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ABSTRACT

Prediction of prognosisin medulloblastoma
using immunohistochemical analysis

and tissue microarray

Sun Young Joo

Department of Medical Science
The Graduate School, Yonsel University

(Directed by Professor Dong Seok Kim)

Medulloblastoma (MB) is the most common malignagtinoepithelial tumor
found in the childhood. During last 20 years, nawelrapeutic modalities for
MB have been developed in an application of crapiia irradiation and
adjuvant chemotherapy that have significantly impb MB outcomes with
5-year survival rate up to 70-80%. However the niogtortant treatment of
chemotherapy for MB is at high risk for developmeftcrude side effects.
Therefore identifying the suitable therapeutic aaghes in an attempt to
improve cure rates and minimize the side effectsutimost important.
Therefore to define prognosis of patients is impurta determine the clinical

factors and also to identify the biological markénat could be useful in



prediction of MB prognosis and further clinical sliddsion of patients and
several reports describe certain efforts to idgntie prognostic significance
of various patterns of MB pathology and immunohib&mistry but received
data appear to be controversial. Hence we attempbdedctonvincingly
demonstrate on 58 MB patients with age above 3 @ertbrmed one year
follow up after the operation which they undergomaximal surgical
resection, craniospinal radiation therapy and chiberapy to analyze the
immunohistochemical features to cellular differafitin, the proliferative
index (PI), the apoptotic index (Al), and oncogesies TrkC and c-erbB-3 to
determine their prognostic utility in this tumortegory. In our result that
there was no significant correlation between thegposis and the degree of
cell differentiation but the positive correlatiomsvnoted between Pl and Al in
a tumor mass and the number of cases with Pl >\&88significantly greater
in the group of tumors in patients with recurrenB.MA close association
between Pl as a continuous variable and the preigrefree and overall
survival was found that Pl is a single significambgnostic factor for MB

survival.

Key Words: Medulloblastoma, Proliferative index, gmosis, TrkC

Vi



Prediction of prognosisin medulloblastoma
using immunohistochemical analysis

and tissue microarray

Sun Young Joo

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Dong-Seok Kim)

I.INTRODUCTION
Medulloblastoma is a malignant primitive neuroeetwdal tumor of the
cerebellum, which preferentially occurs in child(@ecounting for 20-25% of
pediatric brain tumors), and has a tendency to stedize via cerebrospinal
fluid (CSF) pathways?® According to recent data (Fig 1), an applicatin
craniopinal irradiation and adjuvant chemotherapgveh significantly
improved medulloblastoma outcomes with 5-year saiviate up to 60-70%

® and of course, more aggressive treatment modgalitie still required to



increase the survival rates of medulloblastomadotil. Nevertheless, we
should consider the treatment complications indhg-term survivals such as
impairment of neurocognitive function, endocrinesfiyiction, and secondary
tumors. Therefore, a proper identification of progiic and predictive factors
on which to stratify patients in risk groups isgéfore, of utmost importance

for planning adequate treatment and trying to atwéddysfunctiorS: 2

S YSR in standard risk group 5YSR i high risk group
100y §YRS
i =
N
2 £ =
: | ga  —
B £ e —
840 S 4 |
2 £
2 2 —
E 0r @ 20t \
0 Ry O — el —RTxonly  —adjwantCTx  — preRTxCTx \‘
0 L I 1 1 | I 1 0 1 I L I ! I |
0 24 48 72 9 120 144 168 0 24 & 72 9% 120 144 168
Follow-up (months) Follow-up {months}

Figure 1. The 5-year survival rate of medulloblastoma in standand high
risk group. Recently, an application of craniopimahdiation and adjuvant
chemotherapy has significantly improved medulloiola outcomes with 5-
year survival rate up to 60-70%. (In our data, d@sgd children from 1990 to
2004. Yonsei University Medical Center, Korea.)

Our data showed there is no difference in the satviates according to the

2



treatment modalities in standard risk group. Howewehigh risk group, pre-
irradiation or adjuvant chemotherapy is sure todase the survival rate and it
indicate that intensity of treatment should be edéht depending on the
predicted prognosis to control the tumors with miali complications. The
clinical prognosis factors of pediatric medullolitasa have been well studied
over the past 20 years and currently, few clinfaators have been identified
as rough indicators of unfavorable medulloblastantcomé. Factors that
correlate with outcome include age at diagnosis,cthmpleteness of surgical
resection, presence or absence of cerebrospinal {lOSF) seeding at
diagnosis and extraneural metastasis. The presgrmainstem involvement
has been correlated to poor prognosis in pastegudiut in more recent
studies has not been associated with disease psigne

The patients are now commonly grouped accordingtheir clinical
presentation into standard (older than the ageyafa®s with MO and residual
post-operational tumor smaller than dip and high-risk (younger than the
age of 3years with M+ and residual post-operatitmalor bigger than 1)
groups ¥ which helps guide therapeutic decision. For tigh-hisk patients
may allow more aggressive therapeutic approaches iattempt to improve
cure rates and conversely, standard-risk patieigbtnallow less aggressive

therapies in attempt to decrease morbidity However, we have experienced



lots of exceptional cases showing unpredicted pysign so that numerous
attempts have been made to identify the biologinalkers that could be
useful in prediction of medulloblastoma prognosisd afurther clinical
subdivision of patients.

