
Abstract. Background/Aim: Matrix-producing breast
carcinoma (MPBC) is a rare and usually aggressive triple-
negative breast cancer (TNBC). In the present report, we
determined the drug sensitivity for a triple-negative MPBC
using a patient-derived orthotopic xenograft (PDOX) model.
Materials and Methods: The PDOX model was established in
the left 2nd mammary by surgical orthotopic implantation (SOI).
MPBC PDOX models were randomized into 4 groups (6 mice
per group) when the tumor volume became 80 mm3: G1, control

group; G2, cisplatinum group [intraperitoneal (i.p.) injection,
weekly, for 2 weeks]; G3, paclitaxel group (i.p., weekly, for 2
weeks); G4, eribulin group [intravenous (i.v.) injection, weekly,
for 2 weeks]. All mice were sacrificed on day 15. Tumor volume
and body weight were measured one time per week.  Results:
The MPBC PDOX model was resistant to cisplatinum
(p=0.800). Paclitaxel suppressed tumor growth compared to the
control group (p=0.009). However, only eribulin regressed the
tumor (p=0.001). Conclusion: Eribulin has clinical potential for
triple-negative MPBC patients.

Triple-negative breast cancer (TNBC) is a highly aggressive
subtype of breast cancer (1, 2). TNBC is defined by a lack
of estrogen receptor (ER), progesterone receptor (PgR), as
well as lack of amplification of human epidermal growth
factor receptor 2 (HER-2) (1, 2). Approximately 15-20% of
all diagnosed breast cancer cases are TNBC (1, 2). TNBCs
often become resistant to standard chemotherapy used
against them. Therefore, clinical outcomes for patients with
metastatic TNBC (mTNBC) indicate a poor prognosis (3).

Matrix-producing breast carcinoma (MPBC) is a rare and
specialized histological type of metaplastic carcinoma (4).
MPBC is usually TNBC. MPBC is an invasive breast carcinoma
with direct transition to a cartilaginous or osseous matrix having
no intervening spindle-cell component (5, 6). Therefore, this
tumor should be initially treated with chemotherapy. Although
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effective standardized regimens have been established for TNBC
of no special histological type (NST TNBC), the efficacy of
these treatments for minor histological types are unknown
because of their rareness (7). Therefore, identification of
effective drugs is urgently needed for MPBC patients.

In the present study, we tested the efficacy of three
regimens on a patient-derived orthotopic (PDOX) mouse
model of triple-negative MPBC.

Materials and Methods

Animal studies. In the present study, athymic nu/nu female mice
(AntiCancer Inc, San Diego, CA, USA), 4-6 weeks old, were used
(8). Procedures for mouse housing, handling, anesthesia, feeding,
and humane endpoint criteria have been previously described (9-
11). In order to minimize any suffering of the animals, anesthesia
and analgesics were used for all surgical experiments as previously
described (9-11). The animal studies were conducted in compliance
with an AntiCancer Institutional Animal Care and Use Committee
(IACUC)-protocol exclusively 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 (9-11).

Establishment of the triple-negative MPBC PDOX model. A 43-
year-old female patient with primary left breast cancer previously
received total mastectomy with axillary lymph node dissection at
the Kawasaki Medical School Hospital, Japan. The tumor was
diagnosed as matrix-producing carcinoma and the results of
immunohistostaining were as follows: ER (–), PgR (–), HER2 (–).
The patient did not receive any neoadjuvant therapy. Written
informed consent was provided by the patient, and the Institutional
Ethics Committee of the Kawasaki Medical School approved the
PDOX studies. A fresh resected tumor specimen was initially
implanted subcutaneously in nude mice for establishment. The
established PDOX tumors were cut into 30 mm3 fragments with a
surgical orthotopic implantation (SOI) technique (8). A 5-mm skin
incision on the left 2nd mammary grand was made under anesthesia.
The mammary grand was exposed, and a single fragment was
implanted by SOI using 7-0 PDS II (polydioxanone) sutures
(Ethicon, Inc., NJ, USA). The wound was closed with 5-0 PDS II
sutures (Ethicon, Inc., NJ, USA) (Figure 1) (8).

Treatment protocol for the MPBC PDOX model. Treatment schema is
shown in Figure 2. The MPBC PDOX models were randomized into
four groups (6 mice in each group) when the tumor volume reached
80 mm3: G1: untreated group; G2: cisplatinum [intraperitoneal (i.p.)
injection, 6 mg/kg, weekly 2 weeks]; G3: paclitaxel (i.p., 25 mg/kg,
weekly, 2 weeks); G4: eribulin [intravenous (i.v.) injection, 1 mg/kg,
weekly, 2 weeks]. Treatment doses, routes, and schedules were
according to our earlier reports (9-11). Tumor volume and body weight
was measured once a week using the following formula: tumor volume
(mm)=length (mm) × width (mm) × width (mm) × ½ (9-11). All mice
were sacrificed on day 15.

Histological examination. Fixation, paraffin-embedding of tissue
sections and deparaffinization and rehydration procedures were
performed based on our previous reports (9-11). Hematoxylin and
eosin (H&E) staining was performed using a standard protocol.

Histological examination was observed with a BHS system
microscope (Olympus Corp., Tokyo, Japan) (9-11).
Statistical analyses. The statistical analyses were performed
according to our previous reports (9-11). The one-way ANOVA
analysis was performed for comparisons of 4 groups to determine
the level of differences followed by Tukey post hoc pairwise tests
(9-11). Bar graphs represent the mean, and error bars represent
standard deviations. A p-value 0.05 or less indicates statistically
significant differences.

