, Italy
3Laboratory of Neurophysiology and Integrated Physiology, Department of Biology and Biotechnology “L.
Spallanzani”, University of Pavia, Via Ferrata 9, 27100 Pavia, Italy
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*Co-first authors e-mail: ludovica.gaiaschi@unipv.it and claudio.casali@unipv.it

Glioblastoma Multiforme is the most common and lethal primary brain tumor in human, remaining among the
most difficult cancers to treat. After standard therapies, with surgical resection, Temozolomide and radiother-
apy, the development of resistance is almost inevitable. Alternatives could be represented by platinum ana-
logues, such as Cisplatin and Carboplatin, which however shows important side effects. To overcome this lim-
itation fourth-generation platinum compounds were synthesized, one of them is Pt(IV)Ac-POA, (OC-6-44)-
acetate-diamine-chloride(2-(2-propinyl)octanoate)-platinum(IV), a prodrug having an Histone-3-DeAcetylase-
Inhibitor as axial ligands. Moreover, new compounds of plant origin are increasingly seen as potential sources
of benefits in oncological treatments, indeed their capability to interfere in the metabolism of reactive oxygen
species (ROS), in synergy with new chemotherapy could give patients an improvement in quality of life.
Aims: Here, we evaluated the effect of platinum-based compounds and a medicinal blend supplement
(Agaricus blazei, Cordyceps sinensis, Grifola frondose, Lentinula edodes and Ganoderma lucidum) on the cell
cycle and the morphology of T98G and U251 glioblastoma resistant cells.
Methods: Flow cytometric analysis of sample stained with propidium iodide was adopted to evaluate the pos-
sible therapeutic effects of the studied compound.
Results: Our data revealed that an alteration of the histograms representing cellular DNA content after the
different treatment in both cell lines, suggesting promising compounds-induced cell cycle modification, such
as the increment in the number of events in the Sub-G1 phase, the reduction of S phase amplitude and drug
specific cycling blocks.
Conclusions: Due to the efficiency of the studied molecules on the cell cycle, this work offers interesting hints
for future new therapies to overcome drug-resistance issue and off-target cytotoxicity in Glioblastoma
Multiforme treatment.
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PROAPOPTOTIC EFFECT OF THREE DIFFERENT SPECIES OF MORINGA
OLEIFERA LAM. LEAVES EXTRACTS ON THP-1 CELL LINE
Minchella A.1, Roglia V.1, El Degwy N.1, Di Placido D.1, Potestà M.1,2 and Montesano C.1,2
1. Department of Biology, University of Rome Tor Vergata, Rome, Italy 2. UNESCO Interdisciplinary Chair in
Biotechnology and Bioethics
e-mail: alessandra.minchella11@gmail.com

BACKGROUND
The University of Rome “Tor Vergata” with UNESCO interdisciplinary chair in Biotechnology and Bioethics
have grown, over the years, a tradition on teaching and North-South Biotechnology Transfer. Moringa oleifera
Lam. (MO) is one of the most distributed species of Moringaceae family which is also widely used in African
traditional medicine. This plant has a high nutritional value for its primary metabolites and essential nutrients
like vitamins, proteins, and amino acids. It is also an important source of many bioactive compounds like
carotenoids, polyphenols, and glucosinolates that have been identified in almost all parts of the plant, espe-
cially in leaves and seeds. MO leaves are the most widely studied and they have shown to be beneficial in
several chronic conditions, including hypercholesterolemia, high blood pressure, diabetes, insulin resistance,
non-alcoholic liver disease, cancer, and overall inflammation.Considering the emerging role of chronic inflam-
mation as a determinant in the progression of major degenerative diseases typical of modern society and the
use of MO. leaves (MO-L) as a natural supplement in traditional medical approach, we investigated the abili-
ty of three different species of MO Aqueous Extracts Leaves (MOEL) to modulate the inflammatory response
in an in vitro model.
MATERIAL AND METHODS
Plant material, extract preparation and cells treatment. The MOEL was prepared according to an African
traditional method. The human monocytic cell line THP-1 was used, and the cells were treated for 72 hours
with different Fresh Weight Concentration (FWC) of MOEL (1/2,5/5 mg/mL).
