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Quinazolines are among the most useful heterocyclic compounds due to their diverse chemical reactivity and a wide range of biological 
activity. Despite a large number of publications devoted to quinazolines and their derivatives, information is presented predominantly 
regarding the features of the synthesis of these compounds and their structure. The studies of specific pharmacological activity and 
antitumor activity of these compounds are mainly limited to primary screening using enzyme systems and cell lines. In this mini 
review information concerning the potential targets for antitumor action of quinazoline compounds is summarized and discussed.
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Quinazolines are among t�e most useful �eterocy-
clic compounds due to t�eir diverse c�emical reactivity 
and a wide range of biological activity. Among t�e nitro-
gen-containing �eterocyclic compounds� quinazolines 
are “building blocks” of more t�an ��� natural alkaloids 
isolated from plants� animals� and microorganisms [�]. 
Quinazoline derivatives ex�ibit antimalarial� antitumor� 
antimicrobial� antiviral� anti-inflammatory� antidepres-
sant� anticonvulsant� diuretic� muscle relaxant activi-
ties and many ot�ers [�� �].

T�e number of various compounds synt�esized 
on t�e basis of quinazolines� and presented in t�e 
scientific literature is striking [��7]. �ost likely t�is 
is due to t�e relative simplicity of t�eir synt�esis and 
�ig� expectations of t�eir �ig� p�armacological ac-
tivity [8]. However� t�e majority of literary sources 
devoted to quinazolines and t�eir derivatives provide 
only information on t�eir synt�esis and structure [�]. 
Studies of specific p�armacological activity are mainly 
limited to primary screening using enzyme systems 
and cell lines. T�is fully applies to studies of t�e anti-
tumor activity of t�ese compounds [�����]. Informa-
tion on in vivo studies involving experimental tumor 
models is scanty� and suc� data are mainly related 
to t�e compounds already registered for clinical use 
by p�armacological centers in various countries. One 
can only guess t�at in vivo studies of quinazoline com-
pounds� w�ic� �ave s�own good cytotoxic/cytostatic 
activity on cell lines� are conducted by t�e companies 
on a “non-disclosure” mode.

As �as been s�own by numerous studies� quina-
zolines and t�eir derivatives can ex�ibit an antitumor 
effect via:

•	in�ibition of receptor tyrosine kinases �for example� 
epidermal growt� factor receptor — EGFR� [��];

•	in�ibition of tubulins [��];
•	induction of apoptosis [�5� ��];

•	in�ibition of p�osp�atidylinositol-�-kinases 
�PI�K� [�7];

•	in�ibition of ABC transporters to overcome t�e 
multidrug resistance of tumors [�8� ��];

•	in�ibition of voltage-dependent sodium c�annels 
�antiangiogenic and analgesic effects� [��].
Of all t�e above-mentioned spectrum of targets 

for t�e antitumor action of quinazolines and t�eir de-
rivatives� in�ibitors of receptor tyrosine kinases �RTK�� 
mostly EGFR in�ibitors �ave received t�e greatest 
development.

T�is specificity reflects� firstly� t�e current trend 
in oncology towards t�e creation of targeted antican-
cer drugs� and� secondly� t�e important role of RTK 
in vital activity of cells� including cancer cells [��� ��].

TYROSINE KINASES
In maintaining t�e life of �ig�er organisms� t�e 

control of cell proliferation� differentiation and mi-
gration plays a key role. T�e normal course of t�ese 
processes ensures t�e correct development and pro-
tective reactions of t�e body. T�e loss or weakening 
of t�eir control can cause serious illnesses� including 
cancer. T�e appropriate regulation of cell proliferation� 
differentiation and cell motility is carried out t�roug� 
various mec�anisms. One of t�em is t�e interaction 
of t�e cell wit� growt� factors.

Growt� factors are usually small polypeptides t�at 
stimulate or in�ibit t�e main functions of cells. Growt� 
factors act on t�eir target cells� w�ic� are distinguis�ed 
from ot�er cells by t�e presence of specific receptors 
to t�e growt� factor� exposed on t�e surface of cell 
membranes and c�aracteristic of t�is particular cell 
type.

Surface receptors t�at perceive extracellular fac-
tors and “inform” t�e cell accordingly are “sensory 
organs” of cells. T�e specific interaction of external 
factors and membrane receptors initiates t�e process 
of signal transduction: t�e “impulse” t�at occurs on t�e 
cell membrane is amplified and transmitted into t�e 
cell along certain signal pat�ways. A cell response 
to a signal stimulus can �ave various manifestations: 
cell division �or� on t�e contrary� stopping of t�is pro-
cess�� differentiation� �ormone secretion� etc.
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Among t�e main participants in t�e c�ain of sig-
nal transduction in cells are various types of kinases 
�tyrosine kinases�� an important function of w�ic� 
is t�e transfer of t�e p�osp�ate group from ATP 
�usually competitive� to amino acid residues of ot�er 
proteins. P�osp�orylation of target proteins leads 
to an instantaneous c�ange in t�eir conformation and 
properties. T�e balance between p�osp�orylation 
and dep�osp�orylation determines t�e transduction 
of intracellular signals.

