
Development of a Novel Oral Microtubule Targeting Agent with Pan-Cancer Activity

Microtubule-targeting agents (MTAs) are among the most effective chemotherapeutics used in the treatment of cancer.  
However, the clinical utility of current MTAs, such as paclitaxel and vinblastine, are often limited due to adverse side 
effects or multidrug resistance (MDR) driving the continuous pursuit for the development of novel microtubule 
interactors.  Here, we report the development of a novel non P-gp substrate MTA that is metabolically stable, and that 
displays broad-spectrum anti-cancer activity in vitro and ex vivo.  Anti-cancer activity was assessed by screening a panel 
of 102 cancer cell lines and in a multi-tumor type panel of patient-derived organoids (PDOs).  In vitro, double to triple 
digit nanomolar (ranging from 17nM to 318 nM) potency was observed in 101 cell lines, while viability was reduced by 
more than 70% in 76 cell lines out of 102. Similarly, 23 out of 34 (68%) of ex vivo treated PDOs were highly or partially 
responsive as indicated by a 40-73% decrease in viability. Studies using spindle assembly checkpoint (SAC) inhibitors 
demonstrated a mechanism at or before microtubule-kinetochore attachment in M phase of the cell cycle. Subsequent 
microscopic evaluation of kinetochore assembly revealed a lack of proper mitotic spindle formation highlighted with an 
increase in Mad1 signal intensity emphasizing metaphase arrest. Furthermore, in vitro tubulin polymerization assays 
demonstrated that the anti-cancer effect is a result of cytoskeleton targeting to inhibit microtubule assembly. 
Additionally, the antimicrotubule agent inhibited the formation of EBI (N,N’-ethylene-bis(iodoacetamide)):β-tubulin 
adducts indicating an occupied colchicine-binding site of tubulin. Further, tumor growth inhibition (%) was 
demonstrated in preclinical murine models of Acute Myeloid Leukemia (AML) (MV-4-11, 51%), colorectal (COLO205, 
35%), prostate (DU 145, 38%), and gastric cancer (HS746T, 74%; SNU-5, 48%). Moreover, tumor tissue analysis for 
prominent mitotic cell cycle markers, Cyclin B1 and pHH3, revealed a dose-dependent elevation of both markers 
revealing mitotic arrest phenotype. Together, our data supports further preclinical and clinical development of a novel 
oral MTA notably in Taxane resistant and/or Taxane sensitive tumors.
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CONCLUSIONS

FIGURE 1: Potency of BRG399 was assessed using a panel of 102 cancer cell lines (Oncolines™). Cells were treated with BRG399 for 
72 h and then cell viability was assessed using the ATPlite 1Step™ assay. IC (inhibitory concentration)50 and maximal effect (max eff) 
were calculated from the dose response curves.

BRG399 EFFECT ON TUBULIN 
POLYMERIZATION

BRG399 EFFECT ON KINETOCHORE ASSEMBLY

▪ BRG399 is a novel Microtubule Destabilizing Agent (MDA) binding to the colchicine binding site of tubulin.
▪ BRG399 shows broad-spectrum anti-cancer activity in over 100 cell lines in vitro as well as in a multi-tumor 

type panel of PDOs.
▪ In nude mice, BRG399 was able to inhibit tumor growth of tumors of various origin with no associated body 

weight loss.
▪ The tumor growth inhibition correlates with an increase in the level of two cell cycle biomarkers, CCNB1 and 

pHH3, in tumor tissues underlying a mitotic arrest phenotype.

FIGURE 6: HCT116 cells were treated with BRG399 (300 nM) or nocodazole (300 nM) for 20 hours then sequentially without changing 
media cells were treated for an additional 4 hours with Aurora B inhibitor (Hesperadin, 50 μM) or CDK1 inhibitor (10 μM). For 
comparison, cells were treated with BRG399 or nocodazole for 20 hours then washed twice with media and incubated for another 4 
hours. Flow cytometric analysis was performed for DNA content (7AAD) and mitosis (pHH3 S10). Compiled data of N=3 biological 
replicates.

FIGURE 3: HCT116 cells were 
treated with BRG399 (300 nM) or 
controls (untreated, nocodazole 
300 nM) for 24 hours and 
subsequently stained with DAPI 
(blue), α-tubulin (green), and Mad1 
(red). Micrographs were imaged 
using Olympus FV1200 MPE 
confocal microscope at 63x oil. 
White arrows indicate dividing 
cells. Representative images of N=3 
biological replicates. Significance in 
difference of treated HCT116 cells 
to untreated cells were tested by 
Student t test (** p<0.01).

