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The implications of ABCC3 in cancer drug resistance: 
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Abstract: Drug resistance is one of the main causes of chemotherapy failure. Although several factors are involved 
in cancer drug resistant, the exporter pumps overexpression that mediates the drugs flow to outside the cells and 
reduces both the drugs intracellular concentration and effectiveness, has been one of the most important chal-
lenges. Overexpression of ABCC3, a member of the ABCC subfamily, has been strongly associated to the resistance 
to multiple drugs. ABCC3 has been found highly expressed in different types of cancers and is associated with poor 
prognosis and resistance to treatments. In this review, we summarize the molecular mechanisms involved in cancer 
drug resistance and discuss the current knowledge about the structure, function and role of ABCC3 in drug resis-
tance, as well as, the expression status of ABCC3 in different types of cancer. We also provide evidences that place 
ABCC3 as a potential therapeutic target for improving the cancer treatment by focusing on the need of developing 
more effective cancer therapies to target ABCC3 in translational researches.
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Introduction

Resistance to antineoplastic drugs is one of the 
main challenges for chemotherapy treatments. 
Several factors have been associated to drugs 
resistance such as anti-apoptotic mechanisms, 
survival, genetic mutations, absorption defici- 
ency, and drugs over-export from cells [1]. ABC 
transporter proteins are pumps that export dif-
ferent compounds and some drugs out of cells 
by using ATP hydrolysis, which provide them 
drugs resistance [2, 3]. Within ABC family, nine 
members of ABCC subfamily are well-known as 
multidrug resistance proteins (MRP) since have 
shown chemoresistance in different cancers 
[3]. The organic anion transporter 3 (ABCC3)  
or multi-drug resistance associated protein 3 
(MRP3), is a protein mainly expressed in the 
basolateral part and cytoplasm of hepatocyt- 
es; however, its overexpression has also been 
reported in different organs [4-6]. This protein 
is responsible for the transport of bile salts, dif-

ferent compounds, and drugs such as etopo-
side, cefadroxil, and methotrexate [7-9]. The 
ABCC3 elevated expression has been associat-
ed to both poor treatments response and prog-
nosis in different types of cancer; in addition, 
the inhibition of its activity increases the cells 
sensitivity to different drugs against cancer 
[10-12].

In this review, we summarize the molecular me- 
chanisms involved in cancer drug resistance, 
current knowledge about the structure, func-
tion and expression status of ABCC3 in differ-
ent cancers; as well as, its role in drug resis-
tance. We also propose that ABCC3 might be  
a potential therapeutic target in cancer treat- 
ment.

Drug resistance

Cancer treatment failures are closely associat-
ed to multidrug resistance. Many tumors res- 
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pond satisfactorily to initial medication alth- 
ough prolonged use of drugs may lead to dr- 
ug resistance. To date, several cellular mecha-
nisms associated to drugs resistance such as 
drug inactivation, apoptosis evasion, DNA re- 
pair, decreased absorption and overexpression 
of export pumps have been determined [13]. 
Overexpression of ABC transporters family is 
one of the most important mechanisms in- 
volved in resistance to multiple drugs. These 
transmembrane proteins actively export drugs 
from inside to outside of cells, limiting their 
accumulation within target cells. Three trans-
porters involved in multidrug resistance have 
been mainly studied, the P-glycoprotein (P-gp), 
MRP1, and breast cancer resistance protein 
(BCRP). The expression of these transporters 
increases after chemotherapy and they mainly 
expel hydrophobic drugs such as taxanes, vinca 
alkaloids, anthracyclines, doxorubicin, dauno-
rubicin, vinblastine, vincristine, and taxol [14, 
15]. Additionally, genetic alterations of these 
transporters have been associated to the modi-
fication of pharmacokinetics and response to 
treatments [16].

These evidences have led to investigate the 
ABC family transporters and their participation 
in resistance to multiple drugs such as the 
ATPase pump ABCC3, which has recently been 
reported in several types of cancer [17, 18].

ABCC3

Structure

The ABCC3 protein consists of 1527 amino 
acids, made up of five domains, three trans-
membrane domains (TMD) that form a mem-
brane crossover channel through which sub-
strates are translocated, and two highly con-
served hydrophilic nucleotide-binding domains 
(NBD) that are responsible for the binding, 
hydrolysis and ATP release for molecules trans-
port (Figure 1) [19, 20].

