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INTRODUCTION

The Structure of Factor XIII (FXIII), Description of Plasmic and Cell Factor Xl

Factor XIII (FXIII) of blood coagulation, a protraglutaminase, becomes activated by the
proteolytic action of thrombin in the presence afcwum. Beside calcium the process is
controlled by fibrin(ogen). The activated form dfet enzyme (FXIllla) is responsible for

cross-linking of fibrin strands, thus stabilize® tblot in the final stage of the coagulation
process.

Over the clotting process the circulating precursothe proteolytic enzymes becomes
activated by a cascade-like proteolysis. The s&enhgtimulus that starts the process is tissue
factor (TF) on the cell surface. TF is expressedvhyious cell types, for instance, by
fibroblasts and pericytes in the vessel wall oraasttes of the brain, or the epithelial cells of
kidney glomeruli, or myocardial cells. These ce#lee however, in touch with blood
components only in case of endothelial damageirtulating blood, the monocytes and the
endothelial cells of vessels can express TF. Intiadd circulating TF-expressing tumor cells
may activate the clotting cascade. In the presefigghospholipids and G§ TF activates
FVII, which is responsible for activating FV and RKat build up the prothrombinase
complex. The TF-FVlla complex also activates FIXhdédr the influence of prothrombinase
complex, prothrombin transforms into the activetpase, thrombin. Thrombin activates not
only platelets and FXIII, but it transforms fiboigen to fibrin. Robbins et al described that
calcium was not sufficient to make the coagulatedrf insoluble in weak acids or bases.
They postulated the existence of a further factothie serum. The presence of the serum
factor needed for the stabilization of the fibrilotcwas first described by two Hungarian
researchers Kalman Laki and Laszl6 Lorand in 19ABey called this protein ‘fibrin-
stabilizing-factor’. Later, it was Loewy and his-amrkers who purified it and described its
enzymatic characteristics. After identifying thesfideficiency case, it was acknowledged as a
new factor of blood coagulation with the serial fuem*XIII' in 1963.

The Expression Sites of Factor XIIl Subunit ‘A an&’

Two forms of the FXIII exist in humans. One of thetirculates in the blood as a
heterotetramer, the other one is present in callfamodimer (A) consisting of two 'A’
subunits. The heterotetramer form is composed of gatentially active A’ (FXIII-A) and
two carrier/protective 'B’(FXIII-B) subunits (§B2). The 'B’ subunit prevents the activation

of the A’ subunits. Liver cells synthesize the 'Bubunit, while megakaryocytes, platelets



and cells of the monocyte/macrophage system syiathegbunit 'A’. To a small extent liver
cells can also synthesize. Among other types d§ ¢eé FXIII-A synthesizing capability of
the chondrocytes has also been verified and it dlas been detected in osteoblasts.
Approximately 50% of the FXIII-B amount being inetblood circulates freely in the plasma,
while the entire amount of FXIII-A can be foundthe tetramer complex. The mean plasma
concentration of FXIII complex is 21 mg/L. The carmhs of the formation of FXIII-AB;

complex has not been clarified yet.

Intracellular Localization Sites of the FXIII-A (Subcellular Distribution)
Platelets contain a huge amount of FXIII-A, 150dfatore per volume than plasma, while the
FXIII-A concentration in monocytes is at least ookeler of magnitude less than that in
platelets. It has been demonstrated that commoe bmarrow precursor cells of monocytes
and megakaryocytes also express FXIII-A The fumcté the intracellular enzyme has not
yet been elucidated, but many experimental reqwdise shown that the megakaryocytes,
monocytes and macrophages are not the only sitésXbf-A synthesis, but they play an
active role in pathophysiological processes ofcile

FXIII-A displays a typical cytoplasmic distributiowithin macrophages. It can be
observed around the cytoplasmic vacuoles and imp#eeidopodia, however, it can not be
found in phagocytic vacuoledn the early stage of monocyte/macrophage maturatie
nuclear accumulation of XlIlI-A was observed in theglls. A role in the phagocytosis and in
the alternative activation of macrophages was siggposed. In platelets, FXIII is bound to
HSP27, a heat-shock protein.

