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Introduction
The 1, 3, 5-triazine skeleton is one of the most interesting chemical 

core structures subjected to extensive study in recent years and its 
derivatives has a wide variety of applications so far. In recent years, 
versatile bioactivities of 1, 3, 5-triazine derivatives have been extensively 
reported [1]. Pharmacologically effective compounds were also used 
for the treatment cardiovascular, neuropsychiatric disorders, diabetes, 
diuretics [2-4].

The area of drug research has experienced significant advances with 
the introduction of 1, 3, 5-triazine skeleton, particularly noteworthy 
happens to antitumor activity. Additionally, many 1, 3, 5-triazine 
derivatives have proved to hold great promise for further development 
as new hits of antitumor agents [5-9]. The attractive reasons of 1, 3, 

5-triazine scaffold were as follows: (1) 1, 3, 5-triazine has been utilized
as a kinase inhibitor scaffold which is monocyclic and symmetrical [10]. 
(2)The polarity of the whole molecule can be inherently imparted by
three nitrogens presented at the 1, 3, 5-triazine core, and the designed
compounds’ clogP values can be lower. (3) Amide functionality with
water stabilizing groups improved potency both in enzyme and in
cell proliferation assays [11]. It has been extensively reported that the
presence of sulfonamide, morpholine, or pyrimidyl moieties at 2, 4 or
6-positions of the 1, 3, 5-triazine core enhanced antitumor activity.
These molecules may demonstrate remarkable pharmacokinetics and
oral bioavailability with additional modifications.

Due to the fast development of new drugs for 1, 3, 5-triazine 
skeleton, a large amount of research articles are arose in fast speed 
[12]. But unfortunately, there is no description in the article to reveal 
the characteristic features of their relationship between 1, 3, 5-triazine 
derivatives and the cancer targets. The present review would be aimed 
at filling this gap and showing the prospects of further investigations of 
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1, 3, 5-triazine derivatives in a search for further antitumor agents on 
selected cancer targets. 

1, 3, 5-triazine Derivatives Targeting Kinases 
Kinase selectivity plays a major role in the design strategy of lead 

series and in the ultimate success of kinase drug discovery programs. 
Identifying and understanding small molecule kinase inhibitor 
selectivity is still a major challenge. Selectivity is often achieved by 
targeting specific inactive states of the kinase. These states did not evolve 
to recognize ATP and are often sufficiently different across the kinome. 
Selectivity can also be increased by targeting specific subpockets such 
as the hydrophobic pocket behind the “gatekeeper” residue or solvent 
exposed residues outside the ATP binding site [13]. A series of 1, 3, 
5-triazine derivatives were developed as orally active and selective 
antitumor agents starting from promiscuous kinase hits. Based on 
molecular modeling and docking analysis, various substituents at the 
2, 4, 6-positions of the 1, 3, 5-triazine core were introduced to fit into 
a small binding pocket which does not exist in regular protein kinases 
near the hinge region to improve kinase selectivity. Antitumor agents 
with 1, 3, 5-triazines have been shown to localize selectively in tumors 
by binding to specific kinase binding site, such as PI3K, EGFR, ROCK, 
etc. [14].

1, 3, 5-triazine derivatives targeting phosphoinositide 
3-kinases

In the 1980s, L.C. Cantley first discovered phosphoinositide 
3-kinases (PI3Ks) which phosphorylate the 3-hydroxy group of 
phosphoinositides [15,16]. Three classes of highly conserved proteins 
of the PI3K family have distinct substrate preferences and regulation 
mechanisms [17,18]. Class I PI3Ks are heterodimers making up of a 
catalytic subunit (p110α, p110β, p110γ and p110δ) and a regulatory 
subunit which are most well characterized [19]. Phosphorylation 
capability of class II and III PI3Ks is similar to class I PI3Ks but not well 
understood [20,21]. Furthermore, the mammalian target of rapamycin 
(mTOR) and DNA dependent protein kinase (DNA-PK) are PI3K-
related protein kinases (PIKKs) and they are always regarded as class 
IV PI3Ks owing to their similar catalytic cores to PI3Ks [14]. 

