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Hacrosiuii Homep «VIMMyHOI0THU reMomnos3a» HeoObrdeH. OH
MPAKTUYECKU MOJHOCThIO IOCBALIEH HAyYHBIM Pa3pa0d0TKaM U TUarHOCTUYECKUM
noaxoaam aBroputeTHoro EBpomneiickoro koncoprmyma EUROFLOW.
[Ipodeccopa XKak Ban douren (Hunepnanaer) u Ansoepro Opdao (Mcnanus)
nosipooHo ocBetmim AocTikeHnss EUROFLOW Ha koHdepenuu B CaHKT-
ITetepOypre 17-19 mas 2011 r. KondepeHnius 6bu1a opraHi3oBaHa KOMIAHUSAMU
Becton Dickinson u buonaiin. [l poccHiickoro uutaTesns CToiIb IOoApoOHOe
ocpemeHue HanpapieHui padotel EUROFLOW npuBomuTcs BiepBbie U OyIeT,
HECOMHEHHO, T0JI€3HBIM B COBEPILIEHCTBOBAHUN UMMYHOIMArHOCTUKH
reMo01acTO30B 1 MUHUMAIIBHON OCTaTOYHOI 0O0JE€3HN B OHKOT'€MAaTOJIOTHH.

Beipaxkaem orpoMHyro OiaronapHocTh nmpodeccopam J.J.M. van Dongen u
A.Orfao 3a npenoctaBieHHbIE A7 MyOJUKAUN MaTepHUaIbl.

Penakmus ((I/IMMYHOHOFI/II/I T'EMOII023a»

This Haemopoiesis Immunology issue is unusual. It practically entirely
addresses scientific developments and diagnostic approaches of the European
Consortium EUROFLOW. Professors Jack Van Dongen (The Netherlands) and
Alberto Orfao (Italy) described in detail EUROFLOW'’s achievements at the
St. Peterburg conference of May 17—19, 2011. The conference was organized by
Becton Dickinson and Bioline. For Russian readers such a detailed coverage of
EUROFLOW? s fields of activities is made for the first time and will undoubtedly
be very useful for improvement of immunodiagnosis in hematology malignancies
and minimal residual disease in cancer hematology.

Editorial board of “Haematopoiesis Immunology” is very grateful to Professors
J.J.M. van Dongen and A.Orfao for presentation of their articles.

Editors



Jacques J.M. van Dongen studied Medicine at the
Erasmus University Rotterdam (Rotterdam, the
Netherlands) and received his M.D. degree in 1981.
From then on he worked in the field of immunology
research, with special focus on human T- and B-cell
differentiation as well as lymphoid malignancies and
immunodeficiencies. Together  with Herbert
Hooijkaas, he initiated the immunodiagnostic
laboratory of the Erasmus university Medical Center
Rotterdam in 1985, which has developed into one of
the leading centers for immunodiagnostics and
translational  research  of  lymphoproliferative
diseases and immunodeficiencies in Europe. In
1990 he received his Ph.D. degree (thesis: “Human
T-cell differentiation: Basic aspects and their clinical
applications”). Since 1991 he has been full
Professor of Immunology at the Erasmus
MC/Erasmus University Rotterdam. His translational
research focuses on molecular genetic processes
during normal, malignant, and immunodeficient
lymphoid differentiation and on the development and
clinical evaluation of new immunodiagnostic
methods in lymphoproliferative diseases and primary
immunodeficiencies. He contributed to ~550
manuscripts, including ~360 international SCI
publications (number of citations: ~14,300; H-factor:
61). He is/was coordinator of seven European
networks in the field of diagnostics in hemato-
oncology and immunology, such as the currently
ongoing EuroClonality, EuroMRD, and EuroFlow
networks.

Prof. J.J.M. van Dongen, M.D., Ph.D.
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g11) with BCR and ABL genes
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F. Weerkamp, et al. Leukemia 2009; 23: 1106-1117.
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Maturation stage of neutrophil precursors in normal BM
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Principal Investigator/Program Director (Last, first, middle):

Alberto Orfao was born on 15 July 1960. He received his M.D. Degree at
both the University of Salamanca, Spain (1984) and the Nova University of
Lisbon, Portugal (1985) and obtained the Ph.D. Degree at the University of

Salamanca in 1987. He is currently Full Professor of the Department of

Medicine and the Director of the General Cytometry Service at the University of
Salamanca, as well as one of the Principal Investigators at the Cancer Research Center of
Salamanca. He leads the Spanish National DNA Bank since its creation in 2004. His main
research interest is in translational medicine, mainly focused on hematological malignancies and
the relationship between immune system and cancer. At present he has published more than 400
scientific papers and has co-authored 25 patents. He has received more than 30 awards including
the Berend Howen and the Wallace Coulter awards of the International Society for Laboratory

Hematology and the International Society for Clinical Cytometry.

BIOGRAPHICAL SKETCH

NAME POSITION TITLE
i Director, National Bank of DNA, Cytometry Service,
Jose Alberto Orfao de Matos Associate Professor of Immunology of USAL

EDUCATION/TRAINING

INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY
(if applicable)
University of Salamanca MD 1984 Medicine / Surgery
University of Salamanca PhD 1987 Medicine / Surgery

A. Positions and Honors.
RESEARCH AND PROFESSIONAL EXPERIENCE:
2004-Present - Director of the National DNA Bank of Spain, at the University of Salamanca
2000-Present - Principal Investigator at the Cancer Research Center of Salamanca
1996- Present - Professor of Immunology, Department of Medicine, at the University of Salamanca
1990- Present - Director of the Central Cytometry Service of the University of Salamanca (Spain).
1987: Ph.D. Title of Ph.D. Thesis: Immunological phenotype and clinical-biological correlation in chronic Imphocytic leukemia

1985: MD degree at the University of Lisbon
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Principal Investigator/Program Director (Last, first, middle):
1984: MD degree at the University of Salamanca

Other Experience and Professional Memberships

Member of the Scientific Committee of the National Genotyping Center of Spain (2004- Present)
Councilor of the executive board of the International Society for Analytical Cytology (1996-2000)
Member of European Group for the Immunological Characterization of leukemias

Member of European BIOMED Group for the study and standarization of minimal residual disease in acute leukemias on Clinical Cell
Analysis.

Chairman of the standarization Committee of the International Federation of Clinical Chemistry (1994-2000).
Secretary of Iberian Society Cytometry (1999- 2003)

President of Iberian Society Cytometry (1995-1999)

Tesaurer of The Iberian Society of Cytometry (1993-1995)

Member of the External advisory board of the CICS (University of Beira Interior, Portugal) (2007-present)
Member of the Research Council of the University of Salamanca (2004-2008)

Member of the advisory board of the Brasilian Studies Institute of the University of Salamanca (2008-present)

HONORS & AWARDS

“Mecenas” Prize of the University of Salamanca. January 2001
Prize of The Royal Academy of Medicine of Salamanca. Feb 2000
Iberoamerican Prize of Flow Cytometry of The Mexican Society of Cytofluorografy. March 1998

Annual Prizes of the Spanish Society of Hematology for several different scientific works: Nov 1989, Nov 1990, Oct 1991, Nov 1993,
Nov 1995, Oct 1999, Oct 2001

Spanish Cancer Association Prize for best Ph.D. thesis in Cancer. Oct 1987
Wallace Coulter Prize of the Clinical Cytometry Society (USA, 2001)

EDITORIAL BOARD OF THE JOURNALS
Cytometry, Haematologica, Leukemia, European Journal of Clinical Investigation, Journal of Biological Regulators and
Homeostatic agents, Current Protocols in Cytometry, Hematology Journal, Annals of Hematology, , Quaderni di Citometria
Pratica

B. Peer-reviewed publications (in chronological order).

The publications listed below were selected from a total of 399 publications in international peer-reviewed journals

1. SAN MIGUEL JF, GONZALEZ M, CANIZO MC, OJEDA E, ORFAO A, MORO MJ, FISAC P, ROMERO M, LOPEZ
BORRASCA A: Leukaemias with megakaryoblastic involvement: clinical , hematological and immunological

characteristics. Blood, 72: 402-407, 1988

2. GOMEZ E, SAN MIGUEL JF, GONZALEZ M, ORFAO A, LOPEZ BORRASCA A: Clinical and phenotypical
characteristics of pre-T-cell leukemia: Blood, 75: 525-526, 1990
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Principal Investigator/Program Director (Last, first, middle):
3. SAN MIGUEL JF, HERNANDEZ JM, GONZALEZ-SARMIENTO R, GONZALEZ M, SANCHEZ |, ORFAO A, CANIZO
MC, LOPEZ BORRASCA A: Acute leukemia following a primary myelodysplastic syndrome: immunophenotypic,
genotypic and clinical characteristics. Blood, 78: 768-774, 1991

4. SAN MIGUEL JF, GARCIA-SANZ R, GONZALEZ M, MORO MJ, HERNANDEZ JM, ORTEGA F, BORREGO D,
CARNERO M, CASANOVA F, JIMENEZ R, PORTERO JA, ORFAO A: A new staging system for multiple myeloma based
on the number of S-phase plasma cells. Blood, 85: 448-455, 1995

5. TABERNERO MD, SAN MIGUEL JF, GARCIA-SANZ R, NAJERA ML, GARCIA-ISIDORO M, PEREZ-SIMON JA,
GONZALEZ M, WIEGANT J, RAAP AK, ORFAO A: Incidence of chromosome numerical changes in multiple myeloma. A
FISH analysis using 15 chromosome specific probes. The American Journal of Pathology, 149: 153-161, 1996.

6. ORFAO A, ESCRIBANO L, VILLARRUBIA J, VELASCO JL, CERVERO C, CIUDAD J, NAVARRO JL, SAN MIGUEL
JF: Flow cytometric analysis of mast cells from normal and pathological human bone marrow: identification and
enumeration. American Journal of Pathology, 149: 1493-1499, 1996.

7. LASO FJ, MADRUGA JI, GIRON JA, LOPEZ A, CIUDAD J, SAN MIGUEL JF, ALVAREZ-MON M, ORFAO A:
Decreased natural-killer cytotoxic activity in chronic alcoholism is associated with alcohol liver disease but not with active
ethanol consumption. Hepatology, 25: 1096-1100, 1997.

8. SAN MIGUEL JF, MARTINEZ A, MACEDO A, VIDRIALES MB, LOPEZ-BERGES C, GONZALEZ M, CABALLERO D,
GARCIA-MARCOS MA, RAMOS F, FERNANDEZ-CALVO J, CALMUNTIA MJ, DIAZ-MEDIAVILLA J, ORFAO A:
Immunophenotyping investigation of minimal residual disease is a useful approach for predicting relapse in acute myeloid
leukemia patients. Blood, 90: 2465-2470, 1997.

9. GARCIA HERNANDEZ B, CASTELLANOS A, LOPEZ A, ORFAO A, SANCHEZ GARCIA |: Murine hematopoietic
reconstitution after tagging and selection of retrovirally transduced bone marrow cells. Proceedings of the National
Academy of Sciences USA, 94: 13239-13244, 1997.

10. CASTELLANOS A, PINTADO B, WERUAGA E, AREVALO R, LOPEZ A, ORFAO A, SANCHEZ GARCIA I: A BCR-
ABL p190 Fusion gene made by homologous recombination causes B-cell Acute Lymphoblastic Leukemias in chimeric
mice with independence of the endogenous bcr product. Blood, 90: 2168-2174, 1997.