Immunohistological techniques are potential powerfools for risk
stratification which are used in several tumor destin addition to clinical
factors which it includes differentiation, large llceanaplastic variant,
proliferation index, and apoptosis of tumor cefiattwere recently recognized
to associate with advanced stage and poor progndBigsent clinical
stratification has proven useful as a broad guatepfedicting prognosis and
consequently, efforts are being made to identifiiepés who can be cured
with less intensive therapy and also to developenadfective treatments for
children with resistant disease by the combinatibprognostic significance,
and its association with histological type andickhparameters.

We suggested that these tumor factors may be ysafaimeters in classifying
the prognosis of medulloblastoma and planed thislystto identify their
biological significance. Traditionally, comparinguttiple markers on multiple
tumors, although possible, was logistically chalieg. However, the advent
of the tissue microarray, a recently developednekdgy allowing hundreds

of tissue sections from different tumors to be ygthon a single glass slide,



has made this task far less forbidding. Not onlgglthis facilitate rapid
evaluation of large-scale outcome studies, it adlows comparison of
histologic features, DNA sequence, and transcripression on contiguous
sections of the same tumidrFurthermore, multiple positive and negative
controls included on each slide serve to standauiitiie immunohistochemical
staining.

In present study, a medulloblastoma tissue micayais used to assess the
prognostic significance of multiple immunohistochemh markers in 58
medulloblastoma tumors correlated with patient oote and analyses are
carried out to assess the significance of thesekermralone and in
combination with previously established by whichhbdinical and biological

information can be combined to estimate patientigal.



II. MATERIALSAND METHODS

1. Patients and Tumor Specimens

To maximally eliminate the clinical factors in catudy, we excluded all cases
with less than age of 3 years and any surgical mibyband mortality. All
patients completed the same treatment schedulairgerg, radiation, and
adjuvant chemotherapy. After with approval of ingtonal review board and
obtaining signed informed consent, we finally obéai 58 samples of
paraffin-blocked medulloblastoma which it operatsd Yonsei University
Medical Center, Korea from diagnosed children betw#990 and 2004. The
samples were obtained at the time of primary satgiesection, stored at -
80°C for study references and some of samples algi@ned as via primary
culture of brain tissues. All samples were de-idieat by assignment of a
study number and laboratory staff and the neurapagist (C.F.) were
masked to all patient clinical details so that thé clinical features of
medulloblastoma children have been recorded in east. The classification
of tumor by subtype (i.e. classic, desmoplasticitex]y and large
cell/anaplastic) was performed using World Healtiaaization guidelinés
2 and formalin-fixed paraffin-embedded samples afhetumor were also

collected and subjected to central histopathologyieww by a single



neuropathologist (C.F). The clinical details of eg@atient in the study cohort
were reviewed by a single neuro-oncologist (A.GhHowvas masked to all
histopathologic and molecular analyses. 47 casétsdisease free survival at
the last follow-up were defined as good prognoais] 11 cases with any

tumor recurrence or disease related death wereatkéis poor prognosis.



2. Construction of the Medulloblastoma Tissue Microarray

The formalin fixed and paraffin embedded tissuesewased for tissue
microarray and for each patients, all pathologldakcks and corresponding
slides were obtained then reviewed by neuropatlydimgdiagnostic accuracy
and tissue adequacy. Representative tumor areasia@ttified, and between
two and three cores were obtained for each tunidingya sampling accuracy
of at least 959 *" 2 The blocks (Fig 2) with different samples of each
medulloblastoma prepared immb sections and mounted on positively charged

microscope slides (Fig 3).



Fig 2. The tissue microarray block. It contains two dhike cores of each
tumor samples

Fig 3. The tissue microarray slide b sections were cut from the tissue
microarray and mounted on slides then it stained.



3. Histology and Immunohistochemical Analysis

All the samples were reviewed for focused on nuchize and anaplasia via
routinely stained of hematoxylin and eosin (H&E)dain all cases,
immunohistochemical analysis were performed onesgmtative mm thick
tissue sections. Tissue sections were then bakethfoat 60C, dewaxed in
xylene, rehydrated in graded alcohol, and hydratéth distilled water
through decreasing concentration of alcohol. Tlekage of the endogenous
peroxidase activity was done by 3% ®} in water and antigen retrieval was
carried out by pressure-cooking in citrate buffef 6.0. The appropriate
antibodies and working dilutions are listed in &l After incubation (1hr at
room temperature then overnight a€ ¥ with primary antibodies, sections
were washed and treated with biotinylated link lzody for 20min. Antigen
visualization was achieved by applying a streptavidRP complex (LSAB
kit, Dako, Denmark) for 20min followed by 3, 3’-dignobenzidine
chromogen (DAB, Dako, Denmark) in substrate buffieidazole-HCI buffer
pH 7.5 with H O, and anti-microbial agent). Sections were countersta
with haematoxylin. The specificity of the antibagliesed was checked with
positive and negative control sections. Sectionatéd without the primary
antibodies served as negative controls. For pesitentrols, neural cell