FXIII-A Appearance in Malignancies

Apart from cells of the megakaryocyte/platelet mnocyte/macrophage system, FXIII-A can
not be detected in any other bone marrow or pergbliood cells. Moreover, the presence of
FXIII-A was examined in case of several other #iees and malignant diseases. Fibrin
depositions with FXIIl were observed in lymph nod#spatients suffering from Hodgkin's
lymphoma with abundant macrophage presence. THipa@gulation contained FXIII-A and
these cells were identified as tumor-associatedropaages. The appearance of FXIII-A in
malignant fibrous histiocytoma (MFH) was also asaly. The cells displayed FXIII-A
positivity in MFH, thus these cells can be separdtem the histologically similar soft tissue
tumors. It was found that the FXIII-A positivity dlinot appear in malignant cells, only in

tumor-associated cells, like macrophages, follicutkendritic reticulum cells (DRCSs),



fibroblast-like mesenchyme, as well as sinusoidal @anterfollicular histiocytic reticulum
cells.

It was supposed that malignant megakaryocytic andawytic/cytoid cells may also
express FXIII-A. Invernizzi and coworkers examingmples from patients suffering from
acute myeloid leukaemia (AML), using anti-FXIII-Albit antibody with the peroxidase anti-
peroxidase (PAP) immunological method. In the maggakcytic (M7), myelomonocytic
(M4), and monocytic (M5) subtypes a positive reatiivas detected.

In our studies, a monoclonal anti-FXIII-A antibodas first applied, to examine the
expression of FXIII-A in AML samples by flow cytorimg. This proved to be useful in
laboratory diagnostics amdonitoringof this disorder.

AIMS

My aim was to investigate cellular factor XIII in\yL.

* We examined the appearance of different subunitSXdfl in normal myeloid
cells and AML samples.

* The sensitivity and specificity of FXIII-A expressi were tested in these
conditions.

* FXIlI-A positivity was studied as a leukemiassociated immunophenotype
(LAIP) and its role in the differential diagnosisAML was also established.

* The possible prognostic role of FXIII-A positivitin acute promyelocytic

leukemia (APL) was investigated.



MATERIALSAND METHODS

Clinical and Control Samples
We examined bone marrow and peripheral blood saplAML patients. Between the years
2000 and 2010, we carried out a systematic flowrogtric analysis of FXIII-A expression in
100 patients who suffered from AML. Six samplespefipheral blood from patients with
chronic myelomonocytic leukemia (CMMoL) were aldadsed. All bone marrow samples
underwent a morphological, cytochemical, and imnplm@motypic evaluation.

We particularly focused on the promyelotic subtgbeacute myeloid leukemia (AML
M3), where we analysed 1de novo diagnosed acute promyelocytic leukemic (APL) bone
marrow and peripheral blood specimens. In thesescadlast ratio over 70% was described
by morphology. Each APL belonged to the hypergi@antype and by FISH technique the
typical ‘t(15;17)’ was detectable. To study normpedmyelocytes, samples from bone marrow
were obtained from 4 patients suffering frinon-deficiency anemia. All leukemia samples

were obtained fronde novo identified patients before any treatment.

Immunophenotype identified by flow cytometry
During immunophenotyping we investigated intradallumarkers and surface markers by
direct-labeled monoclonal antibodies in 3-7-colan@ls. The monoclonal antibodies, against
the FXIII subunits, were conjugated with FITC.

Most measurements were executed on a FACSCalimw ftytometer (Becton
Dickinson), via applying the same PMT setting facke sample. In case afe novo
leukemias, the data of 10000 cells were gainedlisi-mode files’ and were analysed by Cell
Quest 3.2 software. The expression of FXIII-A wéoaexamined on normal bone marrow
promyelocytes. These measurements were carriedroat ‘FACSCanto II' flow cytometer
equipped with 3 lasers.

