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INTRODUCTION

Peripheral nerve sheath tumors (PNSTs) are soft tissue tumors that are associated
with neurofibromatosis type 1 (NF1). These tumors can undergo malignant
transformation, however the mechanisms that are involved in this process are not known.
The goal of this research project was to identify genetic and immunologic changes that
are associated with the progression of a PNST from a benign to a malignant state. To
carry out this project, archival and prospectively acquired PNSTs from NF1 individuals
were examined for consistent immunohistochemical and genetic abnormalities. The
samples were also examined for expression of a set of informative immunologic markers
in multiple sites of individual tumors.

Relatively routine histologic analysis enables one to differentiate benign
plexiform neurofibromas versus high-grade MPNSTSs. It does not easily determine
diagnosis of benign plexiform neurofibroma with atypia versus low-grade MPNST.
Special immunohistochemical stains were applied to PNSTs to define
immunophenotypes that could prove helpful for pathologists to assess malignant
transformation. In addition, genetic analyses of corresponding immunostained sections
were performed. Genetic analysis included screening for constitutional NFI mutations in
white blood cells (if available) of patients with NF1-related PNST, identification of
somatic loss of the normal NF1 allele in tumor specimens, or allelic imbalance analyses
of a subset of genomic markers representing each of the chromosome arms. Differences
between benign PNSTs (plexiform neurofibromas) and malignant PNSTs were duly
noted, and provided relevant data helpful in the identification of potential genomic
regions that could play a role in the process of malignant transformation. As candidate
genes, genetic analyses of the TP53 and INK4A/CDKNZ2A genes were performed to
identify somatic mutations in tumor tissue. In addition, a pilot study applying
Comparative Genomic Hybridization (CGH) Microarray analysis was performed on two
tumors from one individual with NF1. It demonstrated the utility of examination of DNA
from PNST to assess genomic imbalances. Finally, evaluations of mast cell distribution in
plexiform neurofibromas, low-grade MPNST and high-grade MPNSTs were performed
to assess the potential role of the microenvironment in tumor progression.
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BODY

ARCHIVAL SPECIMENS

Identify genetic changes associated with malignant transformation in archival
specimens

Task 1: Months 1-15 Obtain tumor specimens and perform pathology studies

The University of Utah and Department of the Army provided human subjects
approval for this study in August 2000. A system has been implemented to obtain and
evaluate retrospectively acquired samples from the University of Utah and the
Cooperative Human Tissue Network located in Columbus, Ohio. Tumor specimens are
still currently being identified and collected. Pathology sections from several archived
blocks of malignant PNSTs (MPNSTs) have been prepared for immunohistochemistry
analysis of p53, p16, p27, Bcl-2, CD57 (Leu7), S100, CD34, Mib-1, topoisomerase I
(TOPO1), and topoisomerase II-alpha (TOPO2). The immunohistochemical stains for
over 50 archival tumor specimens have been evaluated by us and collaborators, Dr.
Cheryl Coffin and Dr. Holly Zhou (pathologists at the University of Utah). There were
over 20 plexiform neurofibromas and over 30 MPNSTs. Our work was initially presented
at the United States and Canadian Academy of Pathology (Chicago, IL, 2/25/02), and
resulted in a published manuscript in the American Journal of Surgical Pathology in 2003
(see appendix — Zhou et al., 2003). This was the first report comparing this set of
immunohistochemical markers between benign, low-grade and high-grade peripheral
nerve sheath tumors. It also examined differences between NF1-associated and nonNF1-
associated peripheral nerve sheath tumors. We concluded that p53, p16, and p27
immunohistochemical staining is associated with tumor progression, however they do not
distinguish low-grade MPNST from benign plexiform neurofibromas. Nevertheless, pS3
expression is a consistent marker for high-grade tumors. There was also a higher
frequency of p53 expression in NF1-related versus sporadic high-grade MPNSTs. This
observation supports published work by Liapis et al. (1999), which is in contrast to
Halling et al. (1996).

Additional studies on this same set of archived peripheral nerve sheath tumors
continue and include antibodies directed against epidermal growth factor receptor
(EGFR) and mast cells. In previous work, increased immunoreactivity of EGFR has been
shown to be associated with PNST progression (DeClue et al. 2001; appended). An
abstract regarding the EGFR immunohistochemical staining patterns of this set of tumors
was presented at the United States and Canadian Academy of Pathology meeting in
February 2003 (see item 3 in the appendix — Zhou et al., 2003). Genetic analysis of the
EGFR locus on chromosome 7 was also performed by genotyping 5 polymorphic markers
spanning the EGFR locus using DNA extracted from adjacent sections of paraffin
sections that had shown increased EGFR expression by immunohistochemistry (see item
4 in the appendix - Table III in poster by Zhou et al., 2003; CTOS meeting). The results
of this study did not demonstrate allelic imbalance, which indicates that the EGFR locus
may not be amplified in this set of tumors. These data suggest that overexpression of
EGF receptors in MPNSTSs is not due to genomic amplification as concluded by Perry et
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al., (2000). These results were presented as a poster at the Connective Tissue Oncology
Meetings in Barcelona, Spain in November 2003 (see item 4 in the appendix; Zhou et al.,
2003).

Mast cell infiltration in PNST formation has been proposed to play a central role
in the initiation of neurofibromas (Zhu et al., 2002); therefore we performed mast cell
immunohistochemical staining of this same set of archived tumors. Formalin-fixed,
paraffin-embedded archival tumors from 5 dermal neurofibromas, 6 plexiform
neurofibromas, and 13 MPNSTs (7 with NF1) were immunostained with monoclonal
antibodies to mast cell tryptase and CD31 using and automated staining system
(Ventana). The mast cell density (MCD), cellularity of stroma fibrous cells, and
microvessel count (MVC) were determined on 10 randomly selected high-power fields
(HPF) and compared among dermal all the tumor types. Mast cells with tryptase activity
were present in all cases, however significant differences in MCD were found among
each tumor type. These differences appeared to be associated with the abundance of
stroma fibrous cellular component. The highest MCD (>100/10 HPF) was found in all
dermal neurofibromas and diffuse neurofibroma areas between nodules in plexiform
neurofibromas, where abundant fibrous stroma was present. In plexiform neurofibroma
nodular areas with less cellular, myxoid stroma, moderately MCD (50-100/10 HPF) was
observed. The majority of high-grade MPNSTs, regardless of their NF1 status, contained
minor MCD (<50/10 HPF) and generally had scant fibrous stroma. Increased microvessel
count (>200/10HPF) was observed in all high-grade MPNSTs when compared to
plexiform neurofibromas or dermal neurofibromas (MCV 50-100/10HPF). There was no
significant difference between MCV between plexiform and dermal neurofibromas.
These observations provide a baseline to dissect the microenvironment of NF1-related
peripheral nerve sheath tumors. These data were presented in an abstract submitted to the
United States and Canadian Academy of Pathology for presentation at the 2004 meeting
(see item 5 in the appendix; Zhou et al., 2003).

