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 Abstract: Protein Kinases (PKs) are a heterogeneous family of enzymes that modulate several biolog-
ical pathways, including cell division, cytoskeletal rearrangement, differentiation and apoptosis. In par-
ticular, due to their crucial role during human tumorigenesis and cancer progression, PKs are ideal tar-
gets for the design and development of effective and low toxic chemotherapeutics and represent the se-
cond group of drug targets after G-protein-coupled receptors. Nowadays, several compounds have 
been claimed to be PKs inhibitors, and some of them, such as imatinib, erlotinib and gefitinib, have al-
ready been approved for clinical use, whereas more than 30 others are in various phases of clinical tri-
als. Among them, some natural or synthetic carbazole-based molecules represent promising PKs inhib-
itors due to their capability to interfere with PK activity by different mechanisms of action including 
the ability to act as DNA intercalating agents, interfere with the activity of enzymes involved in DNA 
duplication, such as topoisomerases and telomerases, and inhibit other proteins such as cyclin-
dependent kinases or antagonize estrogen receptors. Thus, carbazoles can be considered a promising 
this class of compounds to be adopted in targeted therapy of different types of cancer. 
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1. INTRODUCTION 

 In the last years, the validation and the clinical applica-
tion of targeted therapies towards specific proteins or genes, 
involved in cancer emergence and development, have pro-
longed the survival and improved quality of life of cancer 
patients [1]. This approach allows a more rational clinical 
use of conventional anticancer drugs in order to limit their 
high toxicity and consequential severe side effects [2]. The 
action of commonly used antineoplastic drugs is based on 
their capability to interfere with the replication of rapidly 
growing cells, such as cancer cells. However, the use of the-
se drugs unavoidably leads to serious side effects due to the 
action of these chemotherapeutics also on cells healthy with 
a rapid turnover, including immune system and mucous 
membranes cells. 
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 In contrast, targeted therapies are designed through a 
rational approach, selectively directed toward molecular 
components that are altered in tumor cells, leading to a sub-
stantial reduction of side effects [3]. Nowadays, targeted 
therapies, although combined with conventional treatments, 
represent the most promising therapeutic strategies to be 
adopted during antineoplastic clinical protocols. 
 A number of experimental evidences suggest that during 
the development of cancer, several signaling pathways are 
altered and, as a consequence, unhealthy cells are no longer 
subject to the normal replication control systems inducing 
altered growth, survival, neovascularization and invasion. 
 To become cancerous, cells must accumulate mutations of 
the genes that control proliferation. The deletion and/or ampli-
fication of products encoded by these genes lead to the altera-
tion of key regulatory molecules, such as protein kinases, that 
are main control factors of various cellular pathways [4]. 
 Protein-tyrosine kinases (PTKs), whose activity is finely 
tuned in physiological conditions, are amongst the major 
regulators of intracellular signal transduction pathways. Ge-
netic modifications altering the PTKs-mediated signal are 
closely related to the malignant transformation of cells [5]. 
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 The key role of PTKs during tumorigenesis and cancer 
progression makes them ideal targets for the development of 
highly selective anticancer drugs. Imatinib is the first mem-
ber acting as a selective Bcr-Abl tyrosine kinase inhibitor, 
approved by FDA in 2001 for the treatment of chronic mye-
loid leukemia as an alternative drug for conventional cell 
cycle inhibitors. This result prompted further studies focus-
ing on a more comprehensive knowledge of the structure, 
function and role of PTKs during carcinogenesis and metas-
tasis, leading to the identification of a number of small mol-
ecules endowed with inhibitory activity against such pro-
teins, and thus is potentially useful during the treatment of 
different types of cancer [6]. 

 Several receptors with tyrosine kinase activity (RTK), in 
particular Tie-2, IGF1R, Her-2/ Neu, EGFR and VEGFR1-3, 
have been recognized as important regulators of cell growth 
and differentiation and a number of drugs and prodrugs of 
natural or synthetic origin have been identified as reversible 
or irreversible PTK inhibitors [7, 8]. 

 In particular, carbazoles closely related to previously 
studied indole derivatives [9-16], represent an important and 
heterogeneous class of anticancer agents [17-19], used also 
for other many biological properties [20]. The activity of 
these compounds seems to be related to different mecha-
nisms of action including the ability to act as DNA interca-
lating agents and interfere with specific DNA-dependent 
enzymes, such as topoisomerases and telomerase, or inhibit 
other proteins such as cyclin-dependent kinases and estrogen 
receptors [21-26]. 

 This survey represents an overview of natural or synthet-
ic carbazole-based molecules claimed as kinase inhibitors. 
thus representing promising tools to be adopted in targeted 
therapy of different types of cancer and, in particular, for the 
treatment of hormone-dependent cancers including breast or 
ovarian cancer. 

2. PROTEIN KINASES: STRUCTURE, CLASSIFICA-
TION AND FUNCTION 

 As in the general drug discovery pathway [27, 28], the 
availability of the crystallographic structures of different 
PKs has allowed, through docking studies, to obtain im-
portant information to better understand the mechanism of 
action of these proteins and has led to the discovery of new 
rationale ligands. PKs are a heterogeneous family of en-
zymes that share a highly conserved catalytic site, although 
they differ in structure and size, cellular localization, activa-
tion mechanism and substrate specificity. The conserved 
residue sequences of the active site have provided important 
information on the mechanism of action of this class of en-
zymes. In particular, their ability to transfer the phosphate 
group of a purine nucleotide triphosphate to a hydroxyl 
group of their protein substrates was well established. In 
general, the overall structure of PKs is very flexible, and 
these proteins are characterized by a two-lobed structural 
arrangement surrounding a deep cleft with the active site at 
its upper region. 

 The smaller amino terminal lobe is constituted by a five-
stranded antiparallel β-sheet and a long α-helix, and is usual-

ly involved in protein-protein interactions. On the other 
hand, the larger helical C-terminal lobe includes the active 
site of the enzyme and a metal binding loop. The active site 
residues play a pivotal role in the interaction with the ATP 
triphosphate group, which is essential for the catalytic activi-
ty, whereas the metal-binding loop is involved in binding 
with a bivalent ion essential for the ATP interaction also 
affecting the affinity and selectivity of PK towards the sub-
strate [29]. 

 More than one PKs classification is possible, but conven-
tionally these enzymes are classified according the specific 
OH-residue of substrate or according the aminoacid se-
quence of their catalytic domain. In a first classification, the 
PKs are divided into two subgroups: serine-threonine kinases 
and tyrosine kinases (TKs), which catalyze the phosphoryla-
tion of the OH group of serine and threonine or tyrosine res-
idues, respectively. The catalytic domain of both PK classes 
is characterized by a glycine rich N-terminal region involved 
in ATP binding and a central key residue consisting in a con-
served aspartic acid, necessary for the catalytic activity [30]. 
TKs are in turn classified into receptor TKs and non-receptor 
TKs. The first ones are trans-membrane proteins showing an 
extracellular ligand-binding domain and an intracellular cata-
lytic domain. Non-receptor TKs lack of transmembrane do-
mains and are located in the cytosol, nucleus or are adherent 
to the inner surface of the cytoplasmic membrane [31]. 

 According to the residue sequences in the catalytic do-
mains, PKs can be classified into at least seven groups:  

• PK A, G and C (AGC);  

• Ca2+/CAM-dependent PK (CAMK);  

• Casein kinase 1(CK1);  

• CDK, MAPK, GSK3 and CLK (CMGC); 

• Homologues of yeast sterile 7, 11, 20 kinases 
(STE);  

• Tyrosine kinases (TKs);  

• Tyrosine kinase-like PKs (TKL) [32]. 

 PKs modulate several biological pathways, including cell 
division, cytoskeletal rearrangement, differentiation and 
apoptosis.  

 The general kinase phosphorylation mechanism involves 
the transfer of a gamma phosphate group of ATP onto hy-
droxyl groups of different substrates including sugars, pro-
teins or lipids [5, 33]. 

 More in detail, the reaction catalyzed by protein kinases 
is the following [34]: 

MgATP!! + target  molecule − O:H   → target  molecule − 

O: PO!!! +MgADP + H! 

 These phosphorylation reactions, necessary for most cel-
lular pathways, are reversed by the action of phosphatases, 
which catalyze the removal of phosphoric groups from the 
target molecules [35]. The interaction between a ligand and 
the outer region of a surface PKs receptor promotes the 
activation of the intracellular domain of the kinase, auto-
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phosphorylation and therefore a series of cascade reactions 
in the cytoplasm and in the nucleus and, subsequently, the 
translation of both intracellular and extracellular signal [36, 
37]. The activation of genes and cellular response is there-
fore finely controlled through a balanced, but independent 
action of protein kinases and phosphatases and by the phos-
phorylation rate of their protein substrates. The coordinated 
action of these enzymes represents the base of the deep 
modulation of protein-protein interactions, and therefore of 
cell differentiation, growth, functions and death [38-40].  