We analysed the percentage of positive cells withentested cell population and we
also considered the mean fluorescemtensity (MFI) of the positive cells, that coulétter

characterize certain malignant cell types.

Cytogenetics and FISH
Conventional cytogenetic analysis was performedbone marrow samples in all APL
patients. The karyotypes were described accordinthe International System of Human



Cytogenetic Nomenclature (ISCN, 2009). Fluorescencstu hybridization was carried out
on cell suspensions from chromosome preparatiorordcy to the manufacturer’s
instructions using PML-RARA dual color, single fosi translocation probe. Cells were
counterstained with DAPI. In general, 200 interghaslls were counted in each case. The
images were captured by Zeiss Axioplan2 fluoreseemicroscope and analysed by ISIS

software.

Conjugation of FXIII Antibodies with FITC
The conjunction of the antibodies to FXIIl was pemed by the Fluoro Tag antibody
labeling kit (Sigma, St. Louis, MO, USA). Bounddafiee forms of FITC were separated by

gel-filtration.

Cell Cultures

The Mono Mac6 were a gift from Dr. ErnDuda (Biological Research Center, Szeged,
Hungary). The ‘PLB-985’ cell line was obtained fraime Institution of Haematology and
Immunology (National Medical Center, Budapest, Hany} Monocyte maturation was
achieved by 30 nM vitaminesDwhile granulocyte maturation was stimulated byniol all-
trans retinoic acid and 1.25% dimethyl-sulfoxideluned. Cell surface and cytoplasmic

markers were analysed up to three days.

ELISA Assay

Detection of FXIII-A in cell lysates from APL sangd was carried out as described earlier,
by Katona et al with a slight modification. To aggblatelet contamination, promyelocytic
cells were washed three times in PBS containing ADTo inhibit serine and cysteine
proteases, a protease inhibitor cocktail was adoléde washing buffer. The exact cell count

was measured before sonication in order to caketlst amount of FXIII-A/cell.

FXIII-A detection byWestern Blot

After determining the FXIII-A content of the plageifree APL blast cells, remaining cells
were centrifuged and dissolved in 100 of SDS PAGE sample buffer. Subsequently, the
denatured cell suspension was boiled for 5 minus@snples were loaded onto 7.5% SDS
polyacrylamide gel and electrophoresed under reduconditions. Western blotting was
performed using Immobilon P membrane. Sheep patgtl@anti-human FXIII-A antibody

was applied as primary antibody. The immunoreacivas developed by biotinylated rabbit



anti-sheep 1gG and avidin-biotinylated peroxidasenglex and visualized by enhanced
chemiluminescence. FXIII-A cleavage was studieckrafbhcubation with purified human
neutrophil elastase (HNE). Samples were incubatele presence of €aup to 3 hours at 37
°C. The reaction was terminated by adding equal amofi SDS Laemmli buffer. The
platelet-free promyelocyte cell lysates were padffrom the peripheral blood of two patients

and from one bone marrow sample.

Confocal Laser Scanning Microscopy

Cytospin preparations were prepared of samplesvatefrom APL patients. The cells in the
buffer containing FITC-conjugated anti-FXIII-A mocional antibodies, BSA and Triton X-
100 were incubated for 30 minutes at room tempezatllowing permeabilization of the cell
membrane. During the last 5 minutes of incubaticop@lium iodide (Pl) was added to the
labeling solution. Finally the samples were mountth Mowiol. A Zeiss (Gottingen,
Germany) LSM 510 systems and a CApochromat 63x/N&5vater immersion objective

were used for analyses.

