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Abstract

After the onset of bone metastasis, the tumor cells appear to make surrounding microenvironments,
including systemic and local serum concentrations of inorganic phosphate (Pi), suitable for their
proliferation, matrix degradation, and nest expansion. In this study, we attempted to clarify if bone-
metastasized tumors affect the localization of serum Pi concentration regulatory factors. Using femoral
metastatic lesions of BALB/c nu/nu mice at one month after the intracardiac injection of human breast
carcinoma MDA231 cells, we examined the immunolocalization of fibroblast growth factor (FGF) 23
and FGFR1/aklotho, which are involved in regulating serum concentration of Pi by cooperating with
kidney, and of ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1), tissue nonspecific
alkaline phosphatase (TNALP), and PHOSPHO1, which regulate the local synthesis of Pi. In the
metastatic lesions of femoral metaphyses, many tartrate-resistant acid phosphatase (TRAP)-positive
osteoclasts accumulated on osteopontin-reactive scalloped trabecular surfaces, indicating active
osteolytic metastasis. Although MDA231 cells showed very weak FGF23 immunoreactivity when
cultured in vitro, MDA231 cells revealed intense FGF23 -reactivity in the metastasized lesions.
Despite significantly- elevated serum FGF23 levels, there was no significant decrease in the serum
concentration of Pi in nu/nu mice with bone-metastasized tumor when compared with the control mice
and mice injected with MDA231 cells in mammary glands. Interestingly, FGF23 was abundantly
synthesized in the bone-metastasized MDA231 cells, while osteocytes in bone adjacent to the FGF23-
immunopositive tumor nests were negative for FGF23. Unlike the reduced synthesis of FGF23 in
osteocytes, the osteocytes proximal to MDA231 cells were shown to synthesize dentin matrix protein
(DMP)-1. Therefore, it seems possible that the abundant FGF23 secreted by MDA231 cells inhibits
the surrounding osteocytes from synthesizing FGF23. In addition, immunopositivity of ENPP1 but
not TNALP or PHOSPHO1 was broadly seen mainly in fibroblastic stromal cells in metastatic lesions,
indicating that ENPP1 would be useful for bone-metastasized MDA231 cells. Taken together, it
seems likely that rather than affecting the serum concentration of Pi, FGF23 plays some local roles in
establishing suitable conditions favoring the metastasis of MDA231 cells in the bone in an
autocrine/paracrine manner.
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Introduction

Bone metastasis is an important clinical condition in patients suffering from a malignant tumor, and
blood circulation seems to be the medium for tumor cells to spread and establish metastatic lesions.
Over a hundred years ago, Stephen Paget? proposed the “seed and soil”” hypothesis, stating that “seeds”
of metastatic breast cancer cells preferentially migrate to the “soil” of the bone matrix. Bone-
metastasized tumors show osteolytic, osteogenic, or combined lesions depending on the interaction
between tumor cells and bone cells. Animal models mimicking bone metastasis have been
established to elucidate the intrinsic pathological events of bone metastasis using cancer cell lines.
Breast carcinomas are the most common tumors to cause osteolytic lesions, and MDA231 cells of
human breast carcinoma selectively colonize the femur and tibia of nu/nu mice, thus inducing
osteolytic metastasis®™.

Among the various adverse events associated with osteolytic metastasis, such as bone pain,
numbness, paralysis, bone fractures, and hypercalcemia, hypercalcemia is well known to worsen the
patient condition by inducing nausea, vomiting, and consciousness disorder®. Tumor-induced
osteomalacia/hypophosphatemia (TI10) was reported as an adverse event suggested to be caused by
fibroblast growth factor 23 (FGF23) secreted by the tumors®5®.  When a diagnosis TIO is suspected,
FGF23-secreting tumors are expected to be present in patients; however, these tumors are often small,
slow growing, and benign with mesenchymal origin®Y. In a normal state, FGF23 is well known to
be mainly synthesized by osteocytes'? *3 and is circulated to reach the kidney. FGF23 binds the
receptor complex of FGFR1c/aklotho in the proximal renal tubules to inhibit phosphate reabsorption
by sodium phosphate co-transporter type Ila/llc, consequently reducing the serum concentration of
inorganic phosphate (Pi)'**®). It would be interesting to know the purpose for which the tumors
secrete FGF23 in bone metastasis. In this context, the following unknown aspects are of particular
interest: 1) whether the resultant hypophosphatemia induced by the tumor-derived FGF23 is beneficial
for the tumor growth and expansion of their nests, 2) whether the FGF23 secreted by the tumors affects
the stromal cells or tumor cells themselves in tumor nests in an autocrine/paracrine manner, and 3)
whether TIO is merely a side effect of the abundantly synthesized FGF23 by the tumors. If
hypophosphatemia is beneficial for tumor proliferation, matrix degradation, and their invasion into the
surrounding tissues, not only FGF23 but also 1) membrane transports and enzymes involved in the

