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1 INTRODUCTION

The microenvironment takes a significant part ihe t
maintenance of bone marrow homeostasis and hensipoidhe
stromal cells control the amount and distributiofh @ytokines,
extracellular matrix components and ions which lagu the
proliferative activity, differentiation and mobiazion of hemopoietic
stem cells.

In  pathological conditions the activation of the
microenvironment may lead to fiber accumulatiorlechimyelofibrosis.
According to the composition of the extracellulaatnix, myelofibrosis
can be divided into two categories: reticulin antlagen fibrosis.

In the routine practice myelofibrosis can be masigdently
detected in association with neoplasms such asapyitesions of the
bone marrow (e.g. acute and chronic myeloid or lyaigh leukemias,
myelodysplastic syndrome, myeloproliferative neepia plasma cell
dyscrasia, histiocytic neoplasm or mast cell leukg¢mBeside these,
fiber accumulation can develop due to solid tunmwolvement of the
bone marrow.

Matrix fiber accumulation has variable clinical sifigcance in
the different disorders. In primary myelofibroseticulin and collagen
accumulation is one of the major features of treease and it is an
independent prognostic factor for the overall swaki In chronic
myeloid leukemia fibrosis is also a negative pragivofactor which
predicts the inadequate therapeutic response. Brimgelodysplastic
syndrome is also frequently associated with myetoBis. It has been
established that fibrosis is a negative progndsiitor for the overall
survival in MDS. However, in the remaining largeogp of disorders,
the effect of the mesenchymal cell expansion ard dbnsequential
myelofibrosis on the survival is less evident.



The detection of fiber accumulation is usually fpened in
decalcified, formalin fixed, paraffin-embedded tngpe biopsies taken
from the iliac crest. Microscopic semi-quantitativeethods were
introduced for the evaluation of myelofibrosis taka the extension of
fiber accumulation comparable in clinical studi@he Gomori’s silver
staining is a widespread method for the detectibrmgelofibrosis
which is based on the identification of the glyapm matrix
surrounding the collagen fibrils. Using Gomoriitver impregnation
the thin black reticulin fibers can be distinguidiieom the branches of
thick yellowish-brown appearing collagen fibersite bone marrow of
healthy individuals reticulin fibers can be detecte the vessel wall,
and surrounding adipocytes in a scattered fashvbiie collagen fibers
are not present. Altogether ten semi-quantitatixeedigpgg systems are
known among which the Bauermeister's scale (197t tae grading
system of the European Consensus (2005) are watmdgpted, both
adapted to the same silver staining.

In fibrotic disorders the proliferation of fiberq@ucing cells and
the fiber production itself is under the controltissue growth factors,
such as the platelet derived growth factor (PD®Hjch is responsible
for the proliferation of fibroblasts.

PDGF receptors (PDGFR) are members of the membrane
tyrosine-kinase receptor family, composed of the serbunits PDGFé&
and PDGFR, which alternatively form homo- or heterodimersaicell
type specific manner. The different PDGFR dimens aetivate signal
pathways which show partial overlap. The most irtgur effects of
PDGF receptor activation are cell cycle promotiactjn reorganization
and chemotaxis. Furthermore, PDGF receptors takkarpambryo- and
organogenesis.

Generally, fibroblast activation and proliferatiand subsequent
extracellular matrix production are the major stepsghe development
of fibrosis. The activation of PDGFR pathway is doamtly involved
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in this first step. PDGF is secreted by macrophaged other
inflammatory cells together with other cytokinesiethmay stimulate
the expression of PDGFR. In addition to reactivel dgpes
megakaryocytes of the bone marrow show a high espe of the
receptor ligand.