The NBD domains consist of two subdomains 
namely the catalytic core made up of the Walker 
A motif that binds to phosphate groups of nu- 
cleotides and the Walker B motif bearing an 
aspartate residue that forms a bond with the 
Mg2+ ion and a glutamate that acts as the cat-
alytic basis for ATP hydrolysis. The α-helical 
domain contains a signature sequence, known 
as the ABC characteristic motif that forms the 
catalytic site of the protein [2, 21].

Expression of ABCC3

ABCC3 is expressed in various tissues but 
mainly in liver, pancreas, adrenal glands and to 
a lesser extent in colon, kidney and lung, as 
well as, in some cell lines [5].

Figure 1. Structure of ABCC3 transporter. A. ABCC3 
consists of three TMD domains and two NBD do-
mains. B. In the ABCC3 transporter, the NBD do-
mains are responsible for binding and hydrolyzing 
ATP in the molecules transport process. TMD: Trans-
membrane Domain, NBD: Nucleotide Binding Do-
main, NH2: Amino, COOH: Carboxyl.
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ABCC3 is expressed in the liver at low levels, 
mainly in the basolateral membrane and hepa-
tocytes cytoplasm, cholangiocytes and epithe-
lial cells of the intrahepatic bile ducts, althou- 
gh this expression may vary between individu-
als [4, 5, 22]. Kurzawski and collaborators 
(2019) have reported that ABCC3 mRNA and 
protein expression in both healthy donors and 
metastatic tumors showed no significant differ-
ences when analyzed by LC-MS/MS [23]. It has 
been also shown that ABCC3 is highly regulat- 
ed by miR-378a-5p in cholestatic liver tissues 
showing high expression levels in cholestatic 
rat livers [24, 25]. 

The study of ABCC3 in liver diseases and can-
cer has been of relevant since this protein has 
the potential to be classified as a liver disease 
biomarker. It has been reported that the ABCC3 
protein level increases as the carcinogenesis 
progresses in a hepatocellular carcinoma (HCC) 
model; as well as, high protein level has been 
observed in both HepG2 cell line and liver biop-
sies obtained from patient bearing HCC [4, 26]. 
Cirqueira and collaborators (2019) have dem-
onstrated that ABCC3 is expressed in 18% of 
tissues from patients with HCC and in 45% of 
patients with cholangiocarcinoma [17]. ABCC3 
mRNA and protein expression is increased 3.4 
and 1.4 fold in an obese and steatosis mouse 
model, respectively [27]; as well as, its protein 
level is also increased in alcoholic cirrhosis, 
diabetic, cirrhosis, and nonalcoholic steatohep-
atitis patients [28, 29].

ABCC3 mRNA and protein expression has been 
detected in the basolateral membranes of pan-
creatic duct epithelial cells, as well as, in the 
membrane of acinar cells of normal pancreatic 
tissue but it is increased in pancreatic cancer 
associated to poor prognosis [5, 30]; addition-
ally, its expression is also elevated in pancre-
atic cancer cell lines [18].

The expression of ABCC3 has also been de- 
tected in the adrenal cortex of normal adrenal 
glands and in cells located in both fasciculata 
and reticularis zone [5, 31], however, in sam-
ples of cortical adrenal adenocarcinoma, its 
presence at protein level has been undetected. 
Moreover, it has been highly expressed in the 
basolateral membrane of epithelial cells of gall-
bladder [5, 32].

ABCC3 mRNA and protein are normally ex- 
pressed in healthy tissues mainly located in the 

epithelial cell membranes [5], however, a stu- 
dy carried out by Kobayashi and collaborators 
(2016), has shown that ABCC3 mRNA and pro-
tein expressions are downregulated in samples 
from colon cancer patients compared to that 
from healthy individuals [33]. 