The findings that pS3 immunoreactivity is abnormal in high-grade MPNSTs
coupled with the Nf1/Tp53 double mutant mouse model for high-grade, triton-like
MPNSTs (Cichowski et al., 1999; Vogel et al., 1999) suggests that abnormal TP53 is
potentially the most important somatic mutation that leads to tumor progression in NF1-
related MPNSTSs. These observations refocused our efforts toward the dual analysis of the
TP53 locus for somatic mutations in DNA extracted from tumors (see tasks 6 and 20) and
the detailed immunohistochemical staining for p53 and p16 in multiple sections of PNST
tissue blocks. We submitted a proposal to the US Army Medical Research and Materiel
Command NFRPO2 (Log#NF020074; September 17, 2002) to expand these studies with
respect to p53 analysis, however it was not approved for funding.

We have also developed an immunohistochemical stain against a potential marker
for malignancy with respect to peripheral nerve sheath tumors. Osteopontin is expressed
in murine bone tissue as a reflection of abnormal Ras signal transduction. It is also over-
expressed in breast cancer, and has been used as a marker for malignancy (Kim et al.,
2002; Fedarko et al., 2001). Based on our preliminary work demonstrating osteopontin
expression by Western blot analysis in 2 MPNST cells lines, we decided to develop
immunohistochemistry to assess its expression in plexiform neurofibromas and MPNSTs.
Our initial data show that the osteopontin antibody is more highly expressed in MPNSTSs
than plexiform neurofibromas. In addition, staining in plexiform neurofibromas is
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primarily localized to the nuclei, whereas in MPNST sections it is more diffuse within the
cell. The staining pattern in MPNST is much more similar to breast adenocarcinoma (See
figure 1). These data suggest osteopontin could be a potential marker for malignant
transformation in NF1-related peripheral nerve sheath tumors, and additional experiments
are ongoing.

Task 2: Months 1-24 Select and begin microdissection across transition zones of
MPNSTs

Microdissection experiments have been carried out to determine the robustness of
the technique to obtain DNA template for allelic imbalance analysis. These experiments
have been carried out on a prospectively acquired MPNST, and on several dermal
neurofibromas that were mentioned in the previous annual report. In the 2001 report we
noted that the amount of DNA used in the genotyping and allelic imbalance analysis is
critical to the reproducibility of data. Therefore, two strategies have since been
implemented. The first was to harvest as much tissue from the section of interest as
possible. This is accomplished by either harvesting more tissue by laser capture
microdissection (LCM), or if the section appears homogeneous, by simply scraping off
the section of tissue with a clean sterile syringe needle. The second strategy that has been
implemented is the technique of primer-extension pre-amplification polymerase chain
reaction (PEP-PCR) according to Paulson et al., (1999). This technique amplifies the
whole genome using random oligomers 15 nucleotides in length. This second strategy is
outlined in task 3. ,

We have identified 24 archived tumors that clearly show clonal areas of mitoses
and nuclear atypia that signify high-grade MPNST. Likewise, we have identified tumors
that have benign-appearing foci in the context of an MPNST (see figure 1 in item 1 of the
appendix; Zhou et al., 2003).

Task 3: Months 4-30 Genotyping and allelic imbalance analysis of microdissected DNA

In order to have reproducible microdissection data, the method of PEP-PCR has
been implemented. Microdissected DNA is purified using the Puregene® DNA isolation
kit from Gentra Systems. S00ul of cell lysis solution from the kit is added to 100pl of
crude DNA extract. This is mixed by pipetting, 200ul of protein precipitation solution is
added and vortexed for 20sec. The mixture is placed on ice for Smin, then centrifuged at
12000g for 3min at room temperature in a microfuge. 600l of isopropanol is added to
the supernatant and mixed gently by inverting the tube 50 times to precipitate the DNA.
The DNA is then collected by centrifugation at 12000g, for Smin at 4°C in a microfuge.
The DNA pellet is washed using 75%(v/v) ethanol, air-dried for Smin and resuspended in
30ul sterile H,0.

The isolated DNA serves as template in the PEP-PCR. The DNA is mixed with
400pM random 15mer random primers (Operon), 1XPCR buffer, 300uM dNTP mixture,
2.5mM MgCl,, and 5U of Tag DNA polymerase (Gibco-BRL). Cycling conditions are
Imin at 95°C, 2min at 37°C, ramp up to 55°C at 10sec/degree, hold at 55°C for 4min and
repeat cycling for 49 cycles with a final hold at 4°C. The resulting product is subjected
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to specific PCR reactions for each marker. There is a size limitation associated with this
method, and the largest product we can amplify is in the range of 300 base pairs. This has
limited our ability to use the ABI automated genotype analyzer for allelic imbalance
studies. Therefore, PEP-PCR products from microdissected samples are limited in the
number of genetic loci that can be tested. We have applied the technique to direct
mutation analysis of TP53 from a subset of high-grade MPNSTs shown to have high p53
immunostaining.

Figure 2 shows the microdissected H&E section for tumor #1949713 and the
TP53 PCR-based single strand conformation polymorphism (SSCP) analysis of exon 5 to
examine for somatic mutation of the TP53 gene in a specimen that has aberrant p53
staining. This section corresponds to the tumor represented as figure 1 in the appended
Zhou et al. manuscript. This analysis enables us to screen for P53 mutations in areas of
the tumor that show high immunoreactivity for p53. In addition to SSCP analysis, we
have been able to DNA sequence individual TP53 exons. Figure 3 shows PCR products
for TP53 exons 4 — 8, and figure 4 shows the DNA sequence generated from the
respective PCR products.

These sets of experiments failed to identify 7P53 mutations in the genomic DNA
of MPNSTSs. We conclude that TP53 mutations are not common in MPNSTSs, however
these assays do not exclude functional abnormalities of the p53 at the protein level. We
attempted to identify peptide abnormalities by Western blot analysis using a number of
different antibodies directed against p53 as outlined in task 12.

Task 4: Months 12-30 Statistical analysis of allelic imbalance analysis in genomic regions
that are candidates for harboring genes important in malignant transformation

The statistical analysis has not been completed. Tumor material from paraffin
blocks is not adequate for robust genome-wide allelic imbalance studies. This material
has been used to analyze specific loci rather than all chromosome arms. We have not
attempted to use DNA from archival specimens for CGH microarray. Frozen versus
paraffin-embedded archival samples are adequate for allelic imbalance studies, but the
number of frozen specimens available precludes robust statistical analysis. We have
obtained permission to extend our study to obtain more archival samples, and continue to
obtain samples as they are identified. Due to changes in the protection of human subjects
procedures, we have been constrained in the collection specimens that have associated
blood DNA, therefore statistical power has not been achieved. Information regarding
each specimen includes age, sex and NF1-affected status.

