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Abstract

Background—Ewing sarcoma (ES) is driven by fusion of the EWS gene with an ETS
transcription factor, most often FLI1. Neuropeptide Y (NPY) is an EWS-FLI1 transcriptional
target. NPY is highly expressed in ES and exerts opposing effects, ranging from ES cell death to
angiogenesis and cancer stem cell propagation. The functions of NPY are regulated by dipeptidyl
peptidase 1V (DPPIV), a hypoxia-inducible enzyme that cleaves the peptide and activates its
growth-promoting actions. The goal of this study was to determine clinically relevant functions of
NPY by identifying the associations between its concentrations and DPP activity in patients and
ES phenotype.

Methods—NPY concentrations and DPP activity were measured in serum samples from 223
patients with localized and 9 patients with metastatic ES provided by Children’s Oncology Group.

Results—Serum NPY levels were elevated in ES patients, as compared to healthy control and
osteosarcoma populations, independently of the EWS-ETS translocation type. Significantly higher
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NPY concentrations were detected in ES patients with tumors of pelvic and bone origin. A similar
trend was observed in patients with metastatic ES. There was no effect of NPY on survival in
patients with localized ES. DPP activity in sera of ES patients was not significantly different from
healthy control and osteosarcoma patients. However, high DPP levels were associated with
improved survival.

Conclusion—Systemic NPY is elevated in ES patients and its high levels associate with
unfavorable disease features. DPPIV in patients’ sera is derived from non-tumoral sources and its
high activity correlates with improved survival.
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Introduction

Ewing sarcoma (ES) is an aggressive malignancy of children and adolescents arising in
bones or soft tissues. The presence of metastases is the most powerful adverse prognostic
factor in ES, with a 5-year event-free survival (EFS) at 72% and 3-year EFS at 27% for
patients with localized and metastatic disease, respectively.1:2 While pulmonary metastases
are the most common, the prognosis is worse for patients with secondary bone tumors,
particularly when both bone and lung metastases are present (8-14% EFS).1 Among patients
with localized disease, pelvic tumors carry a worse prognosis.3

Malignant transformation of ES is driven by chromosomal translocations resulting in the
fusion of the EWS gene with an ETS transcription factor.* Most common fusion types
include EWS-FLI1 transcripts varying in their fusion sites and EWS-ERG. However, recent
studies identified other ETS proteins that form fusion with EWS, as well as novel
translocations associated with ES and ES-related tumors that do not contain EWS gene.>

Microarray analyses have identified multiple transcriptional targets of the EWS-FLI1
protein that are up-regulated in ES, including neuropeptide Y (NPY) and its receptors — Y1R
and Y5R.® NPY is a 36 amino acid sympathetic neurotransmitter known to regulate cell
proliferation and differentiation and act as an angiogenic factor.”~2 Moreover, the peptide
controls bone homeostasis by blocking osteoblast differentiation.19 There is also growing
evidence of NPY’s role in the regulation of tumor growth, both via its angiogenic activity
and direct effects on tumor cells.8:11-13 Importantly, in tumors of sympathetic origin, such
as neuroblastoma and pheochromocytoma, NPY release manifested by its elevated systemic
levels in patients has been associated with an aggressive phenotype of the disease.14-17 No
such correlations were found for intratumoral NPY mRNA.

The role of NPY in ES remains unclear. Initial studies from our laboratory indicated that
NPY stimulates cell death via activation of both Y1R and Y5R.11:12 Consequently,
exogenous NPY inhibits ES cell survival in vitro and growth of primary tumors in an ES
xenograft model.1112 However, we have also shown that in the hypoxic tumor
microenvironment, the actions of the endogenous NPY shift to Y2R/Y5R-driven effects that
are known to promote tumor dissemination, such as ES cancer stem cell proliferation and
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migration, as well as angiogenesis.13 This hypoxia-induced switch in NPY actions is
mediated by increased Y2R and Y5R expression, but also by stimulation of dipeptidyl
peptidase 1V (DPPIV), a membrane protease that converts full length NPY;_sg to the
selective Y2R/Y5R agonist, NPY3_36.22:13 Thus, DPPIV is a key regulator of NPY actions
in ES, shifting its activity from Y1R/Y5R-mediated growth inhibition to Y2R/Y5R-
mediated potentially pro-metastatic effects. However, the protease also modifies a variety of
other peptides and augments the cellular immune response.18:19