The PDGFR signaling pathway can be influencednanraber of
ways, from which the inhibition of tyrosine-kinaaetivity seems to be
highly effective. Currently, imatinib mesylate (itmab, ST1571,
Gleevec) is one of the most frequently used tym&inase inhibitor
interacting with PDGFR, PDGFRB, bcr-abl fusion protein, c-kit and
FIt3 activity. Imatinib and newer generation TK-itors are widely
used for the treatment of Philadelphia-chromoson®tipe chronic
myeloid leukemia, gastrointestinal stromal tumard disorders bearing
PDGFR gene involvement.

According to the current theory the cellular comgat of the
bone marrow stroma may reflect basic informatiogarding the
fibrotic process in addition to the assessmentilmérfaccumulation.
Due to earlier studies it can be supposed thataserfreceptor
compounds required for cell activity will specifilgahighlight fibrosis
related changes. In contrast to the bone marrber fcontent, the
extension of fiber producing cells may be a moreayic parameter
which may be altered faster by the surroundingofactBased on the
pathogenesis of myelofibrosis it can be hypothekibat the stromal
cell proliferation may be a predictive factor for yehofibrosis
progression potentially useful in disorders whehe fpresence of
fibrosis influences the survival.

Based on the PDGFR expression profile of normalebomarrow
samples, positive and negative internal controfs lwa defined, which
increase the reliability of the method. The immustdthemical
detection of PDGFR expression can be standardized more accurately
than silver impregnation.



The features of immunohistochemical staining metledis precisely
differentiate between the immunonegative and imrositjye areas
offering the opportunity for digital image analysisn contrast to the
partially subjective semi-quantitative grading sysf parameters
provided by digital image analysis allow precisenparison of follow-

up samples. It could be useful in cases where fli@eacy of newer

anti-fibrotic therapies is evaluated. The assessmgih PDGFR

expression may be at the same time the identiicatf a new

therapeutic target in the era of tyrosine kinasdhitors.
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AIMS

The evaluation of PDGFRand PDGFR expression pattern in
normal, human bone marrow samples.

The assessment of PDGFR expression in different
oncohematological disorders associated with mjpetusis.

Correlation analysis between the amount of PDEBBSitive
stromal cells and the extension of fiber accunaatin
myelofibrosis using a newly introduced semi-quaini
microscopic score system.

The evaluation of the predictive value of PD@FEXpression on
myelofibrosis progression in myeloproliferative plasms, where
the presence of fiber accumulation influences th#come
according to the literature.

Development of a digital image analysis based rdethiowing to
determine and to automatically measure the POIGFR
immunpositive areas of the bone marrow.

Assessment of the correlation between the myatsitograde and
the image analysis based continuous parameteeseefing the
number and extension of PDGFpositive cells.



3 METHODS:

3.1 Patients

3.1.1 Assessment of PDGFR expression and its correlatitim MF
grade

For the evaluation of PDGFRand PDGFR expression,
altogether 60 bone marrow biopsies were retrosgaygtievaluated,
which had been collected for diagnostic purposeth@tHematology
Department of the Institute of Internal Medicinennitersity of
Debrecen, Hungary. The age ranged from 2 to 90sy¢lae number of
females was 35, while the number of males was 2&.9dlected 47
representative bone marrow samples with diagnoseshwpotentially
lead to MF, according to the literature. A furtli& cases with normal
non-fibrotic (MF-0) bone marrow were selected asticms.

3.1.2 The predictive role of PDGBRexpression in myelofibrosis
progression

To assess the predictive role of PD@FRxpression in
myelofibrosis progression 193 initial and follow-upone marrow
biopsy samples from 84 patients with myeloprolif&aneoplasia were
provided by five hematopathology centers in coltation with the
European Bone Marrow Working Group. Usually twoiaesamples
per case represented the course of the diseaseuglit for some cases

more biopsies were provided. The mean follow-upetimas 34.43
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months (2-151 months). Within the study collectR®IF represented
the largest homogenous disease group, which wdsated separately.
Altogether 126 initial and follow-up biopsy sampfesm 55 PMF cases
were analyzed. The mean follow-up time was 30.1742 months).