Task 5: Months 18-34 Expand allelic imbalance analysis in candidate regions

We have found that the genomes of the dermal neurofibromas and benign PNSTs
appear very stable, and allelic imbalance at any given genomic locus is rare. On the other
hand, MPNSTs demonstrate a number of marker loci that are in genomic imbalance.
Consistent loci demonstrating imbalances have not been identified, however 2 potential
candidate regions (17p for TP53; 9p21 for INK4A/CDKN2A) in MPNSTs have been
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identified from published work (Berner et al, 1999; Kourea et al, 1999; Nielson et al,
1999). We have screened each locus by developing oligonucleotide primer sets for
polymerase chain reaction (PCR) amplification of genomic DNA from archived and
prospectively acquired tumor specimens (see tasks 6 and 20). We have not yet identified
another locus that merits detailed expansion of the genetic marker analysis. Potential
candidates are any loci that show allelic imbalance. One such candidate locus is the
EGFR gene. The finding of over-expression of EGFR in MPNSTs (DeClue et al, 2000;
item 2 in the appendix) suggests that the gene could be amplified in genomic DNA.

A comparison has been made between genomic imbalance at the EGFR locus and
immunoreactivity against Epidermal Growth Factor Receptor (EGFR) in 16 plexiform
neurofibromas versus 16 archival MPNSTs. Of the 16 plexiform neurofibromas, 12 were
known to be from individuals with NF1. Of the 16 MPNSTs, 13 were high-grade and 9
were known to be from individuals with NF1. The tumors were scored for S100 staining
and scaled for EGFR expression (0 to 3+). In 5 tumors, adjacent slides were
microdissected for DNA derived from normal-appearing skin and tumor from the
respective MPNST sections. The EGFR locus was evaluated for allelic imbalance using 5
genetic markers spanning the gene on chromosome 7. The normal tissue showed
heterozygosity for the highly informative genetic markers (D752422, D7S506, D7S2550,
D7S494, and D7S502) and no allelic imbalance in tumor tissue. See table III in the poster
by Holly Zhou (item 4 in the appendix; Zhou et al., 2003; CTOS poster; and figures 11
and 12). This suggests that amplification of the genome encompassing the EGFR locus
does not explain over-expression of the EGF receptor in MPNSTSs. Other regulatory
processes likely play a significant role.

Once consistent allelic imbalance has been demonstrated at any genetic marker
locus, our intention was to use additional genetic markers on the same chromosome arm
to delineate potential transitions from allele balance to allelic imbalance. The genotyping
core at the University of Utah (The Utah Marker Development Group, 1995) has
developed an adequate number of genetic loci for each chromosome arm (see figure 2 in
poster by Hang et al., 2003; item 6 in the appendix), which enables us to provide them
samples for further analysis, after loci are identified as having consistent allelic
imbalance in high-grade tumor tissue.

Task 6: Months 6-18 Screen known candidate genes for mutations

One candidate gene that we investigated involved the t(X;18) chromosomal
translocation, commonly observed in synovial sarcomas (Dos Santos et al. 2001). The
breakpoint genes have been identified as SY7 from chromosome 18, and SSX from the X
chromosome (deLeeuw et al., 1994; Clark et al., 1994). However, it was recently
reported that this chromosomal translocation was also observed in MPNSTs [1]. We
determined that the t(X;18) chromosomal translocation could not be found in dermal
neurofibromas, benign PNSTs or MPNSTSs from patients with NF1. Our results have been
published in the journal Pediatric and Developmental and Pathology (see Appendix).

The assays for candidate genes TP53 and INK4A/CDKNZ2A are currently being
optimized. As was mentioned in the first annual report, it was planned that a PCR product
would be generated from genomic DNA for exons 4-8 of TP53, which could then be
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sequenced to find mutations. At this stage, the PCR reaction works well for genomic
DNA derived from tumor tissue, and we have sequenced some PCR products without
identification of TP53 mutations. We are presently screening DNA extracted from
adjacent slide sections of high-grade MPNSTs that demonstrated abnormal p53
immunoreactivity (see task 3). This has turned out to be more challenging, because it is
difficult to amplify large PCR products from the genomic DNA extracted from paraffin-
embedded tissue. We have re-designed the primers used in the TP53 screen to make
several smaller PCR products spanning individual TP53 exons instead of one large
product. A high-grade MPNST and an adjacent section were microdissected and their
respective genomic DNA templates were screened for 7P53 mutations by SSCP (single-
strand conformation polymorphism) and direct DNA sequencing. Mutations in this
candidate gene in MPNSTs were not identified. These finding are consistent with Lothe
et al. (2001) who failed to identify T7P53 mutations in 16 PNSTs. The association of p53
immunoreactivity and lack of mutations of 7P53 in high-grade MPNSTSs has yet to be
explained.

Deletions of the INK4A/CDKN?2A locus, also known as the p16 gene, have been
implicated in MPNST development (Kourea et al., 1999). We have synthesized primer
sets for 4 genetic markers that span the P16 locus; D9S274 (151-171bp), D9S137 (133-
149bp), D9S156 (133-155bp), and D9S162 (172-186bp). Three blood-MPNST (archived
tumor tissue) paired DNA samples have been analyzed for allelic imbalance by
denaturing gel electrophoresis of end-labeled PCR products. Only one of the blood
samples was heterozygous (at D9S137 and D9S162) and neither marker demonstrated
allelic imbalance. Microdissection of this sample was not performed, but our
demonstration that these markers are robust on tumor tissue enables us to apply this
marker set to other archived PNST samples.

We have developed primers to amplify exons of the P16 gene, however SSCP of
PCR products failed to identify sequence variants by acrylamide electrophoresis. We
have collaborations with the melanoma team at the University of Utah (Scott Florrell,
Assistant Professor, Departments of Pathology and Dermatology) to optimize conditions
to detect mutations, however PCR amplifications from DNA extracted from
microdissected tumor specimens have not been robust. This raised the possibility that the
mutation screen may not be sensitive enough to detect small mutations of the P16 gene.

We have not developed assays for mutation analysis of the EGFR gene, however
we have evaluated the locus for allelic imbalance (amplification and loss of
heterzygosity). In our studies, the EGFR locus is relatively stable in peripheral nerve
sheath tumors, both plexiform neurofibromas and MPNSTs.

In summary, we have completed screening of RNA samples collected from frozen
MPNST:s for the t(X;18) chromosomal translocation, however none show such an
abnormality (see Liew et al, 2002; item 7 in the appendix). We have designed rigorous
screening techniques for NFI gene mutation analysis by high-throughput DNA
sequencing (task 13). We have designed primer sets to screen the P16 locus for allelic
imbalance and altered migration in SSCP analysis. We have screened the TP53 locus for
somatic mutations in peripheral nerve sheath tumors. We have developed a genetic
marker set spanning the EGFR locus to determine allelic imbalance.

10
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Task 7: Months 24-36 Screen candidate genes identified in this proposal

Apart from the known candidate genes being tested, no novel candidate genes
have been identified experimentally.