 In conclusion, due to their crucial role during human tu-
morigenesis and cancer progression, kinases are ideal targets 
for the design and development of effective and low toxic 
chemotherapeutics [41, 42] and nowadays, represent the se-
cond group of drug targets after G-protein-coupled receptors 
[41, 43]. 

3. PKS INHIBITORS 

 PKs represent ideal therapeutic targets for the develop-
ment of new and effective antineoplastic chemotherapeutics, 
since their altered activity has been widely demonstrated in 
different forms of human cancer [40], and is strictly associ-
ated with uncontrolled proliferation and inhibition of apopto-
sis of tumor cells [44]. As a result, PKs inhibition could rep-
resent a plausible therapeutic strategy [6, 45, 46]. 

 Nowadays, a number of compounds have been claimed to 
be PKs inhibitors, and some of them, such as imatinib, erlo-
tinib and gefitinib, have already been approved for clinical 
use [40], whereas more than 30 others are in various phases 
of clinical trials [39]. Considering the high number of identi-
fied PKs inhibitors, their classification has become necessary 
and the most plausible mode is by taking into consideration 
the specific mechanism of action. 

 Type I inhibitors are chemically characterized by the 
presence of a heterocyclic system in their structure that mim-
ics purine of ATP adenine and binds to the catalytic site in 
the active phosphorylated form of PKs and several side 
chains occupying the adjacent hydrophobic regions [47].  

 Among this class of inhibitors, several compounds, active 
at millimolar concentrations, have been already approved by 
the FDA, including gefitinib (2003), dasatinib (2006), 
sunitinib (2006), lapatinib (2007), pazopanib (2009), erlo-
tinib (2016), crizotinib (2016), bosutinib (2017), vemuraf-
enib (2017) and ruxolitinib (2019) [48]. A major limitation 
to clinical use of such drugs is represented by a low selec-
tivity due to the high analogy of the pocket of ATP with 
binding sites of other proteins. For example, a recurrent side 
effect of these compounds includes cardiotoxicity associated 
with deterioration of cardiac function [49, 50]. Tofacitinib, 
approved by the FDA in 2018, is a highly selective inhibitor 
of the JAK type I family. This drug has promoted the begin-
ning of a new era for high selective PKs inhibitors [51]. 

 A new subclass of PKs inhibitors, known as type I½ in-
hibitors, has recently been described [52]. Similarly to type I 
inhibitors, these compounds are able to reversibly interact 
with the ATP binding pocket in the active conformation of 
the target PKs. However, they are also able to reach the 
deeper region of the crevice in between the lobes of the pro-

tein, allowing these compounds to interact with residues that 
define the type II pharmacophore model.  

 Type II kinase inhibitors are able to selectively interact 
with the catalytic site of PKs in the non-phosphorylated and 
inactive protein conformation [53, 54]. As a consequence of 
such interaction, generally mediated by an H-bond between 
these inhibitors and the "hinge region" of the enzyme, the 
inactive conformation of the PKs results is stabilized, pre-
venting its activation [53, 55]. 

 Generally, type II inhibitors have a high affinity and 
specificity compared to those of type I [47, 55, 56]. 

 Type II inhibitors are further subdivided into two sub-
classes: IIA drugs able to reach the deeper region of the cleft 
and IIB drugs, which specifically interact with the frontal 
area of the slit and the gate between the protein lobes. The 
first PK inhibitor binding the inactive form of the protein, 
imatinib, was discovered by serendipity [57-59]. Several 
experimental evidences have confirmed that this drug is able 
to bind the ABL, c-Kit and PDGFR kinases in the non-
phosphorylated form. Successively, several type-II PKs in-
hibitors were co-crystallized with their own target protein, 
including the complexes BIRB796-p38MAPK [59], Soraf-
enib-B-raf [60] and AAL993-VEGFR [61]. 

 Sunitinib, a IIB inhibitor of Kit and VEGFR2, is a drug 
approved by FDA for the treatment of renal cell carcinoma 
(RCC), gastrointestinal stromal tumor (GIST) and progres-
sive pancreatic neuroendocrine tumors. More recently, it has 
been shown that type II inhibitors can interact with more 
than one kinase [47], and this makes them non-selective 
agents; therefore, the discovery of new inhibitors with high 
affinity and selectivity remains an important goal of this 
field of research. 

 Many other compounds have been shown to be able to 
modulate the activity of PKs by acting as allosteric inhibi-
tors. In this case, both ATP and the allosteric inhibitor can 
bind simultaneously to the protein. 

 In particular, type III inhibitors are small molecules ex-
clusively interacting with a region close to the catalytic do-
main/ ATP binding site, without interacting with the hinge 
region of the ATP pocket. CI-1040, targeting MEK, repre-
sents the lead compound of type III PKs inhibitors [62]. The 
interaction of this compound with the target kinase induces a 
conformational change of the protein three-dimensional 
structure, forcing it to adopt an inactive conformation that 
prevents the binding of glutamate in the ATP pocket, which 
is essential for the catalytic activity [63]. Type IV allosteric 
inhibitors interact with protein regions far from the substrate 
binding site. Since allosteric inhibitors exploit binding sites 
and modulate physiological mechanisms that are exclusive 
for a specific kinase, they show very high selectivity towards 
the target enzyme [64]. GNF-2, is a type IV inhibitor able to 
occupy the myristoyl binding site of BCR-Abl, stabilizing 
the inactive form of the protein [65]. TAK-733, another allo-
steric PKs inhibitor, within the MEK1-ATP complex ac-
commodates into a region close to the gate and the deeper 
cleft area next to the ATP pocket [66]. Trametinib is a non-
competitive inhibitor of MEK1/2, recently approved for the 
treatment of melanoma expressing mutant BRAFV600E/K 
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[67]. Further examples of allosteric inhibitors are 
RO0281675 and its analogues [68, 69]. 

 Overall, it would seem that targeting PKs with allosteric 
inhibitors is one of the most promising approach to overcom-
ing the main limitations of inhibitors in clinical use, includ-
ing inadequate selectivity, off-target side effects and emer-
gence of drug-resistance. 

 Finally, covalent kinase inhibitors (type V) establish an 
irreversible interaction with the target kinase [70, 71]. In 
general, these compounds are small molecules containing 
weak electrophile groups able to covalently and selectively 
bind a nucleophilic key cysteine residue in the catalytic site 
of the enzyme. The design of novel type V PKs inhibitors is 
based on the chemical features of the side chain of the ATP 
pocket. In particular, the presence of an electrophilic acceptor 
group in the inhibitor structure is crucial since it can establish 
a covalent bond with the key cysteine residue [72-77].  

 Neratinib (also known as HKI-272) is the lead compound 
of irreversible PKs inhibitors [78]. This compound covalent-
ly binds the key cysteine residue in the ATP binding site of 
the EGFR kinase inhibiting Herceptin-2 (HER-2), thus pre-
venting relapses in patients with early-stage HER2-positive 
breast cancer [78]. CL-387785 is another example of cova-
lent inhibitor. The major advantage of such a compound is 
its capability to overcome drug resistance due to a T790 M 
mutation of the epidermal growth factor receptor (EGFR) 
[79]. 

 Several other compounds have been approved by FDA as 
PKs inhibitors, including afatinib, a mutant-selective EGFR 
inhibitor (targeting EGFR (ErbB1), ErbB2 and ErbB4) that 
showed a very favorable toxicity profile, approved for the 
treatment of NSCLC [80] and ibrutinib (also targeting mu-
tant-EGFR kinase, but interacting with a distinct enzyme 
conformation), approved for the treatment of mantle cell 
lymphoma, chronic lymphocytic leukemia, and Walden-
ström’s macroglobulinemia [81]. Compared to other PKs 
inhibitors, covalent type V ligands show several advantages, 
including a prolonged dissociation half-life that, together 
with high potency and selectivity, significantly reduces off-
target side effects [73, 74]. 

 In conclusion, considering the key role of PKs during the 
emergence and progression of different types of cancer and 
the positive results obtained especially with selective inhibi-
tors, the discovery of novel and potent inhibitors of this fam-
ily of proteins, remains one of the major goals of oncological 
scientific research. 

4. CARBAZOLES AS SERINE/THREONINE KINASES 
INHIBITORS 

 Serine/threonine protein kinases are enzymes able to 
phosphorylate several proteins involved in important molec-
ular pathways that play a key role in cancer progression. 
Different authors highlighted that molecules with a carbazol-
ic core are capable of inhibiting a wide class of these kinases 
and among them, proto-oncogene serine/threonine-protein 
kinase Pim and checkpoint kinase 1 (Chk1) represent their 
preferential targets [82-95].  

