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Human Osteosarcoma Xenografts and Their Sensitivity
to Chemotherapy
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Despite the increased survival rates of osteosarcoma
patients attributed to adjuvant chemotherapy, at least
one third of the patients still die due to their disease.
Further improvements in the management of
osteosarcoma may rely on a more individualised
treatment strategy, as well as on the introduction of
new drugs. To aid in the preclinical evaluation of new
candidate substances against osteosarcoma, we have
established 11 human osteosarcoma xenograft lines
and characterised them with regard to response to
five different reference drugs. Doxorubicin, cisplatin
methotrexate, ifosfamide and lomustine were effec-
tive in 3/11, 3/11, 1/10, 5/11 and 4/11 of the xenografts,
respectively. Five xenografts were resistant to all com-
pounds tested. We also assessed the mRNA expres-

sion levels of the xenografts for the O°-Methylgua-
nine DNA Methyltransferase (MGMT), DNA topoi-
somerase II- (Topo II)-a, Gluthathione-S-transferase
(GST)-w, Multidrug-resistance related protein (MRP)
1 and Multidrug-resistance (MDR) 1 genes. There
was an inverse correlation between the transcript lev-
els of GST-n and doxorubicin growth inhibition (r=
-0.66; p<0.05), and between the transcript levels of
MGMT and the effect of lomustine (r= -0.72; p<0.01),
whereas the expression of MRP1 and cisplatin growth
inhibition was positively correlated (r=0.82; p<0.005).
This panel of xenografts should constitute a good tool
for pharmacological and molecular studies in
osteosarcoma. (Pathology Oncology Research Vol 10,
No 3, 133-141)
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Introduction

Chemotherapy has become a cornerstone in the primary
treatment of osteosarcoma. Today survival rates of around
60% are achieved, whereas not more than 20% were cured
by surgery alone.'? Multimodal treatment regimens usual-
ly involve neo-adjuvant chemotherapy with high-dose
methotrexate, doxorubicin, cisplatin, and more recently
ifosfamide. Reviews of the literature indicate that a sur-
vival plateau approaching 60% can be achieved with sev-
eral different drug combinations, and that inclusion of
additional drugs or recent attempts to optimise treatment
schedules, have not been convincing in terms of survival
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benefits.” Furthermore, ultraaggressive combination
chemotherapy is associated with acute and long-term tox-
icity. This is of particular concern in patients who either
do not have micrometastatic disease, or would have been
cured with a simpler and less toxic regimen.’ Hence, fur-
ther improvements in the management of osteosarcoma
seemingly depend on the inclusion of novel treatments as
well as on diagnostic and prognostic tools that may allow
for a more individualised and risk-adapted treatment.
Human tumor xenografts in nude mice have been wide-
ly used in drug screening and in the preclinical evaluation
of new anticancer drugs. Since the biological heterogene-
ity is pronounced, with considerable differences in
chemosensitivity, even within the same histological group
of human tumors, it is acknowledged that a potential new
drug should be tested in a panel of tumor xenografts. Here
we report the establishment and characterisation of 11
human osteosarcoma xenografts, with regards to their sen-
sitivity to drugs used clinically, i.e. doxorubicin, cisplatin,
methotrexate and ifosfamide, as well as to lomustine. We
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also assessed the mRNA expression levels of the
xenografts for the 0°-Methylguanine DNA Methyltrans-
ferase (MGMT), DNA topoisomerase II-a (Topo II)-a,
Gluthathione-S-Transferase (GST)-n, Multidrug-resis-
tance related protein (MRP) 1 and Multidrug-resistance
(MDR) 1 genes, in attempts to reveal whether the tran-
script levels would correlate with the sensitivity to the
individual drugs tested.

Materials and methods
Animals and establishment of tumor xenografts

Male and female Balb/c mice, bred at the nude rodent
facility at the Norwegian Radium Hospital were used. The
animals were maintained under specific pathogen-free
conditions, Food and water were supplied ad libitum.
Housing and all procedures involving animals were per-
formed according to protocols approved by the animal
care and use committee, in compliance with the National
Committee for Animal Experiments guidelines on animal
welfare. The animals were 4-8 weeks of age at the day of
tumor implantation. Anaesthesia was obtained with 0.5
mg/g propanidid (SombrevinTM; Gedeon Richter Ltd,
Budapest, Hungary). Fragments of tissue from biopsies or
surgically removed tumors from patients with osteosarco-
ma were implanted s.c. into the flanks of nude mice. A
xenograft was considered to be established and could be
used for therapy experiments when the growth rate had
stabilised, usually after 3-5 passages.

