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• hrBMP4 is a protein of TGF-Beta Superfamily that 

acts by binding to specific receptors (BMPR1a, 1b, 2) 

also present in GBM cancer stem cells.  

This triggers receptor phosphorylation and an 

intracellular signaling cascade, leading to the 

modification of cell functions.  

 

• It also induces activity in the onco-suppressor PTEN 

which is often deleted in GBMs.  

• hrBMP4 causes an overhauling of the cells’ 

carcinogenic program, activating normal pro-

differentiation mechanisms that lead to an increased 

cell maturation and, in turn, block the reproduction of 

tumorigenic cells, reprogramming their progeny to a 

non-tumorigenic fate, rather than to the production of 

more and new cancer stem cells. The cells will then 

be unable to initiate/perpetuate new tumors or to 

expand existing ones.  

BMP4 elicits a pro-differentiation 

effect on GBM cells 
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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  

The Background 

    EFFICACY STUDY OUTCOMES 

IntraCerebral administration – any systemic effect should be expected? 
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in vivo delivery of BMP4 

effectively blocks the tumour 

growth and associated 

mortality that occur in 100% of 

mice after intracerebral 

grafting of human GBM cells.  
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Model  

• The mouse model and the dosing route were also used in efficacy studies. 

 
• Intracranial catheter placement was performed using a stereotaxic device on anesthesized animals.  

Bregma was recognized and set as zero for all stereotaxic coordinates.  

• Stoelting Lab Standard Stereotaxic Instrument (100µm) Model 51600 

• Stereotaxic coordinates at 0 mm anteroposterior, 2.5 mm mediolateral (on right), 3 mm dorsoventral. The cannula was fixed with 

cyanoacrylate adhesive. After insertion, the cannula's external arm lay parallel to the surface of the skull with the tubing 

extending caudally. 

• The pump was placed subcutaneously on the back.  

• Brain Infusion Kit III cannula of Alzet Osmotic minipump.   

Pump Model 1007D; 0,5 μl/hr; 7 days; Durect Corporation, Cupertino, CA 

 

• Animals designed for IV infusion group were anesthetized, implanted with an Alzet pump and the catheter placed in the jugular 

vein. 

 

• Stability of the test item in the Alzet pumps  

• at the concetrations used  

• at body temperature 

• for longer than the period of docing 

Alzet micro-osmotic pumps were used to 

administer 100 µL over 7 days. 

Study Outline 
• hrBMP4 is under investigation for treatment of GBM by intracerebral (IC) delivery.  

• The test item was given as slow intracerebral (IC) or intravenous (IV) continuous infusion using fully 

implantable pumps to CD-1 mice for seven consecutive days followed by a 14 day observation period.  

Safety evaluation 

Test 

Group 

Treatment Volume Route Number of  Animals/Sex/Group 

( g/animal) (uL/animal) End of 

dosing 

Observation Systemic 

exposure 

1 0 (Vehicle) 100 IC 5 3 3 

2 40 100 IC 5 3 3 

3 110 100 IC 5 3 3 

4 20 100 IV 5 3 3 

• IV route was intended as a worst case scenario to maximise the systemic exposure 

• Systemic exposure was evaluated in satellite groups of mice treated according to the same doses and 

schedule as for the main groups. 

 No test item 

related mortality 

occurred during 

the study. 

 

 No 

toxicologically 

relevant 

changes were 

present in 

clinical signs, 

body weights 

and food intake. 

 

 No clear test 

item related 

changes were 

present at 

clinical 

pathology 

examinations. 

 No treatment related findings were noted  

at gross examination. 

 

 

 

 Histological examination: in the brain, ventricular dilatation involving the lateral 

ventricles, with associated periventricular oedema.  

In most cases these were observed in animals of both sexes receiving the compound IC 

at both doses and at both sacrifices, with some dose-relationship (minimal to slight).  

Some mineralization occurred at the catheter tip. 

 

 The observation period was not long enough to allow a complete recovery of these 

changes.  