regulation of local concentration of Pi, such as tissue-nonspecific alkaline phosphatase (TNALP)*®-2),



2) ectonucleotide pyrophosphatase/phosphodiesterase family member 1 (ENPP1; a membrane-bound
glycoprotein that regulates bone mineralization by hydrolyzing extracellular nucleotide triphosphates
to produce pyrophosphates)??, 3) and PHOSPHO1%% would be beneficial for tumor growth;
therefore, tumor cells may affect the localization of ENPP1, TNALP, and PHOSPHO1 after the onset
of bone metastasis.

In this study, we have attempted to examine the immunolocalization of FGF23, aklotho and
FGFR1, all of which are involved in the systemic regulation of serum concentration of Pi by
cooperating with kidney. Further, we examined the local regulators of Pi supply, such as TNALP,
ENPP1, and PHOSPHOL1, in metastatic lesions populated by MDA231 cells in the femora of BALB/c

nu/nu mice.



Materials and Methods

Tissue preparation for histological examination

All animal experiments were conducted under the Guidelines for Animal Experimentation of
Hokkaido University (approval No.16-0031). Human breast carcinoma MDAZ231 cells (American
Type Culture Collection, Rockville, MD, USA) were cultured in a-minimum essential medium
(«MEM, Flow Laboratories, Irvine, Scotland) supplemented with heat-inactivated 10% fetal bovine
serum (FBS, Cosmo Bio. Co. Ltd., Tokyo, Japan) at 37 °C in a humidified atmosphere of 5% CO..
As previously reported® %26 MDA231 cells (105 cells per mouse) were injected using a 22 gauge
needle into the left cardiac ventricle of 5-6 week-old BALB/c nu/nu mice (CLEA Japan Co. Ltd,
Tokyo) under anesthesia with an intraperitoneal injection of sodium pentobarbital (n=5). The same
quantity of MDA231 cells was subcutaneously injected in the region of mammary glands of age-
matched BALB/c nu/nu mice (n=5). For control experiments, only Ringer’s solution was injected
into the left cardiac ventricle (n=5). After 4 weeks, femora of the treated- mice were taken for soft
X-ray examination (SOFRON Ltd, Tokyo, Japan). The mice having bone metastasis, those having
developed tumor mass in the mammary glands, and control mice were anesthetized with an
intraperitoneal injection of sodium pentobarbital, and their blood samples were collected through
cardiac ventricles to measure the concentration of serum calcium (Ca), Pi, and FGF23. Thereafter,
the mice were perfused with 4% paraformaldehyde diluted in a 0.1M phosphate buffer (pH 7.4), and
the femora were removed and immersed in the same fixative for 24 h at 4 °C for histochemical
examination?”.  The specimens for histochemistry were then decalcified with 10% ethylenediamine
tetraacetic disodium salt (EDTA-2Na) solution and dehydrated with increasing concentrations of

ethanol before paraffin embedding.

Immunohistochemistry for dentine matrix protein (DMP)-1, sclerostin, FGF23, FGFR1, aklotho,
TNALP, ENPP1, and PHOSPHOL1 in the metastatic lesion of nu/nu femora