THP-1 were stimulated or not with 20 ng/mL LPS and treated with 1 mg/mL of MOEL FWC at different time
point (0/3/6/12/24 hours).
Cell death/viability. Absolute number of dead and live cells was evaluated using the trypan blue exclusion
test (Euroclone).
Apoptosis assay. Apoptosis was assessed through flow cytometry analysis, using a Cytoflex (Beckman
Coulter), on isolated nuclei stained with propidium iodide.
Immunostaining and intracellular flow cytometry analysis of cellular proteins. After 3, 6, 12, and 24
hours after MOEL treatments, THP-1 cells were harvested, fixed and permeabilized with Saponin. Intracellular
expression of Bcl2 protein and pro-inflammatory cytokines was evaluated in by Cytoflex flow cytometer using:
anti-human Bcl2-FITC; : TNF-α - PE, IL-8 – PerCP-Cy5.5, IL-1β – AF647 , IL-10 – Pe-Cy7, IL-6 – Pacyfic blue.
Results: The treatments with the two of three different MOEL induced a significant reduction of proliferation
and induced apoptosis, in a dose dependent manner, on THP-1 cell line while is possible to observe a differ-
ent decrease of the proliferation for the third extract. Moreover, THP-1 cells stimulated with LPS, shown a sig-
nificative decrease of TNF α and an increase of IL -10. Conclusion: Different studies have been performed
to confirm the beneficial effects of MO leaves on humans. The aim of this study was the evaluation of the bio-
logical effects of MO on human tumor cell line and study the cytokines expression after the treatment. Our
studies showed that these three extract are involved in a decrease of cell proliferation and in decrease of the
apoptosis. In addition, with regard to cytokine expression, we were able to ascertain an increase in the anti-
inflammatory cytokine IL-10 and an increase in TNF α, that has always been associated with inflammation,
leading us to think that there may be a potential anti-inflammatory effect in the three. 
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EFFECTS OF MORINGA OLEIFERA LAM. MICROVESICLES ON ENDOGENOUS
MIRNAS INVOLVED IN TUMORIGENESIS IN HELA CELL LINE
Marina Potestà1,2*, Valentina Roglia1*, Federico Iacovelli1, Marco Ciotti3, Anna Criscuolo4, 
Antonella Minutolo5 and Carla Montesano 1,2.
1. Department of Biology University of Rome Tor Vergata, Rome, Italy.
2. UNESCO Interdisciplinary Chair in Biotechnology and Bioethics. 3. Virology Unit, Polyclinic Tor Vergata,
Rome, Italy. 4. Department of Gynecology, University of Rome Tor Vergata, Rome, Italy. 5. Department of
Experimental Medicine, University of Rome Tor Vergata, Rome, Italy.
*These authors contributed equally to this work

Background. Cervical cancer (CC) is one of the most frequent cancers in women worldwide. The epithelial-
mesenchymal transition (EMT) and TGF-β production, are processes associated with different tumorigenic
processes. Specific human miRNAs (hsa-miRs) involved in these processes were identified, becoming impor-
tant diagnostic and prognostic markers, and potential therapeutic targets. In parallel, plant microvesicles
(MVs) could modulate host gene expression under pathological conditions, restoring the regulatory activity of
endogenous miRNAs lost in cancer. In our previous studies, the MVs from Moringa oleifera Lam. were char-
acterised, and demonstrated the ability to differentially regulate proliferation and apoptosis in healthy and
tumour cells. In the present study were investigated the effects of MOES-MVs on tumorigenesis, EMT and on
the modulation of has-miRs profile in CC-derived HeLa cells. Methods. MOES-MVs were isolated and char-
acterized for size using a Gigamix-FSC&SSC Plus kit. HeLa cells were treated with MOES-MVs purified from
MOES for 72hrs. Cell viability was assessed by Trypan Blue exclusion test and apoptosis through flow cytom-
etry analysis on isolated nuclei stained with Propidium Iodide. Mitochondrial activity assay was assessed