Histology

The morphology of archival tumor tissue from patients
was compared to different passages of their corresponding
xenografts, using conventionally stained paraffin-embed-
ded sections examined by light microscopy.

Drugs, doses and treatment

Drugs were dissolved in saline to obtain solutions of 0.8
mg/ml doxorubicin (Adriamycin™; Pharmacia Upjohn,
Stockholm, Sweden), 0.5 mg/ml cisplatin (Bristol-Myers
Squibb, NY, USA) and 24 mg/ml ifosfamide (Holoxan™
Asta Medica, Frankfurt, Germany). Infusion concentrate of
methotrexate (Methotrexate™, 25 mg/ml; Pharmacia &
Upjohn; Stockholm, Sweden) was diluted in saline to obtain
a final concentrations of 15 mg/ml. Lomustine
(Lomustine™; medac, Hamburg, Germany) was suspended
in glycerol to a concentration of 2 mg/ml. Maximal tolera-
ble doses (MTD), inducing a median bodyweight loss of up
to 10%, were found to be 8 mg/kg doxorubicin, 5 mg/kg cis-
platin, 150 mg/kg methotrexate, 240 mg/kg ifosfamide, 20
mg/kg lomustine. All drugs were administered i.v. on days
0 and 7 i.v., except for lomustine that was given i.p.

Evaluation of antitumor activity

For therapy experiments, tumor fragments of 2x2x2 mm
were implanted s.c. in both flanks of nude mice. The ani-
mals were randomised for treatment according to tumor
size when the average tumor diameters were about 6 mm.
Animals bearing tumors with diameters <4 mm or > 8 mm
were excluded. From the first day of treatment tumor
diameters were measured one to three times per week.
Tumor volume was calculated by the formula 0.5 x length
x width®. Relative tumor volumes (RTV) were defined as
100 for each individual tumor at the start of the treatment,
day 0. Construction of growth curves and calculation of
the parameters used for assessment of antitumor activity,
the specific growth delay (SGD) and the maximal growth
inhibition (T/C%), were based on median RTVs. SGD val-
ues were calculated according to the formula:

SGD = (TDtremed - TDcontrol) / TDcontrol

where TD is the tumor doubling time from start of treat-
ment. The time for one (TD,y) or two (TD,y) median
RTV doubling times was applied to provide values for
SGD,y, or SGD,,.

The maximal growth inhibition was calculated accord-
ing to the formula:

T/C% = (RTvtrealed / RTVconlrol) * 100%

The antitumor activity was defined as: (+), SGD >1.0 or
T/C% < 50 %; +, SGD >1.0 and T/C% < 50 %; ++, SGD
>1.5 and T/C% < 40 %; +++, SGD >2.0 and T/C% < 25
%; ++++, SGD >3.0 and T/C% < 10 %. Deaths occurring
within two weeks after the final injection were considered
as toxic and the animals were excluded from the study.

Northern blot analysis

Total cellular RNA was prepared by the guanidinium-
thiocyanate-caesium chloride method described by Sam-
brook et al.* Samples of five pg total RNA were separated
by 1% agarose-formaldehyde gel electrophoresis and trans-
ferred onto Hybond-N+ membranes (Amersham Pharmacia
Biotec, Uppsala, Sweden). After baking for 2 h and subse-
quent ultraviolet cross-linking, the membranes were
hybridized with DNA probes labeled with **P according to
the random primer technique.’ The hybridizations were car-
ried out in a buffer containing 0.5 M disodium phosphate
(pH 6.6), 7% SDS and 1 mM EDTA at 65°C overnight.® The
membranes were subsequently washed in 40 mM disodium
phosphate (pH 7.2) and 1% SDS. For repeated hybridiza-
tions bound probes were stripped off by incubating the fil-
ters twice in 0.1% SDS, 0.1x SSC for 5 minutes at 95°C. To
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Figure 1. a: OHSX; Histology from patient primary tumor
(left) and histology from the established xenograft. b: HPBX;
Histology from patient lung metastasis (left) and histology
from the established xenograft.