Results

Treatment efficacy on the MPBC. The efficacy of
cisplatinum, paclitaxel and eribulin was tested using the
MPBC PDOX mouse model. Figure 3 shows the tumor
volume ratio at day 15 relative to the tumor volume at the
beginning of treatment. The MPBC PDOX was resistant to
cisplatinum (p=0.800). Paclitaxel suppressed tumor growth
significantly compared to the control group (p=0.009).
However, only eribulin regressed the MPBC PDOX
(p=0.001). The final tumor volume ratios were as follows
(day 15 vs. day 0): the untreated control (G1) (4.16±1.91);
cisplatinum-treated (G2) (3.47±1.26); paclitaxel-treated (G3)
(1.46±1.37); eribulin-treated (G4) (0.53±0.14). The above
results suggest that eribulin was comparatively more
efficacious than cisplatinum and paclitaxel in regressing the
MPBC PDOX tumor.

Effect of treatment on body weight. We measured the mouse
body weight before treatment started and after treatment
finished. We found no significant difference in the body
weight ratio and body weight loss in any treatment group
(Figure 4). These results suggest that the tested treatment
doses had no gross side-effects.

Histology of the MPBC PDOX. Figure 5 shows
representative photomicrographs of H&E-stained sections of
a MPBC PDOX tumor in each treatment each group. The
control PDOX tumor had viable highly dense cancer cells.
PDOX tumors treated with cisplatinum or paclitaxel also
contained viable tumor cells, but the cancer-cell densities
were lower compared to the control. The PDOX tumors
treated with eribulin had the lowest cancer cell density, with
necrotic areas and degenerative scars in the stroma, matching
the anti-tumor efficacy of the combination.

Discussion

In the present study, we found that only eribulin, which is
one of the drugs recommended for the treatment of recurrent
or metastatic TNBC in the National Comprehensive Cancer
Network (NCCN) guidelines, regressed tumor growth in a
triple-negative MPBC PDOX model. Eribulin mesylate is a
synthetic analog of halichondrin B, isolated from the marine
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sponge Halichondria okadai (12). Eribulin shows antitumor
activity through a tubulin-based anti-mitotic mechanism that
resulted in G2/M cell-cycle arrest, disruption of mitotic
spindles, and apoptotic cell death (12, 13). Eribulin inhibits
cell growth in a variety of cancer cell lines including breast,
colon, prostate, and ovarian cancer (13). In an EMBRACE
(Ending Metastatic Breast Cancer for Everyone) clinical
trial, eribulin showed overall survival (OS) benefit compared
to conventional single-agent chemotherapy in heavily
pretreated patients with metastatic breast cancer (14) that
resulted in FDA approval in 2011.

TNBCs usually become chemotherapy-resistant upon
relapse (3). Therefore, clinical outcome for patients with
metastatic TNBC (mTNBC) is needed specifically with and
overall survival (OS) of approximately 13-16 months, that is
mostly due to lack of effective targeted therapy (3). 

MPBC is a rare tumor with few reported studies, which
included a small number of cases (15). Kusafuka et al.
reported the prevalence of MPBCs among all invasive breast
cancer cases at 0.2% (6). MPBC is usually TNBC and has

higher proliferative activity than NST TNBCs (36%),
suggesting that MPBCs are a biologically aggressive
subgroup of TNBC (4, 5, 7).

We developed a PDOX mouse model for breast cancer in
1993 (8)  and all other major cancers (9, 16-20). We
demonstrated that the PDOX model is more patient-like than
that of subcutaneous patient-derived xenograft (PDX) models
(16). Previously we have demonstrated that the PDOX model
retains the histopathological/molecular characteristics of the
original tumor when transplanted in mice (16-20). PDOX
models provide a unique opportunity to derive precise and
personalized treatment choices for MPBC and other cancer
patients.

Eribulin regressed cisplatinum-resistant triple-negative
MPBC in a PDOX model without apparent side-effects. The
MPBC PDOX model should enable precise, individualized,
improved therapy for patients with this recalcitrant disease.
In this case, the PDOX model identified eribulin as
particularly effective and the results suggest that the patient
should be treated with this drug.
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Figure 1. Surgical orthotopic implantation. (A) A 5-mm skin incision was made on the left 2nd mammary grand (white dotted). (B) The mammary
grand was exposed. (C) The mammary grand was incised, and a single tumor fragment was implanted at the incised site.

Figure 2. Schema of treatment protocol. 
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Figure 4. Relative body weight. Line graphs illustrate relative body
weight in each group on each day. Error bars: ±SEM. 

Figure 3. Quantitative efficacy of chemotherapy on the MPBC PDOX
tumor. A. Relative tumor volume (tumor volume ratio is the tumor
volume at any time point relative to the tumor volume at the beginning
of the treatment period). Line graphs shows the relative tumor volume.
Pacltaxel suppressed tumor growth significantly compared to control
group (p=0.009). Eribulin significantly regressed tumor growth
(p=0.001). *p<0.01. **p=0.001. Error bars: ±SEM. 

Figure 5. Tumor histology. (A) Hematoxylin and eosin (H&E) staining of the untreated MPBC PDOX tumor. (B) H&E staining of the MPBC PDOX
tumor treated with cisplatinum. (C) H&E staining of the paclitaxel-treated MPBC PDOX tumor. (D) H&E staining of the eribulin-treated MPBC
PDOX tumor. Upper column: low power field (×40), Lower column: high power field (×200). White scale bar: 500 μm. Black scale bar: 100 μm.
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