Despite t�e fact t�at protein p�osp�orylation by ty-
rosine residues is a rarer event compared to serine 
or t�reonine p�osp�orylation� it �as been establis�ed 
t�at tyrosine p�osp�orylation plays a key role in many 
cellular processes� suc� as proliferation� differentiation 
and migration [��].

T�ere are two types of tyrosine kinases and tyrosine 
p�osp�atases: receptor and cytoplasmic [�����]:

•	RTKs are associated wit� receptors of almost all 
growt� factors �epidermal growt� factor� insulin-
like growt� factor� platelet growt� factor� vascular 
growt� factor� etc. [�7]� and are involved in trans-
membrane signaling;

•	intracellular �cytoplasmic� tyrosine kinases are 
involved in cell signaling processes� including t�e 
transfer of information to t�e nucleus.
All RTKs �ave a similar structure — t�ey consist 

of a ligand-binding extracellular region� a �ydrop�obic 
transmembrane domain� and an intracellular �cyto-
plasmic� region. T�e latter� along wit� t�e catalytic 
tyrosine kinase domain� contains regulatory domains.

Recently� a special group of receptors transduc-
ing information involving tyrosine kinase �as been 
identified among RTKs. T�ese receptors do not �ave 
t�eir own catalytic tyrosine kinase domain� but w�en 
activated t�ey bind to cytoplasmic tyrosine kinases 
and form a signaling complex.

In a normal cell� kinases provide “awareness” and 
sensitivity of t�e cell to t�e action of t�e body’s regu-
latory systems �its “obedience”�. Suc� “obedience” 
includes an adequate cell response to a signal to divide 
or to stop division� a signal to differentiation or apop-
tosis� a signal to move or not to move.

In contrast to normal cell� cancer cell is c�arac-
terized by functional “deafness”� w�ic� ensures its 
independence from signals from tissues and ot�er 
functional systems of t�e body. Suc� functional deaf-
ness of cancer cell is often provided by a disruption 
in t�e functioning of kinases �due to t�e numerous 
mutations of t�e genes encoding t�ese proteins�. 
Almost all nosological forms of malignant neoplasms 
are c�aracterized by t�e presence of numerous muta-
tions of t�e genes encoding kinases. �utated RTKs 
can generate an intracellular proliferation signal in t�e 
absence of a ligand �growt� factor�. Ot�er mutant 
growt� factor receptors can block t�e differentia-
tion of certain cell types [�8]. It is important to note 
t�at kinase-independent programs can be activated 
in cancer cells� providing a �ig� proliferative activity 
of t�ese cells� w�ic� eliminates t�e cell response to t�e 
in�ibitory effect of certain growt� factors.

TYROSINE KINASE INHIBITORS
T�e important role t�at tyrosine kinases play in t�e 

biology of tumor cells �as led to an intensive searc� 
for and creation of targeted antitumor drugs capable 
of in�ibiting t�e activity of tyrosine kinases� bot� nor-
mal and mutant �tyrosine kinase in�ibitors — TKIs�. 
Table s�ows some of TKIs and t�eir clinical status.

It is notewort�y t�at t�e main targets of t�e quina-
zoline-based TKIs are RTKs� among w�ic� EGFR 
prevails. T�e first generation of EGFR in�ibitors� 
to w�ic� belong gefitinib and erlotinib� is c�aracterized 
by a reversible mec�anism of action. T�eir relatively 
�ig� efficacy �as been s�own in multicenter clinical 
studies in t�e treatment of patients wit� non-small cell 
lung cancer �NSCLC� wit� EGFR mutations [�����]. 
Based on t�ese studies� gefitinib and erlotinib are rec-
ommended as t�e first line t�erapy for NSCLC patients 
wit� EGFR mutations [����5].

Afatinib belongs to t�e class of irreversible in�ibi-
tors of mutant EGFR �t�e second generation of in�ibi-
tors� [��� �7]. T�e last two randomized blocks of clini-
cal studies of t�is drug s�owed its �ig� efficacy against 
NSCLC� and it was included in t�e treatment standards 
as t�e first line t�erapy for t�is localization [�8].

Table. Antitumor activity of TKIs
Inhibitor Tirosine kinase target Localization Clinical status

Imatinib mesylate BCR-ABL Chronic myeloid leukemia;  
gastrointestinal stromal tumors

Approved
c-KIT

PDGFR
Gefitinib ErbB1 (EGFR) Lung cancer Approved
Erlotinib ErbB1 (EGFR) Lung cancer Approved
Afatinib ErbB1 (EGFR) Lung cancer Approved
Lapatinib ErbB1 (EGFR) Breast cancer Approved
Vandetanib VEGFR Metastatic medullar thyroid cancer Approved
Rociletinib ErbB1 (EGFR) Lung cancer Phase I/II
Canertinib EGFR (nonselective) Breast cancer Phase I/II
Semaxinib (SU5416) VEGFR-2 Acute myeloid leukemia Phase I/II

c-KIT, FLT-3
Vatalanib VEGFR-1 Colorectal cancer; prostate  

and renal cancer
Phase I/II

VEGF-2
Sunitinib malate VEGFR Gastrointestinal stromal tumors;  

renal cancer
Phase II/III

PDGFR, c-KIT, FLT-3
Sorafenib B-Raf Renal cancer; malignant melanoma Phase II/III

