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Summary
The ability to define osteosarcoma (OS) patients at greatest risk for metastatic progression and
non-responsiveness to conventional therapy is currently not possible. Such biomarkers are needed
to predict overall prognosis, probability of metastases at diagnosis, and response to chemotherapy.
The tissue microarray (TMA) serves as a powerful tool for detecting and validating protein
biomarkers across a variety of patients. We constructed a novel outcome-linked TMA to add to
and address shortcomings of currently available osteosarcoma tissue resources. To test the utility
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of our TMA we surveyed the expression of eukaryotic initiation factor 4E (eIF4E) in osteosarcoma
patients using immunohistochemistry. Aberrant regulation of translation initiation is a feature of
many cancers. eIF4E is central to initiation of protein synthesis. Its expression and activity have
been implicated in tumor formation and potentially malignant and/or metastatic progression in
some carcinomas. We found that eIF4E was uniformly expressed in osteosarcoma patient samples.
No association was found between eIF4E and outcome in osteosarcoma patients. This novel
osteosarcoma TMA provided a facile mechanism to assess the role of a relevant protein biomarker
in osteosarcoma.
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Osteosarcoma is the most common primary malignancy of bone. Approximately 400 new
cases of osteosarcoma are diagnosed in pediatric patients in the United States each year
(American Cancer Society, http://www.cancer.org/docroot/home/index.asp). For most
pediatric osteosarcoma patients, despite successful management of the primary tumor and
multi-agent adjuvant therapy, the development of metastases, commonly to the lung, is the
most common cause of death. Opportunities to improve outcomes for patients who present
with metastases and those at-risk for metastatic progression requires an improved
understanding of tumor biology. Defining patients at the greatest risk for metastatic
progression and non-responsiveness to conventional therapy is not currently possible. Such
prospective identification of patients at highest risk would allow the use of novel therapeutic
agents in patients at greatest need. The definition and or validation of biomarkers that
predict outcome requires readily available patient samples that are linked to complete
clinical follow-up. Tissue microarrays (TMAs) are well-recognized, widely used, tools that
enable rapid analysis of large patient cohorts for the expression of protein biomarkers using
archival paraffin embedded samples. To enable biomarker and target evaluation in
osteosarcoma we report herein on the development of an outcome-linked osteosarcoma
TMA available as a community resource. The tissue array is available through the National
Cancer Institute (http://ttc.nci.nih.gov/forms/). As an example of the utility of the TMA we
asked if the expression of eukaryotic initiation factor 4E (eIF4E) was linked to cancer
progression, eIF4E is a 25kDa cytosolic protein that binds to the 7-methyl gaunosine cap at
the 5’ UTR of cellular mRNAs during translation initiation. Since eIF4E is found in much
lower concentrations than other translation initiation factors it is the rate-limiting component
in translation initiation.1,2 eIF4E is an important modulator of cell growth and proliferation
and has been shown to be overexpressed in a number of malignancies including lymphomas,
cancers of the breast, lung, head and neck, bladder, prostate, colon and rectum, esophagus,
skin, and cervix.2–6 Here, we asked (i) if eIF4E is expressed in osteosarcoma tissues and (ii)
whether the expression levels of eIF4E were linked to clinical outcome in these patients.

We report the results of TMA immunohistochemical expression profiling of eIF4E in a
variety of osteosarcoma sample types including pre-treatment excisional biopsies, post-
treatment definitive resections, and lung metastases. We found eIF4E to be similarly
expressed in all osteosarcoma sample subtypes.

