
1. F-LCAN-Archexin significantly downregulated Akt-1 mRNA and protein expression compared to LCAN-Archexin and Akt-1 
expression was inhibited in the presence of free folate.  

2. Cellular uptake of F-LCAN-Archexin was significantly increased compared to LCAN-Archexin in FR positive KB cells, but the 
uptake was inhibited in the presence free folate. 

3. IC50 of F-LCAN-Archexin was increased 4 times in the presence of free folate. 
4. F-LCAN-Archexin prolonged the half-life compared to Archexin alone. The AUC of Archexin by treatment of F-LCAN-

Archexin was increased 2.65-fold in comparison with free Archexin. 
5. F-LCAN-Archexin showed significant tumor inhibition and prolonged survival time compared to LCAN-Archexin, indicating 

F-LCAN-Archexin selectively targeted FR(+) tumor cells (KB cells). 
6. F-LCAN-Archexin could be a useful targeted therapeutic agent against FR(+) cancers including human epidermoid 

carcinoma, ovarian, kidney and lung. 

Akt-1 is a protein kinase that contributes to cancer progression by promoting 
proliferation and inhibiting apoptosis of tumor cells. RX-0201 (Archexin®), a 20-
mer phosphorothioate antisense oligonucleotide that inhibits the expression of 
Akt-1, is currently in a Phase IIa clinical trial for metastatic renal cancer 
(NCT02089334).  To further improve the efficacy of RX-0201, folate receptor (FR)-
targeted lipid coated albumin nanoparticles containing RX-0201 (F-LCAN-RX-0201 
(F-LCAN-Archexin)) were synthesized and evaluated for Akt-1 inhibition and 
antitumor activity. These nanoparticles are composed of DOTAP/soyPC/ 
TPGS/folate-PEG-DSPE (25:70:4:1), a cationic human serum albumin-
pentaethylenehexamine (HSA-PEHA) conjugate, and RX-0201.  F-LCAN-RX-0201 
had a particle size of 108.6±5.8 nm, zeta potential of 10.5±3.2 mV and 71.5% 
antisense loading efficiency.  F-LCAN-RX-0201 in folate receptor-expressing KB 
cells inhibited cell growth at an IC50 of 11.9 ± 4.0 µM while free RX-0201 did not 
show significant cytotoxicity at concentrations up to 250 µM. Cellular uptake and 
Akt-1 inhibition of F-LCAN-RX-0201 was greater than the non-targeted LCAN-RX-
0201 and was partially blocked by excess free folate.  Pharmacokinetic studies 
showed that F-LCAN-RX-0201 had a longer half-life than that of free RX-0201 (30 
± 4 min vs 10 ± 2 min). In a KB xenograft tumor model, F-LCAN-RX-0201 
exhibited higher tumor suppressive activity compared to the non-targeted LCAN-
RX-0201 at 16 mg/kg (as a RX-0201 amount) without body weight changes. 
Moreover, the antitumor activity of F-LCAN-RX-0201 at a dose of 16mg/kg (as a 
RX-0201 amount) was similar to free RX-0201 at a dose of 90mg/kg.  In 
conclusion, LCAN is a highly effective formulation for therapeutic delivery of 
antisense agents and F-LCAN-RX-0201 could be a potential therapeutic agent for 
tumors with increased FR expression. 
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Chemistry: F-LCAN or LCAN with Archexin (RX-0201) was synthesized by an 
ethanol diffusion method. Lipids composition was DOTAP/soyPC/TPGS/folate-
PEG-DSPE (25:70:4:1) or DOTAP/soyPC/TPGS (25:70:5). Briefly, lipids were 
dissolved in ethanol and then mixed with HSA-PEHA in HEPES buffer (20 mM, pH 
7.4) by vortexing. The weight ratio of HSA-PEHA/lipids was 3:12.5. Archexin in 
HEPES buffer was added into lipids and HSA-PEHA solution by vortexing to 
spontaneously form pre-liposomes at an EtOH concentration of 40% (v/v). The 
complexes were then dialyzed using MWCO 10,000 Da dialysis tubing to remove 
free Archexin. 

In vitro cell studies: KB cells were cultured in folate free RPMI 1640 media. Cell 
growth inhibition was measured by MTT assay and IC50s were obtained. Cellular 
uptake of F-LCAN-Archexin and LCAN-Archexin that were loaded with 
fluorescence labeled FAM was determined by florescence spectrometry  and 
microscopy. KB cells were treated with 1 µM of LCAN-Archexin and F-LCAN-
Archexin and Akt-1 down regulation at the mRNA and protein levels was 
analyzed by qRT-PCR and western blot, respectively.  

PK and Biodistribution studies: Pharmacokinetic and tissue biodistribution 
studies of F-LCAN-Archexin were performed in ICR1 mice following intravenous 
administration. 

Efficacy study: Xenograft studies in nude mice were performed with implanted 
KB cells.  Free Archexin, LCAN-Archexin and F-LCAN-Archexin were administrated 
intravenously with tiwk x 4 schedule.  Tumor volume, total body weight and  the 
number of survived animals were measured at the indicated time points.   

Characterization 

F-LCAN-Archexin LCAN-Archexin 

Particle size (nm) 108.6±5.8 116.4±4.6 

Zeta potential (mV) 10.5±3.2 13.2±1.6 

Loading efficiency (%) 71.5±4.5 68.3±3.6 

Structure of F-LCAN-Archexin 

Pharmacokinetics 

Free Archexin F-LCAN-Archexin 

Dose (mg/kg) 3 3  

AUCinf (µg.min/ml) 748.5±38.3 1987.6±53.4 

Cmax (µg/ml) 15.8±3.0 15.1±2.6 

T1/2 a (hr) 10.3±2.1 30.3±3.9 

IC50 (µM) of drug equivalent 

LCAN-Archexin 32.0 ± 6.4  

F-LCAN-Archexin 11.9 ± 4.0 

F-LCAN-Archexin + folate 47.8 ± 9.6 

Archexin  
(without transfection agent) > 1000 

In-vitro cytotoxicity in KB cells  

Cellular uptake of Archexin, LCAN-
Archexin and F-LCAN-Archexin  

Akt-1 mRNA and protein downregulation 
by LCAN-Archexin and F-LCAN-Archexin  

Biodistribution of F-LCAN-Archexin 

CONCLUSION/DISCUSSION 

Free Archexin LCAN-Archexin 

F-LCAN-Archexin F-LCAN-Archexin + Folate 