using two assays: MitoProbe JC-1 assay, and MitoTracker Red (CMXRos) according to manufacturer’s
instructions. The analysis was assessed using CytoFlex CytExpert software. RNA extraction and reverse tran-
scription of HeLa cells and of cervical swab residual samples of HPV and PAP test negative (CSRS) cells were
performed by TRIzol and by cDNA Reverse Transcription Kit. Through the Human Cancer Pathway RT2
Profiler PCR Array the expression of 84 hsa-miRs were analysed in CSRS, and in HeLa treated or not with
MOES-MVs. Results. The treatment with plant miRs was able to modulate proteins involved in EMT. It
reduced the expression of TGF-β and significantly inhibited cell motility and viability, with a significant increase
of apoptotic events. Among the 84 hsa-miRs analysed, 42 resulted up-regulated, 25 down-regulated, 7 had
stable expression, and only one was not detectable, in HeLa cells with respect to CSRS. MOES-MVs signifi-
cantly modified this profile: the treatment reduced the overexpression of 14 miRs, decreased the expression
of 10 miRs, and restored the expression of 11 miRs, respect to the control. Moreover, 6 up-regulated miRs in
HeLa cells respect to CSRS, resulted undetectable after the treatment. Among the 25 down-modulated miRs,
the MOES-MVs induced the over-expression of 2 miRs, whereas 14 miRs resulted undetectable, and restore
the expression of 2 miRs. Conclusion. Our results pave the way for the development of new potential thera-
peutic approaches based on plant MVs for contrasting human cervical cancer modulating the endogenous
miRs and the pathway involved in apoptosis and EMT, even in the form of adjuvants to classic treatments for
limiting their side effects.
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16-COLOR MULTIPARAMETRIC IMMUNOPHENOTYPING TO DETERMINE IDENTITY,
PURITY, AND MATURATION OF SPECIFIC MULTIVIRUS T CELLS EXPANDED IN
VITRO FOR CLINICAL USE
Amico G.1,2, Di Bella M.1,2, Timoneri F.1,2, Di Bartolo C. 1,2 , Conaldi PG.2 , Miele M.1,2
1 RIMED Foundation, Palermo
2 Department of Laboratory Medicine and Advanced Biotechnologies, IRCCS-ISMETT (Mediterranean
Institute for Transplantation and Advanced Specialized Therapies), Palermo

Background: Our group is developing an advanced therapy medicinal product (ATMP) based on polyclonal
multivirus specific T cells (MVT-cells) for autologous and allogeneic use.
The T lymphocytes are stimulated simultaneously by EBV, CMV, BK polyoma virus and Adenovirus peptides
mix to generate virus-specific T cells. The efficient expansion of MVT-cells in a closed-system is an active
challenge for our cell factory laboratories. Cell phenotype identity and activity/specificity as well as variability
in cell yield are common pain-points when transitioning from research protocols (i.e. flask or well plates) into
closed manufacturing systems. The successful viral antigen-specific T cell GMP production in innovative cell
culture devices can potentially repopulate distinct T-cell subsets in vivo after infusion. Studies suggest that
cells derived from the central memory compartment may be important for the long-term persistence of adop-
tively transferred MVT- cells.
Materials and methods: To determine the identity, purity and maturation of virus-specific T lymphocytes, we
performed immunophenotypes by flow cytometry using a BD FACS Celesta SORP 4 lasers 16 color 18 param-
eter cytometer with FSC and SSC (forward and side scatter) using the following antibodies: CD45, CD3, CD4,
CD8, to identify T lymphocytes; CD14, CD19, CD16, CD56 to determine the purity, quantifying respectively
any residual contamination of monocytes, B cells and NK cells; CD45RA, CD62L, CCR7, to determine T cell
maturation; HLA DR for T cells activation, CD25, CD127 for regulatory T cells, TCR γδ for γδ T cells.
