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ABSTRACT
Bone metastasis causes bone pain and pathologic& fracture in breast cancer

patients with a serious complication. Previous istsithave demonstrated that a novel

phosphatidyl inositol 3-kinase (PI3K)-mTOR inhibitd®KI-402 suppressed the



growth of breast cancer cells. However, the roldPKi-402 involved in osteolysis
induced by breast cancer remains unclear. In thdyswe showed that treatment of
PKI-402 led to significant decreases in RANKL-inddc osteoclastogenesis and
osteoclast-specific gene expression in mouse bareom-derived macrophages and
reduced proliferation, migration and invasion of KHMB-231 breast cancer cells by
blocking the PIBK-AKT-mTOR signaling pathway. Impamtly, as evidenced by the
observation that the administration of PKI-402 bited MDA-MB-231-induced
osteolysisin vivo, PKI-402 exerted an inhibitory effect on osteotlasmation and
bone resorption, critical for cancer cells-indudeche destruction. These results
strongly suggest that PKI-402 might have a therapeuotential to inhibit breast
cancer induced osteolysis.

Introduction

Breast cancer is the most common cancer among §hiwmemen, and it accounts for
approximately 12.2% of all new cancer patients mn@, and 9.6% of all cancer
deaths worldwide[1]. Approximately 75 - 80% of peaiis with advanced-stage breast
cancer develop distant bone metastasis[2], whishlt® in osteolysis that lead to
symptoms of bone pain, pathological fractures, hygdeaemia and spinal cord
compression[3]. Currently, there are no effectiveerapeutic treatment options
available for bone metastasis mediated by breastecaThus, investigating potential
compounds that block the signaling pathways inwblire the osteolysis process of
breast cancer cells, especially for the coloniratibcancer cells into bones is of great
importance.

Phosphoinositide 3-kinase (PI3K)-AKT-mTOR pathwayone of the most common
signaling pathways involved in tumorigenesis ofimas cancer types[4,5]. It plays
critical roles in regulating cell proliferation, @mosis, invasion and metastasis of
cancer[6]. Several inhibitors of the PI3BK-AKT-mTQiathway have been in the stage
of the preclinical development as well as clinitals[7-9]. One of them is PKI-402
which previously exhibited suppression of cell geshtion of breast cancer
MDA-MB-361 and MDA-MB-468 cell lines, colon canceétCT116 and HT29 cell

lines, and lung cancer NCI-H157 cell lime vitro, and tumor growth in xenograft



models[10,11].

Although PKI-402 has been shown to suppress thmdtion of local tumors, the role
of this compound involved in breast cancer-inducstieolysis remains unclear.
Therefore, the current study investigated its ¢éftecbreast cancer induced osteolysis
in vitro and invivo. The results showed that PKI-402 suppressed tloathr
migration and invasion of breast cancer cells, adéest formation and bone
resorption. Furthermoyraising the mouse model of breast cancer-inducesblysis
that breast cancer cells were injected into tibrees,found the administration of this
inhibitor led to a significant decrease in tumotwoe in bones and the reversal of
bone disruption. Our data strongly suggested tadt4B2 is a potential therapeutic
molecule for the treatment of osteolysis causetrkgst cancer.

Materials and Methods

Materials

PKI-402 was purchased from Selleck Chemicals (HoysfTX, USA). It was
dissolved in dimethyl sulfoxide (DMSQO) at a stooBncentration of 20 mM and
stored at -20°C. It was freshly diluted to the debiconcentration with complete
culture medium so that the final concentration ¢i80 was no more than 0.05%
(v/v). The animal experimental procedures and ahfawlity were approved by the
Animal Care and Welfare Committee of Guangxi Melic8niversity
(SYXK2009-0004). Dulbecco’s Modified Eagle’s MediyMEM), Alpha-Modified
Minimum Essential MediumatMEM) and Fetal Bovine Serum (FBS) were obtained
from Gibco BRL (Gaithersburg, MD, USA). The MTS-bkdscell proliferation assay
kit was purchased from Promega (Madison, WI, USA)ouse macrophage
colony-stimulating factor (M-CSF) and recombinar8TarRANKL were purchased
from R&D Systems (Minneapolis, MN, USA). Primarytidiodies against p-PI3K
p85/p55, PI3K p85, AKT, p-AKT (Thr308), p-mTOR (2448), mTOR ang-actin,
and secondary antibodies were obtained from Celh&ing Technology (Danvers,
MA, USA). Anti-Cathepsin K and Anti-Caspase-3 antlies were obtained from
Abcam (MA, USA). The tartrate-resistant acid phagpke (TRAP) staining Kit,

Triton X-100 and all other reagents were purchdsaoh Sigma-Aldrich (St. Louis,



MO, USA), unless otherwise noted.

