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ROVIDITESEK JEGYZEKE

ALL
AML
APC
APL
BAL

CD
CMMoL

FISH
FITC
HNE
LAIP
MFI
MPAL
MPO
MRD
NOS
PAP
PBS
PE
PerCP
PFA
Pl
PMN
TF

akut lymphoidleukémia
akut myeloid leukémia
allophycocyanine

akut promyelocytas leukémia
bifenotipusos akut leukémia
cluster of differentiation
chronic myelomonocytic leukemia
Cyanineb

fluoreszcencia in situ hibridizacio
fluorescein isothiocyanat

human neutrophil elasztaz
leukemia associated immunophenotype
mean fluorescence intensity
mixed-phenotype acute leukemia
myeloperoxidaz

minimal residual disease

not otherwise specified
peroxidaz-anti-peroxidaz
phosphate buffered saline
phycoerythrin

peridin chlorophyll protein
paraformaldehid

propidium iodide
polimorfonuklearis

tissue factor



BEVEZETES

A XlllI-as faktor felépitése, plazma és cellularidikas faktor jellemzése

A véralvadas Xlll-as faktora (FXII) egy protransagmindz, melyet a thrombin €a
jelenlétében proteolitikus Gton aktival. A folyamiatkalcium mellett a fibrin(ogén)
szabdlyozza.[1,2] Az enzim aktiv formaja (FXIll&)y-glutamil)lizil keresztkotéseket
alakit ki fibrin monomerek kozétt, igy stabilizalva véralvadasi folyamat véfys
fazisaban kialakul¢ fibrinhalot. [3,4]

A véralvadas soran a kerihgprekurzor enzimfehérjék (véralvadasi faktorok)
kaszkadszeen, proteolizis utjan aktivalédnak. A folyamat diithsanak legésebb
stimulusa a sejtek felszinén &gzoveti faktor (TF). Szdveti faktort szamos sgijtsi
jelenit meg: pl. fibroblastok és pericytak az ééal, az agy astrocytai,
veseglomerulusok epithel sejtjei, szivizomsejtele-7] Ezek azonban a vér
alkotoelemeivel csak akkor kerlilnek kapcsolatbagmdothel sértlés kovetkezik be. A
keringd vérben a monocytak és az erek endothel sejtjei @kpresszalhatnak. Ezen
kivil a keringésbe kertlt TF-t hordozo tumorsepdkzhatnak alvadasaktivaciot. [8,9]
A TF foszfolipid és C# jelenlétében aktivalja a FVII-t, ami a prothromhkirkéomplexet
alkot6 FV és FX aktivaciojat vegzi. A TF-FVlla komeg a FIX-t is aktivalja. A
prothrombindz komplex hatasara a prothombin aktdtgdzza, thrombinna alakul. A
thrombin thrombocytakat és a FXIlI-t aktivalja vialt a fibrinogént fibrinné alakitja.
Robbins és munkatarsai allapitottak meg kisérlesokan, hogy a kalcium nem
elegend a fibrin alvadék gyenge savban vagy lagban valihatatlanna tételéhez,
feltételeztek egy tovabbi, szérumban megléaktor jelenlétét. [10] A fibrin alvadék
stabilla valasahoz sziikséges szérum faktor jelsritét magyar kutatd, Laki Kalman és
Lérand Laszlo irta le ed&ént 1948-ban. [11-13] Az altaluk fibrinstabilizaléktornak
elnevezett fehérjét Loewy és munkatarsai allitott#iktisztitott formaban és irtak le
enzimatikus tulajdonsagait. 1963-ban ismerték etalvéddasi faktorként Xlll-as

sorszammal. [14-18]



A Xlll-as faktor A és B alegységeinek expresszi@yrei

A FXlll-nak két formaja taldlhatd meg az emberi rsezetben: a vérben
heterotetramerként kering, intracellularisan kétlégységbl allo homodimerként (4
van jelen. A heterotetramer forma két potencialissktiv A (FXIII-A) és két
gatld/stabilizalé B (FXII-B) alegységh all (A:By). [19] A B alegység
megakadalyozza az A alegység aktivalodasat. [20,21]

A B alegységet az emberi szervezetben a majsejp}f, [az A alegységet a
megakaryocytak/thrombocytak [23,24] €és a monocyaafophag rendszer sejtjei [25-
28], valamint kis mértékben a majsejtek szintejial29-31]. Az egyeéb sejttipusok
kozul a chondrocytak FXIII-A szintetizald képessége bizonyitottak [32]valamint
osteoblastokban is kimutattak. [33] A vérbensl®XIII-B mennyiség kb. fele szabadon
kering a plazmaban, mig a FXIII-A teljes mennyiségetramer komplexben talalhaté.
A FXIlI komplex atlagos plazma koncentracidja 21/mgA FXIII-A ;B, komplex
képzsdésének korilményei maig nem tisztazottak.

A FXIII-A intracellularis lokalizaciés helyei (szubellularis megoszlas)

A thrombocytdk igen nagy mennyisegXIll-A-t tartalmaznak, 150-szer t6bbet, mint a
vérplazma, a monocytak FXIII-A tartalma viszont egggysagrenddel kisebb, mint a
thrombocytaké. [34] A csontwi@l megakaryocyta és monocyta prekurzor sejtek FXIII-
A expressziojat is leirtak. [28] Az intracelullarenzim funkciéja még nem teljesen
ismert, de szamos kisérleti eredmény azt mutabgy la megakaryocytak, monocyta és
macrophag sejtek nem csupan a FXIII-A szintézigdichanem a sejtek patofizioldgiai
funkcidinak aktiv részesei.

A FXIlI-A macrophag sejtekben jellegzetes citoplaikus eloszlast mutat;
megfigyelhed a citoplazmatikus vakuolumok koril és a pseudopodkban, a
fagocitotikus vakuolumokban azonban nem mutathatf8&] A monocyta /macrophag
érés korai szakaszaban a FXIII-A nuklearis akkuwidgjat figyelték meg a sejtekben.
[36] Feltételezik szerepét a fagocitozisban és lerrativ macrophag aktivacioban.
[37,38] A thrombocytadkban a FXIII-A egy alacsony lstailasulyu ldsokk proteinhez,

a HSP27-hez kapcsolddva talalhaté meg. [39,40]



A malignus korképekben megjelér=XIlI-A

A FXIII-A a megakaryocyta/thrombocyta és monocytaénophag rendszer sejtein kivdl
nem talalhatd meg egyéb csontirebs periférias vér sejtben. [25,41] A FXIII-A
jelenlétét azonban sok mas betegségben és malidduképben vizsgaltak.
Megfigyelték, hogy a Hodgkin-kérban szengkdhyirokcsomoiban fibrin lerakodasok
vannak jelen, valamint a nyirokcsomoékban ddtiibbségben vannak a macrophag-
szefi sejtek. Ez a sejtpopulacio FXIII-A alegységet abmaz. Bizonyitottak a
macrophag eredetet és igy azt, hogy tumor-asstzotédrophagokrol van sz6. [42]
Vizsgéaltak a FXIII-A megjelenését malignus fibratgk histiocytdmaban (MFH). A
sejtek FXIII-A pozitivitast mutattak MFH-ban, amelgy elkilonithet a szdvettanilag
hasonlo lagy szoveti tumoroktdl. [43] Azt tapaséial hogy a FXIII-A pozitivitas nem
a malignus sejtekben, hanem a tumor-asszocialtekbah jelenik meg, pl. a
macrophagokban, follicularis dendritikus reticuls®itekben (DRCs), fibroblast-ster
mesenchymalis sejtekben, valamint a sinusoidalis irésrfollicularis histiocyta
reticulum sejtekben. [44, 45]

Feltételezték, hogy a megakaryocyta és monocytaksgjalignusan transzformalodott
formdi is expresszalhatnak FXIII-A antigént. Inviem €s munkatarsai akut myeloid
leukémids beteg mintait vizsgaltak FXIII-A ellenasytl antitestet alkalmazva
peroxidaz-anti-peroxidaz (PAP) immunologiai médszlerAz AML megakaryocytas
(M7), myelomonocytdas (M4) és monocytas (M5) szukggban pozitiv reakciot
detektaltak. [46]

Vizsgéalatainkban mi et&eént alkalmaztunk egy Ujonnan kifejlesztett FXllleNenes
monoklonais antitestet, amivel aramlasi citométesiengaltuk akut myeloid leukémias
beteg mintakon a FXIII-A expressziot, amely az Alliagnosztikdban és kbvetésben is

hasznosnak bizonyulhat.



CELKIT UZESEK

A munkam soran ceéluliztem ki a Xlll-as faktor akut myeloid leukémiakbéhML)

tortérd megjelenésének vizsgalatat.

1. Megvizsgaltuk, hogy az akut myeloid leukémids &bjegm kimutathatok-e a
FXIII alegységei.

2. Teszteltik a FXIII-A megjelenés specificitasat égermitivitasat AML

altipusaiban.

3. Vizsgaltuk, hogy leukémia-asszocialt immunfenotfgu\IP) jelent-e a FXIII-
A pozitivithAs €és hogyan alkalmazhaté U(j markerkéat leukémia

differencialdiagnosztikaban.

4. Tanulmanyoztuk a FXIII-A lehetséges prognosztikazerspét akut

promyelocytas leukémiaban.



BETEGEK, ANYAGOK ES MODSZEREK

Klinikai és kontroll mintak

Akut myeloid leukémias betegek csontiék periférias vér mintait vizsgaltuk. 2000. és
2010. év kozott 6sszesen 100 AML-es betegnél vagkzszisztematikus aramlasi
citometriai analizist FXIII-A reakciéval osszefughpen. A vizsgalatok elsrészében
2000. és 2004. év kozott 86 £ AML MO, M1, M2, M4, M5 és M6 FAB tipusba
sorolhato - akut myeloid leukémias és 12 normaltétimizsgaltunk meg, a leukémias
betegek esetén 76 csonttieEs 10 periférias vérmintat, a normal mintak eseté
csontvebi és 5 periférias vérmintat, valamint 6 kronikus eloynonocyta leukémias
(CMMol) beteg periférias vérmintajat dolgoztuk féllinden csontvél minta esetén
megtdortént a morfoldgiai, citokémiai €s immunfepas vizsgalat.

Késsbb az akut myeloid leukémia promyelocytds szubfipugAML M3) fokuszalva
tovabbi betegeket vontunk be a vizsgélatba, igyed®mhk kozétt 14 db Gjonnan
diagnosztizalt akut promyelocytas leukémias (APkj)ely csontvél és periférias ver
mintajat is analizaltuk. Esetiikben a csontikehetekben tobb, mint 70%-o0s blast aranyt
taldltunk. Minden APL a hypergranuléris tipusbataaott és FISH technikaval a
jellegzetes t(15;17) volt detektalhatd. A 10 féds 4 Bbeteg atlagéletkora 48 év (25-
68 év). Normal promyelocytdk tanulményozasdhoz négghidnyos anémiaban
szenved beteg csontvémintajat vizsgaltuk meg.

A leukémias mintak Ujonnan felismert, kezelééttehlld betegek8l szarmaztak. A
periférias vér gijtése EDTA antikoagulanst tartalmazé zéart vacutaasébe tortént, a
csontveb mintak sternum punkciobol szarmaztak és heparit &b alvadas gatlé
(Becton Dickinson Biosciences, San Jose, CA). Aélaljarasok minden minta esetén

aznap vagy max. 16 éra szobatiarolast kovéten megtorténtek.

Aramlasi citometria alkalmazasa immunfenotipus meghrozasra
Az immunfenotipus vizsgalat soran fluoreszcens éfdsl jeldlt monoklonalis
antitestekkel vizsgaltuk a sejtfelszini és intradétis markereket.
Az aramlasi citometria vizsgalataink kezdetén 20@@ben zommel az alabbi,
kereskedelmi forgalomban kaphatd, fluorokrommalektir konjugalt monoklonélis

antitesteket alkalmaztuk 3 siifeléléses panelben (1. tAblazat):



1.t&blazat. Fluorokrémmal jel6lt monoklonalis antitestek

Fluorokrém: FITC PE PECy5 PerCP
CD4 CD8 CD13 CD34
CD14 CD34 CD19 HLA-DR
Marker ellenes | Glycophorin-A CD33 CD45
antitestek CD45 CD117
CD15 CD135
CD7
(Gyart6: Becton Dickinson Biosciences San Jose, (T34
Marker ellenes | CD13 CD41
antitestek MPO

(Gyarto:Dako Glostrup, Danial

(FITC= fluorescein isothiocyanat, PE=phycoerythriPE/Cy5[Cyanine5] fluorokrom
tandem, PerCP=peridin chlorophyll protein)

A FXIII alegységei ellen egerekben termeltetett pidandlis antitesteket FITC jeldl
reagens kit segitségével konjugaltuk (Sigma, Stid,o0MO, USA). A FXIIl A és B
alegységei ellenes monoklonalis antitesteket kaabimtézetliinkben fejlesztették ki
Katona és munkatarsai. A tisztitott FXIII-Béallitasdhoz az A alegységet ismételt
fagyasztas-olvasztas modszerével a komplelgvalasztottak [47], majd affinitas
kromatogréafiaval tisztitottak [48]. A FXIII-A aleggget huméan placentdbdl preparaltak
[49]. A monoklondlis antitesteket egér rendszerdlétottak eb. [34,50]

A sejtfelszini jelolés kezdeti |épéseként a csdibivés teljes vér mintak fehérvérsejt
szamat 10 G/L —re allitottuk PBS-sel (phosphatdeefl saline, 8g NaCl, 0,2g KClI,
1,449 NaHPGQ, , 0,249 KHPO,, 1000 mL dHO, pH 7.4), majd az 5QL mintat
telitdé koncentraciéju direkt konjugalt antitestekkel ibiliuk 15 percig, szobéh,
sotétben. A vorosvérsejteket hemolizaltuk FACS Idizaldattal (Becton Dickinson
Biosciences San Jose, CA, USA). Majd 2x kimostukiatakat PBS-sel (centrifugalas
300 g-n, 5 percig), végul reszuszpendaltuk a seftels mL, 1%-os paraformaldehidet
(PFA) tartalmazo6 PBS-ben.

Az intracitoplazmatikus jel6lést az Intrastain reag (Dako Glostrup, Dania) leirasanak

megfeleben végeztik. A felszini jeldlés minden esetben néega permeabilizalast és
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intracitoplazmatikus festést. A FITC-al jelolt FXA antitestet 2 pg/mL
végkoncentracidoban alkalmaztuk megféleotipus kontroll mellett. A PFA-val fixalt
mintakat 4°C-on taroltuk maximum 24 6raig. A mékedeACSCalibur aramlasi
citométeren torténtek (Becton Dickinson Bioscien&s Jose, CA, USA), minden
mintanal azonos PMT beadllitast alkalmazva. Bead-¢&rtérd kalibralassal standard
mérési korilményeket biztositottunk, mely a FacdDalaramlasi citométeren havi
rendszerességgel a BD Calibrite 3 és APC gyongl#iveent. Ade novoleukémiak
esetén 10 000 sejt adataiti@gttiik be Un. list mode f4jlokba és analizaltuklC@uest
3.2 szoftver segitségével.

A FXIII-A expressziot normal csontué@l promyelocytakon is vizsgaltuk az alabbi
antitestekkel tortéh jelolés utan: FXII-FITC, CD117-PE, HLA-DR-PerCR/&S,
CD33-PE-Cy7, CD15-APC, CD14-APC-H7, CD45-Pacifi@@ge. A minta ékészités
és festés a fent leirt protokollnak megféésl tortént. A mérés a harom lézerrel
rendelked FACSCanto Il aramlasi citométeren zajlott (Becionkinson Biosciences,
San Jose, CA, USA). Standard mérési korulményekajtameter Setup and Tracking
Beads gydngyok segitségével naponta végzett keidwal biztositottunk.