11. ESCRIBANO L, ORFAO A, DIAZ-AGUSTIN B, VILLARRUBIA J, CERVERO C, LOPEZ A, GARCIA-MARCOS MA,
BELLAS C, FERNANDEZ-CANADAS S, CUEVAS M, SANCHEZ A, VELASCO JL, NAVARRO JL, SAN MIGUEL JF:
Indolent systemic mast cell disease in adults: immunophenotypic characterization of bone marrow mast cells and its
diagnostic implications. Blood, 91: 2731-2736, 1998.

12. OCQUETEAU M, ORFAO A, ALMEIDA J, BLADE J, GONZALEZ M, GARCIA-SANZ R, LOPEZ-BERGES MC, MORO
MJ, HERNANDEZ J, ESCRIBANO L, CABALLERO MD, ROZMAN M, SAN MIGUEL JF: Immunophenotypic
characterization of plasma cells from monoclonal gammopathy of undetermined significance (MGUS) patients.
Implications for the differential diagnosis between MGUS and multiple myeloma. American Journal of Pathology, 152:
1655-1665, 1998.

13. PEREZ-SIMON JA, GARCIA-SANZ R, TABERNERO MD, ALMEIDA J, GONZALEZ M, FERNANDEZ-CALVO J,
MORO MJ, HERNANDEZ JM, SAN MIGUEL JF, ORFAO A: Prognostic value of numerical chromosome aberrations in
multiple myeloma: a FISH analysis of 15 different chromosomes. Blood, 91: 3366-3371, 1998.

14. BENE MC, BERNIER M, CASASNOVAS RO, CASTOLDI G, KNAPP W, LANZA F, LUDWIG WD, MATUTES E,
ORFAO A, SPERLING C, VANT'T VEER MB for the European Group for the Immunologic Classification of Leukemias
(EGIL): The reliability and specificity of c-kit for the diagnosis of acute leukemias and undifferentiated leukemias. Blood,
92: 596-599, 1998.

15. EGIL (European Group for the Immunological classification of Leukemias): BENE MC, BERNIER M, CASTOLDI G,
KNAPP W, LUDWIG WD, MATUTES E, ORFAO A, VANT VEER MB: The value of c-kit in the diagnosis of biphenotypic
acute leukemia. Leukemia, 12: 2038, 1996.

16.GARCIA-SANZ R, ORFAO A, SAN MIGUEL JF: Primary plasma cell leukemia and multiple myeloma: one or two
diseases according to the methodology (Response to Smadija et al). Blood, 94: 3608-3609, 1999

A4 PHS 398/2590 (Rev. 05/01) Page Biographical Sketch Format Page #

164



Principal Investigator/Program Director (Last, first, middle):
17. CIUDAD J, SAN MIGUEL JF, LOPEZ-BERGES MC, VIDRIALES B, VALVERDE B, OCQUETEAU M, MATEOS G,
CABALLERO MD, HERNANDEZ J, MORO MJ, MATEOS MV, ORFAO A: Prognostic value of immunophenotypic
detection of minimal residual disease in acute lymphoblastic leukemia. Journal of Clinical Oncology, 16: 3774-3781, 1998.

18. GARCIA SANZ R, ORFAO A, GONZALEZ M, TABERNERO MD, BLADE J, MORO MJ, FERNANDEZ-CALVO J,
SANZ MA, PEREZ-SIMON JA, RASILLO A, SAN MIGUEL JF: Primary plasma cell leukemia: clinical,
immunophenotypical, DNA ploidy and cytogenetic characteristics. Blood, 93: 1032-1037, 1999.

19. SAN MIGUEL JF, VIDRIALES MB, LOPEZ-BERGES MC, DIAZ-MEDIAVILLA J, GUTIERREZ N, CANIZO C, RAMOS
F, CALMUNTIA MJ, PEREZ JJ, GONZALEZ M, ORFAO A: Early immunophenotypical evaluation of minimal disease
(MRD) in AML identifies different patient risk-groups and may contribute to post-induction treatment stratification. Blood,
98: 1746-1751, 2001.

20. LIMA M, ALMEIDA J, SANTOS AH, TEIXEIRA MA, ALGUERO MC, QUEIROS ML, BALANZATEGUI A, JUSTICA B,
GONZALEZ M, SAN MIGUEL JF, ORFAO A: Immunophenotypic analysis of TCR-Vbeta repertoire in 98 persistent
expansions of CD3+/TCRalfa-beta+ large granular lymphocytes: utility in assessing clonality and insights into the
pathogenesis of the di American Journal of Pathology, 159: 1861-1868, 2001

21. VALENT P, SCHERNTHANER GH, SPERR WR, FRITSCH G, AGIS H, WILLHEIM M, BURHING MJ, ORFAO A,
ESCRIBANO L: Variable expression of activation-linked surface antigens on human mast cells in health and disease.
Immunological Reviews, 179: 74-81, 2001.

22. SZCZEPANSKI T, ORFAO A, VAN DER VELDEN VH, SAN MIGUEL JF, VAN DONGEN JJM: Minimal residual
disease in leukaemia patients. Lancet Oncology, 2: 409-417, 2001.

23. SAN MIGUEL JF, ALMEIDA J, MATEO G, BLADE J, LOPEZ-BERGES MC, CABALLERO MD, HERNANDEZ J,
MORO MJ, FERNANDEZ-CALVO J, DIAZ MEDIAVILLA J, PALOMERA L, ORFAO A: Immunophenotypic evaluation of
the plasma cell compartment in multiple myeloma: a tool for comparing the efficacy of different treatment strategies and
predicting outcome. Blood, 99: 1853-1856, 2002.

24. PEREZ-LOSADA J, SANCHEZ-MARTIN M, RODRIGUEZ-GARCIA A, SANCHEZ ML, ORFAO A, FLORES T,
SANCHEZ-GARCIA I: Zinc-finger transcription factor Slug contributes to the function of the stem cell factor c-kit signaling
pathway. Blood, 100: 1274-1286, 2002.

25. VIDRIALES MB, PEREZ JJ, LOPEZ-BERGES MC, GUTIERREZ N, CIUDAD J, LUCIO P, VAZQUEZ L, GARCIA-
SANZ R, DEL CANIZO MC, FERNANDEZ-CALVO J, RAMOS F, RODRIGUEZ MJ, CALMUNTIA MJ, PORWIT A,
ORFAO A, SAN MIGUEL JF: Minimal residual disease in adolescent (older than 14 years) and adult acute lymphoblastic
leukemias: early immunophenotypic evaluation has high clinical value. Blood, 101: 4695-4700, 2003.

26. LIMA M, ALMEIDA J, TEIXEIRA MA, ALGUERO MC, SANTOS AH, BALANZATEGUI A, QUEIROS ML, BARCENA P,
IZARRA A, FONSECA S, BUENO C, JUSTICA B, GONZALEZ M, SAN MIGUEL JF, ORFAO A: TCR-alpha-beta+/CD4+
large ranular lymphocytosis: a new clonal T-cell lymphoproliferative disorder. American Journal of Pathology, 163: 763-
771, 2003.

27. SANCHEZ ML, ALMEIDA J, GONZALEZ D, GONZALEZ M, GARCIA-MARCOS MA, BALANZATEGUI A, LOPEZ-
BERGES MC, NOMDEDEU J, VALLESPI T, BARBON M, MARTIN A, DE LA FUENTE P, MARTIN-NUNEZ G,
FERNANDEZ-CALVO J, HERNANDEZ JM, SAN MIGUEL JF, ORFAO A: Incidence and clinico-biologic characteristics of
leukemic B-cell chronic lymphoproliferative disorders with more than one B—cell clone. Blood, 102: 2994-3002, 2003.

28. MAILLO A, ORFAO A, SAYAGUES JM, DIAZ P, GOMEZ-MORETA JA, CABALLERO M, SANTAMARTA D,
SANTOS-BRIZ A, MORALES F, TABERNERO MD: New classification scheme for the prognostic stratification of
meningioma based on chromosome 14 abnormalities, patient's age and tumor histopathology. Journal of Clinical
Oncology, 21: 3285-3295, 2003.

29. PRIMO D, TABERNERO MD, RASILLO A, SAYAGUES JM, ESPINOSA AB, CHILLON MC, GARCIA-SANZ R,
GUTIERREZ N, GIRALT M, HAGEMEIJER A, SAN MIGUEL JF, ORFAO A: Patterns of BCR/ABL gene rearrangements

by interphase fluorescence in situ hybridization (FISH) in BCR/ABL+ leukemias: incidence and underlying genetic
abnormalities. Leukemia, 17: 1124-1129, 2003

#+ PHS 398/2590 (Rev. 05/01) Page Biographical Sketch Format Page

165



Principal Investigator/Program Director (Last, first, middle):
30. MENENDEZ P, VARGAS A, BUENO C, BARRENA S, ALMEIDA J, DE SANTIAGO M, LOPEZ A, ROA S, SAN
MIGUEL JF, ORFAO A: Quantitative analysis of bcl-2 expression in normal and leukemic human B-cell differentiation.
Leukemia, 18: 491-498, 2004.

31. SUAREZ L, VIDRIALES MB, GARCIA-LARANA J, SANZ G, LOPEZ A, MORENO MJ, LOPEZ A, BARRENA S,
MARTINEZ R, TORMO M, PALOMERA L, LAVILLA E, LOPEZ BERGES MC, DE SANTIAGO M BERNAL T, PEREZ DE
EQUIZA ME, SAN MIGUEL JF, ORFAO A for the PETHEMA cooperative group: CD34+ cells from acute myeloid
leukemia, myelodysplastic syndromes and normal bone marrow display different apoptosis and drug-resistance
associated phenotypes. Clinical Cancer Research, 10: 7599-7606, 2004.

32. SUAREZ L, VIDRIALES MB, SANZ G, LOPEZ A, LOPEZ-BERGES MC, DE SANTIAGO M, PALOMERA L, BERNAL
T, PEREZ DE EQUIZA ME, SAN MIGUEL JF, ORFAO A for the PETHEMA Cooperative Group: Expression of APO2.7,
bcl-2 and bax apoptosis-associated proteins in CD34- bone marrow cell compartments from patients with myelodysplastic
syndromes. Leukemia, 18: 1311-1313, 2004

33. PRIMO D, TABERNERO MD, ESPINOSA AB, CHILLON MC, GUTIERREZ N, ORFAO A: Reply to Wan et al.
Leukemia, 18: 162-164, 2004.

34, ESCRIBANO L, GARCIA-MONTERO A, NUNEZ-LOPEZ R, LOPEZ-JIMENEZ J, ALMEIDA J, PRADOS A, ORFAO A
on behalf of the Spanish Network on Mastocytosis: Systemic mastocytosis associated with acute myeloid leukemia: case
report and implications for disease pathogenesis. Journal of Allergy and Clinical Immunology, 114: 28-33, 2004

35. GUTIERREZ NC, GARCIA JL, HERNANDEZ JM, LUMBRERAS E, CASTELLANOS M, RASILLO A, MATEO G,
HERNANDEZ JM, PEREZ S, ORFAO A, SAN MIGUEL IZQUIERDO JF: Prognostic and biological significance of
chromosomal imbalances assessed by comparative genomic hybridization in multiple myeloma. Blood, 104: 2661-2666,
2004.

36. AGUILAR H, ALVAREZ-ERRICO D, GARCIA-MONTERO A, ORFAO A, SAYOS J, LOPEZ-BOTET M: Molecular
characterization of a novel immune receptor restricted to the monocytic lineage. Journal of Immunology, 173: 6703-6711,
2004.

37. LIMA M, ALMEIDA J, GARCIA-MONTERO A, TEIXEIRA MA, QUEIROS ML, SANTOS AH, BALANZATEGUI A,
ESTEVINHO A, ALGUERO MC, BARCENA P, FONSECA S, AMORIM ML, CABEDA JM, PINHO L, GONZALEZ M, SAN
MIGUEL JF, JUSTICA B, ORFAO A: Clinico-biological, immunophenotypic and molecular characteristics of monoclonal
CD56-/+dim chronic NK-cell large granular lymphocytosis. American Journal of Pathology, 165: 1117-1127, 2004.