3.1.3 The objective evaluation of PDGFRexpression by digital
image analysis

Altogether 79 trephine biopsy BM samples were setbaevith
different degrees of myelofibrosis. All bone marrepecimens were
obtained at the Hematology Unit of the Universitly @ebrecen for
diagnostic purpose. To evaluate the correlationwéeh newly
introduced PDGFR related image parameters and microscopic semi-
guantitative methods (MF grade and PD@FRcore), 10 non-
pathologic and 32 pathologic samples were seleétedthe validation
of the algorithm 37 further pathologic BM samplesrgvevaluated.

3.2 Processing of bone marrow biopsy samples

Bone marrow biopsies taken in or sent to the Usiwerof
Debrecen were fixed in formaldehyde for 1 day whies followed by
decalcification and embedding in paraffin wax.

3.3 The evaluation of MF grade

Reticulin staining and the evaluation of MF gradeasw
performed in all part of the scientific work. Theade of reticulin
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staining was determined in the microscope accortbnthe European
Consensus on grading bone marrow fibrosis. Thesvisdespread semi-
guantitative system with four grades (MF-0, -1,-3),

Gomori’s silver impregnation

Reticulin silver impregnation (Gomori’s stainingyas done
according to a standard protocol. Slides were aguliwith 0.5%
potassium permanganate (60458, Sigma-Aldrich) fami® which was
followed by rinsing with three changes of distiliedter. A 1% solution
of potassium metabisulfite (31628, Sigma-Aldricb) L min was used
for destaining. Slides were then washed with rugrap water for 3
min and rinsed with four changes of distilled watarfreshly made
solution of 10% silver nitrate (21572.188 VWR Arfala&Normapur)
containing 2% potassium hydroxide (P5958, Sigmadélt] was used
for 1 min for impregnation. After impregnation tskdes were rinsed
with distilled water and then 10% solution of folma (03300,
Formaldehid Molar Chemicals) was used for 5 minj ahdes were
washed again. Exposure to a 0.2 % solution of aldogold (520918,
Sigma-Aldrich) for 30 s was followed by washes istiled water.
Finally, slides were fixed in 1% sodium thiosulphd&67026, Sigma-
Aldrich) and rinsed with two changes of distilledater before
dehydration and coverage with a cover-glass.

3.4 Immunohistochemical examination

PDGFR3 immunohistochemical staining and the assessment of
PDGFR3 score was performed in all part of the scientfiork. The
PDGFR3 scoring system is morphologically comparable ® ¢hrrent
MF classification, it also has four scores (PD@HR -1, -2, -3).
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Besides the assessment of PD@FBxpression, PDGHR
immunohistochemical staining was performed as whil. double
immunohistochemical stainings anti-PDGFRand anti-PDGFR
antibodies were combined with each other and algb anti-nestin,
anti-CD34 and anti-SMA primary antibodies.

PDGFR and double immunohistochemical stainings

For immunohistochemistry, samples were incubatedh wi
peroxidase-blocking reagent which was followed byigen retrieval.
To specifically demonstrate PDGBRand PDGFIR positive bone
marrow cells, samples were incubated with the BBMsFR3 and anti-
PDGFRx primary monoclonal antibody. Antibody binding was
visualized by DAB chromogen detection system whiels followed by
hematoxylin counterstaining.

The intensity and the distribution of the immunatean was
assessed by light microscope and for archiving ¢haracteristic
changes photos were taken by digital camera.