Az analizdlas soran a pozitiv sejtek szazalékoswyata adtuk meg a vizsgalt
sejtpopulacion beldl. Az eredmények értekeléselgyefembe vettiik a pozitiv sejtek
atlagos fluoreszcencia intenzitasat (MFI= mean r8goence intensity) is, mely

jellemezhet egyes kéros sejtcsoportokat.

Citogenetika és FISH vizsgalat

A hagyomanyos citogenetikai vizsgalatot minden Ad3lLbeteg csontu&lmintajan
elvégeztik. Minden beteg esetében 20 G-savos metakerilt kiértékelésre. A
karyotipusok leirasa a Human Cytogenetikai NomdakdaNemzetkdzi Rendszerének
(ISCN, 2009) megfeléen tortént. A fluoreszcencian situ hibridizacio (FISH) a
kromoszOma prepardtumokbdl szarmaz6 sejt szusapemzi a PML-RARA
transzlokacios préba (Abbot/Vysis, Downers Grove, USA) gyari leirdsanak
megfeleben zajlott.

A sejteken hattérfesteskent DAPI-t (4,6-diamidinrtegilindol) alkalmaztunk,
Valamennyi esetben 200 interfazisu sejtet analinéllt Az értékelést Zeiss Axioplan2
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(Carl Zeiss, Zaventum, Brussels) fluoreszcens msioppal és ISIS szoftverrel
(Metasystems, Altlussheim, Németorszag) végeztik.

A FXIII elleni antitestek FITC konjugalasa

A FXIII ellenes antitestek konjugélasa FluoroTad Elkonjugalo kittel tortént (Sigma,
St. Louis, MO, USA). Az eljaras soran a FITC fluar@mot és az antitesteket 20:1
molaris aranyban 9,0 pH-an inkubaljuk 2 oran atellt antitestet Sephadex-G25M
oszlopon valasztjuk el a nem koétott FIT&-tMeghatarozzuk a moléaris FITC/Protein
aranyt 495nm és 280nm-en towérabszorbancia meéréssel, igy eliemzik a
konjugéalas sikerességét. A F/P hanyados 3-6 kdmniitt Majd kiszamoljuk az antitest

koncentraciot. A konjugalt antitest 0,1% Na-aziémnetében +4 C-on tarolhato.

Sejttenyésztés

A Mono-Mac6 sejteket Dr. Duda HEinajandékaként kaptuk a Szegedi Biologiai
Kutatokdzponttdl, a PLB-985 sejtvonal sejtiei az sgigos Haematologiai és
Immunoldgiai Intézetl szarmaznak (Orszagos Gyodgyintézeti Kozpont). Aeke
tenyésztése 10% fotalis borju szérumot (FBS) (togin, Carlsbad, CA, USA), 2
mmol glutamint, penicillint és streptomycint (Sigmartalmazé RPMI 1640 (Sigma,
St.Louis, Mo, USA) kézegben tortént. A monocyta séréolyamatot 30 nM B
vitaminnal (Biomol, Plymouth Meeting, PA, USA) aagulocytak érését imol all-
trans-retinsavval (ATRA-Sigma), és 1.25%-os dimatilfoxiddal (DMSO-Sigma)
indukaltuk. Harom napon at minden nap analizaltigomyos sejtfelszini markerek

expressziojat.

FXIII-A vizsgalata ELISA médszerrel

A Xlll-as faktor A alegységének vizsgalata akut my@locyta leukémias mintak

sejtlizatumabdl tortént az intézetiinkben kordbbatoda és munkatarsai altal kézolt
modszer alapjan kis modositassal.[34] A thrombocktantaminacié elkerllése

erdekében a promyelocyta sejteket 3x mostuk 20 BIMA-t tartalmazé PBS-ben

2200g-n, 4 percig. A szerin és cisztein proteazitkagara egy proteaz inhibitor koktélt
(Roche Applied Science, Penzberg, Németorszaghkdiumoso pufferhez. A sejteket
ultrahangos szonikalassal tartuk fel (Branson, DaybCT, 4°C, 3x30 masodpercig
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PBS-ben), de étte sejtszamot hataroztunk meg, hogy pontosan rkiskté@to legyen az
egy sejtre ésFXIII-A tartalom.

FXIII-A vizsgalata Western-blot médszerrel

A thrombocyta mentesitett APL blast sejtek FXItartalmanak meghatarozasa utan a
fennmaradd sejteket centrifugaltuk és 100 pL SD&PAminta pufferben vettik fel
(62,5 mM Tris-HCIl, 2% SDS, 10% glicerol, 0,1% br@mél kék, 4,5%
merkaptoetanol), majd a sejtszuszpenzidét 5 peroigalfuk. A mintakat, melyek
mennyiségét 60 pL-re allitottuk minta pufferrel 3 ng volt a FXIII-A tartalmuk,
7,5%-0s SDS poliakrilamid gélre vittlk fel, és rkdld kdzegben elektroforetizaltuk
(BioRad, Hercules, CA), majd Immobilon P membraikéillipore, Bedford, MA)
blottoltuk. A nem specifikus kotések blokkolasamnmembrant 1 6ran at inkubaltuk 3%-
os zselatin tartalmu TRIS puffer oldatban (0,5 MON&20mMM Tris-HCI, pH: 7,5; TBS)
szobalin, majd egy éjszakan at 4°C-on 1%-0s zselatimltart blokkol6 pufferben
tartottuk.

Az elgidleges antitest birka poliklonalis anti-human FXAllolt (Affinity Biologicals,
Ancaster, Kanada). Az immunreakciohoz biotinaltjlbgn termeidoétt anti-birka 1gG-t
és avidin-biotinélt peroxidaz komplexet alkalma#uivectastain ABC kit dsszetéy
Vector, Burlingame, Kanada), majd a reakcio kialakat elektro-kemilumineszcencia
elve alapjan detektaltuk (ECL PlyusAmersham, Little Chalfont, UK). Negativ
kontrollként granulocyta sejteket és sejtlizatumuasznaltunk, melyek aramlasi
citometriaval, ELISA és Western-blot modszerrel senutattak FXIII-A antigén
pozitivitast.

Annak demonstralasara, hogy a human neutrophiztéiasHNE) hasitja a FXIII-A
fehérjét, 2ug/mL tisztitott FXIII-Ax-t és 2ug/mL tisztitott HNE enzimet inkubaltunk
2.85 mM C4&" jelenlétében killonbaizideig 37°C-on. A reakciét egyéhimennyiség
SDS Laemmli pufferrel allitottuk le. A FXIlI-Apreparaldsa human placentabdl tértént
az intézetiink munkatéarsai altal korabban leirr&jézerint [51], a tisztitott HNE (20-
22 egység/mg) a Calbiochem terméke (La Jolla, CSA)J Thrombocytamentes
promyelocyta sejtlizatumot két beteg periféridsébér és a masodik beteg csontiel
mintajabadl allitottunk €.
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Konfokalis mikroszkopia

APL-es betegmintakbdl cytospin preparatumot kégiik, amit 4%-os PFA-ban 10
percig fixaltunk és 3x atmostuk PBS-ben. A FITGehjugalt anti-FXIII monoklonalis
at tartalmazo6 PBS-sel. Ezt a puffert a sejtekhea &0 percen at szob@&hinkubaltuk a
mintakat, igy permeabilizalva a sejtek membramatinkubacio utolsé 5 percében 0.5
png/mL véegkoncentracioban propidium jodidot (PI) uk az oldathoz. Ezutan a
cytospin készitményeket 3x mostuk 1 mg/mL BSA-t (885% Triton X-100-at
tartalmaz6 PBS-ben. Utolsé lépésként a mintakea @BS-ben mostuk és 10 puL
Mowiol-al (0,1 M Tris-HCI, pH 8,5, 25 w/v% glycer@s 10% Mowiol 4-88, Hoechst
Pharmaceuticals, Frankfurt, Németorszag) fedtik be.

A konfokalis mikroszképia (CLMS=confocal laser spaig microscopy) Zeiss
(Gottingen, Németorszag) LSM 510 rendszerrel és pOeAromat 63x/1,25 NA
vizimmerzids objektivvel tortént. A fluoreszceir@88nm-es Argon ion |ézer gerjeszti, a
kibocsatott jelet 505-550 nm-es sausit hasznalva lehet betjyeni. A propidium
jodidot 543 nm-es HeNe lézer gerjeszti és a jelk @mm-es long pass filtert hasznalva
gyijthetok be. A detektalashoz 1 pm-es optikai szeletek sgdsek és igy 512x521
pixel-es képek készithii 6,4 ps-os pixel idvel. Valamennyi felvétel an. “multitrack”
maédon tortént, amellyel a csatornak kozotti atayemés kiiszobolh@ki.

Statisztikai modszerek

Az AML szubtipusaiban megtaldlhatd pozitiv sejteanganak 6sszehasonlitasakor az
adatok normalitdsanak eli@zésére Kolmogorov-Szmirnov tesztet alkalmaztunk.
Mivel az adatok Gauss-eloszlast mutattak mindképadban, igy az eredményeket
paros t-prébaval elemeztik. A normal és leukémiagakban detektalt pozitiv sejtek
atlagos fluoreszcencia intenzitasa (MFI) nem mttadauss-eloszlast, ezért a paratlan
Mann-Whitney U teszt alkalmaztunk a statisztikaekeléshez. Az eredményeket 0,05
alatt tekintettik statisztikailag szignifikansnak.

A FXIII pozitiv és FXIll negativ betegpopulaciok |&lési idejének statisztikai
dsszehasonlitasat GraphPad Prism 4.0 szoftveigelztidk.
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EREDMENYEK

FXIII-A expresszio vizsgalata aramlasi citometridvaormal csontvedi é€s periférias
vérmintédkon

A normal periférias vérmintakatészor CD14-PE-el és FITC-al konjugalt FXIII-A és
FXIII-B ellenes antitestekkel jeldltik meg. A feiszfestés utan analizaltuk a myeloid
kapuban 1é¢ sejteket. Itt a monocytak mutattak a rajuk jellén@D14 pozitivitast, de
FXII-A és FXII-B pozitivitAst nem talaltunk (1. & A, B). Intrastain-el tortén

permeabilizalast kévéen minden myeloid sejt myeloperoxidaz (MPO) po#iist

mutatott.
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1. abra. Periférias vér myeloid sejtjeinek FXIII-A és FXIII-B jel6l 6dése.A normal
myeloid sejtek felszini CD14 jelddiése alapjan elkllonithiidt a monocytak az egyéeb
myeloid sejtekil. A sejtek felszinén sem FXIII-A, sem FXIII-B pdxitds nem
detektalhatd.(A,B) Permeabilizalast késeh a myeloid sejtek MPO pozitivitast
mutatnak. Az MPO-dim monocytdkban FXIII-A talalhatinig az MPO-bright
neutrophil sejtek negativak.(C) Az 6sszes myelejt §XIII-B negativ.(D)
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A monocyta sejtcsoport megjelent, mint jellegzefdisn” MPO populacio, amelyben
FXIII-A is detektalhatd volt, mig FXIII-B-re telj@h negativ reakciét adott. Az MPO-
bright populaciot a polimorfonuklearis granulocyt@MN) alkotjak, melyek a FXIII
mindkét alcsoportjara negativak (1. abra C, D).

A lymphocytdk sem mutattak sejtfelszini FXIII-A gdbdést. A FXIII-A-val és az
intracitoplazmatikus cyCD#B-sejt és cyCD3 T-sejt markerrel tortént ketjelolés
utén lathaté, hogy a T és B lymphocytdk nem expgédsak FXIII-A-t.

A normal csontvéli mintaban a FXIII-A a myeloid kapuban két sejtpmidban
detektalhatd: a CD45-bright érett monocytakon €945-dim monoblastokon.

Az eredményeink azt mutatjak, hogy normal periné@r és csontv&lmintaban a
FXIl alegységei kdzll kizarolag az A alegység yelen, ami intracellularisan talalhat6
meg a monocyta sejtvonal sejtjeiben.

A FXIII-A pozitivitas specificitdsanak, szenzitidsanak vizsgalata tenyésztett
sejteken

A sejttenyésztés ideje alatt a CD33 és cyMPO mgelGiD64 és CD14 monocyta,
CD11b ganulocyta markerek és a FXIII-A expressnaka megjelenését, dtheni
valtozasat vizsgaltuk. A Mono-Mac6 monoblast sejblosejtjein mar a tenyesztés 0.
napjan kimutathato volt a FXIII-A, ami egyformén gaa pozitivitast mutatott végig a
tenyésztés 3 napja alatt, akar a CD33. A felszil€£kezdetben nem expresszalodott,
majd a monocyta differenciaciét indukalé D-vitamiatasara 24 6éra mulva mar
detektalni tudtuk. Ez iglalatt a CD64 pozitivitas csokkenését lattuk.

A PLB-985 sejtvonal sejtjein a CD33 és MPO vegigipe maradt. DMSO indukcio
hatdsara a myeloid érést j@I€D11b fokozatosan megjelent a sejtek felszinér|l+X
A-t viszont nem tudtunk detektalni. ATRA indukcikbveten hasonlé eredményeket
kaptunk. (2. abra)

Az eredményeink szerint a FXIII-A expresszié intéda, ami a monocyta sejtek
érésének kezdetén is magas, nem novekszik tovabdejta érési folyamatanak

elérehaladasaval, ellentéetben a CD14 expresszidvalvelMia CD14 éretlen
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monocytakon nem is detektalhatd, igy a FXIII-A kararkerként sokkal szenzitivebb

a monocyta sejtvonalra, mint a kbs megjeled felszini CD14.
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2. abra. Myeloid, granulocyta és monocyta markerek expressgjla Mono-Mac6 és
PLB-985 sejtvonalon. Mono-Mac6 sejttenyészeten vizsgaltuk a CD64, CD14
monocyta marker, a FXIII-A és a CD33 myeloid market6lodést. A CD14
folyamatosan novekyvexpressziét mutatott, a FXIII-A minden mintdbareitie volt.
(A) A PLB-985 myeloid sejtvonal sejtjei DMSO hadés folyamatosan noéve&v
CD11b expressziot mutattak érésik soran. A sefffdls CD33 és az
intracitoplazmatikus myeloperoxidaz minden mintabaoeitiv volt, de egyik sem
mutatott FXIII-A pozitivitast.(B)
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A PBL-985 sejtvonal esetén egyaltalan nem tudtuieldélni a FXIII-A expressziot a
kezdeti szakaszban sem és a granulocyta iranyéreliffialédast kdvétnapokban sem.
Ezen eredmények alapjan a FXIII-A specifikusnak atkdgzik a monocyta sejtvonal

sejtjeire.

A FXIII-A pozitivitas vizsgalata akut myeloid leukgias mintakon

A FXIII-A expresszio vizsgalatat 6sszesen 100 AMLketeg csontvélés periférias
Vvér mintajan végeztik el 3-s#imajd 4-szifi jeldléssel aramlasi citométeren. Ezzel
parhuzamosan 6 CMMoL-es beteg periférias verétzsgaltuk. Az eredményeink azt
mutattak, hogy a myeloblast (MO, M1, M2) és az lemyblast (M6) eredétleukémias
blast sejtek nem expresszalnak FXIII-A-t vagy cgalentéktelen mértékben. A
pozitivitdst egy adott markerre a 20%-o0s cut-otEléet meghalad6 pozitiv sejtarany
jelentette. A 37 db MO, M1, M2, M3 és M6 AML-es bghsl mindéssze 2 esetben
talaltunk cut-off feletti FXIII-A expressziot. Az Més M5 AML esetekben a FXIII-A
jelélédés megegyezett vagy nagyobb mértélolt, mint a CD14 felszini marker
pozitivitds. A 3. dbran bemutatok néhany jellegzadet plot képet, amit M1 és M5
AML-es betegek csontv&élmintajanak mérése utan készitettem. A jeldlésekiva
felszini CD33, CD14 és intracitoplazmatikus MPOR4II-A expresszié megjelenését
€s intenzitdsat vizsgaltuk. Azt talaltuk, hogy aZ kintdban csaknem az 6sszes sejt
MPO és néhany FXIII-A pozitiv. Eppen annyi, mint emyi sejt jeléddik CD14
monocyta markerre. (3. abra A).