38. ALMEIDA M, CORDERO M, ALMEIDA J, ORFAO A: Different subsets of peripheral blood dendritic cells show distinct
phenotypic and functional abnormalities in HIV-1 infection. AIDS, 19: 261-271, 2005..

39. MATEO G, CASTELLANOS M, RASILLO A, GUTIERREZ N, MONTALBAN MA, MARTIN ML, HERNANDEZ JM,
LOPEZ-BERGES MC, MONTEJANO L, BLADE J, MATEOS MV, SUREDA A, DE LA RUBIA J, DIAZ-MEDIAVILLA J,
PANDIELLA A, LAHUERTA JJ, ORFAO A, SAN MIGUEL JF: Genetic abnormalities and patterns of antigenic expression
in multiple myeloma. Clinical Cancer Research, 11: 3661-3667, 2005

40. SERRANO C, MACKINTOSH C, HERRERO D, MARTINS AS, HERNANDEZ T, PEREZ-FONTAN J, PEREZ A,
SERRANO E, ORFAO A, BULLON A, ABAD M, DE ALAVA E: Imatinib is not a potential alternative treatment for uterine

leiomyosarcoma. Clinical Cancer Research, 11: 4977-4979, 2005.

41. BARRENA S, ALMEIDA J, YUNTA M, LOPEZ A, ORFAO A, LAZO PA: Discrimination of biclonal lymphoproliferative
neoplasias by tetraspanin antigen expression. Leukemia, 19: 1708-1709, 2005.

42, PEREZ-ANDRES M, ALMEIDA J, MARTIN-AYUSO M, MORO MJ, MARTIN-NUNEZ G, GALENDE J, BORREGO D,
RODRIGUEZ MJ, ORTEGA F, MORENO |, DOMINGUEZ M, MATEO G, SAN MIGUEL JF, ORFAO A: Different profiles
of interaction between clonal plasma cells and the immunological bone marrow microenvironment are observed in
monoclonal gammopathy of undetermined significance, multiple myeloma and plasma cell leukemia. Leukemia, 19: 449-
455, 2005.

43. PRIMO D, TABERNERO MD, PEREZ JJ, RASILLO A, SAYAGUES JM, ESPINOSA AB, LOPEZ-BERGES MC,
GARCIA R, GUTIERREZ N, HERNANDEZ JM, ROMERO M, OSUNA CS, GIRALT M, BARBON M, SAN MIGUEL JF,

# PHS 398/2590 (Rev. 05/01) Page Biographical Sketch Format Page

166



Principal Investigator/Program Director (Last, first, middle):
ORFAO A: Genetic heterogeneity of BCR/ABL+ adult B-cell precursor acute lymphoblastic leukemia: impact on the
clinical, biological and immunophenotypical disease characteristics. Leukemia, 19: 713-720, 2005

44. BARRENA S, ALMEIDA J, YUNTA M, LOPEZ A, FERNANDEZ-MOSTEIRIN N, GIRALT M, ROMERO M,
PERDIGUER L, DELGADO M, ORFAO A, LAZO PA: Aberrant expression of tetraspanin molecules in B-cell chronic
lymphoproliferative disorders and its correlation with normal B-cell maturation. Leukemia, 19: 1376-1383, 2005.

45. PEREZ-MANCERA PA, PEREZ-CARO A, GONZALEZ-HERRERO |, FLORES T, ORFAO A, DE HERREROS AG,
GUTIERREZ-ADAN A, PINTADO B, SAGRERA A, SANCHEZ-MARTIN M, SANCHEZ-GARCIA |: Cancer development
induced by graded expression of Snail in mice. Human Molecular Genetics, 14: 3449-3461, 2005.

46. ESPINOSA AB, TABERNERO MD, MAILLO A, SAYAGUES JM, CIUDAD J, MERINO M, ALGUERO MC, LUBOMBO
AM, SOUSA P, SANTOS-BRIZ A, ORFAO A. The cytogenetic relationship between primary and recurrent meningiomas
points to the need for new treatment strategies in cases at high risk of relapse. Clinical Cancer Research, 12: 772-780,
2006.

47. BENE MC, CASTOLDI G, DEROLF A, GARAND R, HAAS T, HAFERLACH T, KNAPP W, KUHLEIN E, LEMEZ P,
LUDWIG WD, MARINOV |, MATUTES E, MICHALOVA K, PORWIR-MACDONALD A,, ORFAO A, VAN'T VEER M,
ZUHLSDORF M for the European Group for the Immunological characterization of Leucemias (EGIL): Near-tetraploid
acute myeloid leukemias: an EGIL retrospective study of 25 cases. Leukemia, 20: 725-728, 2006..

48. SANDBERG Y, ALMEIDA J, GONZALEZ M, LIMA M, BARCENA P, SZCZEPANSKI T, VAN GASTEN-MOL EJ, WIND
H, BALANZATEGUI A, VAN DONGEN JJM, ORFAO A, LANGERAK AW: TCRgamma-delta+ large granular lymphocyte
leukemias reflect the spectrum of normal antigen-selected TCRgamma-delta+ T-cells. Leukemia, 20: 505-513, 2006

49. COSTA ES, ARROYO ME, PEDREIRA C, GARCIA-MARCOS MA, TABERNERO MD, ALMEIDA J, ORFAO A: A new
automated flow cytometry data analysis approach for the diagnostic screening of neoplastic B-cell disorders in peripheral
blood samples with absolute lymphocytosis. Leukemia, 20: 1221-1230, 2006

50. GARCIA-MONTERO AC, JARA-ACEVEDO M, TEODOSIO C, SANCHEZ ML, NUNEZ R, PRADOS A, ALDANONDO
I, SANCHEZ L, DOMINGUEZ M, BOTANA LM, SANCHEZ-JIMENEZ F, SOTLAR K, ALMEIDA J, ESCRIBANO L,
ORFAO A: KIT mutation in mast cells and other bone marrow haematopoietic cell lineages in systemic mast cell
disorders: a prospective study of the Spanish Network on Mastocytosis (REMA) in a series of 113 patients. Blood, 108:
2366-2372, 2006.

51. INOGES S, RODRIGUEZ-CALVILLO M, ZABALEGUI N, LOPEZ-DIAZ DE CERIO A, VILLANUEVA H, SORIA E,
SUAREZ L, RODRIGUEZ-CABALLERO A, PASTOR F, GARCIA-MUNOZ R, PANIZO C, PEREZ-CALVO J, MELERO |,
ROCHA E, ORFAO A, BENDANDI M: Clinical Benefit of idiotypic vaccination in follicular lymphoma. Journal of the
National Cancer Institute, 98: 1292-1301, 2006.

52. PEREZ-CARO M, GUTIERREZ-CIANCA N, GONZALEZ-HERRERO |, LOPEZ HERNANDEZ |, FLORES T, ORFAO
A, SANCHEZ-MARTIN M, GUTIERREZ-ADAN A, PINTADO B, SANCHEZ-GARCIA |: Sustained leukemic phenotype
after inactivation of BCR-ABLp190 in mice. Oncogene, 26: 1702-1713, 2007.

53. BRUGGEMAN M, WHITE H, GAULARD PH, GARCIA-SANZ R, GAMEIRO P, OESCHGER S, JASANI B, OTT M,
DELSOL G, ORFAO A, TIEMANN M, HERBST H, LANGERAK AW, SPAARGAREN M, MOREAU E, GROENEN PJTA,
FORONI L, CARTER GI, HUMMEL M, BASTARD C, DAVI F, DELFAU-LARUE MH, KNEBA M, VAN DONGEN JJM,
BELDJORD K, MOLINA TH: Powerful strategy for PCR-based clonality assessment in T-cell malignancies: Report of the
Biomed-2 Concerted Action BHM4-CT98-3936. Leukemia, 21: 215-221, 2007.

54. GARRIDO P, RUIZ-CABELLO F, BARCENA P, SANDBERG Y, CANTON J, LIMA M, BALANZATEGUI A,
GONZALEZ M, LOPEZ-NEVOT MA, LANGERAK AW, GARCIA-MONTERO A, ALMEIDA J, ORFAO A: Monoclonal
TCRVbeta13.1+/CD4+/Nka+/CD8-/+dim T-LGL lymphocytosis: evidence for an antigen-driven chronic T-cell stimulation
origin. Blood, 109: 4890-4898, 2007.

55. RATElI R, KARAWAJEW L, LACOMBE F, JAGODA K, DEL POETA NG, KRAAN J, DE SANTIAGO M,
KAPPELMAYER J, BJORKLUND E, LUDWIG WD, GRATAMA JW, ORFAO A: Discriminant function analysis as decision

support system for the diagnosis of acute leukemia with minimal four color screening panel and multiparameter flow
cytometry immunophenotyping. Leukemia, 21: 1204-1211, 2007.

# PHS 398/2590 (Rev. 05/01) Page Biographical Sketch Format Page #

167



Principal Investigator/Program Director (Last, first, middle):
56. PEREZ-PERSONA E, VIDRIALES MB, MASTEO G, GARCIA-SANZ R, MATEOS MV, GARCIA DE COCA A,
GALENDE J, MARTIN-NUNEZ G, ALONSO JM, DE LAS HERAS N, HERNANDEZ JM, MARTIN A, LOPEZ-BERGES C,
ORFAO A, SAN MIGUEL JF: New criteria to identify risk of progression in monoclonal gammopathy of uncertain
significance and smoldering multiple myeloma based on multiparameter flow cytometry analysis of bone marrow plasma
cells. Blood, 110: 2586-2592, 2007.

57. GONZALEZ DE OLANO D, ALVAREZ-TWOSE |, ESTEBAN LOPEZ MI, SANCHEZ MUNOZ L, ALONSO DIAZ DE
DURANA MD, VEGA CASTRO A, GARCIA MONTERO A, GONZALEZ-MANCEBO E, BELVER GONZALEZ T,
HERRERO-GIL MD, FERNANDEZ-RIBAS M, ORFAO A, DE LA HOZ CABALLER B, CASTELLS MC, ESCRIBANO
MORA L: Safety and effectiveness of immunotherapy in patients with indolent systemic mastocytosis presenting with
Hymenoptera venom anaphylaxis. Journal of Allergy and Clinical Immunology, 121, 519-526, 2008.

58. RAWSTRON AC, ORFAO A, BEKSAC M, BEZDICKKOVA L, BROOIMANS RA, BUMBEA H, DALVA K, FUHLER G,
GRATAMA J, HOSE D, KOVAROVA L, LIOZNOV M, MATEO G, MORILLA R, MYLIN AK, OMEDE P, PELLAT-
DECEUNYNCK C, PEREZ ANDRES M, PETRUCCI M, RUGGERI M, RYMKIEWICZ G, SCHMITZ A, SCHREDER M,
SEYNAEVE C, SPACEK M, DE TUTE RM, VAN VALCKENBORGH E, WESTON-BELL N, OWEN RG, SAN MIGUEL JF,
SONNEVELD P, JOHNSEN HE; European Myeloma Network. Report of the European Myeloma Network on
multiparametric flow cytometry in multiple myeloma and related disorders. Haematologica. 2008 Mar;93(3):431-8.