Double immunostaining was performed sequentialiythe En
Vision FLEX/HRP system. Following the first IHC Btang terminating
with the EnVision FLEX/HRP detection step, the ibation with the
second primary monoclonal antibody was performenti-RDGFRy,
anti-PDGFBR, anti-SMA, anti-CD34 and anti-nestin antibodiesreve
used in different combinations. In addition to DABrown color) the
chromogen VIP was used to highlight the second Hd@ction in a
different color (dark violet). For double stainiegperiments methyl-
green counterstaining was performed.
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3.5 Imaging and digital image analysis for the objective
evaluation of PDGFRf expression

PDGFR3 IHC stained slides were captured by the Panoramic
slide scanner device which consists a multicologitdi camera
(Stingray F146C IRF Medical, Allied Vision Techngles, Stadtroda,
Germany) supplied by 3DHistech (Budapest, Hungariigitalized
images were decompressed to obtain image tiles7B&3x size which
were used for evaluation. Altogether 1437 tilesrfrd2 bone marrow
biopsy samples were used for the development oéldparithm, which
can be used for the objective assessment of PBE@KRression.

3.6 Statistical evaluation

Satistical evaluation and graphs were made usieg@haphPad Prism
and Microsoft Excel softwares. Using semi-quarnititat methods

discrete values could be obtained and non-paramstatistical tests
were performed, such as Spearman correlation arldo¥éin paired

test. The r value was calculated with 95% configemterval, p<0.05

was considered to be a significant correlation,0.?5 was considered
as strong correlation.

12



4 RESULTS:

4.1 PDGFR expression pattern of normal bone marrow
samples

The evaluation of PDGRRand B receptor expression profile
was performed in non-fibrotic bone marrow biopsynpkes. The two
types of tyrosine kinase receptor subunits shoviféerent distribution.

PDGFR. expression could be detected in endothelial and
endosteal cells. In contrast, PDQ@FRsubunit was expressed by
perisinusoidal/pericapillary stromal cells (peregt and adventitial
fibrocytes of the larger vessels in a pattern simib normal reticulin
fiber distribution. PDGFR expression could not betedted in
adipocytes.

Double immunohistochemical stainings revealed PR co-
expression in the single layer of bone lining enealscells. Significant
PDGFRB could be detected in the adventitial layer ofvihssels, while
these cells were negative for PDGF8ubunit, as well as for CD34 and
SMA. Both the pericapillary and the perisinusoiddtomal cells
(pericytes) were constantly positive for PDGF&nhd SMA, while the
endothelial cells surrounded by them showed PD&RERd CD34
expression.

Interstitial stromal cells (reticular cells) apfmdm the vascular
system and the endosteal layer were virtually 6eEDGFR labeling
in the non-fibrotic control bone marrow group orlyom minimum
amount of scattered cells could be detected.
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4.2 PDGFR expression pattern in myelofibrosis

Our studies on pathologic bone marrow samples stpwthat
only PDGFR expression level increased in fibrotic alteratiavisile
PDGFRx expression not. Increased PDGF&xpression — similarly to
the fiber accumulation — appeared in several differdisorders. Our
work focused on the myeloproliferative neoplasmsd athe
myelodysplastic syndromes, although stromal agtimatcould be
identified in lymphoid and other myeloid neoplasasswell as in solid
tumor metastases.

4.3 The correlation between MF grade and PDGFRp
score

To address the PDGBRsubunit expression more accurately an
immunohistochemistry scoring system was appliedifferent degrees
of bone marrow fibrosis (ranging from 0 to 3 grgdegnich followed
the quantitative approach of the well-establisheticulin scoring
system.

On the basis of 60 samples the correlation betwbenMF
grade and the PDGPRscores proved to be strong (the Spearman r was
0.83). There was a good agreement between the PP@kpression
(score 0-3) and the myelofibrosis grade (grade m+3he non-fibrotic
control group (mean 0.0 (SD=0.0) vs. mean 0.15 (&B8)
respectively, p= 0.35; n=13). The MF grade was Mia-@he control
group by definition, while the PDGMHBRscore was PDGHRO or
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PDGFRB-1. The stromal cell proliferation never exceedrscb in this
group.