In the kidney, ABCC3 expression has been 
found relatively low in tissues obtained from 
healthy donors, as well as, in healthy tissues 
adjacent to the tumor [34, 35]. On the other 
hand, Scheffer and collaborators (2002) have 
reported that ABCC3 protein is located in  
the basolateral membrane of the distal con- 
voluted tubules and in the ascending loops of 
Henle but it is absent in the glomeruli, the pro- 
ximal convoluted tubules and the collecting 
ducts in healthy tissue samples and a weak sig-
nal has been observed in Grawitz tumors [5]. 
ABCC3 gene and protein expressions are sig-
nificantly reduced in the kidneys of patients 
with polycystic kidney disease, as well as, in 
mouse polycystic kidneys which are located in 
both the proximal and distal tubules. These ob- 
servations were similar than in the cell line of 
human renal cysts WT9-12 [36]. 

In healthy lungs, ABCC3 expression is very low 
[37], however, mRNA expression is increased in 
cell lines and samples from patients with non-
small cell lung cancer [38, 39].

Function

Although the biological functions of ABCC3 
have not been fully elucidated as has been cl- 
arified for other transporters, current evidence 
indicates that ABCC3 plays an important role in 
the flow and regulation of different organic and 
toxic compounds in the cell. For example, elimi-
nation of ABCC3 causes a high accumulation  
of liver bile acids, reduction in serum levels of 
bilirubin glucuronide, and an increased expres-
sion under cholestatic conditions, suggesting 
that ABCC3 is involved in the transport, excre-
tion and enterohepatic regulation of bile salts 
[40, 41]. In addition to function as an alterna-
tive detoxification pathway of bilirubin, its par-
ticipation in drugs efflux outside of cells, ABCC3 
is involved in treatment resistance [42].

Substrates

ABCC3 has high affinity to numerous substrat- 
es and mediates mainly the transport of gluc-
uronates, sulfates or glutathione. Studies that 
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determined the substrate specificity of ABCC3 
in rats, have shown that this protein mediates 
the transport of glucuronides such as E2 17βG 
and E3040 and methotrexate, non-sulfated 
bile salts (TC and GC) and sulfated (TLC-S and 
TCDC-S) [7, 43]. Other studies have reported 
that ABCC3 transports bilirubin diglucuronide, 
monoglucuronosyl bilirubin, bisglucuronosyl bi- 
lirubin, leukotriene C4, dehydroepiandrostero- 
ne-3-sulphate, and 17 beta-glucuronosyl estra-
diol [44], in addition to resveratrol glucuronide 
[45].

ABCC3 as a drug exporter 

Besides its role in anions transport and other 
organic molecules, current evidence has shown 
the role of ABCC3 as drugs exporter and their 
metabolites. By using ABCC3 transfected cells 
a study showed that this transporter is respon-
sible for the cell resistance to etoposide since it 
actively provoked the efflux of the drug. ABCC3 
overexpression decreases the sensitivity to vin-
cristine and inhibit the accumulation of etopo-
side in embryonic kidney cells [46]. Furthermo- 
re, it has been reported that in the absence of 
ABCC2, ABCC3 is responsible for transporting 
methotrexate and 7OH-MTX from liver cells to 
the circulation [47, 48].

This protein also participates in the hepatic 
excretion of glucuronide and sulfate metabo-
lites of acetaminophen, 4-methylumbelliferone 
and harmol [49], as well as, promotes the trans-
port and efflux of other drugs such as cefadroxil 
[9], folic acid, leucovorin [50] and omeprazole 
[51]; additionally, it is involved in the sinusoidal 
efflux of fexofenadine and sorafenib-glucuro-
nide [52, 53].

ABCC3 polymorphisms

Genetic diversity among same species is re- 
flected by molecular specific markers such as 
polymorphisms, defined as the existence of 
one or more variants in a DNA sequence. The 
most common polymorphism affects a single 
nucleotide known as SNP (single-nucleotide po- 
lymorphism) [54]. SNP can determine the regu-
lation of both expression and function of the 
encoded proteins. Polymorphisms in ABCC ge- 
nes alter the expression and function of ABCC 
transporter proteins, affecting their substrate 
specificity and activity [16].