Protein kinase B (PKB/Akt), mTOR and phosphoinositide 
dependent kinase 1 (PDK1) are the phosphorylated downstream 
effectors of PI3Ks, triggering a signaling cascade that is closely connected 
with various cellular activities [22-24]. Stimulated by receptor tyrosine 
kinases (p110α, p110β, p110γ) and G-protein coupled receptors (p110δ), 
class I PI3Ks regulate most known PI3K signaling effects through the 
formation of phosphatidylinositol 3, 4, 5-triphosphate (PIP3), which 
recruits downstream effectors such as Akt, PDK1, and mTOR [25,26]. 
During the PI3K-mediated activation process, the phosphatase and 
tension homologue deleted on chromosome ten (PTEN) functions as a 
negative regulator by converting PIP3 to PIP2 (Figure 1) [27-29]. The 
PI3K is a well understood target for anticancer therapy confirmed with 
accumulating evidence that PI3K pathway is a most widely activated 
signaling pathway in cancer. This pathway plays a major role not only 
in tumor development but also in the tumor’s potential response to 
cancer treatment. Amplification or over-expression by mutation of the 
catalytic subunit p110α occurs in various types of tumors. Mutations in 
PIK3CA, the gene that encodes p110α, have been found in more than 
30% of solid tumors, such as ovarian, pancreas, breast and stomach 
malignant tumors [14]. 

Different kinds of PI3K inhibitors including compounds with 
different selectivities against the four isoforms of class I PI3Ks knock 
down the PI3Ks and other downstream enzymes. Therefore, small 
molecules targeting PI3K are currently in progress as one of the most 

promising new approaches to cancer therapy and several inhibitors is 
in clinical trial [30-32].

Pan inhibitors of class I PI3K: ZSTK474 (Figure 2) is a pan class 
I PI3K inhibitor in phase I clinical trial potently competing with ATP, 
and inhibit against p110α, p110β, p110γ and p110δ with IC50 of 16, 44, 
5 and 49 nM respectively [33,34]. ZSTK474 showed potent antitumor 
activity and reduced Akt phosphorylation without toxic effects in 
human cancer xenografts after oral administration to mice [34]. The 
co-crystal structure of the PI3Kδ–ZSTK474 complex demonstrates the 
binding mode: the oxygens of one morpholine other than nitrogen of 
benzimidazole as the hydrogen bond acceptor equivalent to the adenine 
N1 of ATP and interacts with the backbone of Val828 (Figure 3) [35].

Bearing appropriate groups at the 4- and 6-positions of the 
benzimidazole ring of ZSTK474 suggested by molecular modeling 
could lead to stronger binding derivatives. Compound 2 (Figure 
2) was identified as a very potent analogue by Gordon et al. showed 
exceptional potency against two mutant p110α isotherms H1047R 
and E545K [36]. Based on the cell researches and pharmacokinetics 
data in a U87MG human glioblastoma xenograft model, compound 
2 significantly reduced tumor growth at MTD (maximum tolerated 
dose). However, compound 2 is not well tolerated in vivo due 
to the poor solubility properties despite the fact that with better 
pharmacokinetics and hopeful anticancer activity. The 4-OMe-6-aza 
compound 3 (Figure 2) was displayed dramatic loss of activity against 
p110α, p110β, and p110δ compared with compound 2 which showed 
that the electron withdrawing effect being highly unfavorable to moral 
activity. Synthetic study on PI3K inhibitors with the triazine skeleton 
structure has proceeded recently [37]. 

Adrian et al. identified that compound 4 (Figure 2) selectively 
inhibit class I PI3Ks over mTOR, or other protein kinases, Compound 
4 activated PI3K/Akt pathway and also showed a robust PD-PK 
relationship with potent antitumor activity in a U87MG xenograft 
model in vivo [38]. In 2012, Mark et al. reported the optimization of 
compound 4 which led to a potent pan class I PI3Ks inhibitor AMG 
511 (Figure 2). AMG 511 showed potently antitumor activity targeted 
blocking PI3K pathway in a mouse liver pharmacokinetics model (EC50 

Figure 1: PI3K signaling pathway.
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= 228 ng/ml) [39]. AMG 511 is a clinical candidate for cancer treatment 
according to its significant pharmacokinetic properties and efficacy in 
vivo.