adhesion molecule (NCAM), Neurofilament (NF), Glifibrillary acidic

10



protein (GFAP), caspase-3; brain, Vimentin, Ki67ndil, epithelial
membrane antigen (EMA), erB-3; breast carcinomayenegrowth factor
receptor (NGFR), S100; malignant melanoma, Syndqysip; pancreas tissue,
Bcl-2; follicular hyperplasia and TrkC; spinal gding was processed in the
same way as the medulloblastoma sides. Sectionse wewriewed
independently, which they were analyzed at high landpower. All scoring
was done in a blinded fashion with no knowledg@atient outcome and the
scoring for immunoreactivity of each antibody refte the percentage of
staining within representative areas of each tummod followed scoring
system that — indicates negative, 1+ indicates 1D#4dndicates 10-50% and

3+ indicates >509%.
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Table 1. Summary of antibodies used in this study

Antibodies

Clone/Dilution

Source

NGFR

NGFR 5/1:50

DAKO, Carpinteria, CA, USA

Neurofilament

DA2, FNPT, Rmdo

Zymed, San Francisco,

20.11/1:100 CA, USA
Synaptophysin Polyclonal/1:200 Shandon, Pittsburgh),USA
S100 Polyclonal/1:400 DAKO, Carpinteria, CA, USA
p53 DO-7/1:100 Neomarkers, Fremont, CA, USA
GFAP 6F2/1:100 DAKO, Carpinteria, CA, USA
Bcl-2 124/1:50 DAKO, Carpinteria, CA, USA
Ki67 MM1/1:100 Novocastra, Newcastle upon Tyne,
c-erbB-3 RTJ1(2E11)/1:100 Chemicon, Temecula, CBAU
Caspase 3 E-8/1:100 Santa Cruz, CA, USA
EMA E29/1:40 DAKO, Carpinteria, CA, USA
TrkC Polyclonal/1:400 Santa Cruz, CA, USA
Vimentin V9/1:100 DAKO, Carpinteria, CA, USA

UK

NGFR, nerve growth factor receptor; GFAP, glialriflary acidic protein;

EMA, epithelial membrane antigen.

12



4. Primary Culturein Medulloblastoma

The sample are taken biopsy, at the time of surgeny set up as a sterile
monolayer culture. They are collected asepticallpPMEM/F12 (Dulbecco’s
Modified Eagle Medium: Nutrient Mixture F-12) anelparated into two parts;
tissue culture and cell culture. For tissue cultthie sample was fixed in 10%
Paraformaldehyde for 24 hours then made into parafhbedded blocks that
is used for immunohistochemistry.

For cell culture, mince the sample with scalpelgoirsmall cubes
approximately 0.5mfand transfer the minced sample pieces to theubest
(15ml) and wash sample three times in Hank’'s BSiB @@/l BSA (HBSS).
Allow the sample to settle to the bottom of theetsitbetween each washing
and then incubated with 0.025% trypsin (in HBSS) 36 minutes at 3T
with gentle shaking. Digestion was stopped by ghomiedium then the cells
were passed through /0 nylon cell strainer (Falcon) sequentially. Cells
were resuspended in DMEM with 4mM L-glutamine, 25ngMicose, 10%
FBS(all from Gibco), plated in T2B plastic tissue culture flask at a
concentration of 4 or 8 x i@ells per flask. Cultures were kept in a 5%
CO,/95% air incubator at 3¢ for 10days with regular changes of culture

medium.

13



5. Statigtical Analysis

The chi-square test was performed to determine henethe relationships
were statistically significant. Associations amocigical features (gender,
age at diagnosis, metastatic disease stage, suegtmyt, amount of residual
tumor and clinical risk group), histopathology, amdlecular characteristics
were investigated using Fisher's exact tesidrtest for multivariate analysis
with discrete parameters.