After the inhibition of endogenous peroxidase activity with methanol containing 0.3% hydrogen
peroxidase for 30 min, dewaxed paraffin sections were pretreated with 1% bovine serum albumin
(BSA,; Seologicals Proteins Inc. Kankakee, IL) in PBS (1% BSA-PBS) for 30 min.  The histological
sections were incubated with either rabbit antibody against DMP-1 (Takara Bio Inc., Otsu, Japan) at a
dilution of 1:500 overnight at 4 °C or rabbit antisera against TNALP*® at a dilution of 1:300 at room

temperature (RT); then they were reacted with horseradish peroxidase (HRP)-conjugated goat anti-



rabbit 1gG (DakoCytomation, Glostrup, Denmark) at a dilution of 1:100 for 1 h.  For the detection of
ENPP1, the sections were incubated with goat polyclonal anti-ENPP1 (Everest Biotech Ltd.,
Oxfordshire, UK) at a dilution of 1:200 for 1 h followed by incubation with HRP-conjugated rabbit
anti-goat 1gG (American Qualex Scientific Products, Inc., San Clemente, CA). Regarding
FGF23/FGFR1/aklotho axis, the histological sections were incubated with mouse anti-FGF23 (R&D
systems, Inc., Minneapolis, MN) at a dilution of 1:100 for 2 h, or mouse monoclonal anti-FGFR1
(Abcam plc., Cambridge, UK) at a dilution of 1:25 for 1 h. These sections were then reacted with
HRP-conjugated rabbit anti-mouse 1gG (Invitrogen Co., Camarillo, CA) at a dilution of 1:100 for 1 h.
For the detection of aklotho, the sections were incubated with rat monoclonal anti-mouse klotho
antibody (Thermo Fisher Scientific Ltd., Waitham, MA) at a dilution of 1:50 for 2h, and then, they
were reacted with HRP-conjugated rabbit anti-rat IgG.  Regarding the immunodetection of
PHOSPHOZ1, after incubating with human monoclonal anti-PHOSPHOL1 (Bio-Rad Laboratories Inc.,
Hercules, CA) at a dilution of 1:100, the sections were reacted with rabbit anti-myc Tag (Medical &
Biological Laboratories Co., Ltd., Nagoya, Japan) and then with HRP-conjugated swine anti-rabbit
IgG (DakoCytomation) at a dilution of 1:100. For the visualization of all immunoreactions,
diaminobenzidine tetrahydrochloride (DAB) was employed as a substrate.  All sections were
counterstained with methyl green and observed under a light microscope (Eclipse E800, Nikon

Instruments Inc. Tokyo, Japan).

Double detection of tartrate-resistant acid phosphatase (TRAP) and osteopontin

After the treatment with 0.3% hydrogen peroxidase and 1% BSA-PBS, the sections were incubated
with rabbit anti-osteopontin antisera (Cosmo Bio, Co., Ltd., Tokyo, Japan) at a dilution of 1:2000 for
1 h, followed by incubation with HRP-conjugated goat anti-rabbit IgG (DakoCytomation). The
immunoreacted sections were subjected to the detection of TRAP enzymatic activity as previously
described?®; briefly, slides were rinsed with PBS and incubated in a mixture of 2.5 mg of naphthol
AS-BI phosphate (Sigma-Aldrich Co. LLC, St. Louis, MS), 18 mg of Red Violet LB (Sigma-Aldrich)
salt, and 100 mM L(+)-tartaric acid (0.76 g, Nacalai Tesque, Inc., Kyoto, Japan) diluted in 30 mL of
0.1 M sodium acetate buffer (pH 5.0) for 15 min at 37 °C.

Immunocytochemistry of FGF23 on cultured MDA231 cells

MDAZ231 cells were cultured on glass coverslips in dishes with 3.5 cm diameter containing aMEM



supplemented with heat-inactivated 10% FBS before immunocytochemistry of FGF23. The
specimens were fixed with 4% paraformaldehyde in a 0.1 M phosphate buffer (pH 7.4) for 2 h at RT.
The specimens were rinsed with PBS several times and then treated with 1% BSA—PBS for 10 min.
They were then incubated with mouse anti-FGF23 (R&D systems) at a dilution of 1:100 for 2 h, and
then with HRP-conjugated rabbit anti-mouse IgG (Invitrogen) at a dilution of 1:100 for 1 h. For
visualization of the immunoreaction, DAB was employed as a substrate, and the specimens were

faintly counterstained with methyl green before observation under a light microscope.

Measurement of serum FGF23, Ca, and Pi

Blood samples were obtained from all mice that showed bone metastasis g, that had MDA231 cells
injected in the mammary gland, and controls (n=5 each) before perfusion. Serum samples were stored
at - 30 "C before performing the assays. Serum levels of Ca and Pi were quantified by Oriental Yeast
Co., Ltd. Serum intact FGF23 was quantified using the sandwich ELISA kits (Kainos Laboratories,
Tokyo, Japan) as previously reported®. All assays were performed in accordance with the

manufacturers’ instructions.