Establish the degree of tumor heterogeneity in archival PNSTs
Task 8: Months 1-15 Obtain specimens and select foci for microdissection

We have selected foci from the appropriate archival bank of tumors to complete
this task. We used immunohistochemical phenotyping of different sites in single tumors
to determine areas that may be most informative in linking the immunophenotype with
genetic studies. We recognize that having blood DNA from patients in whom we are
dissecting foci is most informative for the genetic studies.

Task 9: Months 4-12 Perform genotyping and allelic imbalance analysis

Genotyping and allelic imbalance analysis is currently underway on an expanded
set of tumors, including prospectively acquired samples with matched blood DNA from
the subject. Blood/tumor genotype analysis is also covered in task 14. We now have data
from 19 dermal neurofibromas, 7 benign PNSTs and 3 MPNSTs. These samples have
been screened for allelic imbalance at a subset of genomic loci representing different
chromosomal arms. These data show few markers with allelic imbalance in benign
PNSTs, suggesting that these tumors are, in general, stable throughout the genome (see
Table 1). Only 1 of the benign PNSTs (36670) demonstrates LOH in this set of genetic
markers (summarized in table 2). These data are comparable to the results from the
dermal neurofibromas, which were also very stable as stated in the previous report (see
summary table 3). The more interesting data come from high-grade MPNSTs, which
clearly show allelic imbalance at a number of genetic marker loci.

Genotyping of the NFI locus has been initiated on the archival tumors. We have
started genotyping these tumors at the markers GXAlu, D175960, (GATN),, a CA/GT
repeat in intron 38, a CA/GT repeat in intron 27b, and single nucleotide polymorphic
markers found at positions NFI cDNA 702, 2034, and 10647. Our results indicate that
the genomic DNA extracted from some PNSTs clearly undergo loss of heterozygosity at
NF1 genetic marker loci (see figure 5), however a number of tumors preserve
heterozygosity even in microdissected regions of the tumor.

Task 10: Months 12-18 Compare foci to establish the degree of tumor heterogeneity

To determine the degree of tumor heterogeneity, different pieces from the same
tumor have been analyzed. This analysis has been extended into the other 6 benign
PNSTs, and we have preliminary data from one of the MPNSTSs (table 1). The data
demonstrate that in the benign PNSTs there are only subtle signs of tumor genetic

11
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heterogeneity based on differential allelic imbalances between 5 different sampled sites
in single PNSTs. Some of the markers have allelic imbalance in all of the sites sampled,
while other markers have only a couple of sites with allelic imbalance. The best example
of this experiment is shown for tumor 708429 (see table 1 and figure 6), whereby this
benign PNST had but a few genetic loci demonstrating differences of allelic imbalance.
Only genetic markers on chromosome 10p demonstrated allelic imbalance at all sampled
sites. It implies that the somatic genetic mutation on 10p originated early in the clonal
proliferation of Schwann cells, whereas other somatic genetic changes arise later in this
particular tumor progression. In summating with other benign PNST data (table 1), there
is only a mild degree of tumor heterogeneity in the benign plexiform neurofibromas.

In MPNST 306595, there are clear signs of intra-tumor genetic heterogeneity.
Two markers have some sites that demonstrate allelic imbalance, whereas others are
normal. The strongest evidence can be seen in the 2 markers with LOH, as there is only 1
site out of the 4 in each case that has LOH. There are 2 caveats to this data. The first is
that there is presently no blood DNA data available to enable us to make a comparison
with the tumor data. The second is that it is only 1 MPNST, and more tumors are needed
to undergo this substantial analysis before genetic heterogeneity can be definitely
concluded for malignant PNSTs.

PROSPECTIVE SPECIMENS

Identify common genetic alterations in prospectively acquired benign and malignant
PNSTs _
Task 11: Months 1-24 Obtain tumor/blood pairs

Tumor/blood pairs are still currently being collected. This has been difficult given
the issues related to inter-institutional review board approval to collect and send
pathologic specimens between non-affiliated academic centers. We are continuing our
recruitment of other Centers, and we are also working with a consortium (items 8 and 9
in the appendix) to develop a tissue core facility for collection of MPNSTs as part of a
multi-center project to integrate Sarcoma Centers with NF Centers in the diagnosis and
treatment of MPNSTs in individuals with NF1.

Task 12: Months 1-24 Perform pathology analysis on PNSTs

Immunophenotyping has been performed on two prospectively acquired PNSTs
(figures 7 and 8). Results from the immunohistochemical staining profiles of archived
PNSTs (Zhou et al, appended manuscript) enabled us to select Mib-1, Topo Ia, p53, p16
and p27 as discriminating immunohistochemical markers in addition to the routine H&E
and S100 stains used for every tumor specimen. Tumor 36670 (figure 7) has typical
features of benign plexiform neurofibroma, and the allelic imbalance studies demonstrate
that it has a very stable genome. Tumor 38628 (figure 8) shows a potential transition to
malignancy, whereby increased p53 staining and nuclear atypia suggest changes
associated with low-grade MPNST. Allelic imbalance studies performed on this tumor
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showed loss of heterozygosity for a number of genetic marker loci (table 1), which
alerted us to the possibility that this otherwise benign-appearing PNST could be different
that other plexiform neurofibromas. In reviewing the clinical pathology report, this tumor
has been classified on clinic-pathologic criteria as a low-grade MPNST. Tumor 38628-2
arose in the same individual as 38268. It was proximal to the original tumor and may
reflect direct extension or metastasis rather than being an independent tumor. This work
was presented as a poster at the CTOS meeting in Barcelona, Spain in 2003 (Hang et al.,
2003; item 6 in the appendix; figures 9 and 10).

Western blot analyses using antibodies directed against different epitopes of the
P53 protein were performed against MPNST cell lines and cell lysates from MPNSTSs.
Antibodies directed against the pS3 peptide (DO-1), the phosphorylated serine 392
peptide, and the P53 phosphorylated threonine 155 peptide were positive in 3 cell lines,
881F, T265 and ST526T. In addition, by Western blot analysis, antibodies directed
against insulin-like growth factor receptor, TP27%"!, and osteopontin showed positive
signals in MPNSTs.

Task 13: Months 1-34 Perform NFI germline mutation analysis on blood samples from
prospectively enrolled subjects who have a PNST

Currently, we still evaluate cDNA PCR products from NF1 mRNA extracted from
white blood cells. Since the previous report, new primers have been designed, and appear
to work better (see figures 9-10). We continue to have problems amplifying product 1
from NF1 ¢cDNA. In addition to sequencing the coding region of NF1, we are also
attempting to sequence the promoter region. This is turning out to be very difficult, as
designing primers for this region is more difficult than the coding region of the gene.