Progression-free survival (PFS) was calculated frini day of surgical
interference till the last event and overall suaVifOAS) was calculated from
the first day of treatment to the last follow-upteleor death. For each
biological and clinical marker, the association hwisurvival rates was
characterized using Kaplan-Meier method. For Kité@eling index result
were expressed by mean SD and the mean level were compared using the
Student’s unpaired t-test. A P-value of <0.05 wassidered statistically

significant

14



1. RESULTS

1. Clinical features of patients

In total, 58 patients were included in the studdngdles and 16 females). The
age at the present ranged from 3years to 34 yeatls,a mean age at
presentation of 8.4 years (median, 7 years). Ex¢étumor at the time of
diagnosis, as designated by T stage, was T1 ingatents, T2 in four
patients, T3 in forty-three patients, and T4 inenipatients. Twenty-eight
patients were staged as MO, twelve were of M1 stéfieen were of M3
stage, and three were of M unknown stafjé patients in our sample had
no major surgical morbidity or mortality and perfagd one year follow
up after the operation which they undergone maxsuegical resection,
craniospinal radiation therapy and chemotherapydéfmed prognosis
in two; good (no recurrence and alive) and poocuneence or dead)
after the treatment. As a result of prognosis innd&dulloblastoma
patients that 47 cases were good and 11 casespwere Hencewe
could not find any significant difference in progim of Medulloblastoma
according to the clinical prognostic factors suchtamor size, resection

extend, and presence of metastasis.

15



2. Histopathological features and prognosis

The review of H&E stain is focused on nuclear sind anaplasia. For nuclear
size, we counted more than ten spots from eachestaiissues and then
averaged counted values. Among these samples dhgtnine cases were
classified as classic and nine cases were largieneelulloblastoma (Fig 4).
The average value of nuclear size for large ceflewld.4m and classic type
was characterized by a diffuse growth of tumorsc&lithout formation of
nodules and tumor cells with large, pleomorphicleiuwere classified as
large cell medulloblastoma. The nuclear size vatwes the prognosis values
of these series did not predict anything and niedihces were observed.
Forty-seven cases were anapalsia and eleven casesngn-anaplasia in
medulloblastoma (Fig. 5). We counted anaplastis o#l 10 high power fields
and the anaplastic subtype, the degree of anapleasta graded as none
(counted cells less than 4), slight (counted dedisveen 4 to 10), or severe
(counted cells more than 10) based on increasiggeds of nuclear size,
numerous mitoses and apoptoses, and large cellraithd and prominent
nuclei or angular, crowded nuclei in large cellsttlsometimes wrapped
around one anoth¥r However, anaplasia did not influence the proghasid
further that the classic and large cell medulldola had almost same

prognosis.

16
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Classification Nuclear size Prognosis
Range Mean Good Poor

Classic 3.5-11.6um 7.65um 39 10 (20%)

Large 13.3-18.9um 15.39um 8 1 (11%)

Fig 4. Classification of medulloblastomas according telear size. (H&E

stain with x400). A) The Classical medulloblastonme densely packed
small cells with round-to-oval or carrot-shapedhiyghyper chromatic nuclei
surrounded by scanty cytoplasm. B) The large catuoblastomas with
extremely large and hyper chromatic nuclei wrappg@dbundant cytoplasm.
Nuclear size had no significant in prognosis of olledhlastoma (P=0.81).

17




Anaplasia Prognosis
Grade Range Mean Good Poor
None (<4/10 HFP) 1-15 5.7 10 1 (9%)
Slight (4-10/10HFP) 1-29 12.5 20 8 (28.6%
Severe (>10/10HFP) 4-47 26.5 17 2 (11%

Fig 5. The H&E staining of medulloblastoma cells relasbip to anaplasia
and prognosis (x400). A) Non-anaplastic medulldblass contain nuclei
smaller than those found in anaplastic lesionsadtgh with angular molding.
feature anhaplastic

B) Nuclear

enlargement

was

the principal

medulloblastomas and wrapping of cells were prontinén prognosis of
medulloblastoma, the anaplasia had no significafpse.73)

18




3. Comparison of cell differentiation and prognosis

Several antibodies were used to define the difteaton of 58
medulloblastoma patients into such as neuronal, engdsyymal, glial,
epithelial, and mixed. The defined differentiatiarigpatients are summarized
in Table 2 and the percentage of medulloblastoneaitipe for each of the
immunostains was as follows: NF, 67% (39 of 58);AR5, 43% (25 of 58);
Vimentin, 84% (49 of 58); EMA, 90% (52 of 58); Syrtaphysin, 84% (49 of
58); GFAP, 91% (53 of 58); and S100, 97% (56 of B®y the scoring of all
of each antibody reflects the approximate area (@arcentage) of each tumor
sample that contained positively labeled tumor scediccording to the
following scoring system:-, negative; 1+, 10%; 28;50%; 3+, >50%. The
most of the cases were classified as mixed difteaeon thus we
experimented on each type of differentiations ol fa relationship to each of
their prognosis. The S100 was present in almosiadiénts and it analyzed to
be a mixed differentiation which it correlated wigratures in astrocytic and
neuronal (Fig 6). The glial fibrillary acidic prate (GFAP) exhibits the
fibrillar pattern within nodules, expressing gldifferentiation in two patients

which it disclosed cell similarly in distribution those seen with S100 (Fig 7)
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 2 (100%) 0 (0%)
Positive 45 (80.4%) 11 (19.6%)

1+ (Fig B) 1 2
2+ (Fig C) 15
3+ (Fig D) 29

20

Fig 6. Immunoreactivity of medulloblastoma cells to S1@0is confined
within the nodules that strongly suggestive ofdhal cell differentiation. The
scoring was negative, 1+, 2+, 3+ from (A) to (D3pectively (x 400) and

P=0.77.



Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 4 (80%) 1(20%)
Positive 43 (81.1%) 10 (18.9%)

1+ (Fig B) 21 7
2+ (Fig C) 12 2
3+ (Fig D) 10 1

Fig 7. Immunoreactivity of medulloblastoma cells to GFABr glial
differentiation. It is exhibiting a simplified fiblar pattern within the nodule.
The scoring was negative, 1+, 2+, 3+ from (A) tQ (Espectively (x 400) and
p=0.69.

21



Table 2. Differentiation of 58 medulloblastoma patients @ndgnosis

Differentiation No. of patients Poor prognosis
Neuronal 5 (9%) 3 (27%)
Mesenchymal 9 (16%) 3 (27%)
Glial 2 (3%) 0
Epithelial 2 (3%) 0
Mixed 40 (69%) 5 (45%)

All medulloblastomas exhibited neuronal differetiin of Synaptophysin
reactivity at least focally and it was strongesthim the cytoplasm of cells
within nodule (Fig 8). Similarly in NeurofilameniNE) and nerve growth
factor receptor (NGFR5) exhibited similar neurondifferentiation in

cytoplasmic of tumor cells with fine filamentousttgan within nodules of
medulloblastoma (Fig 9). However immunoreactiviyNiGFR5 was weakly
observed in this assay (Fig 10) and five patiengsewdefined to neuronal
differentiation and among these numbers three mati®7%) were defined as

poor prognosis.
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 6 (66.7%) 3(33.3%)
Positive 41 (83.7%) 8 (16.3%)

1+ (Fig B) 15 2

2+ (Fig C) 17 5

3+ (Fig D) 9

Fig 8. Immunoreactivity of medulloblastoma cells to sytogysin for
neuronal differentiation. It is noted to increagsgnsity within the cytoplasm
of cells within nodule. The scoring was negative, 2+, 3+ from (A) to (D)
respectively (x 400) and p=0.48.
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 17 (89.5%) 2 (10.5%)
Positive 30(76.9%) 9(23.1%)

1+ (Fig B) 18 6

2+ (Fig C)

3+ (Fig D) 3

Fig 9. Immunoreactivity of medulloblastoma cells to NFr faeuronal
differentiation. It stained with fine filamentouatpern within the nodules. The
scoring was negative, 1+, 2+, 3+ from (A) to (Djpectively (x 400) and

p=0.51.
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 28 (84.8%) 5(15.2%)
Positive 19 (76%) 6 (24%)

1+ (Fig B) 13 3

2+ (Fig C) 5 2

3+ (Fig D) 1 1

Fig 10. Immunoreactivity of medulloblastoma cells to NGFf% neuronal
differentiation. It showed cytoplasmic immunoreeityi in small and larger
cells whereas the nerve fibers are stained posifikie scoring was negative,
1+, 2+, 3+ from (A) to (D) respectively (x 400) apel0.57.

25



The epithelial membrane antigen (EMA) revealed hephial differentiation
which it stained fibrous around glia and it seehat the backgrounds of cells
are stained and there was only two patients wereeatkin this array (Fig 11).
In immunoreactivity that focal Vimentin positivitwas noted in many cases
which it revealed mesenchymal differentiation (E®) and it exhibited the
similar expression of GFAP that stained within nedu

Through out these results the staining of eaclemdfftiation of tumor mass
and the values of prognosis are almost same ambege t different
differentiations in different patients. Therefornsequently it is clear that the
differentiation does not reveal any significatiorf prognosis toward

medulloblastoma patients.
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 3 (50%) 3 (50%)
Positive 44 (84.6%) 8 (15.4%)

1+ (Fig B) 9 1

2+ (Fig C) 16 3

3+ (Fig D) 19

Fig 11. Immunoreactivity of medulloblastoma cells to EM#r fepithelial
differentiation. It seems as that the backgrounidsetls have been stained
positive. The scoring was negative, 1+, 2+, 3+ fi@dinto (D) respectively (x
400) and p=0.73.
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 7 (77.8%) 2 (22.2%)
Positive 40 (81.6%) 9 (18.4%)

1+ (Fig B) 0 2

2+ (Fig C) 15 0

3+ (Fig D) 25 7

Fig 12. Immunoreactivity of medulloblastoma cells to virtian for
mesenchymal differentiation. The positivity waseatbin almost all cases. The
scoring was negative, 1+, 2+, 3+ from (A) to (Djpectively (x 400) and
p=0.68.
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4. Apoptosisfeatures and prognosis

