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human recombinant Bone Morphogenetic Protein 4 (hrBMP4):
Safety Profile after 7-Day Continuous Intracerebral (IC) and
Intravenous (IV) Administration in the Mouse

hrBMP4

The Background
Gliol:_)las_toma (GBM) e - e
s L R 2 — WD B DESCRIPTION MECHANISM OF ACTION AGAINST GBM

* nr BMP4 is a protein of TGF-Beta Superfamily that * hrBMP4 causes an overhauling of the cells’
acts by binding to specific receptors (BMPR1a, 1b, 2) carcinogenic program, activating normal pro- L .
also p?/esent irglJ GBM cancer stem cells. differentiation mechanisms that lead to an increased N V'VC_) delivery of BMP4 S
BMPR1a, A This triggers receptor phosphorylation and an cell maturation and, in turn, block the reproduction of effectively blocks J_[he tumour
1b, 2 intracellular signaling cascade, leading to the tumorigenic cells, reprogramming their progeny to a growth and associated
modification of cell functions. non-tumorigenic fate, rather than to the production of mortality that occur in 100% of
more and new cancer stem cells. The cells will then mice after intracerebral
E(';{'Jf;l ?)fggee?ﬁ;g‘l’r']'fféﬁtgl‘uj’:e * [t also induces activity in the onco-suppressor PTEN be unable to Initiate/perpetuate new tumors or to grafting of human GBM cells.
models as well as in vivo which Is often deleted in GBMSs. expand existing ones.

«-------‘

IntraCerebral administration — any systemic effect should be expected?

GBM 010627 + BMP4 RED GBM D10627 + BMP4 IBI

Study Outline Model
- - et - : The doses were
o
hrBMP4 is under investigation for treatment of GBM by intracerebral (IC) delivery. selected taking into * The mouse model and the dosing route were also used in efficacy studies.
* The test item was given as slow intracerebral (IC) or intravenous (V) continuous infusion using fully account preliminary
implantable pumps to CD-1 mice for seven consecutive days followed by a 14 day observation period. efficacy and safety * Intracranial catheter placement was performed using a stereotaxic device on anesthesized animals.
dies in th Bregma was recognized and set as zero for all stereotaxic coordinates.
Test Treatment Volume Route |Number of Animals/Sex/Group Stu '_eS In the same * Stoelting Lab Standard Stereotaxic Instrument (100pum) Model 51600
Group species, 40 pg/mouse * Stereotaxic coordinates at 0 mm anteroposterior, 2.5 mm mediolateral (on right), 3 mm dorsoventral. The cannula was fixed with
rhBMP4 treated Cells ; _ _ _ being approximately an cyanoacrylate adhesive. After insertion, the cannula's external arm lay parallel to the surface of the skull with the tubing
(ng/animal) (uL/animal) End_ of Observation Systemic active dose in extending caudally.
100000 | dosing exposure oreclinical models * The pump was placed subcutaneously on the back.
1 0 (Vehicle) 100 IC 5 3 3 ' * Brain Infusion Kit Il cannula of Alzet Osmotic minipump.
BMP4 elicits a pro-differentiation M 2 40 100 IC 5 3 3 Pump Model 1007D; 0,5 pl/hr; 7 days; Durect Corporation, Cupertino, CA
effect on GBM cells 2 w00 3 Lo 100 IC 0 3 3 The Intracerebral and * Animals designed for IV infusion group were anesthetized, implanted with an Alzet pump and the catheter placed in the jugular
S G M. Piciilo B A Revioids. N. Zanets : ——Untests 4 20 100 W 5 3 3 intratumoral vein.
. G. M. Piccirillo, B. A. Reynolds, N. Zanetti, S 100 —=—Vehicle (Tris-Gly ph3.2) . -
G. Lamorte, E. Binda, G. Broggi, H. Brem, A. g Ty reiBiod admmIStrat.lon are - : :
Olivi, F. Dimeco and A. L. Vescovi. Bone g L those predicted to be * Stability of the test item in the Alzet pumps
morphogenetic proteins inhibit the tumorigenic : * |V route was intended as a worst case scenario to maximise the systemic exposure used in the clinical * at the concetrations used Alzet micro-osmotic pumps were used to
potential of human brain tumor-initiating cells. . _ _ _ _ _ : ° .
Nature 444, 761-765 (7 December 2006) 0 ' ; 14 * Systemic exposure was evaluated in satellite groups of mice treated according to the same doses and setling. . ?t blody tertl;]per?rt]ure 0d of doci administer 100 pL over 7 days.
orve e O schedule as for the main groups. orfonger than the period ot docing
GBM cells Growth curve