established respectively from the primary tumor and a lung
metastasis from the same patient. Two patients had previous-
ly been treated for retinoblastoma (OHSX and TTX). Seven
xenografts originated from primary tumors. Five of these
were from primary biopsies and the implanted tissue had
therefore not been exposed to any chemotherapy (TTX,
OHSX, AOX, SBX, TPX), whereas 2 were from surgically
removed primary tumors from patients previously treated
with chemotherapy (TSX prl, KPDX). Four xenografts were
established from lung metastasis. Three of these patients had
received chemotherapy before surgery (ALSKX, TSX pr2,
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Figure 2. Median relative tumor volume (median RTV) growth
curves of subcutaneous human osteosarcoma xenografts in
nude mice.

FTX), one of them had received chemotherapy 4 years earli-
er (HPBX). The origin of the xenografts and clinical charac-
teristics of the corresponding patients are shown in Table 1.

Comparison of xenograft tissue and tissue from the orig-
inal tumor by light microscopy confirmed that the histo-
logical features of osteosarcoma were grossly maintained
in all cases, as exemplified in Figure 1.

Growth characteristics and maximal growth inhibitions
(T/C%) and growth delays (SGD) achieved with chemother-
apy are listed in Table 2. Growth curves for the individual
xenografts are shown in Figure 2. The median tumor volume
doubling times varied between 3 and 20 days.

Defining drug efficacy as SGD>1 and T/C%<50, dox-
orubicin, cisplatin methotrexate, ifosfamide and lomustine
were effective in 3/11, 3/11, 1/10, 5/11 and 4/11 of the
xenografts, respectively. Five of the 11 tumors were resis-
tant to all compounds tested. The xenografts established
from patients previously treated with chemotherapy were
less sensitive than those established from primary biop-
sies, i.e. 2/6 and 4/5 xenografts respectively were regard-
ed as sensitive to any of the drugs tested. Seemingly there
was no difference with regards to growth rates between
xenografts established respectively from tumor tissue pre-
viously exposed or unexposed to chemotherapy.

Because osteosarcoma patients are treated with multi-
modal chemotherapy, it was not possible to compare
directly responses in the individual patients with those of
the respective xenografts. However, in general the
patients from whom the xenografted tissue originated
responded poorly or moderately to chemotherapy and
importantly, all succumbed to their disease. Eight out of
ten patients had tumors of the extremities and were with-
out overt metastases at initial diagnosis, hence represent-
ing a group of patients with an expected long-term sur-
vival of 60-70%. Although we lack data to determine
whether the specimens attempted established as
xenografts did somehow represent a selected group of
patients, our findings suggest that tumors that can be
grown in nude mice are clinically aggressive and associ-
ated with poor outcome. This is similar to what others
previously have shown for soft tissue sarcoma. '

Table 3 summarises the antitumor activity of the various
drugs and the mRNA expression of MGMT, Topo II-a.,
GSTrn, MRP1 and MDRI. Statistical analysis revealed
relatively low, but significant negative correlations
between antitumor activity of lomustine and MGMT
expression, and between doxorubicin and GSTr levels.
The efficacy of cisplatin correlated positively with MRP1
expression (Figure 3). No significant correlations between
antitumor activities and the expression of MDR1 (r-values
from 0.1 to 0.5) or Topo II (r-values from 0.05 to 0.48)
were found. Furthermore there were no significant corre-
lations among the expression levels of the different genes
(r-values from - 0.21 to 0.5).
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Table 2. Tumor growth characteristics and antitumor effects of ifosfamide, lomustine, cisplatin, doxorubicin and
methotrexate in s.c. human osteosarcoma xenografts.

