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Prognostic value of tumor suppressors in
osteosarcoma before and after neoadjuvant
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Abstract

Background: Primary bone cancers are among the deadliest cancer types in adolescents, with osteosarcomas
being the most prevalent form. Osteosarcomas are commonly treated with multi-drug neoadjuvant chemotherapy
and therapy success as well as patient survival is affected by the presence of tumor suppressors. In order to assess
the prognostic value of tumor-suppressive biomarkers, primary osteosarcoma tissues were analyzed prior to and
after neoadjuvant chemotherapy.

Methods: We constructed a tissue microarray from high grade osteosarcoma samples, consisting of 48 chemotherapy
naïve biopsies (BXs) and 47 tumor resections (RXs) after neoadjuvant chemotherapy. We performed immunohistochemical
stainings of P53, P16, maspin, PTEN, BMI1 and Ki67, characterized the subcellular localization and related staining
outcome with chemotherapy response and overall survival. Binary logistic regression analysis was used to analyze
chemotherapy response and Kaplan-Meier-analysis as well as the Cox proportional hazards model was applied for
analysis of patient survival.

Results: No significant associations between biomarker expression in BXs and patient survival or chemotherapy
response were detected. In univariate analysis, positive immunohistochemistry of P53 (P = 0.008) and P16 (P16;
P = 0.033) in RXs was significantly associated with poor survival prognosis. In addition, presence of P16 in RXs was
associated with poor survival in multivariate regression analysis (P = 0.003; HR = 0.067) while absence of P16 was
associated with good chemotherapy response (P = 0.004; OR = 74.076). Presence of PTEN on tumor RXs was
significantly associated with an improved survival prognosis (P = 0.022).

Conclusions: Positive immunohistochemistry (IHC) of P16 and P53 in RXs was indicative for poor overall patient
survival whereas positive IHC of PTEN was prognostic for good overall patient survival. In addition, we found that P16
might be a marker of osteosarcoma chemotherapy resistance. Therefore, our study supports the use of tumor RXs to
assess the prognostic value of biomarkers.
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Background
Osteosarcoma is the most common malignancy of bone
and among the deadliest cancers in adolescents [1, 2].
Osteosarcoma patients are commonly treated with mul-
tiagent neoadjuvant chemotherapy, combined with sur-
gery to remove the primary tumor mass and subsequent
adjuvant chemotherapy. Introduction of chemotherapy
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has increased the mean 5-year survival rates of patients
with localized disease from 20 % in the early 1970s to
above 60 % at present [1, 3]. In contrast, the presence of
metastases is a strong prognostic factor for poor survival
rates of 30 % or less [4].
Specifically for osteosarcoma, a patient’s response to

neoadjuvant chemotherapy has a considerable prognos-
tic value and has therefore replaced single adjuvant
chemotherapy [5, 6]. To date, necrosis of tumor resec-
tions (RXs) above 90 %, although only a crude read out,
is still used in clinical practice due to its prognostic
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power for patient survival [4, 7]. Current protocols of
neoadjuvant chemotherapy for routine use in osteosar-
coma are based on combinations of highly cytotoxic
drugs such as cisplatin, methotrexate and doxorubicin
[8]. Although potent, these drugs are not specific enough
and tumor resistance, subsequent disease progression as
well as patient death are therefore frequently observed.
Consequently, numerous immunohistochemical studies
have tried to identify osteosarcoma-biomarkers. For in-
stance, VEGF [9-11], ezrin [12-14], P53 [15], P16 [16],
CD44 [17], CXCL12 [18] were evaluated as prognostic fac-
tors for survival, whereas immunohistochemical stainings
of nuclear P16 [19], CRIP1 [20] and COX-2 [21] were in-
vestigated as predictors of chemotherapy response.
However, the above mentioned studies only evaluated

chemotherapy naïve biopsies (BXs) of osteosarcomas.
Despite the larger amounts of available tissue compared
to needle biopsied tissue, fewer studies analyzed RXs
because it is thought that no valid prediction about pa-
tient survival can be made. Nevertheless, analysis of
marker expression in remaining viable tumor tissue after
chemotherapy can be investigated similar to assessing
the degree of response to chemotherapy [22], and may
yield important information about patient prognosis and
the impact of chemotherapy in non-responders. Simi-
larly, only a few studies analyzed RXs of osteosarcomas
in order to study expression changes of biomarkers prior
to and after chemotherapy yet in these studies significant
correlations were found between clinicopathological pa-
rameters and expression changes of biomarkers such as
VEGF [23], MMP-2 [24], ezrin [25] and alkaline phos-
phatase [26].
Tumor suppressors are thought to have a major impact

on the response to chemotherapy [27-30] and hence,
patient survival. In this study, we therefore analyzed
immunohistochemical stainings in BXs and RXs of four
established tumor suppressors (P53, P16, PTEN and mas-
pin) in viable patient-derived tissue before and after
neoadjuvant chemotherapy in order to better understand
their changes during chemotherapy, and to find out if this
change is related to chemotherapy response or survival.
Wild-type P53 is a major player in the DNA damage re-
sponse and initiates cell apoptosis once the extent of
DNA damage is beyond repair [31]. Intriguingly, wild-
type P53 also has the ability to protect tumors during
chemotherapy [27], highlighting the need for a better
characterization of P53 as a marker during chemotherapy.
P53 is well known to be mutated in high grade osteosar-
comas [15, 32] and mutant P53 is often detected by im-
munohistochemistry (IHC) due to its increased half-life
[33], highlighting its potential as a valuable marker for
osteosarcoma patient prognosis.
P16 is considered another major tumor suppressor

and acts through blocking of cyclin dependent kinase 4
signaling and consequently, cell cycle progression [34].
P16 as a biomarker is less well characterized than P53 in
osteosarcoma. Nevertheless, the use of osteosarcoma
BXs identified P16 as a sensitive prognostic factor [35]
and to be predictive for good chemotherapy response
[19]. In contrast to what is inferred from biopsied sam-
ples, changes in P16 might protect the tumor cells dur-
ing chemotherapy by decreasing their proliferation rate
[28]. Therefore, it is of importance to not only study the
presence of individual tumor suppressors but to also in-
vestigate their impact on tumor proliferation (e.g., moni-
toring of Ki67 [36]). Tumor proliferation measured by
Ki67 indices is believed to have strong prognostic value
in multiple types of cancer [37-39]. Proliferation is the
result of an excess of growth promoting signals such as
growth-factor signaling pathways or the inhibition of cell
cycle regulators. Thus, proliferation can be altered at vari-
ous levels, for instance through upregulation of BMI1,
causing a deactivation of P16 and hence, an increase in
proliferation [40]. At the same time, BMI1 was found
to be overexpressed in more than half of chemotherapy
naïve osteosarcoma specimens [41]. To date, no sig-
nificant correlation between clinicopathological pa-
rameters and BMI1 expression in osteosarcomas was
discovered.
Two additional tumor suppressors, maspin and PTEN,

