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A Novel Anionic-phosphate-platinum Complex Effectively
Targets a Cisplatinum-resistant Osteosarcoma in
a Patient-derived Orthotopic Xenograft Mouse Model
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Abstract. Background/Aim: We have previously developed
a novel bone-targeting platinum compound, 3Pt, and showed
that it has strong inhibitory activity against osteosarcoma
cells and orthotopic cell-line xenograft mouse models. In the
present report, we compared the efficacy of 3Pt to
cisplatinum (CDDP) in a CDDP-resistant relapsed
osteosarcoma patient-derived orthotopic xenograft (PDOX)
mouse model. Patients and Methods: The tumor of a patient
with osteosarcoma of the distal femur was treated with
CDDP-based chemotherapy followed by surgery. The
surgical specimen was used to establish a PDOX model. An
osteosarcoma cell line was also established from the original
patient tumor. Osteosarcoma cell viability was assessed with
the WST-8 assay and the IC50 values were calculated. The
PDOX models were randomized into three groups: untreated
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control, CDDP-treated group, and 3Pt-treated group. Tumor
size and body weight were measured twice a week. Results:
3Pt had a strong concentration-dependent cytocidal effect in
vitro. The IC5, value of 3Pt was significantly lower than that
of CDDP. On day 14 of the treatment, 3Pt caused a
significantly greater tumor growth inhibition compared to
the untreated control and CDDP-treated mice. Conclusion:
3Pt is a promising clinical candidate for the treatment of
recalcitrant osteosarcoma.

Osteosarcoma is a rare and highly malignant mesenchymal
bone tumor. The primary tumor is pathologically characterized
by the formation of immature bone or osteoid. A bimodal
distribution of osteosarcoma occurence has been reported, with
a first peak in adolescence and a second peak in older age (1).
Patients with osteosarcoma treated with chemotherapy and
surgery have approximately a 70% 5-year survival rate (2-4).

First-line chemotherapy for osteosarcoma includes high-
dose  methotrexate (MTX), cisplatinum (CDDP),
doxorubicin, (DCX) and ifosfamide (IFS) (5-9). However,
dose escalation of these drugs has not been effective for
recalcitrant osteosarcoma (6), with 5-year overall survival
rates being less than 20% (6-9).

We have previously developed a novel platinum complex
3Pt ([Pt(Pt(1R,2R-diaminocyclohexane)(myo-inositol-1,2,3,
4,5,6-hexakisphosphate))2]), which comprises anionic
phosphate moieties (10). The cytotoxic potency of 3Pt was
higher than that of CDDP in all osteosarcoma cell lines
tested. 3Pt was also effective in CDDP-resistant cells (10).
Mice treated with 3Pt showed no renal cell injury compared
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to mice treated with CDDP, which developed renal cell
apoptosis (11). 3Pt targets bone hydroxyapatite and contains
germinal bisphosphonate moieties for drug delivery (11).
Kasahara er al. (11) have measured bone Pt (platinum)
concentration and found that 3Pt peaked at 24 h. The mean
Pt value was 2.5-fold higher compared to the CDDP. They
have also reported that 3Pt decreased the volume of bone
resorption compared to CDDP in a bone invasion model
using the head and neck cancer cell line, OSC-19 (11).

Our laboratory has developed the patient-derived orthotopic
xenograft (PDOX) nude mouse model for all major cancers
(12) and we have previously reported that 3Pt was more
effective than CDDP against an undifferentiated pleomorphic
soft-tissue sarcoma (UPS) PDOX mouse model (13).

In the present study, we determined the efficacy of 3Pt
against a CDDP-resistant relapsed osteosarcoma PDOX
model in comparison to CDDP.

Materials and Methods

Mice. Athymic nu/nu nude mice (AntiCancer Inc., San Diego, CA,
USA), 4-6 weeks old, were used (14-20). All animal studies were
conducted according to an AntiCancer Inc. Institutional Animal
Care and Use Committee (IACUC) protocol specifically approved
for this study and in accordance with the principles and procedures
outlined in the National Institutes of Health Guide for the Care
and Use of Animals under Assurance Number A3873-1 (14-20). In
order to minimize any suffering of the animals, anesthesia and
analgesics were used for all surgical experiments as previously
described (14-20). Procedures for mouse housing, handling,
anesthesia, feeding, and humane endpoint criteria have been
previously described (14-20).