59. MATEO G, MONTALBAN MA, VIDRIALES MB, LAHUERTA JJ, MATEOS MV, GUTIERREZ N, ROSINOL L,
MONTEJANO L, BLADE J, MARTINEZ R, DE LA RUBIA J, DIAZ-MEDIAVILLA J, SUREDA A, RIBERA JM,
OJANGUREN JM, DE ARRIBA F, PALOMERA L, TEROL MJ, ORFAO A, SAN MIGUEL JF; PETHEMA Study Group;
GEM Study Group. Prognostic value of immunophenotyping in multiple myeloma: a study by the PETHEMA/GEM
cooperative study groups on patients uniformly treated with high-dose therapy..

J Clin Oncol. 2008 Jun 1;26(16):2737-44

60. MATARRAZ S, LOPEZ A, BARRENA S, FERNANDEZ C, JENSEN E, FLORES J, BARCENA P, RASILLO A,
SAYAGUES JM, SANCHEZ ML, HERNANDEZ-CAMPO P, HERNANDEZ RIVAS JM, SALVADOR C, FERNANDEZ-
MOSTERIN N, GIRALT M, PERDIGUER L, ORFAO A. The immunophenotype of different immature, myeloid and B-cell
lineage-committed CD34(+) hematopoietic cells allows discrimination between normal/reactive and myelodysplastic
syndrome precursors. Leukemia. 2008 Jun;22(6):1175-83.

61. QUIJANO S, LOPEZ A, RASILLO A, BARRENA S, LUZ SANCHEZ M, FLORES J, FERNANDEZ C, SAYAGUES JM,
OSUNA CS, FERNANDEZ N, GOZALEZ M, GIRALDO P, GIRALT M, PEREZ MC, MARTIN-ANTORAN JM, GUTIERREZ
O, PERDIGUER L, DIAZ MEDIAVILLA J, GONZALEZ SILVA M, ASENSIO DEL RIO A, CERVERO C, GUERRA JL,
BUTRON R, GARCIA MDEL C, ALMEIDA J, ORFAO A Association between the proliferative rate of neoplastic B cells,
their maturation stage, and underlying cytogenetic abnormalities in B-cell chronic lymphoproliferative disorders: analysis
of a series of 432 patients. Blood. 2008 May 15;111(10):5130-41

62. BUENO C, MONTES R, MARTIN L, PRAT |, HERNANDEZ MC, ORFAO A, MENENDEZ P.. NG2 antigen is
expressed in CD34+ HPCs and plasmacytoid dendritic cell precursors: is NG2 expression in leukemia dependent on the
target cell where leukemogenesis is triggered? Leukemia. 2008;22:1475-8

63.- RODRIGUEZ-CABALLERO A, GARCIA MONTERO A, BARCENA P, ALMEIDA J, RUIZ-CABELLO F, TABERNERO
MD, GARRIDO P, MUNOZ-CRIADO S, SANDBERG Y, LANGERAK, AW, GONZALEZ M, BALANZATEGUI A, ORFAO
A: Expanded cells in monoclonal TCR-alpha-beta+/CD4+/Nka+/CD8-/-dim T-LGL lymphocytosis recognize hCMV
antigens. Blood, 112: 4609-4616, 2008.

64.- PAIVA B, VIDRIALES MB, CERVERO J, MATEO G, PEREZ JJ, MONTALBAN MA, SUREDA A, MONTEJANO L,
GUTIERREZ NC, GARCIA DE COCA A, DE LAS HERAS N, MATEOS MV, LOPEZ-BERGES MC, GARCIA-BOYERO R,
GALENDE J, HERNANDEZ J, PALOMERA L, CARRERA D, MARTINEZ R, DE LA RUBIA J, MARTIN A, BLADE J,
LAHUERTA JJ, ORFAO A, SAN MIGUEL JF: Multiparameter flow cytometric remission is the most relevant prognostic
factor for multiple myeloma patients who undergo autologous stem cell transplantation. Blood, 112: 4017-4023, 2008.

65.- PEREZ-CARO M, COBALEDA C, GONZALEZ-HERRERO |, VICENTE DUENAS C, BERMEJO-RODRIGUEZ C,
SANCHEZ-BEATO M, ORFAO A, PINTADO B, FLORES T, SANCHEZ-MARTIN M, JIMENEZ R, PIRIS MA, SANCHEZ-

GARCIA I: Cancer induction by restriction of oncogene expression to the stem cell compartment. The EMBO Journal, 28:
8-20, 2009.

#4 PHS 398/2590 (Rev. 05/01) Page Biographical Sketch Format Page #'

168



Principal Investigator/Program Director (Last, first, middle):
66.- QUIJANO S, LOPEZ A, SANCHO JM, PANIZO C, DEBEN G, CASTILLA C, GARCIA-VELA JA, SALAR A, ALONSO-
VENCE N, GONZALEZ-BARCA E, PENALVER FJ, PLAZA-VILLA J, MORADO M, GARCIA-MARCO J, ARIAS J,
BRIONES J, FERRER S, CAPOTE J, NICOLAS C, ORFAO A: Identification of leptomeningeal disease in aggressive B-
cell Non-Hodgkin lymphoma: improved sensitivity of flow cytometry. Journal of Clinical Oncology, 27: 1462-1469, 2009.

67.- PEREZ-ANDRES M, ALMEIDA J, MARTIN-AYUSO M, DE LAS HERAS N, MORO MJ, MARTIN-NUNEZ G,
GALENDE J, CUELLO R, ABUIN I, MORENO |, DOMINGUEZ M, HERNANDEZ J, MATEO G, SAN MIGUEL JF, ORFAO
A: Soluble and membrane levels of molecules involved in the interaction between clonal plasma cells and the
immunological microenvironment in multiple myeloma and their association with the characterstics of the disease. Int J
Cancer, 124: 367-375, 2009.

68.- TABERNERO MD, MAILLO A, GIL-BELLOSTA CJ, CASTRILLO A, SOUSA P, MERINO M, ORFAO A: Gene
expression profiles of meningiomas are associated with tumour cytogenetics and patient outcome. Brain Pathology, 19:
409-420, 2009.

69.- WEERKAMP F, DEKKING E, NG YY, VAN DER VELDEN VHJ, WAI H, BOTTCHER S, BRUGGEMANN M, VAN
DER SLUIJS AJ, KONING A, BOECKX N, VAN POECKE N, LUCIO P, MENDONGA A, SEDEK L, SCZEPANSKI T,
KALINA T, KOVAC M, HOOGEVEEN PG, FLORES-MONTERO J, ORFAO A, MACINTYRE E, LHERMITTE L, CHEN R,
BROUWER-DE COCK KAJ, VAN DER LINDEN A, NOORDIJK AL, COMANS-BITTER WM, STAAL FJT, VAN DONGEN
JJM: Flow cytometric immunobead assay for the detection of BCR-ABL fusion proteins in leukemia patients. Leukemia,
23:1106-1117, 2009.

70.- NIETO WG, ALMEIDA J, ROMERO A, TEODOSIO C, LOPEZ A, HENRIQUES AF, SANCHEZ ML, JARA-
ACEVEDO M, RASILLO A, GONZALEZ M, FERNANDEZ-NAVARRO P, VEGA T, ORFAO A: Increased frequency (12%)
of circulating chronic lymphoid leukemia-like B-cell clones in healthy individuals using a highly sensitive multicolor flow
cytometry approach. Blood, 114: 33-37, 2009.

71.- ESCRIBANO L, ALVAREZ-TWOSE |, SANCHEZ-MUNOZ L, GARCIA-MONTERO A, NUNEZ R, ALMEIDA J, JARA-
ACEVEDO M, TEODOSIO C, GARCIA-COSIO M, BELLAS C, ORFAO A: Prognosis in adult indolent systemic
mastocytosis: a long-term study of the Spanish Network on Mastocytosis in a series of 145 patients. Journal of Allergy
and Clinical Immunology, 124: 514-521, 2009.

72.- PAIVA B, VIDRIALES MB, MATEO G, PEREZ JJ, MONTALBAN MA, SUREDA A, MONTEJANO L, GUTIERREZ
NC, GARCIA DE COCA A, DE LAS HERAS N, MATEOS MV, LOPEZ-BERGES MC, GARCIA-BOYERO R, GALENDE J,
HERNANDEZ J, PALOMERA L, CARRERA D, MARTINEZ R, DE LA RUBIA J, MARTIN A, GONZALEZ Y, BLADE J,
LAHUERTA JJ, ORFAO A, SAN MIGUEL JF: The persistence of immunophenotypically normal residual bone marrow
plasma cells at diagnosis identifies a good prognostic subgroup of symptomatic multiple myeloma patients. Blood, 114:
4369-4372, 2009.

73.- PAIVA B, VIDRIALES MB, PEREZ JJ, MATEO G, MONTALBAN MA, MATEOS MV, BLADE J, LAHUERTA JJ,
ORFAO A, SAN MIGUEL JF: Multiparameter flow cytometry quantification of bone marrow plasma cells at diagnosis
provides more prognostic information than morphological assessment in myeloma patients. Haematologica, 94: 1599-
1602, 2009.

74.- PEREZ-PERSONA E, MATEO G, GARCIA-SANZ R, MATEOS MV, DE LAS HERAS N, DE COCA AG,
HERNANDEZ JM, GALENDE J, MARTIN-NUNEZ G, BAREZ A, ALONSO JM, MARTIN A, LOPEZ-BERGES C, ORFAO
A, SAN MIGUEL JF, VIDRIALES MB. Risk of progression in smouldering myeloma and monoclonal gammopathies of
unknown significance: comparative analysis of the evolution of monoclonal component and multiparameter flow cytometry
of bone marrow plasma cells. British Journal of Haematology, 148: 110-114, 2009.

75.- TEODOSIO C, GARCIA MONTERO A, JARA-ACEVEDO M, SANCHEZ-MUNOZ L, ALVAREZ TWOSE |, NUNEZ R,
SCHWARTZ L, WALLS AF, ESCRIBANO L, ORFAO A: Mast cells from different molecular and prognostic subtypes of
systemic mastocytosis display distinct immunophenotypes. Journal of Allergy and Clinical Immunology, 2009 (in press).
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Principal Investigator/Program Director (Last, first, middle):
76.- CAROUX A, KLEIN B, PAIVA B, BRET C, SCHMITZ A, FUHLER GM, BOS NA, JOHNSEN H, ORFAO A, PEREZ-
ANDRES M: Circulating human B cells. Age-associated changes in counts and detailed characterization of circulating
normal CD138 and CD138" plasma cells. Haematologica, 2010 (in press).

C. Research Support.

1.- “Standardization of flow cytometric assays for clinical cell analysis”
Principal investigator of one of the groups of research

Agency: European Comission BIOMED 2 Concerted Action — European Union
Period: 1997-2000

2.- “Central facility for the production of stabilized cellular reference standards and external quality assessment in
clinical flow cytometry (Eurostandards)”

Principal investigator of one of the groups of research

Agency: RTD Actions (Research and Technology Development projects)’-“European Comission Research Directorate”,
European Union

Period: 2000-2003

3.- " Mastocytosis's Spanish network (REMA): study of molecular routes of proliferation and response of mast cells and
his modulation for medicaments to achieve a standard diagnostic and therapeutic high place of the mastocytosis ".
Principal investigator of one of the integral nodes of the network.

Agency: G03/007 for the development of thematic networks of cooperative research of the Fund of Sanitary Researches
Institute of Health Carlos IlI of the Ministry of Health and Consumption.

Period: 2003 — 2006

4.- " Multiple Myeloma and other gammopathies: of the genesis to the therapeutic one "..

Principal investigator of one of the research groups of the node of the Cancer Research Centre of Salamanca.

Agency: G03/136 for the development of thematic networks of cooperative research of the Fund of Sanitary
Researches, Institute of Health Carlos Il of the Ministry of Health and Consumption.

Period: 2003 — 2006.

5.- " Genomic of cancer ".