Selective inhibitor of class I PI3Ks: Class I pan-PI3K inhibitors are 
more common in clinical trials at present in that PI3K isoforms have 
some similar physiological effects, while selective PI3K inhibitors likely 
have some therapeutic superiority owing to reduce off-target influences 
[40]. Recently, isoform-selective inhibitors with 1, 3, 5-triazine core are 
more developed in this field [41-43].

BKM120 (Figure 4) is a 2, 4-bismorpholinopyrimidyl PI3Kα 
inhibitor with an IC50 value of 0.03 μM and it is undergoing Phase III 

clinical trials at present [14]. In 2012, a number of pyridine substituted 
triazine derivatives were discovered by Smith et al. with compound 
7 (Figure 4) showing most activity and selectivity for PI3Kα over 
mTOR [44]. Compound 7 robustly inhibited HGF-induced Akt 
phosphorylation orally at both 25 and 75 mg/kg for 8 h and also 
continued to have inhibition for 24h with a higher dose in the liver. 

Recently, some potent and isoform-selective inhibitors of PI3Kβ 
with aminoacyl-triazines were designated by Pinson et al. on the 
strength of ZSTK474. The compounds showed preferring PI3Kβ 
selectivity with L-amino acyl derivatives, but favored PI3Kδ with their 
D-congeners according to stereochemistry. The method to examine 

Figure 2: Pan inhibitors of class I PI3K.

Figure 3: Co-crystal structure of PI3Kδ–ZSTK474 complex. Orange dashed line indicates hydrogen bond, PDB ID: 2WXL, 1.99 A。. Prepared using PyMOL.
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the mechanism of this inhibition is using site-directed mutants [45]. 
The decisive factor binding to the PI3Kβ-selective inhibitors were 
identified as one Asp residue, D862, differentiating this category from 
other known PI3Kβ-selective inhibitors. The selectivity of PI3Kβ was 
established by the effect of interaction between the primary amino 
substituent of inhibitors and the not conservative residues of the 
binding site. The inhibitors show an alternate mechanistic basis for 
selectivity in comparison to other recently reported selective inhibitors 
[45].

Notably, compound 8 (Figure 5) was 15-fold selective for PI3Kβ 
over PI3Kδ introducing a L-alanine group, while exhibited 15-fold 
selectivity for PI3Kδ over PI3Kβ introducing the opposite stereoisomer 
with a D-alanine substituent (Figure 5). Compound 10 (Figure 5) 
with L-Phe was 35-fold selective for PI3Kβ over PI3Kδ. Compound 
10 demonstrated comparable efficacy to ZSTK474 in cell growth and 
strongly inhibited cellular Akt phosphorylation with IC50 values <10 
nM [45].

1, 3, 5-triazine derivatives targeting mTOR

The mammalian target of rapamycin (mTOR) is high molecular 
mass serine/threonine protein kinases belong to PIKKs. mTOR is 
validated as an anticancer therapy target in clinical study [46-49]. The 
mTOR pathway regulates growth factor signaling, recognizes cellular 
nutrients and energy availably, and eventually mediates cell functions 
depending on two distinct multi-protein complexes, mTOR complex 
1(mTORC1) and mTOR complex 2 (mTORC2) [50]. mTORC1 
phosphorylates the substrates 4EBP1 and S6K in cell translation and 
growth, whereas mTORC2 phosphorylates S473 to activate AKT 
signaling. Both of them are in charge of PI3K/AKT pathway wherein 
signaling ingredients usually mutate in cancer cells [50]. The most 
appealing treatment with cancer is targeting mTOR kinase in the past 
few years [51].