Growth characteristics" Antitumor effects
Xenograft L(z;l:z;;y TD o TD 400 Treatment O?I:Iun;fj:s SGDyf SGDy,S  T/C%!
TTX 27-47 5.0-8.0 9.5-17.5 Ifosfamide 8 0.5 0.4 59.1
Lomustine 8 >36.8 >18.9 0.4
Cisplatin 8 15.4 8.2 1.1
Doxorubicin 9 10.6 6.8 29
Methotrexate 11 0.8 0.4 56.3
OHSX 16 2.5-3.0 6.0-8.5 Ifosfamide 12 >71.4 >29.2 3.6
Lomustine 12 >71.4 >29.2 2.1
Cisplatin 12 0.2 2.6 13.4
Doxorubicin 12 0.0 0.1 544
Methotrexate 12 1.1 0.6 47.1
AOX 65-84 12.5-20.0 30.0-38.5 Ifosfamide 11 >15.9 >6.0 2.5
Lomustine 11 1.6 1.0 25.4
Cisplatin 9 1.7 1.1 24.9
Doxorubicin 11 1.0 1.3 19.1
Methotrexate 11 0.1 0.1 83.0
SBX 27 7.0 12.0 Ifosfamide 11 0.3 24 8.5
Lomustine 11 0.0 0.3 49.6
Cisplatin 8 0.2 0.2 58.9
Doxorubicin 10 0.0 0.0 68.8
Methotrexate 11 -0.2 0.0 78.0
ALSKX 37-39 10.5-11.0 21.5-22.5 Ifosfamide 9 3.2 1.8 14.2
Lomustine 14 0.1 0.1 77.4
Cisplatin 14 0.1 0.2 58.7
Doxorubicin 11 0.0 0.7 52.7
Methotrexate 13 -0.2 -0.1 102.6
TSX pr. 1 23-56 6.0-9.0 14.0-34.0 Ifosfamide 9 1.0 0.5 40.6
Lomustine 8 2.8 14 10.7
Cisplatin 8 0.2 0.1 78.8
Doxorubicin 11 1.3 1.3 29.4
Methotrexate 8 0.0 0.0 93.0
TSX pr. 2 63 33.5 64.0 Ifosfamide 11 0.8 0.5 48.9
Lomustine 12 0.1 -0.1 77.9
Cisplatin 13 0.8 0.3 51.1
Doxorubicin 15 0.2 0.1 64.1
Methotrexate NA NA NA NA
HPBX 49 15.0 25.0 Ifosfamide 6 0.5 0.7 42.0
Lomustine 9 -0.1 0 96.9
Cisplatin 7 0 0.6 45.1
Doxorubicin 8 0.7 0.9 38.1
Methotrexate 7 -0.4 -0.1 99.6
TPX 23-27 14.5-21.5 32.5-33.0 Ifosfamide 8 0.0 0.5 43.0
Lomustine 10 0.3 0.5 57.0
Cisplatin 8 -0.1 -0.2 86.6
Doxorubicin 9 0.1 0.1 83.1
Methotrexate 8 -0.2 0.1 101.2
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Table 2. (continue) Tumor growth characteristics and antitumor effects of ifosfamide, lomustine, cisplatin, doxoru-
bicin and methotrexate in s.c. human osteosarcoma xenografts.

Growth characteristics” Antitumor effects

Latency b b Number . . ord

Xenograft (days) TD TD Treatment of tumors SGD,y SGDyy  T/C%
KPDX 50-57 9.5-13.5 25.5-27.0 Ifosfamide 11 0.3 0.4 74.2
Lomustine 12 0.2 0.2 82.7

Cisplatin 10 0.2 0.6 74.2

Doxorubicin 10 1.0 0.5 56.5

Methotrexate 10 0.1 0 89.1

FTX 37-39 3.5-5.0 8.5-12.0 Ifosfamide 8 0.5 0.1 62.9
Lomustine 9 0.2 0.0 76.6

Cisplatin 10 0.0 0.5 53.9

Doxorubicin 8 0.1 0.0 55.5

Methotrexate 12 0.7 0.3 63.2

"Median values from single experiments are displayed. Ranges are shown were experience is obtained from more than one
experiment.

"TD,y and TD,,, were defined as the period (days) required for the median RTV to reach a value of 200 and 400 respectively.

“Specific growth delay calculated according to the formula: SGD = (TDj;cyea = TDeontrot) / TDeontror- TDagp @and TD, were used to
obtain values for SGD,y and SGD,, respectively.  Maximal growth inhibition: The largest difference observed between the
median RTVs of the control and the treated group at a particular day during the course of the experiment: T/C% = (RTV ;qca/
RTV o) ¥ 100%.