High endogenous NPY expression in tumors often leads to its elevated systemic levels.14-17
We have also shown that high levels of DPPIV in ES xenografts result in its elevated
activity in plasma.12 Therefore, the goal of the present study was to assess levels of NPY
and DPPIV activity in sera of ES patients and determine if the pattern of their release
correlates with specific disease phenotype, providing insight into clinically relevant
functions of the peptide. We have shown for the first time that systemic NPY levels are
highly elevated in ES patients with unfavorable disease features. Thereby, our data
corroborate results of previous experimental studies demonstrating hypoxia-induced pro-
metastatic effect of NPY.13 In contrast, DPPIV detectable in patients’ sera is derived from
non-tumoral sources and its high activity correlates with better EFS.

Human samples

Cell culture

232 serum samples from ES patients and 21 serum samples from osteosarcoma patients were
received from Children’s Oncology Group (COG). 31 serum samples from healthy volunteer
children, ages 6-18 years of age, were collected at the Georgetown University Clinical
Research Unit. Human tissue sections from 17 archival paraffin embedded ES samples were
collected from multiple institutions in Poland by one of the co-authors (EIS) in compliance
with institutional ethical regulations. Use of these samples was approved by Georgetown
University Institutional Review Board.

Human ES cell lines were obtained and cultured as previously reported.12

ES xenografts

SK-ES1 or TC71 cells were injected orthotopically into gastrocnemius muscles of SCID/bg
mice.13 Once tumors reached 1cm3 the primary tumors were excised and tissues collected
for analyses.

Real time RT-PCR

RNA was isolated using High Pure RNA Isolation Kit (Roche Applied Science,
Indianapollis, IN). cDNA was synthesized using iScript cDNA Synthesis Kit and amplified
using ICycler iQ Detection System (Bio-Rad Laboratories, Hercules, CA), TagMan
Universal PCR Master Mix and pre-designed primers and fluorescein-labeled probes
(Applied Biosystems, Foster City, CA). The results were calculated by the comparative CT
method using p-actin as a reference gene.
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Tumor translocations and gene expression data

NPY ELISA

Translocation and gene expression profiling data for primary ES tumor samples were
provided by COG. Fusion type was known for 50 of the evaluated patients as determined
from archived tumor specimens.? Gene expression profiling of 56 archived COG tumor
samples was performed using Affymetrix Human Exon arrays and normalization and
transcript summarization of data achieved using Partek Genomics Suites (Partek, St. Louis,
Mo).

Conditioned media were collected from ES cells upon 24h culture and cells were
trypsinized, counted and lysed in ELISA assay buffer. NPY concentration in the cell extracts
and culture media was determined using Neuropeptide Y Enzyme Immunoassay Kit
(Bachem Peninsula Laboratories, San Carlos, CA) and normalized per mg of protein or cell
number, respectively. Patient sera were extracted using C18 Sep-columns (Bachem
Peninsula Laboratories, San Carlos, CA) and NPY measured by ELISA, as above. For
samples that reached the upper limit of detection (1.267 ng/ml) in the initial ELISA test and
had sufficient volume, a second assay with a higher dilution was performed. For volume-
limited samples, the upper limit of detection from the first ELISA test was used. Subsequent
statistical analyses relied on categorized NPY data.