The caspase 3 and Bcl-2 oncoproteins are studiegotent indicator of

medulloblastoma prognosis. Immunoreactivity werspeae 3, 79% (46 of
58); and Bcl-2, 72% (42 of 58). The Bcl-2 labelings diffusely reactive and
some of the positive tumors were characterized Wweak, but clearly specific
membrane staining of the tumor cell nucleus, othene strongly positive for
Bcl-2 with the whole cell body stained (Fig 13) acabpase 3 positive cells
displayed apoptotic morphology, such as condensddfrmgmented nuclear
chromatin (Fig 14). We were able to show that thp@psotic index is

statistically significant associations between imighistochemical variables
studied as well as between clinical and patholdgiadables. The apoptotic
index for Bcl-2 decreased from 14 patients (88% fmatients (40%) and for
caspase 3 from 11 patients (92%) to 7 patients J&R&& have found to be
free of disease after the follow-up analysis. Hosveslevated Bcl-2 from 2
patients (12.5%) to 3 patients (60%) and caspdeen81 patient (8.3%) to 4
patients (36%) expressions was found to be rekatesthort-term survival and
apoptotic index with the p value of 0.04 and 0.@Spectively. Therefore
Apoptotic index has a close association in proghagi medulloblastoma

patients but not specifically significant.
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 14 (87.5%) 2 (12.5%)
Positive 33 (78.5%) 9 (21.4%)

1+ (Fig B) 14 2

2+ (Fig C) 17

3+ (Fig D) 2 3

Fig 13. Immunoreactivity of apoptosis for medulloblastoo@ls to Bcl-2. It

is diffusely reactive and strongly positive withihe whole cell body and
membrane staining of nucleus. The scoring was negdt+, 2+, 3+ from (A)

to (D) respectively (x 400) and p-value of 0.04.
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Immunoreactivity Good prognosis Poor prognosis
Negative(Fig A) 11 (91.6%) 1(8.3%)
Positive 36 (78.2%) 10 (21.7%)

1+ (Fig B) 14 4

2+ (Fig C) 15 2

3+ (Fig D) 7 4

Fig 14. Immunoreactivity of apoptosis for medulloblastooadis to caspase 3.
It shows randomly distributed apoptotic cells witlositive staining in
medulloblastomas. The scoring was negative, 1+,3+from (A) to (D)

respectively(x 400) and p- value of 0.05.

31



5. Proliferation features and prognosis

The proliferative marker of Ki-67 expressed randpdibtributed and
positively stained in nuclei (Fig 16\ variable proliferation capacity was
observed in the different tumor structures. Neukayial differentiation was
few positive, while infiltration areas along pering vessels was strong
positive. Proliferative index (PI) was calculatettlaaveraged whereas the
immunoreactivity of more than 20%, 31.5 + 8.3% wefined as high PI, and
less than 20%, 7. 10.2% as low PIl. The number of cases with Pl >20%
was significantly greater in the group of tumorgatients with recurrent
medulloblastoma as compared to those in patieritsrain-recurrent tumors.
The prognosis was significantly poorer in high Rthvp value of <0.01 and
the positive correlation were also noted betweearfd Pl. Thus it is clear

that the prognosis of medulloblastoma matters Rith
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Immunoreactivity Good prognosis Poor prognosis

Low proliferative index
(<20%, 7.710.2%)
High proliferative index
(>20%, 31.5:8.3%)

26 (89.7%) 3(10.3%)

21 (72.4%) 8 (27.6%)

Fig 15. Immunoreactivity of medulloblastoma cells to fferiative marker of

Ki-67 (x 400). The staining is randomly distributadd positively stained in
nuclei which it A) exhibiting a low proliferativendex of less than 20% of
positive cells and B) more than 20% of strong pasitells showing high

proliferative index (p-value of <0.01).
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6. Oncogene & p53 featuresand prognosis

The prognostic variables of TrkC, 47% (27 of 58)d a-erB-3, 84% (49 of
58) are related to metastatic disease and repesbethie oncogene of
medulloblastomas. TrkC is predominantly nodulartoplasmic and the
positive tumor cells were distributed throughoug¢ tiumor in most of the
cases (Fig 16) and c-erbB-3 was also cytoplasndosail defined membrane
(Fig 17). Expression of TrkC and c-erbB-3 in medtistdisease and prognosis
are summarized in table 3 and of the clinical fezuconsidered, only
metastatic disease at diagnosis was associated\pitor outcome. Age at the
presentation and extent of resection were not ptigdi of prognosis or
survival. Consequently the metastasis were alsgpaoced to prognosis and
the values almost same in good or poor which it mmad significant
correlations among these medulloblastoma patierits v value of 0.63
and 0.57 respectively. The p53, 66% (38 of 58) atv&umerous cells to
exhibit strong nuclear reactivity (Fig 18) and itsmunoreactivity was the
only biological marker predictive of a poor outcoimethis assay. Therefore
the expression was found to be related to sham grvival with p value of

0.41 however the differences in numbers are simafice it is not significant.
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Table 3. Expression of TrkC and c-erbB-3 in metastatic aigeand prognosis

Immunoreactivity] Good prognosis Poor prognosis Metastasis
Negative 24 (77.4%) 7 (22.6%) 28 (48.2%)
Positive 23 (85.2%) 4 (14.8%) 27 (46.5%)