4.1. Pim Kinases Inhibitors 

 Pim kinases are a sub-family of CAMK (calmodulin-
dependent protein kinase-related), comprising three isoforms 
Pim-1, Pim-2 and Pim-3. Over-expression of these proteins 
has been observed in different types of cancer. In particular, 
Pim-1 and Pim-2 are highly expressed in leukemia, lym-
phoma, prostate cancer and multiple myeloma [96-99], 
whereas Pim-3 isoform is over-expressed in solid tumors 
such as pancreas, colon and gastric cancers [100-102]. For 
these reasons, Pim kinases are deemed important biological 
targets for the discovery and development of novel antitumor 
agents. In particular, pyrrolocarbazoles represent promising 
Pim kinases inhibitors. 

 Akué-Gédu et al. in 2009 synthesized a series of pyr-
rolo[2,3-a]- and [3,2-a]carbazole derivatives [82]. They 
screened these molecules against 66 different protein kinas-
es, identifying two compounds as low nM selective Pim in-
hibitors. The best results were obtained for two pyrrolo[2,3-
a]carbazole: compound 1, substituted at C-3 position with a 
formyl group and its analogue 2, bearing a bromine at C-7 
position. Compound 1 exhibited a good and selective inhibi-
tory activity against Pim kinase, especially on isoform Pim-3 
with a IC50 value of 0.01 µM. 

 In molecular docking studies, carried out on the crystal-
lographic structure reported in the Protein Data Bank (PDB) 
as 3JPV, this inhibitor and its analogues were observed to 
interact with Pim-1 in a non-ATP mimetic binding mode 
since they are not able to form a hydrogen bond with the 
hinge region. In particular, compound 1 was able to interact 
with the target through a polar interaction between the alde-
hyde group and the lysine 67 residue, several aromatic inter-
actions with the glycine rich loop residue Phe49 and several 
hydrophobic interaction with Leu44, Ile104 and Leu120. The 
planar pyridocarbazole scaffold perfectly fitted into the 
ATP-binding cleft, avoiding the orientation of NH groups 
into hinge region. Moreover, both 1 and 2 have been tested 
for their anti-proliferative activity toward prostate (PC3 and 
DU145) and ovarian (PA1) cancer cells as well as against 
fibroblast primary culture. Compound 2 showed the best 
action as cytotoxic agents, particularly against PA1 and PC3 
cell lines with an IC50 value of 2.8 and 5.9 µM, respectively 
(Fig. 1). 

 Successively, the same authors reported a library of pyr-
rolo[2,3-a]carbazole formylated at C-3 as new scaffolds for 
the preparation of Pim kinase inhibitors [83]. The derivatives 
differently substituted at C-6 - C-9 positions (3-9) showed a 
promising PKs inhibitory activity and, with respect to non-
substituted compound 1, they exhibited an improved anti-
tumor effect. Particularly, analogues 3, bearing a bromine 
atom at the C-6 and a hydrogen atom at C-7/C-9 positions, 
showed the best inhibitory profile against Pim kinases and a 
17-fold increased potency toward Pim-1, compared to com-
pound 1 (IC50= 0.0068µM). This improving effect could be 
explained by the repulsive effect of bromine atom at the C-6 
position towards the oxygen of the Glu121 carbonyl back-
bone as deducted after molecular docking studies on the 
3JPV PDB structure of the protein. The consequence regards 
the positioning of ligand in the top of the binding pocket, 
encouraged the formation of a hydrogen bond with HOH360 
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Compounds Kinases inhibitory potencies 
IC50 (µM) 

Anti-proliferative activities 
IC50 (µM) 

 Pim-1 Pim-2 Pim-3 PC3 DU145 PA1 Fibroblast 

1 0.12 ± 0.01 0.51 ± 0.23 0.01 ± 0.00 9.5 ± 0.5 26 ± 2 4.5 ± 0.4 21 ± 1 

2 0.57 ± 0.04 / 0.04 ± 0.01 5.9 ± 0.4 12.2 ± 0.8 2.8 ± 0.2 11 ± 1 

 
Fig. (1). Structure and activity of pyrrolo[2,3-a]carbazole derivatives (1 and 2). IC50 values are the concentrations for 50% inhibition of Pim 
Kinases, or the drug concentration causing a 50% decrease in the cell lines population. 
 

 
Compounds Kinases inhibitory potencies 

IC50 (µM) 
Anti-proliferative activities 

IC50 (µM) 

 Pim-1 Pim-2 Pim-3 PC3 DU145 PA1 Fibroblast 

3 0.0068 ± 0.0003 0.131 ± 0.003 0.0124 ± 0.0005 2.2 ± 0.2 1.42 ± 0.9 < 0.8 1.94 ± 0.04 

4 / / 0.09 ± 0.02 1.7 ± 0.2 1.15 ± 0.8 < 0.8 1.13 ± 0.5 

5 0.031 ± 0.03 / 0.024 ± 0.04 3.3 ±0.2 2.7 ± 0.4 < 0.8 3.4 ± 0.2 

6 0.066 ± 0.004 / 0.06 ± 0.03  8.6 ± 0.7 5.8 ± 0.5 1.1 ± 0.09 5.0 ± 0.3 

7 / / 0.117 ± 0.02 4.1 ± 0.4 2.5 ± 0.1 < 0.8 2.4 ± 0.2 

8 0.030 ± 0.004 / 0.04 ± 0.001 6.3 ± 0.3 2.1 ± 0.1  0.89 ± 0.03 8 ± 1 

9 0.018 ± 0.005 / 0.006 ± 0.02 2.99 ± 0.45 4.47 ± 0.21 1.96 ± 0.19 3.24 ± 0.32 
 

Fig. (2). Structure and activity of pyrrolo[2,3-a]carbazole derivatives (3-9). IC50 values are the concentrations for 50% inhibition of Pim Ki-
nases, or the drug concentration causing a 50% decrease in the cell lines population. 
 

molecule which interacted itself with Glu121 backbone car-
bonyl. Furthermore, the bromine atom at C-6 could interfere, 
with a repulsive effect, with the oxygen of the Glu121 car-
bonyl backbone of Pim-1 kinase (Fig. 2). 

 In 2012, Giraud et al. prepared a series of 4-substituted 
pyrrolo[2,3-a]carbazoles functionalised or not at 6-position 
with an amino group [84]. Both Pim kinase inhibitory and 
anti-proliferative activities were evaluated and compound 10, 
bearing a methoxycarbonyl group at the 4-position without a 
formyl at position 3, was found to be the most efficient in the 
Pim-1 and Pim-3 inhibition (IC50= 3 µM and 0.5 µM, respec-
tively). Moreover, the results reported a good cellular growth 
inhibitory activity against the prostate cancer cells PC3 

(IC50= 6 µM) and fibroblast primary culture (IC50= 8 µM). 
Furthermore, the corresponding 6-amino analog 11 showed 
an IC50 value of 0.41 µM toward Pim-3. In both cases, the 
corresponding carboxylic acids were less efficient than me-
thyl esters. Docking experiments were performed for com-
pound 10 using Pim-3 model. The compound interacted 
within Pim-3 ATP-binding site via two hydrogen bonds and 
a hydrophobic interaction between the methyl ester group 
and Phe51. Furthermore, the presence of the methyl ester 
group at position 4 in compound 10 allowed a better accom-
modation of the NH groups of the pyrrolocarbazole scaffold 
in the bottom of the protein pocket, thus making it selective 
for Pim-3. These results have been reached using Q86V86 
structure of the protein (Fig. 3). 
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Compounds Kinases inhibitory potencies 

IC50 (µM) 
Anti-proliferative activities 

IC50 (µM) 

 Pim-1 Pim-2 Pim-3 PC3 DU145 PA1 Fibroblast 

10 3 ± 1 / 0.5 ± 0.1 6 ± 4 > 50 27 ± 5 8 ± 4 

11 / / 0.41 ± 0.06 / / / / 

 
Fig. (3). Structure and activity of pyrrolo[2,3-a]carbazole derivatives (10 and 11). IC50 values are the concentrations for 50% inhibition of 
Pim Kinases, or the drug concentration causing a 50% decrease in the cell lines population. 
 

 
Compounds Kinases inhibitory potencies 

IC50 (µM) 
Anti-proliferative activities 

IC50 (µM) 

 Pim-1 Pim-2 Pim-3 PC3 DU145 PA1 Fibroblast 

12 0.046 ± 0.0003 / 0.041 ± 0.009 16 ± 2 20 ± 1 8 ± 2 145 ± 0.8 

13 0.075 ± 0.015 / 0.08 ± 0.00 0.65 ± 0.02  0.96 ± 0.06 0.486 ± 0.003 0.63 ± 0.02 
 

Fig. (4). Structure and activity of pyrrolo[2,3-a]carbazole derivatives (12 and 13). IC50 values are the concentrations for 50% inhibition of 
Pim Kinases, or the drug concentration causing a 50% decrease in the cell lines population. 
 