MTScell proliferation assay

The effect of PKI-402 on proliferation of BMMs andDA-MB-231 cells was
evaluated by the MTS assay. MDA-MB-231 cells welbgamed from the American
Type Culture Collection (Manassas, VA, USA) andtudd in DMEM containing
L-glutamine, phenol red, L-cysteine, L-methioninedasodium bicarbonate and
supplemented with 10% FBS and 1% penicillin/streptoin. Long bone BMMs were
seeded into a 96-well plate at a density of 6 %cElls/well in complete-MEM with
30 ng/mL M-CSF for 24 hrs and then incubated wit indicated concentrations of
PKI-402 (0 - 2.;nM) for 24, 48, 72 and 96 hrs respectively. Subsatjy@0 ul MTS
buffer was added to cells in each well and incub#be 2 hrs at 37. The absorbance
at the wavelength of 490 nm was measured on theBELXTM enzyme scale
(Bio-Tek Instruments, Winooski, VT, USA). The halinaximal inhibitory
concentration (Igy) of PKI-402 were calculated by GraphPad PrismOe &oftware
(San Diego, CA, USA).

Osteoclastogenesis assay

For in vitro osteoclastogenesis assay, bone marrow-derivedoptaages (BMMs)
were extracted from C57BL/6 mice and culturediiMEM supplemented with 10%
FBS, 100 U/mL penicillin, 100 mg/mL streptomycindaB0 ng/ml M-CSF. Cells were
incubated at 37°C in a humidified incubator maimeai in a 5% C@ atmosphere.
After 3 days, cells were seeded into a 96-wellepita density of 6 x f@ells/well in
triplicate with 30 ng/ml M-CSF and 50 ng/ml RANKh the absence or presence of
PKI-402 (0, 0.02, 0.04, 0.08V1). The medium was refreshed every two days uinl t
formation of multinucleated osteoclasts. The oslse washed with PBS twice, fixed
by 4% paraformaldehyde for 20 mins, and stainedh wértrate-resistant acid.
TRAP-positive cells, which exhibited more than threuclei were identified as
osteoclasts and the number of which was calculateder a microscope (Leica,
Germany).

Hydroxyapatite resorption assay

Bone resorption assay was carried out using a lydpatite 96-well plate (Corning,



NY, USA) according to the manufacturer's instrucioBMMs seeded onto 6-well
plates were stimulated with 50 ng/mL RANKL and 3@/mL M-CSF until the
formation of pre-mature osteoclasts. Cells werelgehgested and re-seeded onto a
hydroxyapatite 96-well plate with various concetitnas of PKI-402 (0, 0.02, 0.04 or
0.08:M) in triplicate. After 48 hrs, half of the wellsxéd by 4% paraformaldehyde
for 20 mins, and stained with tartrate-resistam abosphatase. TRAP-positive cells,
which exhibited more than three nuclei were idédifas osteoclasts and the number
of osteoclasts was calculated under a microscopiedl.Germany). The other half of
the wells were washed with 5% sodium hypochloribe five minutes and the
resorption were photographed under a standard tigbtoscope (Leica, Germany).
The percentage of hydroxyapatite surface area bedoby the osteoclasts was
guantified by ImageJ software (NIH, Bethesda, MD).

I mmunofluorescent staining

BMMs were seeded into a 96-well plate at a derwit§ x 1G cells/well in triplicate
with 30 ng/ml M-CSF and 50 ng/ml RANKL in the abseror presence of PKI-402
(0, 0.02, 0.04, 0.08V1). The medium was refreshed every two days urté t
formation of multinucleated osteoclasthe cells were washed with PBS twice and
fixed by 4% paraformaldehyde for 20 mins. After mpenbilized with 0.1% Triton
X-100 PBS and blocked with 3% BSA in PBS, cells avestained by
Rhodamine-conjugated phalloidin for 1 hrs in damld he nuclei were counterstained
with DAPI and mounted and photographed by fluoreseemicroscope (Leica,
Germany).