Dipeptidyl peptidase (DPP) activity

DPP activity in human serum was measured colorimetrically at 405nm, using 1mM p-
nitroanilide (pNA)-conjugated Gly-Pro dipeptide substrate (Sigma, St. Louis, MO), as
previously described.12

Immunohistochemistry

Immunostaining of ES xenografts and human tumors was performed on formalin-fixed,
paraffin-embedded tissue samples using rabbit polyclonal anti-NPY antibody (Sigma, St.
Louis, MO).

Statistical analyses

Statistical analyses were performed using SigmaStat®, GraphPad and SPSS software. For
systemic NPY levels and DPP activity, measurements were divided into 4 rank groups or
analyzed as continuous variates. The comparisons were performed using Kruskal-Wallis
test, Fisher’s exact test, log-rank test and the Cox proportional hazards model, when
appropriate. For the Cox model, a stepwise variable selection procedure was utilized,
starting with gender, age at enrollment, primary site, randomized treatment assignment, rank
group for NPY, and DPP as a continuous variate. General NPY-immunoreactivity and DPP
activity were compared via One-way ANOVA and post hoc Bonferroni correction. The
comparison of gene expression levels was performed using t-test.
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Y levels are elevated in ES patients

We have previously shown that ES cells express high levels of NPY. To determine if this
high NPY expression in tumors results in secretion of the peptide into the circulation we
measured NPY concentrations in sera from 232 ES patients, including 223 patients with
localized and 9 patients with metastatic disease. Table 1 summarizes demographic
characteristics of the ES patients. Patients with osteosarcoma (n = 21) or healthy children
(6-18 years of age; n = 31) served as reference populations.

NPY concentrations in sera of ES patients with localized and metastatic disease (mean 0.940
and 1.212 ng/ml, respectively) were significantly higher, as compared to healthy control
(mean 0.517 ng/ml), suggesting release of the peptide from ES tumors (Fig. 1A). Patients
with metastatic disease tended to have higher NPY serum levels as compared to those with
localized ES (p = 0.18). However, due to the limited sample size, no definitive conclusion
could be made. No increased serum NPY was observed in osteosarcoma patients (mean
0.492 ng/ml).

evels in ES patients are highly variable

Despite the overall elevated NPY levels in ES patients, the peptide concentrations were
highly variable within the ES population (Fig. 1B). While 50% of patients with localized ES
had NPY concentrations greater than the highest control value, the remaining patients were
at the level of healthy control. Variability in systemic NPY concentrations corresponded to a
heterogeneous pattern of NPY immunostaining in human ES tissues (Fig. 1C). 11 out of 17
tested tissue samples (65%) exhibited prevalent intracellular staining, while in 6 samples
(35%) the staining was observed in both cytoplasm and extracellular spaces, suggesting
increased release of the peptide.

ES cells vary in NPY release

The variability in NPY systemic levels and in its immunostaining patterns suggested
differential NPY secretion from ES tumors. To test this, we compared NPY expression and
release in a panel of ES cell lines. All tested cells had detectable NPY mRNA and
intracellular NPY protein (Fig. 2A, B), however they varied in their release of the peptide.
NPY was detectable in conditioned media from 5 out of 9 cell lines (Fig. 2C) and its
concentrations positively correlated with mRNA levels (Fig. 2D). No significant correlation
between NPY mRNA and its intracellular levels was observed.

To determine if the differences in NPY secretion observed in ES cell lines are maintained in
vivo, ES xenograft tissues derived from two cell lines varying in NPY release, TC71 and
SK-ES1, were immunostained for NPY. In TC71 xenografts, NPY accumulated mainly in
the cytoplasm of tumor cells, while in SK-ES1 xenografts NPY immunoreactivity was also
detected in extracellular spaces, suggesting its secretion (Fig. 2E). This observation was in
agreement with high concentration of the peptide in SK-ES1, but not TC71 conditioned
media (Fig. 2C). These results corroborated our data in human ES tissues, confirming
variability in NPY release from ES tumors.
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NPY levels are increased in ES patients with various translocation types

Having determined the variability in systemic NPY levels between ES patients, we sought to
identify the phenotype of the disease that is associated with elevated peptide levels. Since
NPY is a transcriptional target of EWS-FLI1, we tested whether its release depends on the
fusion type. Serum NPY levels were compared in a cohort of 50 patients with known
translocation status. All groups of patients with various EWS-FLI1 translocation types and
EWS-ERG fusion had significantly elevated NPY levels, as compared to healthy control
(Fig. 3). NPY concentrations were particularly high in patients negative for EWS-FLI1 and
EWS-ERG, although the limited number of samples precluded reliable group comparison.