A masik két beteg AML M5 leukémias, az egyik esetbeFXIII-A pozitivitas teljesen
megegyezik a CD14-vel (3. abra B).

A masik betegnél jele6is eltérést talaltunk: mig a CD33-bright sejtek niseke 15%-a
expresszalt CD14 monocyta markert, addig FXIll-Adaknem az 0sszes sejten
detektaltunk (3. abra C ). Az eredményeink alapj@yallapithatjuk, hogy a FXIII-A
intracitoplazmatikus marker szenzitivebb, mint lsZimi CD14, igy az AML M4 vagy
M5 leukémia esetén akkor is azonosithatok a momaosgjtvonalhoz tartozd sejtek,
amikor azok a CD14 monocyta markert még nem expadjak.
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3. abra. FXIII-A pozitiviths megjelenése jellegzetes dot ploképeken AML M1 és
M5 leukémias mintdkban Az AML M1l-es betegmintanal (A) a sejtek MPO
pozitivitast mutatnak, de csak néhany sejt f@id FXIII-A markerre. Ezek a sejtek
CD14 monocyta markerre is pozitivak. Egy AML M5 wdiban (B) az MPO-dim,
CDg33-bright sejtek intracitoplazmatikus FXIII-A ésjtfelszini CD14 markert egyénl
aranyban expresszalnak. Egy masik AML M5 minta ¢8¢tén a CD33-bright sejtek
csaknem mindegyike FXIII-A pozitiv, de csupan 15&expresszal CD14 markert.
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FXII-A és CD14 jelolédés 6sszehasonlitdsa AML és CMML betegmintakon
Osszehasonlitottuk az AML kilonb®zszubtipusaiban kapott FXIII-A szazalékos
pozitivitas értékeket, valamint a FXIII-A és CD1Apeesszio mértekét. Az AML MO,
M1, M2 esetekben FXIII-A-t nem detektaltunk. Az AMU4 és M5 csoportban a
FXII-A pozitiv sejtek atlagos ardnya szignifikAnsanagasabb volt, mint a CD14
jelélédést mutatd sejteké (p<0.0001). (4. abra A)
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4. 4bra. FXIII-A és CD14 jel6lédés OsszehasonlitasaMyeloblast és monocyta sejt
eredeli AML-es csontvali mintak esetén hasonlitottuk 6ssze a FXIII-A (s@Ezlop)
és a CD14 (vilhgos oszlop) marker atlagos szazslglazitivitasat. Az M4 és M5
esetén szignifikans a kuloénbség a FXIII-A és a Cigldlodés kozott.(A) A CMML-es
mintak FXIII-A és CD14 jelddése megegyezik.(B)
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A FXIII-A expresszid kiemelkefen magas volt (atlag: 68%) azokban az esetekben,
ahol az éretlen sejtek voltak tulsulyban, igy azaMsubtipusban.

A 6 vizsgalt kronikus myelomonocytas leukémias geé azt talaltuk, hogy a FXIII-A

és CD14 pozitiv sejtek aranya teljesen egyezikabta B) A korrelaciés egyutthatd
R=0.9977. Megallapithatjuk, hogy az érett monooytala két marker ugyanolyan
mértékben expresszalodik.

Az adatok alapjan a FXIII-A marker jetiilés mérése myeloblastos €s monoblastos
leukémiak esetén 100%-0s szenzitivitasi €és 95%-pecificitast  volt a
monocytas/monoblastos leukémiakra (M4, M5).

Osszehasonlitottuk a normal monocytdk és a leulmiintdk (AML M4, M5,

CMMoL) monocytainak atlagos fluoreszcencia intedziértékeit (MFI). (5. abra)

00

MFI of FXIII-A positive cells
. & &8 8 3 8

5. abra. A FXIII-A jel6l 6dés intenzitAsa normal monocytakon és leukémias
sejteken A FXIII-A pozitiv sejtek atlagos fluoreszcenciaténzitas (MFI) értékei
AML M4, M5 és CMML mintadkban szignifikansan magakak, mint a periférias ver
normal monocyta sejtjei esetén.

25 M4, 19 M5 tipusu AML-es és 6 CMMoL-es beteg Hlpozitiv sejtjeinek MFI
értékével szamoltunk. Azt lattuk, hogy a FXIIlj@lolédés sokkal intenzivebb volt a

leukémias sejtekben, mint a normal monocytakbag.(.
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A monocyta sejtvonal mellett megvizsgalt akut leunids betegek kdrében néhany
AML M3 esetében FXIII pozitivitast talaltunk. Ez nedlan eredmény volt mivel a
neutrophil sejtsor prekurzoraiban nem volt FXIlIkknutathaté. Ennek a jelenségnek
részletesebb vizsgalatat kéd minden de novo akut promyelocytas leukémia aseté
elvégeztik és ezen leukémia-asszocialt immunfemstifLAIP) valddisagat tébb
mabdszerrel bizonyitottuk.

AML M3 leukémias beteg mintak aramlasi citometri@gzsgalatanak eredmeénye

A leukémias promyelocytak citoplazmajukban szamaangummal rendelkéz
nagymérdi sejtek, melyek autofluoreszcenciaja és oldal i@angnyszordsa is
nagymeértéll. Ezeket a jellegzetességeket talaltuk az altalimggalt beteg mintakon
is. Tanulmanyoztuk a myeloid markerek (MPO, CD1833, CD14, CD15), a blast
markerek (CD34, CD117), a HLA-DR és a FXIII-A expseiot.

A jellegzetes dot plot képeken az lathatd, hogy &0dn leukémias promyelocytak
MPO és CD33 markereket intenziven expresszalnakalfta D, E) A CD117 blast
marker detektalhato a leukémias promyelocytakasrzont CD34-re negativak. (6. abra
A-C) A CD117-dim sejtek a CD15 granulocyta marlssin hordozzak. (6. abra B)

A CD33-bright, MPO-dim és CD117-dim sejtek FXIll4Aarkerrel is jelddnek, ez a
koexpresszié pedig azt jelenti, hogy a kéros prdogygak intracitoplazmatikusan
FXIlI-A-t hordoznak. (6. &bra E, F)
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6. abra. Az AML M3 dot-plot képe. A kéros promyelocytak intenziv CD33 és MPO
jelélédést mutatnak, CD34 , CD15 marker negativak és Gl pozitivak.(A-D) A
koros promyelocytak FXIII-A markert expresszalnakk)

Vizsgaltuk még a CD33/FXIII-A koexpressziot mutaéjtpopulacié esetleges CD41
(GPIlIb) vagy CD42a (GPIX) thrombocyta marker jétidsét annak megallapitasara,
hogy a FXIII-A pozitivitas nem thrombocyta vagy dhmbocyta mikropartikula
kontaminaciobol adodik-e. Egyik thrombocyta markem volt detektalhato. Mivel a
FXIII-A intracellularis jel6bdést mutatott és a CD41 és CD42a negativ, kizarhat
esetleges thrombocyta kontaminaciébdl adodd FXIgexitivitas.(7. dbra A, B)
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7. abra. A FXIII-A jelol 6dés specificitasanak vizsgalataAz APL-es mintakban a
koros sejtek intracitoplazmatikus FXIII-A pozitiggt mutattak, de a CD41 és CD42a
thrombocyta markerek hianya azt bizonyitja, hogy>dll-A nem lehet thrombocyta
vagy thrombocyta mikropartikula eredet

A FXIII-A detektalasa APL sejtekben CLSM-val

A FXIII-A intracellularis elhelyezkedését 3 promgeyta leukémias mintan vizsgaltuk
konfokalis 1ézer szkenning mikroszkoppal. Citosg@szitményeken analizaltuk az APL
sejteket. (8. abra)

A FITC-el jelolt FXIII-A zo6ld szinben, a propidiurjodiddal festett sejtmagok piros
szinben jelennek meg. A kis nagyitasu képen (& AbD) a vizsgalt sejtek nagy része
FXIII-A pozitivitast mutat. A kinagyitott képeke{8. abra B,E) és a 3D-s képen (8.
dbra C,F) a FXIII-A lokalizaciojat vizsgaltuk. A HXA fehérjét a koros
promyelocytak citoplazmajaban detektaltuk.
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Bone marrow

Peripheral blood

8. abra. A FXIII-A intracellularis lokalizaci6éja. A konfokalis lézerszkenning
mikroszkopiaval készilt képeken a propidium jodidghéros) jelobdo sejtmag mellett
a FITC-el (zold) jelolt FXIII-A fehérje lathato catvelsi (A) és periférias vér (D) minta
sejtieiben. A kinagyitott (B,E) és a 3D (C,F) képeka FXIII-A citoplazmatikus
elhelyezkedést mutat.

A vizsgalt AML M3-as betegek immunfenotipus megasal

A Klinikai mintak esetén 30% volt az a cut-off dsténely f6l6tt pozitivnak tekintettik a
marker expressziot.

Az Altalunk vizsgalt mind a 14 APL-es mintdban MR& CD33 pozitivitast

detektaltunk, atlagosan 83%-ban (41%-99%) illetd@Dan (74%-99%), mig a CD13
atlagos pozitivitas ennél alacsonyabb, 59% volty Kivétellel a mintak CD117

pozitivitdst mutattak, az atlag 63% volt (40%-96%)14-5| 1 esetben lattunk CD15
expressziot, 13 esetben a CD15 marker hianyzd#g@ pozitivitas mindossze 8%).
Egyik APL-es mintdban sem volt kimutathato HLA-DR@D34 jelobdés (9. abra A)
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9. abra. A vizsgalt AML M3-as betegek immunfenotipus megosaka. A leukémias
sejtek CD14, CD15, CD34 és HLA-DR markereket nempresszalnak, de CD13,
CD33, CD117 és MPO markerre pozitivak.(A) Az APLsintdk egy részeében a
FXII-A pozitivas nagymérték a négy FXIII-A negativ mintaban joval cut-off
alatti.(B)

A 14 APL-es mintabol 10 esetben talaltunk FXIlI-Aozitivitast: az atlag joval
meghaladta a 30%-0s hatart. A négy negativ mintdiesm érte el a cut-off értéket a
FXIII-A pozitivitds. (9. abra B)

Normal promyelocytadk FXIII-A expresszidjanak vizsigda aramlasi citométerrel
Normal csontvél mintdkat analizaltunk 7-szin jeldléssel aramlasoneéteren. (10.
abra) A folyamatos vonallal korilrajzolt kék ponkak megjelenitett sejtpopulaciot
monocytak alkotjak, melyek CD33, HLA-DR és FXIll-pozitivitast mutatnak. A
szaggatott vonallal korlUlvett piros pontok Altal prezentalt sejtek normal
promyelocytak, melyek CD15, CD33, CD117-dim markmzitivak és HLA-DR

negativak, vizsgalataink alapjan nem expresszatxdk-A markert.
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10. abra. A LAIP jelleg igazoldsa.Normél csontvéli minta vizsgalata aramlasi
citométeren 7-szinjeldléssel. A kék sziin pontok a FXIII-A, CD33, HLA-DR pozitiv
monocytak. A piros szinnel jelzett sejtek a CD1B33, CD17-dim pozitiv és HLA-DR
negativ promyelocytak, melyek FXIII-A markert serpeesszalnak.

Az eredményeink azt mutatjak, hogy a FXIII-A kiziag az akut promyelocyta
leukémias koros sejtekben detektalhatd, a norm@inpelocytakban nem. Az abran
kizar6lag a monocyta (kék) pozitiv mig a normalmyelocyta (piros) negativ FXIII-A

jelélédésre.

A FXIII-A fehérje megjelenési formainak és mennyigének vizsgalata APL-ben

A Kkoros blast sejtek FXIII-A fehérjéjének vizsgdlet nagy eérzekenysig
kemilumineszcens éhivo rendszerrel kombinalt Western blot analizikalmaztunk.
Vizsgaltuk egy beteg csontéeés egy masik beteg csontvéls periférias vérmintajat.
Az APL-es betegek blast sejtjéib szarmazo FXIII-A pozitiv sdv 82 kD-nal
detektalhatd, ott ahol a pozitiv kontroll FXIlI-Aeliérje is fut. A pozitiv kontroll
egyréeszt thrombocyta lizatumbol, masrészt 18 ngllFt tartalmazo tisztitott human

placentabol szarmazik (FXIII-A standard). A negatdntroll izolalt human neutrophil
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granulocyta sejtszuszpenzié volt, mely FXIII-A feg@é nem tartalmazott.
Osszehasonlitottuk a betegek promyelocyta seflimabol szarmazé FXIII-A hasitasi
termékei altal adott sdvokat a human neutrophdztée (HNE) altal proteolizis utjan
hasitott, tisztitott FXIII-A-bél szarmazo savokkal. A Western blot képen a két sav
mintdzata nagyfokl egyezést mutatott. A szaggatpitak mutatnak a HNE A&ltal
hasitott FXIII-A termékek savjara. (11. abra)
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11. &bra. FXIII-A fehérje megjelenési formai APL-ben. APL-es betegek (A és B
beteg) promyelocyta sejtlizatumabdl szarmazé FAIks hasitasi termékei altal adott
savok és HNE altal degradalt tisztitott FXIIL-Altal adott sdvok 6sszehasonlitasa
Western blot analizissel. Nyil: intakt FXIII-A; aggatott nyil: hasitasi termékek; Mr:
molekulasuly marker; FXIII-A st.: 18 ng, placentésrarmazd tisztitott FXII-A
standard; b.m.:csontveminta.

A fenti két beteg minta esetén ELISA moddszerrel mégik a sejtlizatumokban

taldlhatdo FXIII-A antigén mennyigét. A mintdk tobbmint 90% promyelocytat
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tartalmaztak és a diagndzis feldllitasakor sem Easincitométerrel sem hematolégiai
analizatorral monocyta sejteket kimutatni nem to#ltugy kizarhato, hogy a FXIII-A

monocyta eredétlenne.

A két mintdban az alabbi értékeket mértik: 29 éfyBejt. A promyelocyta leukémias
esetekben hasonl6 antigén mennyiséget mértiink,amittkorabban thrombocytakban
meghataroztak intézetink munkatérsai: 60110 fghlocyta. [34] Ezek az

eredmények az aramlasi citometriaval kapott atlatjosreszcencia intenzitas (MFI)

értékekkel is korrelalnak.

