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S u m m a r y. Multidrug resistance (MDR) developing during 
cancer chemotherapy is a clinically significant problem con-
tributing to the failure of systemic cancer therapy, the result 
of which is the observable increase in the morality of patients. 
ABC transporters (ATP-binding cassette family) is one of the 
most numerous categories of proteins found in eukaryotic or-
ganisms, it contains the majority of multidrug resistant pro-
teins. The proteins of the ABC family occur in various tissues 
(e.g. lungs, placenta, intestine, brain, heart, kidneys), and their 
main task is to transport drugs from the cell to the extracel-
lular environment, which leads to a significant reduction in the 
intracellular concentration of the drug. According to current 
scientific knowledge, there are three generations of P-gp pro-
tein modulators. The first generation includes such pharmaco-
logical specimen as cyclosporin A and verapamil. The second 
generation – the specimens of this group are characterized by 
higher efficacy and lower toxicity compared to the I genera-
tion drugs, but they are not free from side effects. The third 
generation – specimens are characterized by high specificity 
towards P glycoprotein and do not affect the function of other 
transport proteins.
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MULTIDRUG RESISTANCE OF TUMOR 
CELLS

Multidrug resistance (MDR) developing 
during cancer chemotherapy is a clinically signifi-
cant problem contributing to the failure of systemic 
cancer therapy, the result of which is the observ-
able increase in the morality of patients. Resistance 
(MDR) means the cancer cells acquire the same 
non-sensitivity to the group of many cytostatics 
with a diverse structure and mechanisms of action 
[7].

During chemotherapy, cells exposed to one 
chemotherapeutic agent, initially sensitive, acquire 
cross-drug resistance to a large group of xenobiot-
ics that differ in terms of function and structure. 
The MDR phenomenon is a cross-resistance to 
lipophilic substances, getting into the cell on the 

MULTIDRUG RESISTANCE OF TUMOR CELLS

Dariusz Polański1, Anna Makuch-Kocka2, Marcin Czop1, Karol Ruszel1, Monika 
Tkaczewska1, Izabela Harasymiak-Krzyżanowska1, Daniel Parulski3, Andrzej 

Kępa4, Renata Kaczmarczyk1, Anna Gruchała1, Marcin Kocki5, Patrycja Reszka5, 
Dariusz Gałkowski1, 7, Anna Huk1, Izabela Młynarczyk1, Dominika Guz1, Joanna 

Wawer1, Janusz Kocki1, Anna Bogucka-Kocka6

1Department of Clinical Genetics, Chair of Medical Genetics, Medical University of Lublin, Lublin, 
Poland

2Department of Pharmacology, Faculty of Health Sciences, Medical University of Lublin, Lublin, 
Poland

3Simbesco Polska sp. z o.o., Janin 21, 83-207 Kokoszkowy
4Independent Public Teaching Hospital No 4 in Lublin, Lublin, Poland

5 Student Research Group, Department of Clinical Genetics, Chair of Medical Genetics, Medical 
University of Lublin, Lublin, Poland 

6Chair and Department of Biology and Genetics, Faculty of Pharmacy with Medical Analytics Division, 
Medical University of Lublin, Lublin, Poland

7Dept. of Pathology and Laboratory Medicine, Rutgers Robert Wood Johnson Medical School, 
Medical Education Building – 212, One Robert Wood Johnson Place, New Brunswick, NJ 08903-0019, 

USA

*Corresponding author e-mail: janusz.kocki@umlub.pl



22 DARIUSZ POLAŃSKI, ANNA MAKUCH-KOCKA, MARCIN CZOP, MONIKA TKACZEWSKA ...

basis of passive diffusion, being drugs with a dif-
ferent structure [14].

One of the main mechanisms of the emer-
gence of drug resistance is the phenomenon over 
the expression of lamellar turners that causes too 
much drug to be removed from the inside of the 
cell into the extracellular space [5, 10]. Resistance 
(MDR) is connected with overlapping different 
phenomena and can be caused by complex mecha-
nisms. You can count the most:
 – high expression of genes encoding detoxifi-

cation enzymes
 – interruption of initiation and the course of 

process apoptosis (e.g. mutations inside the 
TP53 gene anomalies of homeostasis of pro- 
and anti-apoptotic proteins).