Results: Optimizing cell expansion in G-Rex (M series) at small-scale is key to achieving efficient cell expan-
sion. We analyzed, beyond specificity and activity of the expanded MVT-cells, the immunophenotypic char-
acteristics at time zero (T0) and after 8-11 days in culture (T1). The increase of  percentage of  CD4+ and
CD8+ MVT-cells population in G-Rex 10 M is comparable to the classic 24-well cell culture system at T1. In
addition, expression of naïve cells (CD62L+CD45RA+) decreased, while CM T cells (central memory
CD62L+CD45RA- cells) and EM T cells (effector memory CD62L-CD45RA-) increased at T1 compared to T0
in both culture systems. We also quantified exhaustion identifying the T cells TEMRA (terminal effector mem-
ory CD45RA+CD62L) separately for CD4+ and CD8+ subpopulations.
Conclusion The implementation of the described 16-color panel allowed to determine a complete
immunophenotyping of expanded MVT cells in innovative in vitro culture systems (10M G-Rex series) ana-
lyzing  only one small sample (about 106 cells).  This is a valid experimental approach to evaluate identity,
purity but also different T cell subpopulation markers as predictor of potential efficacy in vivo.

Steem Cells and Cell Therapies



CHARACTERIZATION OF HETEROGENEOUS STEM-LIKE CELLS COEXISTING IN
SINGLE GBMS
Elena Casanova1, Francesca De Bacco1.2, Francesca Orzan1, Marta Prelli1.2, Pietro Zeppa3, 
Diego Garbossa3 and Carla Boccaccio1.2 
1Laboratory of Cancer Stem Cell Research, Candiolo Cancer Institute, FPO-IRCCS, 10060 Candiolo, Turin, Italy
2 Department of Oncology, University of Turin Medical School, 10060 Candiolo, Turin, Italy
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Introduction: Glioblastoma multiforme (GBM) is an extremely aggressive brain tumor, characterized by
remarkable intratumoral genetic and phenotypic heterogeneity. Several studies have shown that GBM cells
are hierarchically organized, with a subpopulation of cancer stem cells (GSCs) at the apex, responsible for
tumor initiation, progression, resistance to conventional therapies and recurrence. GSCs are typically isolat-
ed from patient biopsies using a culture technique that produces “neurospheres” (NS) in serum-free medium
supplemented with EGF and FGF2. The current methodology mostly relies on tissue samples of limited size,
which may not fully capture the entire range of GBM heterogeneity (including subclones with different RTK
expressions that can be located in separate GBM regions). Moreover, standard culture conditions may select
for a limited number of subclones that have the highest fitness under those conditions, potentially leading to
an incomplete picture of the multiple subclones composing the tumor. We developed a new methodology for
GSC isolation aimed at better capturing GBM heterogeneity.
Material and Methods: We collected a cohort of human GBMs surgically removed as ultrasonic aspirates
(UA; n=31), virtually allowing the recovery of the entire tumor mass. We identified UA GBM cells (by discrim-
inating the CD45neg/CD56pos population of cells of neuroendocrine origin from residual CD45pos leuko-
cytes), and we established multiple parallel cultures of NS (“NS families”) by applying different positive selec-
tive pressures, represented by different cocktails of growth factors (EFG, FGF2, PDGFB, and HGF). Four rep-
resentative NS families were characterized by transcriptional profiling and by flow-cytometry for expression of
Receptor Tyrosine Kinase (RTK) and markers associated with different transcriptional profiles. 
Results and Discussions: Starting from 31 patients, we derived 19 different GSC families, defining “family”
the set of NS derived from a single GBM, and “family member” each NS culture belonging to the same fami-
ly. Within each family,  the members, although sharing the same driver genetic lesions are highly transcrip-
tionally and biologically heterogeneous. Interestingly, we observed that features coexisting in original GBMs,
such as concomitant expression of multiple RTKs, were segregated in different GSC family members, in asso-
ciation with different GBM transcriptional profiles and biological properties. 
Conclusion: We designed a new methodology to derive multiple GSCs from single GBMs, each segregat-
ing distinctive molecular and biological aspects coexisting in the original tumor. RTK expression is consistently
associated with different GBM molecular subtypes.
