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Shwuasmsviunelsn daus a.a. 1975 French-American-British (FAB) Classification Snssiuunuzdadiadon
yasvezidsundu 1Wu Acute Non-Lymphocytic Leukemia (ANLL) %38 Acute Myelogenous Leukemia
(AML) uaz ALL lnpendegusndnvasvesead (morphology) wazdiulszneuvesasiaiinieluwadifiniden
(cytochemistry) wagiwadlulunszan vinlvd AML wuadu M1-M7 @iu Acute Lymphocytic Leukemia
(ALL) wuaidlu L1-L3 n1sAnwwadvesiinidonanassazdieou (immature cells) wagAuA1IntgInig
onyirinenegasioillos vilitinismsramluanavuiawad (immunological markers) v3o Suyluilluvivd
(immunophenotype) wazaTiaanudaunfluszaulasiulauueswad (karyotype abnormality) Tu a.a. 2008
sadnsewdelanldsuunvlinveswzisudadonuiszendoundu Tngefegusisdnuae (morphology) ves
Wwad NMINTIVNILENaLLEIWad MInsmanuRaUnAlussaulasiuley wagn1snsamanuiauniseAuey
(genetic disorders) N13AsI9RENENNIIA1Y wiand ildaunsasuuneiinvemzibadadenuiisves
Beundulaegrauiug annsanensallsagnaes nssuunuazUsdeiinvewsdaufinidenunndounduied
Ay viliuseanBamueanisinuiditu dwadednsinissendin (survival rate) vosttasdiunntuniu

ANRU
Ay, Iastulay, 8ms1N550nTIN
finususzana

iiloedng a5unserlie
paIATANITUNNE UNTINEIRE ST
52/347 wifnadleaen ouunwnalesu ennewdles ¥minuyusiil 12000

dua- fiarintanan@gmail.com



Leukemia diagnosis

Faongchat Jarintanan

Faculty of Medical Technology, Rangsit University

Laboratory diagnosis for acute leukemia classification is necessary for both treatment and
prognosis. According to French-American-British (FAB) classification in 1975, acute leukemia was classified
into Acute Non Lymphocytic Leukemia (ANLL) or Acute Myelogenous Leukemia (AML) and Acute
Lymphocytic Leukemia (ALL). Based on morphology and cytochemistry of peripheral blood cells and
leukemic cells from bone marrow, AML was further categorized into M1-M7. For ALL, it was grouped in
L1-L3. Due to the continuous knowledge in leukemic blast cells and advance in molecular biology, the
classification of leukemia was developed by using surface marker molecules or immunophenotype and
abnormality in the karyotype of chromosome. In 2008, WHO classification of acute leukemia is based on
morphology, immunological markers on the cell surface, karyotypic abnormality and molecular
cytogenetic disorders. Taken together, it is realizable to distinguish different types of acute leukemia and
provide the valuable prognosis. At present, classification and identification of leukemic cells are of

importance in effective therapeutic management and gradual increased in the survival rate.
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nsATIAlHARNsIRudALReAT19 wanaIninng
dszifiulinaepdiin 1w a1y 81019 AuudaReA1
Fian nssuunTiinteaTadisiniAenI1fagen Fog
a1Aan1993Uie ANy nsRed unsyanieluad
uazdauLlsznauiall (cytochemistry) 284LIALARAUALITAR
lulanszgn Usenauriu TRl LazuNsvAne
miﬁﬁ@ﬁﬂﬁu@g’ﬁuﬂamummﬁﬂuzﬁﬁ“ry Tunnanielsl
gunsaenTiatesresNssuinaenr1a ldeteiaan’
Fariuaaiinns@nenafiaaesllsiuuuiomad (surface
marker %38 immunophenotype) TagianAemdnnisioad
Tusz8zFn9] 2849 maturation WAZITAMIALABAT1ITHR
F9] ﬁTuL@q@ﬁﬂifmguuﬁqmmfﬁmﬁu Tnematinzeg
Wadalnuns (flow cytometry) Aa9811190U8NTHA
wavszazrefinidensnnligniesusiuggetu aenals
AR1un13MI9alnea s Ll arunsnnendaneni iile
(pathogenesis) N17ANLILIIA (disease progression) lan4
nsiAnlsANdLEY (relapse) WAZNNINYNTOILTA (prognosis)
faq1fun19m9aadladunzifudnlaana10 Bt UNA LAY
dn1smgaavnmnuindnfsysulasinias (cytogenetics)
LAETEAUE (molecular genetics)’ B4danARaATLNNT
AUNTRATRINZTIAN N T TasasAn1audalan M1
‘Lﬁm@mﬁ“ﬂmﬁﬁum:ﬁmﬁmﬁ@m%ﬁmm;ﬁﬂqamn%u