Around 100 synonymous and nonsynonymous 
SNPs have been discovered for ABCC3 trans-
porter, but the 211C>T (rs4793665) polymor-
phism alters ABCC3 mRNA expression which is 
located in its promoter region. From 51 muta-
tions found in 103 individuals, including 16 ex- 
ons, 25 intronic, and 10 promoters, the 211C>T 
polymorphism is the one that correlated with 
the down-expression of ABCC3 mRNA and pro-
tein and affected the binding of nuclear pro-
teins to its promoter in the liver [6]. 

It has been reported that some polymorphis- 
ms associated with the drug pharmacokinetics 
affect metabolism, drug disposition, and the 
success of cancer therapies [55]. In acute my- 
eloid leukemia (AML), the ABCC3 211C>T poly-
morphism is related to treatment failure and 
decreased overall survival and as a result, only 
7.3% of Israeli patients have achieved remis-
sion after the first chemotherapy [56]. Further- 
more, Yee et al. (2013) have shown that rs- 
4148405 polymorphism in the first intron of 
ABCC3, decreases disease-free survival and 
the time of relapse in patients with AML treat- 
ed with high dose of cytarabine, etoposide and 
busulfan; this has associated the latter to its 
low distribution [57]. 

Several genetic variations have been identi- 
fied in patients with acute lymphoblastic leu- 
kemia, including the A-189 T polymorphism of 
ABCC3 which affects output and bioavailability, 
reduced toxicity and response to methotrexate 
[55]. 

On the other hand, G1013G polymorphism in 
exon 2 of ABCC3 is associated with a poor prog-
nosis and decreased survival of patients with 
osteosarcoma after treatment with cisplatin, 
adriamycin, and methotrexate [58]. The identifi-
cation of these and other polymorphisms could 
be prognostic markers for cancer treatments.

ABCC3 and resistance to cancer treatments

The export of this variety of antineoplastic dr- 
ugs such as etoposide, vincristine, methotrex-
ate and sorafenib, reduces their intracellular 
concentration and as a result, cancer cells sh- 
ow resistance and causing treatments failure  
in different types of cancers [8, 12, 47].

The first studies focused on the role of ABCC3 
and its association with drug resistance in can-
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cer, demonstrated that overexpression of AB- 
CC3 induced resistance against epipodophy- 
llotoxins: etoposide resistance factor (RF) 3.3 ± 
0.8 and teniposide (RF 2.7 ± 0.4), as well  
as, resistance to methotrexate after prolonged 
high concentration treatment in ABCC3 trans-
fected ovarian cancer cell lines [59]. 

Studies on ABCC3 participation in the resis-
tance to antineoplastic drugs have shown that 
ABCC3 functions as a predictive protein for 
treatments sensitivity since its expression in 
both drug resistant and sensitive to treatment 
showed higher expression in the resistant gr- 
oup as compared to the sensitive one in non-
small cell lung cancer (NSCLC) tumors. The high 
ABCC3 expression was correlated with an ad- 
vanced stage and aggressiveness of the dis-
ease. Additionally, ABCC3 overexpression has 
correlated with the sensitivity reduction of five 
drugs namely paclitaxel, docetaxel, gemcita- 
bine, vinorelbine and cisplatin [39]. Another 
study showed that the high expression of AB- 
CC3 mRNA and protein correlated with lower 
sensitivity to doxorubicin, vincristine, VP-16, 
and cisplatin in NSCLC [60].

ABCC3 has been found highly expressed in 
patients who have poor response to treatment 
with prednisone, a corticosteroid used in pa- 
tients with leukemia, lymphoma and other 
types of cancer, which is associated with a 
worse prognosis and survival rates [61] and it 
contributes to the resistance to daunorubicin in 
patients with AML [62].

ABCC3 is regulated by Wnt pathway activati- 
on; thus, inhibition of Wnt signaling increases 
ABCC3 expression which in turn decreases the 
sensitivity to etoposide and teniposide in colon 
cancer [33]. 5-fluorouracil (5-FU) is the most 
used treatment for colorectal cancer; however, 
ABCC3 provides resistance to this treatment. 
ABCC3 mRNA is mostly expressed in human 
colon cancer cells which are resistant to 5-FU 
[63]. In patients with advanced rectal cancer,  
a high expression of this transporter correlates 
with a poor response to chemoradiotherapy 
and an unfavorable prognosis; in addition, its 
inhibition reduces reactive oxygen species and 
increases the cells sensitive after treatment 
with 5-FU [64]. It has been shown that preg-
nane X receptor (PXR) overexpression induces 
ABCC3 transcription. This receptor binds to the 
promoter of ABCC3 gene and upregulates its 

expression, increases the outflow of oxaliplatin 
from tumor cells and thus generates drug resis-
tance. The protein is also overexpressed in 
tumor tissues [65]. 