 Akué-Gédu et al. in 2012 [85] modified the chemical 
structure of pyrrolo[2,3-a]carbazoles, adding different ami-
noalkylated side chains at N-10 position, with the aim to 
enhance the hydrophilic/hydrophobic balance. The outcome 
underlined that compounds 12 and 13, functionalised with a 
cyanobutyl and a dimetylaminobutyl chain at N-10 position, 
resulted in more potent inhibitors of Pim-1 isoform com-
pared to the not substituted analogue (1), with IC50 values 
of 0.046 and 0.075 µM, respectively. 12 and 13 were less 
active than compound 1 on Pim-3 and no activity was 
measured when tested against Pim-2 (Fig. 4). The cyanobu-
tyl analogue exhibited a similar anti-proliferative profile of 
compound 1 in in vitro assays, with IC50 values in the range 
of 8-20 µM. On the other hand, the introduction of a N,N-
dimethylaminobutyl group increased cytotoxic effect against 
three human solid cancer cell lines (PA1, PC3, DU145) and 
fibroblast primary culture. 

 In 2012, Letribot et al. [86] studied a pyrrolo[2,3-
a]carbazole-3-carbaldehydes substituted at N-10 position. 
SAR studies indicated that substitution at both nitrogen at-
oms in the pyrrolocarbazole moiety enhanced the inhibitor 
activity of compound 14 against Pim-1 isoform with respect 

to 1, increasing selectivity toward Pim-2. Though the substi-
tution at only N-10 reduced the potency, in fact, compounds 
15-18 proved less active towards Pim-2, compared to com-
pound 1, even if the introduction of the different alkyl-1,2,3-
triazole groups on the pyrrolocarbazole scaffold of these 
compounds still allows the Pim-1 inhibition. Furthermore, 
the presence of the dansyl fluorescent group in 18 was useful 
to demonstrate that this compound localized into the cyto-
plasm of the cells but not in the nuclei, making it a useful 
tool to distinguish the nuclear from the cytoplasmic func-
tions of Pim (Fig. 5). 

 Successively, Suchaud et al. [87] prepared and tested new 
1,6-dihydropyrazolo[4,3-c]carbazoles and 3,6-dihydropyrazolo 
[3,4-c]carbazoles for their Pim kinase inhibitor activity and 
anti-proliferative activities against two prostatic cancer cell 
lines (PC3 and LNCaP). In both regioisomer series, 5-nitro 
derivatives proved more potent inhibitors compared to  
the 5-amino analogues. 5-Nitro-1,6-dihydropyrazolo[4,3-
c]carbazole 19 performed the best inhibitory potency on all 
the Pim kinase isoforms, mostly on isoforms 1 and 3 (IC50= 
0.04 and 0.10 µM, respectively) and also exhibited a note-
worthy anti-proliferative activity against PC3 prostate cancer 
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Compounds Kinases inhibitory potencies 

IC50 (µM) 

 Pim-1 Pim-2 Pim-3 

14 0.008 ± 0.01 0.35 ± 0.01 0.013 ± 0.002 

15 0.105 ± 0.001 / 0.108 ± 0.037 

16 0.315 ± 0.154 / 0.235 ± 0.0023 

17 0.327 ± 0.01 / 0.49 ± 0.04 

18 / / / 
 

Fig. (5). Structure and activity of pyrrolo[2,3-a]carbazole derivatives (14-18). IC50 values are the concentrations for 50% inhibition of Pim 
Kinases. 
 

cells (IC50= 3 µM). Interestingly, 9-chloro-5-nitro-3,6-
dihydropyrazolo[3,4-c]carbazole (20) strongly inhibited 
Pim-3 with IC50 values of 0.09 µM, without any anti-
proliferative effect on all the investigated cell lines. Molecu-
lar modeling experiments were performed for the study of the 
possible binding mode of compound 19 in the ATP-binding 
pocket of Pim-1 and Pim-3 kinases (PDB code=3JPV and 
1XWS, respectively), demonstrating a similar binding mode 
with both protein isoforms (Fig. 6). In particular, the inda-
zole group perfectly fitted into the ATP binding cleft while 
the pyrazole ring accommodated near the hinge region. The 
complex was stabilized by the formation of a hydrogen bond 
between the hydrogen of N-1 and the carbonyl oxygen of 
Glu121 or Glu124 in Pim-1 and Pim-3, respectively.  

4.2. Checkpoint kinase 1 inhibitors 

 Other interesting targets for anticancer drug discovery are 
different PKs involved in the cell cycle regulation. In partic-
ular, Chk1 kinases play a significant role in G2 checkpoint 
modulating G2-M transition in response to DNA damage, in 
order to repair it [103-105]. Several literature studies suggest 
that molecules with carbazolic moiety have the ability to 

interfere with Chk1 kinases inducing cell cycle arrest and 
selective cancer cell death, making them promising tools for 
targeted therapy. 

 Henon et al. in 2006 [88] synthesized a series of di-
pyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6-tetraones with saturat-
ed and unsaturated side chains at 10-position, as new ana-
logues of Granulatimide (21). This latter is a natural product 
isolated from an ascidian and is a Chk1 inhibitor with an 
IC50value of 2 µM [106]. The ChK1 inhibitory capability of 
the new library was evaluated. Data highlighted that the best 
inhibitory efficiency was provided by compound 22, charac-
terized by the presence of a methyl group in C-10 position in 
its chemical structure (IC50= 0.008 µM). When this substituent 
was replaced by an ethyl group, the inhibitory activity was 
drastically reduced. The cytotoxicity profile was evaluated 
against four tumor cell lines: a murine leukemia L1210, and 
four human tumor cell lines (DU145 prostate carcinoma, 
A549 non-small cell lung carcinoma, and HCT116 and HT29 
colon carcinoma cells). According to the Chk1 inhibitory ac-
tivity, compound 22 exhibited the most promising cytotoxi-
city profile toward all the tested cell lines (IC50= 1.8, 2.2, and 
3.29 µM against L1210, HCT116 and HT29, respectively). 
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Compounds Kinases inhibitory potencies 

IC50 (µM) 
Anti-proliferative activities 

IC50 (µM) 

 Pim-1 Pim-2 Pim-3 PC3 LNCaP 

19 0.04 ± 0.03 / 0.10 ± 0.06 3 ± 1 / 

20 / / 0.09 ± 0.05 / / 
 

Fig. (6). Structure and mechanism of action of pyrazolo[3,4-c] and [4,3-c]carbazole derivatives (19 and 20). IC50 values are the concentra-
tions for 50% inhibition of Pim Kinases, or the drug concentration causing a 50% decrease in the cell lines population. 
 

 
Compounds Kinases inhibitory potencies 

IC50 (µM) 
Anti-proliferative activities 

IC50 (µM) 

 Chk-1 L1210 DU145 A549 HCT116 HT29 

21 > 2.54 2.8 2.8 11.4 6.1 5.7 

22 0.008 1.8 / / 2.2 3.29 

23 / 2.2 / / 1.7 4.7 
 

Fig. (7). Structure and activity of Granulatimide (21) and pyrrolo[3,4-a:3,4-c]carbazole derivatives (22 and 23). IC50 values are the concentra-
tions for 50% inhibition of Chk-1 Kinase, or the drug concentration causing a 50% decrease in the cell lines population. 
 
Moreover, compound 23, bearing a styryl substituent at 10 
position, showed a promising cancer cell growth inhibition 
(IC50= 2.3, 1.7 and 4.7 µM against L1210, HCT116 and 
HT29, respectively), even if with a lower Chk1 inhibitory 
percentage (Fig. 7). 

 In 2007, Henon et al. [89] synthesized a series of bis-
imides carbazole analogues, analogs of Granulatimide, in 
which imidazole moiety was replaced by an imide heterocy-
cle, (21). Several compounds substituted on one or both im-
ide heterocycles, on the benzene ring and on the nitrogen of 
the indolic nucleus have been described. The indole moiety 
was also replaced by a 7-azaindole obtaining aza-bis-imide 
analogues leading to not active compounds (24 and 25). 
Analogues that had a substitution as regards the indole moie-
ty demonstrated a powerful inhibitory activity toward Chk1, 
except for those with –CH3 or -OBn at 8 position. The best 
Chk1 inhibitory activity was measured for compound 26 
functionalized with a hydroxyl group at 10 position (IC50= 
0.002 µM).  

 Docking studies showed a similar binding mode of this 
last molecule and the reference compound Ganulatimide, 

including a dynamical hydrogen-bonded network that fine-
tuning the function of the protein (PDB code= 1NVR). In 
particular, the most crucial hydrogen bonds for kinase activi-
ty are those that are established between the NH group of 
indole moiety and the COO- of Glu91; the carbonyl group 
and the imide NH of ring E with Cys87 and Glu85 residues, 
respectively; one nitrogen atom of ring D with the NH2 
group of Lys132 and the COO- of Glu91 via the intermediate 
of a water molecule. Furthermore, four more hydrogen bonds 
are formed via a water molecule between the C=O of the E 
heterocycle with NH of Asp148, the imide NH of ring D 
with the COO- of Asp148, the second C=O with NH of 
Lys132 and COO- of Glu91. The stronger Chk1 inhibitory 
activity of 26 could be due to the presence of a further hy-
drogen bond between the OH at position 10 and the carbox-
ylic group of Cys87. 