There is a risk in screening cDNA for mutations; some mutations result in mRNA
instability leaving only 1 normal allele in the analysis. Our laboratory has moved to a
new location adjacent to the University of Utah Genome Center directed by Professor
Robert Weiss, which has provided us with an opportunity to develop a genomic DNA
sequencing protocol for NFI mutation detection. Dr. Weiss’ laboratory team has
established methodology for high throughput DNA sequencing for the detection of
mutations in the Duchenne Muscular Dystrophy gene. With this success, his team agreed
to collaborate on an effort to develop a genomic DNA mutation screen for germline NF]
mutations in NF1 patients. This process was begun in Spring of 2002. We have designed
primer sets that generate 1-kb fragments specific for the NFI locus from genomic DNA
template. Automated, high-throughput sequencing has been performed on control DNA
and 6 individuals with NF1 (see table 4).

NF1 mutations have been detected in 5 of the 6 individuals; 2 of which were
known mutations used as a positive control. The five purported mutations include a
frame-shift single-basepair deletion in exon 21, a frame-shift single-basepair deletion in
exon 12b, nonsense mutation in exon 23-1, a frame-shift single-base deletion in exon 16
(corresponds to tumor 38628), and a frame-shift single-base deletion of exon 10a
(corresponds to tumor 36670). These purported mutations detected by a high-throughput
screen are now in the process of adjudication by focused DNA sequence analysis. This is

13




Viskochil, DH

proof of principle that high-throughput DNA sequence analysis can detect mutations,
even in the presence of a normal allele.

In addition to mutations, this technique is robust in the detection of
polymorphisms that may prove useful in other genetic studies. As shown in table 4, each
subject’s NF1 genome has between 6 and 14 sequence variants that could represent
polymorphisms. Each exon is spanned by approximately 800 basepairs of intron sequence
in each PCR product that is sequenced, therefore potential functional polymorphisms may
be detected that could modify the expression of NF! transcripts.

This technique has been applied to another NF1 study for which Dr. Viskochil is
the PL It is focused on bone abnormalities in NF1, and high-throughput mutation
detection of the mutant NFI allele in a cohort of individuals with NF1 being studied for
skeletal dysplasia will be evaluated for genotype-phenotype correlation.

Task 14: Months 1-30 Genotype and perform allelic imbalance analysis blood/tumor pairs

Some genotyping or allelic imbalance analysis has been performed on
prospectively acquired PNSTs (Table 1). Results from other tumors that have been
collected are currently being processed.

Of keen interest is tumor 38628, which initially appeared as an atypical plexiform
neurofibroma by immunophenotype, yet it had 10/36 genetic markers with LOH. The
other MPNST 306595 had 2 sites of LOH when compared to other areas of the same
tumor. There could be complete LOH at all four sampled sites for a number of loci that
are presently scored as uninformative, but defining these additional sites requires a
comparison to blood DNA to determine heterozygosity at such loci from constitutional
genomic DNA. This tumor and second tumor from the same individual have been
extensively evaluated for allelic imbalance at the subset of polymorphic sites selected for
genotype analysis. Multiple sites in both tumors have been evaluated as shown in figure 4
in a poster presented at the 2003 CTOS meeting (item 6 in the appendix; Hang et al.,
2003).

In addition to allelic imbalance analysis, we used DNA from both tumors to
identify genomic imbalances by CGH microarray. This technique is a sensitive way to
screen the entire genome at 1-3 megabase intervals to identify loss or gain of genomic
material that can be mapped to its respective chromosomal location.

Briefly, genomic DNA is extracted from the tumor cell line and sonicated to
smaller segments of DNA. High-copy genomic DNA is prehybridized, and genomic
DNA enriched in low-copy and single copy DNA is labeled with a fluorescent dye and
hybridized to cloned genomic DNA immobilized as an array on a “chip.” Hybridization
signals are collected by a scanner and fed to a software program that compares
hybridization signals between tumor DNA versus normal DNA. Plots for 2 separate
peripheral nerve sheath tumors are provided as item 10 in the appendix. The tumor DNA
is scored for deletions and amplifications as depicted in figure 3 in item 6 (Hang et al.,
2003; poster presentation at CTOS meeting) in the appendix. This technique will be used
in future studies.
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Task 15: Months 1-18 Perform differential display by microarray analysis of PNST RNA

No further microarray analysis has been performed. However, we are currently
looking into modifying the current protocol, to compare tumors to a MPNST cell line.
This would provide a more stable control in order to make comparisons. The original
chips used for microarray at the University of Utah are specific for certain cancers, not
sarcomas. We could not compare our data with other investigators using other chips.
Approximately 2 years ago, Dr. Lor Randall began using an Alphametrix chip for all
sarcomas collected at the University of Utah. He has analyzed the data in 4 MPNSTs in
addition to other soft tissue tumors. In a collaborative effort, Dr. Randall has agreed to
perform microarray analysis as part of a sarcoma center service for those tumors that we
use for immunohistochemical and genomic allelic imbalance studies. We have isolated
RNA from all prospectively acquired PNSTs, and cDNA has been synthesized for long-
term storage. Likewise, Dr. Randall has collected a large percentage of MPNSTs that
have been surgically resected at the University of Utah. This joint endeavor will ensure
that tumor tissue is collected and is now available for this new microarray service
provided by laboratory personnel affiliated with the sarcoma center.

We have not performed any other studies related to RNA/cDNA microarray
analysis. The core facility at the University of Utah is not prov1d1ng a consistent service
to rely on the data output at this time.

Task 16: Months 12-30 Identify candidates by combining allelic imbalance/differential
display

We have not linked our genomic allelic imbalance data with Dr. Randall’s data on
differential expression of genes in MPNSTs versus the standard fibroblast cell line genes.
Since Dr. Randall is evaluating differences between sarcomas, he will likely identify
genes that are specifically associated with Schwann cell proliferation in MPNSTSs versus
other soft tissue tumors. The analysis of MPNST microarray gene expression data is
presently being performed on jointly acquired tumors samples. We meet with Dr. Randall
approximately once a month to review the sarcoma center projects, and gene expression
microarray data is presented only after it has been evaluated by his laboratory personnel.
We have not compared data sets for the prospectively acquired tumors obtained under our
protocols. This data will not be obtained.

Task 17: Months 12-36 Cornpére allele imbalance differences of benign versus malignant
PNSTs

More PNSTs are to be collected before statistically significant conclusions can be
determined. In review of the data at hand, it appears that benign dermal and plexiform
neurofibromas have few loci with allelic imbalance, whereas MPNSTSs have much higher
levels of allelic imbalance, including complete loss of heterozygosity. This is an expected
result, as we suspect that benign tumors are genomically stable and malignant PNSTs
accumulate a number of somatic mutations in the process of tumor progression.
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Determine the level of Ras-activation in prospectively acquired PNSTs
Task 18: Months 3-30 Perform Ras-activation assays on frozen samples of PNSTs

Nine tumor samples have been assayed in the last year (see table 5). Of these, 3
are prospectively acquired PNSTs of which 2 were processed into liquid nitrogen
immediately upon collection. We have not performed these assays.