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ANALYSIS OF THE INTERACTIONS BETWEEN T CELLS AND NON-VIRAL
NANOVECTORS FOR GENE DELIVERY BY FLOW CYTOMETRY
De Stradis C.¹,²*, Maiorano G.², Gigli G.¹,² and Palamà I. E.²
¹Department of Mathematics and Physics, University of Salento, Lecce;
²Nanotechnology Institute, CNR-NANOTEC, Lecce;
*claudia.destradis@unisalento.it

Nowadays one of the main challenges in adoptive cell therapy is the delivery of nucleic acids into T cells. The
principal effective ways of transfection are based on viral vectors and electroporation, but both present some
issues as high costs of production, oncogenic insertions and high cell mortality.
The aim of our research is to develop a nanoparticle-based method to genetically engineer T cells. In this con-
text, we analyse how T cells interact with different kinds of nanoparticles (NPs) and their components through
flow cytometry.
To achieve this aim, PBMCs are collected from healthy donors. T cells are isolated and then, stimulated and
activated for proliferation and expansion. This step is accomplished by the proper treatment with antibodies,
as well as by a well-balanced combination of cytokines in the medium.
After activation, T cells are treated with different NPs and analysed through flow cytometry to assess cell phe-
notypes through measurements of intrinsic cellular properties: cell size and shape by forward-angle light scat-
ter (FSC) and cellular granularity and morphology by side-scattered light intensity (SSC). In addition, specific
cellular staining is performed to analyse the change in different sub-T cell populations, such as the biocom-
patibility of tested nanoformulations.
Still now, different nanomaterials are been tested on activated T cells evaluating the morphological changes
through flow cytometry. Results highlight that several NPs induce dimensional and internal complexity
changes, thus resulting cytotoxic, while single constituent of NPs don’t entail any morphological changes. This
evidence reveals the role of nanostructuration in conferring biocompatibility/cytotoxicity properties to nanofor-
mulations intended for genetically engineering of T cells.
In conclusion, we are working on identifying principles of design and rules for the production of NPs that result
in high biocompatibility and high transfection efficiency and flow cytometry represent a key analysis technique
for the interaction analysis of nanomaterials with T cells and other components of immune system.
Acknowledgements: This study was supported by “Tecnopolo per la medicina di precisione” (TecnoMed
Puglia) - Regione Puglia, project PON ARS01_00906 “TITAN - Nanotecnologie per l’immunoterapia dei
tumori”, project “Matrice extracellulare e malattie rare: la Polineuropatia Demielinizzante Infiammatoria
Cronica (CIDP), Regione Puglia, and EU funding within the MUR PNRR “National Center for Gene Therapy
and Drugs based on RNA Technology” (Project no. CN00000041 CN3 RNA).
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DNA DAMAGE IN CIRCULATING HEMATOPOIETIC PROGENITOR STEM CELL: A
POSSIBLE MARKER OF FRAILTY?
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Frailty is a clinical syndrome closely linked to advanced age. It can be defined as a state of increased vul-
nerability, resulting from severe decline of several physiological systems and in a reduced capacity to com-
pensate for external stressors. Although it is an intermediate and potentially reversible state, this syndrome
predisposes to the development of disability and other adverse health-related outcomes, including mortality.
Although there are no molecular processes or biological markers able to identify a frail phenotype, inflamma-
tion is a potential pathophysiological change that may be closely related to frailty.
We thus hypothesize that the increase in oxidative stress, related to this inflammatory state, can be a major
cause of DNA damage accumulation in aged cells and could be implicated in frailty.
Given these premises we characterized the oxidative status of frail, pre-frail and non-frail populations, high-
lighting significant increases of auto-oxidation of oxysterols, as well as of 8-OH-dG, which is produced by the
oxidative damage of DNA, in frail plasma compared to pre-frail and non-frail plasma.
Moreover, we analysed the DNA damage in peripheral blood mononuclear cells (PBMC) and in their subpop-
ulations, especially in circulating hematopoietic progenitor stem cell (cHPSC), by assessing the level of his-
tone H2AX phosphorylation at Ser 139, the early event in response of DSB.
We found a significant increase of cells with DNA damage in cHPSC and PBMCs in frail population compared
to others.
This increment of DNA damage in cHPSC could be a suggestive signal of organism impairment that precedes
the evident frailty in older people.
In addition, we can hypothesize that progression of frailty may be attenuated throughout specific drugs that
act on preventing DNA damage or on removing the damaged cells.