On the other hand, ABCC3 expression in uri- 
nary bladder cancer is higher as compared to 
healthy tissues, showing a positive correlation 
with the severity of the disease and low surviv-
al. In this study was also showed that ABCC3 
silencing increases the cell sensitivity and 
decreases their proliferation when exposed to 
cisplatin [11]. Another study has demonstrated 
a positive correlation of ABCC3 with the tumor 
size and cancer severity and confers resistance 
to treatment by inducing a positive regulation  
of aerobic glycolysis in cancer cells. Inhibition 
of ABCC3 reduces lactate dehydrogenase A 
(LDHA) activity, blocks the glycolytic capability 
and sensitizes the cells to the treatment with 
cis-diamine dichloroplatin [11].

Other study has revealed that 40% of patients 
with chronic myeloid leukemia (CML) develop 
resistance to imatinib, demonstrating that his 
drug is transported by ABCC3 in chronic- phase 
of CML patients which predispose to have low 
response to the drug [66].

ABCC3 mRNA is overexpressed in samples 
from breast cancer patients who have receiv- 
ed chemotherapy. The treatment of cell lines 
with doxorubicin, a drug widely used for the 
treatment of breast cancer, increases ABCC3 
expression and decreases the retention of this 
drug; contrary, ABCC3 deletion increases re- 
tention and sensitivity to the drug [10]. Also, 
amplification of ABCC3 reduces cell sensitivity 
to paclitaxel and monomethyl auristatin-E-re- 
flected in the IC50 index. Furthermore, ABCC3 
gene silencing reduces resistance and increas-
es the mitotic rate of cells treated with these 
drugs [67].

On the other hand, treatment with tamoxifen 
induces oxidative stress that increases the ac- 
tivation of the transcription factor Nfr2 and the 
overexpression of transporters such as ABCC3 
in breast cancer. This phenomenon protects 
cancer cells and generates resistance to ta- 
moxifen after continuous use. ABCC3 functi- 
ons as a predictive marker in response to this 
drug [68]. In addition, ABCC3 overexpression in 
breast cancer cells induces resistance to meth-
otrexate and its silencing restores the cell sen-
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sitivity to the drug which suggests an important 
role of ABCC3 in the resistance to drug in breast 
cancer [69].

ABCC3 has been shown to be highly expressed 
in NK cells in a malignant glioma model treated 
with temozolomide (TMZ), but the inhibition of 
this transporter increases intracellular reten-
tion of the drug, and its overexpression confers 
resistance to NK cells and reduces apoptosis 
that is associated with the activation of Akt 
pathway in response to the cytotoxic capability 
of treatment [70]. Furthermore, another study 
has confirmed that ABCC3 protein is expres- 
sed preferentially in CD56dim CD16+-positive NK 
cells in patients with glioblastoma, and this 
transporter is functionally active when the ce- 
lls are treated with TMZ, conferring chemore-
sistance. In this mechanism, the nuclear factor 
erythroid 2-related factor 2 (Nrf2) was respon-
sible for the ABCC3 induction under an oxida-
tive stress condition [71].

Sorafenib is one of the most used drugs for  
the treatment of HCC, however, after a while, 
patients may become resistant to this drug 
[72]. A study showed that in enriched subpo- 
pulations of cancer stem cells CD44+ and 
CD133+, a higher ABCC3 mRNA expression 
was observed which increased drug resistan- 
ce and metastatic capability of the cells [72]. 
Likewise, in PLC-PRF5-R2 cells resistant to 
sorafenib, the expression of ABCC3 is high and 
its silencing restores their sensitivity [12].