Similarly, there was an agreement regarding MF RbBdGFRB
scores in the majority of the pathologic bone marocbhanges, 26 of 47.
However, 21 evaluated in total cases showed a higb&FR3 score
compared to the conventional myelofibrosis grade.chses with
pathologic bone marrow the score of PDGIBRexpression was
significantly higher than the myelofibrosis gradeegn 1.21 SD=0.98
vs. mean 1.66 SD=0.84 respectively, p < 0.0001)

Non-fibrotic cases with extended stromal cell \ztibn raised
the possible predictive role of PDGBFRHC staining. Unfortunately,
follow-up samples from these cases were not availab

44 The predictive role of PDGFRS expression in
myel ofibrosis progression

4.4.1 Correlation between PDGFRxpression and MF grade

The statistical analysis of all 193 bone marrow glasfrom 84
cases resulted in a strong correlation between dheount of
accumulated fibers (MF grade) and the activatecbnsdt cell
component (PDGHR score); Spearman r=0.83, p<0.0001. Statistical
evaluation of the 126 samples from 55 cases witl lMgnosis led to
very similar results; Spearman r=0.86; p<0.0001. tAe¢ time of
diagnosis 14 of 84 cases showed MF-0, 30 cases,\E-tases MF-2
and 19 cases MF-3.

Follow-up cases were classified into two groupoetiag to the
changes in MF grade. MF progression was definethbyincrease of
MF grade during follow-up period (n=34). Cases withany change or
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decrease in fiber content during follow-up were sidared as non-
progressive (n=50). The outcome of MF was assediseag the whole
follow-up period in cases with higher (n=28), eq(&t52), and lower
(n=4) PDGFR score compared to MF grade. Using the log rank tes
there was no significant difference in the prolabilof fibrosis
progression in the different PDGBRubgroups (p=0.3028). However,
19 of 84 cases presented already at the time ahiti@ diagnosis with
fully developed myelofibrosis (MF-3) and thus, abuhot progress
further. The statistical analysis done after tlgiclusion ended with a
similar result (p=0.4547).

To evaluate the short term effect of PD@FRctivation, the
same analysis was performed for cases having fallpwsamples
within 12 months (37 cases). The log rank testrdiishow significant
difference in the probability of fibrosis progressiin these short-term
follow-up series (p=0.2084) which looked similateafthe exclusion of
MF-3 cases (p=0.7398).

It could be hypothesized that in pre-fibrotic cadeDGFR
expression predicted MF progression, but this ptedi feature
disappeared in cases with advanced fibrosis. Attiime of initial
diagnosis 14 cases proved to be pre-fibrotic (gMBeD). Difference in
the probability of fibrosis progression could netdtated using the log-
rank analysis (p=0.1982).

PDGFR3 scores higher than MF grade predicted the proigness
of MF in general (n=65) with a sensitivity of 43%daa specificity of
46% after the exclusion of MF-3 cases. In the steorh analysis
considering only the initial 12 months follow-upne (n=26), elevated
PDGFRB score proved to be predictive of progression wigensitivity
of 82% and a specificity of 53%. Most interestingbye-fibrotic cases
(initial MF-0) showing an elevated PDGBRcore became frequently
fibrotic and the progression could be predictedaitsensitivity of 90%
and a specificity of 75%.
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4.4.2 Correlation between PDGFERxpression and MF grade in PMF

PMF was the largest and most homogenous diseasp giithin
our multi-center study, so all analysis were repeat this subgroup.

The probability of MF progression was evaluatec¢ases with
higher (n=14), equal (n=39) and lower (n=2) PD@FRore compared
to the MF grade. There was no significant diffeeeirc the probability
of fibrosis progression in the different subgroips0.3905). We also
performed the evaluation of PMF cases with onlyharts(within 12
months) follow-up history (20 cases). Although pessive cases were
associated with higher PDGBRscore, there was no statistically
significant difference between the subgroups (p&02j.

In PMF, a bone marrow status with higher PD@FRore than
MF grade predicted progression of MF with a sewisjtiof 40% and a
specificity of 53% after the exclusion of MF-3 caga=37). The short-
term analysis resulted in 83% sensitivity but oa#ifo specificity for
the progression prediction of elevated PD@RRore (n=15).