Task 19: Months 12-36 Compare Ras GTP/GDP levels between benign and malignant
PNSTs

The range of GTP/(GTP + GDP) ratios is quite variable. As a measure of ras
activation, the data are not consistent. One MPNST (306595) is 3%, whereas a benign
plexiform neurofibroma is 30%. We initially hypothesized that there would be higher
GTP to (GTP+GDP) ratios for higher-grade PNSTs, even though it is known that benign
plexiform neurofibromas have double inactivation of NF1. This data suggest that ras
signaling may be influenced substantially by other genetic loci or gene expression
patterns. We have a number of frozen samples that have not yet been analyzed, and
before making any conclusions regarding this aberrance in expected data we will
complete the studies on additional samples.

Determine somatic mutation status of candidate genes in PNST progression
Task 20: Months 1-30 Perform mutation analysis on known candidate genes

Mutation analysis has been performed on TP53 as the PNSTs are acquired. In
addition, we have developed primer sets to screen for mutations in INK4A/CDKN2A, also
known as the pI6 gene. Mutations were screened by using a combination of single
stranded conformational polymorphism (SSCP) analysis and direct sequencing. We have
developed primer sets to screen for mutations in the gene known to cause Noonan
syndrome, PTPN11. Individuals with NF1 who have a more remarkable phenotype,
including higher numbers of dermal neurofibromas, sometimes fit a diagnosis of Noonan-
NF syndrome. Likewise, individuals with Noonan syndrome have physical features found
in NF1, and visa versa. This connection has suggested an overlapping biochemical
pathway with neurofibromin and the PTPN11 gene product, protein tyrosine phosphatase
SHP-2. Noonan syndrome patients have recently been shown to have missense mutations
in exon 3 (2/3 of all detectable mutations in Noonan syndrome patients), that lead to gain-
of-function changes and excessive SHP-2 activity (Tartaglia et al., 2001). For this reason,
tumor DNA has been screened for mutations in exon 3 of the PTPN11 gene as a
candidate modifier gene of proliferating Schwann cells. We developed PCR primers
(L:51211 and R:51748) to amplify a 537-bp product spanning the 207-bp exon. Using
internal primers, DNA sequence analysis was carried out on both strands in 7 archived
frozen PNST specimens. No PTPN11 exon 3 mutations were identified.
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Task 21: Months 18-36 Perform mutation analysis on candidate genes identified in this
study

Once identified the candidate genes will be analyzed.

Task 22: Months 12-36 Compare mutation status of candidate genes in benign versus
MPNSTs

Once acquired, the mutation status of candidate genes in benign versus MPNSTs will be
compared.

Develop future NF1 investigators
Task 23: Months 1-18 Trainee develops, revises and streamlines protocols

Dr. Michael Liew started work on this project, June 1%, 2000. He attended the
NNFF, Inc Consortium meeting in June 2000, and he has developed collaborations at the
University of Utah to undertake additional techniques. He regularly attends seminar
series at the Eccles Institute of Human Genetics and the Huntsman Cancer Institute. His
protocols are continually being developed and streamlined. Last year, he attended the
51% Annual Meeting of the American Society of Human Genetics at San Diego, CA, from
the 12™-16™ of October 2001. He presented a talk at the Neurofibromatosis symposium
before the meeting, as well as a poster at the actual meeting. Finally, he completed a
manuscript that was published in the journal Pediatric Development and Pathology. He
attended the NNFF Consortium Meeting in June 2002 and presented a poster entitled, a
comparison of cell cycle/growth activation marker expression in plexiform
neurofibromas and malignant peripheral nerve sheath tumors in NF1. Dr. Liew submitted
3 grant proposals during his tenure as trainee under this award. One proposal was funded
by the Shriners Research Foundation (June 2002). It is entitled, Immunohistochemical
and Genetic Analysis of Tibial Pseudarthrosis in NF1 (Total amount of award - $16,500).
Work outlined in the proposal was a continuation of the molecular techniques that he had
applied to the peripheral nerve sheath tumors in NF1. Dr. Liew completed his fellowship
July 12™, 2002. This was about 9 months premature because he obtained a position as
staff scientist at ARUP (Associated Regional University Pathologists), which is an
affiliated Laboratory of the Department of Pathology at the University of Utah. His
training, with respect to the molecular biology of tumors associated with NF1, is now
being applied in a research and development laboratory at ARUP. He satisfied the goals
of the traineeship award, although Dr. Viskochil had hoped he would have pursued an
independent academic career evaluating the link between growth factor receptors
(epidermal growth factor and insulin-like growth factor receptors) and cellular responses
in cells derived from individuals with NF1.

In addition to work with a postdoctoral trainee, a dermatologist from Japan, Dr.
Katsumi Tanito, has been training with David Viskochil and Michael Liew since
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September 2000. He is using similar techniques to screen a set of peripheral nerve sheath
tumors from Japan. Dr. Tanito completed his fellowship and returned to Japan in
December 2002. He is preparing a manuscript for submission as part of his thesis.

David Viskochil has devoted a significant portion of his time developing a
consortium with other investigators to address a number of issues with respect to
MPNSTs in NF1. The consortium met in May 2001 in London and June 2002 in Aspen
Colorado as a satellite meeting to the annual NNFF-sponsored Consortium meeting.
David Viskochil was designated as the organizer of the June 2002 meeting, and a copy of
the executive summary statement is provided in the appendix. This effort led to the
submission of 2 separate multi-center proposals for which David Viskochil is the P1. One
was submitted to the Department of Defense NF Program Announcement for proposals
under the category of Clinical Trials Development Award (August, 2003). This was not
approved for funding by the Programmatic Review Board. A second proposal with 3
clinical trials was submitted to the NIH on October 1, 2003. It has been assigned to the
Neurological Sciences and Disorders K section. A copy of the abstract is submitted in
the appendix.

Task 24: Months 12-36 Trainee analyzed likelihood of non-NFI loci role in PNSTs

Dr. Michael Liew initiated studies into the likelihood of non-NF loci being
involved in the development of PNSTs. So far he has ruled out the t(X;18) chromosomal
translocation as having a role in the development of PNSTs. The preliminary data he has
on the role of IGF-IR is interesting, and will require more work to determine whether it is
causative or a result of tumor development. Dr. Liew completed his fellowship in July
2002. He has not applied his training in NF1 to seek extramural funding in the NF1 field.

18




Viskochil, DH

KEY RESEARCH ACCOMPLISHMENTS

e Determined that, in addition to the dermal neurofibromas being stable across the
genome, benign PNSTs (plexiform neurofibromas) are also very stable across the
genome with few and inconsistent somatic changes in genetic marker loci.

e Early data suggests that MPNSTs, including low-grade MPNSTSs are genetically
unstable at selected genetic loci across the genome.

Different foci in benign PNSTs harbor similar, and stable, genomic signatures.
Different foci in benign PNSTs have similar immunohistochemical staining
patterns.

e Mib-1, Topoll, and P53 are the most informative immunohistochemical markers
for the distinction between benign and low-grade PNSTs.