,,,,,

tikrében

Az altalunk vizsgalat APL-es betegek szama 14 uddzulik 10 esetén talaltunk
FXIII-A expressziot a koros promyelocytakban, 4 dgetFXIII-A negativ volt. A
betegek tulélési idejét kovetve azt lattuk, hogygsifikans kilonbség van a két
betegcsoport kozoétt (p<0.0001, logrank probaval>All-A negativ esetek kezelésre
nem reagaltak vagy relapszus alakult ki. Az atlagdéés mindéssze 1 hénap volt. A

FXIII-A pozitiv betegek a mai napig €lnek. (12. @apr
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12. abra. A FXIII-A pozitiv és FXIII-A negativ APL betegekitélése.
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MEGBESZELES

A leukémiak diagnosztikajaban nésegi ugrast jelentett az aramlasi citometria
alkalmazasa, mely ma mar alagvetmddszer a kilonbéz leukémia tipusok
meghatarozasdban. A vizsgélat sordn a sejtek inenatipusat analizaljuk, ami a
kilonb6d sejtfelszini és intracellularis markerek detelgatijelenti. A korabban
alkalmazott morfologiai és citokémiai eljarasok &vorjoval kevesebb -maximum
néhany szaz- sejt kerilt vizsgalatra és az értékislészubjektiv volt. Az aramlasi
citométerrel de novo leukémiakndl &ltalaban 10-56r.ede kovetéses vizsgalatoknal
tobb szazezer sejt analizisére keril sor, kezelésgk a rezidualis sejtek keresésekor.
[52] A leukémiak immunfenotipus vizsgalatakor a tikolor analizis alkalmazasa az
altalanos maodszer. A kezdetben egy vagy két sztoneéird jeldlést kéébb a 3-majd 4-
szini jelolés kovette, a diagnosztikAban ma mar a 6zlfisjeldlést is rutin
modszerként alkalmazzak. A leukémia diagnosztikdlgyik cél a sejtvonal
meghatarozasa. [53,54,76] Ez a sejtfelszini makkersellett el$sorban az
intracitoplazmatikus markerek detektalasaval ledgds (cyCD3 - T-sejt, cyd9- B-
sejt, MPO - myeloid sejtek). Az intracitoplazmaiik markerek a sejtek érettségi
fokardl is informaciét adnak. A markerek analizseran vizsgaljuk, hogy a latott
expresszids mintazat kizarolag a koéros, leukémsite&re jellemd-e. Amennyiben
igen, akkor leukémia-asszocialt immunfenotipustdiP) beszélink. [55,56]

Az akut leukémiak kozil az akut lymphoid leukémiel ) kerllt elssként aramlasi
citometrias vizsgalat targyava. [57] Az ALL-ek zomimB-sejt tipustak, melyek az
alabbi alcsoportokra oszthatok: pro-B sejtes, commbL (CALL), (late) pre-B sejtes
és érett B sejtes ALL. Immunfenotipus vizsgalagtdénti szubtipusok beazonosithatok,
de gyakoriak az olyan marker kombinaciok, amelybsmloid antigéneket detektalunk
(CD13, CD33). Elsként intézetlink munkatarsai azonositottak olyakumor B-sejtes
ALL eseteket, melyekben az intracellularis FXIlI-marker detektalhato. [58]
Bizonyitottak, hogy éretlen és érett normal B-degem expresszaljak, de a B-ALL
esetek 40%-ban megjelenik. Leukémia-asszocialt infemotipusrél van szo, melynek
lehetséges prognosztikai jeléségét jelenleg is vizsgaljak.

Az akut myeloid leukémiak immunfenotipus vizsgala@ran a myeloid sejtvonal

azonositasa intracitoplazmatikus MPO markerrelétikt Az MPO a kilonbdz
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myeloid ereddt sejtekben eltérintenzitassal van jelen. A polimorfonuklearis skiten
intenzivebb, a monocytakban/monoblastokban gyeng&bfelobdés. A sejtvonal
meghatarozasat ko vizsgaljuk azokat a tovabbi intracitoplazmatikgssejtfelszini
markereket, amelyek detektalasaval kovetkeztetketiisejtek érettségi fokara (blast
markerek, kizarélag érett sejtekre jellémmarkerek), és amelyek vizsgalataval az
AML szubtipusai meghatarozhatok.

A FAB (Franch-American-British) klasszifikacidé sadr szubtipusba torténbesorolas
alapjat morfologiai jellemidk és citokémiai reakciok adtak. Ez alapjan az l@l@mL
alcsoportok léteznek: M0-M4, M5a, M5b, M6-7. (MOssejtes M1: differenciacio
nélkali, M2: differencialodast mutaté, M3: akut prgelocytas leukémia, M4: akut
myelomonocytas, M5a, b: akut monoblastos, monocyWé& erythroleukaemia M7:
megakaryocytas leukémia.)

A kilonbdz szubtipusokba sorolasnak azért van jéleige, mert a progndzis nem
egyforma és a kezelés is ettéehet az egyes alcsoportokban. Az immunfenotipus
vizsgalatokkal a sejtek marker expresszidja deflektd, az igy kapott marker
expresszios mintazatok alapjan megtorténik a sausiia valo besorolas.

Az éretlen, differencialédas jeleit nem vagy csakmértékben mutaté sejteken blast
markerek detektalhatok. A CD34 és CD117 blast mark@&lonbdzd mértéki
expressziot mutathat az alcsoportokban. A CD11dridgen alkalmas a CD13/CD33
negativ aberrans immunfenotipusi myeloblastok ese# myeloid sejtvonal
azonositasara. A myeloblastok zommel CD13, CD3d18%-DR marker pozitivak. Az
érettebb sejteken megjelenik a CD15 granulocyt&kenar

Az egyéb markerek vizsgéalata alapjan a monoblastiedir sejtek azonosithatok. A
sejtfelszini CD14 kizarolag a monoblastokon/monakgh expresszalodik.

Az akut promyelocytas leukémia immunfenotipus véatal tortéd azonositasa
elsssorban egyes myeloid és blast markerek hianyarukdlapD34, CD15, HLA-DR
negativitas. Az MPO, CD13, CD33 és CD117 expredsxi@bbra is detektalhato.

Az erythroleukémia é€s megakaryocytas leukémia rikaoport, ezek a glycophorin-A
és a CD41, CD42a megakaryocyta/thrombocyta markelelzonosithatok.

A WHO 2001-ben majd modositva 2008-ban kiadott de#otuma szerint az AML
klasszifikacidja genetika eltéréseken alapul. [AB%001-es WHO Kklasszifikacié szerint
az AML 50-60%-a a masképp nem specifikalhato unLANMDS (NOS = not otherwise
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specified) kategoriaba tartozott. Ezekben az ebetekormal karyotipust talaltak. A
2008-as klasszifikacidban a citogenetikai eltérédapul kategdridban szerepel harom
0j kromoszéma eltérés: t(6;9), inv(3), t(1;22). Midrom eltérés ritkan @brdulo
forma, mégis fontos az azonositasuk, mert alloggsejt transzplantacié nélkil a
tulélési ids altaldban rovid. Felallitottak ezen kivil két idpiglenesen kialakitott
alcsoportot: AMLNPML1 (nucleophosmin) és AMICEBPA(CCAT/enhancer kétalfa
protein) mutacioval. Mindkeitzommel normal karyotipussal jar.

Az NPML1 egy, tobb funkcioval rendelkénukleolaris fehérjét kédolé esszencialis gén.
A fehérje tumor szupresszor proteint stabilizddposizoma kialakulasat és centrosoma
duplikaciét szabalyoz. Az NPM1 mutécibja és a noglesmin aberrdns megjelenése a
citoplazmaban a sejt leukémias transzformaciojahezzet. A blast sejtek
myelomonocyta vagy monocyta jelleéket mutatnak, hianyz6 CD34 expresszioval.
Hetven év folotti AML-es betegekben fontos kedveprognosztikai faktornak
tekinthe®.

A CEBPA gén egy transzkripcios faktort kodol, maljitematopoietikus sejtek sejtvonal
elkdteleddését és megujulasat szabalyozza. Mutacidja sttt indukal és gatolja a
granulocyta iranyu érést. A leukémias sejtek moteouggy monoblast jellégk, HLA-
DR, CD34, CD7 expresszidval. A mutacio kedverogndzist jelent. [75]

Az AML-NOS csoportba tart6zé esetek szama igy Ki8o3a cstkkent, ami azonban
igy is igen jelertis arany. A NOS kategoriaban tovabbra is a FAB kifikaciohoz
hasonlo a beosztas.

Annak ellenére, hogy az AML Kklasszifikacié alapgtgenetikai eltérések adjak, a
morfolégiai vizsgalat és az immunfenotipizalas ndaraz el§vonalbeli vizsgélati
modszer. Az ilyen maédon, réviddd belul elkészilt eredmények alapjan célzott médon
kereshet a genetikai eltérés. [76]

Az AML diagnosztika soran a marker expressziés aziat alapjan megallapithato,
melyik alcsoportba tartozik a vizsgalt leukémiaséjtfelszini és intracitoplazmatikus
markerek megjelenésedioeni eltérést mutat. Az intracitoplazmatikus magkea sejt
érési folyamatanak korabbi szakaszaban jelenik nmeigi altaldban a sejtfelszini
markerek. A citoplazmatikus markerekkel tobbnyiké&a is azonosithatd a sejtvonal,
ha a sejt felszinén még nem expresszalodnak jellegantigének.
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Az immunfenotipus vizsgalatok sordn sokszor difiei& diagnosztikai probléméat
jelent a szubtipusba toéri&nbesorolas. Az M3 promyelocytas leukémia esetén a
markerek hianyara alapozott diagnézis, az M4-Mb5tebdben a monoblast eredet
igazolasa vagy kizarasa és elkulonitése az MO-Mastiktol jelenthet nehézséget. A
leukémids blastok myeloid eredetét alatamasztd NBgtivitas mellett az MO-M2 és
M4-M5 leukémiakat elkllonitheti a CD14 monocyta kear expresszidja. A CD14
sejtfelszinen expresszalddik, igy az érés sorasbkéelenik meg a sejteken. Korabban
mar ismert volt, hogy a monocyta sejtvonal sefg¥ill-A fehérjét tartalmaznak. Az a
feltevés, hogy a malignusan transzformalodott méastbkban/monocytakban is
kimutathatd a FXIII-A, beigazolddott: immunmorfoiég modszerrel kimutattdk a
FXIII-A-t ezekben a sejtekben. [51]

Munkam soran etiként vizsgaltuk aramlasi citométerrel a FXIlI-Agrlétét AML-es
csontved és periférias vér mintakon.

Megallapitottuk, hogy a korabbi leirasoknak medfee a FXIll alegységei kozul
kizarolag az A alegység talalhatd meg a periféré&rsés csontvél sejteken, a FXIII-B
nem expresszalodik. FXIII-A pozitivitast csak atekjpermeabilizalasa utan észleltink,
tehat az elhelyezkedés intracellularis, a sejteziieén nem talalhaté meg ezen antigén.
A sejtek kozil a MPO-dim pozitiv és CD14 monocytarker koexpressziot mutatd
monocytak esetén detektaltuk kizarolag a FXIII-A rkest, granulocytakon nem.
Csontveb mintdban a CD45-bright monocytakon és CD45-dim obtestokon is
pozitivitast lattunk. Az eredményeink azt jelentikpgy a FXIII-A idealis marker a
granulocyta és monocyta sejttipusok elkulonitésére.

Granulocyta iranyla érést és monocyta iranyl éraghatd sejtvonalakon vizsgaltuk a
FXIII-A id6beni megjelenését. Eredményeink alapjan elmondhatjoogy a
granulocyta érési folyamat soran az érés egyikaszatban sem jelenik meg a FXIII-A.
A monocyta érés vizsgalata folyaman viszont az@gdafaltuk, hogy a FXIII-A a
kezdetekdl kimutathatd efs intenzitassal, mig a CD14 sejtfelszini markek csaérés
késbbi szakaszaban detektalhat6. Mindezek alapjan llapgéatjuk, hogy a FXIII-A
igen korai markere a monocyta sejtvonalnak, akkagazolhaté a monocyta eredet, ha
a CD14 marker még nem expresszalddik a sejtekifielsz

Az eredményeink tukrében vizsgaltuk AML-es mintakan FXIII-A pozitivitast
aramlasi citométerrel. Az M0, M1, M2, M3, M6 szyhtsokban két kivétellel nem

33



talaltunk pozitivitast. Az M4 és M5 AML esetekberFXIII-A jeldl 6dés megegyezett
vagy nagyobb meérték volt, mint a CD14 felszini marker pozitivitds. Selsetben
jelents kulonbség volt a két marker szazalékos pozigaitéozott: sokkal tobb sejt
mutatott FXIII-A, mint CD14 jeléddést. Az atlagos fluoreszcencia intenzitas (MFI)
adatokbdl az is megallapithatd, hogy a FXIII-A mégacitoplazmatikus markeéiit
abban is kulonbozik, hogy a malignus sejtekben olaggtenzitdssal van jelen, mint a
normal sejtpopulacioban. AML M4, M5 esetekkel padmosan CMMoL-as betegek
mintait is vizsgalatuk, amelyekben a FXIII-A MFItékei szintén szignifikansan
magasabbak voltak, mint a normal monocytakban.

Az eredményeink alapjan megallapitottuk, hogy alFXlintracitoplazmatikus marker
szenzitivebb, mint a felszini CD14. igy az AML Mdgy M5 leukémia esetén akkor is
azonosithatok a monocyta sejtvonalhoz tartozo lsegimikor azok a CD14 monocyta
markert még nem expresszaljak.

Az AML M7 altipus klasszifikaciéjaban szintén hasgnmarker a FXIII-A, hiszen a
thrombocyta/megakaryocyta sejtvonal sejtjeiben katiak a jelenlétét korabban és a
vizsgalataink alapjan is igen ésr FXIII-A fluoreszcencia detektalhatdé a koéros
megakaryocyta sejtvonal sejtjeiben.

Az AML esetén szamos esetben megfigydihetokatlan marker expresszios kép. A
szokatlan marker mintazatnak, a leukémia-asszodidihunfenotipusnak (LAIP)
kilondsen a kezelést koveminimalis rezidualis betegség keresésekor van igagy
jelentsége, hiszen a diagnodziskor talalt kéros sejtpapuléetektalalasara igy lesz
mod a beteg kébbi mintaibdl. A LAIP alapjan tudjuk megkilénbottea leukémias
blastokat a normal hemopoietikus progenitor sejekl7]

Az aberrans fenotipusnak tobb megnyilvanulasi fgamétezik: bilinearitas, cross-
lineage antigén expresszio, antigén overexpressaszjnkron antigén expresszio,
aberrans fényszérasi kép. [60]

A bilineéris akut leukémiakban két blast populatEtalhatd két kilonbdz sejtvonal-
marker expresszioval. Ritkdn harom sejtvonal anjjés expresszaldédhatnak.

Az an. cross-lineage antigén expresszid soranteksajsejtvonalra jellenézspecifikus
markerek mellett attdl eltéy mas sejtvonalnak megfedetlifferencialodasi antigéneket
is expresszalnak, pl. myeloblastok CD7, CD5, CD2-lyffiphocyta marker)
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pozitivitassal. [61] Egy vagy két cross-lineage kearmegjelenése azonban nem elég a
bifenotipusos akut leukémia diagnézishoz.

A bifenotipusos akut leukémiak (BAL) esetén a sejal egyertelien nem allapithato
meg, mert tobb olyan antigén expresszio deteki@limatlyek egynél tébb sejtvonalra
jellemzs. Az EGIL (European Group for the Immunological @werization of
Leukemias) egy pontrendszer alkalmazasat ajanigdyban 0.5, 1 vagy két pontotéér
markerek megjelenése alapjan, 2 vagy tobb ponésd&or mondhato ki a bifenotipusos
akut leukémia diagnozis [62]. Az esetek egy résaébepontrendszer nem volt
alkalmazhat6. A WHO 2008-as ajanlasaban a BAL amést felvaltotta a kevert-
fenotipusu akut leukémia (MPAL=mixed-phenotype adatikemia) terminus.

A bifenotipusos leukémia prognozisa kedstemnek tinik, kiloénésen felétt korban,
pl. a t(4;11) vagy Philadelphia kromoszoma poziiviesetén. [63, 68]

Az aszinkron antigén expresszié a koros sejtekeénilénbd® érési staddiumoknak
megfeleb markerek egylttes megjelenését jelenti, pl. CD@Dd/lb+, CD117+/
CD15+, CD13-/CD15+.

Az antigén overexpresszido soran a normal myelojtelgen is megjelehh markerek
kérosan nagymértékexpresszidja figyelhétmeg, pl. CD13, CD33, CD15 vagy CD14
AML-ek esetén. Az AML-ek nagy részében tehat azrains fenotipus felismerése igen
hasznos az MRD keresésében.

Akut lymphoid leukémia (ALL) esetén hasonlé jel&s#ggel bir az aberrans fenotipus
felismerése. Az akut myeloid leukémiakban altalumizsgalt FXIII-A markert
intézetlink munkatérsai is azonositottdk prekurzesefes ALL esetekben. HBlséent
bizonyitotték, hogy leukémia-asszocialt immunfepasrol van sz6, mely igen hasznos
MRD keresésekor.