Principal investigator of one of the integral groups of the network.

Agency: Institute of Health Carlos IlI. Ministry of Health and Consumption. Help G03/10 for the development of thematic
networks of cooperative research of the Fund of Sanitary Researches, Institute of Health Carlos Il of the Ministry of
Health and Consumption.

Period: 2003 — 2006

6.- " Phenotypic and functional characterisation of the neoplasic cell in leukemic T/NK Chronic lymjphoproliferative
disorders and his implications in the biological behavior of the disease ".

Member of the research team.

Agency: Institute of Health Carlos Ill. Ministry of Health and Consumption.

Period: 2003 — 2006

7.- " National Bank of DNA ".
Principal Investigator

Agency: Foundation Genome Spain.
Period: 2004 — 2005

8.- “European Leukemia Net” - Network of Excellence

Principal investigator of one of the groups of research

Agency: “Research Directorate-General, Commission of the European Communities”. European Union
Period: 2004-2006

9.- " Multiple Myeloma and other gammopathies: of the genesis to the therapeutic one ".

Principal investigator of one of the groups of the node of the Cancer Research Centre of Salamanca.

Agency: Project of research of the Program of Promotion of the Biomedical Research and in Sciences of the Health of
the Fund of Sanitary Researches, Institute of Health Carlos Ill of the Ministry of Health and Consumption.
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Principal Investigator/Program Director (Last, first, middle):
Period: 2006

10.- “Flow cytometry for fast and sensitive diagnosis and follow-up of haematological malignancies (EUROFLOW)”
Subcoordinator of the project and Principal Investigator of one of the groups of research

Agency: Research Directorate-General of European Union.

Period: 2007-2009.

11.- " Clonal B-cell lymphocytosis of undetermined significance: determination of its frequency, analysis of the
phenotypic and genetic characteristics of the B-cell clone and identification of possible factors involved in his
ontogenesis ".

Principal Investigator.

Agency: Project P1060824 of the Fund of Sanitary Researches of the Institute of Health Carlos Il of the Ministr
Health and Consumption (Spain).

Period: 2007 — 2009

12.- “Myeloma Stem Cell Network: A translational programme identifying and targeting the myeloma stem cell
(MSCNET)”

Principal investigator of one of the groups of research

Agency: Research Directorate-General of European Union.

Period: 2006-2009

13.- " Thematic network of research in cancer ".

Principal investigator of one of the integral groups of the network.

Institute of Health Carlos Ill. Ministry of Health and Consumption. Help RD06/0020/0035 for the developmer
thematic networks of cooperative research (RETICS) of the Fund of Sanitary Researches, Institute of Health Carlc
of the Ministry of Health and Consumption.

Period: 2007 - 2010
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EUROFLOW STRATEGIES & TOOLS
FOR DATA ANALYSIS IN
HEMATOLOGICAL MALIGNANCIES

CANCER RESEARCH CENTER, UNIVERSITY &
UNIVERSITY HOSPITAL of SALAMANCA (SPAIN)

Conference on “Flow cytometry in Oncology and Oncohematology”.
Saint Petersburg, 17th-19th of May, 2011

IMMUNOPHENOTYPING OF
HAEMATOLOGICAL MALIGNANCIES
- 1953/1994: From the development of the instruments

& techniques to the WHO classification
of haematological malignancies.

- 1994/2006: The ability to specifically identify
leukaemic cells: from normal phenotypes
to aberrant phenotypic profiles.

- 2006/-: Recent contributions of immuno-
phenotyping of haematological
malignancies: pointing to the future.

173



TRADITIONAL FCM PHENOTYPING

Blood MNC
Ficoll MNC

oy

B 0y
] 15%
] —_——
0 256 512 768 1024 102 10° 104

109 10" p 1'03 104
FSC Height CD3 APC CD4 APC

|Criteria for positivity: >20%|

TRANSFORMED SSC

CD8 PerCP

MULTICOLOR FLOW CYTOMETRY vs
SINGLE-STAININGS IN ONE TUBE

-

X
i

CD3 APC
CD8 PerCP

I "'|. LN
1 1 1
rCP/Cy5.5 “eoaape | °

T T
1 [ o

CD19 Pe
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FCM IMMUNOPHENOTYPING IN THE 80’ S:
PANELS OF REAGENTS AND TECHNIQUES

PANELS OF REAGENTS:

- Panels of relevant markers for the diagnostic
classification of patients suspected of:

- AML, ALL
- B-CLPD, T-CLPD

TECHNIQUES:
- Isolation of MNC - Difficult to distinguish normal/leukemic cells
- Indirect and direct IF - Few fluorochrome conjugated MAb available
- Single stainings - Few fluorochrome available

IMMUNOPHENOTYPING OF
HAEMATOLOGICAL MALIGNANCIES
- 1953/1994: From the development of the instruments

& techniques to the WHO classification
of haematological malignancies.

- 1994/2006: The ability to specifically identify
leukaemic cells: from normal phenotypes
to aberrant phenotypic profiles.

- 2006/ -: Recent contributions of immuno-
phenotyping of haematological
malignancies: pointing to the future.
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TMMUNOPHENOTYPING OF
HAEMATOLOGICAL MALIGNANCIES

blood --

A ravisnd Eoropesn.birens e olessdioamtion of prsphodd naop leams
& pacagreaal foem b Inlsmarkinal Lymiplenma Sty O (e
cormmaEnts]

- M= mar DR - [ [ 5 41—

Coammremi wry

Fhis Woehid Hlcabih (prgmiibdmtion Classification of SNesplasise Discases of the
T et fpmliin bl A B Al I
- 1988: Second MIC classification of haematological malignancies
- 1993: CD45-based blast cell gating/identification
- 1994: REAL classification of lymphoid neoplasias
- 1997: WHO classification of lymphoid neoplasias

IMMUNOPHENOTYPING OF
HAEMATOLOGICAL MALIGNANCIES

Armd Cln Pethal 1083, Now, 100 [3). 83440

Immunophenotyping of acute leukemia by
flow cytometric analysis. Use of CD45 and
right-angle light scatter to gate on leukemic
blasts in three-color analysis.

Eovowilz M), Guamiher KL Shutls KE, Sielzed &7
- 1993: CD45-based blast cell gating/identification
- 1994: REAL classification of lymphoid neoplasias
- 1997: WHO classification of lymphoid neoplasias
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FLOW CYTOMETRY:
TYPE OF INFORMATION

- Identification of cell populations
- Enumeration of cell numbers

- Characterization of cell populations

T-SSC

CD138-PerCP/Cy5.5

MONOCLONAL GAMMOPATHIES:
IDENTIFICATION OF CLONAL PLASMA CELLS

1

L= F=Jr, = R =2

[
T T T
100 101 102 103 104

.

1

F o)

Rl

T T
10 102 10 104

CD38-FIT
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MONOCLONAL GAMMOPATHIES:
IDENTIFICATION OF CLONAL PLASMA CELLS

i CD38-FITC

i &f A gated PC
1S -

e i 1 Dr
gl : ‘ Norme -
I ol

2] ‘!
7 .{i

&

= T T
10° 10" 102 10%  10*

CD38-FITC Pérez-Andres, J Biol Reg, 2004

| DIAGNOSIS OF HAEMATOLOGICAL MALIGNANCIES “

Clinical symptoms Laboratory
and signs findings

Morphology + cytochemistry

\
» (_Immunophenotyping

Molecular biology/FISH

CD138-PerCP/Cy5.5
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Immunophenotypic identification of PB
B-cells with a CLL-like phenotype

i | ,I#

N Normal B
- Clonal B cells T
cells 1

o . = e — ————

|

1
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4
1

E

e "
EITE: @ aeplldTL T Th Py T -k LaSilla L L

*0.35% of all B-cells & 0.03% of all leucocytes __Nieto et al, Blood 2009

FCM IMMUNOPHENOTYPING IN THE 90°S:
PANELS OF REAGENTS AND TECHNIQUES

PANELS OF REAGENTS:

- Panels of informative combinations of reagents for:

- AML, ALL, BAL
- MM, WM, MGUS

- B-CLPD, T-CLPD Diagnosis, classification &
- MDS follow-up of MRD in acute
leukaemias, CLPD & MM
TECHNIQUES:
- Non-NRBC |y5i$ - Distinct normal vs leukemic phenotypes
- Direct IF - Many fluorochrome conjugated MAb available
- Mul‘l‘iple stainings - Increased number of fluorochrome available
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DIAGNOSTICS IN HEMATO-ONCOLOGY

1. Making the diagnosis
Normal <> reactive/regenerating <> malignant

Annually > 300,000 new patients with a hematological malignancy in
developed countries

2. Classification of hematopoietic malignancies
- relation with prognosis
- relevance of risk-group definition in tfreatment protocols

Based on differentiation characteristics and particularly on
=—=p chromosome aberrations, resulting in fusion gene transcripts or
aberrantly (over) expressed genes

3. Evaluation of treatment effectiveness
Detection of minimal residual disease (MRD):
MRD-based risk-group stratification (treatment reduction or
treatment intensification)

Annually > 400,000 follow-up samples in leukemia patients (ALL,
AML, CML)

Prepared by JJM van Donagen |

FLOW CYTOMETRY IMMUNOPHENOTYPING APPROACH

\

Sample preparation &
staining of multiple aliquots

.

Data acquisition
.** | foreach tube

Data analysis of each
tube/data file

v
Operator-dependent, identification,
selection & characterization of
cell populations of interest

....
....
...
....... -
& | Interpretation
of the results
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IMMUNOPHENOTYPIC FEATURES OF
NEOPLASTIC CELLS

CD8 PE

2
2 ] g
] | -
o3 W =
£ & il = P o
< * T a
.. - E ------------ : 3
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= 7 I b 8 T
T e TR A T Ry [ R T PR T T
CD45 PerCPEySe *,) 3 CD2 FITC BDCA4 (CD304) PE
————, * & hLT
» . *% T [y
* - »

71PE

- L4
CD4FITC % TPIGFITC e CD65 FITC
[ . LN
. (R .
*
v A '~.,‘
g
2 e ) g2 %
N 2 = 2
a = a a2
1S o o o
Cy-CD3 FITC nTdT FITC CD11b FITC CD61 FITC

MDS/AML: 3-COLOR STAINING PANEL

- FITC PerCP/Cy5.5
- cCont. cCont. CD45
- nTdt cMPO CD45
- ¢cCD3 cD7 CD45
- CD19 cCD79a CD45
- sCont sCont CD45
- HLADR (D117 CD45
- CD11b CD13 CD45
- CD15 CD16 CD45
- CD36 CD64 CD45
- CD33 CD61 CD45
- CD71 6phA CD45
- CD65 7.1 CD45
- CD2 CD56 CD45
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MDS: COEXISTENCE OF NORMAL & HYPOGRANULAR
MATURING NEUTROPHILS

i
ige iEE

158803
skl
L s

CD13-PE

e o IR [SA PR
wRT kA 1lr

CD11b-FITC

SSC

| 1 1 1
& 9B:X 1EY qE4A 1EX

CD45-PerCPCy5.5

Immunophenotypic Myeloid Abnormalities in MDS

T

Normal MDS
=] e B
2] V = o
i = - -
LR [RETL [NETTS
Normal MDS
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Stetler-Stevenson M et al, Blood 2001:98:979-987
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Examples of various myeloid and monocytic
aberrant antigenic patterns in MDS

ED"I '_r_rﬂ
JH B

i |
Compatible

with MDS : |::||.|. rrrl:

Wells, D. A. et al.
Blood 2003;102:394-403

P EEE T T

5
DOvF #ovg EOr FITE

WHICH PROBLEMS ARE WE FACING ?

