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New pyrazolo[3,4d]pyrimidines were synthesized and found to inhibit Src phosphorylation in a cell-free
assay. Some of them significantly reduced the growth of human osteogenic sarcoma (Sa0S-2) cells. The
best compound, in terms of inhibitory properties toward both Src and SaOS-2 cells, was further investigated
and found to reduce bone resorption when used to treat mouse osteoclasts, without interfering with normal
osteoblast growth. Moreover, its metabolic stability prompted its study on a human SaOS-2 xenograft tumor
model in nude mice, where the compound reduced significantly both the volume and weight of the tumor.
These experimental findings make the new compound an interesting hit in the field of bone-related diseases.

Introduction

Osteoblasts and osteoclasts are involved in the dynamic an
highly regulated processes of bone remodeling, through a variety

of cellular signaling pathways involving protein kinases. Among

cell death of malignant osteoblasts (such as the osteosarcoma

OISaOS-Z cell liné)and contributes, in combination with paxillin,

to the high metastatic potential of the human osteosarcoma
HuO9 cell line? All of these experimental data make Src an

the latter, the tyrosine kinase Src has been demonstrated to p|a)§ttractive and promising therapeutic target for the treatment of

a crucial regulatory role in both osteoblasts and osteoclasts. In

one-related diseases such as osteopofo¥issteosarcomé,

particular, Src has been implicated as a negative regulator of@nd cancer-induced bone metastdsis.

osteoblast functional activity, on the basis of the fact that

Recent literature reports a plethora of Src inhibitors originated

reduction of Src expression stimulates osteoblast differentiation from a variety of molecular scaffolds that have demonstrated

and bone formatioh Conversely, Src is also a mediator of anti-

potency up to the nanomolar range in enzymatic assays and

apoptotic signaling in osteoblasts, induced by various factors. high efficacy in animal models of bone disease. Such com-
As examples, Wnt proteins prevent apoptosis, prolonging the pounds are classified into SHEZH3 domain inhibitors and
survival of osteoblasts through the activation of the Src signaling kinase domain inhibitors. The first ones block proteprotein

cascadé. Moreover, anti-apoptotic effects of vitamin D3

interactions between Src and other proteins involved in the

analogues on the same cells are blocked by Src inhibitors suchsignaling pathways. As an example, blocking the SH2 domain

as 4-amino-5-(4-methylphenyl)-Teft-butyl)pyrazolo[3,4d]py-
rimidine (PP1)} On the other hand, disruption of tilsec gene
leads to osteopetrosis in mitelue to the inability of osteoclasts

with high affinity might attenuate the excessive signal trans-
duction in bone resorption diseases, such as osteoporosis and
related bone diseas€&sOn the other hand, many of the Src

to form ruffled borders and resorb bone during one of the final kinase domain inhibitors belong te-6 and 5-6 bicyclic cores,

stages of their maturation (positive regulatory role of Src).

such as quinoline®, quinazolines; pyrrolo[2,3d]pyrimidine 1>

addition, Src is also involved in signaling pathways leading to and pyrazolo[3,4]pyrimidinelé In this context, we have

recently described several pyrazolo[8lpyrimidines endowed
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epidermoid (A431) and breast cancer (8701-BC) cell lines,
acting through the inhibition of c-Src phosphorylatignin
particular, compoundL (Table 1) showed a submicromolar
activity toward isolated Src and an inhibitory activity about
2-fold better than that of the reference compound 4-amino-5-
(4-chlorophenyl)-74ert-butyl)pyrazolo[3,4d]pyrimidine (PP2)
against both A431 and 8701-BC celfsContinuing our efforts

in the field of Src inhibitors,1 was chosen as the parent
compound to design and synthesize new pyrazolop,4-
pyrimidines @—25) that, on the basis of our previous findings,
were expected to interfere with Src activity. Accordingly, they
were evaluated in a cell-free Src assay. Moreover, due to the
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Table 1. Structure, Physicochemical Properties, and Biological Data of Test Compounds

compd R R R? mp yield K2 CV (%) after 24 and 48 h
1cd MeS GHs(CH>)2 H 73-74 76 0.7+0.1 102.74+ 1.9; 99.5+ 0.9
2 MeS m-F—CgH4(CHy)2 H 111-112 73 13+ 3 101.1+1.1;100.8+ 2.1
3 MeS 0-Cl—CsH4(CHy)2 H 99-100 70 4.0+ 1.7 102.9+ 1.3; 100.5£ 0.5
4 MeS m-Cl—CgH4(CH,)2 H 122-123 68 6.0+ 2.1 80.6+ 0.7; 39.3+ 2.0
5 MeS p-Cl—CgHa(CHy)2 H 99-100 70 25+ 4 85.2+ 0.7, 75.4+ 1.3
6 MeS p-Me—CgHa(CHy)2 H 99-100 71 15+ 2 101.9+1.9;96.3+ 1.1
7 MeS p-MeO—CeHa(CHy), H 60—61 62 40+13 101.0+ 3.0; 49.8+ 2.1
8 MeS GHs(CH>)2 Cl 127-129 71 2.8+1.2 99.9+0.9; 89.4+ 2.3
9 EtS GHs(CHy)2 H 99-100 82 7527 107.3t 3.5;22.2+ 1.3
10° MeS GsHsCH: H 142—-143 81 3.4+ 0.9 92.84+1.3;26.8+ 1.2
11 MeS 0-Cl—CgH4CH; H 158-159 80 3.1t14 101.7+0.9; 102.1+ 1.2
12 MeS p-Cl—CgH4CH; H 126-127 75 24+ 5 113.4+1.5;54.9+ 2.4
13 MeS 0-F—CgH4CH> H 133-134 72 21+ 4 104.1+ 1.3;99.7+ 0.4
14 MeS m-F—CgH4CH, H 113-114 71 5.2+1.1 106.2+ 3.0; 71.3+ 2.1
15 MeS p-F—CeH4CH; H 136-137 68 4.6+ 1.7 102.14+ 1.4;99.2+ 1.0
16 MeS GHsCH: Cl 130-131 74 3.0+ 1.0 52.24+2.4;24.4+ 25
17 MeS GsHsCH: F 152-153 74 35+ 8 62.7+ 0.7, 44.4+ 2.5
18 MeS m-Cl—CgH4 H 102-103 55 0.6£0.1 17.14+ 1.3;15.1+ 0.7
19 MeS mM-F—CgHa H 212-213 43 1.4+ 0.3 948+ 2.7;84.3+ 1.5
20 MeS m-Br—CgHas H 250 (dec) 40 1.80.2 100.1+ 1.1; 84.7+ 0.3
21 MeS GHs H 169-170 60 1.2£0.3 100.1+ 1.2;94.4+ 0.7
2 EtS mM-Cl—CgH4 H 216-217 55 0.5t 0.1 76.5+1.9;44.3+ 1.8
23 PrS m-Cl—CgH4 H 214-215 52 1.2£04 77.8+3.0;68.4+ 1.9
24 H m-Cl—CgH4 H 202—-203 62 3817 104.1£0.4;101.3t 1.5
25 MeS m-Br—CeHa F 224-225 45 4.1+ 0.8 63.1+ 1.1; 55.44+ 2.0
PP2 0.5+0.1 36.8+1.7;36.4+ 1.6