N1sQs293UIeWoTMuUNsiauavU=ISy
10aidoaudIdauwau

1. N9AT23RAUNA 1519 AnsuUE NSARE

A9 cytoplasm ANHMUEUAY chromatin b nucleus THA

A15199 1 L@manisgian Cytochemistry Wiaugn M1-M7*

wazanuusaunsyanelurasidanen1 luscazeo
! H & P Iy a <
dau nalunszuaidanuazlulanszgniaanisfiand s
n196 morphology AHNLAEA LBUATINUINAN UL UD
blast AR WTANWL atypical blast ¥ lHiAAAINEIN
aunlunsinade ienanaianues leukemia a9lfdnIg
flanfiAe (special stain) WamIavdluLlsznauedns
a7 el

2. N19mg2adauUsEnavaaId1siANANe Y

L4 o

VIRA AANHIUTULASNITAAAYBY nucleus /cytoplasm 184

Y]

VIARMIEAE cytochemistry TnganAavdnniad madus
availaddutlsznauaeddnsiAl (chemical compound)
mMelumagsaneiu wasiiBunniunntiees1eiiy Aanse
A1 arssznoumnaafivand 1dun wulmal enzymel,
laslus (lipid), AFlulawmam (carbohydrate), DNA, RNA, &N
(Iron) LL@‘L”?QTNL@QM]"N“} (biological molecules) Sagns
mdwﬁtﬁmﬁﬂﬁﬁ?mﬁu substrate WATIAAATANNZ
mﬂumm‘ﬁuj vinliuenadamadsne 18 nedan
cytochemistry Mn 1@ unsaAtasauanTlaNsSlnden
T o
2.1 nsasravnaulgineluigas lnevan
n19fl substrate vifFReiuangiadl lunnagiil enzyme
azy 1 final product ARA 1y
2.1.1 Myeloperoxidase (MPO) \ili lysosomal
enzyme wulu primary granules VEG azurophilic granules
284 granulocytic series L‘fimmn promyelocyte LaE myelocyte
0 primary granules 1N Astfau peroxidase stain GBI
T neutrophil FaLfisdad primary granules tiael A

Cytochemistry

viaaLiviane
ALL Lynphoblast +++ - - - . -
MO Undifferentiated - - - - - -
M1 Minimal differentiated - +/- +/- - _ _
M2 Myeloblastic - ++ ++ ++ +/- +/++
M3 Promyelocytic - +++ +++ +++ - +/++
M4 Myelomonocytic - ++ ++ ++ ++ -
M4EQ Monoblast and Eosinophil - + + T4 + -
Mba Monoblast - +/- - - F4t -
Mbb Monoblast, promonocytes +/- - - - S+ -
M6 Erythroleukmia +++ - - - A -
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flauRndarviellfind nnsdeanmnd MPO U myeloid
leukemia Y9l AML (MO-M2), APL (M3) uaz AMML (M4)
Tz linunis@ind MPO Tu ALL, basophilic leukemia, pure
erythroleukemia (M6) @< megakaryoblastic leukemia (M7)

2.1.2 Specific esterase (SE) l&un Naphthol
AS-D choloroacetate esterase (CAE) Wuluunsya
289 neutrophil kAT mast cell Wi b wuly monocyte,
megakaryocyte eosinophil, basophil, erythroblast WA
lymphocyte IagiaanNlatiasindn MPO %38 Sudan black B
(sBB) Hulselamilunisuan AML (M1-M4) dauluny uay
wein ALL AU granulocyteseries/monocytic series

2.1.3 Nonspecific esterase Teun alpha-
naphthyl butyrate esterase (ANBE) WAa% alpha-naphthyl
acetate esterase (ANAE) azwula lultas 189 monocytic
series WU monoblast UaZ monocyte (udaulun) Tae
monocyte @xgﬂﬁuéﬂﬁﬁﬁmﬂﬁu sodium fluoride (NaF) &
dszlamillunisuan M5/M4 aanann MO v3a M1 w3a
undifferentiated lymphoid leukemia

2.2 mensaamlasiumeluiras

2.2.1 Sudan Black B (S88) \lu@fiazanelu
IENE G lipid, phospholipid sterols WA&Y neutral fat
AT LN mad s iy myeloblast iU lympho-
blast ‘& 1mel myeloblast, monocyte LAY promyelocyte AL
Am SBB LG erythroid, megakaryocyte Wa< lymphoid
precursor a¥ldAA @93 monoblast WnazluAmLT WY
anulunadifing Aure rod avRind SBB tnadian aq
11 marker ﬁ‘i.lﬂﬂ':hl,ﬂu myeloblast Y EG myelomonocyte
wa 114 lymphoid cell