have hardly been studied in the context of osteosarcoma
so far. Similar to P16 [34], PTEN controls cell prolifera-
tion by regulating cyclin D levels and inhibiting PI3K-
Akt signalling [42]. Thus, presence of PTEN in tumor
specimens is considered as being prognostic for good
patient survival [43, 44]. The precise mechanism of mas-
pin, on the other hand, is still under debate. On the one
hand, studies showed a reduced metastatic potential of
breast cancer cells [45] or augmented cancer cell death
by chemotherapeutic drugs through induction of maspin
[29] and, on the other hand, studies demonstrated in-
creased expression of maspin to be an indicator of poor
survival [46] or poor chemotherapy response [47]. These
controversial results suggest that expression changes of
maspin are rather secondary effects caused by similar
changes to adjacent and more relevant genes, further
supported by a recent study [48].
Drugs used in current chemotherapeutic protocols to

treat osteosarcomas generally induce tumor cell death, yet
some tumors adapt in order to avoid death. In order to
identify patients at risk, we studied the before mentioned
biomarkers in primary osteosarcoma tissues before and
after chemotherapy. Using immunohistochemistry (IHC),
we evaluated associations between the presented bio-
markers and clinical parameters such as overall survival,
response to chemotherapy, metastasis or proliferation of
the primary tumor in order to assess the clinical value of
the studied biomarkers.
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Methods
Patient samples
This retrospective study was conducted with tumor tis-
sue specimens from a total of 61 patients who were op-
erated between December 1987 and October 2005. The
specimens were retrieved from the archive of the Insti-
tute of Surgical Pathology of the University Hospital,
Zurich, Switzerland. All tissue samples were graded as
high grade osteosarcomas according to the current
histopathological classification by the World Health
Organization [49]. Follow-up was started at first diagno-
sis of the osteosarcoma and ended at death or with the
last clinical record in our hospital database giving a
range of 7–210 months with a median follow-up of 85
(BX) and 90 (RX) months. All patients used for survival
analysis had a complete clinical record and a follow-up
of at least 50 months. Patients receiving complete neo-
adjuvant chemotherapy according to the formerly used
COSS protocols, namely COSS-86, COSS-91 and COSS-
96 [50, 51] were retrospectively selected and the corre-
sponding clinical records were reviewed and updated.
Tumor response was evaluated based on the grading of
tumor necrosis according to the guidelines by Salzer-
Kuntschik et al. [22]. Patients were termed “responders”
if tumor necrosis, based on histopathological analysis,
was greater than 90 % after neoadjuvant chemotherapy
and “non-responders” if less than 90 % of the tumor was
necrotic. Ultimately, panels of 47 chemotherapy naïve
biopsies (herein termed BXs), 44 neoadjuvant chemo-
therapy treated tumor samples (i.e., resections, herein
termed RXs) and 11 lung metastasis-derived tissues
were analyzed. In a maximum of 31 cases, a matched
chemotherapy-naïve BX and neoadjuvant chemotherapy
treated RX of the same patient were obtained and used
for the analysis of changes of IHC in BXs and RXs de-
rived from the same patient.

Tissue microarray
In this study a tissue microarray (TMA) containing
paraffin-embedded primary tumor material (both BXs and
RXs as well as lung metastases, see ref [52]) was used to as-
sess marker expression. Based on hematoxylin and eosin
stained sections of the tumor, viable tumor cell containing
areas were selected for the construction of the TMA. All
BX-derived available tissue cores with sufficient numbers
of tumor cells were evaluated. For RX derived material,
only tissue cores derived from “non-responders” (defined
as Salzer-Kuntschik grade 4–6) and “responders” (Salzer-
Kuntschik grade 2 and 3) were considered for analysis, due
to a lack of viable tissue in grade 1 “complete responders”.

Immunohistochemistry and TMA analysis
Immunohistochemistry (IHC) was carried out on 4 μm
sections of the TMA. Sections were transferred to an
adhesive-coated slide system (Instrumedics, Hackensack,
NJ, USA), deparaffinized, and processed with an auto-
mated Ventana Benchmark staining system (Ventana
Medical Systems Tucson, Arizona, USA). Heat-mediated
antigen retrieval was performed with cell conditioner 1
for at least 30 min. Individual sections were probed
with the following antibodies: mouse monoclonal anti-
P16ink4a (clone 16P04, dilution 1:600; LabVision/Neo-
markers, USA), mouse monoclonal anti-P53 (clone
DO-7, dilution 1:80; Dako, DNK), mouse monoclonal
anti-PTEN (dilution 1:200; clone 28H6; Leica Biosys-
tems/Novocastra, GER), mouse monoclonal anti-maspin
(clone G167-70, dilution 1:200, BD Pharmingen, USA),
mouse monoclonal anti-BMI1 (clone F6, dilution 1:50;
Millipore/Upstate, USA) and mouse monoclonal anti-Ki67
(clone MIB-1, dilution 1:20; Dako, DNK). Visualization of
the antibody binding was done by applying the iVIEW
DAB Kit (Ventana Medical Systems Tucson, Arizona,
USA). Slides were counterstained with hematoxylin. A
pathologist (CP) and an instructed scientist (BR) independ-
ently analyzed the tissue cores in a blinded fashion, where
special attention was given to the subcellular (nuclear or
cytoplasmic) localization of the analyzed marker. A con-
sensus grading was formed in case of differences between
individual samples. At least two cores per patient sample
were analyzed to compensate for tissue heterogeneity. Tis-
sue cores were graded as “negative” (grade 0) if less than
10 % of the tumor cells were stained, as “positive” (grade 1)
if between 10 and 50 % of the tumor cells were immuno-
stained with intermediate or high intensity and as “strongly
positive” (grade 2) if more than 50 % of the tumor cells
were stained with high intensity. In addition, changes of
biomarkers following chemotherapy were investigated
by comparing the immunohistochemical grades of BXs
and RXs of the same patient. These changes were clas-
sified as “increase”, “no change” or “decrease” of the re-
spective biomarker.

Statistical analysis
Kaplan-Meier curves were used to calculate overall pa-
tient survival, which was defined as the time from diag-
nosis until death or until last follow-up. Log-rank tests
were used to assess the statistical difference between
groups. Multivariate Cox regression models were used
to calculate hazard ratios (HRs) and 95 % confidence in-
tervals (CIs). The clinicopathologic factors patient age,
gender, location of primary tumor occurrence and histo-
logical subtype of osteosarcoma were included as covariates
next to expression of individual biomarkers. Multivariate
binary logistic regression models were used to estimate
Odds ratios (ORs) as well as 95 % CIs. To determine associ-
ations between biomarker expression and other parameters
(i.e., proliferation (Ki67 immunostaining); presence of me-
tastasis) Fisher’s exact tests were applied. All statistical tests



Table 1 Clinicopathologic characteristics of high-grade
osteosarcoma patients and IHC of six biomarkers

