
“M ul t i p ar a me t r i c  W h o l e  B l o o d  D i s s e c t i on :  

A O n e - S ho t  C o m p r e h en s i ve  P i c t u r e  o f  t h e  

H u m a n  H e m a t o p o i e t i c  S ys t e m ”  

Background and Description of Invention. Human hematopoiesis is a hierarchically organized system 

in which distinct cell types with disparate properties and characteristics are continuously generated from 

primitive hematopoietic progenitors, mainly resident in the bone marrow (BM). Several pathological 

conditions such as immunodeficiencies (PID) and tumors are associated with an altered hematopoiesis 

with unbalanced frequency of immature vs mature cell types or aberrant cell phenotypes. 

Morphological examination is one of the routine laboratory tests performed for the diagnosis of 

hematopoietic/immunological disorders, when alterations of the physiological differentiation of 

hematopoietic cells are suspected. Still, this test requires experienced investigators, is time consuming, 

not accurate in quantification and laborious in the identification of rare blood cell types. Conversely, 

through the simultaneous measurement of multiple fluorescent antibodies, each binding to a specific 

surface or intracytoplasmic molecule, flow cytometry constitutes a highly quantitative and reproducible 

technique.  

To assess the relative frequencies of blood cellular components, cytometric analyses are commonly 

performed by splitting the available biological sample on different test tubes, each dedicated to the 

analysis of a restricted group of leukocyte subpopulations through a limited set of surface markers. As a 

result, the standard analyses do not allow identifying co-expression of >6–8 independent markers at a 

time and the relative frequency of all the different blood cell subtypes cannot be concomitantly assessed 

on the same sample. 

The present invention relates to a novel flow cytometry protocol (kit), called Whole Blood Dissection 

(WBD), which combines 17 surface markers, 1 viability cell marker and count beads accounting for a wide 

spectrum of hematopoietic lineages. Starting from a limited amount of whole blood (WB), WBD allows 

analyzing and quantifying at once and in a single test tube up to 23 different blood cell types composing 

either BM or peripheral blood (PB) samples, including human stem progenitor cell (HSPC) subpopulations 

and all the major cell lineages at different stages of maturations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

45 

Figure 2. From A to D: Whole 

Blood Dissection (WBD) graphical 

representation (A), WBD graphical 

representation  showing mean BM 

composition in 5 adult and 5 

pediatric HD (B), 6 Wiskott Aldrich 

Syndrome (WAS) patients, 7 ADA-

SCID patients and 1 Chronic 

Granulomatous Disease (CGD) (C), 

6 Metachromatic Leukodystrophy 

(MLD) patients (D). From E to I: 

WBD graphical representation 

showing BM composition in 1 

representative adult HD (E), 4 

patients with acute myeloid 

leukemia at diagnosis (AML) (F), 2 

patients with AML after chemo-

therapy (G) and 1 patient with acute 

lymphoid leukemia (ALL) at relapse 

(H) and 1 patient with multiple 

myeloma (MM) at diagnosis (E). 

Figure 1. WBD protocol 

workflow. The final WBD 

results are available in <1.5 h 

from the arrival of the samples. 

The complete list of the 

markers and the 

fluorochromes necessary for 

performing the WBD protocol 

is reported in Figure 2 below. 
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We seek a potential commercial partner with a strong expertise in research/clinical diagnostic tools to 

further explore the use of the present method/kit in the diagnostic and reaserch field of hematological 

disorders. 

 

For further information on this project please contact: 

B u s i n e s s  C o n t a c t  

Paola Vella 

Head, Office of Biotechnology Transfer 

San Raffaele Hospital and Scientific Institute 

Tel: +39 02 2643 4281  

Fax: + 39 02 2643 8138 

E-mail: vella.paola@hsr.it 

S c i e n t i f i c  C o n t a c t  

Prof.  Alessandro Aiuti 

San Raffaele Telethon Institute for Gene Therapy 

San Raffaele Hospital and Scientific Institute 

Tel: +39 02 2643 6564  /  +39 02 2643 4472 

Fax: +39 02 2643 6545 

E-mail: aiuti.alessandro@hsr.it 

Potential Applications and Competitive Advantages. WBD allows unambiguously identifying and 

quantifying >99% of the cell subpopulations composing a blood sample in a reproducible, standardized, cost- 

and time-efficient manner. This technology represents a powerful tool for the analysis of human hematopoiesis 

with a wide spectrum of potential preclinical and clinical applications: 

i) analysis of the hematopoietic system composition through the determination of PB and BM cell population 

frequencies; 

ii) characterization of hematological diseases, by detecting cell unbalances in hematological disorders, such 

as immunodeficiencies and hematological tumors 

iii) monitoring hematopoietic reconstitution and HSPC maintenance in patients after transplantation or 

treatment   

iv) evaluation of the efficacy of therapeutic approaches. 

 

The use of WBD in clinical screenings provides several advantages with respect to the standard analysis: 

• simultaneous quantification of 23 different cell types including all the major mature lineage compartments, 

progenitors at different stages of maturation and rare subsets of HSPC 

• quick (< 2 hours) and cost-saving procedure; 

• reduced amount of blood is required to achieve a comprehensive picture of the hematopoietic composition 

of a given sample; 

• first characterization of immunodeficiencies, directing the choice of additional assays on specific cellular 

compartments; 

• evaluation of the BM or mobilized PB composition of donor grafts prior to infusion; 

• monitoring of patients after allogeneic transplantation or gene therapy to evaluate, at the same time, the 

level of reestablishment of mature blood cells and the long-term maintenance of all (HSPC) populations and 

for studying the dynamics of the hematopoietic reconstitution; 

• Identification of blast populations within samples of hematological tumors and categorization of leukemia 

types even on the samples with expected low blast content (first categorization of the BM of leukemic 

patients that could guide investigators toward more detailed down-stream analyses); 

• detecting residual clones in patients who underwent chemotherapy or bone marrow transplantation. 

The use of WBD in research setting provide the advantage to obtain a comprehensive analysis of the human-

in-mouse graft in pre-clinical studies, fundamental for assessing the safety and efficacy of treatments and for 

studying the biology of human hematopoietic system. 

Patent information.  An international patent application related to the invention was filed (not published yet). 

A scientific article related to the invention has been published on Cytometry Part A (Basso-Ricci et al., 2017: 

Multiparametric Whole Blood Dissection: A One-Shot Comprehensive Picture of the Human Hematopoietic 

System). 
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