 – reduced uptake of the drug from the extracel-
lular space

 – change in the number of receptors and their 
affinity for cytostatic compounds

 – changes in the rate of drug penetration into 
the cell

 – inactivation or activation of pharmacologi-
cal drug molecules in tumor cells

 – irrigation of the cell cycle regulation, change 
of the duration of individual phases of the 
cycle

 – mutation within the repair mechanisms of 
DNA, increase in the efficiency of the repair 
of genetic material

 – removal of cytostatics into the extracellular 
space by the membrane transport proteins 
(mainly from the ABC protein group) [7].
In summary, it can divide resistance mecha-

nisms into cytostatics into two large groups:
 – mechanisms blocking the drug reaching the 

cell;
 ¾ pharmacological indigestion, difficult to 

reach the drug to the tumor or impaired me-
tabolism of the drug

 ¾ disturbances in the transport of cytostatics 
into the cell; increased drug removal by the 
cell or reduced intake of the drug from the 
extracellular environment

 – mechanisms blocking the action of cytostat-
ics in target cell

 ¾ changes in the target site for the drug, change 
in cell activity (increase or decrease), change 
in the function of target cells

 ¾ increased repair of genetic material
 ¾ changes in the functioning of cellular struc-

tures and in the regulation of apoptosis
 ¾ metabolic changes, reduction of drug activa-

tion inside the cell, increase in drug catabo-
lism [13].
Among all the above factors, the mechanism 

best known and appearing to have the greatest im-
portance for the phenomenon of tumor resistance 
is the process of active cytostatic cell elimination 
through the membrane transported proteins, as a 
result of their abnormal, excessive expression [17]. 
Another factor that is of great importance for the 
process of cell’s resistance to cytostatics is the par-
ticipation of specific enzyme proteins. We include, 
first of all, transferase of glutathione and topoi-
somerase IIa [7, 11].

The human S-glutathione transferase be-
longs to the enzymatic family of glutathione trans-
ferases. It participates in the metabolic process of 
pharmacological compounds, participates in the 
protection of nucleic acids and lipids against per-
oxides, catalyzes the biotransformation of xenobi-
otics and prostaglandin isomerization. In the right 
cells is located in the cytoplasm. In precancerous 
and neoplastic lesions, an increased amount of this 
enzyme (exactly its isozyme pi) can be found in the 
cellar nucleus. The phenomenon applies especially 
to tumors resistant to such cytostatics as cisplatin, 
doxorubicin and alkylating compounds [4].  

Topoisomerase IIa is an enzyme involved in 
DNA replication, necessary for the life of the cell. 
The cytostatic activity of such compounds as an-
thracyclines, mitoxantrone or etoposide is based 
on the formation of stable DNA connections and 
blocking the catalytic function of the enzyme topo 
IIa, leading to cellular apoptosis [7].

TRANSPORTED PROTEIN RELATED TO 
MULTIDRUG RESISTANCE

ABC transporters (ATP-binding cassette 
family) is one of the most numerous categories of 
proteins found in eukaryotic organisms, it contains 
the majority of multidrug resistant proteins [7].

The proteins of the ABC family occur in 
various tissues (e.g. lungs, placenta, intestine, 
brain, heart, kidneys), and their main task is to 
transport drugs from the cell to the extracellular 
environment, which leads to a significant reduction 
in the intracellular concentration of the drug [5]. 
These proteins accumulate in plasma membranes 
to be pumps-transporters responsible for penetra-
tion through lipid blends of relevant substrates (i.e. 
ions, hormones, lipids, drugs and other xenobiot-
ics) despite the concentration gradient, to the ex-
ternal environment [6]. The transported proteins 
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also contribute to the maintenance of the cell’s life, 
because it protects it from the toxic effects of ex-
ogenous substances, toxins and xenobiotics, which 
could have a negative effect on the functioning of 
the digestive system, liver or kidneys [5].

The special feature of transporters is their 
structure. ABC proteins are built to perform spe-
cific functions, which is why they have:
 – TMD - transmembrane domain - presumably 

responsible for the connection of the sub-
strate

 – NBD - nucleotide binding domain - to which 
hydrolysis belongs.
The NBD domain contains the so-called 

Walker A and B motif, sequences directly involved 
in the ATP hydrolysis process, as well as the C mo-
tif (the so-called signature region) [5, 12].

Taking into account the functions possessed 
(e.g. transfer of various hydrophobic substances by 
external- and intracellular membranes), the ABC 
family proteins, found in many organisms, not only 
human, but also animal, vegetable or bacteria, play 
an important role in the processes of intracellular 
metabolism [3]. 