Variables nBX %BX nRX %RX

All high grade osteosarcoma 48 100 47 100

Neoadjuvant chemotherapy 48 100 47 100

Sex

Female 19 40 17 36

Male 29 60 30 64

Patient age

<10 years 10 21 9 19

10–24 years 31 65 31 66

>24 years 7 15 7 15

Histological subtype

Osteoblastic 34 71 33 70

Chondroblastic 4 8 7 15

Fibroblastic 5 10 4 9

Telangiectatic 5 10 3 6

Location

Tibia / Fibula / Calcaneus 19 40 15 32

Femur 18 38 20 43

Humerus / Ulna 6 13 5 11

Axial 5 10 7 15

Pathologic Response

Responder 26 54 24 49

Non-Responder 22 46 23 51

Metastasis

Yes 21 44 18 38

No 27 56 29 62

P16 total (nmatchedBX-RX = 27) 44 100 39 100

P16positive 25 57 17 44

P16negative 19 43 22 56

P53 total (nmatchedBX-RX = 31) 47 100 44 100

P53positive 9 19 12 27

P53negative 38 81 32 73

PTEN total (nmatchedBX-RX = 10) 40 100 22 100

PTENpositive 25 63 7 32

PTENnegative 15 37 15 68

Maspin total (nmatchedBX-RX = 21) 39 100 33 100

Maspinpositive 26 67 10 30

Maspinnegative 13 33 23 70

Ki67 total (nmatchedBX-RX = 15) 43 100 25 100

Ki67positive 24 56 8 32

Ki67negative 19 44 17 68

BMI1 total (nmatchedBX-RX = 16) 42 100 28 100

BMI1positive 11 26 2 7

BMI1negative 31 74 26 93

BX biopsy, RX resection
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were 2-sided where P < 0.05 was regarded as statistically
significant. PASW Statistics 18.0 (IBM Corp., USA) was
used for statistical evaluation.

Ethics statement
The design of this retrospective study was assessed and
approved by the local ethics committee of the Univer-
sity Hospital Zurich (approval reference number StV
41–2005).

Results
Patient cohort characteristics
As depicted in Table 1, the two patient cohorts used for
analyses of BXs or RXs had similar clinicopathological
characteristics. In both cohorts, the majority of the pa-
tients were male (BX: 60 %, RX: 64 %) and the overall
mean age was 18.4 years and 18.0 years in the BX cohort
and RX cohort, respectively. Most osteosarcomas were
seen in patients aged 10–24 years (BX: 65 %, RX: 66 %).
The distribution of histological subtypes such as the pre-
dominant osteoblastic type (BX: 71 %, RX: 70 %) or the
main sites of primary tumor occurrence such as the tibia/
fibula/ calcaneus (BX: 40 %, RX: 32 %) or the femur (BX:
38, RX: 43 %) were similar in both patient cohorts. A total
of 65 % (BX) and 68 % (RX) of patients were alive at the
last follow-up resulting in similar five-year survival rates
of 65 % (BX) and 68 % (RX). Chemotherapy response
(≥90 % tumor necrosis) subsequent to neoadjuvant
chemotherapy was found in 54 % (BX) and 49 % (RX) of
the patients compared to 46 % (BX) and 51 % (RX) being
non-responders (<90 % tumor necrosis). During follow-
up, 44 % (BX) and 38 % (RX) of patients developed
metastases.

Tumor IHC
Representative examples of positive as well as negative
immunohistochemical stainings of BXs are given in
Fig. 1. The subcellular localization differed between the
analyzed markers: IHC of P53 (Fig. 1b), Maspin (Fig. 1d),
Ki67 (Fig. 1e) and BMI1 (Fig. 1f ) showed nuclear
localization in >90 % of the positively stained BXs. In
contrast, PTEN (Fig. 1c) was exclusively found in the
cytoplasm. Subcellular localization of P53, Maspin, Ki67,
BMI1 and PTEN in RXs was the same as in BXs. IHC of
P16 (Fig. 1a) showed equal numbers of “cytoplasmic
and nuclear” as well as “cytoplasmic only” (see Additional
file 1) P16-positive BXs (52 % versus 48 % of the BX sam-
ples, respectively). In P16-positive RXs, “cytoplasmic only”
expression of P16 was more frequent than “cytoplasmic
and nuclear” localization of P16 (65 % versus 35 % of the
RX samples, respectively). Furthermore, all P16-positive
osteosarcoma samples had detectable P16 in the cyto-
plasm of cancer cells, whereas no sample was found with
a “nuclear only” subcellular localization of P16.



Fig. 1 Representative images of immunohistochemistry of the six analyzed biomarkers. For each part (a–f) the same order of samples is shown: left
(positive staining), middle (negative staining), right (positive staining of a lung metastasis). a, nuclear and cytoplasmic P16 staining. b, nuclear P53. c,
cytoplasmic PTEN. d, nuclear maspin. e, nuclear Ki67. f, nuclear BMI1. Normalized magnification of all images, 40x; Hematoxylin counterstaining
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Table 1 also indicates the numbers of samples available
for each analyzed marker. In general, a larger number of
BXs (nBX: 39–47) was available for IHC compared to
specimens derived from RXs (nRX: 22–44). A positive
BX staining was most often found for maspin and
PTEN, in with approximately two thirds of the samples
were positively stained. Staining of P53 and BMI1 was
less common, with 19 % and 26 % positive staining, re-
spectively. In over half of the BXs, Ki67 (56 %) and P16
(57 %) could be detected. As depicted in Table 1, chemo-
therapy decreased the immunohistochemical grade of
P16, PTEN, maspin, Ki67 and BMI1, i.e., led to a de-
creased expression of the marker in the patient samples
after chemotherapy. This decrease was most dramatic
for BMI1 and maspin, where in relative terms, more
than half of the samples lost their marker expression. In
contrast, a relative increase of P53-positive samples was
observed after chemotherapy (BX, positive: 19 %; RX,
positive: 27 %).

Survival analysis
As depicted in Fig. 2. Kaplan-Meier survival analysis of
chemotherapy-naïve BXs of high grade osteosarcoma pa-
tients yielded no significant differences in overall sur-
vival for the various biomarkers, although for P53 a
trend was observed for worse survival in case of pres-
ence of nuclear P53 (P = 0.083; Fig. 2b). In contrast, the
analysis of patient RXs yielded significant differences in
overall survival as illustrated in Fig. 3. Positive expres-
sion of P16 (P = 0.033; Fig. 3a) and P53 expression
(P = 0.008; Fig. 3b) were found to be prognostic markers
for poor overall survival of patients. In contrast, absence
of PTEN (P = 0.022; Fig. 3c) in patient RXs was signifi-
cantly associated with worse overall survival. Expression
of maspin (Fig. 3d), Ki67 (Fig. 3e) and BMI1 (Fig. 3f ) in
RXs was not significantly associated with overall survival
prognosis. Due to the fact that P16 was present in the
“cytoplasm only” or in the “cytoplasm and nucleus” of
some samples, we sought to see if there is a difference in
survival rates between these two subgroups. However,
Kaplan-Meier survival analysis did not yield a difference
in survival probability according to the subcellular
localization of P16 (see Additional file 2).
Cox regression analysis (Table 2A) demonstrated that

no significant contribution of any biomarker was de-
tected in BXs (data not shown), but in RXs, absence of
P16 expression (P = 0.003; HR = 0.067; 95 % CI: 0.011 -
0.397) was a significant favorable prognostic factor for
overall survival. The other biomarkers were not found to
be associated with overall survival (Table 2). Similarly,
clinicopathologic parameters such as age, gender, tumor
location or tumor subtype possessed no prognostic value
for patient survival in multivariate analyses.

Chemotherapy response
Chemotherapy response of the tumor following chemo-
therapy has a strong influence on patient survival progno-
sis. Therefore we used binary logistic regression to analyze
the expression of biomarkers on BXs in connection with
gender, patient age, location of tumor and histological
subtype to determine the predictive value on tumor re-
sponse. Female gender was the only significant predictive
factor for good chemotherapy response after neoadjuvant
chemotherapy using multivariate analysis for models with
BMI1, Ki67, PTEN, P16 and P53 (data not shown). In the
multivariate model established for maspin, no such link
between female gender and good chemotherapy response
was detected.