- Many reagents: costly and complex panels

- Need expertise in normal (reference) cell populations
- Time consuming

- Technical limitations

- Many (my) suboptimal strategies to reach a similar
result

- Not standardized: reproducibly harmonized?

- Partial and more limited clinical utility than expected

roFlow |
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SET UP OF A FCM LABORATORY FOR LEUKEMIA
/LYMPHOMA TYPING: CONVENTIONAL PANEL DESIGN

Clinical request/need < New indications
Purchase a flow Experience
cytometer T
Design of MAb panels Panel
optimization

(Disease category vs

cell lineage oriented) T

Immunophenotypic

Training =P dlagnc;i:r;:t:;hvify == Experience

STANDARDIZATION EFFORTS FOR
IMMUNOPHENOTYPIC STUDIES ™~

- CLSI (Clinical Laboratory Standards Institute):

- Stetler-Stevenson et al.: Clinical flow cytometric analysis of
neoplastic hematolymphoid cells; Approved guideline. CLST
document H43-A2. CLSI, 2007

- CCS (Clinical Cytometry Society):

- Davis et al: 2006 Bethesda International Consensus
recommendations on the flow cytometric immunophenotypic
analysis of hematolymphoid neoplasias. Clin Cytometry, 72B,
2007.

- ESCCA (European Society for Clinical Cell Analysis:
www.escca.eu)

- European Leukemia Net ( )

- Consenso Latinoamericano (Clin Cytometry, 1998 y 2006)
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LEUKEMIA /LYMPHOMA IMMUNOPHENOTYPING:
EVALUATION OF ANTIBODY PANELS

Single center panel Multicenter panel
Single center Multicenter
experience/evaluation evaluation possible

1

Experience-based

(subjective) P ~
: . Consensus B
Long time required . i
Lg b u recommendations evaluation
imite new: .
Y Shared experience Experimentally
instruments biectivi supported
<subjectivi s
techniques 3 Ty >objectivity

markers

a

REQUIRED DEVELOPMENTS IN FLOW CYTOMETRY
(status in 2005)

Immunobeads
- infroduce combined cellular/immunobead assays
- special immunobead for leukemias

Novel antibodies

- test new (academic) antibodies for application in intracellular
stainings

- development of new antibodies against oncoproteins and aberrant
signalling pathways

Multicolor flow cytometry: 28 color comprehensive panels
- inclusion of solid state violet laser

- selection of appropriate fluorochromes

- compare conjugated antibodies (multiple companies)

Development of novel software for complex pattern recognition

- combining multiple tubes: calculate data & multivariate analyses

- mapping of diagnosis and follow-up leukemia samples against
templates of reference "normal/control” samples

Flow
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EuroFlow consortium aims at

innovation in flow cytometry
www.euroflow.org

1<t FuroFlow meetinn Snlamanca (Snain) Anril 2006

CONSTRUCTION OF EUROFLOW LEUKEMIA/
LYMPHOMA IMMUNOPHENOTYPING ANTIBODY PANEL

Clinical 4= Proposed
/ request/need strategy
Medical indication Panel optimization

1 (re-design)
2-8 cyclesT
Design of MAb panels (Medical : :

indication-oriented) & immuno- Planil
phenotyping strategy evaluation

! I

Panel evaluation vs Panel optimization
Techniques ==  conventional in-use == (re-design)

panels
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THE EUROFLOW APPROACH TO LEUKEMIA/LYMPHOMA

IMMUNOPHENOTYPING
Clinical question Knowledge
Experience Evaluation
l Reference profiles
Diagnostic screening
il Majority of
1 diseases?
Majority of
“Diagnostic cases?

classification” panel
New disease

entities?
14 Major groups

154 Nosologic entities

MRD monitoring

roFlow

CONSTRUCTION OF EUROFLOW PANELS: MEDICAL INDICATION
ENTRIES AND ORIENTATION/SCREENING PANELS

Monoclonal Suspect small cell samples
component (e.g. CSF, FNA, vitreous)
- non-lgM
monocytosis
component

Eosinophilia

Lymphocytosis

Cytopenia
P ‘ LN involvement

Acute leukemia

I

A A A A
PcD | [sst ]

v A4 YyYvyyVv A4
|BCP-ALL ‘ ‘ T-ALL ||AML/MDS‘ B-CLPD

limited

A4 v v
B-CLPD
[F2lPD | fraueo |[ecero |

Comprehensive network of panels aimed at the phenotypic
diagnosis and characterization of the major WHO entities

Van Dongen et al: EuroFlow antibody panels for standardized n-dimensional flow cytometric

immunophenotyping of normal, reactive and malignant leukocytes. To be published in: Leukemia 2011; uro Flowd
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CONSTRUCTION OF EUROFLOW PANELS: MEDICAL INDICATION
ORIENTATION/SCREENING & CLASSIFICATION PANELS
| Lymphocytosis

Monoclonal Suspect small cell samples
LN involvement component (e.g. CSF, FNA, vitreous)

= non-lgM
Suslalned_ Monoclonal
monocytosis
component
Eosinophilia

Cytopenia

‘ Acute leukemia

L 4 v A v v
ALOT o 51 | = | sst |
A v YVvy A4 vy A4 A4
|BCP—ALL || T-ALL HAML/MDS‘ LD ‘ ﬁB'bC,';de ||T-CLPD HNK-CLPD
o
T (G (Gberant oB) e
siaha ) et

reactive/
non-aberrant

other clonal B

other MPD

Van Dongen et al: Euroflow antibody panels for standardized n-dimensional flow cytometric 238
immunophenotyping of normal, reactive and malignant leukocytes. To be published in: Leukemia 2011 =uroFlow

CONSTRUCTION OF EUROFLOW ANTIBODY PANELS

Step 0: Design strategy

\

Step 1: Selection of fluorochromes

¥

Step 2: Selection of markers

v

Step 3: Selection of antibody reagents

Step 4: Selection of antibody
combinations

¥

Step 5: Panel constructed

-—uroFlow]
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CONSTRUCTION OF EUROFLOW ANTIBODY PANELS:
STRATEGY & TYPE OF MARKERS

. Backbone markers (2-4 markers required) for the
identification of the cell populations of interest:

- Antibodies placed in every tube in a panel
- Essential for simultaneous evaluation of complete profile in
every cell within a population (merge-calculation functions)

. Characterization markers (> 4 markers/tube) for
detailed immunophenotypic characterization of the cell
populations of interest:

- Lineage assessment,

- Maturation stage,

- Cytogenetic subgroups,

- Aberrant markers for MRD,
- Clinical impact ENTOEIovy

Initial selection Further comparisons
FL Commonly available ! FL Commonly available
Channel Laser fluorochromes | Channel Laser fluorochromes
. Pacific Blue . Pacific Blue
! Violet HORIZON V450 I ! Violet HORIZON V450
AmCyan I AmCyan*
2 Violet Pacific Orange 2 Violet Pacific Orange
__________________________ HORIZON V500 ~___ I i __IHORIZON V500] .
[ FTic_ | FITC
3 Blue Alexa Fluor 488 I 3 Blue Alexa Fluor 488
4 Blue 4 Blue P
5 Blue PE-TxRed | 5 Blue PE-TxRed
6 Blue PerCP Cy5.5 | 6 Blue PergP Cy5.5
FercCP erCP
7 Blue PE Cy7 | 7 Blue PE Cy7
__________________________ APC Tt APC
8 Red Texa Fluor 6 I 8 Red Alexa Fluor 647
APC Cy7 APC Cy7
9 Red APC H7 | 9 Red APC H7
Alexa Fluor 700 A o
*Alternative new additional fluorochromes currently under evaluation
Responsible scientists: T.Kalina, J.Flores EuroFlow
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Fluorochrome selection: further comparisons

Laser Fluorgchrome MFI* SI* Main Overlap Availability
Channel conjugate
Violet 2
CD4 Pacific Blue (AmCyan/ *
(BD Biosciences) 9,474 61.8 Pacific Orange/

Horizon V500)

Violet 1
Violet 2
CD4 HORIZON V450 (AmCyan/
(BD Biosciences) 9,195 66.6 Pacific Orange/ *

Horizon V500)

* Intensity of staining and staining index (SI) obtained for reagents evaluated in normal PB samples (n=5).

Overlay histograms of normal % FL compensation requirements
PBL stained with both reagents in other fluorescence channels
i | Channel PB HV450
| l 24.5 20]
0 0
|| | 4 (o] 0
= Blue line: Pacific Blue.
Green line: HORIZON V450 | 6 0 0
1 7 0o 0
i 1 8 0 0
e A [T i 2 g 0 nid
Violet 1-A Logical Responsible scientists: T.Kalina, J.Flores sroFlow!

B-CLPD panel

Backbone markers:

+ Should identify all B cells

* Aberrant underexpression of CD19
and/or CD20 frequently observed

- sIgk/CD37/sIgA/CD19/CD22/CD20
tested in 151 B-NHL cases

Responsible scientist: Sebastian Bottcher EuroFlow
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B-CLPD panel

+ Should identify all B cells

+ Aberrant underexpression of CD19
and/or CD20 frequently observed

- sIgk/CD37/sIgh/CD19/CD22/CD20
tested in 69 B-

+Conclusion: CD37 & CD22
redundant, as CD20 PacB plus €D19
PE-Cy7 were sufficient to identify
all malignant B cells in all cases

Backbone markers:

HL cases

CD20 PacB =y

Responsible scientist: Sebastian Bottcher EurcFlow

CD19 PECY7 =————p

R=0.46
(n=151)

————— o

1% e

KX

B-CPLD panel

Pac Pac FITC PE PerCP-  PECy7 APC APC-H7
Blue  Orange Cy5.5

1 CD20 (D45 cD19

2 CD20 (D45 CcD19

3 CD20 (D45 cD19

4 CD20 (D45 CcD19

5 CD20 (CD45 CcD19

Responsible scientists: Juan Flores and Sebastian Bottcher =::irz




MMUNOPHENOTYPIC PATTERNS OF DIFFEREN
TYP ES OF B-CLPD (Orfao et al, In: "B-CLL".Humana Press, 2004)

sIg CD5 CD10 CD20 CD11c CD23 CD24 CD25 CD38 CD43 CD79b CD103 FMC7
B-CLL d + - d </+ ++ + + -/+ + d - -
PLL PO P Uy AU Ay P OO
HCL + - - ++  ++ - <[+ ++ - - e s
SMZL + -/+ - + T )
LPL Ty - o/
MCL  + + - + /v - + <f+ - + o+ - <+
FL ) A Ty P . - s
LDBCL + - - + </+ - <[+ - + - + - =«
BL P S S ey Oy P

Characterization markers

B cell homing

CDl1l1aq, CD11c, CD3],
CD49d, CD62L,

CXCR5, CCR6,
LAIR1

Normal B
lymphopoiesis

CcD10, ¢D20, cb22
CcD24, cDb27,cD38
CD39, CD43, CD63
CD81, cD95, €D138
Bcl-2, HLA-DR, IgM

Known to
differentiate

CDb, €D23, €D25
FMC7, CD79b,

CD103, €D200, sIg

Responsible scientist: Sebastian Bottcher iroFlow
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Characterization markers

B cell homing

CDllag, CD11c,
CD31, €D49d,
CD62L, CXCR5,
CCR6, LAIR1

Normal B
lymphopoiesis

€D10, €D20, CD22
cD24, cb27, cD38
CD39, D43, CD63
CcD81, D95, CD138
Bcl-2, HLA-DR, IgM

Known to
differentiate

CDb, €D23, CD25
FMC7, CD79b,

C€D103, €D200,sIg

Responsible scientist: Sebastian Bottcher Eurqi.-F-IOW

CONSTRUCTION OF EUROFLOW PANELS:
FLUOROCHROME CONJUGATES AND ANTIBODY COMBINATIONS

- Fluorochrome's choice -

B ~
) a5
g Q

<
3
o a

(&)