Discussion might be used in the preclinical evaluation of novel ther-
apies. For reference purposes, the chemosensitivity

In a rare tumor type like osteosarcoma a reliable clini-  of each line to five drugs was tested. Similar studies have
cal testing of new treatment approaches will take a very  been performed with xenografts from various malignan-
long time. Hence, the preclinical evaluation is particular- ~ cies, including human soft tissue sarcoma,"*' but to
ly important. Here we report on the characterisation of a  our knowledge not with a large panel of osteosarcomas.
large panel of human osteosarcoma xenograft lines that  Although Meyer and colleagues have reported the estab-

Table 3. Upper panel: Summary of antitumor activities of ifosfamide, cisplatin, lomustine, doxorubicin and
methotrexate in s.c. human osteosarcoma xenografts. Lower panel: mRNA expression of MGMT, Topo II-a GST-x,
MRP1 and MDR1.

Xenograft
Drug TTX OHSX AOX SBX ALSKX TSXprl TSXpr2 HPBX TPMX KPDX FTX
Ifosfamide i o S + (+) (+) (+) - -
Lomustine ++++ ++ (+) - +++ - - - - -
Cisplatin ++++ +++ ++ - - - - (+) - - -
Doxorubicin ++++ - + - - + - (+) - (+) -
Methotrexate - + - - - - - - - - -
Resistance gene
MGMT - - - +++ + + ND ++(+) - +++ ++(+)
GST- + ++ - +++ ++ + ND ++ +++ +++ ++
MRP1 ++(+) ++ ++(+)  ++(+)  ++(+) (+) ND ++(+) - - +
MDR1 ++ + + + + - ND + + ++ -
TOPO II-a +++ ++ + +++ ++ ++ ND ++(+) - ++ +
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Figure 3. Left: Correlation between mRNA expression levels of GST-r and doxorubicin growth inhibition (r = -0.66, p < 0.05).
Middle: between mRNA expression levels of MGMT and lomustine growth inhibition (r = -0.72, p < 0.01). Right: between mRNA
expression levels of MRP1 and cisplatin growth inhibition (r = 0.82, p < 0.005)

lishment of 7 human osteosarcoma xenografts, these
were only characterised histologically and cytogeneti-
cally.'®

For doxorubicin, cisplatin and ifosfamide, the response
rates in our xenografts corresponded with response rates
around 30 % obtained with these drugs in clinical single
agent studies."'” Two of the 3 xenografts responsive to
doxorubicin were only weakly sensitive. The efficacy of
doxorubicin may therefore be slightly underestimated
when compared to its overall clinical activity in osteosar-
coma, possibly due to the selection of poor prognosis
patients and the pre-treatment of some of the patients. It
was not surprising that methotrexate was weakly effective
in just one of the xenografts, first, because of the low dose
intensity achieved without leucovourin rescue. Secondly,
the high circulatory levels of folates found in mice may
antagonise the effects of this drug. Lomustine has not been
used in treatment of osteosarcoma and comparisons to
clinical studies could therefore not be drawn.

Notably, it is likely that tumors successfully established
as xenografts represent a selected group with inherent
properties associated with aggressive growth and possibly
with poor clinical outcome. This might explain, at least in
part, the overall modest antitumor activity of the drugs
tested. Moreover, some of the xenografts originate from
patients having received chemotherapy prior to the sam-
pling of tumor tissue for xenografting. The relative resis-
tance of the xenografts to therapy is, however, not neces-
sarily a disadvantage for further work, as xenograft mod-
els often have been claimed to overestimate rather than
underestimate drug effects.

The expression of some well-characterised genes linked
to drug resistance was assessed to examine whether their
transcript levels would correlate with the sensitivity to any
of the individual drugs tested.