Statistical analysis
All statistical analyses were assessed by one-way ANOVA followed by the Tukey—Kramer multiple
comparisons test, and all values are presented as mean =+ standard deviation as reported previously®?.

Values of p < 0.05 were considered statistically significant.



Results

Osteolytic bone metastasis by MDA231 cells

Soft X-ray analysis revealed relatively-broad translucent areas representing a metastatic lesion in the
metaphyses of both the left and right femora and tibiae of nu/nu mice (Fig. 1). Consistent with soft
X-ray analysis, the histological observation revealed huge masses of metastasized MDA231 cells in
the femoral metaphyses along with few trabeculae extending from the growth plates (Figs. 2a, b).
The metastasized tumor nests had a higher cell density than the surrounding bone marrow. In tumor
nests, there were only a few fragmented trabeculae featuring intense osteopontin-reactive scalloped

trabecular surface, which localized many TRAP-positive osteoclasts (Figs. 2c, d).

FGF23 immunolocalization in the metastatic lesion and the neighboring cortical bone

The cultured MDA231 cells showed weak FGF23 immunoreactivity in vitro as shown in Fig. 3a.
However, after the onset of bone metastasis, tumor nests metastasized in the femoral metaphyses
demonstrated intense FGF23 immunoreactivity (Fig. 3b). Interestingly, the trabeculae surrounded
by the metastasized MDA231 cells showed little FGF23-immunoreactivity in osteocytes, while
trabeculae distant from the metastatic lesion possessed FGF23-immmunopositive osteocytes
(Compare Figs. 3c and d). The histological sections showed many intact osteocytes in the cortical
bone adjacent to tumor nests, except those in the superficial layer of the cortical bone. Several empty
lacunae could be seen in the superficial layer proximal to tumor nests, whereas many intact osteocytic
lacunae were present in the inner portion of the cortical bone (Figs. 3e, f). Osteocytes in the cortical
bone adjacent to the metastasized tumor nests hardly showed FGF23 immunoreactivity, whereas those
distant from the metastatic lesion showed intense FGF23 immunoreactivity (Compare Figs. 3c and
d). Unlike FGF23 and DMP-1 —another molecule abundantly expressed in osteocytes?: 3% 32) were

observed in the osteocytes of the cortical bone adjacent to the metastasized tumor nests (Figs. 3i, f).

Serum concentration of Ca, Pi, and FGF23 and the immunolocalization of FGFR1 and aklotho in
the metastatic lesion

Mice with bone metastasis showed significantly higher serum FGF23 levels than mice subcutaneously
injected with MDA231 cells (385.87 + 58.99pg/mL vs 229.65 + 8.73 pg/mL, p<0.05) and control mice
without injection of tumor cells (385.87 + 58.99 pg/mL vs 155.90 + 18.17 pg/mL, p<0.01) (Fig.



4a). Despite the increased index of serum FGF23, there was no significant difference in serum Ca
levels among the mice bone-metastasized tumor (7.90 + 0.22 mg/dL), the mice with subcutaneous
injection of tumor cells (8.36 + 0.26 mg/dL) and the control mice (7.82 + 0.13 mg/dL) (Fig. 4b).
Similarly, there was no significant difference in serum Pi levels among the mice bone-metastasized
tumor (8.30 + 0.58 mg/dL), the mice with subcutaneous injection of tumors (8.62 + 0.61 mg/dL), and
the control mice (8.20 + 0.46 mg/dL) (Fig. 4c). Since bone-metastasized MDA231 cells did not
affect the serum concentration of Pi, we have examined the possibility that FGF23 secreted by the
tumor cells affects the cells themselves in an autocrine/paracrine manner. Our
immunohistochemistry showed FGFR1-immunoreactive fibroblastic stromal cells extending their
cytoplasmic processes rather than cuboidal tumor cells (Figs. 5a, b), and some fibroblastic stromal

cells in tumor nests exhibited a weak immunoreactivity of aklotho (Fig. 5c).