Statistical Analysis

The data showed a normal (Gaussian) distributionnguthe comparison of the ratio of
positive cells found in AML subtypes, therefore weed the Student’s paired t-test. Since
non-normal distribution was shown in MFI valuespaofitive cells innormal and leukaemic
samples, the Mann-Whitney U test was used forssizl evaluation. The statistical
comparison of the survival time in FXIIl positiveng FXIlIl negative populations was

performed by GraphPad Prism 4.0 software.



RESULTS

FXIII-A expression in normal bone marrow and perigral blood samples
After surface staining cells in the myeloid gatesrevanalysed. Monocytes expressed the
characteristic CD14, but no positive reaction whtaimed for any of the FXIIl subunits by
surface labeling. After permeabilization with Irdtain, all myeloid cells showed
myeloperoxidase (MPO) positivity. Cells of the mowtic group appeared as a typical MPO-
dim population and in these cells FXIII-A was aldetectable, while FXIII-B staining was
completely negative. The polymorphonuclear granyks were MPO-bright and these cells
were negative for both FXIII subunits. Lymphocytkg not show any surface or intracellular
FXIII-A positivity.

In normal bone marrow samples FXIII-A could be d&td in the myeloid gate in two
cell populations (i) on mature CD45-bright monosy&ad (ii) on CD45-dim monoblasts. Our
results demonstrate that only the ‘A’ subunit ofI[FXs present in normal peripheral blood

and bone marrow intracellularly in the monocytieelage.

FXIII-A staining specificity and sensitivity in cklines

In cell cultures we examined the expression ofrttyeloid markers: CD33 and cyMPO, the
monocyte markers: CD64 and CD14, the ganulocyt&kenaD11b as well as the expression
of FXIII-A. FXIlII-A was already detectable in the do-Mac6 monoblast cell line on day 0,
and displayed a constant intense positivity thraugl8 days of culturing, similarly to CD33.
The CD14 marker was not expressed in the earlyestdgdifferentiation, but gradually
became positive upon vitamin D treatment.

In contrast to CD14 expression, the intensity ofIFX expression, was already high
also in the early stages of monocyte maturatior;)§idl-A seems an early and more sensitive
marker in identifying monocytic cells. In the 'PE85’ cell line, there was no FXIII-A
expression and it remained negative throughoutujoagtic differentiation that we monitored
by CD11b staining.

FXIII-A labeling of AML samples

The analysis of FXIII-A expression was performed 0 bone marrow and peripherical
blood samples obtained from AML patients, earligr3bcolour and later by 4-color labeling.
In addition, we studied 6 periheral blood sampleMMoL patients. Myeloblastic (MO,
M1, M2) and erythroblastic (M6) AML did not expreBXIII-A, or the degree of labeling



was insignificant. In AML M4 and M5 cases, howeuke ratio of FXIII-A positivity -
defined as the 20% cut off - was above, the positikate of the CD14 surface marker
referring to a better sensitvity of intracytoplasr&iXlll-A than surface CD14 in these AML

cases.

FXIII-A and CD14 staining in AML and in CMMoL sampés

We compared the FXIII-A and CD14 positivities inffdient AML subtypes. We did not
observe FXIII-A expression in AML MO, M1 and M2. the M4 and M5 groups the mean
proportion of FXIII-A positive cells was considergbhigher than CD14 positive cells
(p<0.0001). FXIII-A expression was particularly hign Mb5a cases (mean FXIII-A
positivity=68%) where the majority of cells was iratare.

In the 6 CMMoL patients, the percentage of FXlllpdsitive cells in FXIII-A and
CD14 positive cells were exactly the same. We aaded that in mature monocytes both
markers were expressed to the same extent. Corgpanyeloblastic and monoblastic
leukemias, FXIII-A was 100% sensitive and 95% sfpedior subtypes with monocytic
involvement (AML M4 and M5).

We compared MFI values of normal monocytes with @as containing leukemic
monocytes (AML M4, M5, CMMoL). We found that FXIBexpression was more intense in
the leukemic cells than in the normal monocyte9(ps).