Transwell invasion assay

The Transwell invasion assay was performed on avéfiplate equipped with an
8um pore polycarbonate filter on each well. MDA-MB128ells were seeded at a
density of 5 x 1Hcells/well into Transwell inserts in 2Q0 of serum-free media with
the indicated concentrations of PKI-402 (0, 0.0R40and 0.08M) in triplicate. The
lower chambers were filled with 6Q0 complete media and cells were incubated at
37°C for 24 hrs. After cells on the top of Trandweserts that did not pass through

the filter were removed by cotton-tipped applicataells in the lower chambers were



fixed by 4% paraformaldehyde for 30 mins, and sw@invith 0.2% crystal violet.
Then cells were imaged using the Eclipse Ti miaspscequipped with a DS-Fil
camera (Nikon, Tokyo, Japan). The area where thaded cells were occupied was
guantified using the ImageJ software (NIH, Bethe842).

Wobund healing assay

A cell-based wound healing assay was performedrdegpto the standard method.
MDA-MB-231 cells were seeded by 2 x>1¢ells/well in 6-well plates (Corning Inc.,
Corning, NY, USA) in 2 ml of DMEM supplemented witl9% FBS. Two days later,
the cells reached 90% confluence and the monolagerdisrupted by a sterile pipette
tip scraping the bottom of each well. Detachedsce#re washed out with PBS, and
the remaining cells were cultured in serum-free DWEontaining different
concentrations of PKI-402 (0, 0.02, 0.04 and M8 12 and 24 hrs post treatment,
the wound edge closure towards which the cells ategr was monitored using
Eclipse Ti microscope with DS-Fil camera (Nikonkyo, Japan). The width of the
wound edge closure was measured by Image-Pro Bftygase (Media Cybernetics,
Rockville, MD, USA).

Quantitative RT-PCR analysis

Bone tissue RNA was extracted from hind limb of thige. Femur and tibia of the
mice were ground using liquid nitrogen and RNA wsalated by Trizol reagent
according to the manufacturer’s instruction (Theffgher Scientific, Waltham, MA,
USA). The concentration of RNA was determined byasuging the absorbance at
260nm using NanoDrop TM ND-2000 spectrophotometée(mo Fisher Scientific,
Waltham, MA, USA). For RT-PCR, cDNA was synthesidzgdreverse transcriptase
with an oligo-dT primer. Expression levels of gemese assessed by RT-PCR, where
cDNA was amplified by gene-specific primers and RBreen PCR MasterMix
(ROCHE Germany). Specific primers were used to quantiy tbllowing genes:
Cathepsin K (Forward:5’-CTTCCAATACGTGCAGCAGA-3;;
Reverse:5-TCTTCAGGGCTTTCTCGTTC-3)), CTR
(Forward:5’-TGCAGACAACTCTTGGTTGG-3';
Reverse:5-TCGGTTTCTTCTCCTCTGGA-3)), NFATcl



(Forward:5-CCGTTGCTTCCAGAAAATAAC-3;
Reverse:5-TGTGGGATGTGAACTCGGA-3), V-ATPase-d2
(Forward:5’-AAGCCTTTGTTTGACGCTGT,
Reverse:5-TTCGATGCCTCTGTGAGATG-3), ACP5
(Forward:5’-CACTCCCACCCTGAGATTTGT-3;
Reverse:5-CCCCAGAGACATGATGAAGTCA-3), c-Fos
(Forward;5’-CCAGTCAAGAGCATCAGCAA-3;
Rverse;5-AAGTAGTGCAGCCCGGAGTA-3), DC-STAMP
(Forward:5’-AAACCCTTGGGCTGTTCTT-3’;
Reverse:5-AATCATGGACGACTCCTTGG-3), p-actin
(Forward:5’-TCTGCTGGAAGGTGGACAGT-3’;
Reverse:5-CCTCTATGCCAACACAGTGC-3), BAX
(Forward:5-GCCCTTTTGCTTCAGGGTTT-3;
Reverse:5-CATCCTCTGCAGCTCCATGT-3)), BCL2
(Forward:5’-GAACTGGGGGAGGATTGTGG-3’;
Reverse:5-CCGTACAGTTCCACAAAGGC-3), Caspase-3
(Forward:5’-CATGGAAGCGAATCAATGGACT-3;;
Reverse:5-CTGTACCAGACCGAGATGTCA-3), Caspase-8
(Forward:5’-CTGGTCTGAAGGCTGGTTGT-3’;
Reverse:5-CAGGCTCAGGAACTTGAGGG-3), Caspase-9
(Forward:5-CAGGCCCCATATGATCGAGG-3;
Reverse:5-TCGACAACTTTGCTGCTTGC-3'The conditions are as follows: 95°C
for 10 mins, followed by 35 cycles of 94°C (40s)°6 (40s), 72°C (40s), followed
by an elongation step of 5 mins at 72°C. The taggete expression was normalized
to the level of3-actin gene and all experiments were performedpiidate.