A LAIP jelentssége az AML-ek prognosztikgjaval kapcsolatban Imdellt. Bar a
prognosztika szempontjabdl a citogenetikai eltéaékeginkabb elfogadott fliggetlen
rizikofaktor, ismert, hogy az AML-ek kb. felébennos kromoszoma eltérés. Szamos
retrospektiv analizis készilt, melyben tobb szazLAM beteg marker expresszios
képét vetették Ossze a therapiara adott valasazkmplett remisszié és relapszus
aranyaval. Az eredmények valtozatosak. A tanulmi&nggy részében nem talaltak
szignifikans 0sszefliggést az immunfenotipus és I@éll kdzott, mas esetekben
kedvedtlennek bizonyult pl. a TdT, CD7, CD9, CD13, CD3gy a CD56 pozitivitas.
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A tanulméanyok masik részében ked¥edsszefliggést mutattak a CD7 vagy (APL
kivételével) a CD56 pozitivitas esetén. [64,65] &zalizisek tobbsége megallapitotta,
hogy a CD34+/HLA-DR+ betegek esélye a komplett sszibra kisebb, mint ha a
CD34 vagy HLA-DR vagy mindksitnegativ, kilondsen, hacethaladott az életkor és
hianyoznak a kedvézitogenetikai eltérések. Osszefiiggést a myeloikenak (CD13,
CD33, CD117) és a prognodzis kozott legtobb esetieem talaltak. [66]

A felnéttkori AML-ek tbbbsége még ma is viszonylag kediten kimenetdl, az

atlagos tulélés mindossze az esetek 24,5%-barn &zi ® évet (www.seer.cancer.gov

Mivel az esetek felében nincs citogenetikai eltémgyéb alternativ prognosztikai
faktorok kutatasa is éérbe kertlt. Tobbek k6zo6tt kemoterapia rezisztnokozo6 két
transzmembran fehérje: a P-glikokoprotein és az Ftiffozin kinaz. A kemoterapia
hatastalansaga szignifikansan rovidebb tulélesszrprognozist jelent. [67]

A munkank soran vizsgalt FXIII-A pozitiv AML-es d@senk kozott keth volt, melyeket
az M4, M5 és M7 szubtipusok kozul egyikbe sem toklfoesorolni az immunfenotipus
eredmények alapjan. Az egyik M0, a masik M3 tiplestkémianak bizonyult. Az MO
leukémia esetén nem tul megbep FXIII-A pozitivits, mert koros, differencialath
blastok sok esetben myeloid, B-sejt vagy T-sejt kaaket egydttesen is
expresszalhatnak. Az M3, akut promyelocytas leukémsetén szokatlan volt az
eredmeényul kapott FXIII-A pozitivitds, igy tovdbBPL-es betegmintakat vizsgaltunk
meg.

14 de novo APL-es beteg kozlil 10 beteg mintainamési citometrias vizsgalata
soran mutattuk ki a FXIII-A antigént a leukémiasmyelocyta sejtekben. A leukémias
sejtek immunfenotipusa a jellegzetes, marker hidnglapuld képet mutatta: CD34-
/CD15- és HLA-DR negativitas. A CD45-dim sejtek entiv autofluoreszcenciat,
MPO, CD33 és CD117-dim pozitivitast mutattak. A fakalis mikroszkoppal végzett
vizsgélataink is aldtdmasztottak a FXIII-A jeledketa sejtekben. A sejten belll
intracitoplazmatikus lokaliz&ciot detektaltunk.

A Kkilonboz sejtek FXIII-A fehérje tartalma eli@®r A vizsgalataink soran
megallapitottuk, hogy a FXIII-A pozitiv koros prgelocyta sejtekben a fehérje
tartalom nagy mennyiséga thrombocyta FXIII-A tartalmdhoz hasonl6 és 10kb,
mint pl. leukémias lymphoblastokban.
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Az A alegység sejten bellli strukturgjat vizsgaltikombocytdkban és kimutattak,
hogy A dimer formaban talalhatd meg. Feltételedhdiogy mas sejt tipusokban is
ebben a formaban van jelen.

A FEXIII aktivacigjanak folyamata a plazma és ceallus FXIIl esetén kulonbozik. A
plazméaban thrombin és Ezhatasara proteolitikus Gton lehasad az aktivimépsid és
kialakul a FXllla forma. A cellularis aktivacio skl lassubb folyamat, nem szikséges
proteolizis, a Cd hataséara alakul ki az aktiv forma. [45]

Az inaktivacié soran nem ismertink olyan mechanigmwmely szabalyozna a
folyamatot. Munkatarsaink nemrég bizonyitottak, yaag human neutrophil elasztaz
(HNE) szerepet jatszik az inaktivaciéban. [69,70]

Az APL-es mintdinkban Western blot analizissel gétik a FXIlI-A fehérje
megjelenési formait. A Western blot képen a betegeknyelocyta sejtlizatumabdl
szarmazd, FXIlI-A-nak megfelglsavot detektaltunk 82 kD-nél, valamint tobb, kiseb
tomedi fehérjének megfelél savot. Osszehasonlitva a hasitasi termékek aiait a
savokat a HNE altal proteolizis utjan hasitotgtttett FXIIIA»-bél szarmazd savokkal,
egyed mintazatot kaptunk. igy arra kdvetkeztettiink, hegyAPL-es mintakban talalt
FXIII-A-b6l szarmazd kisebb tomég fehérje molekulak a HNE Aaltal végzett
intracellularis proteolizis kdvetkeztében jonnekrdé A betegek kezelését koget
sejtlizis FXIII-A felszabaduléssal jar, az igy &tivo FXIII-A aktivitds nagymértékben
fugghet a HNE altali degradacio mértékét

Azok a vizsgalatok, melyeket sejtvonalakon végekztluazt bizonyitjak, hogy a
myeloblast eredét sejtek az érés egyik stadiumaban sem expresszdiiXdit-A
antigént. A normal promyelocytakat vizsgélva is taiasztaltuk, hogy FXIII-A nem
detektalhatdo a sejtekben. Mindébb megallapithatjuk, hogy a leukémias
promyelocytakban expresszaldédé FXIII-A leukémiazas#lt immunfenotipust jelent.
Az APL a 2008-as WHO klasszifikacid alapjan onédidtitas a jellegzetes t(15;17)
transzlokacioval. Az APL sejtek eredete nem teljessztazott. Kordbban detektaltak
monocytakon is megjelénmarkereket a sejteken, pl. CD9 vagy CD68 markset,
CD14 markert nem. [71-73] A csak APL-ben pozitivrkesiek megtalalasa azért lenne
jelenbs, mert jelenleg az immunfenotipus vizsgalatok m&tye marker
negativitasokon alapul, nem pedig j6l meghataropaizitiv markerek detektalasan. Az

altalunk vizsgalt viszonylag alacsony betegszanttmiem itélhetjik meg, hogy vajon
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létezik-e kapcsolat a FXIII-A expresszio és az ARn sokszor kialakuld disszeminalt
intravaszkularis koagulacié (DIC) és vérzéses folgtok kozott. A vérzés tobbféle ok
kovetkezménye, az egyik az elasztaz enzim [74]0Kos vérzéses folyamathoz sok
esetben hozzajarul a betegek kifejezett thrombpeyt@ja.

A betegeink &llapotat kovetve medgfigyeltiik, hogylaml, akik nem reagaltak a
kezelésre vagy relapszus alakult ki, a FXIII-A natknem detektaltuk. Esetiikben az
atlagos tulélési id 1 honap volt. A FXIII-A markert expresszald betegedig a mai
napig életben vannak.

Eredményeink szerint az AML differencial diagnokatiproblémak megoldasaban és
MRD keresése esetén is rendkivil hasznosnak biz@n¥aXIll-A marker vizsgalata.
AML M3 esetén pedig a FXIII-A marker leukémia-assatt immunfenotipust jelent,

ami a prognozissal is dsszefliggést mutathat.
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OSSZEFOGLALAS

A véralvadas Xlll-as faktora egy protranszglutargindnelynek aktiv formaja a
véralvadas utols6 fazisaban kialakulé fibrinhaldabdizalja. A vérplazmaban
heterotetramer (/,) formaban kering, a sejtekben két A alegységhlld
homodimerként (4) van jelen.

A csontvebi és periférias vér sejtek kozil a megakaryocytarttbocyta és
monocyta/macrophag rendszer sejtjeiben talalhatg meFXIII-A, valamint ezen
sejtvonalakhoz tartozo sejtek malignusan transzitivdott alakjai is expresszaljak.

A véralvadas Xlll-as faktordnak megjelenését vitegga akut myeloid leukémias
sejtekben. Az aldbbiakban 0Osszefoglalom azokat agalapitasokat és

kovetkeztetéseket, melyek a munkam soran kapatre¥reyeken alapulnak.

« A FXIll A és B alegységei ellenes, fluoreszcengéikel jel6lt monoklonalis
antitestek és aramlasi citométer alkalmazaséavaladhagjtottuk, hogy normal
periférias vér és csontéemintaban a FXIII alegységei kozul kizarolag az A
alegység van jelen, ami intracellularisan talalhatég a monocyta sejtvonal

sejtjeiben.

» Sejtvonalakat vizsgalva azt talaltuk, hogy a graayila iranyu érés soran egyik
fazisban sem detektelhdté FXIIl, a monocyta iragyés soran a kezdetékt
kimutathaté a FXIII-A, a CD14 kébb detektalhatd a sejtfelszinen. Az érés
soran a sejtekre jellerbzantigének kozul az intracellularis markerek harblara

expresszalodnak, mint a sejtfelszini markerek.

e Akut myeloid leukémias mintdk esetén az M4 (myelopuytas) és M5
monoblastos/monocytas) altipusokban a FXIII-A a@apgkkor is azonosithatdk
a monocyta sejtvonalhoz tartozé sejtek, amikor af&zinikdén még nem
expresszalnak CD14 monocyta markert. Mindez megkdinn a

differencialdiagnozist.
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Vizsgalataink soran FXIII-A antigént talaltunk akptomyelocyta leukémias
sejtekben. Sejten belll a citoplazmaban helyezketliks az intakt fehérjén

kivll hasitasi termékei is azonosithatok.

Normél promyelocytdkban FXIII-A nem expresszalodilgy a FXIII-A
pozitivitas leukémia-asszocialt immunfenotipusnakzobyult. Az APL
diagnosztika immunfenotipus vizsgalattal kordbbargyes markerek
negativitdsan alapult, a FXIII-A 0j markerként dikazhaté a leukémia
differencialdiagnosztikaban.

A FXIlI-A+ APL-es betegek kedvéibb tuléléese kapcsan a FXIII-A

prognosztikai jelerisége is felmertl, melynek kutatasa jelenleg folydara

van.
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SUMMARY

Factor XIII of blood coagulation is a protransghaiaase, its active form stabilizes the
fibrin network in the final phase of blood coagidat In the peripheral blood it is
circulating as a heterotetramer,B4) while its cellular form is a homodimer A It is
present in the megakaryocytes /platelets and a aypeonacrophage cell lines and was
also detected upon malignant transformation ofetloedls.

In our studies we investigated the expression ofdfaXIIl in acute myeloid leukemias.

Below is a summary of the conclusions obtainedndumy studies.

* By using fluorescently labelled monoclonal antilesdto the A and B subunits
of FXIIl we established by flow cytometry that ionmal peripheral blood and
bone marrow only the A subunit is present intradatly in cells of monocytic

origin.

* By investigating relevant cell lines we found thduring granulocytic
differentiation FXIIl does not appear at any stafpet is present during
monocyte maturation starting from the most immatelts and CD14 appears
only in the more mature forms. During maturatiotranellular markers appear

earlier than surface markers.

* In M4 (myleomonocytic) and M5 (monoblastic and moyta) AML subtypes,
cells belonging to the monocytic lineage could Hentified based on their
FXIII-A content while the surface CD14 was stillgaive.

e During our studies we identified FXIII-A antigen iacute promyelocytic
leukemia cells. The enzyme was localized in themgsm and beside the intact

protein, fragmented forms were identified by Westelotting.

« FXIII-A was not expressed in normal promyelocytigis can be regarded as a
leukemia associated immunophenotype. Formally thgndstics of APL was
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based on negativity of certain markers but FXIIpésitivity can be used in the

differential diagnostics.

Based on the limited number of investigated APLesas favourable survival of

FXIII-A positive cases is suggested, that requivether research.
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Expression of Coagulation Factor XIII Subunit A
in Acute Promyelocytic Leukemia
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Eva Katona,” Gyorgy Vereb,” Aniko Ujfalusi,” Liszl6 Szerafin,” Liszlé Muszbek,”
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Leukemic cells often express markers, which are not characteristic of their particular cell lineage. In
this study, we identified the “A" subunit of coagulation factor XIll (FXII-A) in leukemic promyelocytes
in de movo AML M3 cases. The cytoplasmic presence of factor XIlI-A has previously been shown only
in platelets/megakaryocytes and manocytes/macrophages. Furthermore, more recently we described the
presence of FXIII-A in leukemic lymphoblasts.

We studied 14 patients with this rare type of acute leukemia in a period of 4 years and investigated their
bone marrow samples hy 3-color flow cytometry upon diagnesis, mainly focusing on FXHI-A expression of
leukemic cells. We detected FXIII-A also by ELISA, Westem-blot, and confocal laser scanning microscopy.
This was a homogenous group of AML M3 patients with translocation #15;17)(q22;021) detected hy flu-
orescence in situ hybridization (FISH). In 10 out of 14 samples, FXIII-A was detectable by flow cytometry
and was coexpressed with markers characteristic for leukemic promyleocytes (CD45dim/CD13+/CD33+/
CD117+/cyMPO+ and HLA-DR4/CD34-/CD14—/CD15-). Staining for the markers GPIlb and GPIX were
negative, and FXII-A was identified in the cytoplasm of the cells by confocal microscopy in a relatively
high quantity, as measured by ELISA. By Western blot analysis we could identify FXIII-A in the native 82
kDa form and in cleaved forms corresponding to cleavage products obhserved when purified FXII-A was
treated by human neutrophil elastase.

This novel expression site of FXIII-A in AML M3 can be considered as a leukemia associated immunophe-
notype and may have pathophysiological significance. © 2012 International Clinical Cytometry Society
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INTRODUCTION

Factor XITI (FXIIT) of blood coagulation, a protransglu-
mminase, becomes activated by the proteolytic action of
thrombin in the presence of calcium. The activated
form of the enryme is responsible for crosslinking fibrin
strands, thus smbilizing the clot in the final stage of the
coggulation process [1.2]. It is present in two forms in
the human body; one of that circulates in the plasma as
a heterotetramer comprising of two potentially active A
and two carrier/mhibitory B subunits (A:B;). The other
one is an intracellular homodimer made up by two A
subunits (A7) [3].

Intracellular FXIT-A has first been described in plate-
lets and megakaryocytes [4,5] and later in monocytes
and macrophages [6-8]. Platelets contin huge amounts
of FXITEA, 150-fold more per volume than plasma, while
FXIM-A concentration in monocytes is at least one muag-
nitude less than that in platelers [9]. It has been demon-
strated that normal bone marrow precursor cells of
monocytes and megakaryocytes also express FXI-A
[10]. The function of the intracellular enzyme has not
yet been eluddated.

We and others have described that FXIT-A was a sensi
tive intracellukar marker for the monocytic and megakar-
yocytic series and a wseful diagnostic tool in AML
immunophenotyping [11-13].