Fig. 2 Univariate Kaplan-Meier survival analysis of biomarkers in BXs. Kaplan-Meier survival curves showing survival probabilities of patients according
to their (a) P16, (b) P53, (c) PTEN, (d)x maspin, (e) Ki67 and (f) BMI1 expression status

Fig. 3 Univariate Kaplan-Meier survival analysis of biomarkers in RXs. Kaplan-Meier survival curves showing survival probabilities of patients according
to their (a) P16, (b) P53, (c) PTEN, (d) maspin, (e) Ki67 and (f) BMI1 – expression status
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Table 2 Multivariate analysis of patients with osteosarcomas receiving neoadjuvant chemotherapy

A. Cox regression analysis of association between
clinicopathologic variables and overall survival

B. Binary logistic regression analysis of association between
clinicopathologic variables and tumor-response status

Variablesa P-value HR 95 % CI P-value OR 95 % CI

Age 0.973 0.126

<10 years 0.829 0.000 0.000 ∞ 0.043 0.006 0.000 0.845

10–24 years 0.922 0.876 0.063 12.227 0.084 0.012 0.000 1.814

Gender 0.122 4.390 0.674 28.596 0.609 2.189 0.109 44.045

Location 0.972 0.601

Tibia/ fibula/calcaneus 0.743 0.000 0.000 ∞ 0.999 6.119E9 0.000 ∞

Femur 0.737 0.000 0.000 ∞ 0.999 4.232E9 0.000 ∞

Humerus/ulna 0.719 0.000 0.000 ∞ 0.999 5.229E10 0.000 ∞

Histological subtype 0.902 0.935

Chondroblastic 0.986 0.139 0.000 ∞ 0.999 8.367E8 0.000 ∞

Fibroblastic 0.922 22186 0.000 ∞ 0.999 0.000 0.000 ∞

Osteoblastic 0.932 6308 0.000 ∞ 0.514 5.300 0.036 789.165

RX P16 negative (n = 39) 0.003 0.067 0.011 0.397 0.004 74.076 3.875 1415.946

RX P53 negative (n = 44) 0.315 0.515 0.141 1.879 0.159 4.786 0.541 42.368

RX PTEN negative (n = 22) 0.166 5.342 0.498 57.310 0.999 2.169E9 0.000 ∞

RX Maspin negative (n = 33) 0.409 0.482 0.085 2.725 0.192 4.384 0.477 40.278

RX Ki67 negative (n = 25) 0.069 0.157 0.021 1.157 0.999 1.934E9 0.000 ∞

RX BMI1 negative (n = 28) 0.353 3.624 0.239 54.951 1.000 0.000 0.000 ∞

In the upper section, the multivariate analysis including P16 is shown. In the lower section, statistical parameters of biomarker expression of separate multivariate
analyses (including the same clinicopathologic factors from the upper section) are shown
RX resection, HR hazard ratio, OR Odds ratio, ∞ infinity
aCoding of variables was a follows: age: 1 (<10 year), 2 (10–24 years) and 3 (>24 year). Gender: 1 (female) and 2 (male). Location: 1 (tibia/ fibula/ calcaneus),
2 (femur), 3 (humerus/ ulna) and 4 (axial sites). Histological subtype: 1 (chondroblastic) 2 (fibroblastic), 3 (osteoblastic) and 4 (telangiectatic)
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In RXs, a correlation between tumor response after neo-
adjuvant chemotherapy and biomarker expression was de-
tected. Expression of P16 in RXs was the only biomarker
showing a significant correlation with poor tumor re-
sponse after chemotherapy (absence of P16 in RXs:
P = 0.004; OR = 74.076; 95 % CI:3.875-1415.946; Table 2B).
None of the other biomarkers analyzed in RXs returned a
significant correlation with tumor response.
Proliferation
In order to see if a link exists between expression of the an-
alyzed biomarkers and proliferation, we correlated expres-
sion of P53, P16, maspin, PTEN or BMI1 with Ki67 (see
Additional file 3). We found maspin expression to be posi-
tively correlating with Ki67 expression in osteosarcoma tis-
sues (PBX <0.001, PRX = 0.008; Fisher’s exact test). Similarly,
PTEN expression positively correlated with Ki67 expres-
sion (PBX = 0.018, PRX = 0.046; Fisher’s exact test). Interest-
ingly, IHC of P16 (PBX = 0.050, PRX = 0.086; Fisher’s exact
test) showed a borderline correlation whereas P53 did not
significantly correlate with Ki67 on osteosarcoma samples.
Despite the low number of BMI1 positive RXs, positive
IHC of BMI1 on BXs showed a significantly positive
correlation with the tumor proliferation marker Ki67
(PBX = 0.001, PRX = 0.505; Fisher’s exact test).

Metastasis
Compared to primary tumor material, a higher percentage
of lung metastases showed expression of the analyzed
markers (examples are shown in Fig. 1, right colums).
More than 50 % of positively stained samples were found
in 91 % (P16), 82 % (PTEN and maspin), 60 % (Ki67) and
55 % (BMI) of all available lung metastases. In contrast,
positive P53 staining was only present in 18 % of all avail-
able lung metastases.
In both BXs and RXs, no statistically significant correla-

tions between the expression of any of the investigated bio-
markers and the development of metastases during follow-
up were detected. Analyses of BXs and RXs stained for P16,
P53, PTEN (BXs), Ki67, Maspin and BMI1 all yielded
P-values > 0.35 (Fisher’s exact test) except for the analysis of
PTEN in RXs, where presence of PTEN was indicative for
suppression of metastases (P = 0.063, Fisher’s exact test).

Changes of biomarkers
We investigated if changes in the histological grading of
each marker (i.e., in BX and RX derived from the same



Robl et al. BMC Cancer  (2015) 15:379 Page 8 of 12
patient) had a prognostic value for patient survival.
Despite a limited number of matched patient tissues
available (n = 10–31, exact sample numbers indicated in
Table 1), we found that changes in gradings of Ki67
(P = 0.0004, log-rank test) and maspin (P = 0.029, log-
rank test) had significant prognostic value for overall
survival (Fig. 4), where a decrease in grading of both
markers was associated with better survival compared
to no change or an increase. Changes of biomarker grad-
ings were neither significantly correlating with the forma-
tion of metastasis nor with chemotherapy response (data
not shown).