 Additionally, the research team tried to synthesize bis-
imide analogues functionalized with a sugar moiety, in order 
to increase the solubility by forming supplementary hydro-
gen bonds in the ATP binding pocket [107]. The anti-
proliferative effect of these new compounds was investigated 
toward five tumor cell lines: murine L1210, human DU145, 
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A549, HCT116 and HT29. The best results were obtained for 
compounds 27 and 28, bearing a halogen atom in 9-position 
(9-Cl and 9-Br, respectively), especially on murine leukemia 
L1210 cells (IC50= 0.9 µM and 0.7 µM, respectively). The 
other compounds did not show good efficacy (Fig. 8). 

 Other Granulatimide analogues were prepared by Con-
chon et al. in 2006 [95]. The research group modified the 
imidazole moiety with a maleimide and they added a lac-
tam function as well, as in staurosporine (indolocarbazole 
isolated from cultures of Streptomyces). The dipyrrolo[3,4-
a:3,4-c]carbazole-1,4,6-triones and dipyrrolo[3,4-a:3,4-
c]carbazole-3,4,6-triones synthesized were also substituted at 
10-position. The results revealed that compound 29, bearing 
a hydroxyl group at 10-position, was the most active as Chk1 
inhibitor (IC50=0.01 µM). Likewise, compound 30, that did 
not bear any substitution at this position, showed a good ac-
tivity with an IC50value of 0.05 µM. However, the anti-
proliferative tests toward murine leukemic L1210 and human 
colon carcinoma HT29 and HCT116 cells did not give the 
expected results, maybe due to possible instability of these 
compounds in the biological medium (IC50> 25 µM) (Fig. 9). 

 The same research group successively synthesized a fur-
ther series of pyrrolo[3,4-c]-carbazoles [90]. The best Chk1 
inhibitors of the 20 newly synthesized compounds were 31 
and 32, bearing a hydroxyl group at 11 position (IC50 = 0.027 
µM and 0.023 µM, respectively). Docking studies on 1NVR 
structure pointed out the importance of the 11-OH group that 
establishes a hydrogen bond with the carbonyl of Cys87. In 
vitro anti-proliferative assays toward L1210 (murine leuke-
mia cells), HT29 and HCT116 (human colon carcinoma 
cells) highlighted that there was no close relationship be-
tween Chk1 inhibitory activities and cytotoxicity. In fact, 
compound 31 did not show any cytotoxicity against all the 

tested cell lines. On the other hand, compounds 32, 33, 34, 
35 and 36 exhibited a good anti-proliferative effect in an IC50 
range of 0.6 - 26.4 µM (Fig. 10). 

 In order to evaluate the importance of D or E heterocy-
cles on carbazolic nucleus of Granulatimide (21), Conchon 
et al. in 2008 [91] synthesized several substituted pyrrolo 
[3,4-a]carbazole-1,3-diones (37-40), in which the imidazole 
ring E was removed, leading to pyrrolo[3,4-c]carbazole-1,3-
diones (41 and 42). Furthermore, they also prepared 2-
aminopyridazino[3,4-a]pyrrolo[3,4-c]carbazole-1,3,4,7-tetraone 
(43) with 6-membered pyridazine dione ring replacing the D 
heterocycle of the reference compound, however, the low 
solubility of this compounds did not allow the following 
biological evaluation. Data reported that E ring was neces-
sary for Chk1 inhibitory activity: in fact, compounds 37-40 
did not show any inhibitory effect. Instead, D ring resulted 
not essential, in fact, compound 41, in which D ring was 
missing, proved to be the best Chk1 inhibitor. Molecular 
modelling studies suggested that these compounds are able 
to interact with the active site of Chk1. Several hydrogen 
bonds are involved in the stabilization of the ligand-protein 
complex. The most crucial are those formed between the 
CH2OH group of compound 41 or the imide moiety of com-
pound 42 with the C=O of Glu85, together with the one 
formed between the carbonyl group of E ring and the NH of 
Cys87. I In vitro studies focusing on the evaluation of anti-
proliferative profile of such class of compounds demonstrat-
ed that compound 41 displayed the higher antitumor activity 
against L1210 murine leukemic cells, HT29 and HCT116 hu-
man colon carcinoma cells (IC50= 5.5, 3.9 and 2.9 µM, respec-
tively). On the other hand, compounds 40 and 42, both inac-
tive against Chk1, were also able to inhibit cellular growth in 
the same micromolar range of compound 41 (Fig. 11). 

 

Compounds Kinases inhibitory potencies 

IC50 (µM) 

Anti-proliferative activities 

IC50 (µM) 

 Chk-1 L1210 DU145 A549 HCT116 HT29 

24 5.0 17.9 / / 7.0 10.6 

25 / 21.7 12.2 / / 9.0 

26 0.002 54.7 71.9 62.9 / / 

27 0.0345 0.9 / / 1.5 9.8 

28 0.011 0.7 3.06 / / 3.1 
 

Fig. (8). Structure and activity of bis-imide Granulatimide analogues (24-28). IC50 values are the concentrations for 50% inhibition of Chk-1 
Kinase, or the drug concentration causing a 50% decrease in the cell lines population. 
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Compounds Kinases inhibitory potencies  

IC50 (µM) 

Anti-proliferative activities  

IC50 (µM) 

 Chk-1 L1210 HCT116 HT29 

29 0.01 59.5 63.5 41.8 

30 0.05 / / / 
 

Fig. (9). Structure and mechanism of action of pyrrolo[3,4-a:3,4-c]carbazole derivatives (29 and 30). IC50 values are the concentrations for 
50% inhibition of Chk-1 Kinase, or the drug concentration causing a 50% decrease in the cell lines population. 
 

 
Compounds Kinases inhibitory potencies  

IC50 (µM) 
Anti-proliferative activities  

IC50 (µM) 

 Chk-1 L1210 HCT116 HT29 

31 0.027 8.4 15.4 50.6 

32 0.023 1.4 2.7 26.4 

33 0.107 0.75 0.70 20.6 

34 0.311 1.1 3.1 5.6 

35 0.161 0.6 1.6 3.8 

36 / 3.7 1.1 15.5 
 

Fig. (10). Structure and activity of pyrrolo[3,4-c]carbazole derivatives (31-36). IC50 values are the concentrations for 50% inhibition of Chk-1 
Kinase, or the drug concentration causing a 50% decrease in the cell lines population. 
 
 Successively, the same research group [92] prepared a 
pyrrolo[3,4-c]carbazole (44) in which the imidazole ring was 
replaced with a five-membered lactam group. They also syn-
thesized one analogue (45) with a sugar portion connected to 
the indole nitrogen and to D ring. Compound 44 possessed 
the higher Chk1 inhibitory activity with IC50 values of 0.024 
µM. Docking studies showed the capability of compound 44 
to interact through several hydrogen bonds with the binding 
pocket of the kinase (PDB code= 1NVR). As previously de-
scribed for compounds 21-28 and 41-42, the most determi-
nant H-bonds in the ligand-protein complex were those 
formed between the NH group of indole ring with the COO- 

of Glu91, the carbonyl group of ring E with Cys87 and the 
imide group with Glu85. Compound 44 was able to interact 
with the ATP-binding site of Chk1 by three further hydrogen 
bonds via a water molecule with Asp148, Lys132 and Glu91. 

The anti-proliferative evaluation was performed toward 
L1210 murine leukemic cells, HT29 and HCT116 human 
colon carcinoma cells. Results underlined that compound 44 
exhibited a selective effect upon HT29 human colon carci-
noma cells. Concerning the introduction of sugar unit, com-
pound 45 also significantly inhibited Chk1 (IC50= 1.92µM) 
without an important effect on cell lines. The presence of 
this sugar portion ensures the formation of two extra hydro-
gen bonds with Leu15 and Glu91 (Fig. 12). 