Immunolocalization of ENPP1, TNALP, and PHOSPHOL in the metastasized lesion

We also examined ENPP1, TNALP, and PHOSPHOL, all of which are involved in the local synthesis
of monophosphates and pyrophosphates.  Metastasized tumor nests showed intense ENPP1 -
immunopositivity mainly in fibroblastic stromal cells and slightly in cuboidal tumor cells (Figs. 5d,
g). However, TNALP -immunoreactivity was observed in osteoblasts localized on the trabecular
surfaces but was never seen inside tumor nests (Figs. 5e, h). PHOSPHO1 -immunopositivity was
detected in osteoblasts located on the endosteal surfaces of cortical bone, but not in tumor nests (Figs.
5f, i).



Discussion

To our knowledge, this is the first report that demonstrates that when closely surrounded by FGF23-
secreting MDA231 cells, the synthesis of FGF23 by osteocytes in the cortical bone is inhibited as
shown in Fig. 3.  Unlike the reduced synthesis of FGF23, the osteocytes proximal to the metastasized
MDAZ231 cells synthesized DMP-1. Therefore, it seems possible that abundant FGF23 produced by
the metastasized MDAZ231 cells inhibits the surrounding osteocytes from secreting FGF23.  Although
MDAZ231 cells cultivated in vitro showed slight FGF23 synthesis, after the onset of bone metastasis,
they synthesized FGF23 abundantly. Pro-inflammatory stimuli are reportedly capable of increasing
osteocyte secretion of FGF23%. Taken together, it seems likely that FGF23 secreted by MDA231
cells supports bone metastasis and its expansion after the onset of the metastasis and affects the
surrounding pre-existing osteocytes to inhibit FGF23 synthesis. Thus, FGF23 secreted by MDA231

cells may play a role in establishing suitable circumstances for bone tumor.

Next, we wondered whether abundant FGF23 produced by MDA231 cells would reduce the serum
concentration of Pi and if the resultantly-deceased concentration of Pi would provide adequate
circumstances for bone metastasis of MDA231 cells or whether abundant FGF23 would locally and
directly affect MDA231 cells and the surrounding cells to alter the histological circumstances to make
them adequate for the tumor growth in the bone. To address this issue, we measured the serum
concentrations of FGF23, Ca, and Pi, and as a consequence, despite the elevated index of FGF23, the
concentration of Ca and Pi did not significantly change as shown in Fig. 4. No significant decrease
in serum Pi levels may be due to the increased concentration of FGF23 secreted by MDA231 cells (2.5
times higher than the control specimens). However, it was not enough for markedly-reduced
concentration of serum Pi in mice, or FGF23 secreted by the tumor cells may be subjected to being
immediately processed at the C-terminus of this molecule, before reaching the kidney®* 3.
Therefore, our animal study does not seem to mimic recently- reported TIO? 8%, Taken together,
FGF23 secretion by metastasized MDA231 cells does not appear to be directed to reduce the serum
concentration of Pi but may be related to the local action of FGF23 in the metastatic lesion in situ. If
so, it is likely that FGF23 secreted by MDA231 cells locally affects the tumors and the surrounding
cells in an autocrine/paracrine manner.  Our observation revealed the immunoreactivity of

FGFR1/aklotho mainly in fibroblastic stromal cells inside tumor nests rather than in cuboidal tumor
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cells, as shown in Fig. 5. Therefore, we assume that FGF23 secreted by the MDA 231 cells may
function on fibroblastic stromal cells in the metastasized lesions as it has been reported that stromal
cells in tumor nests interact with the tumor cells. However, the nature and medium of the effect

FGF23 has on the tumor and neighboring stromal cells remains unknown.

We have finally examined ENPP1, TNALP, and PHOSPHOL1, all of which are involved in the
regulation of local synthesis of pyrophosphates and Pi. Consequently, the immunolocalization of
TNALP and PHOSPHO1 was to that seen in normal bone tissues, i.e., TNALP and PHOSPHO1 were
mainly localized in the osteoblasts on the fragmented trabeculae. In contrast, many fibroblastic
stromal cells and tumor cells were intensely ENPP1-immunoreactive, indicating abundant synthesis of
inorganic pyrophosphates, which inhibit mineralization in the bone?® 30, However, except the
biological function of synthesizing pyrophosphates in the bone, ENPP1 reportedly serves as a
facilitator of breast cancer bone metastasis®” and plays an important role in balancing the pool of
nucleotides, maintaining glioblastoma stem-like cells in an undifferentiated proliferative state®®.
Further, it is also associated with the increased risk of glucose intolerance and type Il diabetes®.
Thus, ENPP1 possibly plays a role in facilitating tumor malignancy and maintaining tumor stem cells
in the metastasized lesion of MDA231 cells. However, further study is necessary to clarify the

pathological function of ENPP1 in the bone-metastasized lesion of tumor cells.