Patient-derived tumor. The study was reviewed and approved by the
UCLA Institutional Review Board (IRB #10-001857) before it
began. Written informed consent was obtained from the patient as
part of the above-mentioned UCLA Institutional Review Board-
approved protocol. A 16-year old patient with localized left distal
femoral high-grade osteosarcoma underwent CDDP based
neoadjuvant chemotherapy and limb-salvage distal-femoral
replacement. The tumor necrosis rate of the primary tumor after
CDDP-based chemotherapy was 70%. One year later, the
osteosarcoma relapsed and three bilateral metachronous pulmonary
metastases appeared. The patient was treated with curative-intent
surgery at the Division of Surgical Oncology, University of
California, Los Angeles (UCLA). The patient did not receive
chemotherapy or radiotherapy prior to lung surgery (21).

Establishment of PDOX model. A fresh surgical specimen of the
patient’s lung metastases was previously obtained and transported
immediately to the laboratory at AntiCancer, Inc., on wet ice. The
procedures for tumor tissue fragmentation and its subcutaneous
implantation in nude mice have been reported (22). The
subcutaneously-implanted patient derived xenograft was grown and
established 3 weeks later in mice. The grown tumors were cut into
small fragments (3-4 mm). Nude mice were anesthetized, and a 10
mm skin incision was made on the right thigh. Then vastus lateralis
muscle and biceps femoris muscle were split to reach distal femur.
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An incision was made in the lateral patello-femoral ligament, and
the knee joint was spared. Then the lateral condyle of the femur was
resected. A single 3 to 4 mm tumor fragment was implanted
orthotopically into the space to establish a PDOX model. The
muscle and wound were closed as described before (22).

Primary culture of patient-derived tumor. After the osteosarcoma
PDOX was grown and established in nude mice, the grown tumors
were harvested and cut into small fragments (I mm or less). These
fragments were placed in a 25 cm? sterile flask containing
RPMI1640 supplemented with 10% fetal boven serum (FBS). Next
day, the cell culture was rinsed twice with PBS to remove non-
adherent cells and excess tissue. The medium was changed every 3-
4 days thereafter (23).

Growth inhibition assay. Viability of the patient-derived osteosarcoma
cell line (AC-OS01) was assessed with the WST-8 dye reduction assay.
Cells were seeded in 96-well flat-bottomed microplates (100 ul/well)
at 5x104 cells/ml, incubated at 37°C for 24 h, and exposed to various
concentrations of the tested compounds for 72 h. For each
concentration, at least 8 wells were used. After incubation with the
tested compounds, 10 ul WST-8 solution were added to each well
followed by further incubation for 3 h at 37°C. Absorption was
measured using a microprocessor-controlled microplate reader
(Sunrise™ ; TECAN, San Jose, CA, USA) at 450 nm. Cell-survival
fractions were calculated as the percentage of untreated control cells.
ICs( values were derived from concentration-response curves (21).

Treatment design in the PDOX model of CDDP-resistant relapsed
osteosarcoma. The PDOX models were randomized into the
following groups when tumor volume reached 100 mm3: GI,
(untreated control, n=8); G2, (CDDP 6 mg/kg (15 pmol/kg),
intraperitoneal (i.p.) injection, weekly, for 2 weeks, n=8); G3, 3Pt
(41.1 mg/kg (15 umol/kg), i.p. injection, weekly, for 2 weeks) (10)
(Figure 1). Tumor length, width and mouse body weight were
measured twice a week with calipers. Tumor volume was calculated
with the following formula: Tumor volume (mm3)=length (mm) x
width (mm) x width (mm) x 1/2. Data are presented as mean+SD.

Histological examination. Fresh tumor samples were fixed in 10%
formalin and embedded in paraffin before sectioning and staining.
Tissue sections (3 pm) were deparaffinized in xylene and rehydrated
in an ethanol series. Hematoxylin and eosin (H&E) staining was
performed according to standard protocols. Histological examination
was performed as previously described (14).

Statistical analysis. Data are presented as mean+SD and groups
were compared using the unpaired Student’s 7-test (13). A p-value
of 0.05 or less indicates statistically significant differences.

Results

Efficacy of CDDP and 3Pt on a patient-derived osteosarcoma
cell line. The cytotoxic activity of CDDP and 3Pt was
determined on the patient-derived osteosarcoma cell line (AC-
0S01). Cells were incubated for 72 h with each compound
and their survival was evaluated as described in the Materials
and Methods Section. CDDP and 3Pt significantly inhibited
growth of AC-OS01 cells in a dose-dependent manner (Figure
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Figure 1. Structure of CDDP and 3Pt (10).