Genetic heterogeneity can be detected in different sites from within one MPNST.
Have developed a robust protocol for the amplification of DNA from tissue
sections suitable for genotyping.

Developed primer sets for NFI cDNA sequence mutation screening.

Developed primer sets for NF1 genomic DNA sequence mutation screening and
identification of single nucleotide polymorphisms upstream and downstream of
intron-exon boundaries.

e Developed primer sets for TP53 exons for gene mutation screening of DNA
extracted from paraffin-embedded PNSTs.

Could not identify TP53 mutations in MPNSTSs from NF1 patients.

Developed primer sets P16 genetic markers to detect allelic imbalance in PNSTs.
Developed and screened PNST DNA for missense mutations in the Noonan gene,
PTPNI11. No mutations were found in plexiform neurofibromas.

e Developed a standard set of genetic markers to determine the size of NFI
microdeletions with respect to the repetitive sequences that are associated with
approximately half of NF1 microdeletions.

e Contributed to the establishment of a working group focused on the detection and
treatment of MPNSTs in individuals with NF1.

e Could not establish a specific Ras-GTP/Ras-GDP ratio indicative of malignant
transformation in peripheral nerve sheath tumors.

e Could not establish functional protein abnormalities for p53 using a battery of p53
antibodies directed against multiple phosphorylated domains in Western blot
analysis of MPNST cell lines.

e Identified osteopontin protein expression by Western blot analysis in an MPNST
cell line.

e Demonstrated DNA from MPNSTs serves as adequate template for CGH
microarray analysis to detect unbalanced regions across the entire genome.

e Determined that EGFR over-expression is not due to genomic duplication of the
EGFR gene locus.
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REPORTABLE OUTCOMES
Manuscripts

PERIPHERAL NERVE SHEATH TUMORS FROM PATIENTS WITH
NEUROFIBROMATOSIS TYPE 1 (NF1) DO NOT HAVE THE
CHROMOSOMAL TRANSLOCATION t(X;18)

Michael A. Liew, Cheryl M. Coffin, Jonathan A. Fletcher, Minh-Thu N. Hang, Katsumi
Tanito, Michihito Niimura , David Viskochil

Pediatric and Developmental Pathology, April/May (2002). 5;165-169.
INTERNATIONAL CONSENSUS STATEMENT ON MALIGNANT
PERIPHERAL NERVE SHEATH TUMORS IN NEUROFIBROMATOSIS 1
Rosalie Ferner and David Gutmann.

Cancer Research (2002).62;1573-1577

David Viskochil attended a Conference in London, UK that led to this consensus report.
He chaired the Clinical Group Section.

PLEXIFORM NEUROFIBROMAS IN NF1: TOWARDS BIOLOGIC-BASED

THERAPY

Roger Packer, David Gutmann, Alan Rubenstein, David Viskochil, Robert Zimmerman,
Gilbert Vezina, Judy Small, and Bruce Korf

Neurology (2002) 58;1461-1470.
David Viskochil chaired a session on clinical trials and contributed to the synopsis of the

Clinical Trial Design section, and he reviewed the consensus report prior to submission.

C TO U RNA EDITING OF NEUROFIBROMATOSIS 1 mRNA OCCURS IN
TUMORS THAT EXPRESS THE TYPE II TRANSCRIPT AND THAT ALSO
EXPRESS APOBEC-1, THE CATALYTIC SUBUNIT OF THE
APOLIPOPROTEIN B mRNA EDITING ENZYME

Debnath Mukhopadhyay, Shrikant Anant, Robert Lee, Susan Kennedy, David Viskochil,
and Nicholas Davidson
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American J Human Genetics. (2002) 70;38-50.
Some of the retrospectively acquired PNSTs in Dr. Viskochil’s lab were tested in the

assays performed in this work. Dr. Viskochil also provided intellectual effort in the
review and discussion of pertinent data.

Poster presentations

51% Annual Meeting of the American Society of Human Genetics, San Diego CA,
October 12"-16™, 2001.

GENOME-WIDE SCREEN WITH TETRA-NUCLEOTIDE REPEATS
DEMONSTRATES INFREQUENT ALLELIC IMBALANCE IN BENIGN
PERIPHERAL NERVE SHEATH TUMORS IN NF1.

Michael Liew, Katsumi Tanito, Yan Zhang, Minh-Thu Hang, Linda Ballard, Shunichi
Sawada, Michihito Niimura and David Viskochil

ABSTRACT

Approximately 20-25% of patients with neurofibromatosis type 1 (NF1) have
benign peripheral nerve sheath tumors (PNSTs), also known as plexiform neurofibromas.
Some of these tumors undergo transformation into malignant PNSTs (MPNSTs),
however pathogenesis of malignant transformation has not been determined. Stable
benign PNSTs have double inactivation of NF1, therefore we hypothesize that additional
genetic changes must occur to lead to malignant transformation. A genome-wide tetra-
nucleotide genotyping screen was implemented to evaluate allelic imbalance in DNA
derived from different sites within 8 benign PNSTs from 8 individuals with NF1. Using
GenotyperTM software the area under the allele-specific peaks and the ratio of the areas
for two alleles were compared between blood and tumor DNA to estimate allelic
imbalance in tumor-derived DNA template. A ratio of peak areas for informative alleles
that was either less than 0.75 or greater than 1.25 in tumor versus blood DNA samples
was scored as allelic imbalance. Loss of heterozygosity (LOH) was scored by a ratio less
than 0.2, or greater than 5.0. This allele imbalance could reflect either LOH or extensive
amplification of one allele. ’

39 tetra-nucleotide markers from the distal arms of 22 chromosomes were
genotyped. 2/8 PNSTs had LOH, one with one marker demonstrating LOH and 3 markers
with allelic imbalance, while the other had 9 markers with LOH and 12 markers with
allelic imbalance. The latter tumor is currently under re-evaluation, and is not included in
this current study. The remaining PNST's had 1-8 sites of allelic imbalance. These data
were unable to identify common markers that have LOH in PNSTs, but possibly could be
used to potentially classify the malignant state of a tumor based on the number of
markers that show a change. Use of these markers with adjacent sets of markers in an
extended set of tumors would better define candidate genes that might contribute to NF1-
related tumor formation, growth and transformation.
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NNFF Consortium on NF1 and NF2: Aspen Colorado; June, 2002

Liew M, Tanito K, Hang M-T, Ballard L, Sawada S, Niimura M, Viskochil D. Genome-
wide screen with tetranucleotide repeats demonstrating infrequent allelic imbalance in
benign peripheral nerve sheath tumors in NF1.

American and Canadian Pathology Society Meeting; February, 2003

Zhou H, Viskochil D, Perkins S, Tripp S, Coffin C. Expression of epidermal growth
factor receptor and vascular endothelial growth factor receptor in plex1form
neurofibroma, and malignant peripheral nerve sheath tumors.