MATERIALS AND METHODS
Patient Selection and Pathology

Patient records from 75 osteosarcoma patients linked to 89 samples and 12 control tissues
(formalin fixed paraffin embedded blocks) were provided by the Montefiore Hospital,
Memorial Sloan Kettering Cancer Center, and Center for Cancer Research for the
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development of the osteosarcoma tissue array. Using these tissues and associated clinical
annotation a schema of tissue cores, arranged according to the sample type (biopsy,
definitive resection, or resection of distant metastasis) was developed. Primary biopsy
specimens were those taken at the time of patient diagnosis prior to chemotherapy treatment.
Definitive resection specimens were taken following neo-adjuvant chemotherapy at the time
of definitive surgical treatment and metastatic specimens were collected at the time of
relapse. All of the metastatic specimens included on the tissue array were taken from the
lung. Diagnosis of osteosarcoma was confirmed by histologic review (TO and SH) of H&E
slides. For our purposes clinical outcome was defined as overall survival of the patient.
Occasionally, multiple specimens were taken from the same patient, for example, four
primary biopsy patients also had definitive resection samples and two definitive resection
patients had metastases at presentation. Final patient specimens included: 21 primary
biopsies (19 patients), 48 definitive resections (47 patients), 20 metastases (14 patients), and
12 control tissues (Fig. 1).

Construction of the Osteosarcoma Tissue Microarray
The physical construction of the TMA followed the guidelines previously used by the
National Cancer Institute’s Tissue Array Project
(http://ccr.cancer.gov/tech_initiatives/tarp/default.asp). Each individual case was represented
by 1 tumor core of 1mm that was taken from the original paraffin block. The TMA block
contained 89 osteosarcoma specimens and 12 control tissues including liver, kidney, testis,
muscle, lymph node, normal bone, placenta, bone cyst, fibrosarcoma, pleomorphic
liposarcoma, and malignant fibrous histiocytomas. Serial 5µm sections were cut from the
TMA block and used for immunohistochemical analysis.

Immunohistochemistry
We have previously reported methods for immunohistochemical staining of TMAs.7 Briefly,
primary rabbit polyclonal anti-eIF4E-antibody (Cell Signaling Technology, Danvers, MA)
was applied to the TMA at dilution of 1:100. Substitution of non-immune serum for the
primary antibody was used for negative control incubations. Liver and lymph node cores
were used as positive controls for eIF4E staining. Slides were developed with avidin-biotin
complex kit (DAKO, Carpintera, CA) and counter stained with Hematoxylin (DAKO).

Scoring of the TMAs
Before scoring, tissue cores containing less than 10% of the original tissue (3 tissue cores) or
those containing less than 5% tumor cells (8 tissue cores) were excluded from the analysis.
Scoring was based on staining intensity (Fig. 2B). The intensity of the signal was scored as 0
(no expression), 1 (mild expression), 2 (moderate expression) or 3 (marked expression). All
tissue cores were co-scored independently by TO and LR who were blinded to the clinical
information. If there was disagreement about scores, the tissue cores were reviewed together
by TO and LR and a consensus score was reached.

Clinical Outcome Measures
The clinical endpoint of this study was overall survival (Fig. 3A). Overall survival was
defined as the time from diagnosis until death or last patient contact. Staining results were
compared to overall survival (Fig. 3B).

Statistical Analysis
Descriptors of eIF4E staining intensities, including mean, median, confidence intervals, and
log-rank tests were determined using Microsoft Excel and GraphPad Prism version 4c for
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Macintosh software. Log-rank and log-rank trend statistics were used for assessment of
survival curves. A P value less than 0.05 was considered significant.