Acute Promyelocytic Leukemia (APL) is the M3 type
of acute myeloid leukemia characterized by an acocumu-
lation of abnormal promyelocytes in the bone marrow, a
severe bleeding tendency and the presence of the chro-
mosomel translocation £(15:17). The immunophenotype
of leukemic promyelocytes has been well characterized
over the past and they wsually coexpress the myeloper-
oxidase (MPO), (D9, CD117, CD13, and CD33 markers
in the absence of reactivity or HIA-DR, CD34, and
CD15 [14-16]. In this study, we investigated only de
nopo APL cases. We wanted to explore the presence of
FXIMI-A in leukemic promyelocytes. In addition, we did
some initial evaluation on FXIEA expression with sur-
vival data. We established, that FXITFA is not present in
normal promyelocytes, but it can be used as a diagnostic
maker in APL and its presence may identify a favorable
prognostic  subgroup  within this cytogenetically and
morphologically homogenous APL group.

MATERIALS AND METHODS
Patient Specimens

Bone marrow and peripheral blood of 14 newly diag-
nosed APL patients have been analyzed by three-color
floww cytometry and bone marrow samples were anticos-
gulated with EDTA and heparin. The bone marrow
smears contained =70% blast cells. All APL cases were
chassified as hypergranular form and all were positive for
H15:17) observed by FISH. Ten patients were male and
4 were female with a2 mean age of 48 years; the range
was from 25 to 68 years. All cases were studied upon di-
agnosis before any treatment was initiated.

Flow Cytometry Immunophenotyping Studies

Generition and hbeling of mouse monoclonal antibody
against FXII subumits was carried out as previously
described [12] utilidang a fluorescein isothiocyanate (FITC)
labeling kit (Sigma, St. Louis, MO). The other monodonal
antibodies used in the three-color panels were the follow-
ing (PE = phycoerythrin, PE/Cy5 [Cyanine5] fluorochrome
tandem, Per(P = peridin chlorophyll protein): CD4-FITC,
CD&FPE, CD13PECYS, (D34-PE, CD34-PerCE CD19-PECYS,
CDI4-FITC, CD33-PE, HLA-DR-PerCE glycophorin-FITC,
CD45-Per(P. CDASFITC, CDISFITC, (D117-PE. CD135
PE, CD7-FITC (all purchased from Becton Dickinson Bio-
scences San Jose, CA) and CD13FITC, CD41-FE, MPO-PE
(all purchased from Dako Glostrup, Denmark), the Intri-
stain permeabilizing kit was the product of Dako.

Surface staining of whole blood and bone marrow
cells were carried out according to standard procedures.
Fifty microliters of whole blood or bone marrow sample
adjusted to leukocyte count of 10 G/L by phosphate buf-
fered saline (PBS) was incubated by saturating concens
trations of directly conjugated antibodies for 15 min at
room temperature in the dark with antibodies against
different cell surface epitopes. Red cells were lysed by
FACS lysing solution (Becton Dickinson Biosciences San
Jose, CA) and samples were washed (300g, 5 min) in
PBS and fimally resuspended in PBS containing 1% pars-
formaldehyde (PFA). For intracytoplasmic staining, the
procedure described for Intrastain was strictly followed.
Surface staining was executed before permeabilization
and intracyroplasmic staining. FXIT-A antibody was used
at 4 2 pg/ml final concentration with appropriately
matched isotype control. PFA fixed samples were kept
at 4°C for maximum 24 h. Flow cytometric measure
ment was pedformed on a FACSCalibur flow ovtometer
(Becton Dickinson Biosciences San Jose, CA) wsing the
sume setting for all investigated samples. Data obtained
on 10000 cells in de novo leukemias were stored in list-
mode data files and analyeed by Cell Quest 3.2 software.

FXII-A expression was tested on normal bone marrow
promyelocytes, therefore four patients with iron defi
ciency were selected and their samples were stained
with FXIIFFITC, CDI17-PE, HLA-DR-PerCp-Cy5.5. CD33
PECy7, CD15APC, CD14-APC-H7, CD45-Pacific Orange
combination according to the previously described pro-
tocol. Normal samples were measured in a FACSCanto 11
flow cytometer equipped with three lasers (Becton Dick-
inson Biosciences San Jose, CA).

Cytogenetic and FISH Analysis

Conventional cytogenetic analysis was performed on
bone marrow samples cultured for 24 h, prepared using
stundard procedures. For each patient 20 G-banded
metaphases  were  analyzed  The karyotypes were
described according to the Intermational Systern of
Human Cytogenetic Nomenclature (ISCN, 2009). Fluo-
rescence fn sifue hybridization was carried out on cell
swipension  orginated from chromosome  preparation
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according to the manufacturer’s instructions using PML-
RARA dual color, single fusion translocition probe
(Abbot/Vysis, Downers Grove, L) Cells were counter-
stained with DAP1  (4,6-diamidino-2-phenylindole). In
general, 200 interphase cells were counted in each case.
The images were captured by Zeiss Axiopln2 (Carl
Zeiss, Zaventem, Brussels) fluorescence microscope and
analyzed by [SIS software (Metisystems, Althussheim,
Germany).

ELISA Assay

Detection of FXIT-A in cell vsates from APL samples
was carried out as described earlier, by Katona et al [9]
with slight modification. To avoid platelet contamination,
promyelocytic cells were washed three times in PBS con-
taining 20 mM of EDTA at 1,100g for 4 min. To inhibit ser-
ine and cysteine proteases a protease inhibitor cocktail
{Roche Applied Science, Penzberg, Germany) was added
to the washing buffer. The exact cell count was measured
before sonication in order to calculate the amount of
FXIM-A/cell. Solubilization of cells was carried out with
sonication at 4°C for 3 x 30 s in PBS.

Immunohblotting

After determining the FXIIT-A content of platelet-free
APL blast cells, remaining cells were centrifuged and dis
solved in 100 pL of SDS PAGE sample buffer (62.5 mM
Tris-HCI, 2% SDS, 10% glycerol, 0.1% bromphenol blue,
4.5% mercaptocthanol amine). Denatured cell suspen-
sions were boiled for 5 min. Samples (containing 18 ng
FXI-A/well, adjusted to 60 pl with sample buffer) were
loaded onto 7.5% SDS polyacrylamide gel and electropho-
resed under reducing conditions, Western blotting was
carried out using Immobilon P membrane (Millipore, Bed-
ford, MA). Nonspecific binding of membranes was
blocked using Trisbuffered saline (0.5M NaCl, 20 mM
Tris-HCIL, pH 7.5; TBS) containing 3% gelatin at room tem-
perature and an overnight incubation at 4°C in the block-
ing buffer containing 1% of gelatin. Sheep polyclonal anti
human FXIT-A antibody was used as primary antibody
(Affinity Biologicals, Ancaster, Canada). The immunoreac-
tion was developed by biotinylited rabbit antisheep IpG
and avidin-biotinylated peroxidase complex (components
of Vectastain ABC kit, Vector, Burlingame, CA) and
visualized by enhanced chemiluminescence (ECL Plus+,
Amersham, Little Chalfont, UK) according to the manuw
facturer’s instructions. Granuwocytes and their cell lysates
were used as negative controls, not showing any detecta-
ble FXII-A antigen as investigated by flow cytometry,
ELISA or Western blot (data not shown).

Samples demonstrating FXII-A  cleavage by human
neutrophil elastase (HNE) were processed by incubating
2 pg/mL purified FXII-A; with 2 pg/ml purified HNE in
the presence of 2.85 mM Ca®  for various intervals at
377C. Reaction was stopped by the addition of equal vol
ume of SDS Laemmli buffer. FXII-A, was prepared from
human placenta as described previously [17], highly
purified HNE (20-22 units/mg) was purchased from Cal
biochem (La Jolla, CA). Phtelet-free promyelocyte cell

Cytoretry Part B: (Hindcal Cylomelry

lysates purified from peripheral blood of two patients
and from the bone marrow of Patient B were denatured;
SDS-PAGE was carried out in reducing conditions load-
ing egqual amounts (18 ng) of purified and cell lysate
FXIT-A» per lanes.

Confocal Laser Scanning Microscopy (CLSM)

Cytospin preparations were thawed, fixed in 4% PFA
for 10 min and washed three times in PBS. FITCconjuw
gated ant-FXIT-A monoclonal antibody was dissolved at
15 pg/ml in PBS containing 1 mg/ml BSA (Sigma,
Schnelldorf, Germany) and 0.1% Triton X-100 and added
to the cells for 30 min at room temperature. During the
last 5 min of incubation propidiom iodide (PI) was
added to the labeling solution at 0.5 pg/ml final concen
tration. Next, cvtospins were washed three times with
PBS containing 1 mg/ml BSA and 0.05% Triton X-100.
Fimally, the samples were washed again in PBS, and
mounted in 10 pl Mowiol [01M TrisHCL pH 85, 25
(w/via) glycerol and 10% Mowiol 4-88, Hoechst Pharma-
ceuticals, Frankfurt, Germany].

For C1SM, a Zeiss (Gattingen, Germany) LSM 510 sys
tems and a CApochromat 63x/1.25 NA water immer-
sion objective were used. Fluorescein was excited with
4 488 nm Ar ion laser and deteaed through a 505-550
nm band pass fiker. Pl was excited with a 543 nm
HeNe laser and detected through a 560 nm long pass
filker. Pinholes were set to obtain 1 pm optical slices
and 512 x 521 pixel images were taken with pixel
times of 6.4 ps, and 2x lineaveraging. All images were
obtained in multitrack mode to avoid crosstalk between
channels.

Statistical Analysis

Statistical comparison of the FXII positive and FXIT
negative populition survival was performed by Graphe
Pad Prism 4.0 software.

RESULTS
Analysis of FXIII-A Expression hy Flow Cytometry

Leukemic promyelocytes are large cells that possess
numerous granules, thus are characterized with a high
sidesscatter and enhanced autofluorescence. These char-
acteristics were also observed in samples from our
patients (data not shown). In the case of these APL
samples staining for myecloid markers (MPO, CDI13,
CD33, CD14, CD15), blast markers (CD34, CDI1T),
HLA-DR, and FXITIFA expressions were studied. The
CD45dim MPO+ and CD33+ leukemic promyelocytes
expressed cytoplismic FXIIRA (Fig. 1. In addition, stain
ings for GPIb (CD41) and GPIX (CD42a) platelet
markers were studied in sdected cases and these pro-
myelocytes did not show any CD41 and CD42a positiv-
ity (Ag. 2). In dinical samples 30% value was defined
for positivity as a cut off for all markers including FXTI-
A EXpression.

All the 14 APL cases were positive for MPO, and
CD33, the mean percent positivity were 83% (41-99%)
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Fia. 1. Representative dot plots of an APL sample. In the peripheral blood sample most cells am abnormal promyelocytes displaying intense CD33
and MPO labeling, CD24 and CD15 negativity and dim CD117 positivity (A-D). The promyelocytes contain FXIEA (panels E and F). APL zamples

were |abeled by FITC conjugated monoclonal anti FXII-A antibody.

and 20% (74-99%), respectively while CD13 positivity
mean value was somewhat lower (59%). All but one
sample were positive for CD117, mean of positvity was
63% (40-96%). One of the 14 APL cases showed expres

sion of CD15 marker, in 13 cases CD15 was absent
(mean: 8%). No APL cases expressed HLA-DR and CD34
(Fig. 3A), but 10 ow of the 14 APL cases had FXII-A
staining that exceeded the 30% limit (Fig. 3B).
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Fie. 2. Ta rule out potential platelet contamination CD41 and CD42a platelet markers were investigated. In the APL samples the cells show intra-
cytoplasmic FXII-A positivity, but based on the lack of C041 and CD4 2a, the FXII-A positive signal is not derived from platelet or platelet micropar-

ticle contamination (circles with broken lina).

Detection of FXIII-A in APL Cells by CLSM

To investigate the intracellular localization of FXII-A
in leukemic promyelocytes, 3 FXII-A positive APL sam-
ples were further amalyzed by CLSM. APL cells were ana-
lyzed on cytospin preparations (Fig. 4). In leukemic
promyelocytes, FXII-A was detected in the oyvtoplasm of
the cells. On the overview pictures (Figs. 4A and 4D) it
is evident that a large proportdon of the investigated
cells were FXITFA positive. These samples were negative
for the platelet markers GPIb and GPIX. To rule out
technical artifacts, blasts were also investigated in an
indirect labeling system with the same polyclonal anti
human FXII-A as used for immunoblotting. The staining
characteristics were similar to that previously observed
for leukemic lymphoblases [18].

Detection of FXII-A by ELISA and Immunoblotting
Western blot analysis with a highly sensitive chemilu-
minescent developing  system was utilized to detect
FXIII-A antigen in blast cells. A single FXIIFA positive
band at 82 kDa was detected in APL blasts that comi

grated with FXIII-A in the posidive control (platelet
lysate) and with the FXIOIA isolated from human pla
centa macrophages. The negative control cells—isokated
human neutrophil granulocytes—contined no FXIT-A
protein (data not shown).

Bands, which represent FXII-A and deaved products
of FXIII-A in promyelocyte cell lysates of APL patients,
are similar to bands that can be detected on the Western
blot image of purified FXIIT-A, proteolytically degraded
by HNE (Fig. 5).

These two APL samples were also analyzed by
ELISA in order to measure the amount of FXIIRA as
an antigen in cell lysates. These samples contained
over 90% promyelocytes and no measurable mono-
cytes at diagnosis by both flow cytometry and hema-
tology analyzer, therefore, the possibility that the
measured  FXITFA - originated from  monocytes  was
excluded. In these selected APL samples the following
amounts of FXIITIA were measured: 29 and 80 fgfcell;
thus in these cases leukemic promyelocytes contained
FXIII-A antigen in amounts similar to that described
previously in platelerss (mean: 60 £ 10 fg/plateleny [9].
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Fia. 4. Detection of FXII-A protein by CLSM. FXII-AMFITC) appears in green, nuclei are stained with Pl in red. In the bone mamow (A) and periph-
eral blood sample (D) numerous FXIN-A positive promyelocytes can be seen, The enlarged pictures (B, E) and 3D images (C, F) show cytoplasmic
localization of FXII-A. [Color figure can be viewed in the anline issue, which is available at wileyonlinelibrary.com.]

These values corresponded to the mean fluorescence
intensity values obtained in flow cytomerric labeling
(data not shown).
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Fia. 5. Western blotting of FXIII-A and FXII-A cleavage products in
promyelocyte cell lysates of AML M3 patients as compared to purified
FXIl-As proteoltytically degraded by human neutrophil elastase (HNE).
Saolid arrow indicates intact, uncleaved FXIII-A, dotted arrows indicate
FXIII-A split products cleaved by HNE. Mr: malecular weight marker,
FXIIl-A st.: 18 ng FXIII-A standard purified from placenta, b.m.: sam
ple purified from bone mamow. From “patient A" a bone marow sam-
ple, from “patient B" both peripheral blood and bone marrow samples
werne analyzed.
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Whether normal promyelocytes are a source of cellw
lar FXII-A was investigated by a seven-color technique
using the BD FacsCantoll 3 laser flow cytometer. Three
bone marrow samples with no leukemia associated
changes were included in this study. Normal promyelo
Cyies identified by the CD15, CD33, and
CD117dim positive swining and HLA-DR negativity. As
can be seen compared to normal monocytes these pro-
myelocytes lack FXIIT-A expression.

worc

DISCUSSION

The intracellular presence of FXIM-A has been known
for more than 50 years in platelets and megakaryocytes
[4] and it is also known for decades that monocytes and
macrophages express FXITEA as well [6]. In later studies,
this cytoplasmic emryme proved uwseful in the identifica
tion of leukemic samples and it differentated myelo-
blasts from monoblists and promonocytes [12]. More
recently, we have also identified leukemic lymphoblasts
as a source of FXIN-A [18]. Whether this marker is a
prognostic factor in childhood B-ALL is presently under
investigation. In this study FXITEA was identified in lew
kemic promyelocytes derived from de nmove AML M3
cases. The presence of FXIII-A antigen was proved by
flow cytometry and confocal microscopy. It was also im-
portant to establish the amount of FXII-A since in our
previous studies the FXIN-A content of various cell types
was largely different [9,18]. We obtained sufficient cell
number from two clinical cases that showed a high
FXII-A content, on average the amount of FXIIRA was in
the range of blood platelets and 10-fold higher than that

Cyrometry Part B: Clinical Cytometry
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described previously for leukemic lvmphoblases [18].
Although, it should be noted that APL blasts are much
larger than platelets thus the intracellular concentration
of FXIT-A i considerably lower. The intracellular A sub-
unit structure has long been investgated by gel filtration
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Fig. 7. Survival plot of FXHI-A positive ‘and negative APL cases

showed significant difference (P < 0.0001 as compared by logrank
test, median survival of FXIII negative patients was 1 month).
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and electrophoresis techniques and has been shown to
occur in a dimeric (A7) form in platelets [19]. In later
studies, subsequent cellular expression sites were identi
fied and a similar A, structure was suggested but was
never directly investigated.