Discussion
We strongly believe that, especially in case of rare cancer
entities such as osteosarcoma, all available tissue should
be analyzed in order to gain more information about the
molecular changes of the osteosarcoma during chemo-
therapy. By careful selection of the still viable resected
material, valuable information can be obtained about pa-
tient survival prognosis or chemotherapy response. Here,
we thus demonstrated prognostic roles of P53, P16 and
PTEN in osteosarcoma by analyzing osteosarcoma sam-
ples after neoadjuvant chemotherapy. The prognostic
value of P16 [53-55], P53 [15] as well as PTEN [43, 44]
found in our study confirmed data found in other can-
cers. In addition to the common perception of analyzing
Fig. 4 Univariate Kaplan-Meier survival analysis of biomarker expression ch
samples. Kaplan-Meier survival curves showing survival probabilities of patie
PTEN, (d) maspin, (e) Ki67 and (f) BMI1
chemotherapy naïve tissues in order to identify prognos-
tic markers, we also demonstrated the value of analyzing
(matching) resected tumor tissue.
To date, hardly any studies analyzing matched osteo-

sarcoma patient samples prior to and after neoadjuvant
chemotherapy exist. For the first time, we showed sig-
nificant correlations between changes of maspin as well
as Ki67 and osteosarcoma patient survival. In general,
little is known about the role of maspin in cancer pro-
gression and it is questioned if maspin is playing a role
in tumor development, in particular breast cancer, at all
[48]. We are the first to study whether a metastasis-
suppressing role of maspin exists in osteosarcoma, yet we
could not detect a significant correlation between maspin
expression in BXs or RXs and the development of metas-
tases or any other clinicopathological parameter. However,
we found that an increase in maspin expression in
matched tumor specimens (prior to and after chemother-
apy) had a worse survival prognosis compared to patients
in which maspin gradings decreased or remained un-
changed. Explanations for this finding might be either the
formation of mutants of maspin [56] or the induction of
maspin expression by chemotherapeutics [29] without a
direct impact on tumor biology [48]. In contrast, IHC of
the proliferation marker Ki67 is often discussed as a
strong prognostic factor, for instance in Ewing’s sarcomas
[57] or breast cancer samples [38]. Despite low patient
anges prior to and after neoadjuvant chemotherapy in matched tissue
nts designated by the changes of IHC gradings of (a) P16, (b) P53, (c)
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numbers and although IHC of Ki67 was not significantly
linked to patient survival in our and another osteosarcoma
study [58], changes of Ki67 IHC scores had prognostic
value for poor survival. Thus, one can speculate that osteo-
sarcomas with increased proliferation rates might possess a
survival advantage during cisplatin-based chemotherapy
and ultimately lead to poorer patient survival. However, as
the number of matched samples was limited, repetition of
these analyses in a larger cohort should be performed.
With respect to P16, studies so far only focussed on

the role of nuclear P16 in osteosarcoma. Positive expres-
sion of nuclear P16 was considered to be beneficial for
overall survival rates of osteosarcoma patients [16] as
well as predictive for good response after standard neo-
adjuvant chemotherapy [19]. These two studies investi-
gated the role of nuclear P16 in chemotherapy naïve
samples [16, 19] and showed that nuclear P16 suppressed
the formation of osteosarcoma and increased the chances
of success of neoadjuvant chemotherapy. Importantly, P16
in our study was predominantly present in the cytoplasm
of positively stained samples, and hence, was related to a
poor chemotherapy response and poor patient survival.
This difference may be related by different functions of
P16 in the nucleus and cytoplasm, or simply reflect the
fact that cytoplasmic P16 is not available to exert its regu-
latory function inside the nucleus. In general, these find-
ings are in line with studies describing other cancer types
which claimed cytoplasmic P16 to be an indicator for ad-
vanced tumor stages [59] and increased aggressiveness of
squamous cell carcinomas of the skin [60] or the cervix
[61]. Analysis of BXs of head and neck tumors signifi-
cantly linked different subcellular localizations of P16 to
differences in patient survival, where strong cytoplasmic
P16 was found to be prognostic for poor survival [55].
Our findings confirm findings from previous studies

reporting P53 (in BXs) as a marker for osteosarcoma pa-
tient survival prognosis [15]. However, using IHC, only
mutant P53 can be detected due to its prolonged half-life
[62-64]. Mutant P53 is often found to be incapable of in-
ducing DNA-damage signaling and thus, renders tumor
cells apoptosis resistant. An increase in mutations of P53
might be a consequence of cisplatin-based chemotherapy
[65] and proteins such as maspin might be prone to simi-
lar events and are therefore found overexpressed in osteo-
sarcoma samples. In contrast, the P16-coding CDKN2A
locus was shown to be deleted rather than mutated in
osteosarcoma samples leading to a loss of P16 expression
[66]. However, these results were derived from samples
which were chemotherapy naïve and sequencing ap-
proaches of P16 positive RXs would be required to con-
firm the absence of mutations in the CDKN2A locus.
The tumor suppressor PTEN is frequently deactivated

through deletions, leading to low or no PTEN expres-
sion in osteosarcoma samples [67]. Consequently, loss of
PTEN leads to a more malignant phenotype and a poor
patient survival. We demonstrated for the first time a
better prognosis of osteosarcoma patients if their RXs
were positively stained for PTEN. In line with our re-
sults, other studies also showed worse patient survival in
case PTEN was absent [43, 44, 68].
Patients who present with metastatic disease have gen-

erally lower survival rates than patients with localized
osteosarcomas [3]. In order to identify potential markers
of metastasis, we correlated the studied biomarkers with
the presence of metastases. Based on our results, none
of the studied biomarkers showed any correlation with
the development of metastases, irrespective of the origin
of the evaluated tissue (e.g., BXs or RXs). These results
point at a minor role of the studied biomarkers in the
process of metastasis in osteosarcoma, although markers
like P53, P16 or PTEN have a significant correlation
with the overall survival of the patients included in this
cohort study.
It is commonly known that males are more often af-

fected by osteosarcoma than females [4], yet no difference
in terms of response to chemotherapy has so far been
shown between genders. Our analysis of osteosarcoma
BXs showed a better response of female osteosarcoma-
bearing patients upon neoadjuvant chemotherapy. Al-
though the cause of this gender difference is unknown, it
is unlikely to be an artefact as this outcome is in line with
the generally higher survival rates of female osteosarcoma
patients compared to male patients [69-71].
There are some limitations to our study. First, it is lim-

ited by low sample numbers, especially with respect to
analysis of matched samples. Nevertheless, in comparison
to other studies investigating biomarkers of osteosarcoma,
our patient cohort can be considered as average sized [15].
Furthermore, additional analyses such as mutational ana-
lyses were not performed at this stage and although IHC
is a commonly used method in the clinics it does not pro-
vide complete information about the functional state of
the detected proteins. Nevertheless, IHC is a commonly
available tool to identify the expression status of a protein
in various tissues and to learn about the subcellular distri-
bution of a protein within cancer cells.

Conclusions
In conclusion, using resected material, we have identified
P16 and PTEN as prognostic markers for poor and for
good overall survival of osteosarcoma patients, respect-
ively. We also showed potential evidence of P16 in causing
poor chemotherapy response upon neoadjuvant chemo-
therapy, thus establishing a basis for future research on
the role of P16 in chemotherapy resistance. Importantly,
the use of matched BXs and RXs also allowed us to gain
more insight in the dynamics of biomarker expression fol-
lowing chemotherapy. Ultimately our study demonstrates
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that the use of RXs yields many clues regarding chemo-
therapy response and patient survival, and thus, should be
considered in addition to immunohistochemical evalu-
ation of chemotherapy naïve material.

Additional files

Additional file 1: Positive, cytoplasmic only P16 immunostaining.
This figure displays an immunostaining of P16 which is solely present in
the cytoplasm of tumor cells (arrows point at representative cancer cells).
The blue color of all nuclei is never fully covered with brown DAB
reagent, showing the extranuclear localization of the P16 staining.