aK; (expressed as @M concentration) toward recombinant human Src was calculated according to the following eqiatior(iDso — Eo/2){ Eg —
[S/Km — 1]/Eo}, whereS is the concentration of the competing substrate (ATP) Bsnds the concentration of the enzyme. Each experiment was in
triplicate, and mean values were used for the interpolation. Curve fitting was performed with the program GraphP&dNRtiproliferative activity of test
compounds (12.xM) toward SaOS-2 cells (MTT assay) after 24 and 48 h of treatment, expressed as cellular viability (CV, %) with respect to control
(100%). Values are means SD of three independent experiments performed in duplicat@empounds reported elsewhéred Although 18 and22 have
comparablé; values for Src inhibition, they show significantly different activities in the cell proliferation assay. Because the replacement of the MeS group
with an EtS moiety is expected to have not a great effect on either the solubility (calculated solubilitie® B8eand—6.82, respectively; Table 2) or the
metabolic stability, a reason of the discrepancKirvalues and cell proliferation activity may be tH22 is able to inhibit Akt less (by 68%) than wha8
does (quantitative inhibition). However, the biological behavi@dfleserves further investigations. Similarly, the biological propertidsoé not completely
understood, yet. In fact, such a compound, with au7K; toward Src, was previously demonstrated to have inhibitory properties toward several cell lines
presumably via Src-dependent mechanisms (see ref 17), whereas it is completely unable to inhibit SaOS-2 proliferation.

role of Src in osteoblast and osteoclast growth, some compoundsaphy on a Florisil column. Finally, reaction 8fla—c with an
were also tested for their inhibitory properties toward human excess of various amines in toluene at rt afforded compounds
osteoblasts (both normal and osteosarcoma SaOS-2 cell linesll—17in yields ranging from 60 to 80%. The aniline derivatives
and osteoclasts. As a result, one compoul®) émerged for 18—23 and 25 were obtained by reaction betwe8ha—e and

its marked ability to reduce the viability of SaOS-2 cells in vitro, the appropriate amine in ethanol at reflux for 3 h.

without affecting normal osteoblasts. It also showed metabolic  The 6-unsubstituted derivati4 was obtained by reaction
stability in a Tier 1 metabolic stability screen. These experi- of 32, synthesized following our reported procediffeand
mental findings prompted us to test it on a human SaOS-2 m-chloroaniline in ethanol at reflux fa3 h (Scheme 2).
xenograft tumor in nude mice, resulting in a significant reduction

of both the volume and weight of the tumor. Biology
. Inhibition of Sa0S-2 Proliferation. The new compounds
Chemistry were evaluated for their ability to inhibit proliferation of the

Compounds1—23 and 25 were prepared as reported in human osteosarcoma SaOS-2 cell line through a preliminary
Scheme 1, according to procedures previously desctibEde MTT assay (25«M test dose, 24 and 48 h treatments), using
starting products were the 2-hydrazinoetha2@ia—c, obtained PP2 as the reference compound (Tabl& Bs a result, although
by starting from the appropriate phenyloxirane, following a several compounds (nameli6, 17, 18, and25) were able to
reported procedurt. Reaction of26a—c with ethyl(ethoxy- reduce cell viability upon a 24 h treatment, the sole compound
methylene)cyanoacetate afforded the ethyl esters of 5-amino-18 dramatically reduced cell proliferation to about 17% after
1H-pyrazole-4-carboxylic acid27a—c, which were in turn 24 h and to about 15% after 48 h, with respect to control. In
treated with benzoyl isothiocyanate in THF at reflux for 12 h comparison, percent of cell growth allowed by PP2 is about 37
to give 28a—c. These intermediates were cyclized to the and 36% after 24 and 48 h, respectively. Moreoveg Malues
pyrazolo[3,4d]pyrimidinones29a—c by treatment with 2 M were determined on the basis of seven test concentrations in
NaOH at 100°C for 10 min, followed by acidification with the range between 1 and 100M. Results showed a dose-
acetic acid. Alkylation of the thio group at position 6 with the dependent inhibitory activity, with 165 values of 8.1 and 12.6
appropriate alkyl iodide in THF at reflux afforded the 6-alkylthio M for PP2 andl8, respectively.
derivatives30a—e, which were in turn treated with the Vilsmeier Inhibition of Src Activity in a Cell-Free Assay. Because
complex (POGIDMF, 4 equiv) in CHC} to obtain the pyrazolo[3,4d]pyrimidines were previously found to inhibit Src
dihalogenated compounB&a—e, bearing a chlorine atom both  activity,!” we tested the new compounds on a cell-free assay to
at position 4 of the pyrimidine nucleus and at the N1 side chain. assess their ability to influence the enzymatic activity of Src.
These compounds were purified in good yield by chromatog- Biological data reported in Table 1 showed that compounds were



Inhibition of Cell Proliferation of Human Osteogenic Sarcoma Journal of Medicinal Chemistry, 2007, Vol. 50, N6523
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Scheme 2 Control PP2 18

cl Cl Total Src === S F—1

N~ N
N -Cl anil /© i
k\N w w» HN phospho Src Y416 ‘—- —  —

NZ N Figure 1. PP2 andl8abolish Src-Tyr416 phosphorylation. Compounds
32 al s LN were used at their correspondings¢CCells were treated fa2 h prior
N~ N to their lysis. Specific Src phosphorylation was evaluated when whole-
cell lysates were immunoprobed with anti-total Src, anti-non-phospho-
24

cl Src-Y416, and anti-phospho-Src-Y416 antibodies. Results are repre-
sentative of three independent experiments.

competitive with the ATP substrate but not with a peptide used . ) .

as an Src substraéIn detail, the introduction of a substituent Nt© F, Br, and H 19, 20, and 21, respectively), activity
on the phenyl ring of the C4 side chain (compoufds) led underw_ent 0”'3_/ a slight decrease_(l.4, 18 and /1'\2

to a significant drop in affinity with respect to the parent respeqt!vely). S|m|IarIy22§1nq23, bearing a bulkier substituent
compoundL. In a similar way, transforming the N1 side chain &t Position 6, showed activities of 0.5 and L (comparable

(8) and increasing the bulkiness of the substituent at C6 from {0 that of 18), respectively, whereas the C6-unsubstituted
a methylthio to an ethylthio groupd) were detrimental for derivative24 had a 4-fold lower activity (3.&M). Insertion of
affinity, despite these compounds retaining a micromélar an additional halogen substituent on the N1 side chain led to
value. Shortening the C4 phenylethylamino side chain to a 25 With a 2-fold decrease in affinity, in comparison 26.