4.5 Digital image analysis for the objective evaluation of
PDGFRf expression

Based on hue value and saturation, two separayedslavere
created during image processing of digitalizedesidThe first layer
defined only the IHC related brown staining or “Wrolayer” while the
rest of the hematoxylin stained bone marrow pargmeh was
determined as the “violet layer”. The sum of pexfibrown objects
obtained from the brown layer after background exron was called
“brown component (Bc)”, while the purified immunaagive, violet
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layer was called “violet component (Vc)”. Vc and Bomponents
together formed the intertrabecular hemopoieticepanyma, which
was called “region of interest, (ROI)".

Using the region of interest (ROI) and the browmponent
(Bc) the following image parameters were evaluatadirst line the
number of objects: the sum of the intertrabecutamd objects, which
corresponds to the number of PDGFpositive cells and cell clusters.
SumArea: the sum of the area (number of pixelsliobrown objects.
SumPerimeter: the sum of the perimeter of all browijects.
SumSkeleton: the sum of the skeleton of all browbjeds. An
additional parameter used was the weighted Penn{etBerimeter)
where the number of cross-points and end-pointhinvithe objects
were considered. The highest fifty derivates ofueal (Top50 values)
were also calculated, such as Top50Area, Top50R&FN
Top50Skeleton. Top50 parameters can be given fon 8k of a case
or for the whole slide as well. Relevant parametezee also evaluated
in relation to the total marrow parenchyma (/R@b,the cellularity of
the sample could be also considered.

Overall 13 parameters were defined, which werefahewings
SumArea, SumPerimeter/ROIl, SumSkeleton/ROIl, Numbef
objects/ROI, Top50Area, Top50Perimeter, Top50SkaleNumber of
objects/Bc, wPerimeter/ROI.

4.6 Correlation between PDGFRf expression related,
image analysis based parameters and MF grade
4.6.1 Validation of the detection of PDGFRBxpression

From the 13 parameters eight showed strong ctioelwith the
microscopic MF grade (r>0.75) and with the PD@Fstore as well
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(r>0.75) in the first set of 42 samples. These tejggrameters were
further assessed. Image processing and statisioalyses were
repeated for validation purpose in further 37 sa®plSignificant
correlation of the eight image analysis parametets MF grade and
PDGFR3 score could be clearly validated. Spearman r mrigween
0.72 and 0.81 for MF grade and between 0.70 and f@8PDGFR
score.

4.6.2 PDGFR image parameters correlation with MF grade

There was no measurable difference between threataontrol

BM and pathologic BM lacking fibrosis (MFO). In doast, a gradual
increase in all evaluated data sets could be seem the MFO to the
MF3 grades in the diseased bone marrow. All of eight selected
parameters showed significant difference betweenO MiAd MF1
grades (P values between 0.012 and 0.047); MO aR@ Nrades
(P<0.0001 in all settings); and MFO and MF3 gra@s0.0001 in all
settings). All parameters of MF1 (mild fibrosis). WdF2 (intermediate
reticulin fibrosis) cases showed robust differencesth high

significance levels. None of the applied parametegsulted in
statistically significant differences between p#&tgec MF2 and
pathologic MF3 grades (p values between 0.29140a8€57). ROC-
analysis revealed similar differences in cases diifierent MF grades.

4.6.3 Comparison of PDGBRexpression in follow-up cases using
image analysis

Bone marrow heterogeneity is well known in MF. Thene
marrow parenchyma is not uniformly involved by tiistribution of
extracellular matrix fibers. The classical MF graglis mainly based on
the dominant changes occurring in the section.dgssthe MF grade,
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the proliferation of PDGFR positive stromal cell show the same
heterogeneity. PDGHR immunohistochemistry based image
measurements can reflect the mean of all everdgspective of their
distribution.