FIGURE 4: In vitro microtubule polymerization assay is based on 
the principle that microtubules scatter light proportional to the 
concentration of microtubule polymer. Microtubule 
polymerization, as a readout of absorbance at 340nm, under 
standard conditions (no ligand control) and in the presence of 10 
μM paclitaxel, a microtubule polymerization agent, as well has 
high (10 μM) and low (20 nM) concentrations of BRG399 and 
control nocodazole are shown with their respective Vmax values. 
Representative data plots of N=3 replicates.

FIGURE 7: Cells were implanted subcutaneously in nude mice and animals with tumor growth were randomized into groups  with 10-12 animals per 
group. Methocel E3 Premium LV (HPMC) with 2% labrasol in Milli-Q water was used as vehicle control. A BRG399 solid dispersion was prepared 
prior to each dosing in 2% labrasol in Milli-Q water and administered by oral gavage two times a day (BID). A) Mean tumor volume of each group 
over time and the growth of tumor in each individual animal was monitored and graphed ±SEM (left panel). B) Tumor growth inhibition and p-
values were calculated using two-tailed distribution and two-sample equal variance (homoscedastic) for each group treated with BRG399 for a 
given day of the study in reference to vehicle control as summarized in tables shown in middle panel; NS p>0.05; *p≤0.05; **p≤0.01; *** p≤0.001; 
**** p≤0.0001. C) Tumor tissues from each group (vehicle, 75mg/kg, 100 mg/kg (Hs 746T only), and 150mg/kg) were harvested at the end of the 
study at point of sacrifice. The level of biomarkers, CCNB1 and pHH3, was measured in each tissue sample. Resulting concentrations of CCNB1 and 
pHH3 were graphed as scatter plots for each biomarker with group mean indicated as a line (right panel).

A.

BRG399 POTENCY IN PATIENT DERIVED ORGANOIDS OF MULTIPLE TUMOR TYPES

FIGURE 2: Patient-derived organoids 
were treated with BRG399 or controls 
(0.1% DMSO, positive control – 10% 
DMSO) for 5 days. Viability was assessed 
using the CellTiter-Glo assay. IC50 and 
maximal (max) inhibition values were 
extrapolated from the viability curves. 
Exemplars of models deemed to be 
highly responsive (> 60% max inhibition; 
A), responsive (40-60% max inhibition; 
B), and non-responsive (< 40% max 
inhibition; C) to BRG399 are shown. 
Summary of all models tested with 
highly responsive models highlighted in 
green, responsive models in blue, and 
non-responsive models in white (D). 
Compiled data of N=4 replicates. NR = 
No Regression; NA = Not Applicable.
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BRG399 BINDING TO COLCHICINE-BINDING 
SITE OF TUBULIN

FIGURE 5: MIA PaCa-2 cells were treated with indicated 
compound concentrations for 2 hours followed by additional 2 
hours by Student t test (* p<0.05; ** p<0.01; *** p<0.001). 
incubation in the presence of 100 µM N,N'-ethylene-
bis(iodoacetamide) (EBI). Cells were harvested using trypsin, cell 
pellets were lysed and subsequently analyzed by Western blot to 
visualize native β-tubulin and EBI:β-tubulin adducts. 
Representative blots of N=3 biological replicates. Significance in 
difference of treated MIA PaCa-2 cells to 0.1% DMSO treated 
cells were tested 
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Average tumor volume Tumor growth inhibition Tissue cell cycle biomarkers A. B. C.

Indication
IC50           

(µM)

Max Inhibition    

(%)
Indication

IC50           

(µM)

Max Inhibition       

(%)

Endometrial 4.8 90 Prostate 8.6 44
SCLC 3.9 88 Renal cell carcinoma NR 42
Sarcoma 0.004 83 Renal cell carcinoma 0.006 42
Breast NR 73 Endometrial 1.7 42
NSCLC 2.2 68 Prostate 7 41
Ovarian 0.63 67 Prostate NR 41
SCLC 0.076 67 Breast NR 37
Breast NR 66 Gastric 25 36
Sarcoma 0.17 64 Ovarian NR 33
Breast 0.35 62 Colorectal 2 33
Sarcoma 8.1 61 Colorectal NR 26
Glioblastoma multiforme 0.039 59 Pancreatic NA 21
SCLC 0.25 58 NSCLC NR NA
Ovarian 0.021 57 Renal cell carcinoma NA NA
Endometrial 0.013 57 Glioblastoma multiforme NR NA
Breast 1.6 52 Colorectal NR NA
Glioblastoma multiforme 3.8 51 Ovarian NR NA
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