The modulation of FXIIT activity is an important aspect
whether related to plasma or cytoplasmic factor XIIL In
the case of plasma FXIN, usually thrombin and calcium
activates the zymogen and their action results in the pro-
teoltic cleavage of an activation peptide. The activation
of cellular EXIII is a much slovwer process and it does not
require proteolytic splitting, since the increase of cellular
Ca™ " is suffident o induce the activation process [1.17].
The imactivation of FXI is also not very well known
since—unlike many other clotting factors—no down-reg-
uliting mechanisms have been known in the past. More
recently, we have shown that the activity of FXIIT-A can
be modulated by HNE [20,21]. In this recent study, we
used similar concentrations of HNE as previously that can
temporarly activate and then downregulate cellular
FXIII-A activity. We think that the degraded FXIIT-A
observed in APL samples was due o intracellular proteo-
Iytic degradation by HNE and the extent to which these
leukemic promyleocytes may contribute tw  FXI-A
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activity when APL cells are lysed upon tréatment, may
depend largely on their degradation by HNE.

In our previous stadies [12] we found that the myeloblas
tic PLB-985 cell line never expressed FXI-A throughout its
development to mature neutrophilic granulocyte, thus we
hypothetiaed that the presence of FXIII-A in leukemic pro-
myelocytes is a leukemia associated immunophenotype.
This notion was confirmed when FXII-A was undetectable
in normal promyelocytes in our series of measurements on
nonleukemic bone marmow samples (Fig. 6).

The origin of APL cells is not yer settled. There is a
growing body of evidence that APL cells have a basophilic
affiliation. Indeed in previous studies, some monocyte-
associated antigens (CD9 and CD68) but not others
(CD14) were found in APL cells [22-24]. Identifying
marker positivity in APL is also of importance since it is
now widely accepred that APL is mostly characterized by
negativity for stainings instead of welkdefined positivities.
The best such negative predictive markers that were
established are CD11a, CD18, and HLA-DR. Because of
the low patient number we do not speculate on the
potential assocation of FXIT-A expression with dissemi-
nated intravascular coagulation and subsequent bleeding
that are attributes of AML M3. Bleeding is multicausal in
this disorder and one contributing factor is elastase [25];
however, judging its effect on bleeding is hampered by
the fact that several patients are also severely thrombocy-
topenic. An interesting phenomenon however, that may
need attention is that all FXII-A negative patients were
nonresponsive to treatment or relapsed, while all FXIT-A
positive APL patients are still alive (Fig. 7).

In conclusion, we have provided immunochemical
and morphological evidence for the presence of cellular
FXIM-A in leukemic promyelocytes in ceaved and
uncleaved forms. Further studies are reguired to evalu-
ate whether the cellular FXIITA also have prognostic
implications in APL
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Summary

The association of coagulation factors with leukocytes have
been demonstrated in several previous studies. This study was
designed to study the sensitivity and specificity of factor XIII
subunit A (FXIII-A) labelling in cultured myeloblastic and mono-
blastic cell lines and to investigate the intracytoplasmic ex-
pression of FXIII-A in de novo acute myeloid leukemia (AML)
samples. Myeloblastic and a monoblastic cell lines were cultured
and investigated for lineage specific maturation markers and
FXIII-A expression. Furthermore, FXIII-A expression was inves-
tigated in 12 normal samples (7 bone marrow and 5 peripheral
blood),86 de novo AML samples and 6 chronic myelomonocytic
leukemia (CMML) samples. In the monoblastic MonoMacé cell

Keywords
Factor XlII,flow cytometry,acute myeloid leukemia classification

line the appearance of FXIII-A preceded that of CD 14 while it
remained negative in the myeloblastic PLB-985 cell line through-
out its maturation period. Among the AML samples the average
frequency of FXIII-A positive cells in myeloblastic leukemia
samples was below 0%, while in M4 and M5 AML samples it was
above 50% and was significantly higher than the generally used
CD 14 marker (p<0.0001).In the AML M4 and M5 cases, FXIII-A
proved sensitive for the identification of monoblasts. FXIII-A can
be considered as a reliable intracytoplasmic marker for the
monocytic and megakaryocytic series and its presence is highly
predictive for mono- and megakaryocytic AML and for CMML.

Thromb Haemost 2005; 94: 454-9

Introduction

Blood coagulation factor XIII (FXIII) is a pro-transglutaminase
the active form of which cross-links fibrin strands in the final
phase of blood coagulation (1). It exists in two forms: the tetra-
meric plasma FXIII consists of A (FXIII-A) and B (FXIII-B)
subunits (A,B,), while the cellular form is a dimer of A subunits
(A,). FXIII-A is responsible for the catalytic activity while
FXIII-B exerts an inhibitory/carrier function. Plasma FXIII is
transformed into an active transglutaminase by thrombin and
Ca*". An activation peptide is cleaved off from the N-terminal
end of FXIII-A by thrombin, then in the presence of Ca®* the B
subunits dissociate and the A subunits assume active configur-
ation. The intracellular activation of FXIII does not seem to
require proteolytic cleavage, the rise of Ca®' concentration is suf-
ficient to bring about the active configuration (2, 3).

Intracellular FXIII-A has first been described in platelets and
megakaryocytes (4, 5)and later in monocytes and macrophages
(6-8). Platelets contain huge amounts of the FXIII-A, 150 fold
more per volume than plasma, while FXIII-A concentration in
monocytes is at least one magnitude less than thatin platelets (1).
It has been demonstrated that normal bone marrow precursor
cells of monocytes and megakaryocytes also express FXII-A
(9). Furthermore, previously we have demonstrated the presence
of FXIII-A in fetal macrophages, megakaryocyets and liver cells
(10, 11). EXIII-A is essentially of intracytoplasmic localization
although during cell activation or damage, a small amount of
FXIII-A might be exposed to the surface (12, 13).

Since in acute leukemias the earliest and most specific
markers are intracellular while surface markers may still be
negative, we tested if intracellular staining for FXIII-A could be
utilized as a flow cytometric marker reaction in the diagnosis and
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monitoring of acute myeloid leukemias (AML). Using a newly
developed monoclonal antibody, FXIII-A-containing cells were
detected in normal and leukemic peripheral blood and bone mar-
row samples and they were identified by three-color analysis. In
addition, two cell lines of myeloblastic and monoblastic origin
were induced to mature and investigated for FXIII-A expression.
The results suggest, that FXIII-A is a suitable intracellular
marker for the identification of leukemias of monocytic and
megakaryocytic origin.

Patients and methods

Reagents

Plasma FXIII was prepared from outdated human plasma as pre-
viously described (14). To isolate FXIII-B, the A subunits were
removed from the tetrameric complex by repeated freezing and
thawing (15) followed by chromatography on organomercurial
agarose (16). Crude FXIII-A was prepared from human placen-
ta (17). The preparation was further purified by ion exchange
chromatography, gel filtration and finally by affinity chroma-
tography (2). FITC labelling kit was obtained from Sigma (St.
Louis, MO). The following monoclonal antibodies were utilized
in the 3-color panels: CD4-FITC, CD8-PE, CD34-PE, CD19-
PerCP, CD14-FITC, CD33-PE, HLA-DR-PerCP, CD45-PerCP,
CD45-PerCP, CDI5-FITC, CDI17-PE, CD7-FITC, CD34-
PerCP, (all purchased from Becton Dickinson Biosciences San
Jose, CA, USA) and CDI13-FITC, CD13-PerCP, glycophorin-
FITC,CD41-PE, MPO-PE, TdT-FITC (all purchased from Dako
Glostrup, Denmark), the Intrastain permeabilizing kit was the
product of Dako.

Cell culturing

The Mono-Mac6 cells were a kind gift from Erné Duda (Biologi-
cal Research Center, Szeged, Hungary) and the PLB-985 cell
line was obtained from K. Német (Institute of Hematology and
Immunology, National Medical Center, Budapest, Hungary).
Cells were cultured in RPMI 1640 (Sigma, St. Louis, MO)
supplemented with 10% fetal bovine serum (FBS) (Invitrogen,
Carlsbad, CA), 2 mmol glutamine, penicillin and streptomycin
(Sigma). Monocytic differentiation was induced by 30 nM vit-
amin Dy (Biomol, Plymouth Meeting, PA) and 1M all trans reti-
noic acid (ATRA-Sigma) and 1.25% dimethyl-sulfoxide
(DMSO-Sigma) were used for granulocytic maturation. The ex-
pression of surface markers on the cells were analyzed in every
24 hour for 3 days.

Clinical samples

Patient samples were gathered between December 2000 and De-
cember 2004 and the patients were treated at the Medical and
Health Science Center, University of Debrecen. All bone mar-
row samples were investigated by morphology, cytochemistry
and immunophenotyping. Peripheral blood samples were col-
lected into EDTA anticoagulant in closed vacutainer system
(Becton Dickinson Biosciences, San Jose, CA). Bone marrow
samples were obtained by sternal biopsy and anticoagulated with
heparin. All samples were stained the same day or stored at room
temperature for a maximum of 16 hours. Overall 86 AML samp-
les (76 bone marrow and 10 peripheral blood), 12 normal (7 bone

marrow and 5 peripheral blood) samples and 6 peripheral blood
samples of CMML patients were analysed. Leukemic samples
were obtained at the onset of the disease before any treatment
was initiated. The distribution of AML FAB types were as fol-
lows: M0:8, M1: 13, M2:9, M3:4, M4:25, M5:19, M6:3, MT:5.

Generation and labelling of mouse monoclonal anti-
bodies against FXIII subunits

The generation of mouse monoclonal antibodies against FXIII
subunits has been extensively described elsewhere (18-21).
Both antibodies to FXIII-A and FXIII-B respectively were con-

jugated to FITC in alkaline medium by using FITC labelling kit

according to the manufacturer’s instruction (Sigma St Louis,
MO). Fluorescein and protein concentrations were determined
by spectrophotometry and F/P ratios were in the range of 3-6.

Surface and intracellular staining of leukocytes

Surface staining of whole blood and bone marrow cells were car-
ried out according to standard procedures. Fifty ul of whole
blood or bone marrow sample adjusted to a leukocyte count of 10
G/L by phosphate buffered saline (PBS) was incubated by satu-
rating concentrations of directly conjugated antibodies for 20
minutes at room temperature in the dark. Red cells were lysed by
FACS lysing solution (Becton Dickinson Biosciences, San Jose.
CA) and samples were washed twice in PBS and finally resus-
pended in 1% paraformaldehyde. For intracytoplasmic staining
the procedure described for Intrastain was strictly followed. Sur-
face stainings were executed before permeabilization and in-
tracytoplasmic staining. In all experiments anti-FXIII-A anti-
body was used at a 2 pg/ml final concentration with appropri-
ately matched isotype control. Paraformaldehyde fixed samples
were kept at 4°C until analysis. All samples were analysed on a
FACSCalibur (Becton Dickinson Biosciences, San Jose, CA)
flow cytometer. Data obtained on 10 000 cells were stored in list-
mode data files and analysed by Cell Quest software. In bone
marrow samples, investigated for minimal residual disease a
minimum of 100 000 events were acquired and analysed. In
clinical samples derived from acute leukemic samples, blast cells
were identified by their low SSC and dim CD45 staining, as de-
scribed previously (22, 23).

Statistical method

For the comparison of percentages of positive cells in AML M4
and M35 cases, the normality of the data was checked by the Kol-
mogorov Smirnov test. Since this set of data proved a gaussian
distribution in both groups, the results were evaluated by the
paired t-test. The mean fluorescence intensity of positive cells in
normal and leukemic samples did not have a gaussian distribu-
tion. thus the unpaired Mann-Whitney U test was used for statis-
tical evaluation. Values below 0.05 were reported as statistically
significant.

Results

Flow cytometric detection of FXIII-A in normal periph-
eral blood and bone marrow cells

As a first step, staining in whole blood was performed to identity
EXIII subunits in normal peripheral blood leukocytes. After sur-
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Figure 1: FXIII-A and FXIII-B staining of myeloid cells in pe-
ripheral blood. Normal peripheral blood leukocytes were labelled by
FITC-conjugated monoclonal anti FXIII-A and FXIII-B antibodies. Surface
labelling of normal myeloid cells for CD 14 clearly distinguished mono-
cytes from the rest of myeloid cells. No surface positivity was obtained
by anti-FXIII-A or anti-FXIII-B antibodies in either cell population (panels
A and B). After permeabilization the myeloid cells were labelled by PE-
conjugated antibody against MPO. In MPO-dim monocytes, a definite
positivity was found for FXIII-A but MPO bright neutrophils remained
negative (C). All myeloid cells were negative for FXIII-B (D).

face staining with phycoerythrein conjugated CD14 (CD14-PL)
and FITC labelled anti-FXIII-A and anti-FXIII-B antibodies in
the myeloid gate, monocytes showed positivity for CD14 but no
reaction was obtained for any of the FXIII subunits (Fig. 1A, B).
Thus, in normal peripheral blood FXIII can not be detected on
the surface of myeloid cells. After permeabilization by Intras-
tain, monocytes characteristically dim for myeloperoxidase
(MPO), showed FXIII-A positivity, but FXIII-B was completely
negative (Fig. 1C, D). MPO bright polymorphonuclear granulo-
cytes (PMN) were basically negative for both subunits. Lympho-
cytes were totally negative after staining for surface FXIII-A,
however after permeabilization, a very small proportion (<2%)
of cells in the lymphocyte gate showed intense reaction for
FXIII-A (data not shown). In double labelling experiments for
FXIII-A and for the intracytoplasmic B-cell marker cyCD79a or
the T-cell marker ¢cyCD3 it became obvious that FXIII-A label-
ling was not assoclated to B-cells or T-cells. The FXIII-A bright
population showed total co-localization with surface CD41, i.e.
with staining for the integrin glycoprotein I1b/II1a. This finding
demonstrated that the low percent but high intensity staining de-
rived from contaminating platelets or platelet derived micro-
particles.

In the normal bone marrow samples, FXIII-A was detectable
inthe myeloid gate in two subpopulations, a CD45bright (mature
monocyte) subset and a CD45dim (monoblast) subset. The mean
FXIII-A positvity in these bone marrow samples was 5.7 + 1.8%,
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Figure 2: The expression of myeloid, granulocytic and mono-
cytic markers in Mono-Macé and PLB-985 cell lines. Mono-Macé
cells (panel A) were cultured and labelling was investigated for the
monocytic marker CD64 (closed circle), CD 14 (closed triangle), FXII-A
(open triangle) and the myeloid marker CD33 (open circle). In the
PLB-985 myeloid cell line (panel B), the surface expression of CDI Ib
staining contiunuously increased under the effect of DMSO (closed
squares). Surface CD33 (open circles) and the cytoplasmic labelling for
myeloperoxidase (closed diamonds) were paositive in all samples, but no
staining was obtained for FXIII-A (open triangles).

while the mean CD 14 labelling was 3.6 + (0.8 %. The localization
of FXIII-A and CD14 positivity labelled bone marrow cell with
identical scatter properties. Megakaryocytes that are present at
1% or less in normal bone marrow samples only contribute insig-
nificantly to the total marrow FXIII-A positivity.