Tumor xenografts

A mouse model of bone osteolysis was establishedeasure thén vivo osteolytic
effect induced by breast cancer. Healthy femalee6kaold BALB/c nude mice

purchased from Shanghai SLAC Laboratory Animal d. (Shanghai, China) were



randomly divided into 3 groupssham group (n=6), vehicle group (injection with
MDA-MB-231 cells alone, n=6) and PKI-402 group €éajion with MDA-MB-231
cells and PKI-402, n=6). After anesthetized witl5%. chloral hydrate through
peritoneal injection, 50 of MDA-MB-231 cells suspension (1 x 1@ells/ml) was
injected into the proximal chamber of left tibiadbgh the tibia plateau. Abdominal
administration of PKI-402 (25 mg/kg) was performexery other day for 4 weeks
after injection of the cells in PKI-402 group whilee sham group and the vehicle
group received PBS only. After 4 weeks, the tum@lume was measured using the
following equation (V= 0.2618 x L x W x (L + W), Whe average distance in the
proximal tibia at the level of the knee joint iretanterior-posterior and medial-lateral
planes; L: the distance from the edge of the prakiof the tumor to the distal extent
of tumor[12]). After euthanization, the right hifichb of each mouse was harvested
for the measurement of osteoclast related geneession, and the left tibia was fixed
with 4% paraformaldehyde for micro-CT scanning hrstiological analysis.

Micro-CT scanning

After fixation, the right tibia was imaged by higlesolution micro-CT scanner
(Skyscan 1766, Bruker, Belgium). The growth plasswegarded as a reference. For
trabecular bone, 100 slices were selected whicinbdgpm 50 slices away from the
reference for analysis. For cortical bone, 100esliwere selected which begins from
400 slices away from the reference for analysise&e trabecular and cortical bone
parameters were measured including bone voluméigsere volume (BV/TV), bone
surface per tissue volume (BS/TV), trabecular theds (Tb. Th), trabecular number
(Tb. N), Cortical crossectional Area (Ct. Ar) andr@ical Thickness (Ct. Th).
Representative tibia 3D reconstruction was mad€byox software.

H&E staining

After micro-CT scanning, the left hind limb and tontissue of each animal were
decalcified in 10% EDTA for 4 weeks and paraffinkerdded. Serial sections were
cut and mounted onto coated slides. The sectioms deparaffinised by xylene, and
treated with gradual concentrations of ethanoldmrized water. The sections were

stained with eosin and haematoxylin and imaged muadeptical microscope (Leica,



Germany).

I mmunohistochemical staining

Fixed and decalcified tibias were embedded in fiardbr tissue section. After
dewaxing in xylene and rehydration in a gradienetbfanol concentrations, sections
were incubated with anti-Cathepsin K and CaspazetiBody at 4°C overnight. Then,
the sections were incubated with an IgG-HRP polyraad diaminobenzidine
substrate at 37 °C for 10-30 minutes. Sections waraged under an optical
microscope (Leica, Germany).

W\estern blot assays

Nearly confluence BMMs cultured in 6-well plates reveserum starved for 4 hrs
followed by the stimulation of 50 ng/mL RANKL for, 8, 10, 20, 30 and 60 minutes
with or without PKI-402. Cellular protein was exttad by lysing cells using RIPA
solution supplemented with protease and phosphatagators (Roche Diagnostics,
Indianapolis, IN, USA). The protein was subjectedSDS-PAGE and transferred to
the nitrocellulose membrane (Millipore, BilleriddA, USA). After blocking with 5%
BSA, the membrane was incubated at 4°C overnigtit miimary antibodies which
were diluted according to the manufacturer’s irgtam. After washed with 1XTBST
the membrane was incubated with second antibod§ forat room temperature. The
immunoreactivity was detected by Odyssey V3.0 imsggnner (Li-COR, Lincoln,
NE, USA). ImageJ software was used to analyze strgngth.

Alkaline phosphatase staining

Osteoblasts were isolated from the calvariae ofbew SD rats. Cells were seeded
onto a 24-well plate by 5xf0cells/well and cultured in differentiation medium
(DMEM containing 10% FBS, 50Ag/ml ascorbic acid, 5SmN3-glycerophosphate and
10® M dexamethasone) with different concentration®kf-402 for 7 days. The cell
culture medium was changed every 3 days. Then #is were fixed using 4%
paraformaldehyde and stained with Alkaline phosgdat(ALP) BCIP /NBT Liquid
Substrate System Kit (Sigma Aldrich) for 10 mintieTresult of staining is observed
under an optical microscope (Leica, Germany).