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A RAPID AND SIMPLE MULTIPARAMETER ASSAY TO QUANTIFY SPIKE-SPECIFIC
CD4 AND CD8 T CELLS AFTER SARS-COV-2 VACCINATION
Mojtaba Shekarkar Azgomi, Marco Pio La Manna, Giusto Davide Badami, Francesco Dieli, Nadia Caccamo
1 Department of Biomedicine, Neurosciences and Advanced Diagnostic (Bi.N.D.), University of Palermo,
90127 Palermo, Italy;
2  Central Laboratory of Advanced Diagnostic and Biomedical Research (CLADIBIOR), University of Palermo,
90127 Palermo, Italy;

After more than four years, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused,
over 760 million confirmed cases and over 6.8 million deaths worldwide [1]. mRNA vaccines for COVID-19 are
used to induce humoral and cell-mediated immunity, but SARS-CoV-2 can spread from cell to cell without expo-
sure to the extracellular environment [2], limiting the role of NAb in the immune response against this virus. For
this reason, T cells can be essential mediators of the protective host response to SARS-CoV-2 infection.
Here we describe a simple flow cytometric test to detect and quantify Spike-specific CD4+ and CD8+ T cell
responses induced by vaccination in healthy donors and in subjects with B cell compart impairment, in which
antibody response is absent due to primary immunodeficiencies or therapy. 
This assay relies on the simultaneous expression of three cytokines (IL-2, IFN-γ and TNF-α) after 18 h of stim-
ulation in vitro with a pool of lyophilised peptides covering the immunodominant sequence domains of the
spike glycoprotein of SARS-CoV-2. 
The enrolled subjects, all vaccinated with Pfizer,  were divided into four groups; the first three groups were
composed of healthy donors with different titers of SARS-CoV-2 NAbs at the time of venipuncture. The fourth
group comprised patients without functional B cells and no NAb in peripheral blood.
We detected and quantified memory T cell immune responses against SARS-CoV-2 evocated by vaccination
in all the groups, irrespective of the humoral response. Furthermore, we identified TNF-α as the main cytokine
produced by T memory cells, after antigen-specific stimulation in vitro, that could be considered, other than
IFN-γ, an additional biomarker of induction of T memory cells upon vaccination. Our study shows that vacci-
nation gives a robust cell-mediated immunological memory against spike protein antigens, independently from
the titer of NAb, meaning that the T cell-mediated specific immune response against SARS-CoV-2 can devel-
op independently from the B cell response [3]. This finding highlights the importance of the cell-mediated
immunity against SARS-CoV-2 not only in healthy people but also in B cells compromised subjects, where T
cells have a predominant role in the protection against SARS-CoV-2.
References
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2.  Fenrich M., Mrdenovic S., Balog M., Tomic S., Zjalic M., Roncevic A., Mandic D., Debeljak Z., Heffer M.
SARS-CoV-2 dissemination through peripheral nerves explains multiple organ injury. Front. Cell. Neurosci.