VEFGR-2
Leflunomide PDGFR Prostate cancer Phase II/III
Note: Inhibitors based on quinazoline compounds are highlighted in bold. CML — chronic myeloid leukemia; GIST — gastrointestinal stromal tumors.
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However� despite suc� striking successes� t�e 
antitumor effect of gefitinib and erlotinib lasts about 
a year� and t�en most patients s�ow an expressed 
disease progression due to t�e development of tumor 
resistance to t�e action of t�ese targeted drugs. T�ere 
are several mec�anisms for t�e development of resis-
tance to first-generation TKIs [��]. In about �alf of t�e 
cases� resistance is due to t�e emergence of an ad-
ditional mutation in t�e tyrosine kinase domain of t�e 
receptor� w�ic� disrupts t�eir binding to active sites. 
In anot�er �5���% of cases� resistance is due to t�e 
activation of additional signaling pat�ways in cancer 
cell. Unfortunately� second-generation TKIs� suc� 
as afatinib� �ave not been effective enoug� in t�e 
case of development of resistance to first-generation 
in�ibitors. T�ird-generation TKIs suc� as rociletinib 
were synt�esized to induce an antitumor effect in t�e 
presence of t�e Del��� L858R and T7��� mutations 
and are now in P�ase I�II of clinical trials [��].

T�e t�ird generation of kinase in�ibitors wit� a new 
molecular target includes vandetanib� w�ic� in�ibits 
t�e kinase of t�e vascular endot�elial growt� factor 
receptor. T�is receptor is actively involved in tumor 
angiogenesis and its in�ibition causes antiangiogenic 
and� as a result� antimetastatic effect. T�is is reflected 
in t�e results of bot� preclinical and clinical stud-
ies. T�is drug �as proven to be effective in treating 
metastatic forms of medullary t�yroid cancer and �as 
been approved for t�e treatment of patients wit� t�is 
localization [��].

T�e searc� for and creation of new quinazoline-
based antitumor compounds� w�ic� are able to effec-
tively and selectively in�ibit t�e EGFR� is being actively 
pursued [��]. T�e synt�esis of quinazoline compounds 
capable of acting simultaneously on several molecu-
lar targets t�at affect t�e survival of malignant cells 
is also promising. For example� t�ere are studied 
compounds t�at simultaneously in�ibit �i� EGFR and 
tubulin polyme rization in cancer cells [��] or �ii� EGFR 
and PI�K [��].

OTHER POTENTIAL TARGETS 
FOR ANTITUMOR ACTION 
OF QUINAZOLINE COMPOUNDS
T�e ability of some quinazolines and t�eir deriva-

tives to in�ibit tubulins undoubtedly deserves special 
attention [�5]. It is known t�at tubulin is t�e main 
structural protein of microtubules� w�ic� play an im-
portant role in cell division and cell motility. Tubulin 
is a target for suc� effective anticancer drugs widely 
used in oncological practice as vincristine� vinblastine� 
taxol� docetaxel and paclitaxel. By binding to tubulin� 
t�ese agents prevent t�e formation of microtubules in-
volved in t�e mitotic spindle. Tubulin-in�ibiting agents 
also provide an antimetastatic effect by in�ibiting cell 
motility and invasiveness.

T�e ability of quinazolines to in�ibit voltage-depen-
dent sodium c�annels �VDSCs� can also provide t�e 
antimetastatic effect [��]. It is known t�at VDSCs �ave 
a significant effect on cell proliferation� ad�esion� mo-

tility� etc. [��]. VDSCs are expressed not only in nerve 
and muscle cells� but also in many non-excitable cell 
systems� including endot�elial cells and cancer cells. 
T�e important role played by VDSCs in cell acti vity� 
as well as t�e �ig� expression of t�ese c�annels 
in metastatically active cells� give reason to consider 
t�em as a promising molecular target for antitumor� an-
tiangiogenic and antimetastatic t�erapy [�7]. It is also 
important to emp�asize t�at in�ibition of VDSCs un-
derlies t�e analgesic effect� a very important property 
for t�e creation of antitumor drugs.

CONCLUSION
T�e p�armacological properties of quinazolines 

substantially depend on t�eir structure. T�e limit-
ing factor is undoubtedly t�e poor solubility of many 
quinazoline compounds. Hig� c�emical reactivity can 
also complicate t�e study of t�eir specific antitumor 
or antimetastatic activity. Despite t�at� quinazolines 
represent promising “c�emical construction set” for 
creating anticancer drugs wit� a wide arsenal of targets 
for t�erapeutic intervention.
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