benzylamino group 10) and introducing substituents at the Inhibition of Src Phosphorylation. To determine whether
benzyl moiety {1-15) led to a lower affinity. Activity in the the new compounds were able to inhibit the phosphorylation
micromolar range was also found for derivatived6fin which of Src at the level of Tyr416, we used specific anti-Src

an additional halogen was introduced at the N1 side cHzin ( antibodies toward total Src and toward Src with phosphorylated
and 17). On the contrary, the anilino derivativé8 was Tyr416. Treatment with both PP2 ari@ (chosen as the hit
characterized by one of the best affinity values toward Src (0.6 compound, on the basis of its highest activity in both enzymatic
uM), comparable to that of the parent compouhdOn this and cellular assays) led to a marked reduction (77 and 62%,
basis, to evaluate the influence of the molecular portions3of  respectively) of Tyr416 phosphorylation (Figure 1), suggesting
in Src inhibition, several derivatives were synthesized and tested.that inhibition of SaOS-2 cell proliferation was modulated, at
When the chlorine group at the anilino moiety was changed least in part, by Src.
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Table 2. Log P, Solubility, and Membrane Permeability of Test this hypothesis is represented by compoudneavhich showed
Compounds an activity toward the isolated Src similar to thatl& (0.7 vs
compd logP? solubility? Caco2? 0.6 uM, respectively), whereas its activity on the cell-based

1 5.55 (5.46) —6.78 1.00 assay was not significant. The metabolic stability Iofvas
2 5.76 —6.23 0.77 assessed by a Tier 1 profiling screen by incubation @V
3 6.22 —6.79 117 compound with recombinant human cytochrome P450 3A4 with
g g'gg :2'2‘2‘ 1'2? and without the cofactor NADPH fdl h at 37°C. Following
6 6.04 _6.62 103 protein precipitation and filtration, the amount of remaining
7 5.54 —6.48 0.81 compound was determined by UPLC-MS and found to be 10%,
8 6.22 —6.66 1.01 allowing us to classifyl as a metabolically instable compound.
51’0 g:gg :g:‘z"g é:g; Moreover, contradictions in biological data could also depend
11 5.90 —6.52 0.95 on the fact that cellular tests reflect the interference of a
12 5.90 —6.88 1.00 compound in steps not shown in assays aimed at evaluating
13 5.44 —6.14 0.81 the inhibition of Src activity. In other words, the enzymatic assay
1‘5‘ g-ii :2-1(5) 8;8 reports only the effect of compounds in inhibiting Src activity,
16 5.90 _6.45 0.96 whereas biological data referring to the antiproliferative activity
17 5.44 —5.77 0.78 could also depend on other events, in addition to Src inhibition.
18 6.05 (6.01) —6.53 0.97 In this context, the micromolar inhibition of Src activity
19 5.60 —5.94 0.83 mediated by all of the new compounds opposed to the wide
20 6.14 (6.13) —6.85 1.03 P
o1 539 _6.28 103 variability of cellular data also suggested that Src could not be
22 6.40 (6.41) —-6.82 1.07 the sole or the major target of the pyrazolo-pyrimidines. To
23 6.93 —6.97 1.07 check this hypothesis and to shed light on the mechanism of
24 4.99 —5.76 0.88 action of 18 at the molecular level, we preliminarily tested it
25 6.34 —6.65 0.89

toward a panel of 17 tyrosine kinas¥sAs a result, a 1M
aCalculated by means of the AlogP98 metl#dn parentheses are  concentration ofl8 was able to completely and selectively

echfrliTe”.ta' I"a'“efi‘?'“\?i"lty ng(frf to the thermOdg”aTic[Sol'Ug:_'“% inhibit the enzymatic activity of Akt, which is known to be

moael (as Implemented In Volisur).values are expresseda as 10g[(solunlliity|, . . .

in mol/L. Therz) overall range is-8 < Iog[solubilit?l] < +2, Whgre Iowetry involved in a Src-dependent pathwa_y _found in human osteosa-

values indicate poor solubility and higher values indicate highly soluble fcOma SaOS-2 celf. Moreover, activity of HER-1 and Ret

compounds¢ Caco? refers to the Caco2 permeation model (as implemented was also reduced by 42%, whereas a decrease30f6 was

in Vtolstﬁrf)f.ﬂ”Val_ues repres%r_ll;ta sclore ralnging frerh tg+t1, COffeSDOE_tli_-t found for the remaining kinases. On the other hand, three

0 10 ne oloung pemeabilylues: 1 coesponds oA PSS adcitional compounds (namely., 20, and22), inactive in the

8 x 10°6 cm/s, and 1 corresponds to a permeability>a x 106 cm/s. cell-based assay, were also tested for their activity toward the

kinase panel. As a result, reduced activity of B-Raf-V599E

by 30%, whereas percent inhibition was lower or null for the

Metabolic Stability and Alternative Targets of 18.1tis qhor kinases. The activity of B-Raf-V599E was slightly reduced
worth noting that biological data revealed several |nconS|stenC|es(by 15%) also by22, which also partially inhibited Akt (by

between cellular and enzymatic assays. In fact, essentially a"68%). No significant inhibition toward the remaining kinases

oflthg clompounds Werefactivle in the E”ZYma“C Iassay within 2 was found. Finally20 showed a 17% reduction of the HER-1
relatively narrow range (from low to sub-micromolar concentra- activity, without influencing the remaining kinases.

tions). On the other hand, their activity against osteosarcoma . . o
cells varied widely, and MTT experiments demonstrated that a This result supported th_e hypothesis that inhibition O.f Sa.‘os'z
growth upon treatment with8 may result from a combination

25 uM concentration of the test compound was in many cases of targeting either Src or AKL.

unable to interfere with the growth of SaOS-2 cells (remaining . )
cellular viability values at 100%). Disagreement between 10 checkifthe best compoundg) was worthy of further in

enzymatic and cellular data allowed us to formulate several vitro and in vivo biological in\_/es_tigations, its_ metabolic stability
hypotheses about how compounds inhibit Sa0S-2 cell growth. Was assessed. Upon submissiori8fto a Tier 1 screen (see

In particular, although compounds were able to interact directly 2°0ve), the remaining amount of the compound was 33% of
with Src and reduce its enzymatic activity, it appeared that the original amount u_sed in this assay, leading to the classifica-
physicochemical properties (such as solubility, membrane tion of 18 as metabolically stable.

permeability, logP) that, in turn, influence pharmacokinetic Cytotoxicity. Because cytotoxicity may occur as an undesir-
parameters in part did not allow compounds to reach Src itself able side effect of compounds with a potential therapeutic
within cells. A possible explanation could be a low solubility application, we evaluated viability with the Trypan blue assay.
of the pyrazolo-pyrimidine derivatives in the assay conditions, As reported in Figure 2, PP2 was found to be more cytotoxic
which in part prevented compounds from entering cells. To than 18, causing 42% reduced viability. On the contraty
check this hypothesis, the solubility profiles of such compounds exerted only a minor cytotoxic effect on SaOS-2 (13% reduced
were calculated by means of the software Vol&&resulting viability), as also evidenced by a TUNEL assay assessing a pro-
in a general low solubility (Table 2), whereas application of a apoptotic effect ofL8 (Figure 3).