Additional file 2: Kaplan- Meier survival analysis of samples
grouped according to subcellular localization of P16. P16 positive
samples were grouped according to the subcellular localization of P16,
yielding “cytoplasmic and nuclear” (cn) P16 as well as “cytoplasmic only”
(c) P16. (A) Kaplan-Meier plot showing no difference in survival rates
of BXs stratified according to c or cn subcellular localizations of P16
(P = 0.358). (B) Kaplan-Meier survival analysis using RXs yielded similar
survival rates of cn and c P16 (P = 0.845). In contrast, cnP16 and cP16
showed worse survival rates when compared to P16 negative samples
(P = 0.067 and P = 0.059, respectively). Abbreviations: BX, biopsy; c,
cytoplasmic only; cn, cytoplasmic and nuclear; RX, resection.

Additional file 3: Correlations between Ki67 IHC and IHC of other
biomarkers. In general, Ki67 is used as a marker for proliferation. To see
if the studied putatitve tumor suppressors and BMI1 can be correlated to
the proliferation state of the analyzed osteosarcoma samples, Fisher’s
exact tests were performed to evaluate significant correlations.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Conception and design: BR, BF. Development of methodology: BR, CP.
Grading of tumor samples: BR, CP. Analysis and interpretation of data: BR,
SMB, BB, BF. Writing, review, and/or revision of the manuscript: BR, CP,
SMB, BB, BF. Administrative, technical, or material support (i.e., reporting or
organizing data, constructing databases): BR, BB, BF. Study supervision: BB,
BF. All authors read and approved the final manuscript.

Acknowledgments
The authors thank Ivo Fuchs for creating the tissue microarray as well as the
University of Zurich, the Schweizerischer Verein Balgrist (Zurich, Switzerland),
the Walter L. & Johanna Wolf Foundation (Zurich, Switzerland), the Highly
Specialized Medicine for Musculoskeletal Oncology program of the Canton
of Zurich, the Zurcher Krebsliga (Zurich, Switzerland), the “Kind und Krebs”
fund (Zollikerberg, Switzerland) and the Swiss National Science Foundation
(SNF Nr.310030_149649) for financial support.

Author details
1Laboratory for Orthopedic Research, Department of Orthopedics, Balgrist
University Hospital, Forchstrasse 340, 8008 Zurich, Switzerland. 2Institute of
Surgical Pathology, University Hospital Zurich, Zurich, Switzerland.

Received: 16 October 2014 Accepted: 29 April 2015

References
1. Mirabello L, Troisi RJ, Savage SA. Osteosarcoma incidence and survival rates

from 1973 to 2004: data from the Surveillance, Epidemiology, and End
Results Program. Cancer. 2009;115(7):1531–43.

2. Howlader N, Noone AM, Krapcho M, Garshell J, Neyman N, Altekruse SF,
et al. Cancer Epidemiology in Older Adolescents and Young Adults 15 to 29
Years of Age, Including SEER Incidence and Survival: 1975–2000. In: Institute
NC, editor. NIH Pub No 06–5767. Bethesda, MD: SEER Cancer Statistics
Review; 2013. p. 1975–2010.
3. Allison DC, Carney SC, Ahlmann ER, Hendifar A, Chawla S, Fedenko A, et al.
A meta-analysis of osteosarcoma outcomes in the modern medical era.
Sarcoma. 2012;2012:704872.

4. Picci P. Osteosarcoma (osteogenic sarcoma). Orphanet J Rare Dis. 2007;2:6.
5. Goorin AM, Schwartzentruber DJ, Devidas M, Gebhardt MC, Ayala AG, Harris

MB, et al. Presurgical chemotherapy compared with immediate surgery and
adjuvant chemotherapy for nonmetastatic osteosarcoma: Pediatric
Oncology Group Study POG-8651. J Clin Oncol. 2003;21(8):1574–80.

6. Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, et al.
Prognostic factors in high-grade osteosarcoma of the extremities or trunk:
an analysis of 1,702 patients treated on neoadjuvant cooperative osteosarcoma
study group protocols. J Clin Oncol. 2002;20(3):776–90.

7. Provisor AJ, Ettinger LJ, Nachman JB, Krailo MD, Makley JT, Yunis EJ, et al.
Treatment of nonmetastatic osteosarcoma of the extremity with preoperative
and postoperative chemotherapy: a report from the Children's Cancer Group.
J Clin Oncol. 1997;15(1):76–84.

8. Hogendoorn PC, Athanasou N, Bielack S, De Alava E, Dei Tos AP, Ferrari S,
et al. Bone sarcomas: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2010;21 Suppl 5:v204–213.

9. Kaya M, Wada T, Akatsuka T, Kawaguchi S, Nagoya S, Shindoh M, et al. Vascular
endothelial growth factor expression in untreated osteosarcoma is predictive
of pulmonary metastasis and poor prognosis. Clin Cancer Res. 2000;6(2):572–7.

10. Bajpai J, Sharma M, Sreenivas V, Kumar R, Gamnagatti S, Khan SA, et al. VEGF
expression as a prognostic marker in osteosarcoma. Pediatr Blood Cancer.
2009;53(6):1035–9.

11. Lugowska I, Wozniak W, Klepacka T, Michalak E, Szamotulska K. A prognostic
evaluation of vascular endothelial growth factor in children and young
adults with osteosarcoma. Pediatr Blood Cancer. 2011;57(1):63–8.

12. Khanna C, Wan X, Bose S, Cassaday R, Olomu O, Mendoza A, et al. The
membrane-cytoskeleton linker ezrin is necessary for osteosarcoma metastasis.
Nat Med. 2004;10(2):182–6.

13. Salas S, Bartoli C, Deville JL, Gaudart J, Fina F, Calisti A, et al. Ezrin and
alpha-smooth muscle actin are immunohistochemical prognostic markers
in conventional osteosarcomas. Virchows Arch. 2007;451(6):999–1007.

14. Li H, Min D, Zhao H, Wang Z, Qi W, Zheng S, et al. The Prognostic Role of
Ezrin Immunoexpression in Osteosarcoma: A Meta-Analysis of Published
Data. PLoS One. 2013;8(6), e64513.

15. Jiang L, Tao C, He A. Prognostic significance of p53 expression in malignant
bone tumors: a meta-analysis. Tumour Biol. 2013;34(2):1037–43.

16. Mohseny AB, Tieken C, van der Velden PA, Szuhai K, de Andrea C,
Hogendoorn PC, et al. Small deletions but not methylation underlie
CDKN2A/p16 loss of expression in conventional osteosarcoma. Genes
Chromosomes Cancer. 2010;49(12):1095–103.

17. Deng Z, Niu G, Cai L, Wei R, Zhao X. The prognostic significance of CD44V6,
CDH11, and beta-catenin expression in patients with osteosarcoma. Biomed
Res Int. 2013;2013:496193.

18. Baumhoer D, Smida J, Zillmer S, Rosemann M, Atkinson MJ, Nelson PJ, et al.
Strong expression of CXCL12 is associated with a favorable outcome in
osteosarcoma. Mod Pathol. 2012;25(4):522–8.

19. Borys D, Canter RJ, Hoch B, Martinez SR, Tamurian RM, Murphy B, et al. P16
expression predicts necrotic response among patients with osteosarcoma
receiving neoadjuvant chemotherapy. Hum Pathol. 2012;43(11):1948–54.