Satistical analysis



The numerical value was expressed as average dasthdeviation (SD) for the three
or more experiments. SPSS v.13.0 software (IBM, éuky NY, USA) was used to
analyze the results. The differences between grasps evaluated by student's t test.

Differences with P values of <0.05 were considetatistically significant.

RESULT

PKI1-402 inhibits RANKL-induced osteoclastogenesis

To study the effect of PKI-402 (chemical structah®mwn in Figure 1A) on osteolysis
induced by breast cancer, we initially assesseéfiect on the cell proliferation of
bone marrow derived monocytes/macrophages (BMMs)guthe MTS assay. The
results showed that the cell growth was not aftedte 0.08M of PKI-402 until 72
hrs (Fig. 1B). RANKL-induced osteoclastogenesias observed as TRAP-positive
cells that were found when the cells were incubatgd M-CSF and RANKL for 5
days. By contrast, PKI-402 treatment led to sigaifit decreases in the number of
multinucleated osteoclast-like cells in a concdidradependent manner (Fig. 1C-D).
Consistent with the observation, expression legélssteoclast-related genes, such as
DC-STAMP, c-Fos, NFATcl, V-ATPase-d2, V-ATPase-a3, ACP5, CTR, andCathepsin

K (CTX), were reduced significantly when treated with RR. For example, gene
expression levels d)C-STAMP, c-Fos andCTK were decreased by 97%, 88%, and
87%, respectively (Fig. 1E). Taken together, thds¢a strongly suggested that
PKI-402 inhibited osteoclastogenesisiitro, namely RANKL-induced differentiation
of monocyte to osteoclasts.

PKI-402 inhibits osteoclastic bone resorption and the formation of F-actin ring
Osteoclastogenesis is multiple stages of the caaieli process, including
commitment, differentiation, multinucleation and tiaation of immature
osteoclasts[13]. To investigate whether PKI-402@&#d bone resorption mediated by
mature osteoclasts, pre-mature osteoclasts weded@mnto the hydroxyapatite plate
and cultured for 48 hrs with or without PKI-402. Wbserved a 69.5 % of
hydroxyapatite was resorbed in the control groupweler, treatment with PKI-402

at 0.08M caused about 15.0 % reduction in resorption arba.analysis showed that



the percentage of the hydroxyapatite resorptioa afenature osteoclasts was greatly
decreased at 0.02 or 0.1 and the nearly inhibition when cells treated w08
uM of PKI-402 (Fig. 2A-C). Since the formation oftesclasts was also inhibited at
0.0&:M of PKI-402 (Fig. 2A-B), we further investigatelet absorption area of each
osteoclast in the presence of PKI-402. We fountl Bd-402 still inhibited the area
of absorption by each osteoclast at concentratwdris04M and 0.0&M (Fig. 2D).
The fusion of osteoclasts and the formation of faafter PKI-402 treatment were
significantly reduced, especially at 0.08! (Fig. 2E). These results demonstrated that
PKI-402 inhibited bone resorption of osteoclastd tre formation of F-actin ring.
PKI-402 inhibits the proliferation, migration and invasion of MDA-MB-231 breast

cancer cellsin vitro.

We next examined whether treatment of PKI-402 migffect proliferation of
MDA-MB-231 breast cancer cell line like BMMs. Thesults of the MTS cell
proliferation assay showed that the calculateg i@lues of PKI-402 at 48 and 96 h
were 93.5 and 3.1uM, respectively (Fig. 3A). PKI-402 also blocked a&sion
(Fig. 3B-C) and migration (Fig.3D-F) of MDA-MB-231cells in a
concentration-dependent manner. Furthermore, thatnient of PKI-402 led to
down-regulation of the anti-apoptotic geREL-2 and up-regulation of the apoptotic
genes, includindBAX, Caspase-3, Caspase-8 and Caspase-9 in MDA-MB-231 cells
(Fig. 3G). Taken together, these results demomstrdhat PKI-402 suppresses
proliferation, invasion and migration of breast cancellsin vitro.