Caco2 permeation model showed that compounds are well Inhibition of Normal Osteoblasts. Becausel8 showed an
absorbed through cell membranes. Moreover, upon penetrationinteresting inhibitory activity toward osteosarcoma cells, and
into the cells, several events may occurr (such as an increase irwith the aim of checking if such a compound deserves to be
drug efflux by activating the expression of the MDR1 gene, further studied as a possible lead against osteosarcoma cell lines,
which encodes for the P-glycoproteifithat lead to a partial ~ we planned to test it toward human normal osteoblasts. Cells
or marked inactivation of the compounds. Alternatively, the lack were treated with the test compound (24) for 48 h, following

of activity of some compounds toward SaOS-2 cells may also a MTT assay. Osteoblast growth was moderately reduced by
depend on their metabolic instability. An example supporting 18 (20%), different from PP2, which showed a 50% inhibitory
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Figure 3. TUNEL assay of Sa0S-2 cells after treatment with PP2 Figure 4. Effect of 18and PP2 on bone resorption (mouse osteoclasts).

andl18at 3, 12.5, and 25M for 48 h. Experiments were performed in

triplicate. Standard deviations are shown as bars. replicates. Despite such a limitation, this assay is widely

recognized as the gold standard to assess the ability of

activity. It is very important to note that, at the same concentra- compounds to inhibit bone resorption by osteoclasts.
tion, the new pyrazolo-pyrimidine showed an antiproliferative Experimental in Vivo Model. Experimental data collected
activity toward Sa0S-2 cells of about 85%, suggesting that it for 18 are representative of a very interesting biological profile,
is highly selective in interfering with the proliferation of in particular in terms of selectivity toward malignant cells and
abnormal osteoblasts. A time course experiment was alsometabolic stability. Prompted by such results, we tested the
performed to evaluate the pro-apoptotic activityl®f further activity of 18 on a human SaOS-2 xenograft tumor model in
supporting the hypothesis that the test compound is able tonude mice. In detail, SaOS-2 cells were injected sc in nude mice.
specifically inhibit cell proliferation and to induce apoptosis in The SaOS xenograft showed an appreciable growth starting from
transformed cells with respect to normal osteobl&sts. the fifth day after cell inoculation and doubled its volume in

Inhibition of Osteoclasts. Considering that Src-defective  about 15 days. To evaluate the effectl8fin such a preclinical
osteoclasts showed abnormal organization of cytoskeletal ele-experimental model of osteosarcoma, a treatment protocol was
ments necessary for bone resorptid8was also tested for its  applied via the oral administration once daily of a suspension
ability to influence osteoclast-resorptive activity, in comparison of the compound in cremphor vehicle. Interestingly, no ap-
to PP2 (Figure 4). CompountlB was able to abrogate bone preciable sign of distress or loss of weight in mice was

resorption in mouse osteoclasts at 10 apdvilconcentrations, evidenced (data not shown). As a result, the administration of
whereas percent inhibition was lower but significant also for 18 (100 mg/kg) determined a significant reduction (about 37%
reduced test dose (up to 1 nM). with respect to control, at the endpoint) in xenograft growth,

It is very important to note that there is a significant difference measured both as volume and as weight reduction (Figure 5).
in bone resorption for the control (DMSO) in the two experi- Also, the administration of a 50 mg/kg dose determined a
ments reported in Figure 4. In fact, when compour&dwas smaller (about 15%) but significant reduction in tumor volume
tested, bone resorption in the control group was about 20%, with respect to control (Figure 5).
whereas only a 3% resorption was found in the control group  To evaluate the inhibition of Src activation in vivo, xenograft
when PP2 was assayed. The method used to measure bongssues were processed for histologic evaluation of phospho-
resorption is based on the growth in vitro of osteoclasts that Src expression (Figure 6). Tumor cells both in the control group
then resorb bone. However, this cell-based assay is usuallyand in the treated group express c-Src (panels A and C), and
characterized by a significant variability, mainly due to the fact its localization was prevalently detected in the cytoplasm of
that the basic amount of bone resorption can vary among cells situated at the periphery of tumor mass. When the same
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Figure 5. Inhibition of SaOS-2 xenograft growth. (a) Twelve mice were inoculated sc with tumor cells and were divided in three groups, each of
four mice, receiving a daily oral administration 8 (50 or 100 mg/kg) in cremphor vehicle. Tumor volumes were calculated every 5 days, and
meanst SD were recorded. At the endpoint (26th day after cell injection), mice were sacrificed and tumors were measured and wBighed. #,
0.05 according to Studentistest. (b) Example images of tumor excised from mice of each group at the endpoint.

ard

Figure 6. Immunohistologic analysis of xenografts. Tumor tissue sections were stained for the presence of total c-Src (A, C) and of phosphospecific-
Src (pY418) (B, D). Representative images of tumor tissues from control xenografts and from 100L&géated group are shown in the left and
right panels, respectively (magnificatiorB00). The brown staining indicates the presence of the antigen, and nuclei are stained with hematoxylin.

tissues were analyzed for the presence of activated phosphoBank)28and the resulting complex was optimized by application
Src, only a faint staining in the 100 mg/kg inhibitor-treated of a computational protocol previously descridé@€ompound
tumors was detected, with respect to the control tumor sections18 (Figure 7) showed an orientation into the Src kinase domain
that, on the contrary, expressed high levels of the phospho-Srcsimilar to that found for congeneric compounds bearing an
antigen (panels B and D). alkylthio substituent at C&’ In fact, previous simulations on
Molecular Docking Calculations. Becausel8 was found to pyrazolo-pyrimidine derivatives showed that the presence or the
inhibit Src phosphorylation through an ATP-competitive mech- absence of an alkylthio substituent at position 6 of the molecular
anism, it was docked into Src (entry 1y57 of the Protein Data scaffold markedly influenced the binding mode of inhibitors
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Figure 7. Graphical representation of the binding model8f(cyan)
into the ATP binding site of the active form of Src, in comparison to