20. Baumhoer D, Elsner M, Smida J, Zillmer S, Rauser S, Schoene C, et al. CRIP1
expression is correlated with a favorable outcome and less metastases in
osteosarcoma patients. Oncotarget. 2011;2(12):970–5.

21. Urakawa H, Nishida Y, Naruse T, Nakashima H, Ishiguro N. Cyclooxygenase-2
overexpression predicts poor survival in patients with high-grade extremity
osteosarcoma: a pilot study. Clin Orthop Relat Res. 2009;467(11):2932–8.

22. Salzer-Kuntschik M, Brand G, Delling G. Determination of the degree of
morphological regression following chemotherapy in malignant bone
tumors. Pathologe. 1983;4(3):135–41.

23. Rossi B, Schinzari G, Maccauro G, Scaramuzzo L, Signorelli D, Rosa MA, et al.
Neoadjuvant multidrug chemotherapy including high-dose methotrexate
modifies VEGF expression in osteosarcoma: an immunohistochemical
analysis. BMC Musculoskelet Disord. 2010;11:34.

24. Korpi JT, Hagstrom J, Lehtonen N, Parkkinen J, Sorsa T, Salo T, et al. Expression
of matrix metalloproteinases-2, −8, −13, −26, and tissue inhibitors of
metalloproteinase-1 in human osteosarcoma. Surg Oncol. 2011;20(1):e18–22.

25. Wang YF, Shen JN, Xie XB, Wang J, Huang G. Expression change of ezrin
as a prognostic factor in primary osteosarcoma. Med Oncol. 2011;28
Suppl 1:S636–643.

http://www.biomedcentral.com/content/supplementary/s12885-015-1397-4-s1.pdf
http://www.biomedcentral.com/content/supplementary/s12885-015-1397-4-s2.pdf
http://www.biomedcentral.com/content/supplementary/s12885-015-1397-4-s3.pdf


Robl et al. BMC Cancer  (2015) 15:379 Page 11 of 12
26. Bramer JA, Abudu AA, Tillman RM, Carter SR, Sumathi VP, Grimer RJ.
Pre- and post-chemotherapy alkaline phosphatase levels as prognostic
indicators in adults with localised osteosarcoma. Eur J Cancer. 2005;41(18):2846–52.

27. Jackson JG, Pant V, Li Q, Chang LL, Quintas-Cardama A, Garza D, et al.
p53-mediated senescence impairs the apoptotic response to chemotherapy
and clinical outcome in breast cancer. Cancer Cell. 2012;21(6):793–806.

28. Weller M, Rieger J, Grimmel C, Van Meir EG, De Tribolet N, Krajewski S, et al.
Predicting chemoresistance in human malignant glioma cells: the role of
molecular genetic analyses. Int J Cancer. 1998;79(6):640–4.

29. Ben Shachar B, Feldstein O, Hacohen D, Ginsberg D. The tumor suppressor
maspin mediates E2F1-induced sensitivity of cancer cells to chemotherapy.
Mol Cancer Res. 2010;8(3):363–72.

30. Oki E, Baba H, Tokunaga E, Nakamura T, Ueda N, Futatsugi M, et al. Akt
phosphorylation associates with LOH of PTEN and leads to chemoresistance
for gastric cancer. Int J Cancer. 2005;117(3):376–80.

31. May P, May E. Twenty years of p53 research: structural and functional
aspects of the p53 protein. Oncogene. 1999;18(53):7621–36.

32. Chen X, Bahrami A, Pappo A, Easton J, Dalton J, Hedlund E, et al. Recurrent
somatic structural variations contribute to tumorigenesis in pediatric
osteosarcoma. Cell Rep. 2014;7(1):104–12.

33. Slade N, Moll UM. Mutational analysis of p53 in human tumors:
immunocytochemistry. Methods Mol Biol. 2003;234:231–43.

34. Serrano M, Hannon GJ, Beach D. A new regulatory motif in cell-cycle
control causing specific inhibition of cyclin D/CDK4. Nature.
1993;366(6456):704–7.

35. Mohseny AB, Szuhai K, Romeo S, Buddingh EP, Briaire-de Bruijn I, de Jong D,
et al. Osteosarcoma originates from mesenchymal stem cells in consequence
of aneuploidization and genomic loss of Cdkn2. J Pathol. 2009;219(3):294–305.

36. Barnard NJ, Hall PA, Lemoine NR, Kadar N. Proliferative index in breast
carcinoma determined in situ by Ki67 immunostaining and its relationship
to clinical and pathological variables. J Pathol. 1987;152(4):287–95.

37. Sorbye SW, Kilvaer TK, Valkov A, Donnem T, Smeland E, Al-Shibli K, et al.
Prognostic Impact of Jab1, p16, p21, p62, Ki67 and Skp2 in Soft Tissue
Sarcomas. PLoS One. 2012;7(10), e47068.

38. Yerushalmi R, Woods R, Ravdin PM, Hayes MM, Gelmon KA. Ki67 in breast
cancer: prognostic and predictive potential. Lancet Oncol. 2010;11(2):174–83.

39. Antonarakis ES, Keizman D, Zhang Z, Gurel B, Lotan TL, Hicks JL, et al. An
immunohistochemical signature comprising PTEN, MYC, and Ki67 predicts
progression in prostate cancer patients receiving adjuvant docetaxel after
prostatectomy. Cancer. 2012;118(24):6063–71.

40. Jacobs JJ, Kieboom K, Marino S, DePinho RA, van Lohuizen M. The oncogene
and Polycomb-group gene bmi-1 regulates cell proliferation and senescence
through the ink4a locus. Nature. 1999;397(6715):164–8.

41. Wu Z, Min L, Chen D, Hao D, Duan Y, Qiu G, et al. Overexpression of BMI-1
promotes cell growth and resistance to cisplatin treatment in osteosarcoma.
PLoS One. 2011;6(2), e14648.

42. Weng LP, Brown JL, Eng C. PTEN coordinates G(1) arrest by down-regulating
cyclin D1 via its protein phosphatase activity and up-regulating p27 via its
lipid phosphatase activity in a breast cancer model. Hum Mol Genet.
2001;10(6):599–604.

43. Sano T, Lin H, Chen X, Langford LA, Koul D, Bondy ML, et al. Differential
expression of MMAC/PTEN in glioblastoma multiforme: relationship to
localization and prognosis. Cancer Res. 1999;59(8):1820–4.

44. Kanamori Y, Kigawa J, Itamochi H, Sultana H, Suzuki M, Ohwada M, et al.
PTEN expression is associated with prognosis for patients with advanced
endometrial carcinoma undergoing postoperative chemotherapy. Int J
Cancer. 2002;100(6):686–9.

45. Zou Z, Anisowicz A, Hendrix MJ, Thor A, Neveu M, Sheng S, et al. Maspin, a
serpin with tumor-suppressing activity in human mammary epithelial cells.
Science. 1994;263(5146):526–9.

46. Lei KF, Liu BY, Jin XL, Guo Y, Ye M, Zhu ZG. Prognostic value of nuclear
maspin expression for adjuvant 5-fluorouracil-based chemotherapy in
advanced gastric cancer. Exp Ther Med. 2012;3(6):993–8.