Detection of FXIII-A in cell lines

Cytoplasmic FXIII-A was expressed in the monoblastic (M35)
Mono-Mac6 cell line already at day 0 and remained stably ex-
pressed to the same extent throughout the culturing period. Sur-
face CD14 was initially negative, however upon induction with
vitamin-D, an inducer of monocytic differentiation, it became
positive already after 24 hours. In the PLB-985 cell line, surface
CD33 and cytoplasmic myeloperoxidase were continuously ex-
pressed. Upon induction with DMSO, CD11b appeared on the
cell surface indicating myeloid maturation, however FXIII-A re-
mained negative (Fig. 2). Similar results were obtained when
PLB-985 cells were treated with ATRA. These data suggest that
the more monocytic committed Mono-Mac6 cells express
FXIII-A which — unlike CD14 expression — cannot be further in-
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Figure 3: Representative dot plots of AML samples. Staining pat-
tern for FXIII-A in the bone marrow of M1 (A) and M5 (B, C) AML pa-
tients. In all panels the right plot demonstrates surface staining for
CD33 and CD |4, left plot shows cytoplasmic staining for MPO and
FXINI-A. In a representative AML M1 sample, cells clearly showed positiv-
ity for cytoplasmic MPO but only a few cells were labelled for FXIIIA.
Similarly, only a few cells were surface labelled for the monocyte marker
CD14 (panel A, see upper right quadrants). In an AML M5 sample MPO-
dim and CD33-bright cells were positive for FXIIIA and CD14, respect-
ively (panel B). The proportion of FXIII-A and CD 4 positive cells were
practically identical. In another AML M5 sample only 15% of the
CD33-bright cells were positive for CD 14 however nearly all cells dis-
played FXIII-A (panel C).

creased upon maturation and the less committed PLB-9835 cells
express negligible levels of FXIII-A which did not increase upon
induction of granulocytic differentiation.

Detection of FXIII-A in de novo leukemic samples

Based on the data described above, FXI1I-A can be considered as
an carly marker that is induced in the monocytic but not in the
granulocyte lineage upon differentiation. In further studies
three-color analyses were performed on bone marrow samples
derived from 86 AML patients to identify and characterize
FXIII-A containing cells. In addition, peripheral blood samples
of 6 CMML patients were investigated. It was found that leu-
kemic blasts derived from myeloblastic (M0, M1, M2) and ery-
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Figure 4: Comparison of CD14 and FXIII-A staining. Panel A dis-
plays the mean percent positivity and standard deviation for FXIII-A
(striped bars) and CD14 staining (open bars) in bone marrow samples
from patients with AML of myeloblastic and monoblastic origin. The num-
ber of samples in the displayed groups were the following: M0:8, M1:13,
M2:9, M4:25, M5:19. There was a significant difference between CD14
and FXIII-A labelling in M4 and M5 cases (p<0.0001). Panel B shows that
in CMML samples staining for FXIII-A and CD |4 gave similar results.

throblastic (M6) AML were either negative for FXII-A or the
degree of labelling was insignificant. Similar low level labelling
was observed in the promyelocytic leukemia (AML M3) cases.
In acute leukemias, 20% positive events for a selected marker
among bone marrow cells is usually defined as the the cut-off
value for declaring positivity for any staining. From this aspect it
is important, that out of 37 cases with M0, M1, M2, M3 and M6
AML, only 2 patients had FXIII-A staining that exceeded the
20% limit. In M4 and M5 AML samples FXIIT-A labelling was
either equal to, or exceeded the extent of labelling for CD14 (Fig.
3). In M4 and M5 AML, the mean percentage of FXIII-A posi-
tive cells was significantly higher than that of CD14 labelling
(p<0.0001) (Fig. 4A). Staining for FXIII-A was especially domi-
nant in cases where more immature cells were present, thus the
mean percent positivity was the highest (68%) in M3a cases (Fig.
4A). Contrary to AML M4 and M5 cases it was striking, that in
6 cases with chronic myelomonocytic leukemia the proportion of
FXII-A and CD14 positive cells was identical (Fig. 4B), sug-
gesting that in more mature monocytes the 2 markers gave simi-
lar results. Comparing myeloblastic and monoblastic leukemias
EXIII-A was 100% sensitive and 95% specific for subtypes with
monocytic involvement (AML M4 and M5).
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700

MFI of FXIII-A positive cells

Figure 5: Labelling intensity of FXIII-A staining in normal
monocytes and leukemic samples. Mean fluorescence intensity
values (MFI) and standard errors of mean are shown. MFI values of
FXIII-A positive cells in AML M4 (n=25), AML M5 (n=19) and CMML
(n=6) were significantly higher (p<0.05 in all cases) than in normal pe-
ripheral blood monocytes (n=5).

A unique feature of FXIII-A labelling was, that in the case of
M4, M5 AML and CMML the intensity of staining for FXTII-A
was higher than FXIII-A staining of normal peripheral blood
monocytes (p<0.05 for both AML subtypes and CMML) (Fig.
5). All M7 cases were positive for glycoprotein IIb/Illa. Al-
though the mean FXIII-A positivity was 30% lower than label-
ling for glycoprotein IIb/IlTa (24% versus 33%), a very bright
staining was observed for FXIII-A.

Discussion

In this study we carried out a systematic flow cytometric evalu-
ation of labelling for FXIII-A in normal and malignant hemato-
poiesis using recently evaluated and characterized monoclonal
antibodies. Based on previous immuno-morphological studies it
was expected that FXIII-A could be a marker of monocytic and
megakaryocytic lineages and its detection could be useful in the
classification of several types of haematological malignancies.
In previous studies only the A subunit was described intracellul-
arly and the inhibitory B subunit was found only in the plasma
enzyme. In agreement with these results we also showed that
FXIII-B could not be detected in normal peripheral blood and
bone marrow cells. The intracellular presence of FXIII-A has
been demonstrated in a number of studies, however in some
studies the expression of FXIII-A on the cell surface has also
been suggested (12, 24). Here we present evidence that in intact
peripheral blood monocytes FXIII-A does not appear on the sur-
face, while a clear-cut intracytoplasmic staining was observed.

Comparing with other intracytoplasmic markers of the mye-
loid lineage, FXIII-A shows a different pattern. The MPO stain-
ing is brighter in granulocytes and dimmer in monocytes, while
the intracytoplasmic CD68 staining is brighter in monocytes and
dimmer in neutrophils (25). However, FXIII-A staining is basi-
cally negative in neutrophils and positive in monocytes making it
an ideal marker to differentiate the two cell types.

Flow cytometric analyses of the monocytic Mono-Mac6 cell
line showed, that FXIII-A appeared well before CD14 staining —
a generally used surface marker of the monocyte lineage — was
evident. Similarly to a previous microscopic study (26) we also
showed that in several cases of AML M4 and M5 significantly
more cells were labelled for FXIII-A than for CD14. Thus,
FXIIT-A positivity can be considered as an early marker of the
monocytic lineage. FXIII-A shows a different pattern than other
intracytoplasmic markers in case of hematological malignan-
cies. In a previous study, we found that the expression of other
cytoplasmic markers decreased during malignant transformation
(23). In contrast to other cytoplasmic antigen markers, the mean
fluorescence intensity of FXIII-A positive cells was higher in
M4 and M5 AML and CMML than in normal peripheral blood
monocytes, that enables us to use FXIII-A for the identification
of residual leukemic blasts in appropriate three color com-
binations in AML samples.

Out of the two patients that exceeded the 20% labelling limit
by FXIITA in AMLs with no monocytic involvement, one patient
had AML M0 and the other had AML M3. It is well known that
immature blasts often display myeloid, B-cell or T-cell markers.
thus, the appearance of FXIII-A in selected AML M0 cases is not
surprising. The other bone marrow sample was derived from a
patient with promyelocytic leukemia. Here, though the FXIII-A
positiviy was 44%, the fluorescence intensity of the positive cells
was much smaller than in M4 or M5 cases and did notresult in a
differential diagnostic dilemma. Similar observations in pro-
myelocytic leukemias have been described previously in case of
CD64 (27).

FXIII-A labelling would allow a more reliable identification
of AML M4 and M5 leukemias particularly with multi-color
flow cytometry that emerged as the standard for immunopheno-
typing. Since FXIIIA is a platelet marker as well, it is important
that the enhanced FXIIIA expression in these cases was not a re-
sult of enhanced platelet association since the CD41 labelling
was not different from FXIITA negative AML cases. Fur-
thermore, FXIIIA positivity was only detectable after permebil-
ization and never on the cell surface. Staining for FXIII-A was
demonstrated to be a useful tool in the diagnosis and classifi-
cation of leukemia type M7, as well. Cells of megakaryocytic
lineage were characterized by a very bright staining.

During myeloid hematopoietic development the dissection of
differences in surface and cytoplasmic marker expression is par-
ticularly important at the early stages of development. We re-
cently described a differential expression pattern for CD162
(P-selectin glycoprotein ligand-1) on the surface of leukemic
blasts derived from myeloblastic and monoblastic leukemias
(28) by using quantitative flow cytometry. Here we demon-
strated, that an intracytoplasmic protein FXIII-A is an early
marker of hematopoietic development of the megakaryocytic
and monocytic lineage. There are several publications describing
the association of FXIII-A with monocytes and monocyte de-
rived macrophages but only a few microscopic studies were pub-
lished on its potential diagnostic utilization (26, 29-31). To our
knowledge this is the first study where the cellular detection of a
clotting factor by flow cytometry was shown useful as a diag-
nostic tool in leukemias.

458

68



Kappelmayer et al.: Intracellular factor XIII-A as a diagnostic tool

Acknowledgements

The skilful technical assistance of Valéria Sziraki Kiss and Aniko Veszpré-

mi are acknowledged.

References

1. Muszbek L, Yee VC, Hevessy Z. Blood coagulation
factor XIII: structure and function. Thromb Res 1999;
94:271-305.

2. Polgar J, Hidasi V. Muszbek L. Non-proteolytic ac-
tivation of cellular protransglutaminase (placenta mac-
rophage factor X111). Biochem J 1990; 267: 357-60.
3. Muszbek L, Haramura G, Polgar J. Transformation
of cellular factor X111 into an active zymogen transglu-
taminase in thrombin-stimulated platelets. Thromb
Haemost 1995; 74: 702-5.

4. Buluk K. An unknown function of blood platelets.
Polski Tygod Lekar 1955: 10: 191-7.

5. Kieselbach TH,Wagner RH. Demonstration of fac-
tor X111 in human megakaryocytes by fluorescent anti-
body technique. Ann NY Acad Sci 1972;202: 318-28,
6. Muszbek L, Adany R, Szegedi G et al. Factor X111
of blood coagulation in human monocytes. Thromb Res
1985; 37: 401-10.

7. Ad"’my R, Belkin A, Vasilevskaja T et al. Identifica-
tion of blood coagulation Factor X111 in human perito-
neal macrophages. Eur J Cell Biol 1985; 38: 171-3.
8. Henriksson P, Becker S, Lynch G et al. Identifica-
tion of intracellular factor XIII in human monocytes
and macrophages. ] Clin Invest 1985; 76: 528-34.

9. Adiny R, Kiss A, Muszbek L. Factor X111: a marker
of mono- and megakaryocytopoiesis. Br I Haematol
1987; 67: 167-72.

10, Kappelmayer I, Bacsko G, Kelemen E et al. Onset
and distribution of factor XIII containing cells in the
mesenchyme of chorionic villi during early phase of
human placentation. Placenta 1994; 15: 613-23.

11. Kappelmayer J, Bacskd G, Birinyi L ctal. Consecu-
tive appearance of coagulation factor XIIT subunit A in
macrophages, megakaryocytes and liver cells during
carly phase of human development. Blood 1995; 86:
2191-7.

12. Kreager JA, Devine DV, Greenberg CS. Cytofluor-
ometric identification of plasmin-sensitive factor

Xllla hinding to platelets. Thromb Haemost 1988; 60:
88-93,

13. Conkling PR, Achyuthan KE, Greenberg CS et al.
Human mononuclear phagocyte transglutaminase ac-
tivity cross-links fibrin. Thromb Res 1989; 55: 57-68,
14. Lorand L. Credo RB. Janus TJ. Factor XIII (fibrin
stabilizing factor). Methods Enzymol 1981; 80
333-41.

15. Schwartz ML, Pizzo SV, Hill RL et al. Human fac-
tor XIII from plasma and platelets. ] Biol Chem 1973;
248: 1395407

16. McDonagh J, Waggoner WG, Hamilton EG et al.
Affinity chromatography of human plasma and platelet
factor X111 on organomercurial agarose. Biochim Bio-
phyis Acta 1976; 446: 345-57

17. Bohn H., Schwick. HG. Isolierung und Charak-
terisierung eines fibrinstabilissicrenden Faktor aus
menschlichen Plazenten. Arz Forschung 1971: 21:
1432-9,

18. Katona E, Haramura G, Kérpdti L et al. A simple
quick one-step ELISA assay for the determination of
complex plasma factor X111 (A;B,). Thromb Haemost
2000; 83: 208-73.

19. Katona [, Ajzner E, Toth K et al. Enzyme linked
immunosorbent assay (ELISA) for the determination
of blood coagulation factor XIIT A-subunit in plasma
and in cell lysates. J Immunol Methods 2001; 258:
127-35.

20. Stahli C. Stachelin T, Miggiano V et al, High fre-
quencies of antigen specific hybridomas: Dependence
on immunisation parameters and prediction by spleen
cell analysis. J Immunol Methods 1980; 32: 297-309.
21. Kohler G., Milstein C. Continuous cultures of
fused cells secreting antibody of predefined specificity.
Nature 1975; 256: 495-506.

22. Lacombe F, Durrieu F, Briais A et al. Flow cyto-
metry CD45 gating for immunophenotyping of acute
myeloid leukemia. Leukemia 1997; 11: 1878-86.

459

69

23. Kappelmayer J. Gratama JW, Kardszi E et al.
Flow cytometric detection of intracellular myeloperox-
idase, CD3 and CD79%a. Interaction between mono-
clonal antibody clones, fluorochromes and sample
preparation protocols J Immunol Methods 2000; 242:
53-65.

24, Kradin RL, Lynch GW, Kurnick JT et al. Factor
XIII A is sythesized and expressed on the surface of
U937 cells and alveolar macrophages. Blood 1987: 69:
T78-85.

25, Strobl H, Scheinecker C, Csmarits B et al. Flow ey-
tometric analysis of intracellular CD68 molecule ex-
pression in normal and malignant haemopoiesis. Br |
Haematol 1995; 90: 774-82.

26. Invernizzi R, De Fazio P, lannone AM et al. Immu-
nocytochemical detection of factor XIIT A-subunit in
acute leukemia, Leuk Res 1992; 16: 829-36.

27. Krasinskas AM, Wasik MA, Kamoun M, at al. The
usefuleness of CD64, other monocyte-associated
antigens and CD45 gating in the subclassification of
acute myeloid leukemias with monocytic differenti-
ation. Am J Clin Pathol 1998; 110: 797-805.

28. Kappelmaver J, Kiss A, Kariszi B et al. Identfi-
cation of P-selectin glycoprotein ligand-1 as a useful
marker in acute myeloid leukaemias. Br J Haematol
2001; 115:903-9.

29. Adany R, Nemes Z, Muszbek L. Characterization
of factor XIII containing — macrophages in lymph
nodes with Hodgkin's disease. Br J Cancer 1987; 55:
421-6.

30. Nemes Z, Thomazy V. Adany R et al. Identifica-
tion of histioeytic reticulum cells by the immuno-
histochemical demonstration of factor XIII (FXIIl-a)
in human lymph nodes. J Pathol 1986; 149: 121-32.
31. Toida M, Okumura Y, Swe Win KK et al. Character-
ization of cells containing factor XIII subunit a in be-
nign and malignant buccal lesions. Histochem J 1995;
27: 449-56.