In the AML group, we found FXIII-A positivity in sne AML M3 patients. This was an
unexpected result, because no FXIII-A expressios m@ticable in the neutrophil precursor
cells. We then, executed a systematic examinatioreachde novo acute promyelocytic

leukemia and verified the existence of this LAIPVayious methods.

Flow Cytometry of AML M3 leukemias

Leukemic promyelocytes are large cells that possesserous granules in the cytoplasm,
thus are characterized with a high side-scatter andanced autofluorescence. These
characteristics were also observed in samples fnanpatients.

On these APL samples we studied the expressionyefan markers (MPO, CD13,
CD33, CD14, CD15), blast markers (CD34, CD117), HDR and FXIII-A.

The CD45-dim leukemic promyelocytes expressed MP@ &€€D33 markers
intensively. The CD117 blast marker could be detkacn leukemic promyelocytes, but they
were negative for CD34 and these CD117-dim cellsrdit express the CD15 granulocyte
marker. These CD33-bright, MPO-bright, and CD11m-dells also expressed FXIII-A.



FXI1I-A detection in APL Cells by CLSM

In order to investigate the intracellular localieat of FXIII-A in leukemic promyelocytes,
three FXIII-A positive APL samples were analyzedthier by CLSM. A considerable
percentage of these cells showed FXIII-A positivithe FXIII-A protein was localized in the

cytoplasm of the malignant promyelocytes.

Immunophenotypes of AML M3
The value of marker expression was considered fooséive if at least 30% of cells stained
positive. The cells in all 14 samples were MPO d&D33 positive (83% and 90%
respectively) while the ratio of CD13 positivity svaomewhat lower (59%). All but one
sample were positive for CD117 and one of the 14 A&ses also showed CD15 expression.
As expected, none of the APL cases expressed HLAIDBED34.

Ten samples out of 14 APL cases displayed FXIll-@sipvity, that considerably
exceeded the 30% limit, while FXIII-A labeling didot reach the cut-off value in the

remaining 4 samples

FXIII-A expression of normal promyelocytes

We analysed normal bone marrow samples by a 7-ctdbelling on a flow cytometer. The
normal promyelocytes, which were CD15, CD33, CD#livi-positive and HLA-DR negative
and did not express any FXIII-A marker. The resu#tsealed that FXIII-A can only be

detected in malignant leukemic cells of APL, but imonormal promyelocytes.

Detection of FXIII-A by ELISA and immunoblotting

Western blot analysis with a highly sensitive cHaminescent developing system was
utilized to detect FXIII-A antigen in blast celd/e investigated bone marrow and peripheral
blood samples. A single FXIII-A positive band & BD was detected in APL blasts that
comigrated with FXIII-A in the positive controlgl. the platelet lysate,

Since several additional bands of smaller moleculaeight were also observed, and
since promyelocytes contain a lot of elastase, wepared these bands from the
promyelocytic cell lysates to the FXIII-A cleavedoducts treated with purified human
neutrophil elastase and the staining patterns sti@vegh degree of concordance.

10



In case of two samples we measured the quantifyXdfi-A antigen in the cell lysates by
ELISA method. These specimens contained more tHa¥% ®f promyelocytes and no
monocytes were detectable. In these two samples@asured a value of 29 and 80 fg/cell.
The antigen quantity of these promyelocytiukemia cells, was similar as previously defined
for platelets: 60+10 fg/platelet. These resulto abowed a correlation with the values of

MFI, determined by flow cytometry.

Survival in APL based on FXIII-A expression

We found FXIII-A expression in the malignant proroeytes in 10 out of 14 cases.
Monitoring the patients’ survival times, it turnedt that there was a significant difference
between these groups (p<0.0001, with logrank td$te FXIII-A-negative patients did not

react well to treatment or relapsed quite soon.irTheedian survival time was only one

month, in contrast to the FXIII-A-positive patientfollowed for up to 5 years - who are still

alive.
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DISCUSSION

Flow cytometry was a huge step in the diagnostideukemias, and nowadays it serves as a
fundamental method in the differentiation of leuk&raubtypes. In this study, we analysed
the immunophenotypes of the cells by the deteatifoimtracellular and surface markers in a
multicolor setting.