47. Triulzi T, Ratti M, Tortoreto M, Ghirelli C, Aiello P, Regondi V, et al. Maspin
influences response to doxorubicin by changing the tumor microenvironment
organization. Int J Cancer. 2014;134(12):2789–97.

48. Teoh SS, Vieusseux J, Prakash M, Berkowicz S, Luu J, Bird CH, et al. Maspin is
not required for embryonic development or tumour suppression. Nat
Commun. 2014;5:3164.

49. Fletcher CDM BJ, Hogendoorn PCW, Mertens F, editors. World Health
Organization Classification of Tumours of Soft Tissue and Bone. Pathology
and Genetics of Tumours of Soft Tissue and Bone. 4th ed. Lyon: IARC
Press; 2013.

50. Fuchs N, Bielack SS, Epler D, Bieling P, Delling G, Korholz D, et al. Long-term
results of the co-operative German-Austrian-Swiss osteosarcoma study
group's protocol COSS-86 of intensive multidrug chemotherapy and surgery
for osteosarcoma of the limbs. Ann Oncol. 1998;9(8):893–9.

51. Bielack S, Kempf-Bielack B, Schwenzer D, Birkfellner T, Delling G, Ewerbeck V,
et al. Neoadjuvant therapy for localized osteosarcoma of extremities. Results
from the Cooperative osteosarcoma study group COSS of 925 patients. Klin
Padiatr. 1999;211(4):260–70.

52. Bubendorf L, Nocito A, Moch H, Sauter G. Tissue microarray (TMA)
technology: miniaturized pathology archives for high-throughput in situ
studies. J Pathol. 2001;195(1):72–9.

53. Emig R, Magener A, Ehemann V, Meyer A, Stilgenbauer F, Volkmann M, et al.
Aberrant cytoplasmic expression of the p16 protein in breast cancer is
associated with accelerated tumour proliferation. Br J Cancer.
1998;78(12):1661–8.

54. Arifin MT, Hama S, Kajiwara Y, Sugiyama K, Saito T, Matsuura S, et al.
Cytoplasmic, but not nuclear, p16 expression may signal poor prognosis in
high-grade astrocytomas. J Neurooncol. 2006;77(3):273–7.

55. Zhao N, Ang MK, Yin XY, Patel MR, Fritchie K, Thorne L, et al. Different
cellular p16(INK4a) localisation may signal different survival outcomes in
head and neck cancer. Br J Cancer. 2012;107(3):482–90.

56. Jang HL, Nam E, Lee KH, Yeom S, Son HJ, Park C. Maspin polymorphism
associated with apoptosis susceptibility and in vivo tumorigenesis. Int J Mol
Med. 2008;22(3):333–8.

57. Lopez-Guerrero JA, Machado I, Scotlandi K, Noguera R, Pellin A, Navarro S,
et al. Clinicopathological significance of cell cycle regulation markers in a
large series of genetically confirmed Ewing's sarcoma family of tumors.
Int J Cancer. 2011;128(5):1139–50.

58. Sorensen FB, Jensen K, Vaeth M, Hager H, Funder AM, Safwat A, et al.
Immunohistochemical Estimates of Angiogenesis, Proliferative Activity, p53
Expression, and Multiple Drug Resistance Have No Prognostic Impact in
Osteosarcoma: A Comparative Clinicopathological Investigation. Sarcoma.
2008;2008:874075.

59. Karim RZ, Gerega SK, Yang YH, Spillane A, Carmalt H, Scolyer RA, et al.
p16 and pRb immunohistochemical expression increases with increasing
tumour grade in mammary phyllodes tumours. Histopathology.
2010;56(7):868–75.

60. Nilsson K, Svensson S, Landberg G. Retinoblastoma protein function and
p16INK4a expression in actinic keratosis, squamous cell carcinoma in situ
and invasive squamous cell carcinoma of the skin and links between p16INK4a
expression and infiltrative behavior. Mod Pathol. 2004;17(12):1464–74.

61. Acs G, Zhang PJ, McGrath CM, Acs P, McBroom J, Mohyeldin A, et al.
Hypoxia-inducible erythropoietin signaling in squamous dysplasia and
squamous cell carcinoma of the uterine cervix and its potential role in cervical
carcinogenesis and tumor progression. Am J Pathol. 2003;162(6):1789–806.

62. Visakorpi T, Kallioniemi OP, Heikkinen A, Koivula T, Isola J. Small subgroup
of aggressive, highly proliferative prostatic carcinomas defined by p53
accumulation. J Natl Cancer Inst. 1992;84(11):883–7.

63. Kerns BJ, Jordan PA, Moore MB, Humphrey PA, Berchuck A, Kohler MF, et al.
p53 overexpression in formalin-fixed, paraffin-embedded tissue detected by
immunohistochemistry. J Histochem Cytochem. 1992;40(7):1047–51.

64. Collier JD, Carpenter M, Burt AD, Bassendine MF. Expression of mutant p53
protein in hepatocellular carcinoma. Gut. 1994;35(1):98–100.

65. Gercel-Taylor C, Scobee JJ, Taylor DD. Effect of chemotherapy on the
mutation frequency of ovarian cancer cells at the HPRT locus. Anticancer
Res. 2005;25(3B):2113–7.

66. Ottaviano L, Schaefer KL, Gajewski M, Huckenbeck W, Baldus S, Rogel U,
et al. Molecular characterization of commonly used cell lines for bone
tumor research: a trans-European EuroBoNet effort. Genes Chromosomes
Cancer. 2010;49(1):40–51.

67. Freeman SS, Allen SW, Ganti R, Wu J, Ma J, Su X, et al. Copy number gains
in EGFR and copy number losses in PTEN are common events in
osteosarcoma tumors. Cancer. 2008;113(6):1453–61.

68. Velickovic M, Delahunt B, McIver B, Grebe SK. Intragenic PTEN/MMAC1
loss of heterozygosity in conventional (clear-cell) renal cell carcinoma is
associated with poor patient prognosis. Mod Pathol. 2002;15(5):479–85.

69. Durnali A, Alkis N, Cangur S, Yukruk FA, Inal A, Tokluoglu S, et al. Prognostic
factors for teenage and adult patients with high-grade osteosarcoma: an
analysis of 240 patients. Med Oncol. 2013;30(3):624.



Robl et al. BMC Cancer  (2015) 15:379 Page 12 of 12
70. Min D, Lin F, Shen Z, Zheng S, Tan L, Yu W, et al. Analysis of prognostic
factors in 333 Chinese patients with high-grade osteosarcoma treated by
multidisciplinary combined therapy. Asia Pac J Clin Oncol. 2013;9(1):71–9.

71. Whelan JS, Jinks RC, McTiernan A, Sydes MR, Hook JM, Trani L, et al. Survival
from high-grade localised extremity osteosarcoma: combined results and
prognostic factors from three European Osteosarcoma Intergroup randomised
controlled trials. Ann Oncol. 2012;23(6):1607–16.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient samples
	Tissue microarray
	Immunohistochemistry and TMA analysis
	Statistical analysis
	Ethics statement

	Results
	Patient cohort characteristics
	Tumor IHC
	Survival analysis
	Chemotherapy response
	Proliferation
	Metastasis
	Changes of biomarkers

	Discussion
	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