RESULTS
TMA Patient Characteristics

Eighty-nine tissue specimens collected between 1984 and 2001 were obtained from 75
patients (35 males and 40 females) undergoing resection of osteosarcoma of the extremities,
pelvis, and craniofacial bones. Written informed consent in accordance with the Ethics
Committee and Institutional Review Board of the Memorial Sloan Kettering Cancer Center
and/or Montefiore Hospital was obtained prior to tissue procurement. Sixty-seven percent of
samples were taken from patients 21 years of age or less (mean-14.5, median-15). Thirty-
three percent of samples included patients that were older than 21 years (mean-43.3,
median-37). Specimens included tissues collected at biopsy (n=21), during definitive
resection of the tumor (n=48), and during resection of distant metastasis to the lung (n=20)
for a total of 89 specimens. A variety of anatomic sites and histologic subtypes (Table 1)
were included. The majority of tumors were high-grade (47 of 48 patients; 98%)
chondroblastic osteosarcomas (14 of 43 patients; 33%) that were located in the femur (20 of
52 patients; 38%). Nine patients had lung metastases at the time of diagnosis. One patient
had a low-grade osteosarcoma of the metatarsus. Following procurement, samples of all
specimens were decalcified, formalin-fixed, and paraffin embedded.

eIF4E expression and relationship with overall survival in osteosarcoma patients
To assess the utility of our TMA and test a hypothesis of interest in our studies of
osteosarcoma biology, the expression of eIF4E in osteosarcoma tissues was surveyed using
immunohistochemistry. Tissue controls (positive controls; liver and lymph node) exhibited
diffuse cytoplasmic expression of eIF4E with staining intensities ranging from mild to
marked. An assessment for eIF4E was possible in the TMA for 78 of 89 cores. Positive
osteosarcoma immunoreactivity for eIF4E was detected in 71 of 78 (91%) tumors analyzed.
Diffuse, mild (intensity score 1) to moderate (intensity score 2) cytoplasmic expression was
observed in 67 of 78 (86%) specimens. Specifically, eIF4E was expressed in 15 of 17 (88%)
primary biopsy samples, in 40 of 44 (91%) definitive resections, and in 17 of 17 (100%)
metastatic lesions (Fig. 2A). Kaplan-Meier survival curves were used to examine differences
in overall survival between each defined staining intensity (quartiles) and between high and
low eIF4E expressers (Fig. 3B). Based on the uniform expression of eIF4E in most patient
samples, it was not surprising to find that the expression intensity of eIF4E protein alone
was not an independent predictor of overall survival (P = 0.1821) (Fig. 3B).

DISCUSSION
Successful management of primary tumors and advances in multimodal chemotherapy
regimens have improved the overall 5-year relapse-free survival rate from 20% to
approximately 60–70% for osteosarcoma patients who present with localized disease.8
However, long-term outcomes for patients have not substantively improved in over 20 years
despite intensification of therapy before, during, and after the management of the primary
tumor. Furthermore, the 5-year survival for patients who present with metastatic disease is
10–30% and has remained static over this time period.8 The importance of defining patients
with the poorest outcomes at the time of diagnosis is critical for improvements to be seen in
this disease. Unfortunately, the biological heterogeneity of this disease coupled with the
relative rarity of the cancer and limited availability of outcome-linked patient data, has made
such advances difficult. TMAs are well-recognized tools that play an important role in the
evaluation of biological targets in tumors. The value of TMAs in the study of rare cancers is
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further amplified. Currently, there are six osteosarcoma TMAs reported in the literature that
are consistently used within the research community (Table 2).9–14 Each of these TMAs
contains relatively small patient numbers, varied and limited clinical patient data, and are
primarily derived from pre-treatment excisional biopsies. These small sample/patient
numbers have often dampened the opportunities to assess proteins of interest in
osteosarcoma and have limited the opportunity to make important associations between
expressed proteins and patient outcomes. The lack of TMAs with relatively large sample
sizes that contain well-documented clinical data and are derived from wide variety of sample
types poses a serious challenge to physicians and researchers attempting to improve their
understanding of osteosarcoma biology. The described characteristics of our array contribute
begin to address this unmet need. Although used recently, we provide herein a complete
description of the patient population as well as the patient numbers and sample types.15

The majority of samples included in this TMA were taken from patients who had received
neoadjuvant chemotherapy but still had a large percentage of viable neoplastic cells at the
primary tumor site. This could represent the source of a potential bias in the TMA design
towards a patient population of patients with poor response to chemotherapy. However, the
5-year overall survival rates for patients included in our TMA with localized osteosarcoma
(approximately 75%) is consistent with survival rates reported in the literature.16,17