 From literature studies, Smaill et al. in 2008 [93] con-
cluded that 4-phenylpyrrolocarbazole 46 and its analogue 47, 
with 20-Cl substituent on the 4-phenyl ring and a polar N-6 
side chain, were powerful inhibitors of Wee1 and Chk1, alt-
hough their poor solubility represented a limitation for succes-
sive biological experimentation [108]. In order to overcome 
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Compounds Kinases inhibitory potencies  

IC50 (µM) 
Anti-proliferative activities  

IC50 (µM) 

 Chk-1 L1210 HCT116 HT29 

37 / 54.4 34.4 46.7 

38 / 10.6 11.5 31.7 

39 / 57.5 33.6 84.9 

40 / 4.9 3.8 6.4 

41 0.21 5.5 2.9 3.9 

42 > 5 5.8 2.3 4 

43 Not tested for its low solubility 
 

Fig. (11). Structure and activity of pyrrolo[3,4-a] and [3,4-c]carbazole derivatives (37-40 and 41,42, respectively) and pyridazino[3,4-
a]pyrrolo[3,4-c]carbazole derivative (43). IC50 values are the concentrations for 50% inhibition of Chk-1 Kinase, or the drug concentration 
causing a 50% decrease in the cell lines population. 
 

 
Compounds Kinases inhibitory potencies  

IC50 (µM) 
Anti-proliferative activities  

IC50 (µM) 

 Chk-1 L1210 HCT116 HT29 

44 0.024 > 50 8.54 0.58 

45 1.92 21.2 46.4 57.8 
 
Fig. (12). Structure and mechanism of action of dipyrrolo[3,4-a:3,4-c]carbazole derivative (44) and pyrrolo[3,4-c]carbazole derivative with a 
sugar moiety (45). IC50 values are the concentrations for 50% inhibition of Chk-1 Kinase, or the drug concentration causing a 50% decrease 
in the cell lines population. 
 
this drawback, the aim of their work was to investigate  
the activity of derivatives containing a hydrogen or a 
(Me/(CH2)2OH) side chain at N-6 and different hydrophilic 
side chains at C-8 position of ring A. Comparing the results 
for Wee1 and Chk1 inhibitory activity, it appeared that the 
best Chk1 inhibitors were the pyrrolidine analogues 48, 49 
and 50 (Chk1 IC50= 0.004, 0.014 and 0.022 µM, respectively). 
The main characteristic of these compounds was strong ba-
sicity. Nevertheless, the same molecules were less active 

against Wee1 (IC50= 0.036, 0.024 and 0.050 µM), whereas 
51, 52 and 53 resulted in good Wee1 inhibitor with a lower 
Chk1 potency (Wee1 IC50= 0.015, 0.018, 0.050 µM and 
0.290, 0.134, 0.374 µM against Wee1 and Chk1, respectively). 
Some of these compounds were tested in different cellular 
assays: compound 54 was observed to be able to interfere 
with G2/M checkpoint, increasing the cytotoxic effect of 
cisplatin on p53-negative cells (Fig. 13). 
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Compounds Kinases inhibitory potencies  

IC50 (µM) 

 Chk-1 Wee1 

46 0.047 0.097 

47 0.170 0.009 

48 0.004 0.036 

49 0.014 0.024 

50 0.022 0.050 

51 0.290 0.015 

52 0.134 0.018 

53 0.374 0.057 

54 0.024 0.058 
 

Fig. (13). Structure and mechanism of action of 4-(2-substituted-phenyl)pyrrolocarbazoles (46 and 47), C-8 and N-6-substituted 4-(2-
chlorophenyl)pyrrolocarbazoles (48-54). IC50 values are the concentrations for 50% inhibition of Chk-1 and Weel Kinases. 
 

 Lefoix et al. in 2008 [94] designed and synthesized a 
small series of 5-azaindolocarbazoles Arcyriaflavin-A (55) 
analogues variously substituted at 9 and 10-positions and on 
the maleimide moiety (compounds 56-60, Fig. 14).The anti-
cancer profile of these molecules has been evaluated against 
two cancer cell lines (murine leukemia L1210 and human 
colon carcinoma HT29 cells). Compounds 56 and 57 result-
ed in the most cytotoxic compound, in particular against 
L1210 cells (IC50= 0.195 and 0.495 µM, respectively). SAR 
studies on these compounds indicated that the presence of 
both a 9,10-methylendioxy group and a different substituent 
on the maleimide group (a methyl for 57 and a N,N-
dimethylaminoethyl for 56) is crucial for the activity of such 
a class of derivatives. The anti-proliferative activity was not 
related to Chk1 inhibition. In fact, 56 and 57 were not active 
as Chk1 inhibitors. The functionalization with a 10-
benzyloxy group (58) or a hydroxylic group at 9 or 10 posi-
tion (59 and 60) increased the Chk1 inhibition of these de-
rivatives. In fact, compounds 58-60 exhibited the best inhibi-
tory activity against Chk1 with IC50 values of 0.014, 0.027 
and 0.072 µM, respectively (Fig. 14). 

5. CARBAZOLES AS TYROSINE KINASES INHIBI-
TORS 

 Several literature studies reported that molecules with a 
carbazolic moiety are able to inhibit different TKs [109-114]. 

Gingrich D.E. et al. in 2003 [109] synthesized a series of  
9-alkoxymethyl-12-(3-hydroxypropyl)indeno[2,1-a]pyrrolo 
[3,4-c]carbazole-5-ones (61). Through SAR studies, they 
highlighted that substitution at positions 9 and 12, with an 
alkoxy or a hydroxypropyl groups respectively, was neces-
sary for their activity. Compound 62, named by authors as 
CEP-5214, was the most interesting and the most studied 
derivative. In particular, this carbazole was recognized as a 
potent, low-nanomolar inhibitor of human VEGF-R tyrosine 
kinases. In fact, it showed IC50 values of 16, 8 and 4 nM 
against VEGF-R1/FLT-1, VEGF-R2/KDR and VEGF-R3/ 
FLT-4, respectively and a high selectivity against several 
tyrosine and serine/threonine kinases as PKC, Tie2, TrkA, 
CDK1, p38, JNK and IRK. The capability of compound 62 
to interact with VEGF-R2/KDR tyrosine kinase was con-
firmed by molecular docking studies using the structure 
1VR2 available on the PDB. Indeed, it establishes Van der 
Waals interactions with Val848, Leu1035, Cys1045 and 
Leu840. The ester derivative 63 (named CEP-7055) was 
designed in order to increase water solubility and oral bioa-
vailability of CEP-5214 and has been used as a prodrug in 
phase 1 clinical trials. CEP-5214 exhibited in vivo anti-
proliferative activity in several tumor models (eg in SVR 
murine angiosarcoma xenograft model) after oral administra-
tion of CEP-7055 ester (Fig. 15). 
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Compounds Kinases inhibitory potencies  

IC50 (µM) 
Anti-proliferative activities  

IC50 (µM) 

 Chk-1 L1210 HT29 

56 / 0.195 1.76 

57 / 0.495 3.345 

58 0.025 1.1 32.4 

59 0.027 80.7 > 100 

60 0.014 3.3 > 100 

 
Fig. (14). Structure and activity of Arcyriaflavin-A (55) and pyrido[3',4':4,5]pyrrolo[2,3-a]pyrrolo[3,4-c]carbazole derivatives (56-60). IC50 val-
ues are the concentrations for 50% inhibition of Chk-1 Kinase, or the drug concentration causing a 50% decrease in the cell lines population. 
 

 
Compounds Kinases inhibitory potencies  

IC50 (µM) 

 VEGF-R1 VEGF-R2 VEGF-R3 Flt3 FGF-R1 PDGF-Rβ Kit JNK1β1 

62 0.016  0.008  0.004  0.0016  0.162 0.406  0.057  0.448  

63 ND 0.018 ND ND ND ND ND ND 
 
Fig. (15). Structure of 9-alkoxymethyl-12-(3-hydroxypropyl)indeno[2,1-a]pyrrolo[3,4-c]carbazole-5-ones(61-63) and relative inhibitory ac-
tivity against a panel of Tyrosine Kinases.  
 
 Becknell N.C. et al. in 2006 [110] described a series of 
C-3 urea, amide, and carbamate fused dihydroindazolocarba-
zole derivatives (64) as dual inhibitors of TIE-2 and VEGF-
R2 receptor tyrosine kinases. SAR revealed that the substitu-
tion of N-13 with n-propyl or i-butyl represented a good 
strategy to improve the activity. In fact, derivative 65 
demonstrated strong inhibition of VEGF-R2 (IC50= 5 nM) 
and of TIE-2 (IC50= 11 nM) and then showed interesting 
pharmacokinetic (PK) properties in the rat with high oral 
bioavailability (44%). Compound 65 was also analyzed for 

dose-related oral antitumor capability against murine SVR 
angiosarcomas in nude mice: at oral doses of 0.3 mg/kg and 
1.0 mg/kg bis in die from day 4 until day 10 of the study, 
showing a maximum inhibition of 62%. Anyways, at higher 
doses, toxicity was observed for 65 (Fig. 16). 

