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ACQUIRED RESISTANCE  

MODEL 

INTRINSIC RESISTANCE 

 MODEL 

 
ACQUIRED (ovarian cancer , colon 

cancer, osteosarcoma) 

INTRINSIC (melanoma, liver cancer) 

 
MDR, MULTIDRUG RESISTANCE 

RESISTANCE OF TUMORS TO TREATMENT WITH 

CHEMOTHERAPEUTIC 

Moitra  K  et al.,  Clin Pharm Ther 89: 491-502 (2011) 



Family Member Alias Expression Function 

ABCA 

ABCA1 

ABCA2 

ABCA3 

ABCA4 

ABCA5 

ABCA6 

ABCA7 

ABCA8 

ABCA9 

ABCA10 

ABCA11 

ABCA12 

ABC1 

ABC2 

ABC3,ABCC 

ABCR 

Ubiquitous 

Brain 

Lung 

Rod photoreceptors 

Muscle, heart, testes 

Liver 

Spleen, thymus 

Ovary 

Heart 

Muscle, heart 

Stomach 

Low in all tissues 

Removal of cholesterol and PLs onto HDL particles 

Drug resistance 

Surfactant protection 

N-retinydilester-PE efflux 

ABCB 

ABCB1 

ABCB2 

ABCB3 

ABCB4 

ABCB5 

ABCB6 

ABCB7 

ABCB8 

ABCB9 

ABCB10 

ABCB11 

MDR1,PGP 

TAP1 

TAP2 

PGP3,MDR3 

 

MTABC3 

ABC7 

MABC1 

 

MTABC2 

SPGP,BSEP 

Adrenal,kidney,brain 

Ubiquitous,ER 

Ubiquitous,ER 

Liver 

Ubiquitous 

Mitochondria 

Mitochondria 

Mitochondria 

Heart,brain 

Mitochondria 

Liver 

Multidrug resistance 

Peptide transport into the ER 

Peptide transport into the ER 

Phosphatidylcholine transport 

 

Iron transport 

Heme transport 

Heme transport 

 

 

Bile salt transport 

ABCC 

ABCC1 

ABCC2 

ABCC3 

ABCC4 

ABCC5 

ABCC6 

ABCC7 

ABCC8 

ABCC9 

ABCC10 

ABCC11 

ABCC12 

MRP1 

MRP2, cMOAT 

MRP3, cMOAT-2 

MRP4, MOAT-B 

MRP5, MOAT-C 

MRP6 

CFTR 

SUR 

SUR2 

MRP7 

MRP8 

MRP9 

Ubiquitous 

Liver 

Lung, intestine, liver 

Prostate 

Ubiquitous 

Kidney, liver 

Exocrine tissues 

Pancreas 

Heart, muscle 

Low in all tissues 

Low in all tissues 

Low in all tissues 

Drug resistance 

Organic anion transport 

Drug resistance 

Nucleoside transport 

Nucleoside transport 

 

Chloride ion transport 

Sulfonylurea receptor 

 

 

 

ABCD 

ABCD1 

ABCD2 

ABCD3 

ABCD4 

ALD 

ALD1,ALDR 

PMP70, PXMP1 

PMP69, P70R 

Peroxisomes 

Peroxisomes 

Peroxisomes 

Peroxisomes 

VLCFA transport regulation 

ABCE ABCE1 OABP Ovary, testes, spleen Oligoadenylate-binding protein 

ABCF 

ABCF1 

ABCF2 

ABCF3 

ABC50 

Ubiquitous 

Ubiquitous 

Ubiquitous 

ABCG 

ABCG1 

ABCG2 

ABCG4 

ABCG5 

ABCG8 

ABC8, Human white 

ABCP, MXR, BCRP 

White2 

Steroline 1 

Steroline 2 

Ubiquitous 

Placenta, intestine 

Liver 

Liver, intestine 

Liver, intestine 

Cholesterol transport 

Drug resistance 

 

Sterol transport 

Sterol transport 
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P-glycoprotein (P-gp, MDR1, ABCB1) 

 
170 kDa protein, localized in normal cells, where it plays the role of 

detoxification; in tumor cells it is at the level of the plasma membrane, the 

  nucleus, cytoplasmic vesicles and the Golgi apparatus 
Molinari A et al., Curr Protein Pept Sci 3: 653-670 (2000) 

 

 

It confers resistance to multiple drugs (doxorubicin, taxol, vinblastine, 

camptothecin, methotrexate) 

It is overexpressed in various tumors (osteosarcoma, melanoma, colon cancer, 

breast, ovarian). 