In eukaryotic cells, most ABC pumps con-
tribute to the transfer of xenobiotics from the cyto-
plasm outside the cell or into intracellular compart-
ments. These types of transporters include, among 
others P (P-gp) glycoprotein and MRP protein. 
Other proteins from the ABC family function as ion 
channels or regulators of these channels, e.g. cystic 
fibrosis protein - CFTR or EBCR [1, 2, 9].

In the cells of prokaryotic organisms, ABC 
proteins are primarily responsible for supplying 
from the external environment vital compounds 
that can not be obtained through diffusion, for ex-
ample, carbohydrates, vitamins, metal ions [3, 5]. 

Transporters also take part in numerous 
metabolic processes, and disorders inside the genes 
coding for these proteins result in serious metabolic 
diseases; the deficiency of the multidrug-resistant 
protein MRP2 causes the Dubin-Johnson syn-
drome, the deficiency of MRP6 in turn is the cause 
of pseudo-xanthoma elasticum, a multifactorial 
mutation involving the skin, eyes and blood ves-
sels [5].

ABC protein as a fundamental element of 
the bearing barrier and blood -the brain barrier also 
prevents exposure of sensitive nerve cells and cells 
of the developing fetus to harmful cytotoxic agents, 
regulating the permeability of the placenta cells 
and the central nervous system [15].

MULTIDRUG RESISTANCE MODULATORS

The unfavorable phenomenon of resistance 
of tumor cells to cytostatics is currently the main 
obstacle in achieving the success of cancer phar-
macotherapy. Modern scientific and research works 
aim at the invention of methods reversing the pro-
cesses of MDR.

The most extensive studies are currently be-
ing developed on modulators of multidrug P-gly-
coprotein resistance. Several methods of combat-
ing this resistance have been analyzed, including 
the use of cytostatics, on which cells with P-gp 
activity are affectionate, chemo – sensitive sub-
stances or antibodies with P-gp retarding effects 
high-dose chemotherapy and also the inhibition of 
MDR1 gene activity by suppressor substances [8, 
18].  Studies carried out in the 1980s confirmed that 
blockers of the calcium channel (e.g. verapamil) 
can inhibit multi-drug resistance [16].

According to current scientific knowledge, 
there are three generations of P-gp protein modula-
tors:
 – The first generation includes such pharma-

cological specimen as cyclosporin A and 
verapamil. The use of these substances car-
ries the risk of numerous side effects, in the 
case of verapamil it may be hypotensive as 
well as disturbances of the atrial ventricular 
conduction. The use of cyclosporin A in turn 
causes immunosuppression and is nephro-
toxic. Modulators of the first generation rival 
with cytostatics for the place of binding of 
the drug on the P-gp molecule [10, 11, 12].

 – The second generation – the specimens of 
this group are characterized by higher ef-
ficacy and lower toxicity compared to the I 
generation drugs, but they are not free from 
side effects. The preparation called Valspo-
dar (PSC833), which is the representative of 
this group, is an analog of cyclosporine A but 
it is characterized by much greater blocking 
activity compared to the origin of it. It also 
does not have immunosuppressive proper-
ties. 

 – Connections such as Birikodar (VX-710), 
Dexguldipine or Dexverapamil are also 
more effective than I generative prepara-
tions, but they do increase the side effects 
of the chemotherapy. They also reduce the 
removal of xenobiotics by P-gp also from 
healthy cells causing an increase in the tox-
icity of anti-cancer therapy. It was also ob-
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served that the compound being a modulator 
and cytostatic drug often competitively in 
relation to the activity of cytochrome P450 
enzymes, which may have adverse effects on 
the metabolism of a healthy cell. The modu-
lators of the II group also compete with cy-
costatics for the site of drug binding in the 
P-gp molecule [15].

 – The third generation – specimens such 
as Tariquidar (XR9576), Laniquidar 
(R101933), Zosuquidar (LY3335979) are 
characterized by high specificity towards P 
glycoprotein and do not affect the function 
of other transport proteins. They do not exert 
their effects on cytochrome P450 and also do 
not significantly change the pharmacokinet-
ics of the drug cells. Tariquidar, as the most 
promising compound of this group, binds 
to the P-gp molecule in a specific and non- 
competitive way with no other substances, 
the effect of this reaction is to block the 
transport functions of the P-gp. The affinity 
of XR9576 to P-gp is very large and the ef-
fect of the stronger reaction and more dura-
ble than in the case of I and  II generation 
modulators[7].
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