Chemotherapy induces ABCC3 expression

Several studies have shown that the expres-
sion of ABCC3 could be transcriptionally in- 
duced by antineoplastic agents. Drugs used in 
chemotherapy induce oxidative stress in cells 
and activate antioxidant response elements. 
Nrf2 is the transcription factor that activates 
the response to oxidative stress. When Nrf2 
translocates into the nucleus, it binds to the 
putative electrophile response elements (Ep- 
RE), also called antioxidant response elements 
(ARE) [73].

Mahaffey et al. (2009) reported that the pro-
moter region of ABCC3 gene contains a EpRE 
sequences, suggesting that ABCC3 could be 
regulated by Nrf2. In lung cancer cells, the 
expression of ABCC3 is increased by the ac- 
tivation of Nrf2 [74]. In addition, it has been 

shown that Nrf2 directly regulates the expres-
sion of ABCC3 in NSCLC cell lines through the 
binding of Nrf2 on the EpRE element of ABCC3 
promoter [75]. Furthermore, Canet et al. (2015) 
identified the presence of an ARE in the eighth 
intron of ABCC3 where Nrf2 might be interact-
ing [76].

Nrf2 must be activated to be translocated into 
the nucleus, bind to the EpRE sequences and 
thus to promote gene transcription. Temozolo- 
mide treatment activates Nrf2 leading to the 
expression of ABCC3 in NK cells [71]. Bekele et 
al. (2016) have demonstrated that tamoxifen 
treatment increases oxidative stress in breast 
cancer cells, which promotes the expression of 
Nrf2 and its translocation into the nucleus and 
as a result leads to the increase of gene tran-
scription through ARE binding [68].

Additionally, it has been reported that the tran-
scription factor Y-box binding protein-1 (YB-1) is 
associated to drug resistance since it can posi-
tively regulate the expression of ABC transport-
ers. Also, it has been shown that doxorubicin 
increases the expression of YB-1 by inducing its 
translocation into the nucleus in the gastric 
adenocarcinoma cell line NUGC3; thus, YB-1 
might initiate the gene transcription of ABCC3 
once internalized into the nucleus [77].

Chen et al. (2017) have also reported that the 
transcription factor p53 is involved in the regu-
lation of ABC transporters expression. In hepa-
tocytes, doxorubicin causes both the expres-
sion and activation of p53 and in turn positive- 
ly regulates the expression of ABCC3. Since 
ABCC3 has sequences of p53 response ele-
ments in its promoter region, this data sug-
gests that the activation of the transcription 
occurs by the direct binding of p53 to the pro-
moter region of ABCC3 [78].

ABCC3 expression can also be regulated by 
PXR, a key regulator of genes involved in the 
transport of drugs. Dong et al. (2017) demon-
strated a positive correlation between the ex- 
pression of PXR and ABCC3, where the tran-
scriptional activation of ABCC3 is mediated by 
direct binding of PXR to the ABCC3 promoter in 
colorectal cancer which results in resistance to 
chemotherapy [65].

Undoubtedly, there is sufficient evidence to 
show that current chemotherapy treatments 
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induce transcription factors that mediate the 
transcription of ABCC3, which might promote 
the export of anti-neoplastic drugs that ulti-
mately leads the chemoresistance (Figure 2).

ABCC3 as a therapeutic target

The increasing evidence of ABCC3 overexpres-
sion in different tumors and its association wi- 
th the decrease in response to treatments and 
severity of the disease, place this molecule as 
a putative biomarker and a possible therapeu-
tic target for the treatment of cancer. It has 
been suggested that blocking this transporter 
at the genetic and functional level could reduce 
resistance and improve the response to anti-
neoplastic drugs [10]. Currently, different tech-
nologies have been used in cancer therapy.

Interference RNAs (siRNAs) are small RNA se- 
quences that have been widely used for the 
specific and efficient silencing of molecules at 
gene and protein level. The use of siRNA against 
ABCC3 as a therapeutic target has been one of 
the most widely used techniques that has been 
shown to reverse drug resistance [10]. Su and 
collaborators (2016) have demonstrated that 
ABCC3 silencing by the lentivirus stable trans-
fection of siRNA reduces the expression of 

ABCC3 ≥40% in human HCC cells resistant to 
doxorubicin which increases the sensitivity to 
doxorubicin, 5-FU, vinblastine and oxaliplatin, 
reducing the average inhibitory concentration 
(IC50) and increasing 8% cell apoptosis. ABCC3 
silencing had no detrimental effects in animal 
models but inhibited tumor growth in vivo [79]. 