Ambdukar  SV et al., Oncogene 22: 7468-85 (2003) 



   MDR-associated protein (MRP1, ABCC1) 

 

  Structure similar to the P-gp; 

  It delivers drugs through cooperation with GSH; 

  Confers resistance to doxorubicin, etoposide, vinblastine, methotrexate; 

  It is overexpressed by a variety of cancers (prostate, breast and lung) 
 

   Chang XB, Cancer Metastatic Rev 26: 15-37 (2007) 

 

 Breast Cancer Resistance Protein (BCRP, ABCG2) 

 

  It contains only one domain TMD and NBD; 

  Confers resistance to doxorubicin, topotecan, methotrexate, etoposide, imatinib; 

  Overexpressed in drug-resistant tumor cell lines derived from breast, ovary, colon, and 

stomach  

    

Robey RW et al., Cancer Metastatic Rev 26: 39-57 (2007) 

 



MODEL OF  P-gp CELLULAR LOCALIZATION AND 

POSSIBLE TRAFFIC/CYCLING ROUTES 

The ER is the starting point for newly synthesized proteins to enter the secretory 

pathway. P-gp is synthesized as a 150 kDa and subsequently glycosylated and associated 

with calnexin and Hsc70 during folding. Misfolding proteins are degradated by 

proteasome. P-gp moves to the Golgi for glycosylation as a 170 kDa mature protein. 

Microtubules are required for ER-GOLGI network. 



Strategies to circunvent P-gp mediated multidrug resistance 

1 Coadministration of pump inhibitors and cytotoxic agent (engage); 2 cytotoxic 

agent that bypass P-gp mediated efflux (evade); 3 collateral sensitivity  (CS) to 

small number of agents (histone deacetylase inhibitors or the kinase inhibitor, 

gefitinib), that have shown sensitize MDR cells to a greater degree than the origin 

al parental cells (exploit)  

Gottesmann M.M., Trends Pharmacol. Sci., 2009 

CANCER CELLS SUGAR CHAINS 
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U-2 OS WT U-2 OS/DX580 

P-GLYCOPROTEIN EXPRESSION DETECTED BY CONFOCAL  

MICROSCOPY 

High positivity of resistant cell line 
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MM4.17 

OUT 

MEMBRANE 

IN 

NBD1 NBD2 

COOH 

UIC2 

TMD: transmembrane domains 

NBD: nucleotide binding domains 

Two anti-P-glycoprotein MAbs were used: 

 

1) UIC2 which binds with increased affinity to the biochemically active 

conformation of functioning P-gp 

 

2) MM4.17 which strongly reacts with a linear specific epitope in the fourth 

loop of the P-gp extracellular domain 

TMD 



UIC2 SHIFT ASSAY - MAb UIC2 binds to the active conformation of 

functioning P-gp, while MAb4.17 reactivity is independent on the functional  

P-gp conformation 

VOA induces dose-dependent increase of the UIC2 reactivity 
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 CONTROL VOA 1 mg/ml VOA 5 mg/ml VOA 10 mg/ml VBL 10 mg/ml 

UIC2 

MM4.17 

Meschini S. et al. Int. J. Oncol. 2005; 27:1597-1603 

VBL= substrate of Pgp 



P-gp labeling by MAb UIC2 

CONTROL VOA 10 µg/ml 



OTHER RESISTANCE MECHANISMS 
 

  
       MECHANISMS DEPENDENT ABC TRANSPORTERS 

INFIAMMATION 
(De Visser KE et al., Current Pharmaceutical Design 2009) 

 

OXIDATIVE STRESS AND HYPOXIA  
(Hamanaka RB et al.,  Curr Opin Cell Biol 2009) 

 

CANCER STEM CELLS 
(Moitra K et al., Clin Pharm Therap 2009) 

 

  
       MECHANISMS INDEPENDENT ABC TRANSPORTERS 

 

   RESISTANCE TO APOPTOSIS 

   (Wilson TR et al., Curr Cancer Drug Targets 2009) 

 

   PRO-SURVIVAL  AUTOPHAGY 
   (Dalby KN et al., Autophagy 2010)  

 

 

 



MODIFY THE ACTIVITY OF ABC TRANSPORTERS BY INHIBITORS 

OR CHEMOSENSITIZING AGENTS 

 

 
I° Generation: Verapamil e Cyclosporine A 

 

II° Generation: PSC833 

 

III° Generation: Biricodar, XR9576 

 