PKI-402 inhibits breast cancer induced osteolysis

Given the inhibitory effects of PKI-402 on formati@f osteoclasts, bone resorption
of mature osteoclasts, and proliferation, invasiod migration of breast cancer cells,
we investigated theén vivo effect of PKI-402 on breast cancer-induced oste®lys
MDA-MB-231 breast cancer cells were injected intwe ttibia compartment of
BALB/c nude mice, followed by administration of RK02 to animals every other
day for 28 days. We found that PKI-402 reducedttmeor growth (Fig. 4A and B)
and analysis of micro-CT scanning technique clealgwed that PKI-402 blocked

breast cancer-induced bone destruction (Fig. 408.guantitation results showed that



while the bone volume and bone surface were desdeagon the injection of breast
cancer cells, administration of PKI-402 led to bpHrameters returning to the levels
as the control group. However, there is no sigairftceffect on trabecular thickness
(Tb. Th) and trabecular separation (Tbh. Sp) amomgdips (Fig. 4D, Fig. S1A).
Consistent with analysis of micro-CT images, thespnce of tumor cells in the
PKI-402 group was greatly reduced (Fig. 4E). Thaults of immunohistochemistry
showed that the expression of Cathepsin K was estlafter PKI-402 treatment, and
PKI-402 could promote the expression of the apapimtotein Caspase-3 (Fig. 4F).
The expression levels of osteoclast-related genesivo including DC-STAMP,
NFATcl, V-ATPase-d2, c-Fos, CTR, and, CTSK were inhibited by PKI-402 (Fig. 4G).
Taken together, PKI-402 suppressed tumor growthd blocked breast cancer
induced-bone destructian vivo.

PKI-402 inhibits breast cancer-induced osteoclast differentiation by impairing the
PI3K-AKT-mTOR signaling pathways.

To determine whether PKI-402 could indeed inhibgé PISK/AKT/mTOR signaling
pathway in BMMs under RANKL stimulation, we examihgrotein expression levels
in the cells treated with PKI-402 by western blagti BMMs were pretreated with
0.08uM PKI-402 for 1 hr followed by stimulation of RANKfor 0, 5, 10, 20, 30, and
60 mins. The level of phosphorylated m-TOR was eased upon RANKL
stimulation at 20 mins. However, this activationsveappressed by PKI-402 (Fig. 5A).
Similarly, PKI-402 also greatly reduced the levefsactivated p-P85, and p-AKT
while the total protein levels of mMTOR, P85 and AldEre not affected (Fig. 5A).
Similarly, the levels of phosphorylated AKT and mR@ MDA-MB-231 cells were
also similarly reduced by PKI-402 (Fig. 5B). Thessults indicated that PKI-402
inhibited PI3K-AKT-mTOR pathway in both BMMs and MBMB-231 cells.
Discussion

The complications caused by bone metastasis insbreancer seriously affect
patients’ quality of life[14]. Active osteoclast @ resorption play critical roles in
tumor associated bone destruction[15]. Osteoclastbe activated by breast cancer

which express RANKL[16]; Osteoclasts can releassvir factor such as TGF-beta,



IGF, IL-6 and IL-11 to promote breast cancer psyhtion[17].

In this study, we demonstrated that treatment ol-#K leads to inhibition of
differentiation and functions of osteoclasts, aslewced by suppression of osteoclast
formation, decreased expression of osteoclasticHdpegenes and inhibition of
osteoclast-mediated bone resorption. The inhibitibactin ring formation and bone
resorption may be likely to be due to inhibition agteoclast formation rather than
inhibition of the activity of mature, healthy ostéasts. So further research will be
continued in the future. PKI-402 also reduces thdit@s of MDA-MB-231 breast
cancer cells to proliferate, migrate and invade ewk&acellular matrix. It is well
established that ER+ cells metastasizes to bonauah higher frequency than triple
negative breast cancer cells[18]. Since MDA-231lIscdlave been shown to
metastasize to bone and cause osteolysis[19-2ttisistudy, we confirmed PKI-402
inhibited MDA-MB-231-induced osteolysis vivo, and selected MDA-231 cells for
animal model in this experiment. However, the dftddPKI-402 on other cell lines of
breast cancer was not evaluated. The effect of 40Rl-on other cell lines of breast
cancer will be explored in future experiments.