Morphological and cytochemical methods can evaluateeh less cells than flow
cytometry. Inde novo cases, 10-50 x fCcells are routinely analysed, while in follow-up
studies data of hundreds of thousands of cells@ltected, when the number of residual cells
should be determined. Flow cytometry services etlaith 2-3 colors and nowadays, in
larger centers it is carried out with 6-10 coldree major aim is to to define the cell line, that
can be achieved most reliably by detecting theaayioplasmic markers (cyCD3 - T-cell,
cyCD7 - B-cell, MPO - myeloid cells). Moreover, the iatytoplasmic markers can also
provide some useful information about cell maturBy the multiclor examination of these
surface and intracellular markers, LAIP can be iified.

Acute lymphoblastic leukemia (ALL) was the first rilogical malignancy
investigated in detail by flow cytometry. AML phégping is a more recent entity, where the
identification of the myeloid origin, is establishen the intracytoplasmic presence of the
MPO marker. After identifying the cell line, furthmtracytoplasmic and surface markers are
used to establish cell maturation and the AML spéty

Morphological features and cytochemical reactionsvided the basis for the FAB
(French-American-British) classification. Accordipgthe following AML subgroups exist:
MO-M4, M5a, M5b, M6-7. (MO: with minimal differerdtion; M1: without maturation; M2:
with maturation; M3: acute promyelocytic leukemM4: acute myelomonocytic leukemia;
Mb5a, b: acute monoblastic, monocytic leukemia, M#ythroid leukemia M7: acute
megakaryoblastic leukemia.)

As the prognosis and the treatment of AML subtypey be different it is imporatnt to
know the exact AML subtype. This categorizing aned by the evaluation of the marker-
specific expression patterns of the malignant cells

In recent WHO documents the AML classification sséd on genetic abnormalities.
According to its 2001 issue, 50-60% of AML casesobged to a so-called AML-NOS
category (NOS= not otherwise specified). In thoases normal karyotypes were found. In
the 2008 WHO classification, three new chromosochahges were incorporated as follows:

t(6;9), inv(3), t(1;22). These are rare abnormeditibut their identification is important,
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because they are associated with poor prognosistlaey require allogenic stem cell
transplantation. Moreover, two new, provisional itegg were established: AMINPM1
(nucleophosmin) and AMICEBPA (CCAT/enhancer binding protein alpha) with mutatio
Both are often accompained with normal karyotyddsese new markers reduced the AML-
NOS category to 30%. In the NOS category the sgalg similar to the old FAB
classification.

In spite of the fact that genetic differences pdevihe basis for AML classification,
morphological examination and immunophenotyping aered a frontline examination
method. Subtyping may be difficult in several casgps the diagnosis based upon the lack of
markers in M3, the verification or precluding of nablast origin and separation MO-M2
types from M4-M5. The MO0-M2 and M4-M5 leukemias mhbag differenciated by the
expression of CD14 monocytic marker. It was presiplknown that cells of monocytic cell
lines contain FXIII-A protein. The assumption, thatIll-A can be detected in malignantly
transformed monoblasts/monocytes, was verifiechimunomorphological methods.

For the first time we used multicolor flow cytometo detect the presence of FXIII-A
in AML bone marrow and peripheral blood samples. docordance with the early
descriptions, only the ‘A’subunit is present in theripheral blood and bone marrow cells.
FXIII-A positivity was detected only after the pegabilization, so it must be intracellular.

We did not identify any FXIII-A in granulocytes, lgrin the MPO-dim, CD14 positive
monocytic cells. In bone marrow samples we obtaipeditivity in the CD45-bright
monocytes and in CD45-dim monoblasts. This metra, FXIII-A is an ideal marker to
separate granulocytic and monocytic cells.