Tissue heterogeneity is difficult to consider usitigg semi-
guantitative evaluation done by microscopy and haso true for fine
differences between follow-up cases. Using selenteje parameters
an objective comparison of individual samples bexaossible.
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5 DISCUSSION

Myelofibrosis is characterized by stromal activatievhich
results in reticulin and collagen accumulation.ARIF and MDS the
presence of fiber accumulation is prognosticallgwant and correlates
with the overall survival.

The Gomori’s staining is performed as gold-staddaethod for
the detection of myelofibrosis. To assess the axbanof the fibrosis a
semi-quantitative grading system is used whichfbasgrades (0-3).

The MF grade reliably describes the BM fiber cahtéut does
not provide information about cellular participantsf stromal
activation. Activation and proliferation of stron@lls were detected in
several fibrotic disorders and the role of certgiowth factors in the
pathogenesis of fibrosis was also established. Amibhrese growth
factors, TGF8, PDGFAA and PDGF BB have major role. The PDGF
ligand binds to the PDGF receptor, which has twtypes: PDGFR
and PDGFR. The PDGFR belongs to the tyrosine-kinase receptor
family, so its activity can be inhibited by tyrostkinase inhibitors.

The identification of PDGFR expression in fibrotisorders led
to the testing of tyrosine-kinase inhibitors in gbealterations. Several
in vitro studies supported the fact that fibroblast pradifien can be
blocked by tyrosine-kinase inhibitors. In animal dets the tyrosine-
kinase inhibitors improved the outcome of pulmon@syosis, cirrhosis
and nephrosclerosis, even though in clinical trilaésresults were either
controversial or not available yet.

The increased production of growth factors hasleetablished
in myelofibrosis as well, although the assessmentstoomal cell
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proliferation has not been studied yet. The tyredimase receptors
may be potential therapeutic targets in myelofilras well, however,
only indirect results were reported so far.

One of the aims of the PhD work was to assesREHeFR and
PDGFR3 expression in stromal cells of the normal andatilcr bone
marrow and to evaluate the correlation betweeratheunt of PDGFR
positive stromal cells and myelofibrosis.

In normal bone marrow, PDGlRexpression was detected in
endothelial and endosteal cells together with theigd expression of
interstitial fibroblasts. PDGHR was expressed by pericapillary and
perisinusoidal pericytes, stromal cells in the audiil layer of vessel
wall, endosteal cells and by interstitial fibrolitas

In bone marrow samples with fibrosis, increasedGPBEB
expression could be detected.

To assess the correlation between the PDE5ERpression
reflecting the amount of fiber producing fibrobgsind the MF grade
reflecting the amount of fiber deposition a semaafitative scoring
system was created. The score ranges from 0 t Bake the system
practical and comparable with the widely used uditicscoring system.
On the basis of 60 cases strong correlation coalddiected between
the MF grade and the PDGBRcore. However, in 21 of 60 cases, the
PDGFR3 score exceeded the fibrosis grade. This observatised the
potential predictive role of increased PDGFR exgims

According to our hypothesis stromal cell activatiand
proliferation is required for fiber production, tieéore, the predictive
value of elevated PDGHRexpression for myelofibrosis progression in
myeloproliferative neoplasms was analyzed. In tdisorder the
negative prognostic effect of fiber accumulatiorsveatablished, so that
its early detection may have clinical relevance.

193 initial and follow-up bone marrow biopsy sanspfeom 84
patients with myeloproliferative neoplasia were raspectively
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assessed. In general, higher PD@FRores than MF grade did not
increase significantly the probability of MF progseéon. Cases with
short-term follow-up and prefibrotic initial sampkhowed similar
result. However, elevated PDGPFRscores predicted the MF
progression in the prefibrotic group with the highsensitivity (90%)
and specificity (75%). Our data indicate to a difgognostic impact in
prefibrotic myeloproliferative disorders.