Normal lateral ventricle, 20x (Control, IC) Dilated lateral ventricle, 20x (100 g, IC) 

Periventricular mineralization and edema, 20x  

Periventricular mineralization and edema, 200x 

Bioanalytical Method 
• Two commercial Elisa kits were tested: the DuoSet ELISA for hrBMP4 (R&D) and the 

Quantikine ELISA for hr BMP4 (R&D)  

• High sensitivity of the method was required in order to allow quantification of very low 

levels of hrBMP4 (LLOQ at 31.3 pg rhBMP4/mL serum) 

• An experimental set-up was initially performed in order to select the kit having 

performances that could satisfy our requirements  

DuoSet ELISA for Human BMP-4  

Quantikine ELISA for Human BMP-4 

• The Quantikine ELISA for hrBMP-4 was finally selected 

demonstrating that inter-assay precision and accuracy meeting 

standard acceptance criteria set for biological compounds  

Run  

Number 

Low_QC 

100 pg/mL 

Mid_QC 

1200 pg/mL 

High_QC 

4500 pg/mL 

98.3 1260 4870 
4 

101 1220 4810 

101 1210 4770 
5 

103 1300 4870 

90.7 1180 4970 
6 

94.6 1180 4810 

 

Mean 98.1 1230 4850 

S.D. 4.64 47.2 70.4 

%CV 4.7 3.8 1.5 

%Theoretical 98.1 102.5 107.8 

n 6 6 6 

 

Issues encountered during Assay Method validation (GLP compliant) 

 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    

 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 

 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  

Quality Controls: Inter-assay Precision and Accuracy 

Quality Controls (freshly prepared and frozen/thawed): 

Intra-assay Precision and Accuracy  

Overview of Exposure Data   

At the low IC dose all but one samples at the end of dosing 

(81.9 pg/mL) were BLQ while at the high IC dose measurable 

levels were present in half of the animals (33.3 – 77.1 pg/mL).  
 

 Systemic exposure to BMP4 was 

measurable in a few animals in 

each group receiving the test item 

even if the values were close to the 

LLOQ of the method 

(31.3 pg/mL) 

 

 

 Measured levels were similar 

among groups with a dose related 

incidence of detectable levels after 

IC dosing and with more detectable 

levels in the low IV dosing group.  

Serum concentrations (pg/mL) of rh-BMP-4 

after Continous Intracerebral (IC) or 

IntraVenous (IV) Administration to mice  

(Average, three males and three females) 

Time  

Hours 

Vehicle 

Control 

40 

g/mL  

IC 

100 

g/mL  

IC 

20 

g/mL  

IV 

24 BLQ BLQ BLQ 63.7 

72 BLQ BLQ BLQ 46.8 

120 BLQ BLQ 33.3 62.9 

168 BLQ 81.9 60.5 67.9 

264 BLQ BLQ BLQ 128.0 

After IV administration 

measurable levels 

were more frequently 

obtained  

(33.5 – 128 pg/mL) 

than after IC, as 

expected. 
 

CONCLUSIONS 

The slight ventricular dilation noted in most animals at  histological 

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. 

hrBMP4 given as continuos IC administration for 7 days to 

CD-1 mice do not exert relevant local or systemic toxicity 

even following a relatively extended period of observation, 

supporting their application in clinical testing.  

BMPs decrease proliferation of 

neural progenitors in cell culture 

models as well as in vivo 

http://en.wikipedia.org/wiki/Bone_

morphogenetic_protein_4 
 

BMPR1a, 

1b, 2 

- 

Strept-HRP 

TMB substrate 

colored product 

high-binding 

MT plate 

- 

catching 

 Ab 

biotin-tagged 

 Ab 

rhBMP4 

TMB  

substrate 

Colored 

product 

Run 

Number 

LowQC
°
  

100 

pg/mL 

LowQC
§  

100 

pg/mL 

Mid_QC
°
  

1200 

pg/mL 

Mid_QC
§ 
 

1200 

pg/mL 

High_QC
° 
 

4500 

pg/mL 

High_QC
§ 
 

4500 

pg/mL 

91.6 ~68.1 1130 ~955 4350 3730 
31 

91.6 69.7 1110 ~947 4200 3860 

 

Mean  91.6 68.9 1120 951 4275 3795 

SD 0 1.13 14.1 5.66 106 91.9 

%CV 0 1.64 1.3 0.595 2.48 2.42 

%Theoretical 91.6 68.9 93.3 79.3 95 84.3 

~ > 20%Bias 

°QC freshly prepared in the same analytical session 
§
QC prepared, frozen after preparation and thawed before analysis  

 

hrBMP4 in our opinion is a promising 

glioblastoma therapeutic agent   

Glioblastoma (GBM)  

Replicating Cells 

rhBMP4 treated Cells 

hrBMP4 

The doses were 

selected taking into 

account preliminary 

efficacy and safety 

studies in the same 

species, 40 µg/mouse 

being approximately an 

active dose in 

preclinical models.  

The Intracerebral and 

intratumoral 

administration are 

those predicted to be 

used in the clinical 

setting.  1
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DESCRIPTION MECHANISM OF ACTION AGAINST GBM 
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