Compound 11 (Figure 6) showed highly potency and selectivity 
inhibition in human tumor xenografts models. The clinical evolution of 
compound 11 was prevented from its fast degradating through human 
microsomes (t1/2 <5 min) regardless of the fact that displayed significant 
stability in nude mouse microsomes (t1/2 >30 min) [52]. Compound 
12 (Figure 6) is a potent and selective mTOR inhibitor generating 
efficacy in vivo at low doses as never before in mouse tumor xenograft 
models. The remarkable potency, selectivity over PI3Kα and stability 
in microsomal through various species of compound 12 facilitated its 
further evaluation. Firstly, 12 was selective over other kinases except 
PI3Kα. The IC50 against PI3K-γ was 1256 nM (2730-fold selective). 
Besides, 12 was supposed to inhibit a panel of 21 kinases without IC50’s 
below 50 μM (>100,000-fold selectivity). The low clearance (0.0083 

mL/min/million cells) and high half-life (>60 min) of compound 12 
verified the significant stability in human hepatocytes as well as human 
microsome. Finally, cardiac potential and drug interactions of it were 
explored. 

Compound 13 (Figure 6) was recorded as mTOR inhibitor selective 
over PI3K and inhibited downstream substrate Pakt of mTOR kinase 
up to 83% exhibiting dose-dependent inhibition [37]. This compound 
inhibited 18 cancer cell-lines’ proliferation (IC50<1 μM) in tissue 
culture experiments, HGF-stimulated Akt phosphorylation in liver 
at 30 mg/kg and S6RP phosphorylation at 100 mg/kg in vivo tests. 
Compound 14 (Figure 5) was more than 100-fold selective over the 
other PI3K isotherms, furthermore, 14 was selected in order to research 
the selectivity of mTOR inhibitor on cancer cell lines that observed 
high clearance and poor exposure in vivo although the best potency/
selectivity combination [54].

Bearing morpholines with pyrazolopyrimidine (Figure 6) and 
thienopyrimidine (Figure 6) scaffolds with a para-ureidophenyl 
substituent result in greater selective mTOR inhibitors for PI3K than 
the analogs containing morpholine [55]. Compound 17 (Figure 6) 
demonstrated selectively restraining mTOR activity both in U87MG 
tumors in nude mice in vivo and in MDA361 cells in vitro.

Some molecules with a central triazine skeleton and a morpholine 
substituent like 18 (Figure 6) were sub-micromolar mTOR inhibitors. 
Compound 18 showed a five-fold selectivity towards mTOR contrast 
to PI3Kα, is under a lower molecular weight of 356 Dalton and higher 
mTOR ligand efficiency of 0.34 kCal/mol/HA. Anders Poulsen et al. 
have reported that compound 19 (Figure 6) was slightly better potent 
to mTOR with high LE of 0.39 kCal/mol/HA [56].

The 2, 5-bridged morpholine derivative (Figure 6) displayed 
excellent potency against mTOR with IC50 of 250 and 300 nM in 
LNCaP prostate and MDA468 breast cancer cells assays respectively. 
Compound 21 (Figure 6) with (R)-3-methylmorpholine led to 
enhancing activity against mTOR and increase corresponding activity 
in cellular. A thorough investigation of alternative urea derivatives was 
prompted as the potential of 21 [57].

BMCL-200908069-1 (Figure 6) potently inhibited mTOR with an 
IC50 of 0.27 μmol/L. Compound 23 (Figure 6) was reported by HUANG 
Qiang et al. and it is more active than BMCL-200908069-1 against 
HT-29, H460 and MDA-MB-231 cancer cell-lines [58]. Zhu et al. 
reported that mTOR activity of compound 24 (Figure 6) (with IC50 of 
0.05 μM) was exhibited with significant selectivity for the H460 tumor 
cell line and high antiproliferative activity evaluated by LANCE [59]. 
Compound 24 showed strong antiproliferative activity for the H460, 
HT-29, and MDA-MB-231 cell-lines with IC50 of 0.05, 6.30, and 6.49 

Figure 4: PI3Kα selective inhibitors.
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Figure 5: PI3Kβ selective inhibitors.