NPY release is elevated in pelvic ES

Since fusion type did not have an effect on NPY release, we correlated serum concentrations
of the peptide with the patients’ clinical characteristics (Table 1). No significant associations
of gender, age or randomized treatment assignment and NPY levels were observed.
However, NPY was significantly elevated in patients with pelvic tumors, as compared to
non-pelvic ES (Table 2). 55.3% of patients with pelvic primary tumor sites were above the
75th percentile for NPY level, with only 18.4% total below the median (p = 1.966 x 107°),
which indicated increased NPY release from these tumors.

NPY system expression is increased in bone ES

Aside from pelvic localization, bone origin of the primary tumor was also associated with
increased NPY release (Fig. 4A). The comparison was performed in a subset of 66 patients
with known tumor localization. The difference between bone and extraosseous tumors
achieved statistical significance within subsets of pelvic and axial tumors, but not ES
localized in extremities. To determine if these differences correlated with the levels of NPY
transcription, we interrogated gene expression microarray data from 56 human ES tumors
(Fig. 4B). mRNA of the NPY system was moderately, but consistently up-regulated in bone
tumors, as compared to the extraosseous lesions. The differences in mMRNA levels achieved
statistical significance for DPPIV and Y2R (p = 0.003 and p = 0.046, respectively), while it
was on the border of significance for NPY (p = 0.052).

Among ES patients with localized disease, NPY levels had no effect on survival

Patients with localized ES were grouped based on serum NPY levels into four
approximately equally sized groups. Based on analyses performed with these quartiles,
serum concentration of NPY did not have an effect on patients’ survival (Fig. 5). Due to the
small sample size, patients with metastatic ES were not included in this analysis.

Tumor DPPIV does not affect systemic DPP activity in sera of ES patients

Since DPPIV regulates NPY actions and its plasma levels are elevated in mice bearing
DPPIV-rich ES xenografts, we tested DPP activity in the sera of 179 ES patients; a part of
the cohort used for measurement of NPY. DPP activity in ES patients was not significantly
different as compared to healthy control and osteosarcoma patients (Fig. 6A). These data
indicate that the enzyme activity measured in these sera is derived from non-tumoral
sources.

Cancer. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Tilan et al.

Page 7

High systemic DPP activity is a strong predictor of better EFS in patients with localized ES

In contrast to NPY levels, DPP activity had a significant effect on EFS of patients with
localized ES. The log-rank test for the effect on EFS of DPP activity level categorized in
quartiles had a p-value of 0.0067, and the stepwise variable selection in the Cox proportional
hazards model gave a model with only DPP level statistically significant, and an estimated
hazard ratio of 0.7546 per 0.1 change in DPP activity (95% Wald CI: 0.6626-0.8595, p =
2.216 x 107) (Fig. 6B). The effect on overall survival was less pronounced; the log-rank
test for the effect on survival of DPP activity level categorized in quartiles had a p-value of
0.1154, and the stepwise selection process in the Cox model similarly had only DPP level as
statistically significant, with an estimated hazard ratio of 0.8227 per 0.1 change in DPP
activity (95% Wald CI: 0.6921-0.9779, p = 0.0269) (Fig. 6C).