 As reported by Gingrich D.E. et al. in 2003 [109], potent 
VEGF-R2 and moderate TIE-2 inhibitory activity of dihy-
droindazolocarbazole (DHI-carbazole) CEP-7055 (63) was 
due to two chemical features of the molecule: the indole N-
13 and the aromatic C-3 positions.  
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Compound Kinases inhibitory potencies IC50 (µM) 

 TIE-2 VEGF-R2 

65 0.011 0.005 
 

Fig. (16). General structure of amino dihydroindazolocarbazole derivatives (64). Structure and Kinases inhibitory potencies of 65 against 
TIE-2 and VEGF-R2 Kinases. IC50 values are the concentrations for 50% enzymatic inhibition. 
 

 
Compounds Kinases inhibitory potencies IC50 (µM) 

 TIE-2 VEGF-R2 

67 0.043 0.001 

68 0.026 0.005 

69 0.024 0.015 

70 0.020 0.006 

71 0.013 0.007 
 

Fig. (17). General structure of dihydroindazolo[5,4-a]pyrrolo[3,4-c]carbazole derivatives (66). Structure and Kinases inhibitory potencies of 
compounds 67-71 against TIE-2 and VEGF-R2 Kinases. IC50 values are the concentrations for 50% enzymatic inhibition. 
 

 Because of this evidence, Underiner T. L. et al in 2008 
[111], studied the TIE-2/VEGF-R2 SAR and in vitro activity 
of pyrrolodihydroindazolocarbazoles 66 functionalized at N-
13 and C-3 positions. They confirmed that VEGF-R2 inhibi-
tory activity was maintained for a variety of R-13 alkyl sub-
stituents and TIE-2 inhibitory activity increased with the 
length of the R-13 alkyl chain. Particularly, Pr and i-Bu 
groups proved to be the most favorable. 

 The derivatives substituted with 2-thiophenecarbonyl in 
R-3 (67-70) showed a potent dual of TIE-2 and VEGF-R2 
kinases with VEGF-R2 cellular IC50 values between 10 and 
50 nM. Therefore, the best dual TIE-2/VEGF-R2 inhibitor 
was the thiophene DHI-carbazole ketone (70) (TIE-2 IC50= 
20 nM; VEGFR2 IC50= 6 nM). Molecular docking studies on 
this protein (PDB code = 1VR2) showed that lactam moiety 
of compound 70 perfectly fit into the VEGFR2 ATP pocket, 
and the stability of the complex was assured by the for-
mation of hydrogen bonds between the NH of lactam moiety 
and the carbonyl group of Glu917 and between the lactam 
carbonyl group and the amide of Cys 919. Moreover, portion 
C3-thiophenecarbonyl established hydrogen interactions 
with Asp1046 and Lys868. Compound 70 was also able to 
interact with TIE-2 through hydrogen bonds of the NH and 
C=O of the lactam nucleo with the carbonyl of Glu903 and 

the amide of Ala905, respectively. Similar results were ob-
tained for the halogen derivative 71 (TIE-2 IC50= 13 nM; 
VEGFR2 IC50= 7 nM). The same authors tested the ex vivo 
anti-angiogenic activity and the inhibition of microvessel 
growth of thiophene-DHI-carbazole ketones 70 and 71 in a 
rat aortic ring explant model. Compounds 70 and 71 signifi-
cantly inhibited the rise of microvessels in a dose-dependent 
manner with estimated EC50 values around 20 nM (Fig. 17). 

 Dandu R. et al. in 2008 [112] identified a series of dihy-
droindazolo[5,4-a]pyrrolo[3,4-c]carbazole oximes 72 as po-
tent dual TIE-2/VEGF-R2 receptor kinase inhibitors. SAR 
studies pointed out that the ether group at C-8 and alkyl sub-
stitutions at N-11 are essential for selective dual TIE-2/ 
VEGF-R2 inhibitors efficacy. Derivatives of 73 and 74 
showed promising PK inhibitory activity and a favorable 
pharmacokinetic profile in in vivo assay on rats. Compound 
73 was able to strongly inhibit VEGF-R1 and VEGF-R3 
with IC50 values of 8 and 10 nM, respectively. In addition, 
73 displayed potent dual enzyme and cellular activity, good 
rat pharmacokinetic properties, in vitro and oral in vivo anti-
angiogenic activity and in vitro anti-proliferative efficiency 
against human tumor xenograft melanoma A375 cells (EC50= 
70 nM) (Fig. 18).  
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Compounds Kinases inhibitory potencies  

IC50 (µM) 

 TIE-2 VEGF-R2 

73 0.030 0.007 

74 0.026 0.004 
 

Fig. (18). General structure of dihydroindazolo[5,4-a]pyrrolo[3,4-c]carbazole oximes (72). Structure and Kinases inhibitory potencies of 
compounds 73 and 74 against TIE-2 and VEGF-R2 Kinases. IC50 values are the concentrations for 50% enzymatic inhibition. 
 

	  
Compounds Inhibition FLT3 autophosphorylation  

IC50 (pM) 
Anti-proliferative activities  

IC50 (pM) 

  FLT3/ITD  

75 100-250 490-920 
 

Fig. (19). Structure and activity of TTT-3002 (75). IC50 values are the concentrations for 50% inhibition of FLT3 autophosphorylation, or the 
drug concentration causing a 50% decrease in the FLT3/ITD cell line population. 
 

	  
Cpds Kinases inhibitory potencies  

IC50 (µM) 
Anti-proliferative activities  

IC50 (µM) 

 Wild-type ALK Gatekeeper-ALK H3122 (ALK-driven cells) 

77 0.0034 ± 0.9 0.0039 ± 1 0.0179 ± 2.6 

 
Fig. (20). General structure of benzo[b]carbazolone derivatives (76). Structure and Kinases inhibitory potencies of compound 77 against ALK 
Kinases. IC50 values are the concentrations for 50% enzymatic inhibition or the drug concentration causing a 50% decrease in the H3122 cell 
line population. 
 

 Ma H. et al. in 2014 [113] reported a tyrosine kinase in-
hibitor, TTT-3002 (75), as one of the most promising FMS-
like tyrosine kinase-3 (FLT3) inhibitors. The IC50 values for 
75 upon human FLT3/internal tandem duplication (ITD) 
mutant leukemia models were found to be in the range be-
tween 490 and 920 pM. Furthermore, 75 also displayed a 
potent activity toward the most commonly FLT3-activating 

point mutation, FLT3/D835Y. The obtained results were in 
vivo confirmed, employing a mouse model of FLT3-
associated acute myeloid leukemia. Compound 75 was cyto-
toxic against leukemic blasts isolated from FLT3/ITD-
expressing acute myeloid leukemia patients, exhibiting min-
imal toxicity to normal hematopoietic stem/progenitor cells 
from healthy blood and bone marrow donors (Fig. 19). 
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 Jiang X. et al. in 2015 [114] developed a different a se-
ries of benzo[b]carbazolone derivatives and compound 76 
was selected as a lead compound. SAR studies indicated  
its derivative 77, with a 1-((tetrahydropyran-4-yl)methyl)  
piperidin-4-yl functionalization at C-8, showed a similar 
good activity toward both wild-type and gatekeeper mutant 
anaplastic lymphoma kinase (ALK), with IC50 values of 3.4 
and 3.9 nM, respectively. 77 exhibited an encouraging PK 
profile in rats with a high volume of distribution and oral 
bioavailability (67.1%) (Fig. 20). Finally, it significantly 
inhibited ALK driven growth of cancer cells and KARPAS-
299 xenograft model, with a better performance compared to 
Crizotinib, an approved first-generation ALK inhibitor. 

CONCLUSION 

 Today, a lot of resources are being invested in the pre-
vention, diagnosis and treatment of cancer that represent the 
second leading cause of deaths, causing more than 9.6 mil-
lion deaths in 2018, worldwide [115]. For these reasons, the 
discovery and development of novel and effective anticancer 
agents are a key focus of several studies. Conventional anti-
cancer drugs are cytotoxic agents, that present significant 
cytostatic or cytotoxic activity on tumor cell lines and induce 
tumor regression in vivo. Although this strategy has achieved 
significant successes, recent developments in molecular bi-
ology and detailed studies of the molecular pathways, in-
volved in tumorigenesis, have challenged researchers to de-
sign target-based drugs, able to inhibit or modify selected 
molecular markers involved in cancer prognosis, growth and 
metastasis. Several target-based compounds have emerged in 
recent years and among them, kinase inhibitors play a crucial 
role in cancer treatment [116]. PKs are a family of enzymes 
able to modulate phosphorylation signaling networks that are 
critically involved in several aspects of cellular functions as 
well as in cancer emergence and development. The abnormal 
activation of protein phosphorylation is frequently associated 
with cancer development and progression [117]. In several 
types of cancer, these enzymes are over-expressed/over-
activated and involved in various cell functions (signaling, 
growth and division), thus their inhibition should prevent the 
proliferation of cancer cells [118]. Currently, more than 25 
PKs inhibitors have been approved as anticancer drugs and 
several other compounds are in clinical evaluation [34]. 