Likewise, colorectal cancer cells have been 
transfected with siRNA against ABCC3, with an 
efficiency of 90%, the inhibition of mRNA and 
protein increases the chemosensitivity to 5-FU, 
increases its IC50 and decreases cell prolifera-
tion and also increases sensitivity radiation 
and attenuates tumor growth in an in vivo mo- 
del [64]. The interference of ABCC3 expression 
showed to significantly reduce drug resistance 
and growth inhibition of bladder cancer cells 
[11]. 

The use of siRNA-ABCC3 in bladder cancer and 
liver cancer resistant to doxorubicin and sora- 
fenib, respectively, has shown ≥60% efficiency 
and stable inhibition that restores retention 
and sensitivity of cells to treatments [11, 12]. 
Recently, it has also been described that the 
combination of siRNA with chemotherapy/ra- 
diotherapy, re-sensitizes cancer cells, also re- 
duces side effects by reducing the dose of 

Figure 2. Expression of ABCC3 and chemoresistance. ABCC3 can be positively regulated by different transcription 
factors targeted by antineoplastic drugs. ABCC3 contributes to chemoresistance by increasing the export of anti-
neoplastic drugs outside the cells, which ultimately leads to cancer progression. PXR: pregnane X receptor, Nrf2: 
nuclear factor erythroid 2-related factor 2, YB-1: Y-box binding protein-1.
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chemo/radiotherapy. This type of combined 
treatment consists of placing anticancer drugs 
and siRNA in nanoparticles and administering 
them simultaneously. This strategy can be used 
to reverse drug resistance in cancer therapy 
[80]. 

On the other hand, natural compounds have 
been used for the treatment of cancer. Its in- 
hibitory effect on transporters such as ABCC3 
is a promising strategy to improve the sensi- 
tivity of cancer cells. The effect of these com-
pounds lies in the down-regulation of the mRNA 
of the transporter and protein or competitive 
binding with their substrates.

The administration of flavonoids, curcuminoid 
derivatives, among others, has been reported 
to inhibit drug export by these transporters. 
Tetramethylpyrazine acts as a transporter mo- 
dulator. At concentrations of 400 and 600 µM, 
it reduces ABCC3 mRNA and protein expres-
sion and reduces adriamycin resistance 9.23-
fold in HCC cells [81]. In addition, combinatori- 
al treatments have been proposed to target 
ABCC3 and to reduce its activity, which togeth-
er with an antineoplastic drug, improve the anti-
cancer response and inhibit tumor progression. 
Curcumol, a major component of the essential 
oil of Rhizoma Curcumae, has been adminis-
tered in combination with doxorubicin to MDA-
MB-231/ADR breast cancer cells resistant to 
this drug. Treatment with curcumol increases 
the cytotoxic effect of doxorubicin by negatively 
regulating the expression of ABCC3, through 
the up-regulation of miR-181b-2-3p, which con-
firms its role as a therapeutic target to increa- 
se the sensitivity to antineoplastic drugs. These 
results indicate that the identification of the 
discovery of novel compounds that negatively 
regulate the expression and function of AB- 
CC3 might be an interesting anticancer strate-
gy [82].

Although ABCC3 is the transporter of several 
substrates, it lacks specific pharmacological 
inhibitors. Recently, a computational prediction 
study used the Bayesian model to identify pos-
sible inhibitors of the function of this trans- 
porter. In this study, 86 structurally different 
drugs were analyzed: fidaxomicin, suramin, and 
dronedarone were the most promising by sh- 
owing the following IC50 = 1.83 ± 0.46 μM, IC50 
of 3.33 ± 0.41 and 47.44 ± 4.41 μM, respec-

tively [83], however, they have not been used in 
cancer treatments yet; thus, their subsequent 
application still need to be tested.