Discussion

As one of the EWS-FLI1 target genes, NPY is highly expressed in ES. In these tumors, the
peptide exerts several opposing effects, such as Y1R/Y5R-mediated cells death and Y2R/
Y5R-dependent angiogenesis and cancer stem cell proliferation and migration.11-13 NPY
functions are regulated by DPPIV and a hypoxic tumor environment, both of which favor its
Y2R/Y5R-driven actions.13 Such complex activities of NPY raise a question as to which of
the functions of the peptide affect phenotype of the disease and survival of ES patients. To
address this, we sought to identify clinical features of ES associated with elevated NPY
release and DPP activity.

The average serum NPY concentration was significantly elevated in ES patients, as
compared to healthy controls. No such increase in NPY levels was observed in patients with
osteosarcoma, a tumor that affects the patient population comparable to ES, indicating that
NPY release is characteristic for ES. This observation is consistent with EWS-FLI1-driven
expression of NPY.8 The fact that NPY levels were elevated in ES patients with various
types of EWS-FLI1 rearrangements and EWS-ERG fusion implicates NPY as a universal
EWS-ETS target.

Despite the overall elevated NPY levels in ES patients, its serum concentrations were highly
variable, with 50% of patients with localized disease exhibiting normal serum NPY levels.
The study on ES cell lines revealed significant differences in peptide secretion, suggesting
that heterogeneous NPY release can underlie the variability in its systemic concentrations
among ES patients. This was further confirmed by extracellular NPY immunostaining
observed in ES xenografts derived from cell lines releasing NPY and some human ES
tissues. Since NPY acts through cell membrane receptors, the ability of ES cells to secrete
the peptide is an important mechanism regulating its actions. In the cell lines we observed a
strong correlation between NPY mRNA and its concentrations in conditioned media.
However, no such trend was observed in the small population (n = 6) of ES patients with
matching NPY mRNA and serum levels data (data not shown). Thus, NPY serum
concentrations in patients may be further modified by tumor mass or factors promaoting its
release in the tumor microenvironment.

Cancer. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Tilan et al.

Page 8

One of the stromal factors known to regulate NPY synthesis and release is brain-derived
neurotrophic factor (BDNF).20 High levels of BDNF are present in the bone environment,
which correlates with elevated expression and secretion of the peptide from bone ES, at least
in the pelvic and axial locations.?! This observation suggests the potential involvement of
NPY in ES bone invasion and is in agreement with the role of the peptide in regulating bone
homeostasis. NPY has been shown to inhibit osteoblast differentiation, which impairs
osteogenesis and decreases bone density.10 Although bone lesions in ES are mainly
osteolytic, blocking osteogenesis in pediatric and adolescent patients with ongoing bone
formation may shift bone homeostasis toward osteolysis and promote their degradation. A
similar phenomenon has been observed in neuroblastoma, another pediatric tumor with
frequent bone metastases.?2

Aside from bone ES, elevated NPY serum concentrations were also observed in patients
with pelvic tumors, known to carry worse prognosis.? It is not clear, however, if this
unfavorable prognosis results from a higher tumor mass at diagnosis, their proximity to the
internal organs, frequent incomplete resection or different biology of these tumors.
Similarly, increased NPY levels in these tumors may result from their larger size or more
aggressive phenotype. The trend toward increased NPY serum concentrations in patients
with metastatic ES suggest its elevated release associated with blood-borne disease
dissemination. This notion is further supported by our previous experimental data indicating
that hypoxic microenvironment, known to increase ES malignancy, stimulates endogenous
NPY and promotes its Y2R/Y5R-mediated growth-promoting and pro-metastatic actions.13

Analysis performed within a population of patients with localized disease indicated no effect
of serum NPY levels on ES patients’ survival. However, given a trend toward increased
peptide levels in patients with metastatic ES, the potential role of NPY as a prognostic factor
in the overall ES population cannot be excluded. Nevertheless, even if further studies show
no prognostic value of NPY, systemic levels of the peptide can be used to monitor disease
progression and response to treatment in the subset of patients with elevated NPY release.
This has been previously proposed for neuroblastoma and pheochromocytoma patients.23:24
Moreover, high systemic levels of NPY may identify a subset of potential candidates for
anti-NPY therapies among a population of ES patients, once the role of the endogenous
peptide in these tumors is fully elucidated. Lastly, the universal, fusion type-independent
tissue expression of NPY may serve as a marker in differential diagnosis between ES and
other small blue round cell tumors.