100 1000 10000
CD43 APC

100 1000 10000
CD103-FITC




BCLPD classification panel

Pac Pac FITC PE PerCP- | PECy7 APC APC-H7
Blue | Orange Cy5.5
1= | ¢D20 | CD45 sIgh sIgk CcD5 CcD19 cD3 CcD38
LsT | /CD4 /CD8 /CD56 /TCRYS

w
(9
(v}
N
o
(o)
<
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(8}
Q
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w
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Il
>
(o |
o
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(o4
-
_
(2]
(9
(o)
-
0
<
o
=
Q
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0o
s

5R | €D20 | CD45 CD62L CD39 | HLA-DR| ¢D19 cb27

€D20/CD4/CDA45/5Igl/sIgk/CDB/CD56/CD5/CD19/CD38/CD23/CD10/CD7Ib/CD200/CDA3/CD31/LAT
R1/CD11c/sIgM/CD81/CD103/CDI5/CD22/CXCRE/CDAIA/CD62L/CD3II/HLA-DR/CD19/CD27
30-colors flow cyTomeTryD

Responsible scientist: Sebastian Bottcher

FLOW CYTOMETRY IMMUNOPHENOTYPING APPROACH

\

Sample preparation &

. staining of multiple aliquots
Conventional 3 7 pea

— approach

New
approach

Data acquisition
o* for each tube | A

“
Data analysis of each hiETgE e i
tube/data file ¥

Calculate data not
actually measured

\4
Operator-dependent, identification, *
selection & characterization of Learn normal
cell populations of interest patterns
ay
...,.... *

..-.,..‘ Interpretation Automated gui_ded
of the results « dafolenalysis
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MERGED DATA FILES FOR SINGLE STEP GATING

| Full phenotypic profile |

Do PercP cyss

}

A single gating step for 5 different data files (tubes) | @

DATA IN A MERGED DATA FILE

TUBE No
PARAMETER 1/2]|3|4(5|6|7|8]|9
FSC-HEIGHT
SSC-HIGHT
CD11b-FITC
CD13-PE
CD45-PercP
CD34-APC
CD2-FITC
CD56-PE
HLADR-FITC
CD117-PE
CD123-PE
CD15-FITC
CD16-PE
CD22-FITC
CD25-PE
CD65-FITC
7.1-PE
CD61-FITC
CD33-PE
CD71-FITC
Glyphorin-PE
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DATA CALCULATION IN THE INFINICYT™ SOFTWARE

Tube 1

Event X in tube 1

co;
9 Pepep, cvs
LN

Co
"9 PRy e

Calculated FMC7 value for event
X in tube 1 (based on data from
event Y in tube 2)

Tube 2

; - . Event Y: Nearest neighbour

of event X in tube 2

EuroFlow|

MERGED & CALCULATED LISTMODE DATA FILE

Parameters

Fom rmr e o

im oy

A

= - TR

.": 6 Files x

; # 10 parameters x
=

- 100.000 events

ELFaN e e

17 PR TR

o= BT

ST AP

Ayl e A

0 i B A

: 1 File x
:: 25 parameters x
L. 600.000 events

i) | g i

o remrE Ak

i § ek e

L o it i

Em R mEwd W owww

b

Parameter
coding

C =Common

-= Measured

E = Calculated

uid

EuroFlow
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MERGED AND CALCULATED DATA FILE

| Full phenotypic profile |

| Imposible phenotypic profile |

2
.;]
|
g

REFERENCE DATAFILES FOR CLL B-CELLS

CLL case 1
L J
—
—> Merge Calculated Data files

CLL case 2
* = CD19+ CLL

B-cells
CLL case 3 . Ll Ll
& P — 5‘ 2 'j.jwziti
CLL case 4 Case humber

— M

Responsible scientist: Sebastian Bottcher Tuiiri:Fin




Characterization markers:

CcD200

FL HCL MCL MZL

Responsible scientist: Sebastian Bottcher

yFlow

Characterization markers:

LAIR1(CD305)

CLL

FL HCL MCL MZL

Responsible scientist: Sebastian Bottcher

wroFlow
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Characterization markers:
CcD10

BL CLL CL FL MCL

Responsible scientist: Sebastian Bottcher Flow

Characterization markers:
CcD10

BL CLL CL FL MCL




B-CLPD panel: clinical utility

1 sIgM 14.02

2 €D200 13.76

3 CD7% 11.94

4 D23 8.57

5 CD38 7.73
Responsible scientist: Sebastian Bottcher . ;'Iow

B-CLPD panel: modular design

2] e Informative

markers only

Responsible scientist: Sebastian Bottcher

Flow
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BCLPD classification panel: modular design

i

Her e MmzL
"

HCL J CLL Mzl f cu rL f L DLBCL

Responsible scientist: Sebastian Bottcher iroFlow

Full panel

Tubes 1 & 2 only

B-CLPD: Diagnostic work-flow

Lymphocytosis
LN involvement

component
Eosinophilia
ALOT LST

‘ Acute leukemia ‘ ‘ Cytopenia H

> 90% pure by BB

reactive/
non-aberrant

other clonal B

Responsible scientists: Juan Flores and Sebastian Bottcher Pyt oy tY




EuroFlow B-CLPD panel:
summary

WHO

comparisons:

» B-CLPD panel allows unequivocal classification of
most mature B-cell malignancies according to

* Most differential diagnoses achieved (n=32/36)
efficiently except for the following 1 vs 1

FL vs DLBC
MZL vs LPL
LPL vs DLBCL
MZL vs DLBCL

Responsible scientist: Sebastian Bottcher uroFlow

FLOW CYTOMETRY IMMUNOPHENOTYPING APPROACH

\

Sample preparation &
staining of multiple aliquots

Conventional

.

New

— approach

*
*
.

Data acquisition
for each tube

Data analysis of each
tube/data file

v

Operator-dependent, identification,
selection & characterization of
cell populations of interest

ey
‘e
ta
]
e

Interpretation
of the results

~N

approach

Merge data files
v

Calculate data not
actually measured

v

Learn normal
patterns

v

Automated/guided
data analysis
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Identification of leukemia-associated .
immunophenotypes

Eur Flow

TdT+ / CD19+ / CD38+ =3 —

Precursor
-B-ALL

LAIP:
CD45- Tdth

JJM van Dongen Department of Inmunology, Erasmus MC Lucio et al, Leukemia, 1999

CLINICAL APPLICATIONS OF FLOW
CYTOMETRY

Microscopy Flow cytometry

Hybridoma technology
70s-90s Monoclonal antibodies
Fluorochrome-conjugates

From research laboratories to clinical diagnostics

Digital instruments

XXTI century >4 color flow cytometers
Higher analytical speed

Exponentially growing amount of complex
information/data
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IMMUNOPHENOTYPIC CHARACTERISTICS OF .

Flow
NORMAL vs LEUKEMIC B-CELLS
cD19+ > e - e
B-CELLS 8- COLOR flow cytometry: Bcp-ALL o 3
EuroFlow panel (450 bivariate plots) 1llsw |
...... = =y = " |Ih |
e e
Pl Rt N
P atrd et on et s anET 'l> . }
itztsasainaveninnad (BT (I’
:-‘_ -I I!ll-l;lill :--;-.:: = - ) a
CDIQ—PECWI—*;.—;..::-.::.:.-'..-.--'...l- h - 'h
=t e N
-y = ] ] AN -

EuroFlow

HOW TO SIMPLIFY DATA ANALYSIS

- Improve the design of antibody panels for a greater
efficiency and higher reproducibility.

- Construct reference data files for normal and pathologic
cell popula’rions (e.g.: per disease category)

- Multi-n-dimensional comparison of normal vs pathologic
cell populations (e.g.: at diagnosis and follow-up):

- Automated PCA-guided approach for homogeneous cell
populations (e.g. Blood lymphocyte subsets)

- Maturation tools for heterogeneous cell populations (e.g.

Maturing BM B-cell precursors)
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ALOT: B-cell precursor ALL
I " ‘ BM stained with
E ‘ ALOT 8-color tube
! -’ ‘ -
CyCD3
v CcD7
‘ sCD3
' _ s cD19
e CyCD79a
W - [rnes CyMPO
B - CD45
— - - CcD34
= [ —
Responsible scientist: Ludovic Lhermitte  Euy :—-;;:In

BCP-ALL T-ALL
ALOT: Reference ’ ——"
data file - | ”
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ALOT: REFERENCE DATA FILES FOR
IMMUNOPHENOTYPIC CLASSIFICATION OF BLASTS

=

T-ALL vs AML BCP-ALL vs AML

Tl i

T-ALL vs BCP-ALL

J .
.._BLA:STS " J&"‘ 1
BLASTS BLASTS
——— —ra R - ==
T-ALL vs AML BCP-ALL vs AML T-ALL vs BCP-ALL

B 1g

BLASTS

T

T

|
e e

BLASTS

BCLPD panel: classification of an atypical case vs
the reference WHO diagnostic groups

-Em:-.qpp

-ﬂm|l1

Responsible scientist: Sebastian Bot

%4 o
=== =

&! ‘ l;- .
astian Be Hcher "-_Eur;;l;iow
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B-CLPD: Comparative analysis of “our case”
vs multiple reference groups

Responsible scientists: Sebastian Bottcher|

Costa et al, Leukemia, 2010

B-CLPD:Comparative analysis of “our case”
vs multiple reference groups

Responsible scientist: Sebastian Bottcher

Costa et al, Leukemia, 2010
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DEVELOPMENT OF 8-COLOR EUROFLOW
MRD ANTIBODY PANELS

Single-tube antibody EuroFlow MRD protocols under evaluation

Flow

1. Acute leukemias (include recognition of normal precursors)
+ Acute myeloid leukemia panel (AML-MRD): 1 tube (M. Cullen)
+ B-cell precursor (BCP-ALL-MRD): 1 tube (V. van der Velden, E. Mejstrikova)
- T-cell ALL (T-ALL-MRD): 1 tube (V.Asnafi)

2. Chronic lymphoproliferative disorders
+ Chronic lymphocytic leukemia (CLL-MRD): 1 tube (L. Lhermitte)
* Hairy cell leukemia (HCL-MRD): 1 tube (E. Mcentyre)
* Mantle cell lymphoma (MCL-MRD): 1 tube (S. Bottcher)
* Follicular lymphoma (FL-MRD): 1 tube (S. Bottcher)
* Marginal zone lymphoma (MZL-MRD): 1 tube (R. de Tute)
* Lymphoplasmacytic lymphoma (LPL-MRD): 1 tube (R de Tute)
- Diffuse large B-cell lymphoma (DLBCL-MRD): 1 tube (P. Lucio)
» Burkitt lymphoma (BL): 1 tube (R. de Tute)
+ T-chronic lymphoproliferative diseases (T-CLPD-MRD): 1 tube (J. Almeida)
- Multiple myeloma (MM): 1 tube (J. Flores)

Flow

HOW TO SIMPLIFY MRD STRATEGIES

- Improve the design of MRD panels for a greater
efficiency and higher reproducibility.