In in vivo study, the whole volume of the tumor (within anat of the bone) were
measured which represented the clinical settingemdosely. Tumor volume
measurements (volume = (L + W) (L) (W) (0.2618)), the average distance in the
proximal tibia at the level of the knee joint iretanterior-posterior and medial-lateral
planes; L: the distance from the edge of the prakiof the tumor to the distal extent
of tumor) are based on references[12]. Micro CTlyaig is a general tool for bone
volumn measurement, and the specific micro CT amalyrocedure was as described
in methods. There seems to be an upward trend .i@pTlout later analysis shows no
statistical difference. 3D images of the trabeculane only were reconstructed,
which showed that cancellous bone is increased RK&402 treatment (Fig. S1A).
Both analyses of micro-CT images and histology sftbwhat the administration of
PKI-402in vivo greatly reverses bone damage caused by breasrcéid-402 had
no apparent effect on osteoblast differentiatiorthat concentration which inhibits

osteoclast formation (Fig. S2A). We also found fPEI-402 has no significant effect



on cortical bonen vivo, which is consistent witin vitro result (Fig. S2B-C). These
results strongly suggest that targeting the siggapathway involved in formation
and functions of osteoclasts may be a good thet@peaption for breast
cancer-associated osteolysis.

PI3K/mTOR signaling pathway is an important targetbreast cancer[22]. In human
sample, the PI3BK/mTOR protein is highly expressedany human tumors, such as
breast cancer, prostate cancer, lung cancer aad dancer[23,24]; It is reported in
nude mice experimenthe PI3K/mTOR protein is expressed and increaseéetr af
tumor formation in mice[25]. The abnormality of RIBnTOR signal transduction
pathway is an important step in the development @odression of cancer since it
plays an important role in tumor cell proliferatjissurvival, resistance to apoptosis,
angiogenesis and metastasis, and resistance tchatdnotherapy[26,27]. Currently,
A variety of inhibitors with PISBK/mTOR pathway abket target have become the
research hotspot[28,29]. Many drugs targeting miéscin this pathway are being
studied in preclinical or clinical trials[30,31]n Ithis study, we used the newly
synthesized compound PKI-402 and confirmed itsbidiy effects on breast cancer
cell proliferation, apoptosis and migratiomvivo. This finding is in line with Robert
Mallon[10]. However, they have not yet explored wiee PKI-402 can inhibit breast
cancer induced osteolysis. Therefore, we take thduistep to investigate this effect
and found that PKI-402 can also prevent breastaramcluced bone destruction via
suppression PI3K-AKT-mTOR signaling pathway bothBRIMs and breast cancer
cells. Everolimus (an mTOR inhibitor) has been appd for the treatment of
metastatic ER+ breast cancer[32]. However, everdimas a series of side effects
such as stomatitis, noninfectious pneumonitis,ciindas, rash et.al[33]. In this study,
we didn't compare the effect of PKI-402 and evemnls for the treatment of
metastatic ER+ breast cancer. Further explore eneffiects of PKI-402 for the
treatment of metastatic ER+ breast cancer in fuesearch is needed.

Regarding the animal model, we injected tumor cdllectly into the medullary
cavity instead of injecting the heart. Althoughsthimitation does not well mimic the

distant metastasis of tumor cells, it is directigponsible for bone destruction. In



addition, we did not evaluate the toxic side eBeat PKI-402 in detail. This will be
carefully studied in the next research.

In summary, this study demonstrated the novel RBKOR inhibitor PKI-402 is

effective in preventing breast cancer induced dgseovia inhibiting both osteoclast
function and breast cancer cell function. Therefoines compound is potential for

further pre-clinical evaluation for the treatmehbeeast cancer induced osteolysis.
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1. PK1-402 leads to inhibition of differentiation and functions of osteoclasts, decreased
expression of osteoclastic-specific genes.

2. PKI-402 reduces the abilities of MDA-MB-231 breast cancer cells to proliferate,
migrate and invade the extracellular matrix.

3. PKI-402 greatly reverses bone damage caused by breast cancer in vivo.

4. PK1-402, the novel PISK-mTOR inhibitor, is effective in preventing breast cancer

induced osteolysis viainhibiting both osteoclast function and breast cancer cell function.



Figure L egends

Figure 1: PK1-402 inhibits  RANKL-induced osteoclastogenesis
andosteoclast-specific gene expression.

(A) The chemical structure of PKI-402. (B) Decreahgeoliferation of mouse bone
marrow-derived macrophages (BMMs) by PKI-402. BMMere treated with the
indicated concentration of PKI-402. Cell prolifecat was measured using MTS assay.
The calculated IC50 for PKI-402 in BMMs at 24, 42, and 96 hrs were shown. (C)
TRAP staining of BMMs that were treated with thelicated concentrations of
PKI-402, 30 ng/ml M-CSF and 50 ng/ml RANKL for 5yda (D) Quantitation of the
numbers of osteoclasts (OCs) identified as TRARtpes cells. (E) Decreased
expression levels of osteoclast-specific genesKiydB2. BMMs were cultured with
the indicated concentrations of PKI-402, 30 ng/miC8F, and 50 ng/ml RANKL
until mature osteoclasts were observed. Expressiarsteoclast-specific genes was
measured by real-time PCR. All experiments areicefdd 3 times. Data are
presented as mean = SD; *p < 0.05, **p < 0.01, **p0.001 relative to RANKL
alone-induced controls.

