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Abstract: In this article, reversal activities of Euphorbia factor L1 (EFL1) against  
ABCB1-mediated multidrug resistance (MDR) and apoptosis sensitization in K562/ADR 
cells are reported. EFL1 decreased the IC50 values of anticancer agents in K562/ADR cells 
over-expressing ABCB1. However, EFL1 did not affect the IC50 values of anticancer agents 
in sensitive K562 cells. Additionally, EFL1 increased the intracellular accumulation of 
rhodamine 123 and doxorubicin in K562/ADR cells without affecting their accumulation in 
K562 cells. Furthermore, EFL1 sensitized the apoptosis triggered by vincristine in 
K562/ADR cells via mitochondrial pathway, as confirmed by Annexin V-FITC/PI detection 
and western blot. At the same time, EFL1 did not influence the apoptosis induced by 
vincristine in K562 cells. Western blot results showed that EFL1 did not affect the 
phosphorylation level of AKT and ERK in K562 and K562/ADR cells. Finally, EFL1 did 
not down-regulate protein expression of ABCB1. 
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Figure 6. Western blot results of protein related to apoptosis in K562/ADR cells. (A) after 
K562/ADR cells were treated by indicated compounds for 48 h, the total protein was 
prepared and western blot experiments were carried out. (B) Densitometric analysis of 
western blot results of A. (C) and (E) after K562/ADR cells were treated with indicated 
compounds for 24 h, whole cell lysates or subcellular fractionation was prepared for 
western blot. Then, Caspase-8, -9 and cytochrome c were determined by western blot.  
(D) and (F) Densitometric analysis of western blot results of (C) and (E), respectively. The 
values were calculated as (the gray density of investigated protein /the gray density of 
GAPDH) ×100%. GAPDH detection was applied to confirm the equal protein loading.The 
results were expressed as mean ± SEM of three experiments. * and ** represent significance 
at p < 0.05 and p < 0.01. 

 

More and more studies have showed that inhibition of AKT and ERK1/2 pathways may decrease 
the resistance in MDR cancer cells [22,23]. To determine whether EFL1 of reversal concentrations 
attenuate cell survival signaling pathways, the changes of total and phosphorylation forms of AKT and 
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Figure 7. EFL1 did not alter expression of p-AKT, p-ERK and ABCB1. (A) protein 
expression of ABCB1 in K562 and K562/ADR cells. (B) Densitometric analysis of western 
blot results of A. The values were calculated as (the gray density of ABCB1/the gray density 
of GAPDH) × 100%. (C) protein expression of AKT, p-AKT, ERK and p-ERK in K562 
cells. (D, Densitometric analysis of western blot results of C. The values were calculated as 
(the gray density of p-AKT or p-ERK/the gray density of AKT or ERK) × 100%. (E) protein 
expression of AKT, p-AKT, ERK and p-ERK in K562/ADR cells. (F) Densitometric 
analysis of western blot results of E. The values were calculated as (the gray density of  
p-AKT or p-ERK/the gray density of AKT or ERK) × 100% or (the gray density of 
ABCB1/the gray density of GAPDH) × 100%. The results were expressed as mean ± SEM 
of three experiments. * and ** represent significance at p < 0.05 and p < 0.01. GAPDH of 
MW 36 KD detection was applied to confirm equal protein loading. 

 

3. Experimental 

3.1. Reagents 

Euphorbia factor L1 (EFL1, Figure 1A) was isolated from Caper Euphorbia seed and identified as 
having a purity of more than 98%. RPMI 1640 were products of Gibco BRL (Gaithersburg, MD, 
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supernatant was used as cytosolic fraction. Then 5×loading buffer (250 mM Tris-Cl (pH 6.8), 50% 
glycerol, 10% sodium dodecylsulphate, 1.25‰ bromphenol blue, 0.5 M dithiothreitol) was added to 
the above obtained supernatant and the mixture was boiled at 100 °C for 15 min. Thus, the protein 
solution was applied to identification of cytosolic cytochrome c by immunoblotting with 10%  
SDS-PAGE and blotting onto PVDF membrane. The cytochrome c protein was detected by using  
anti-cytochrome c antibody in the ratio of 1:1,000 [33]. 

3.9. Statistical Analysis 

Results were performed by t-test or one-way ANOVA with SPSS 13.0 software (SPSS Inc., 
Chicago, IL, USA). Data were presented as means ± SEM of at least triplicate determinations. * and ** 
represent significance at p < 0.05 and p < 0.01, respectively. Densitometric analysis of western blot 
results was carried out by Image J (NIH, Bethesda, MD, USA). 

4. Conclusions 

In conclusion, EFL1 could enhance the efficacy of conventional chemotherapeutic agents in MDR 
K562/ADR cells over-expressing ABCB1 (as summarized in Figure 8). Our results suggest that EFL1 
might be useful in combination with ABCB1 substrate chemotherapeutic drugs to overcome multidrug 
resistance. The mitochondrial pathway involved in the apoptosis sensitization by EFL1. VRP is 
unavailable in the clinic for its serious cardiovascular side effects when it reaches reversal concentration 
in vivo. We believe that more powerful derivatives active in vitro and in vivo will be designed on the 
base of EFL1 as the lead compound. 

Figure 8. Summary of apoptosis sensitization by EFL1 in K562/ADR cell. 
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