NPY actions are modified by DPPIV, which cleaves NPY and facilitates its Y2R/Y5R-
mediated growth-promoting and pro-metastatic effects.12:13 Since our previous studies
indicated elevated DPP activity in plasma of mice bearing DPPIV-rich ES xenografts, we
sought to determine if the same measure can apply to ES patients.}? The assay used in our
study measured the overall DPP activity in patients’ sera and did not distinguish between
different types of DPPs. However, DPPIV is the only known membrane DPP that can be
converted to a soluble enzyme by its shedding from the cell surface, while others (DPP8 and
DPP9) are intracellular proteases.1? Therefore, DPP activity detectable in sera can be
attributed mainly to DPPIV. Nevertheless, serum DPP activity in ES patients was not
significantly different than that observed in healthy control and osteosarcoma patients. This
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data suggests that enzyme shedding from ES tumors is not sufficient to affect its activity in
blood. Instead, the DPP activity detectable in serum is dependent on non-tumoral sources,
such as endothelium and immune cells.13:18.19 This discrepancy between the animal studies
and clinical data may be associated with the relatively higher tumor burden in mice than in
patients.

Despite the non-tumoral origin of DPPIV detected in the serum, its high activity
significantly associated with better EFS in ES patients, and trended towards such an effect
on overall survival. This surprising discovery may be associated with the known role of
DPPIV in regulating the immune response. DPPIV is a crucial factor in activation and
propagation of T lymphocytes and natural killers, two key elements of the cellular immunity
responsible for a host’s anti-tumor response.18:19 Thus, improved overall survival of patients
with high DPPIV activity may reflect a more efficient immune response, which inhibits the
disease progression. This observation strongly suggests that in the event that pro-metastatic
actions of NPY are confirmed in animal models, directly blocking this pathway will be a
better therapeutic strategy than the previously proposed inhibition of multifaceted DPPIV
activity.12 It also raises a question regarding the safety of long-term administration of
DPPIV inhibitors recently introduced as routine treatment for diabetes.1

In summary, we provide the first evidence for elevated systemic levels of NPY in ES
patients, comparable to those described for patients with tumors of sympathetic origin.14-17
Although we did not observe a direct effect of high NPY levels on survival of patients with
localized ES, the trend toward elevated NPY release in patients with unfavorable disease
features suggests a potential role of the peptide in ES dissemination, and warrants further
survival analyses including patients at the metastatic stage. This notion is also supported by
our previous data indicating that hypoxic tumor microenvironment activates pro-metastatic
actions of NPY in ES.13 Moreover, increased NPY systemic levels and intratumoral
expression of the entire NPY system in bone tumors suggest a potential role of this pathway
in ES bone invasion. On the other hand, the association of high DPP activity with better
survival implicates a potential role for DPPIV in anti-cancer immune response.
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A Elevated NPY levels in serum of B High variability in serum NPY levels
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C NPY in human ES tissues

Intracellular NPY Secreted NPY in extracellular spaces

Figure 1. ES tumors secrete variable levels of NPY to the circulation
A. NPY-immunoreactivity (NPY-ir) was measured by ELISA in sera from healthy children