For osteosarcomas, much of the effort made to find
prognostic markers and markers that could allow for a

Vol 10, No 3, 2004

more stratified therapy, has been attributed to the expres-
sion of P-glycoprotein. Thus, P-glycoprotein expression in
osteosarcoma has been associated with a less malignant
phenotype, suggesting a causal relationship to doxorubicin
resistance.'®"” However, the contention of the adverse
prognostic value of P-glycoprotein remains to be proven.
Thus, whereas some studies have linked expression of
P-glycoprotein/MDR1 to a poor clinical outcome,”* oth-
ers have questioned the relevance of this molecule as a
clinical marker.** In our panel of xenografts, MDRI
mRNA expression level did not correlate to doxorubicin
growth inhibition (r = 0.10). This may, however, not con-
tradict the putative value of MDR1/P-glycoprotein as a
clinical marker of outcome/chemosensitivity in osteosar-
coma because of the possibility that our xenograft panel
may represent a selected group of tumors, several of which
originates from patients having received prior chemother-
apy. Moreover, immunohistochemical studies suggest that
a rather small fraction of cells within primary osteosarco-
mas express high levels of P-glycoprotein, and that these
few cells are responsible for the resistant phenotype.”
22128 This might also help explain why the reported rela-
tionship between P-glycoprotein expression and poor clin-
ical outcome was not reflected in our study assessing
MDRI1 expression in the xenografts at the mRNA level.
The MRP family includes several members that are
known from functional studies to mediate cellular efflux
of organic anions, for example secondary metabolic
reaction conjugates with glutathione, glucuronate or sul-
phate, including a broad spectrum of anticancer agents.?
The first member to be linked to drug resistance, MRPI,
has been detected in numerous tumor types, including
osteosarcoma.”® However, its impact on clinical resis-
tance is currently not clear. In our xenograft panel, the
transcript levels of MRP1 showed significant positive
correlation with cisplatin growth inhibition, but did not
correlate significantly with the efficacy of any of the
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other drugs tested (r = 0.34-0.53). Although an inverse
relationship may not be expected because studies with
cells suggest that other members of the MRP family, but
not MRP1, mediate cisplatin resistance,”” the biological
contention of our finding is elusive. However, it may be
speculated if the expression of MRPI reflects other
tumor characteristics that influence the sensitivity to cis-
platin.

Elevated expression levels of GST-n- have been found in
cell lines resistant to doxorubicin, cisplatin and various
alkylating agents®® and increased sensitivity to cisplatin
and doxorubicin have been observed in cells transfected to
express GSTr antisense.*® High expression of GST-n have
been associated with poor chemosensitivity in patients
with breast, non small cell lung and ovary carcinoma, and
in head and neck cancer.”’*" In one study, both prognosis
and histological to response chemotherapy of primary
osteosarcomas were inversely related to GST-nt expression
at surgery, but not at primary biopsy.*' In the present
xenograft panel, a significant inverse correlation was
found between GST-n expression and doxorubicin growth
inhibition. It may therefore be somewhat surprising, at
least that there was apparently no relationship to cisplatin
growth inhibition (r = -0.22), (ifosfamide, r = 0.01; lomus-
tine, r = -0.34). However, drug resistance can obviously be
multifactorial and several mechanisms, functionally
dependent or independent of each other may contribute.
For example, efficient detoxification by glutathione conju-
gation may depend on active extrusion of the conjugates
by different MRP family members. Thus, whereas glu-
tathion-conjugated doxorubicin efflux seemingly can be
mediated both by MRP1 and MRP2, extrusion of glu-
tathione-conjugated cisplatin by MRP1 has not been
demonstrated.”

There is increasing evidence for a relation between
topoisomerase enzyme levels and tumor sensitivity to
topoisomerase poisons.* The efficacy of doxorubicin did
not correlate significantly with the mRNA expression of
Topo II-a, although the correlation coefficient (r=0.48,
p<0.2) was higher than for the other drugs (r=0.05-0.38).
However, a real correlation could also have been over-
looked because our sample size provides a relatively weak
statistical power.

MGMT is regarded as important for DNA repair after
exposure to chloroethylating or methylating agents.** The
present results are in agreement with this, as only lomus-
tine growth inhibiton was found to correlate significantly
with MGMT expression.

In summary, the response rates obtained with doxoru-
bicin, cisplatin and ifosfamide, may give a fair estimate
of the general chemosensitivity of human osteosarcomas.
Bearing this in mind, the panel should be of value in the
preclinical evaluation of novel therapies for this malig-
nancy.
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