1B and C, and Figure 2). The ICs, of CDDP was 4.74+0.98
uM and 3Pt for AC-OS01 was 0.41+0.07 uM (Table I).

Effect of CDDP and 3Pt on a CDDP-resistant osteosarcoma
PDOX mouse model. On day 14 of treatment, 3Pt
significantly inhibited tumor growth compared to the
untreated control: control (G1): 8§24.6+250.9 mm?>; CDDP
(G2): 583.5£169.8 mm>; 3Pt. (G3): 234.7+75.1 mm>,
(CDDP: p=0.07; 3Pt: p=0.0001). 3Pt was significantly more
effective than CDDP (p=0.0003) (Figure 3A and B). There
were no animal deaths, limb necrosis or paraplegia in any
group. The body weight of the treated mice was not
significantly different between any group (Figure 4).

Histology of original tumor and implanted tumors. High power
photomicrographs of the untreated PDOX tumor showed a
neoplastic chondroid matrix occupied by anaplastic cells. The
tumor had hypercellular areas populated by anaplastic cells
displaying nuclear pleomorphism, coarse and hyperchromatic
chromatin and abundant mitotic figures (Figure 5A). PDOX
tumors treated with CDDP comprised viable cells without
apparent necrosis or inflammatory changes and almost the
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Table I. ICs, value of cisplatin and 3Pt against AC-OS01 cells.

ICso (uM)

CDDP 3Pt

AC-0S-01 4.74+0.98 0.41+0.07

same features compared to the untreated control (Figure 5B).
PDOX tumor treated with 3Pt showed changes in cancer-cell
shape with necrosis (Figure 5C).

Discussion

In the present study, the bone-targeting platinum complex,
3Pt, inhibited tumor growth in an osteosarcoma PDOX
model significantly better than CDDP.

An anionic platinum complex containing bisphosphonates,
3Pt, was developed to achieve high accumulation in the
bone. 3Pt may be an effective drug for the treatment of other
bone cancers and metastases in addition to osteosarcoma,
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Figure 2. Growth-inhibition assay. Growth-inhibition of patient-derived osteosarcoma AC-0OS01 calls treated with CDDP (A) or 3Pt (B). Cells
were incubated with each drug for 72 h and then growth was assessed with the WST-8 method.
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Figure 3. In vivo antitumor efficacy of CDDP and 3Pt on osteosarcoma PDOX mouse model. (A) Treatment protocol (B) Osteosarcoma was grown
orthotopically in the right distal femur of nude mice and allowed to form tumors. Mice were treated with CDDP, 3Pt. [CDDP (20 umol/kg=6
mglkg/week i.p. for 2 weeks], or 3Pt (15 umol/kg=41.1 mg/kg/week i.p. for 2 weeks). Tumor volume was measured at the indicated time points after

the onset of treatment. N=8 mice/group. *p=0.0004, **p=0.0002.

since the PO3 moiety of this complex has high affinity for
the bone (10). A previous report has shown that Pt
concentration in the bone was higher with 3Pt than with
CDDP, with a peak at 24 h (11). The greater accumulation
of 3Pt in the bone may be responsible for its increased
effectiveness.

Nephrotoxicity is one of the most significant adverse
effects of CDDP (24), which limits its dose and efficacy in
cancer patients. 3Pt has increased solubility in order to
avoid platinum nephrotoxicity. A previous report has shown
that the number of apoptotic renal cells in 3Pt-treated mice
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was significantly lower than that in CDDP-treated mice
(11). 3Pt showed excellent aqueous solution solubility (25).
Furthermore, the absorption of 3Pt in the bone may serve
as a buffer and reduce accumulation in the kidney, which
may be one factor that reduces renal injury (24).

The present study showed that the safety and antitumor
efficacy of 3Pt was superior to that of CDDP in a CDDP-
resistant osteosarcoma PDOX model. PDOX models (12, 26-
28) have important advantages over subcutaneous models
(29) in that the tumors are growing in the proper
microenvironment as in the present case in the bone.
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Figure 4. Body weight. Bar graphs show body weight in each group at pre-treatment and 2 weeks after initiation of drug administration. There

were no significant differences between any group. n.s.: no significant difference.

Figure 5. Tumor histology. H & E-stained sections of the untreated PDOX tumor (A), PDOX tumor treated with CDDP (B), PDOX tumor treated
with 3Pt (C). White scale bars: 80 um.
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