- Construct reference data files for normal and neoplastic
cells (e.g.: per disease category)

- Multi-n-dimensional comparison of normal vs neoplastic
cell populations (e.g.: at diagnosis and follow-up):

- Automated PCA-guided approach for homogeneous cell
populations (e.g. lymphoid)

- Maturation tools for heterogeneous cell populations (e.g.
myeloid)
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CONSTRUCTION OF EuroFlow MRD PANELS: MM

Normal BM #2 Normal BM #1

MM #1

MM #2

Identify PC Select PC
H I

© i { * ° |

b &

CD3.B.-FIT-C. C.D3"8—FI;.C

| 1] !I

ol ] —» |

el @

CD38-FITC _

|
9 —p
(0] (0]
s ] e - =
CD38-FITC CD38-FITC
| 1|
ol . b AN '
(] (]
(0] (0]

Cs?'_B-FITC CD38-FITC

Principal component analysis

(n=12 markers)

"
— | @7 | &
Merge PC

TS
N J .

»

(n-cases) yosT INFORMATIVE
— MARKERS

cD19 19.83
CcD56 19.02
CcD81 12.29
CD45 11.47

cb27 9.95
CD117 9.34
CcD38 5.18

uroFlow|

Aim of Euroflow MRD approach for B-CLPD

- To find a marker combination to discriminate all

neoplastic B-cells in every B-CLPD case vs all

normal/reactive PB and BM mature B-cells/hematogones

NOT an individualized approach per patient

the approach should work without knowledge of the exact

initial immunophenotype
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BCLPD classification panel

Pac Pac FITC PE PerCP- | PECy7 APC APC-H7
Blue | Orange Cy5.5
1= | CD20 | CD45 sIgh sIgk CD5 CcD19 CcD3 CD38
LsT | /cD4 /cD8 /CD56 /TCRYS

CD20/CD4/CDA5/5Igl/sIgK/CD8/CD56/CD5/CD19/CD38/CD23/CD10/CD79b/CD200/CDA3/CD31/LAT
R1/CD11c/sIgM/CD81/CD103/CD95/CD22/CXCRE/CDAIA/CD62L/CD3I/HLA-DR/CD19/CD27
30-colors flow cy*rome‘er

Responsible scientist: Sebastian Bottcher =i:x

REFERENCE DATAFILES: NORMAL vs Tumor B-CELLS -~

Normal PB CD19+ Tumor
CD19+ B-cells B-cells

‘ ‘
— > < <

®

CD19-PECY7
LAy —— il!‘wy..
i
ilk
m
i
| ]
Al
M
€D19-

[

PECY7

Case number

18|

1w
[ T S |.||m1ll+ul._

CD19-PECy7

N

. Cn.se number A J
Y

Normal PB (n=8) Patients (n=6)
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REFERENCE DATAFILES: NORMAL vs. CLL B-CELLS ...

Normal PB D19
CD19+ B-cells

*

CD19-PECY7
CD19-PECY7

+ CLL

T T S—— T G Emai
e

i
v

CD19-PECY7
il

Case_number

Normal

B

LAIR1 9.3
CcD5 8.6
CD7% 8.2

Normal PB (n=8) CLL cases (n=6) BB cells |

IgM 8.1

REFERENCE DATAFILES: NORMAL vs. TUMOR B-CELLS __ -

CD19-PECY7

-~

Case number

ml
.

Normal PB CD19+ tumor
CD19+ B-cells B-cells
—

S = =
W . =
a =: =
o 3
T L A A Tumor
Case _number PB B-cells
ormal
Normal PB (n=8) Patients (n=6) L PBBcclls |
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Automated classification of normal vs malignant
plasma cells in MM, healthy donors and MGUS

MM Healthy donor MGUS
+ m-PC

Comparative View Comparative View Comparative View

EuroFlow|

HOW TO SIMPLIFY DATA ANALYSIS

- Improve the design of antibody panels for a greater
efficiency and higher reproducibility.

- Construct reference data files for normal and pathologic
cell populations (e.g.: per disease category)

- Multi-n-dimensional comparison of normal vs pathologic
cell populations (e.g.: at diagnosis and follow-up):

- Automated PCA-guided approach for homogeneous cell
populations (e.g. Blood lymphocyte subsets)

- Maturation tools for heterogeneous cell populations (e.g.
Maturing BM B-cell precursors)
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COMPARE A CASE VS NORMAL & NEOPLASTIC, % |
B-CELLS
REFERENCE DATA FILES
COMPARE A CASE VS NORMAL & NEOPLASTIC, % |

B-CELLS

DIAGNOSTIC SAMPLES

REFERENCE DATA FILES vs.
REFERENCE DATA FILES
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B-CELLS

COMPARE A CASE VS NORMAL & NEOPLASTIC,

roFlow|

REFERENCE DATA FILES

DIAGNOSTIC SAMPLES

vs.
REFERENCE DATA FILES

REFERENCE DATA FILES

MRD SAMPLES
vs.

EuroFlow|

COMPARE A CASE VS NORMAL & NEOPLASTIC B-CELLS
B-cell Multiple
U-Cl precursor ALL e myeloma
Teoses - e
Reference data files ¥ IBcp.-:xLL 4 =
Normal = cases " CLL Normal - o
[Thymocytes Hematogones €SS B B cellq
Diagnostic samples . . I - . -
vs. S "Er i o e
Reference data files = . %.: E
MRD samples . e i -
vs. = E. . s §
Reference data files . ? -
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Impact on PFS of the depth of response after
induction therapy (n=153)

MRD negative 97% at 3y

Median: NR CR (IFx-) 70% at 3y

Median: 31m 45% at 3y

MR or SD 0% at 3y

Median:
21m

20 30

Months
Paiva et al; J Clin Oncol. 2011

HOW TO SIMPLIFY DATA ANALYSIS

- Improve the design of antibody panels for a greater
efficiency and higher reproducibility.

- Construct reference data files for normal and pathologic
cell populaﬁons (e.g.: per disease category)

- Multi-n-dimensional comparison of normal vs pathologic
cell populations (e.g.: at diagnosis and follow-up):

- Automated PCA-guided approach for homogeneous cell
populations (e.g. Blood lymphocyte subsets)

- Maturation tools for heterogeneous cell populations (e.g.
Maturing BM B-cell precursors)
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Neutrophil maturation in normal BM: definition of maturation stages
based on principal component analysis (PCA) Of 10 parameters

[BM1 BM2 BM3

AL oK o
BM4 \ I.I* I/BI;IS—

rrr

Erythroid maturation in normal BM: definition of maturation stages based
on principal component analysis (PCA) of data on 10 parameters

BM 1 BM2 — BM3

- . W
N—r—y/

 Bm4 ™ BMS
g. ‘I -
BM
BM'6 T BM7 o N BMS8
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Monocytic maturation in normal BM: definition of maturation stages
based on principal component analysis (PCA) of data on 10 parameters

fy )@
N e
| A}
BM 6 / BM7* \BMB
o .

NEUTROPHIL MATURATION IN NORMAL VS MDS BM

il = =

—— i

il = =t
-

. £y i i
-.: ﬂ ] i & ‘J
3 b i 'ﬂié;ﬁ- ;
Normal MDS i -
NORMAL + MDS OVERLAY
e sl L T~ Iu,..ﬂ.‘!‘
L ] T
. e
a_’" f .-"I. -
| { " S
- S
REM2 | P e
= cpi4 | e —

' | Normal
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NEUTROPHIL MATURATION IN NORMAL VS MDS BM

Normal BM MDS

| Matu | Mature

" Normal BM — /|

st 234 s 67 8 3 a0 1021200 15 15 17 18 18 20 3

* (Normal)-(MDS) fﬁ

Immature

AR
N\ ]
— \/

CIRCULATING NORMAL PB B-CELL
COMPARTMENTS

PRE-GC PB B-CELLS

B-cells in human PB.

Immature B-cells

CD10-PECY7
. 0L

e T s ="~

POST-GC CD27 PB B-CELLS

CD27* human PB B-cells include
CD38- memory B-cells & CD38" PC

Immature + naive sIgM non-SHM

Naive B-cells

Plasma cells

’ &
[ _.-g

k_) ]

T

INE:

§ ] Memory B-cells

e ———————e—
e A . Lo -

Sims et al, Blood 2005; Lee et al J. Immunol 2009 Klein et al, J Exp Med 1998, Tangye et al, J Exp Med 1998
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CIRCULATING PB PLASMABLASTS/PLASMA CELLS

CD138+ PC/

" PLAS LASTS
¥

CcD38 ©

| cp13s- pc/ !
PLASMABLASTS 019 |

L] CD27 ¢

% i CD4s5
S
T
S 020
o [
Sk ca =

¥

i
o HLA
F i class II
-
b
I
Ky 1 CD43
w

i - -

CcD138° PC CcD138'PC
| #
430.9 { 524.2
T 297.5 £ 377.5
T .
9.7 Fi, 10.7
=75 68
W T .
L]
94.3 1 205.0 #
635 i - 126.6
Tl e T -
= #
32.0 1 244
562 A 1 T34
T i o LIRS
| -
| #
4.0 o -1.9
L -4.3 1 F4.3
T - Vi
#
4.2 0.6
s4.1 s02
0 1E4  1ES - 0 1E4  1ES #
13.3 5 14.4
=94 - - 138
- T W .
324 L 34.8
s 16.2 = s 182
. - e ]
Caraux et al, Haematologica 2010.

IMMUNOPHENOTYPIC PROFILE OF PB vs BM
PLASMABLASTS/ PLASMA CELLS

BM PC

LR
—e

2
" 1
wd : -
;_{ E
T T = .
L] L =il L] AdE

CD20-PacB

il TONSIL
1 .LI
3| .
%
. r""-
3 BT
I
£ -
I BMPC
CD10-PECY7
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UTILITY OF THE NEW SOFTWARE TOOLS
Standardization of FCM immunophenotyping

* How to get optimal and
comparable measurements?
* Which are the most
appropriate fluorochromes?
* What is the optimal sample

preparation protocol?

REPRODUCIBLE & OBJECTIVE RESULTS
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Results of standardized experiments

EuroFlow Panel for Plasma Cell Disorders:
Can we identify the center?

Normal BM PC from 24 samples from different centres,
acquired over a one year period.

v
. n .
(S

vy B n S e
AT

EuroFlow|
Which problems are Which are we
we facing? solving?
- Many reagents (costly and complex) - No redundancy
- Need expertise (reference profiles) - Computer expertise
- Time consuming - Fast
- Technical limitations - Real multi-D FCM
- Many (my) strategies (suboptimal) - Harmonized
- Not standardized (reproducible?) - Reproducible
- Limited clinical utility - Higher clinical utility
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EuroFlow participants

e
i
X

EurcFlow

University Institutes / Medical Schools
Erasmus MC, Rotterdam, NL J.J.M. van Dongen, V.H.J. van der Velden...

USAL, Salamanca, ES
IMM, Lisbon, PT
UNIKIEL, Kiel, DE
AP-HP, Paris, FR
UNIVLEEDS, Leeds, GB
DPH/O, Prague, CZ
SAM, Zabrze, PL
DCOG, The Hague, NL
KUL, Leuven, BE
HGSA, Porto, PT

UFRJ, Rio de Janeiro, BR

Companies (SME’s)

A. Orfao, J. Flores, J. Almeida, Q. Lecrevisse...
P. Lucio, A. Mendonga, A. Parreira a.o...

M. Kneba, S. Béttcher, M. Ritgen, M. Briggemann ...
E. Macintyre, L. Lhermitte, V. Asnafi ...

S. Richards, A.C. Rawstron. P. Evans ...

O. Hrusak, T. Kalina, E. Mesjstrikova ...

T. Szczepanski, L. Sedek ...

E. Sonneveld, A. van der Sluijs-Gelling ...

N. Boeckx ...

M. Lima, AH Santos

C. Pedreira, E.S. Costa

DYNOMICS, Rotterdam, NL  E. Dekking, F. Weerkamp ...
CYTOGNOS, Salamanca, ES M. Martin, J. Bensadon, J. Hernandez, M. Mufoz ...

THANK YOU
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