We examined the timely appearance of FXIII-A onl deles of granulocytic and
monocytic differentiation. FXIII-A did not appearudng granulocytic differentiation,
however, during monocytic differentiation we iddéiet FXIII-A even at the most immature
stages with high intensity, while the CD14 surfavarker was only detectable upon
differentiation. This identifies XIlI-A as a veryady marker of the monocytic cell line when
the CD14 marker has not yet been expressed orethsucface.

Based on these results we investigated FXIII-A fposf in AML specimens by flow
cytometry. In the subtypes of MO, M1, M2, M6, nospivity was found with only one
exception. This FXIII-A positive AML case aside thmonocytic and megakaryocytic
subtypes proved to be MO. In this case the FXIpdSsitivity is not very surprising, because
these malignant, undifferenciated blasts may aft@aress at the same time myeloid, B-cell or
T-cell markers. In the M4 and M5 AML cases FXIll-&pression exceeded that of CD14

13



labeling. Analysing MFI values, it could also benctuded that FXIII-A differs from other
intracytoplasmic markers, since it is present idignant cells with higher intensity than in
the normal cell populations. In M4 and M5 AML casesl in CMMoL patients FXIII-A MFI
values were significantly higher than in normal moytes.

FXIII-A is also a useful marker in the classifieatiof AML M7, since its presence has
been described in the megakaryocyte cell lineageaarery strong FXIII-A fluorescence was
detectable in malignant megakaryocytes.

An unusual pattern of marker coexpression in ateukemias also referred to as, the
LAIP, gained great importance, since when lookioigrhinimal residual disease, this enables
the detection of malignant cell populations frombseguent samples. LAIP aids in the
differentiation of leukemic blasts from normal hdopietic progenitors in the regenerating
marrow.

Aberrant immunophenotypes can manifest in sevesahd, e.g. bilinearity, cross-
lineage antigen expresson, antigen overexpresssgnchronous antigen expression or
aberrant light-scattering.

The importance of LAIP is now increasingly beenogdzed also in connection with
AML. Although from the prognostic point of view,daltytogenetic abnormalities are the most
acceptable independent risk factor, it is knowrt thanearly half of AML cases there is no
chromosomal abberation. Several retrospective aasalwere carried out in which the marker
expression patterns of several hundreds of AMLep&si were compared to therapy response,
the ratio of complete remission and relapse. Tkalt® were miscellaneuos and the relation
between the myleoid marker (CD13, CD33, CD117) esgion and the prognosis was not
evident.

Even today the outcome of an AML in the adultha®deiatively poor. Only 25% of the

cases reaches 5 years in survival time (www.saeretayoy. Since there is no cytogenetic

abnormality in many cases, the study of other @adtéeve prognostical factors came in the
foreground. Two transmembrane proteins causing obl@mapy resistance were widely
studied; the Rjlycoprotein and the FLT3 tyrosine kinase. The fiogincy of the
chemotherapy related to these proteins means dicignly shorter survival time.

In our early studies we also identified an AML M&se with FXIll-positivity, that was
a surprsing result, that is why we looked systecadlyi at further APL samples. FXIII-A
antigen was found in 70% of promyelocytic leukeroadls. The leukemic cells showed a
typical pattern based on lack of markers (CD34-/6dnd HLA-DR negativity). The CD45-

dim cells had an intensive autofluorescence and MPIGB3 and CD117-dim positivity. The
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presence of FXIII-A in the cells was also confirmag CLSM, where an intracytoplasmic
localisation was detected.