To analyze the effect of the pharmacological 
inhibition of ABCC3 on the development of pan-
creatic cancer, Adamska et al. (2019), design- 
ed a synthetic ABCC3 inhibitor called MCI-715, 
which effectively inhibits its transport activity. 
Its inhibition reduces cell proliferation in vitro 
and PDAC tumor growth in xenografted mice 
and xenografts derived from patients, increas-
ing the survival rate [84].

Monoclonal antibodies directed at the func- 
tional blockade of key proteins in cancer devel-
opment have been used for the treatment of 
various tumors. For example, treatment with 
anti-programmed cell death ligand-1 (PD-L1) 
antibodies improves the effector immune func-
tion of T cells in gastric cancer [85], as well as, 
bispecific antibodies have been synthesized to 
bind to the epithelial cell mesenchymal transi-
tion factor, towards the molecule PD-1 and 
induce its degradation in malignant cells, and 
inhibit the tumor growth [86]. Antibodies direct-
ed to block the prolactin receptor were suc-
cessful in treating breast and prostate cancer 
in vitro, however, they showed safety but low 
efficiency in clinical trials [87, 88]. 

The neutralization of transporter function by 
antibodies is still poorly explored. The use of Fv 
fragments for therapy directed against malig-
nant cells has been used for the synthesis of 
recombinant human scFv antibodies, specific 
against the extracellular N-terminus of human 
ABCC3 expressed in glioma. Its size allowed  
the tumor to penetrate with an internalization 
capacity greater than 20%. This type of anti-
body could be used for tumor immunotherapy 
and attack cancer cells that overexpress AB- 
CC3 [89].

Another approach based on immunotherapy is 
the administration of natural antibodies from 
human plasma for tumor cells destruction. It 
was recently shown that treatment with anti-
ABCC3 IgG positive plasma inhibits the prolif-
eration of oral squamous carcinoma cells com-
pared to negative plasma, however, its admi- 
nistration and effects in patients has not been 
demonstrated yet [90].
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MicroRNAs (miRNAs) are small non-coding RNA 
sequences that regulate gene expression. They 
can modulate the expression of oncogenes or 
tumor suppressor genes. Furthermore, the use 
of these non-coding RNAs against molecules 
responsible for drug resistance is a promising 
tool to improve cancer therapy [91].

Successful downregulation of transporters AB- 
CB1 and ABCG2, ABCC1, ABCC2 has been de- 
monstrated using miRNAs that improve the 
response to drugs such as vincristine, doxoru- 
bicin, methotrexate, and 5-FU in different can-
cers [92-95]. However, the use of these sequ- 
ences targeting ABCC3 is poorly explored. The 
miRNAs that regulate ABCC3 expression and 
confer drug resistance need to be identified 
and selected by bioinformatic and functional 
analysis.

The use of ABCC3 as a therapeutic target 
through these tools raises broad expectations 
to increase the chemosensitivity of cells and 
increase the success of treatments, however, 
this strategy still needs to be considered for 
preclinical and clinical trials to definitively es- 
tablish ABCC3 as a therapeutic target in pa- 
tients.

Conclusion 

Drug resistance involves complex mechanisms. 
The overexpression of exporting pumps has 
been one of the most important. In recent ye- 
ars, the functions of three transporters have 
been analyzed, the P-gp, the MRP1 transporter 
and BCRP. In this review we have focuses on 
ABCC3 transporter, a protein involved in the 
export of various anticancer drugs used in con-
ventional therapies; as a result, we have con-
cluded that the follow up in its investigation as 
both biomarker and target in the failure of an- 
ticancer treatments, it might be relevant for 
improving clinical interventions in a short fu- 
ture since its overexpression indicates a poor 
prognosis in different types of cancer. More- 
over, this molecule could function as both po- 
tent biomarker and prognostic factor for drug 
resistance. Thus, the development of therapies 
targeting this transporter may be promising for 
both improving cancer treatments and incre- 
asing patient survival rates.

Perspectives

The high expression of drug exporting pumps  
in different cancers is a problem that affects 

treatments efficiency and patient survival. Th- 
us, to investigate the functioning of these trans-
porters is an attractive challenge that needs to 
be addressed; as a result, this will allow the 
development of novel therapeutic strategies to 
be tested in preclinical and clinical studies for 
the final identification of ABCC3 as a specific 
target against resistance to anticancer drugs.
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