Figure 6: mTOR inhibitors.
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μM, which were 190, 5 and 6 fold active with compound 22 (9.51, 29.25, 
and 36.20 μM), respectively.

1, 3, 5-triazine derivatives targeting both PI3K and mTOR

More than 50% of all solid tumors lead to up regulated PI3K/Akt/
mTOR signaling due to gene mutations, deletions, or amplifications. 
Therefore, it is just an innovative strategy for cancer treatment 
targeting both PI3K and mTOR kinase to inhibit the PI3K/Akt/mTOR 
signaling pathway [60]. Dual PI3K/mTOR inhibitors likely generate 
greater therapeutic advantages in cancer patients because of that the 
retroaction of PI3K signaling aroused by selective mTORC1 inhibitors 
was alleviated. 

Dual PI3K/mTOR inhibitor 25 (Figure 7) showed inhibition 
of mTOR substrate 4EBP1 phosphorylation in a Lantha-Screen 
enzyme test (IC50=97 nM), it also showed moderately inhibition of 

downstream 4EBP1 phosphorylation and mTORC2 downstream 
AKT phosphorylation in two U-87 cellular assays [11]. PKI-
587(PF-05212384, 26) (Figure 7) is a dual PI3K-mTOR inhibitor 
(PI3Kα, PI3Kγ and mTOR, IC50 values of 0.4, 5.4 and 1.6 nM, 
respectively) emerged recently possessing highly similar structure 
to previously known PI3K-mTOR dual inhibitor PKI-402 (Figure 
7) (PI3Kα, PI3Kγ and mTOR, IC50 values of 1.4, 9.2 and 1.7 nM, 
respectively) with a triazolopyrimidine scaffold [14]. PKI-587 showed 
complete inhibition of Akt phosphorylation in tissue culture at 30 nM 
and completely inhibited Akt phosphorylation for 36h injected PKI-
587 at 25mg/kg in MDA-MB361 xenografts experiments. Maximum 
anti-tumor efficacy was showed at 10 mg/kg in dose-response analysis. 
Inhibition of xenograft tumor growth and Akt phosphorylation were 
also exhibited in H1975 (non-small cell lung cancer), HCT116 colon 
carcinoma, and U87 (glioma) models [36].

Figure 7: PI3K/mTOR dual inhibitors.
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PKI-179 (Figure 7) is an orally efficacious PI3K/mTOR dual 
inhibitor obtained from replacing one of the bis-morpholines in PKI-
587 with 3-oxa-8-azabicyclo (3, 2, 1) octane reducing the molecular 
weight. PKI-179 exhibits significant cell activity in vitro and potent 
effect in the MDA-361 xenograft model in vivo. Its reaction on other 
tumor models is on investigating.

Christoph et al. reported that compound 29 (Figure 7) was 
analogous to clinical candidate PKI-587 and superior to that of 
preclinical candidate PKI-402 in vitro profile [60]. Furthermore, 
compound 29 was more potent than compound PKI-402 in vivo 
biomarker studies while less puissant than PKI-587. More results 
obtained from the modification effort of 29 will be reported later.

Compound 30 (Figure 7) was reported by Ryan et al. in a 
U87MG cellular test evaluating phosphorylation of Akt. It displayed 
good oral biological availability in rats (Foral=63%) and low double 
digit nanometer IC50 [61]. It phosphorylated Akt in dose-dependent 
reduction in a U87 tumor pharmacokinetics model with EC50 = 193 
nM in plasma.

1, 3, 5-triazine derivatives targeting RTK

EGFR inhibitors: Receptor tyrosine kinases (RTK) is indispensable 
for a numerous biological processes. This includes propagation of 
antigenic signals derived from tumor-secreted growth factors [62]. 
The members of vascular endothelial growth factor receptor (VEGFR) 
tyrosine kinase family are recognized as RTKs to be acted in tumor 
angiogenesis [63]. The EGFR as a prominent mediator of survival 
and cell proliferation, leads to survival and improved proliferation of 
cancer cells [64]. The regulated EGFR molecular-targeted inhibitor is a 
promising cancer treatment, especially the therapy of lung cancer [65]. 
Small molecule kinase inhibitors have been discovered as a potential 
substance to inhibit EGFR since 1980s [66].