Connective Tissue Oncology Meeting; Barcelona, Spain; November 2003

Zhou H, Hang M-T, Coffin C, Tripp S, Viskochil D. EGFR Expression and Genetic
Analysis in plexiform neurofibromas (PNF) and malignant peripheral nerve sheath
tumors (MPNSTSs).

CONCLUSIONS

Since the previous report we have implemented some of the protocols developed,
as well as refining others. Our main accomplishments have been in the realm of
immunohistochemical phenotyping of benign plexiform neurofibromas, low-grade
MPNSTs, and high-grade MPNSTs. We have identified a set of immunostains directed
against potential modifying proteins of MPNST progression. When applied in a
standardized way they lead to more uniform analysis of PNSTs. However, by Western
blot analysis using antibodies directed against different epitopes of p53, we were unable
to identify the molecular moiety of p53 that populates MPNSTs. We were also unable to
detect aberrant p16 and p27 expression patterns in malignant peripheral nerve sheath
tumors by Western analysis. We were able to detect an unusual expression pattern of a
breast cancer marker, osteopontin. It is not expressed in benign peripheral nerve sheath
tumors, however it is expressed in MPNSTs. This will require follow-up studies.

As before, our analysis of the coding region of NFI and now the promoter region,
has been slowed by the difficulties faced in designing primer sets for the PCR reactions
from cDNA transcribed from NFI mRNA. Nevertheless, we have developed a set of
overlapping oligonucleotide primer sets that enable one to screen the NF1 cDNA for
mutations. We have also worked with the genome center at the University of Utah to
develop a screen to detect NFI mutations from genomic DNA by direct sequencing. We
have developed a set of genetic markers spanning the NF1 locus that enable us to
prescreen patient DNA for whole-gene deletions by simple, automated genotype analysis.

In addition, the protocols for DNA extraction and genome-wide screen we have
developed are robust and informative. The DNA from MPNSTs serves as adequate
template for comparative genomic hybridization microarray analysis to detect genomic
imbalances by fluorescence in situ hybridization. We now have more results that support
our data from the previous annual reports that genetic heterogeneity can be detected in
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benign and malignant PNSTs. These data also indicate that benign PNSTs are very stable
across the genome, like the dermal neurofibromas. However, from the MPNST data, it
appears that once malignant transformation occurs the genome of these tumors becomes
very unstable. This probably means that there are other genetic changes outside of NF1
that may lead to their development, and that some of the markers could indicate a =~ -~
progression in the tumor. It must be stressed however, that, at this point, the data for the
MPNSTs are not sufficient to make statistically valid conclusions.

We observed that highly expressed EGFR in MPNSTSs does not correlate with
allelic imbalance. This is an important observation because genomic amplification may
not be the explanation as indicated from other investigators. It will be important to
continue this analysis to decipher the etiology of EGFR overexpression, as it may play a
significant role in future therapeutic trials.

We have developed assays to screen for somatic mutations of 7P53, P16, and
PTPNI11 in addition to NF1. We have assessed a lack of correlation between
immunohistochemical staining, Western blot analysis, 7P53 mutations, and genome
screening for allelic imbalance in an attempt to decipher the role pS3 plays in tumor
progression in NF1-related MPNSTSs.
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Table 1b. Genotypes of a PNST tumor and a low-grade MPNST tumor from two different
patients. The markers used are indicated along the side of the table, while patient samples are
across the top of the table. Symbols used are as follows. = allelic balance; - not determined;
F failed sample; I allelic imbalance; I.OH loss of heterozygosity; N not informative.

Markers PNST (#36670 tumor) | Low-grade MPNST
(#38628 tumor)
LOH

UT5144-1p
UT5170-1q
UT595-2p
UT1360-3p
UT6129-3q
UT878-4p
UT615-5p
UT5013-5q
UT886-5q
UT2018-6p
UT897-69
UT5189-7p
UT5412-8p
UT909-8q
UT873-9p
UT913-9q
UT7422-9q
UT1699-10p
UT5419-10q
UT8115-11p
UT5150-11 L
UT2095-11q
UT5029-12p
UT6136-12
UT931-12q
UT2413-13
UT1392-14
UT1232-15
UT581-16p
UT703-16q
UT269-17p
UT40-17q
UT7162-18p
UT576-18q
UT5187-19p
UT1342-19q
UT236-20
UT1355-20q
UT1091-22q
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Table 2. Genotypes of a PNST tumor and a low-grade MPNST tumor from two different
patients. The markers used are indicated along the side of the table, while patient samples are
across the top of the table. Symbols used are as follows. = allelic balance; - not determined;
F failed sample; I allelic imbalance; 1.OH loss of heterozygosity; N not informative.

Markers PNST (#36670 tumor) | Low-grade MPNST
(#38628 tumor)

UT5144-1p LOH

UT5170-1q

UT595-2p

UT1360-3p

UT6129-3q

UT878-4p

UT615-5p

UT5013-5q

UT886-5q

UT2018-6p
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Table 5. Ras activity in MPNST in tumor samples from 9 NF1 patients.

Sample ID Tumor type GTP (fmol/mg | GTP + GDP | GTP (GTP+
prot) (fmol/mg GDP) (%)
prot)
21508 Neurofibrosarcoma 21 359 6
BGS Dermal 17 660 3
neurofibroma
P301 MPNST 39 1817 2
306595 MPNST 82 1746 5
U1001 Plexiform 60 735 8
neurofibroma
42908 Plexiform 336 1120 30
neurofibroma
U100nf Dermal 41 1595 3
neurofibroma
P309 MPNST 122 1143 11
42907 Plexiform 14 488 3

neurofibroma
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Figure 1. Osteopontin Antibody Staining

Plexiform neurofibroma (38628C) with focal, weak nuclear staining
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Figure 9. Genotyping
results from the
different areas from
T2000 and T2002. The
markers used are on the
left. The open circles
are show allelic balance
at informative
heterozygous loci. Loci
with loss of
heterozygosity (LOH)
are represented by the
filled circles. Loci with
allelic imbalance (AI)
are represented by half-
filled circles.
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Figure 10. CGH Microarray results from DNA extracted from T2002. A. An
array showing hybridization of the DNA to the clones on the chip. The left
panel with the arrow is an example where a loss is observed (red dot). The
right panel with the arrow is indicating a gain (green dot). B. The ratio plot of
DNA from T2002 showing the “signature” of clonal expansion in chromosome
5 taken from the above array hybridization. Arrows correspond to clones
depicting gain and loss on the ratio plot. T2000 had the same chromosome 5
“signature”.

#1 ACO005178.1 Pos:133.50 Mb Cy5/Cy3 Ratio

2.21

#2 RP11-88L18 Pos 13.70 Mb
Cy5/Cy3 Ratio 0.6

Chromosome: 5 i
160 180 [5n
1 - 1 -

#2 RP11-88L18 Pos 13.70 Mb Cy5/Cy3 Ratio 0.6 (green dot)
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