Bioanalytical Method Safety evaluation Overview of Exposure Data
* Two commercial Elisa kits were tested: the DuoSet ELISA for hrBMP4 (R&D) and the , oo e i
Quantikine ELISA for hr BMP4 (R&D) o _— . _
. o L — e M No test item At the low IC dose all but one samples at the end of dosing V]  Systemic exposure to BMP4 was
Y 35 S —— . . .
High sensitivity of the method was required in order to allow quantification of very low ) = related mortality (81.9 pg/mL) were BLQ while at the high IC dose measurable measurable in a few animals in
levels of hrBMP4 (LLOQ at 31.3 pg rhBMP4/mL serum) L= = == occurred during levels were present in half of the animals (33.3 — 77.1 pg/mL). each group receiving the test item
°* An fexperlment?: Set-u?dwas Initially performed in order to select the kit having T the study. even if the values were close to the
erformances that could satisfy our requirements y B o _ Serum concentrations (pg/mL) of rh-BMP-4
p i q M No After IV administration after Continous Intracerebral (IC) or LLOQ of the method
DuoSet ELISA for Human BMP-4 * The Quantikine ELISA for hrBMP-4 was finally selected : : measurable levels IntraVenous (1V) Administration to mice (31.3 pg/mL)
— B subetrate demonstrating that inter-assay precision and accuracy meeting toxicologically R ; | (Average, three males and three females)
/| catching Q standard acceptance criteria set for biological compounds : : 7 - _ relevant S e Wbere_ mgre requently 40 100 20
N < S e e chanaes were Dilated lateral ventricle, 20x (100 pg, IC) obtaine Time | Vehicle | pg/mL | pg/mL | upg/mL .
/ L] Quality Controls: Inter-assay Precision and Accuracy . Hematology resegnt in (33.5 — 128 pg/mL) Hours | Control IC IC v M  Measured levels were similar
/ " biotin-tagged colored product T T el M YT T e pl' cal S than after IC. as 24 BLQ | BLQ | BLQ | 637 among groups with a dose related
T plte N Number | 100 pg/mL_ | 1200 pg/mL | 4500 pgimL. clinical signs, expected | 72 BLQ | BLQ | BLQ | 468 incidence of detectable levels after
4 o 226 10 body weights P | 120 BLQ | BLQ 1} 333 1 629 IC dosing and with more detectable
101 1210 1770 and food intake. 168 BLQ 81.9 60.5 67.9 - :
Quantikine ELISA for Human BMP-4 > 9189; ﬁgg jg;g 264 BLO BLO BLO 128.0 levels in the low IV dosmg group.
. TMB substrate ° 94.6 1180 4810 M NO Clear teSt
/] e Q Rl Mean 98.1 1230 2850 item related
; —< >—!:| SD. 464 472 704 changes were '\
%CV 4.7 3.8 1.5
/| '\ lored product %Theoretical 98.1 102.5 107.8
i i i colore rocue HCT HGB LY LYAB N NAB RBC BC rese nt at
e e i preser \ CONCLUSIONS
Issues encountered during Assay Method validation (GLP compliant) bathology \
S— Quality Contros (Feshly prepared and frozenthawed) examinations. The slight ventricular dilation noted in most animals at histological

Periventricular mineralization and edema, 20x

examination at both IC doses generally associated with slight
periventricular oedema could be related to high protein content of the
dosing solution. The systemic exposure was limited after IC administration.

Intra-assay Precision and Accuracy

Run LowQC | LowQC® | Mid_QC" | Mid_QC® | High_QC" | High_QC*
Number 100 100 1200 1200 4500 4500
pg/mL | pg/mL | pg/mL | pg/mL pg/mL pg/mL
91.6 ~68.1 1130 ~955 4350 3730

91.6 69.7 1110 ~947 4200 3860

M No treatment related findings were noted
at gross examination.

31

Periventricular mineralization and edema, 200x

Mean 91.6 68.9 1120 951 4275 3795

Optical density reading

150 Ir
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8 22 8 22 8 22 8 22 8
Test Period Test Period Test Period Test Period Tes'
ALT AP AST GLUC

I ircles: calibration standards OSD 0 113 1l >.00 106 oL 01 . . - - .
" SN e’ | e hrBMP4 given as continuos IC administration for 7 days to
e e ~> 20%Bias Serum Chemistry . . . .
°QC freshly prepared in the same analytical session . _
[hrBMP4] pg/mL serum SQC prepared, frozen after preparation and thawed before analysis M H |St0|0g|CaI examination: in the brain, Ventricular d||atat|0n inVOIVing the Iateral C D 1 m I Ce d O n Ot exe rt re I evant Iocal Or SySte m IC tOXI Clty

ventricles, with associated periventricular oedema. even following a relatively extended period of observation,

In most cases these were observed in animals of both sexes receiving the compound IC : hei I : : linical testi
at both doses and at both sacrifices, with some dose-relationship (minimal to slight). Supportlng their app Ication In clinical tes INng.

Some mineralization occurred at the catheter tip.

M '(I:'rr]\:n(;besse.rvation period was not long enough to allow a complete recovery of these hrBMP4 in our OpiniOn iS a prOmiSing
glioblastoma therapeutic agent

X| Only very little differencies in optical density readings were observed among the lowest
standard concentrations even if the back-calculated concentrations met the acceptance
criteria

X] The acceptance criteria for Accuracy (20% Bias) were met when the QCs were freshly :
prepared, while they were not met with frozen QCs previously prepared

X] It was concluded that quality controls should be freshly prepared for each analytical run
and the method could not be considered as fully validated but only as a “fit for purpose”
assay method
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