(ages 6-18), ES patients with localized and metastatic disease, and osteosarcoma patients. B.
Variability in serum NPY concentrations among patients with ES (localized and metastatic
patients combined). C. Representative images of human ES tissues exhibiting different
patterns of NPY immunostaining — accumulation in tumor cell cytoplasm or in extracellular
spaces. Red arrows designate tumor cells with evident cytoplasmic NPY accumulation,
while yellow arrows indicate NPY immunoreactivity in extracellular spaces.
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A NPY mRNA in ES cell lines B NPY in ES cell extracts
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Figure 2. ES cells constitutively express NPY but vary in its release
A. NPY mRNA levels measured in a panel of ES cell lines by real-time RT-PCR. B. NPY

intracellular content determined in cell extracts from ES cells by ELISA. C. Concentration
of NPY in conditioned media from ES cells measured by ELISA. D. Positive correlation
between intracellular NPY mRNA and its concentrations in the corresponding conditioned
media. E. NPY immunostaining performed in orthotopic xenograft tissues derived from two
ES cell lines varying in NPY release — TC71 and SK-ES1. Red arrows specify tumor cells
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with cytoplasmic NPY accumulation, while yellow arrows indicate NPY immunoreactivity
in extracellular spaces.
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NPY levels in serum of ES patients with various
chromosomal translocations
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Figure 3. Serum NPY levels are elevated in ES patients independently of the EWS-ETS
translocation type

NPY serum concentrations were compared between healthy control (children 6-18 years of
age) and ES patients with various types of EWS-ETS translocations. The study was
performed in a cohort of 50 patients tested for the presence of EWS-FLI1 and EWS-ERG
fusions. Two of the patients were negative for both types of translocations (NEG).
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A NPY levels in serum of ES patients with bone
and extra-osseous tumors
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Figure 4. NPY system expression is elevated in bone, as compared to soft tissue ES
A. Serum NPY concentrations were compared between ES patients with bone (B) or extra-

osseous (EO) primary tumors. These comparisons were made in the overall patient
population and within sub-groups with particular tumor localization. B. mRNA levels of
NPY, its receptors, Y1R, Y2R and Y5R, and DPPIV were measured by gene expression
microarrays in tissues from 56 human ES primary tumors originating from bone or soft
tissues (n = 32 and 23, respectively) and compared between the two groups.
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Figure 5. In ES patients with localized disease, serum NPY levels do not affect survival
A. ES patients with localized disease were divided into four groups, based on serum NPY

levels (above 75 percentile, 50t-75t percentile, 2550t percentile and below 25t
percentile). Patients’ event-free survival (EFS) was compared between the groups using log-
rank test. No significant differences between groups were detected. B. The same approach
revealed no significant differences in overall survival between ES patients with various NPY

levels.
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Figure 6. DPP activity is not elevated in serum of ES patients, but its high levels associate with
better event-free survival

A. DPP activity was measured in sera of healthy children (ages 6-18), ES patients and
osteosarcoma patients by colorimetric method. No significant differences between the
experimental groups were observed. B. ES patients with localized disease were categorized
in quartiles based on their serum DPP activity. High DPP activity associated with
significantly better event-free survival (EFS) among ES patients, as determined by log-rank
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test (p = 0.0067). C. The effect of DPP levels on overall survival of ES patients with
localized disease, tested as above, did not achieve statistical significance (p = 0.1154).
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Table 1

Demographic characteristics of ES patient population included in study on serum NPY levels.

Clinical feature: n (%)
Gender Female 94 (42.2%)
Male 129 (57.8%)
Age at enrollment <18 196 (87.9%)
18+ 27 (12.1%)
Race Black 2 (0.9%)
White 198 (88.8%)
Other 9 (4.0%)
Unknown 14 (6.3%)
Ethnicity Hispanic 18 (8.1%)
Non-Hispanic 198 (88.8%)
Unknown 7 (3.1%)
Primary Tumor Site Non-pelvic 185 (83.0%)
Pelvic 38 (17.0%)
Randomized Treatment Assignment Standard 113 (50.7%)
Intensive 110 (49.3%)
First event in EFS analysis No event 156 (69.3%)
Relapse 59 (26.5%)
Second malignant neoplasm 5 (2.2%)
Death 3(1.4%)
Follow-up time for “No event” patients ~ Median 4.9 years
Minimum 1.8 years
Maximum 7.7 years
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