As an example of our TMA’s utility we evaluated the expression of eIF4E in osteosarcoma
tissues formatted on this array and assessed correlations between eIF4E expression, sample
type, and overall survival. Our findings demonstrated that relatively uniform expression of
eIF4E in both primary tumors and metastatic lesions of these osteosarcoma patients (Fig.
2A) and that eIF4E expression intensity was not an independent predictor of overall survival
(Fig. 3B). It is reasonable that the uniform expression of eIF4E in osteosarcoma tissues
precluded its association with outcome.

There has been a wealth of evidence in both experimental cancer models and in human
cancer tissues implicating eIF4E with tumor development and progression. However, the
majority of this work has been conducted in primary epithelial tumors. There is very limited
information about eIF4E expression and activity in cancers of mesenchymal origin,
including osteosarcoma. Because eIF4E is overexpressed in many cancers and its role in
oncogenic transformation and tumor progression,6,18–20 many groups are working to
develop strategies to effectively target eIF4E. Novel agents in various stages of development
include antisense oligonucleotides to eIF4E, RNAi or antisense RNAs that suppress eIF4E, a
physical mimic of the natural ligand, suicide gene therapy, and peptide-based inhibition of
eIF4E.21 The widespread expression of eIF4E in osteosarcoma may suggest the potential
utility of these approaches in osteosarcoma.

We report herein the development of a relatively large, outcome-linked TMA for use by the
community. Our TMA was built to compliment other TMAs currently available and to
address the limitation of small sample size and to provide a wider variety of sample types
that characterize the disease including pre-treatment excisional biopsies, post-treatment
definitive resections, and lung metastases. We hope that our TMA will facilitate rapid
evaluation of potential protein biomarkers and ultimately result in an improved
understanding of osteosarcoma biology and therapy.
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Figure 1.
Osteosarcoma Tissue Microarray. Low magnification (0.3X) of human osteosarcoma
specimens stained with H&E. Tissue microarray contains 111 tissue cores. Final patient
specimens included: 21 pre-treatment biopsies (19 patients), 48 post-treatment definitive
resections (47 patients), 20 lung metastases (14 patients), and 12 control tissues. A liver
specimen is placed in the upper left hand corner of the TMA in order to verify proper
orientation.
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Figure 2.
(A) Expression of eIF4E in all osteosarcoma patients. eIF4E is expressed in most
osteosarcoma samples and the majority of samples have a staining intensity score of 1 or 2.
(B) Representative tissue cores of osteosarcoma immunoreactivity for eIF4E (staining
intensities 0, 1, 2, and 3).
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Figure 3.
(A) Five year survival rate for patients with localized osteosarcoma without clinically
detectable metastases is approximately 75%. (B) Kaplan-Meier survival analysis showed no
significant differences in survival among distinct eIF4E staining intensities (P= 0.1821).
Therefore, there is no correlation between eIF4E expression and overall survival in
osteosarcoma patients with localized disease.
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TABLE 1

Patient Characteristics

Number of Patients

Gender

Females 40

Males 35

Age (years)

≤21 50

≥21 25

Sample Types

Pre-treatment Biopsies 19a

Post-treatment Definitive Resections 47b

Lung Metastases 14

Anatomic Location

Femur 20

Proximal tibia 11

Humerus 6

Pelvis 5

Craniofacial bones 4

Metatarsal 2

Extraskeletal 2

Ulna 1

Knee 1

Not Specified 22

Histologic Subtype

Osteoblastic 11

Chondroblastic 14

Fibroblastic 4

Giant cell rich 4

Mixed 10

Not Specified 31

a
Four pre-treatment biopsy patients also had post-treatment definitive resection samples

b
Two post-treatment definitive resection patients had lung metastases at presentation
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