adenine
region

PP2 (orange). Only a few residues are displayed; nonpolar hydrogens,

are omitted, and hydrogen bonds are represented by black dotted lines

within the ATP binding site. In detail, compounds unsubstituted
at position 6 (such a24) showed an interaction pathway
comparable to that of PP2, in terms of orientation, hydrogen
bond pattern, and contacts with the hydrophobic regions | and
Il. On the other hand, the presence of an alkylthio substituent
at position 6, as in8, induced a reorientation of the heterocyclic
nucleus, leading to a different interaction pathway. In particular,
the m-chlorophenylamino group was accommodated into the
hydrophobic region I, whereas the N1 chain was partially
inserted within the adenine region and directed toward the
hydrophobic pocket Il. The methylthio group was located into
a hydrophobic region and was involved in favorable interactions
with Ala390. As expected, in contrast to PP2, this compound
was not engaged in any hydrogen bond. Interestingly, removal
of the hydrogen bond network was not associated with loss of
activity. In fact, despite the different orientation and the absence
of hydrogen bonds18 showed an inhibitory activity toward
Src comparable to that of PP2, suggesting that hydrogen bond
contacts were not essential for activity and their stabilizing
contribution could be replaced by additional hydrophobic
interactions involving the alkylthio side chain. This result clearly
suggested that lipophilic interactions resulting from full oc-
cupancy of hydrophobic regions | and Il seemed to play a crucial
role in the affinity of ligands toward Src.

Similarly to 18, compound4.9—23and25, bearing an anilino
group at C4 in addition to the C6 alkylthio substituent, showed
their C4 and N1 side chains within the hydrophobic regions |
and Il, respectively, resulting in a full and profitable occupancy
of the two pockets. On the other hand, as previously desctibed,
molecules bearing a larger substituent at C4 (benzylamino or
phenylethylamino, such a$—17) assumed a different pose
within the binding pocket, with C4 and N1 side chains in an
opposite location with respect 1@ and other anilino analogues.
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osteoblast SaOS-2 cells, with a very slight interference in the
growth of normal osteoblasts. On the other hat®imarkedly
reduced bone resorption in mouse osteoclasts. Moreover, it was
also able to inhibit the activity of Akt (known to be involved

in a Src-dependent signaling pathway in osteosarcoma cells),
but at the moment, we are still unable to totally exclude the
involvement of other protein kinases in signaling pathways
regulating osteoblasts and osteoclast cells. Finally, the metabolic
stability of 18 prompted us to test it in vivo in mice; we found

a significant decrease in xenograft growth measured as both
volume and weight reduction, with respect to control. Additional
experiments are ongoing for a further in vitro and in vivo
characterization 018 as a possible lead compound in the field
of therapeutical tools for bone diseases.

Experimental Section

Chemistry. Starting materials were purchased from Aldrich-Italia
(Milan, Italy). Melting points were determined with a"&hi 530
apparatus and are uncorrected. IR spectra were measured in KBr
with a Perkin-Elmer 398 spectrophotomef¢t.NMR spectra were
recorded in a (CB),SO solution on a Varian Gemini 200 (200
MHz) instrument. Chemical shifts are reportedda@pm) relative
to TMS as internal standard, with in hertz. 'H patterns are
described using the following abbreviations: s, singlet; d, doublet;
t, triplet; g, quartet; sx, sextect; m, multiplet, br, broad.

All compounds were tested for purity by TLC (Merk, Silica gel
60 Fys4, CHCl; as the eluant).

Analyses for C, H, N and S were withih0.3% of the theoretical
value.

Mass spectral (MS) data were obtained using an Agilent 1100
LC/MSD VL system (G1946C) with a 0.4 mL/min flow rate using
a binary solvent system of 95:5 methyl alcohol/water. UV detection
was monitored at 254 nm. Mass spectra were acquired in positive
mode scanning over the mass range of-5800. The following
ion source parameters were used: drying gas flow, 9 mL/min;
nebulizer pressure, 40 psig; drying gas temperature,”850

Synthesis and experimental data of compouhdk), 26a 273,
28a 293 30a 30d, 313 31d, and 32 were already reported by
US.l7'19

1-(4-Halophenyl)-2-hydrazinoethanols (26b,c)To hydrazine
monohydrate (30 mL, 0.6 mol), heated at 1D was added the
appropriate phenyloxirane (0.17 mmol). The solution was heated
for 30 min at 100°C, and the excess of hydrazine was removed
under reduced pressure. The crude was purified by bulb to bulb
distillation to obtain the pure products as pale yellow oils.

26b: yield, 85%; bp, 175180 °C (0.6 mmHg);H NMR, ¢
2.62-2.87 (m, 2H, CHN), 3.55-3.87 (m, 4H, NHNH + OH,
disappears with BD), 4.85-4.92 (m, 1H, CHO), 6.957.29 (m,
4H Ar); IR, 3323, 3280, 3250 (NH+ NH), 3400-3000 (OH)
cmL. Anal. (GH11N,FO) C, H, N.

26¢: yield, 80%; bp, 176-175 °C (0.6 mmHg);*H NMR, 6
2.65-2.88 (m, 2H, CHN), 3.56-3.90 (m, 4H, NHNH + OH,
disappears with BD), 4.88-4.92 (m, 1H, CHO), 7.087.32 (m,
4H Ar); IR, 3320, 3290, 3250 (NpH+ NH), 3350-2950 (OH)
cmL. Anal. (GH1:N2CIO) C, H, N.

Ethyl 5-Amino-1-[2-(4-halophenyl)-2-hydroxyethyl]-1H-pyra-

As a general trend, this different accommodation was associatedzole-4-carboxylateg27b,c). The starting hydrazin26b or 26¢(20

with less profitable interactions with amino acid residues and
with a decreased affinity toward the target. In this context,
compoundl can be considered as an exception, showing one
of the most interesting affinity values despite a binding mode
common to less active compounds.

Conclusions

The new pyrazolo-pyrimidines reported here showed inhibi-
tory properties toward Src phosphorylation, and one of them
(18) proved to be an antiproliferative agent against malignant

mmol) was added to a solution of ethyl(ethoxymethylene)cyanoac-
etate (3.38 g, 20 mmol) in anhydrous toluene (20 mL), and the
mixture was heated at 80C for 8 h. The solution was then
concentrated under reduced pressure to half of the volume and
allowed to cool to room temperature. The pale yellow solids were
filtered and recrystallized from toluene to affo2db and27c as
white solids.

270b: yield, 70%; mp, 163164 °C; 'H NMR, 6 1.33 (t,J =
7.0, 3H, CH), 3.73 (br s, 1H, OH, disappears with@), 3.90-
4.15 (m, 2H, CHN), 4.29 (9,J = 7.0, 2H, CHO), 5.01-5.18 (m,
1H, CHO), 5.36 (br s, 2H, NH disappears with ED), 7.03-7.40
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(2 m, 4H Ar), 7.55 (s, 1H, H-3); IR, 3448, 3346 (NK 3300
3000 (OH), 1685 (CO) cmt. Anal. (Ci4H16N3FOs) C, H, N.