IV° Generation: Natural Substances 
 

 

 

Wang Z et al., Curr Drug Discov Technol 7: 54-66 (2010) 

NEW THERAPEUTIC STRATEGIES 

  FOR OVERCAMING THE MDR 



Green Tea 

(Camelia Sinensis) 

antioxidant, antiproliferation 
(cell cycle 

arrest,apoptosis) 
antiangiogenesis 

lung, pancreas, 
colon 

prostate 

adriamycin, tamoxifen, 

cisplatin, dacarbazine, 

atorvastin 

p53, Bax, 
p21, AKT, NF-
kB, ERK1/2 

Curcumin 

(Curcuma longa) 

antioxidant, antiproliferation 
(cell cycle 

arrest,apoptosis) 
antiangiogenesis 

 

head and neck, 
stomach, liver, 
colon, 

bladder, prostate 

vinca alkaloid, oxaliplatin, 
paclitaxel, 

retinoid acid, isoflavone 

EGFR, p53, 

COX-2,  

AP-1, p21, 

ERK 

Luteolin  

(broccoli,green 
pepper,spinach, 

Tamarind) 

antiproliferation (G1 and G2 
arrest, apoptosis) 
antioxidant, antiallergic 

ovaric, gastric,liver, 

lung, colon, brest, 

leukemia 

cisplatin, doxorubicin 

TRAIL 

JNK, p53, 

p21, ERK, 

PUMA, AKT 

Genistein  

(soy products) 

antioxidant, antiproliferation 
(cell cycle 

arrest,apoptosis) 

prostate, breast, 

pancreas, liver, 

stomach 

doxorubicin, tamoxifen. 

paclitaxel, cisplatin 

Survivin, 

AKT, cyclin 
D1, Bax, p21 

Lycopene 

(tomatoes, papaja, 

apricot and pink 
grapefruit) 

antioxidant, antiproliferation 
(cell cycle 

arrest,apoptosis) 

anti-inflammation 

prostate, lung, 
breast, skin, 
pancreas 

doxorubicin, cisplatin, 

genistein 

cyclin D1, 

AKT, BAD, 

NF-kB 

Resveratrol 

(red wine) 

antioxidant, antiproliferation ovarian, breast, 

Liver, gastric 

doxorubicin, paclitaxel, 

platinum compounds 

SOD, BAX 

glutathione 

Mechanism of action Organ  site 

Synergistic 

Interaction 

Molecular 

Targets Agent 

Antitumoral natural compounds 

Ruhul Amin et al., J Clin Oncol 2009 



VOACAMINE 

(dimeric alkaloid) 

FAMILY:  APOCYNACEAE        

GENUS:   Peschiera 

SPECIE: P. Fuchsiaefolia; syn. Tabernaemontana fuchsiaefolia 

 

CHARACTER: infestant plant 

SOURCE:  stem bark, root bark provided by Cibeco Ltda, Brazil 

USES:  in Brazilian folk medicine stem bark is used as antimalarial treatment and  

 the root bark is used as remedy for snake-bite envenomation 

MAIN ACTIVITIES: anti-microbial and anti-Plasmodium 
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Federici E. et al.,  Planta Med 66:93-95 (2000) 

Meschini S. et al., Voacamine, an alkaloid extracted from Peschiera fuchsiaefolia, inhibits P-glycoprotein action in multidrug-resistant 

tumor cells. Int J Onc  27: 1597-1603, 2005. 
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VOA CYTOTOXICITY EVALUATION 



VOACAMINE EFFECT ON DOXORUBICIN CYTOTOXICITY IN  

SAOS-2 DX CELLS 
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DOX ACCUMULATION BY FLOW CYTROMETRIC ANALYSIS 

SAOS-2 WT SAOS-2 DX Me30966 

M
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SAOS-2WT 

DOX 
SAOS-2-DX 

DOX 

DOXORUBICIN DISTRIBUTION AFTER VOA AND CsA TREATMENTS 

SAOS-2-DX 

CsA + DOX 

SAOS-2-DX 

VOA +DOX 



CONTROL VOA 

 (1 μg/ml) 

DOX (0,1 μg/ml) VOA+DOX 

SAOS-2 DX 

ULTRASTRUCTURAL MODIFICATIONS OF SINGLE AND 

COMBINED TREATMENTS 



CONTROL VOA 

 (1 μg/ml) 

DOX (0,1 

μg/ml) 
VOA+DOX 

MELANOMA CELLS ME30966 



MACROPHAGES 

Control 

Voa 1μg/ml for 24h 1 μm 



VOACAMINE AND  ITS INDOLIC MONOMERS 

VOBASINE 
VOACANGINE 

VOACAMINE 

The purpose of our study is to verify the chemosensitizing effect of the voacamine 

monomers. The advantage would be in the small size of the monomeric molecules that 

would allow the passage through complex anatomical regions such as the blood-brain 

barrier. Furthermore, smaller molecules can be easily encapsulated in nanomeric 

structures and thus be easily transferred in the tumor site. 