2020;14:229. doi: 10.3389/fncel.2020.00229
3. Hagin D., Freund T., Navon M., Halperin T., Adir D., Marom R., Levi I., Benor S., Alcalay Y., Freund N.T.
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CHARACTERIZATION OF CD169 EXPRESSION ON BLOOD CELLS AND 
CIRCULATING MICROVESICLES AS A POTENTIAL MARKER IN DEVELOPMENT, AND
PROGRESSION OF COVID-19 AND POST-ACUTE SEQUELAE
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Background: An elevated inflammatory response and immune dysregulation are the main consequences of
SARS-CoV-2 infection and characterize COVID-19 disease. This dysregulated inflammatory state persists
even after infection, generating the post-acute sequelae of SARS-CoV-2 infection (PASC) characterized by
neurological, psychiatric, and systemic manifestations. The identification of new biomarkers that can charac-
terized COVID-19 and predict its long-term effects are needed. CD169+ macrophages play an important role
in viral infections and recently has been demonstrated that CD169 was strongly overexpressed in the blood
of COVID-19 patients (COV). Aim: Based on our recent evidences supporting the close implication of CD169
expression in COVID-19, the aim of the present study was to extend the evaluation of these potential biomark-
ers also in PASC, to identify possible associations also with important alterations following the infection and
potentially underlining the post-infection sequelae. The study also aimed to investigate the CD169 in associ-
ation to the immune dysfunction mirrored at circulating level, in particularly focusing on plasma circulating
microvesicles (MVs). Materials and methods: Flow cytometry was used for the evaluation of the median flu-
orescence intensity ratio of CD169 between monocytes and lymphocytes (CD169 RMFI) in blood samples
from 60 COV, 33 PASC and 43 healthy donors (HD). Leukocytes subpopulations and MVs were characterized
for HLA-DR+CD169 proteins expression. Serum inflammatory markers (IL-1β, CXCL10, IL-8, I-CAM, V-CAM)
were assessed by Ella Automated Immunoassay System. The different markers analyzed were associated
with clinical and biochemical parameters in COV and PASC. Results: CD169 RMFI was found significantly
higher in COV than in HD and PASC. Among the leukocyte populations, monocytes showed a significantly
higher percentage of HLA-DR+CD169+ in COV and PASC than in HD and correlated with CXCL10 and num-
ber of platelets. In plasma, the percentage and number of
HLA-DR+CD169+ circulating MVs were significantly elevated in COV and PASC compared to HD and corre-
lated with coagulation factors. Conclusions: These data sustain a potential role of MVs as a contributing fac-
tor to COVID-19 disease and post-infective chronic inflammation. This scenario opens new possibilities for
studying the use of CD169 at cellular and MVs level as markers and potential cofactors either during acute
infection or in post-infection sequelae. The characterization of the contribution of MVs using CD169 marker
could clarify the complexity of COVID-19 and evaluate their involvement in the long-term complications seen
in PASC.
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Introduction
Many studies show that SARS-CoV-2 natural infection as well as active vaccine immunization induce humoral
and cellular immune responses, recruiting both antibody producing B cells and antigen-specific T cells. Thus,
it is crucial to assess the levels of protection generated by SARS-CoV-2 natural infection or vaccine, by mea-
suring T-cell responses that may complement currently in use antibody testing to find correlates of protection.
Epitopes recognized by CD8+ T cells can encompass both structural and non-structural proteins, since both
types of proteins can be endogenously processed by infected cells.
The aim of the present study was to identify potential novel peptides of interest derived from Spike and some
viral non-structural proteins. In addition, we intended to correlate T cell response to peripheral immuno-phe-
notype as well as to anagraphic/clinical characteristic of the enrolled subjects, in order to better define host-
pathogen relationship.
Method
We firstly selected some HLA-A * 02: 01 restricted epitopes derived from the Spike and few non-structural pro-
teins (Nsp1-2-3-16), by using the predictive bioinformatic algorithm (NetMHCpan EL 4.1). We thus obtained
15 poorly investigated peptides for Spike (including 4 mutated peptides for Delta and/or Omicron variants) and
3 peptides for each of the non-structural proteins, with promising prediction scores in terms of immunogenic-
ity. Afterward,  we further tested the immunogenicity by IFN-γ ELISPOT assay on cryopreserved PBMCs iso-
lated from peripheral blood of 14 vaccinated and recovered from mild COVID-19 HLA-A * 02: 01 healthy sub-
jects. Furthermore, subjects’ anagraphic/clinical data were collected by a survey questionnaire, while leuko-
cytes immuno-phenotype was assessed on whole blood samples of the enrolled subjects by means of stan-
dardized multiparametric flow cytometry panels.
Results
The poorly studied selected peptides induced low and variable immune response on subjects’ PBMCs, except
one of them, named LA9 (a Spike protein fragment) that showed a good response rate (50%).
Despite the small number of enrolled subjects, we found significant association among peptide T cell response
and certain T memory subset frequencies as well as some anagraphic/clinical features. Indeed, individuals
with high cellular response are characterized by young age, intensive sport activity, low frequency of central
memory T cells and a low number of symptoms during the infection.
Conclusion
Based on our findings, we can reckon that T cell response studies can efficiently contribute to better define
interaction between host and viral pathogen. Nevertheless, further analysis on a larger number of subjects are
needed to confirm our results.
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