1+ 19 (86.4%) 3 (13.6%) -
2+ 3 (75%) 1 (25%) -
3+ 1 (100%) 0 -

Immunoreactivity] Good prognosis Poor prognosis Metastasis
Negative 8 (88.9%) 1(11.1%) 28 (48.2%)
Positive 39 (79.6%) 10 (20.4%) 27 (46.5%)

1+ 23 (79.3%) 6 (20.7%) -
2+ 8 (72.7%) 3 (27.3%) -
3+ 8 (88.9%) 1 (11.1%) -

** |n table 3, three patients were of M unknowng&tatherefore it was

excluded from the statistical analysis. Top tabl&C and bottom table; c-

erbB-3.
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Immunoreactivity

Good prognosis

Poor prognos

sisMetastasis

Negative (Fig A)
Positive
1+ (Fig B)
2+ (Fig C)
3+ (Fig D)

24 (77.4%)

23 (85.2%)

19 (86.4%)
3 (75%)
1 (100%)

7 (22.6%)
4 (14.8%)
3 (13.6%)
1 (25%)
0

28 (48.2%)
27 (46.5%)

Fig 16. Immunoreactivity of medulloblastoma cells to TrkCmetastasis and
prognosis. It exhibited cytoplasmic staining anel $lsoring was negative, 1+,

2+, 3+ from (A) to (D) respectively (x 400) and p68.
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Immunoreactivity Good prognosis  Poor progngsidetastasis
Negative(Fig A) 8(88.9%) 1(11.1%) 28 (48.2%)
Positive 39 (79.6%) 10 (20.4%) 27 (46.5%)

1+ (Fig B)| 23 (79.3%) 6 (20.7%) -
2+ (FigC)|  8(72.7%) 3 (27.3%) -
3+ (Fig D) 8 (88.9%) 1 (11.1%) -

Fig 17. Immunoreactivity of medulloblastoma cells to 68f3 in metastasis
and prognosis. It was well-defined cytoplasmic rétay. The scoring was
negative, 1+, 2+, 3+ from (A) to (D) respectiveky400) and p=0.57.
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Immunoreactivity Good prognosis Poor Prognosis
Negative(Fig A) 18 (90%) 2 (10%)
Positive 29 (76.3%) 9 (23.7%)

1+ (Fig B) 25 9

2+ (Fig C)

3+ (Fig D)

Fig 18. Immunoreactivity of medulloblastoma cells to tunsappressor gene
p53. It reveals numerous cells to exhibit stronglear reactivity. The scoring
was negative, 1+, 2+, 3+ from (A) to (D) respediive 400) and p=0.41.
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V. DISCUSSION

Medulloblastoma is the most common malignant cluitghbrain tumor. It is a
highly malignant neoplasm with a strong tendencglissemination along the
neuroaxis and formation of subarachnoidal and epeatidistant implants.
Although some reports in the literature have shaynto a 70% 5 year
survival for some of these patients, it is at thetof significant long-term
treatment related morbidi/*

The differences in clinical outcomes of medullobtasa patients with similar
tumor stages allow making suggestions about bickdgheterogeneity of
these tumors. Therefore various immunohistochemiaakays, so as
proliferative markers, p53, caspase3, TrkC, c-eBbBnd Bcl-2 oncoproteins,
and others have been recently studied as poteicaiods of medulloblastoma
prognosis, but the results obtained are strondlgrbgeneou$ " 3*4° All the
same, a continued search for and verification oiversally applicable
biomarkers for medulloblastoma prognosis may cbateé to the
improvement of treatment protocols that still exiktcould also help to
answer why medulloblastoma fail to respond to et and thereby indicate
new routes for treatment development. However, iptesvstudies have not

examined multiple prognostic markers on the same ofetumors and
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established their importance relative to clinicahnslards that already
established. Therefore identification of the pragimfactors that distinguish
patients at relatively low risk of tumor recurrerfoem those at high risk has
important implications for treatment planning.

The present study, therefore discover the mostogpiate prognostic markers
which it manage the medulloblastoma that has besedon risk factors to
develop the most accurate diagnosis and predidiariinical outcomes. To
overcome the obstacle of studying a large numbemafkers on a large
number of tumors, we used tissue microarray tedyyoland using this
technology, it is possible to analyze multiple tusmawith positive and
negative controls on each slide. Therefore we naadattempt to evaluate the
prognostic significance of thirteen immunohistocimh variables in the
cohort of 58 medulloblastoma with standard and leigiical risk. All patients
in our sample had undergone maximal surgical ra&sgctcraniospinal
radiation therapy and chemotherapy. All three mitidalare used in modern
therapeutic protocols which have led to more th@fo6of patients being
cured of their disea3eand M stage did not impact on overall survival or
progression free survival.