27c:yield, 75%; mp, 168-169°C; 1H NMR, 6 1.38 (t,J=7.0,
3H, CH), 3.56 (br s, 1H, OH, disappears with @), 3.91-4.19
(m, 2H, CHN), 4.28 (q,J = 7.0, 2H, CHO), 5.05-5.18 (m, 1H,
CHO), 5.33 (br s, 2H, NK disappears with D), 7.25-7.46 (m,
4H Ar), 7.59 (s, 1H, H-3); IR, 3412, 3291 (NH 3219-3100 (OH),
1689 (CO) cm? Anal. (C]_4H16N30|03) C, H, N.

Ethyl  5-{[(Benzoylamino)carbonothioyl]aming}-1-[2-(4-
halophenyl)-2-hydroxyethyl]-1H-pyrazole-4-carboxylates (28b,c).
A suspension o027b or 27¢(10 mmol) and benzoyl isothiocyanate
(1.7 g, 11 mmol) in anhydrous THF (20 mL) was refluxed for 12
h. The solvent was evaporated under reduced pressure2&mnd
was crystallized by adding diethyl ether (30 mL) as a white solid,
wherea28c was used as crude oil for the next reaction.

28b: yield, 85%; mp, 129-130 °C; *H NMR, ¢ 1.31 (t,J =
7.0, 3H, CH), 4.10-4.38 (m, 5H, 2CH + OH, 1H disappears
with D;0), 5.25-5.38 (m, 1H, CHO), 7.067.90 (m, 9H Ar), 8.05
(s, 1H, H-3), 9.36 (s, 1H, NH, disappears with@), 12.16 (s, 1H,
NH, disappears with BD); IR, 3444, 3261 (NH), 31962940 (OH),
1683 (CO) cnil. Anal. (C22H21N4FO4S) C,H,N,S.

1-[2-(4-Halophenyl)-2-hydroxyethyl]-6-thioxo-1,5,6,7-tetrahy-
dro-4H-pyrazolo[3,4-d]pyrimidin-4-ones (29b,c). A solution of
28b or 28¢ (10 mmol) n 2 M NaOH (40 mL) was refluxed for 10
min and then diluted with kO (40 mL) and acidified with glacial
acetic acid. After 12 h of standing in a refrigerator, a solid
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from POC} (6.13 g, 40 mmol) and anhydrous DMF (2.92 g, 40
mmol), was added to a suspensior86b,c,e (10 mmol) in CHC}
(20 mL), and the mixture was refluxed for 4 h. The solution was
washed with HO (2 x 20 mL), dried (MgSQ), filtered, and
concentrated under reduced pressure. The crude oil was purified
by column chromatography (Florisil 16@00 mesh), using diethyl
ether as the eluant, to afford the pure prodidi,c.e as white solids.

31b: yield, 70%; mp, 136:137 °C; *H NMR, o 2.65 (s, 3H,
CH3S), 4.74-5.03 (m, 2H, CHN), 5.42-5.54 (m, 1H, CHCI),
6.96-7.08 and 7.297.44 (2 m, 4H Ar), 8.03 (s, 1H, H-3). Anal.
(C14H1IN4CILF S) C, H, N, S.

31c: yield, 60%; mp, 142143 °C; *H NMR, J 2.65 (s, 3H,
CH3S), 4.74-5.03 (m, 2H, CHN), 5.42-5.53 (m, 1H, CHCI),
7.25-7.42 (m, 4H Ar), 8.03 (s, 1H, H-3). Anal. (@H11N4ClsS)
C,H,N,S.

3le:yield, 65%; mp, 83-84 °C; *H NMR, 6 1.05 (t,J = 7.2,
3H, CHy), 1.77 (sext) = 7.2, 2H, CHCH,), 3.11 (t,J=7.2, 2H,
CH,S), 4.64-4.95 (m, 2H, CHN), 5.32-5.46 (m, 1H, CHCI),
7.07-7.38 (m, 5H Ar), 7.95 (s, 1H, H-3). Anal. (@H16N4Cl;S)
C,H,N,S.

General Procedure for the 4-Amino-H-pyrazolo[3,4-d]py-
rimidines (2—9, 11-17). To a solution of31a 31b, 31¢ or 31d
(5 mmol) in anhydrous toluene (20 mL) was added the proper amine
(20 mmol). The reaction mixture was stirred at room temperature
for 36 h and then extracted with,8 (2 x 20 mL). The organic
phase was dried (MgS® filtered, and concentrated under reduced

crystallized that was filtered and recrystallized from absolute ethanol pressure. The oil residue was crystallized by adding diethyl ether

to give 29b and29c as white solids.

29b: yield, 75%; mp, 252253°C; H NMR, 6 4.15-4.28 and
4.52-4.60 (2 m, 2H, CHN), 4.88-5.00 (m, 1H, CHO), 5.69 (s,
1H, OH, disappears with @), 7.12-7.29 and 7.467.52 (2 m,
4H Ar), 7.98 (s, 1H, H-3), 12.20 (s, 1H, NH, disappears witOR
13.36 (s, 1H, NH, disappears with,0); IR, 3315, 3200 (NH),
3320-2500 (OH), 1670 (CO) crt. Anal. (CsH1iN4FO,S) C, H,
N, S.

29c: yield, 70%; mp, 249250 °C; 1H NMR, ¢ 4.13-4.65 (2
m, 2H, CHN), 4.84-5.00 (m, 1H, CHO), 5.71 (br s, 1H, OH,
disappears with BED), 7.30-7.51 (m, 4H Ar), 7.97 (s, 1H, H-3),
12.19 (s, 1H, NH, disappears with,0), 13.38 (s, 1H, NH,
disappears with BD); IR, 3390, 3220 (NH), 31062700 (OH),
1675 (CO) cm™. Anal. (Ci3H11N4CIO,S) C, H, N, S.

1-Substituted-6-(alkyllthio)-1,5-dihydro-4H-pyrazolo[3,4-d]-
pyrimidin-4-ones (30b,c,e).A solution of 29a—c (10 mmol) and
the appropriate alkyl iodide (50 mmol) in anhydrous THF (20 mL)

(10 mL) to give the final products as white solids.

2:yield, 73%; mp, 11+112°C; 'H NMR, 0 2.49 (s, 3H, CHS),
2.89 (t,J=17.0, 2H, CHAr), 3.75 (9, = 7.0, 2H, CHNH), 4.58-
4.90 (m, 2H, CHN), 5.14 (br s, 1H, NH, disappears with,0),
5.34-5.51 (m, 1H, CHCI), 6.7#7.43 (m, 9H Ar), 7.64 (s, 1H,
H-3); IR, 3248 (NH) cm; MS (ESI),m/z 444.2 [M+ H]*, 464.2
[M + Na]*. Anal. (ngHz]_NsC“:S) C,H,N,S.