 

Voacamine  MW= 704,90   C43H52N4O5 used as chemosensitizing drug at 

concentration of 1μg/ml = 1,4 μM 

 

Voacangine   MW = 368,47 C22H28N2O3 isolated from Voacanga 

africana 

 

Inhibits the proliferation of HUVEC  IC50 = 18 μM without cytotoxic effect 

 

Anti-angiogenic  activity in vitro ed in vivo 

 

 

 

 

 

 
 

 

 

 

 

 

 

Inhibits HIF-1 (Hypoxia inducible factor) important role in tumor angiogenesis, 

regulates VEGF (vascular epidermal growth factor) 

It does not alter tubulin and cyclin D (no effect on the cell cycle and on the 

cytoskeleton) 
 
Y. Kim et al; Biochem Biophys Research Communication  417), 339-334;(2012). 

 

Studies unclear on cardiovascular activity 
Indian J. Medicine Research, 127, 317-335, 2008 

 
 

 

Extracted from Tabernaemontana catharinensis 

Pereira C.G. Rev Brasil Planta Medica 8, 4.144 to 149; (2006) 

 

 

Anti-cancer effect 



Vobasine   MW = 352.43  C21H26N2O3 

 isolated from Tabernamontana elegants 

 

Cell line: human hepatoma HuH-7: cytotoxic activity and induction of apoptosis 

by activation of caspase 3 

 
Mansoor TA et al. Bioorg Med Chem Lett 19 (15) 4255-8, (2009) 

 

Vobasinyl-iboga alkaloids bisindole 

 
Inhibition of acetylcholinesterase (AChE) activity. The acetylcholinesterase (AChE) is an enzyme 

belonging to the class of hydrolases, which catalyzes the following reaction: acetylcholine + H2O → 

choline + acetate. Its function is to hydrolyze acetylcholine and divided into choline and acetic acid. 

The enzyme is normally present in the organism of mammals localized in post-synaptic membrane of 

cholinergic junctions.  

 

Its activity is comparable to the drug Galantamine (in the United States: Nivalin, Razadyne, Razadyne 

ER, Reminyl) 

They are used  in the therapy for the mild or moderate forms of Alzheimer's disease and other memory 

disorders, particularly those of vascular origin. 

 

Ingkaninam K. et al. J. Pharmacal Pharm 58: 847-52, (2006) 

 

Conodiparines AD; bisindoles of the new vobasine iboga-type showed 

appreciable activity in reversing resistance in vincristine-resistant KB cells 

 
TS Kam et al. Bioorg Med Chem Lett; 8, 1693-6; (1998) 



VOA VOACANGINA VOBASINE CTR 

DOX VOA+DOX VOACANG+DOX VOBASIN+DOX 

VOA+DOX VOACANG+DOX VOBASIN+DOX 

24h 

24h 

48h 



0

5

10

15

20

25

30

a
r
b
it

r
a
r
y
 u

n
it

s
DOX ACCUMULATION

DOX

VOA1+DOX

CsA+DOX

VOACAN+DOX

VOBAS+DOX

2MON+DOX



0

20

40

60

80

100

120

140

160

180

C
e
ll
 s

u
r
v
iv

a
l 
(
%

)
CLONOGENIC ASSAY

CTR

DOX 

VOA 

VOBASINE

VOACANGINE

VOA+DOX

VOBA+DOX

VOACAN+DOX



Natural product voacamine has chemiosensitising effect on different  

drug-resistant human tumor cell lines.  

It has effect on both Pgp activity and microtubules functionality.  

It has no cytotoxicity on normal human cell lines.  

As regards two monomers, voabasine and voacangine, other studies must be 

performed for understanding their mechanisms of action. But above all, in order 

to evaluate their effectiveness as chemosensitizing or cytotoxic agents. 



THANK YOU FOR YOUR  KIND ATTENTION!!!! 



Reparto Metodi Ultrastrutturali per 

Terapie Innovative  Antitumorali 
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