In pediatric medulloblastomas, anaplasia defineid@gased nuclear size and

pleomorphism in large cells with dominant nucldnoliassociation with high
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mitotic counts and apoptotic nuclei is a bad pregicatot® ' Increasing
grades of anaplasia, particularly severe anaplaaia, associated with
progressively worse clinical outcome and large cekdulloblastoma is
recognized by large, round cells with single nuklaad portend the worst
prognosis’. However in our assay nuclear size and anapladiaat predict
any significance in prognosis of medulloblastoma.

Immunohistochemical methods have been used as asnugzexploring the
spectrum of histotypical markers expressed by nelllalstoma® 2. GFAP
and synaptophysin are markers of glial and neuraodiffierentiation,
respectively. It has been theorized that a morterdiftiated tumor would
have a more favorable prognosis. The prognostizieglof GFAP and
synaptophysin have been investigated in the past ednflicting results
and this study showed that there was no suggestioasprognostic value of
wither GFAP and synatophysin. Thus cell differetiia did not predict either
of prognosis or overall survival of patients.

Apoptosis (programmed or suicidal cell death) oscar numerous normal
and pathological conditions, including neoplastiogesses. It would be
rationale to suppose that low levels of apoptosisagpoor prognostic pattern.
In various neuroepithelial neoplasms, the apopta@tie was associated with

grade of tumor malignancy, but its prognostic vainay be estimated as
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controversigf. Concerning medulloblastoma, the results in thiadyg
obtained are also strongly heterogenous, altholightudies showed large
intertumoral and intratumoral variability in theaggtotic cell counts. Haslam
et af’ have investigated of 43 pediatric cases and theye Hound that
patients with highest apoptotic index had signifibabetter clinical outcome.
In contrast, Grotzer et 4 have established that the apoptotic index does not
predict clinical outcomes among the cohort from FMI8ET of CNS. The
results of present study are differed significarftym those in two above
mentioned reports. According to our findings, patsewith lowest apoptotic
index had better clinical outcome with p- valueOdi4 and 0.05. It is clearly
that apoptotic cells in tumor tissue are the fimaduct of a complex process
of cell death and, therefore, many regulatory pnstemay provide
biologically important information.

The proliferative activity, of a tumor or tissus, determined by the growth
fraction and the time taken to complete the celtleyThere is a strong
correlation between the proliferation rate of tushand clinical outcont&™”.
The immunohistochemical expression of Ki67 is adjomarker of positive
cells generally correlates well with the histoladienalignancy and used to
calculate proliferation index (PI). Its presencelarge proportions of cells

suggests an aggressive neoplasm. Indeed, it hadda®d to be a prognostic
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indicator for poor outcome in some studfesiowever our patient population
confirmed that metastatic stage is a clinical facteith independent
prognostic significance. To correct for the effeftclinical factors and to
identify an independent prognostic role for tumaell cproliferation in
medulloblastomas, metastatic stage and other alifactors were included in
all statistical models used. Therefore the anakgigaled that the value of PI
had a significantly greater risk of progression aeath in patients. Also a
significant predictor or survival outcome in medbllastoma as the value
elevated with the p-value <0.01.

TrkC is a member of a family of three high-affinibeurotrophin receptor
kinases and selectively binds neurotrophin 3. ThieS been demonstrated to
be a marker of good prognadSisalthough the study has been contradicted by
an immunohistochemical analysis of 68 pati&nts our study, TrkC is not
near significant marker of good or poor prognokisseffect was independent
of the metastatic disease and other factors. TémdB-3 has been shown to a
play a pivotal role in the signaling network formieg the epidermal growth
factor receptor family and immunohistochemical sadand western blot
analyses have suggested that it is a marker of pmaognosis in
medulloblastom& *% In our study, 84% of tumors were positive howether

value of prognosis were not significant. In medbléstoma any correlation
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between apoptosis and its regulatory proteins’@sgion, so as p53 and bcl-2
have not been found yet. Therefore, the distinguleory mechanisms of
apoptosis intensity in medulloblastoma are stitlaar.

Therefore we conclude that this study, use knowslogical and clinical
markers to model medulloblastoma risk and a teclnidpat has been used
successfully in other, similar tumdtsAlthough retrospective, we believe our
study contributes substantially to the body of iegitknowledge and helps
rationalize some of the apparent conflicts amorgghifological and clinical
markers. Future efforts should be directed towalidating this model and

approach in prospective studies.
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V. CONCLUSION

We analyzed 58 patients with medulloblastoma usmgiunohistological
techniques for several tumor factors in additiorclioical factors which it
includes differentiation, large cell, anaplasticriaat, proliferation index,
oncogene and apoptosis of tumor cells. There wasigmificant correlation
between the prognosis and the degree of cell diffeation. The positive
correlation was noted between proliferative indexl @apoptotic index in a
tumor mass. Therefore the results conclude thatptioéferation index is
directly linked to the prognostic factor for medldlastoma and
immunohistochemical staining is a potential powetaol for predicting

prognosis of medulloblastoma patients.
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