2.3 n19msaauicarbohydrate neluiras
2.3.1 Periodic acid-Schiff (PAS) 1funnadiau
Lﬁ"@mm@m carbohydrate macromolecule LT glycogen,
glycoproteins, glycolipids Tmf;l‘?‘ll PAS Tofmauan fiu lympho-
blast §NsAARWLL block pattern @9 erythroleukemia N9
GLGRITnY bright red granules
n13m9aaiaselneds cytochemistry A0
A¥AfeIlen acute myelogenous leukemia (AML) 88nann
acute lymphoblastic leukemia (ALL) aaniilu M1-M7 i
agnegna e UL wisasedeuilszaunisnllunisg
slide wazn1sudananisdfean Useneuduisnisdend
@NNTA1TAR LT RAR B AT ENTUT dnTiATUNeTHia
duansnanzii ﬁqguﬁqﬁmiﬁmmmmwﬂumq@ﬁ
damnziufoadalinning (surface markers) iauantin
WATITEZURIIARFNED1 1A8AT immunophenotype 919
monoclonal antibody 68 surface markers YAUTARNELI
(leukemic cell phenotype) miﬁl monoclonal antibody Alg
28 NEEENsFasuas v linsaaninmzidaeiaies flow
cytometry MH@zAINUAZTIALS

3. Immunophenotype classification N9
ﬂi:ﬂnoﬂﬁmwi’mq immunology k8% molecular biology
1A#117 monoclonal antibodies NNATIAUN surface marker,
cytoplasmic immunoglobulin ANy immunophenotype
1RILTAA LA ATTHALALNINUIEEZABINTLAT LA U TR
(maturation stage) VANLTAN %I\‘i Immunophenotypic markers
muslmyﬁﬁ’iyﬁﬂmﬁﬁg‘ﬂﬂdﬁ cluster of differentiation W7
cluster designation (CD ) [Thuesesmuneuasdfaaiif

#1999 2 Monoclonal antibodies 7 14luN159111N AML (MO-M7)°

Immunophenotypic marker

CD33 CD13 CD34 CD117 CD14 CD61/41 GPA HLA-DR CD15
1R Mono and Mono and Progenitor Progenitor Mature Megakary ERP Mono and Mono and
myeloid myeloid cells only cells monocytes ocytes myeloid myeloid
M1 + + + + - - - + -
M2 + + +/- +- - - - + +
M3 + + - +- - - - - +
M4 + + +/- +/- + - - + +
M5 + + +/- +/- + - - + +
M6 +/- +- +/- +- - - + +/- +-
M7 +/- +- +/- +- - + - +/- -

o
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FadlaunsnTuunTiauazszazaeaTad Raumnsiaily
10 (panel) 284 monoclonal antibodies ﬁx’]mi’]\iﬁ 2
NN9ALUNTEHNATEY ALL @ N19nuanTinees T
W B-lymphocyte w%’fam’fammim:q maturation stage
IHaeinam win13auun AML Tneidd FAB classification 814
arligenndaiunITnTadAITyiingds immunopheno-
type FRHAN10MII9AAILN surface markers MANETTIN
IAnFanie 113 biphenotypic acute leukemia (BAL)® daiflu
IARFNEAULRY lineage WAL WAN coexpressing markers
U84 lineage ﬁlu@fﬁ‘lﬂ L AML ﬁfl lymphoid antigen YEG
ALL 715 myeloid antigens Iunfojuﬁl,ﬂu BAL fnnsnennsnl
Tspilaid wazsinwusanfuALARNAY8 chromosome
Favi i AA. 2008 NssuunTEaTeNzufindanta
T aaAn1seunalan (WHO classification) a4linnsmaaa
Fagzinnasnidadna luscauluiana (molecular
analysis)” Wa¥N19M994 surface markers In838 flow

cytometry $ANAYE

4. Cytogenetic chromosome analysis N9
A2993LAP LM A NARUNAT8Y chromosome 4R34
@519 (karyotypic analysis) LAZATUI (DNA ploidy) Tugzae
metaphase 189TAR ANNRALUNALAY chromosome U84
AML wutlszanas 5060% luainusd ALL wosnnndn 65%
flaqufinaiaunean (probe) st lsufidanae
ﬁu‘?fLﬂuml,wmmmﬁqvlﬁ@ﬂwﬁﬁLwnzluﬁﬁLLMuqﬁwu
e An N1 UIN1IMR99alA8dT fluorescence in situ
hybridization (FISH), interphase FISH, spectral karyotyping
(SKY) W@y comparative genomic hybridization (CGH) g
WAL uuAnANsEuI G TasNIfLazItas NG nng
seuaNdalnfaeelasiulonldiuanigees ISCN
(2009) TngEusuIUTanunvaslasTulnuney Audae
sex chromosome LAMAIATINAEANINAALUNA 2
autosome Inei3eemuiaalasiuloy Taeld comma Aw
uazlddyansaiuan saae 19194 +(gain), -(loss), t
(translocation), inv (inversion), del (deletion), der (derivative
chromosome), dup (duplication), ins (insertion), mar (marker
chromosome), i (isochromosome), r (ring chromosome)
ugu IneaalastuloufiiaUnAldldluadunumds
mwﬁmﬂnﬁﬁuq WU 1(9;22)(q34:q11) %38 Philadelphia
chromosome %x‘iﬁ translocation 484 chromosome @:17{ 9 Ay