Figure 2: PKI1-402 inhibits RANKL-induced hydroxyapatite resorption and the
formation of F-actin ring.

(A) Representative images of TRAP staining and bygmpatite resorption and (B)
Quantitation of the numbers of osteoclasts (OCsitifled as TRAP-positive cells,
(C) the percentage of the area of hydroxyapatgermion and (D) the percentage of
the area of hydroxyapatite resorption per ostetc(®d Representative images of
osteoclasts stained for F-actin rings (phalloicginyl nuclei (DAPI). All experiments
are replicated 3 times. Data are presented as m&&h *p < 0.05, **p < 0.01, ***p

< 0.001 relative to RANKL alone-induced controls.

Figure 3: PKI-402 inhibits the proliferation, invason and migration of
MDA-MB-231 cdlls.

(A) Decreased proliferation of MDA-MB-231 cells IB®3KI1-402. The calculated IC50
for 48 and 96 hrs was shown. (B) Reduced invasibMDA-MB-231 cells by
PKI-402. MDA-MB-231 breast cancer cells treatedhwiite indicated concentrations



of PKI-402 for 24 hrs in the Transwell assay wet@ned with crystal violet. (C)
Quantitation of the areas of invasive cells. (Dd&=ed migration of MDA-MB-231
cells by PKI-402. Solid lines indicate the bordefg¢he wound edge closure at O hr.
Dash lines indicate the borders of the migratingsaeached at 12 and 24 hrs. (E and
F) Quantitation of the areas of migrating cells @ahd width of the wound edge
closure by migrating cells using ImageJ softwa@). Real-time PCR analysis of the
expression levels of apoptosis-associated gen®DA-MB-231 cells treated with
the indicated concentrations of PKI-402 for 48 & Brs. All experiments are
replicated 3 times. Data are presented as mean; #5® 0.05, **p < 0.01, ***p <
0.001 relative to RANKL alone-induced controls.

Figure 4: PK1-402 inhibits tumor growth and breast cancer-associated osteolysis

in vivo.

(A) Representative images of the hind limb of maeere MDA-MB-231 cells were
injected into the tibial marrow cavity. n=6. (B) @ntitation of the tumor volume of
mice in each group. (C) Representative micro-CTn3etisional reconstructed images
for each group of mice. (D) Quantitation of bonéuwoe per tissue volume (BV/TV),
bone surface per tissue volume (BS/TV), trabedhliakness (Th. Th) and trabecular
number (Tb. N) in each group of mice. (E) Represire H&E images of the tibia in
each group of mice. (F) Representative Immunohii&otcal staining images in each
group of mice. (G) Real-time PCR analysis of thepregsion levels of
osteoclast-related genes in each group of miceeXperiment was replicated 3 times.
Data are presented as mean * SD; *p < 0.05, **p04,0***p < 0.001 relative to
RANKL alone-induced controls.

Figure 5: PKI-402 inhibits breast cancer-induced osteoclast differentiation by
suppressing the PI3K-AKT-mTOR pathway.

BMMs were pre-treated with or without PKI-402 aD8M for 1 hr followed by
stimulation of 50 ng/ml RANKL for the indicated ten(0, 5, 10, 20, 30, or 60 min).
(B) MDA-MB-231 cells were treated with indicatednm@ntration of PKI-402 for 1 hr.
Cell lysates were analyzed using western blottingr fproteins in the

PISK/AKT/mTOR signaling pathway. The ratio of thergity of bands shown below



was determined using Image J.

Figure S1: (A) Micro-CT 3D images of the trabecuane only.

Figure S2 PKI-402 has no significant effect on osteobladiedéntiation invitro and
cortical bone in breast cancer-associated ostesiysivo.

(A) Photograph and microscope images of ALP stgimhosteoblast cultured for 7
days. (B) Representative 3D images of cortical bohé&bia from each group. (C)
Quantitative analyses of cortical crossectionahd(t. Ar) and cortical thickness (Ct.
Th), n=6. Data are presented as mean + SD; *p §,6® < 0.01, **p < 0.001

relative to RANKL alone-induced controls.