General Procedure for the 4-Anilino-1H-pyrazolo[3,4-d]-
pyrimidines (18—25). To a solution 0f31a 31b, 31d, and31e(5
mmol) in absolute ethanol (20 mL) was added the appropriate
aniline (5 mmol), and the reaction mixture was stirred at reflux for
3 h. After cooling, a solid precipitated that was filtered, washed
with H,O, and recrystallized from absolute ethanol (10 mL) to give
the final products as white solids. Compout¥tlwas prepared with
the same procedure starting fra@32.

18: yield, 55%; mp, 102103 °C; H NMR, ¢ 2.52 (s, 3H,
CH;3S), 4.58-4.90 (m, 2H, CHN), 5.34-5.44 (m, 1H, CHCI),

was refluxed for 12 h. The solvent and the excess of alkyl iodide 7.08-7.36 (m, 9H Ar), 7.57 (s, 1H, H-3); IR, 3277 (NH) cth
were removed by distillation under reduced pressure. The residueMS (ESI),n/z430.2 [M+ H]*, 452.2 [M+ NaJ*. Anal. (GoH17Ns-

oil was crystallized by adding CHE{10 mL) and was purified by
recrystallization with absolute ethanol to gi#@b,c as white solids.
Compound30ewas purified by column chromatography (silica gel),
using a mixture of CHGICH;OH (8:2) as eluant.

30b: yield, 72%; mp, 217218 °C; 'H NMR, o6 2.51 (s, 3H,
CHsS), 4.24-4.50 (m, 2H, CHN), 4.55 (br s, 1H, OH, disappears
with D,0), 5.00-5.15 (m, 1H, CHO), 7.027.30 (m, 4H Ar), 7.96
(s, 1H, H-3), 12.33 (s, 1H, NH, disappears with@); IR, 3418
(NH), 3120-2850 (OH), 1668 (CO) cnt. Anal. (C4H13N4FO,S)
C,H,N,S.

30c: yield, 70%; mp, 216-211 °C; 'H NMR, 6 2.84 (s, 3H,
CH;3S), 4.22-4.48 (m, 2H, CHN), 4.94-5.16 (m, 1H, CHO), 5.76
(d, 1H, OH, disappears withJD), 7.07-7.22 (m, 4H Ar), 7.94 (s,
1H, H-3), 12.32 (s, 1H, NH, disappears with®); IR, 3427 (NH),
3120-2850 (OH), 1667 (CO) crt. Anal. (Ci4H13N4CIO;S) C, H,
N, S.

30e:yield, 68%; mp, 165166°C; 'H NMR, 6 0.91 (t,J=7.2,
3H, CHg), 1.61 (sext] = 7.2, 2H, CHCH,), 3.01 (t,J=7.2, 2H,
CH;,S), 4.14-4.38 (m, 2H, CHN), 4.92-5.05 (m, 1H, CHO), 5.76
(d, 1H, OH, disappears withJD), 7.08-7.18 (m, 5H Ar), 7.87 (s,
1H, H-3), 12.20 (br s, 1H, NH, disappears with@); IR, 3346
(NH), 3130-2900 (OH), 1692 (CO) cnt. Anal. (CigH1sN4O,S)
C,H,N,S.

1-Substituted-[4-chloro-6-(alkylthio)-1H-pyrazolo[3,4-d]pyri-
midines (31b,c,e).The Vilsmeier complex, previously prepared

Cl,S) C, H, N, S.

Biology. Human Osteosarcoma Cell Culture.The human
osteosarcoma cell line Sa0S-2 was obtained from ATCC (HTB-
85) and cultured in Dulbecco’s modified Eagle’s medium (DMEM)
(Sigma-Aldrich, St. Louis, MO) supplemented with 10% (v/v) fetal
calf serum (FCS) (Sigma), at 3T, 2 mM L-glutamine (Sigma-
Aldrich), penicillin (100 units/mL), and streptomycin (12@/mL),
at 37°C, in a humidified atmosphere of 7% GO3% air.

Treatments. c-Src inhibitors were synthesized as described,
dissolved in dimethyl sulfoxide (DMSO) (Sigma-Aldrich) at various
concentrations, and diluted in cell culture medium prior to use. PP2
(Calbiochem, Darmstadt, Germany) was parallely used as a
reference compound. Controls were carried out with DMSO
concentrations corresponding to the higher doses of the test
compounds. The final DMSO concentration did not exceed 0.2%
(v/v) and did not affect the parameters analyzed. Cells were treated
when at confluence.

Cell Viability. Cell proliferation was quantified by using the
MTT ([3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide]) cell proliferation assay kit (Molecular Probe). Cells (about
50000, estimated with Thoma chamber) were seeded in a 96-
multiwell plate with 10% (v/v) FCS, 2 mM-glutamine, penicillin
(100 units/mL), and streptomycin (1Qgy/mL), grown for 48 h
(confluence), and then exposed to test compounds (12.5 and 25
uM) for 24 or 48 h. The medium was then removed, and the cells
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were incubated fio4 h with fresh medium in the presence of 1.2
mM MTT. Living cells reduce MTT to a strongly pigmented
formazan crystals. After solubilization in DMSO, the absorbance
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4 million cells to each culture plate. The culture plates were then
incubated overnight, giving the osteoblasts time to attach to the
bone surface.

of the formazan was measured with a microplate absorbance reader Mice used for the isolation of bone of bone marrow cells were

at 540 nm. The growth inhibitory activity of the compounds studied
was compared with the activity of PP2, used at the same
concentrations of compounds.

Cytotoxicity. The cytotoxic effect of compounds was evaluated
by Trypan blue exclusion test. SaOS-2 cells plated in 24-well
multiplates and grown in DMEM supplemented with 10% (v/v)
FCS, 2 mMcL-glutamine, penicillin (100 units/mL), and strepto-
mycin (100ug/mL). Cells were treated with PP2 ai@ at their
respective IG, concentrations (8 and 12:6V, respectively). IGy

anesthetized with ether and killed by cervical dislocation (1 mouse
for each 48-well plate). The femora were put in a Petri dish on ice
containing sterile PBS, and the muscles were removed under sterile
conditions. The ends of the bones were then cut off with a scalpel.
The bone marrow was isolated from the contents of the bone with
a-MEM + 10% FCS, using a sterile syringe and a small needle.
The bone marrow and medium were then transferred to a 50 mL
centrifuge tube and centrifuged for 5 min at 1500 rpm &€4The
supernatant was removed and the pellet suspended in fresh medium,

values were determined on SaOS-2 cells after a 48 h of treatmentthe amount of medium depending on the total number of wells.

at variable concentrations of the inhibitors (1, 3, 5, 12.5, 25, 50,

The medium in the wells of the culture was removed, and 400

and 100uM). At the end of the treatment, cells were washed with uL of bone marrow cell suspension was added to each well. In