Concluding Remarks

This study using an animal model of bone metastasis demonstrated that the osteocytes in the cortical
bone were inhibited to synthesize FGF23, when closely surrounded by FGF23-secreting MDA231
cells, indicating a pivotal role of tumor-derived FGF23 in establishing suitable circumstances for

tumors in the bone.
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Figure Legends

Fig. 1 The radiograph of the nu/nu mice with bone-metastasized MDA231 cells
Soft X-ray analysis demonstrated the translucent areas meaning osteolytic metastases in the distal
metaphyses of femur and proximal metaphyses of tibiae.

Bar: 1cm

Fig. 2 Histological aspects of femur in the nu/nu mice with bone-metastasized MDA231 cells
H-E staining showed the large tumor nest of metastasized MDA231 cells and few fragmented
trabeculae in the femoral metaphysis of nu/nu mice (Fig. 2a, b). In this region, a large number of
TRAP-positive osteoclasts were located on the scalloped bone surface accumulated abundant
osteopontin (Fig. 2c, d). T: tumor nest, ocy: osteocyte

Bars: a: 500pm, b: 250pm, c: 30pum, d: 20um

Fig. 3 The distribution of FGF23 in the nu/nu mice with bone-metastasized MDA231 cells

The bone-metastasized MDA231 cells revealed intense FGF23 immunoreactivity in tumor nest of
nu/nu mice in vivo (Fig. 3b), whereas the cultured MDA231 cells showed the no (arrows) or faint
(arrowheads) FGF23 immunoreactivity (Fig. 3a). In the metaphyseal trabeculae of the metastatic
region, the osteocytes embedded in the bone matrix didn’t exhibit the FGF23 immunoreactivity (Fig.
3c). In contrast, in the distant region from the tumor nest, many FGF23-positive osteocytes could be
seen in the bone matrix (Fig. 3d). In the diaphysis, many empty lacunae were present in the superficial
layer of cortical bone proximal to tumor nest (Fig. 3f). In the corresponding area, many osteocytes
didn’t show the FGF23 immunoreactivity (Fig. 3h), while DMP1-positive osteocytes were seen in the
cortical bone (Fig. 3j). Note that osteocytes embedded in the cortical bone markedly expressed both
FGF23 and DMP1 in control nu/nu mice (Fig. 3g, i).

Bars: a: 10pum, b: 250pum, c: 30um, e-i: 20pum
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Fig4. The comparison of serum parameters in the nu/nu mice with bone-metastasized MDA231
cells or subcutaneously injected with MDA231 cells

In the nu/nu mice with bone-metastasized MDA231 cells, serum FGF23 level was significantly
increased compared to control ( 385.87 2-58.99 vs 155.90 £ 18.17 pg/ml, p<0.05) or nu/nu mice
subcutaneously injected with MDA231 cells (385.87£58.99 vs 229.65*8.73 pg/ml, p<0.01) (Fig.

4a). Serum Ca and Pi didn’t show significant difference between all groups (Fig. 4a).

Fig5. Immunolocalization of FGFR1, aklotho, ENPP1, TNALP and PHOSPHOI1 in the nu/nu
mice with bone-metastasized MDA231 cells

The fibroblastic stromal cells of metastasized tumor nests revealed intense FGFR1 and ENPP1
immunoreactivity in nu/nu mice, whereas the cuboidal tumor cells showed nothing but faint
immunoreactivity of FGFR1 and ENPP1(Fig. 5a, b, d, e). Furthermore, the fibroblastic stromal cells
expressed faint aklotho immunoreaction in the corresponding area (Fig. 5¢). Note that FGFR1- and
ENPP1- immunoreactive fibroblastic cells extend their cytoplasmic processes. In contrast, both the
fibroblastic stromal cells and cuboitdai tumor cells didn’t show TNALP and PHOSPHO-
immunopositivity in the tumor nest (Fig. 5e-i). TNALP and PHOSPHO-immunopositivity were
observed in osteoblasts located on the trabecular bone surface. T: tumor nest, ocy: osteocyte, tb:
trabecular bone

Bars: a-c, g-1: 20um, d-f: 500pum
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