22 (U7 1) nM3meA chromosome uananAlszlamily
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| P : id o gel = deletvn
s [I ﬁ 5‘{}:‘% Irée = EveRrdon
rim = rastion
p & 3hoe Arm
@ = i arm
] 224 b = barnlocaon
9223 (q3dmi i)

g1l71 1 uans Philadelphia chromosome®

%4 aa o 4 o o v
punsdtiadelsn wensallsauds dairllgnisdum
anmgraansiialsanalnnisaniivaedisn iweWmuwen
Ml lunsinmlussauimaduaziuana’®

d = _ { o 6 o =
A15197 3 AdRmUnFArealps T lgun R us T uTinaes

leukemia'®"
AnwnzawIziiw anuntnlnfuaslaslalds
M1 del(9)(q11932), normal
karyotype
M2 (8 ;21)(q22 ;922),

(11 ;20)(p15 ;g11),

M3 (15 ; 17022 ;g11),

t1;17)(p36 ;q11),

M4 t(1;11)(q21 ;q23),

del(11)(g23 ;q24)

(11 ;17)(q23 ;q25)

M4Eo inv(16)(p13922),

1(16 ;16)(p13 ;q22), del(16)(g22)

M5 t(8 ;16)(p11 ;p13),

(6 ;11)(027 ;923),

19 ;11)(p21 ;923),

110 ;11)(p11-15 ;923-23),

ins(10 ;11)(p11 ;023924)

M6 i21q), del(20)(g1113),

ring chromosomes

M7 Too few cases studied to date
CML t(9;22)
ALL-preB t(1;19)
ALL-T t(11;14)

ALL-Burkitt’s (L3) 1(8;14), t(2;8), 1(8;22)




N19MIRUINIINATLNUFUDY gene ifendeeiy
nzdudiadentna WelssAninwlunnssnenlusvasii
Tsnaauuda Wunismmafifaadesiu gene 2 ngw fe
proto oncogene WAY tumor suppressor gene WINNNI3
ﬂﬂwﬁuﬁ:ﬁ proto oncogene Ax@INAMHNTUL AL TAS
(proliteration) xS UL TuetnerILAN sl daddu
iia leukemic cells @91 tumor suppressor gene i%u "
wiRdudansutasadindng wazaruaNliaasing
\a3ty (differentiation) aufleszazfaLfinde (maturation)
Fudannsifin leukemic cells Fannsnsrasananniulsslam
TunnmsaamnR NN minimal residual disease (MRD) 149
a1nn1sinen fJaqiiuléifinasin molecular technique 619°]
W lupz9amn gene fine] Tiindasfunzifadinidantng

dasu

N13A3997 AR e uunadaveanz i
Wadenne duane3s Guainnisggling Aoz
(morphology) AREINABI9ANIIAL N1IATIANIANITHAFN]
nelulEas (cytochemistry) FamunzauLazdanAd eIty
FAB classification WAAINAINTUALAIINAIINETINIY
molecular biology N1 A.A. 2008 aeAnisaudalan
AMUUNTRALRINTUTALALATNT AINNITATIAFATIZS
a%‘[ﬂ'%‘l“] A immunophenotype, cytogenetics LAY
molecular genetics ensavnAnuEnlnRTaTaduzIS

a a a o o A c @ A
A19199 4 ANNRAUNG WszAuEunnL luNzsasnaan
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AMLT/RUNXT point MDS, AML (MO)
mutation
ETO-AML1/RUNX1 AML-M2 [AML with t(8;21)]

CEBPA mutation AML (M1/M2)

AML-M3 [APL with t(15;17)]

PML-RARA

NPM1 muation
MYH11-CBFB

AML (M4/Mb)

AML-M4Eo [AML with inv(16)/
1(16;16)]

GATAT mutation Down syndrome with AML-M7

BCR-ABL1 CML,AML,ALL[B-lymphoblastic

leukemia with t (9;22)]

PBX1-E2A/TCF3 B-ALL [B-lymphoblastic leukemia with

t(1,19)
TRA-TLX1 T-ALL
IGK-MYC/IGH-MYC/IGL- B-ALL (Burkitt)
MYC

TuszAuse MReadesiunendnuiln nalnnisanidiu
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