 In this survey, we reported an overview of small mole-
cules, either of natural or synthetic origin, based on a carba-
zole scaffold and claimed as PKs inhibitors [87, 92, 114, 
119-121]. PKs are a heterogeneous family of enzymes that 
although, differing in terms of structure, cellular localization 
and activation modalities, share a highly conserved catalytic 
site. Due to their several functions, numerous studies have 
focused on the identification of compounds capable of 
modulating their activity and, consequently, there are plenty 
of compounds described in the literature as PKs ligands. For 
this reason, although there is not a fixed distinction, in this 
work, we have tried to classify them according to their spe-
cific targeted kinase, focusing our attention on carbazole 
based compounds. These latter have been grouped into three 
main classes: inhibitors of Pim kinases (a sub-family of cal-
modulin-dependent PKs), Checkpoint kinase 1, and Tyrosine 
kinases. The activity of the described compounds, evaluated 

in dedicated biological assays, was mostly confirmed by 
computational studies that demonstrated the ability of the 
various molecules to interact, in a more or less selective 
manner, with the key amino acid residues for the biological 
activity of the specific PKs. 

 Pim kinases inhibitors, are in general, tetracyclic com-
pounds obtained by the addition of a further pentacyclic on 
the carbazole scaffold and some of them even showed selec-
tivity towards the three subclasses of Pim proteins. Most of 
the Checkpoint kinase 1 inibitors are instead, derivative of 
the natural compound Ganulatimide, containing a bis-imides 
moiety. More heterogeneous is the class of tyrosine kinase 
inhibitors, which include variously substituted tetra or penta-
cyclic compounds. Most of the compounds described 
showed, besides a PKs inhibitory activity at doses in the low 
micromolar range, a significant anti-proliferative activity in 
several in vitro and in vivo human cancer models, thus repre-
senting attractive lead compounds for the development of 
novel antineoplastic drugs. Furthermore, the favorable phar-
macokinetic and the good oral bioavailability of several of 
the described carbazoles confirm their potential for future 
clinical use. 

 Finally, since one of the main objectives of pharmaceuti-
cal chemists remains the identification and development of 
drugs without long-term toxicity and off-target effects, tak-
ing into consideration the whole data so far obtained, carba-
zole based PKs inhibitors could represent interesting tools 
for a rational design of alternative, safe and efficient anti-
cancer agents. 

LIST OF ABBREVIATIONS 

% F = Oral Exposure 

A375 = Human Malignant Melanoma 

A549 = Adenocarcinomic Human Alveolar Basal 
Epithelial Cells 

AAL993 = 2-((4-Pyridyl)methyl)amino-N-(3-
(trifluoromethyl)phenyl)benzamide 

AGC = Protein Kinase K A, G and C 

ALK = Anaplastic Lymphoma Kinase 

ATP = Adenosine Triphosphate 

Bcr-Abl = Breakpoint Cluster Region Protein- 
Abelson Murine Leukemia Viral Onco-
gene Homolog 

BIRB796 = Doramapimod 

B-raf = Serine/Threonine-Protein Kinase B-Raf 

BRAF = v-Raf Murine Sarcoma Viral Oncogene 
Homolog B  

CAMK = Calmodulin/Calcium Regulated Kinases 

CDK = Cyclin-Dependent Kinase 

CEP-5214 = 3-(5,6,7,13-Tetrahydro-9-((1-
methylethoxy)methyl)-5-oxo-12H-



Pers
on

al 
Use

 O
nly

 

Not 
For 

Dist
rib

uti
on

460   Mini-Reviews in Medicinal Chemistry, 2020, Vol. 20, No. 6 Ceramella et al. 

indeno(2,1-a)pyrrolo(3,4-c)carbazol-12-
yl)propanol 

CEP-7055 = N,N-dimethyl-, 3-[5,6,7,13-tetrahydro-9-
[(1-methylethoxy)methyl]-5-oxo-12H-
indeno[2,1-a]pyrrolo[3,4-c]carbazol-12-
yl]propyl ester 

Chk1 = Checkpoint Kinase 1 

CI-1040 = 2-[(2-Chloro-4-iodophenyl)amino]-N-
(cyclopropylmethoxy)-3,4-
difluorobenzene-1-carboximidic acid 

CK1 = Casein Kinase 1 

c-Kit = Tyrosine-Protein Kinase Kit 

CL = Clearance 

CL-387785 = N-[4-[(3-Bromophenyl)amino]-6-
quinazolinyl]-2-butynamide 

CLK = Cdc2-like Kinase 

CMGC = Including cyclin-dependent kinases 
(CDKs), mitogen-
activated protein kinases (MAP kinases), 
glycogen synthase kinases (GSK) and 
CDK-like kinases  

D835Y = Mutation of FLT in which Aspartic Acid 
(D) is Substituted by Tyrosine (Y) at Po-
sition 838  

DHI-carbazole = Dihydroindazolocarbazole 

DNA = Deoxyribonucleic Acid 

DU145 = Human Prostate Cancer Cell Line 

EGFR = Epidermal Growth Factor Receptor 

ErbB = Erythroblastosis Oncogene B 

FDA = Food and Drug Administration  

FLT = FMS-like Tyrosine Kinase 

G2 = Gap 2 

GIST = Gastrointestinal Stromal Tumor 

Glu121 = Glutamic Acid 121 

GNF-2 = 3-[6-[[4-(Trifluoromethoxy)phenyl] 
amino]-4-pyrimidinyl]benzamide 

GSK3 = Glycogen Synthase Kinase 3 

HCT116 = Human Colon Cancer Cell Line 

Her-2/Neu = Human Epidermal Growth Factor Recep-
tor 2 

HER-2 = Herceptin-2 

HKI-272 = Neratinib 

HT29 = Human Colon Adenocarcinoma Cell Line 

i-Bu = Isobutyl 

IC50 = Half Maximal Inhibitory Concentration 

IGF1R = Insulin-like Growth Factor Receptor 1 

IRK = Insulin Receptor Kinase 

ITD = Internal Tandem Duplications 

JAK = Janus Kinase 

JNK = c-Jun N-terminal Kinase 

KARPAS-299 = Human Non-Hodgkin's Ki-positive Large 
Cell Lymphoma cell line 

KDR = Kinase Insert Domain Receptor 

L1210 = Mouse Lymphocytic Leukemia Cell Line 

LNCaP = Androgen-Sensitive Human Prostate Ad-
enocarcinoma Cells 

M = Mitosis 

MAPK = Mitogen-Activated Protein Kinase 

MEK = Mitogen-Activated Protein Kinase Ki-
nase 

NSCLC = Non-small-Cell Lung Carcinoma 

PA1 = Human Ovarian Teratocarcinoma Cell 
Line 

PC3 = Human Prostate Cancer Cell Line 

PDB = Protein Data Bank 

PDGFR = Platelet-Derived Growth Factor Recep-
tors 

Phe51 = Phenylalanine 51 

Pim = Proto-Oncogene Serine/Threonine-
Protein Kinase Pim 

PKC = Protein-Kinase C 

PKs = Protein KINASES 

Pr = Propyl 

PTKs = Protein-Tyrosine Kinases 

RCC = Renal Cell Carcinoma 

RO0281675 = (2R)-3-Cyclopentyl-2-(4-
methanesulfonylphenyl)-N-thiazol-2-yl-
propionamide 

RTK = Receptor Tyrosine Kinase 

SAR = Structure Activity Relationship 

STE = Homologues of Yeast Sterile 7, 11, 20 
Kinases 

T790M = Mutation of EGFR in which Threonine 
(T) is Substituted by Methionine (M) at 
Aminoacid 790 

TAK-733 = 3-[(2R)-2,3-Dihydroxypropyl]-6-fluoro-
5-(2-fluoro-4-iodoanilino)-8-
methylpyrido[2,3-d]pyrimidine-4,7-dione 
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Tie-2 = Tyrosine Kinase with Immunoglobulin 
and Epidermal Growth Factor Homology 
Domains 

TKL = Tyrosine Kinase-Like PKs 

TKs = Tyrosine Kinases 

TrkA = Tropomyosin Receptor Kinase A 

TTT-3002 = (5R,7R,8S)-7-amino-N,8-dimethyl-15-
oxo-5,6,7,8,14,15-hexahydro-13H-16-
oxa-4b,8a,14-triaza-5,8-methanodi-
benzo[b,h]cycloocta[jkl]cyclopenta[e]-
as-indacene-7-carboxamide 

V600E = Mutation of BRAF in which Valine (V) 
is Substituted by Glutamic acid (E) at 
Aminoacid 600. 

V600K = Mutation of BRAF in which Valine (V) 
is Substituted by Lysin (K) at Aminoacid 
600. 

Vd = Volume of Distribution 

VEGF-R = Vascular Endothelial Growth Factor 

Wee1 = Nuclear Kinase Belonging to the Serine/ 
Threonine Family 
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