PBS, detached by treatment with 0.05% (w/v) trypsin/0.02% (w/
v) EDTA for 5 min at 37°C and collected, stained with 0.05 mM

Trypan blue solution in buffer saline (PBS), and observed by
conventional light microscopy in a blind manner, using the Thoma

addition, 10QuL of medium with 1x 10°5 M 1.25-(OH)-vitamin
Ds; and 1x 103 M PGE, was added to each well to reach an end
concentration of x 1072 M 1.25-(OH)-vitamin-D; and 1x 1076
M PGE,. The well plates were then incubated. After 48 h, the

chamber. The number of Trypan blue-positive cells was calculated medium was changed and, after spending another 24 h in the
and expressed as a percentage of the total number of cells of thencubator, the test substancd8@nd PP2) were added. The well

negative control.
TUNEL Assay. The DNA strand breaks in the apoptotic cells
were evaluated by the TUNEL in situ cell death detection kit

according to the manufacturer’s instruction (Roche Applied Science,

Mannheim, Germany). Briefly, cells were fixed in 4% buffered
paraformaldehyde (pH 7.4), washed %35 min) in PBS, blocked
for 10 min with 3% HO, in methanol, subjected to permeabilization
with 0.1% Triton X-100 in 0.1% (w/v) sodium citrate for 2 min,
and incubated first for 10 min with an equilibration buffer and then
with the reaction buffer containing the TdT enzyme for 60 min at

plates were incubated for 48 h.

Staining of Bone SlicesStaining with toluidine blue makes it
possible to see the resorption areas under a microg€dmewash
off the medium, residual silicone, and the layer of cells, the bone
slices were placed in polypropylene tubes and cleaned with 70%
isopropanol for 15 min in an ultrasound bath. The slices were
stained with a 1% solution of toluidine blue for 4 min, before the
superfluous dye was rinsed off with bidistilled water.

The stained slices of bone were examined under a light
microscope, using a 20 magnifying objective lens. Digitalized

37°C. Cells can be observed in a drop of PBS under a fluorescenceimages were acquired, and the areas of the resorption lacunae could
microscope at this state, using an excitation wavelength in the rangebe measured. The data were copied to Microsoft Excel, in which

of 450-500 nm and detection in the range of 53565 nm. Cells
were treated with a solution of Convert-POD for 30 min in
humidified atmosphere at 3T and washed three times with PBS.

the final calculations were made according to the following: (1)
total number of pits= sum of all pits in five photographs from
each piece of bone; (2) total areasum of the areas of all pits in

DAB substrate was added for 10 min and then, after three more the five photographs from each piece of bone; (3) average pit area
washes with PBS, cells were mounted under a glass coverslip and= total area of pits/total number of pits; (4) % resorptiertotal
analyzed under light microscope. For quantitative analysis, apoptoticarea of pitsx 100/6000000, where the value of 6 million was
and total cells were counted and their ratio was computed and obtained by knowing that one field of vision equals 1.2 million

represented in graph form.
Phosphorylation AssaysFor phospho-SrcY416 detection,20
20 ug of cell culture protein lysates, diluted in reducing buffer,

were resolved by 12% SDS-PAGE and electrotransferred onto

nitrocellulose for detection with specific antibodies. All antibodies
employed were purchased from Cell Signaling Technology (Dan-
vers, MA). Proteins were probed with primary antibodies overnight
at 4°C, followed by secondary antibodiesrfb h at rt. Detection
was obtained by ImmunoStar HRP (Bio-Rad, Hercules, CA). Band

um? (because five fields of vision were photographed, the total
number was 6 million); (5) % inibitor= [100 — (% resorptionx
100)])/mean of % resorption of controls.

Metabolic Stability. Compoundl8was incubated at AM with
recombinant human cytochrome P450 3A4 with and without the
cofactor NADPH fa 1 h at 37°C. Following precipitation of protein
and filtration, percent remaining parent compound was detemined
using UPLC-MS. Compounds with a percent remaining lower than
20% are classified as unstable, whereas compounds with percent

areas were analyzed by scanning densitometry, using ImageScannaemaining higher than 20% are classified as stable.

(Amersham Bioscience, Little Chalfont, U.K.) and Melanie Il and

Animals and Experimental in Vivo Model. Male CD1 nude

PDQuest software (Bio-Rad). Band areas of phospho-SrcY416 weremice (Charles River, Milan, Italy) were maintained under the

normalized toward those of total Src as an internal control.
Effects of Compounds on Bone Resorption (Mouse OC).

Preparation of Bone.Preisolated bone from cattle was cut to slices

with a thickness of 306350 um using a low-speed saw with a

guidelines established by our Institution [University of L'Aquila,

Medical School and Science and Technology School Board
Regulations, complying with the Italian government regulation (n.
116, January 27, 1992) for the use of laboratory animals]. Before

diamond blade. The slices were then cut to small equal squaresany invasive manipulation, mice were anesthetized with a mixture

(about 0.5x 0.5 cm) with a scalpel. Cleaning of bone pieces was
done by first washing three times with water and once with 70%

of ketamine (25 mg/mL)/xylazine (5 mg/mL). Xenografts were
obtained by injecting sc PBBAOS cells in 10QL of 12 mg/mL

ethanol in an ultrasound bath for 5 min. The pieces were then storedMatrigel (Becton Dickinson, Franklin Lakes, NJ). Tumor growth

in 100% ethanol overnight. Sterilization was carried out using UV
light in a laminar airflow workbench (LAF) for 15 min on each
side. The sterilized bone pieces were finally fixed with sterile
silicone grease to the wells of a 48-well culture plate (four pieces
for each well) and preincubated iatMEM + 10% heat-inactivated
FCS for a minimum of 2 h.

Preparation of the Coculture. Osteoblasts and bone marrow
cells from mice were cocultured to obtain osteoclasts from

was monitored daily by measuring the average tumor diameter. The
volume of the tumor was expressed in cubic millimeters, according
to the formula 4r3/3.

Xenograft Histology. Subcutaneous tumors were fixed in 4%
formaldehyde in 0.1 M phosphate buffer, pH 7.2, and embedded
in paraffin. Slide-mounted tissue sections gn thick) were
deparaffinized in xylene and hydrated serially in 100, 95, and 80%
ethanol. Endogenous peroxidases were quenced in £%irlPBS

precursors by fusion and differentiation. Osteoblasts were quickly for 1 h, and then slides were incubated with anti-human c-Src

thawed at 37C in a water bath before the seeding of approximately

antibody or anti-human Src (pY418) phosphospecific antibody
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(Biosource, Camarillo, CA) flol h at rt. Sections were washed
three times in PBS, and antibody binding was revealed using the
Sigma fast 3,3diaminobenzidine tablet set (Sigma, St. Louis, MO).
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