Microscopic analysis and semi-quantitative gradimgthod do
not enable us to compare follow-up samples preciséb evaluate the
therapeutic efficiency of new treatment protocaljective and more
accurate methods are needed. A digital image asdbgsed algorithm
was developed during the PhD work which allows thigective
assessment of stromal activation and precise cosgpaof different
samples.

Our image analysis based method can be used fomated
processing of such bone marrow biopsy samples, evieAB
chromogen was used in the immunohistochemical istpirAfter that
the immunopositive (Bc), immunonegative (Vc) araad the region of
interest (ROI) was determined, 13 parameters wefiaetl from which
8 showed strong correlation (r>0,75) with the Miadg and also with
the PDGFR score. All of these parameters showed significant
difference between prefibrotic cases (MF-0), casgl mild (MF-1),
moderate (MF-2) and advanced (MF-3) fibrosis.

Image parameters reflecting the PD@F&pression highlight
properly the heterogeneity of BM samples, whichngdrbe assessed
using conventional microscopic methods. Objectivgyincreasingly
required for the comparison of follow-up biopsy $é@s to measure the
efficiency of newer anti-fibrosis therapies.

As a conclusion, the major statements of the Plokvare the
followings.
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1. Bone marrow stromal cell express PDGFRnd
PDGFRB receptor subtypes in a highly special distributésmd mostly
limited to vessels and bone trabecules in normadlitons.

2. PDGFR expression is increased in disorders with BM
fiber accumulation.

3. The PDGFR expression reflecting the number of
activated stromal cells strongly correlates with BF grade.

4. The PDGFR score has a potential predictive value for
myelofibrosis progression in the prefibrotic bonarrow, however, this
statement requires further examinations.

5. The newly developed digital image analysis based
algorithm is able to automatically detect the hepaietic areas and
immunopositive areas with high specificity.

6. The image analysis based parameters refledtiegize
and complexity of PDGFRpositive cell groups strongly correlate with
the MF grade determined by microscopy. Image arsabgn be reliably
used for the comparison of follow-up samples.
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6 SUMMARY

Reticulin and collagen accumulation, directing toomal activation,
can occur in different oncohematological conditi@amsl even in solid
tumor metastasis in the bone marrow. The occurrehcayelofibrosis
(MF) has prognostic impact in myeloproliferativeoptasias — first of
all in primary myelofibrosis — and in myelodysplastyndrome. It has
been established that platelet derived growth fa@®GF) produced
by megakaryocytes has a major role in the prolifena of fiber
producing cells. On the other hand, the overexpessf PDGF
receptor (PDGFR) can be seen in several fibrosordiers. Currently,
some studies focus on the potential therapeutie obltyrosine-kinase
inhibitors in these alterations.

The aim of the PhD work was to examine the PDGFRression
pattern and distribution in the normal bone marvd to assess the
correlation between the PDGFR expression and mpetsis grade.
Further, the predictive potential of PDGFR overeggion in
progressive myelofibrosis was evaluated. Finally,adbjective image
analysis method was introduced to detect the amemohdistribution of
the cellular component during stromal activationttod bone marrow
highlighted by PDGFR immunohistochemistry.

We concluded, that different expression pattefrit@PDGFR
andp isoforms characterize the bone marrow stromal patiulations.
A strong correlation between MF grade and PD@&FEXpressing
fibroblasts could be established. On the basis wf @bservations,
PDGFR3 overexpression may be predictive for MF prograssmopre-
fibrotic cases, although further examinations aeeded to prove it.
Using digitalized slides with PDGHBRimmunostained bone marrow
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biopsy sections and a newly developed softwarerigthgo we proposed
an automated method, which recognizes hemopoetie boarrow
parenchyma and immunpositive areas with high sjodgif This

method reflected significant differences in stromattivity and
demonstrated intraparenchymal heterogeneity  in echfft
hematopathological conditions of the bone marrow. summary,
PDGFR3 expression proved to be a reliable and useful eraok the
cellular component during stromal activation in bo@ne marrow.
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