By a sensitive ELISA we found, a high FXIII-A contdn malignant promyleocytes its
quantity was similar to the FXIII-A content of pddéts and 10 times more than in another
LAIP associated expression in leukemic lymphoblaBte structure of the subunit ‘A’ within
the cell was examined in platelets and was foundAirdimer form, similarly to other
intracellular forms. The process of FXIII-A actiiat differs in case of plasma and in the
cytoplasm. In the plasma, thrombin cleaves thevatitig peptide in the presence of’Cand
the active enzyme (FXllla) is formed. Cellular mation is, nevertheless, a much slower
process. No proteolysis is required and the adativat started under the effect of calcium.
We do not know any mechanism that controls the gg®®f inactivation, however, it has
been recently proved, that human neutrophil elatddIE) plays a role.

In the APL-specimens we evaluated the forms of FXIprotein by Western blotting.
On the Western blot images we detected a band &DB8®riginating from the patients’
promyleocytic cell lysates, referring to FXIlI-Ae®eral more bands were detected, as well,
referring to some other smaller proteins. Compatimg bands obtained by the cleavage
products with the ones received from purified F>AH cleaved through proteolysis by HNE,
we got a similar pattern. Thus, we concluded that $maller mass fragments, originating
from FXIII-A found in APL samples are probably foeehthrough the intracellular proteolysis
by HNE.

Studies carried out on cell lines supported the itieat cells of myeloblast origin
express no FXIII-A antigen in any phase of the abfferentiation. Examining normal
promyelocytes we also confirmed this notion, siiedll-A can not be detected in normal
promyleocytes. From these data, we could conclhdé EXIII-A expression in leukemic
promyelcytes is LAIP. APL, according to the 208810-classification, is an independent
entity with the unique genetic abnormality; t(15;17he origin of APL cells is not entirely
clear. Monocyte markers such as CD9 or CD68, buOmil4, have already been detected on
APL cells. To find markers which are positive oty APL would be of great importance,
because APL immunophenotyping is recently basedlynos finding marker negativities.
Due to the low number of our APL cases, we canjmdge, whether there is a connection
between FXIII-A expression and the presence ofedmsated intravascular coagulation.
Bleeding can be the consequence of diverse reablmgever, neutrophil elastase may also

contribute to it. We observed that in those whoesasho did not react to treatment or in
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whom a relapse soon occured, no FXIII-A reactionl@éde detected. In their case the mean
survival time was about one month. To date, alllFXIpositive APL patients are all alive.

According to our results, examination of FXIII-A rkar is useful in solving differential
diagnostic problems in AMland searching for MRD. In case of AML M3 the FXAI-
marker indicates leukemia-associated immunopherofiAIP), which also have an effect
on the prognosis.

SUMMARY

FXIII of blood coagulation is a protransglutamina#is active form stabilizes the fibrin
network in the final phase of blood coagulationthie peripheral blood it is circulating as a
heterotetramer (M,) while its cellular form is a homodimer £A It is present in the
megakaryocytes /platelets and a monocyte/macroptelgénes and was also detected upon
malignant transformation of these cells.

In our studies we investigated the expression otdfaXlll in AML. Below is a summary of

the conclusions of my studies.

* By using monoclonal antibodies to the A and B sutisuof FXIII we established by
flow cytometry that in normal peripheral blood dmehe marrow only the A subunit is

present intracellularly in cells of monocytic ongi

* By investigating relevant cell lines we found tldlatring granulocytic differentiation,
FXIII does not appear at any stage, but is predenhg monocyte maturation even in
the most immature cells and CD14 appears only enntlore mature forms. During

maturation intracellular markers appear earlientharface markers.
* In M4 (myelomonocytic) and M5 (monoblastic and moytec) AML subtypes, cells

of the monocytic lineage could be identified basadheir FXIII-A content while the

surface CD14 was still negative.
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e During our studies we identified FXIII-A antigen BPL cells. The enzyme was
localized in the cytoplasm and beside the intaotgin, fragmented forms were also

identified by Western-blotting.

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

diagnostics.

* Based on the limited number of investigated APLigmds, a favourable survival of
FXIII-A positive cases is suggested, that requivether studies.
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