Compound 31 (Figure 8) was a potent VEGF-R2 (flk-1/KDR) 
tyrosine kinase inhibitor. It showed low nanometer potency in the in 
vitro enzyme inhibition assay (IC50=18 nM) and submissively inhibitory 
activity in a KDR-induced MAP kinase autophosphorylation assay 
in HUVEC cells (IC50=280 nM), and also exhibited good selectivity 
against a panel of growth factor receptor tyrosine kinases in vitro. 
Furthermore, 31 demonstrated anthropogenic activity in an aortic ring 
explant assay through blocking endothelial outgrowths in rat aortas 
with an IC50 of 1 μM [6].

Mutations in the tyrosine kinase domain of EGFR have been 
defined as a resistance cause of non-small cell lung cancer (NSCLC). 
The T790M mutation seems to play a double role in the survival of lung 
cancer cells [67]: it can not only increase the affinity of the EGFR to ATP 
comparing with its affinity to EGFR tyrosine kinase inhibitors (EGFR-
TKIs) [68] especially in combination with the L858R mutation, but also 
confer growth advantage to the cancer cells [67]. Therefore, it is urgent 
to promote novel potent selective reversible inhibitors against EGFR 
with T790M/L858R mutations or dual-effective inhibitors against both 
WT EGFR and mutant EGFR (T790M/L858R). Compound 32 (Figure 
8) was regarded as the most potential selective hit and could highly 
suppress mutant EGFR enzyme with IC50 of 1.5 μM and IC50> 100μM 
for WT (wild type) EGFR [69]. Compound 33 (Figure 8) exhibits 
‘dual-effective’ inhibition efficiency against EGFR and mutant EGFR-
T790M/L858R simultaneously. It demonstrates inhibition against the 
proliferation of NCI-H1975, A431 and A549 cell lines. Compound 
33 potently inhibit the mutant EGFR-dependent, A431 and A549 cell 
line with IC50 values of 10.5 ± 0.9 μM, 8.0 ± 1.6 μM and 7.7 ± 1.3 μM 
respectively [69].

The selectivity of new EGFR inhibitors with the triazine group 
would most probably be achieved by exploiting the additional 
hydrophobic pocket located in the back of the ATP-binding site, and 
the linker between the scaffold and substituents was different from 

Figure 8: EGFR inhibitors.
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the other triazine analogs, its selective inhibition was still potent. This 
was consistent with previous prospects of other researches on selective 
inhibitors against kinases [69].

RTK Tie-2 inhibitors: Tie-2 as an endothelial cell specific receptor 
tyrosine kinase is involved in angiogenesis course such as remodeling, 
stability, vessel branching, maturation, and sprouting [70,71]. The 
suppressant of angiogenesis can restrict tumor survival and growth. The 
RTK Tie-2 is essential for angiogenesis progress and vessel maturation, 
and it is exhibited nearly exclusively in the vascular endothelium [72]. 
Nevertheless, it is difficult to say of Tie-2 signal in tumor angiogenesis. It 
is necessary to screen a selective small molecule Tie-2 suppressant with 
selective activities against other kinases that acts in tumor angiogenesis 
in order to assess the usefulness of direct inhibition of Tie-2 signaling 
as an anticancer drug. Compared with the plethora of VEGFR-2(KDR), 
there are two previous small molecule Tie-2 inhibitors that are highly 
discriminating than KDR are reported [73,74]. 

In 2007, Brian et al. disclosed a new series of selective and potent 
Tie-2 suppressants with pyridine triazine [72]. When administered 
in i.v and p.o means, compound 34 (Figure 9) demonstrated good 
pharmacokinetics properties. This compound possessed more than 30 
times selective over all screened kinases over enzymatic assays and was 
valid in a Tie-2 autophosphorylation cellular test (IC50 = 62 nM). When 
the dosage of oral to 100 mg/kg, it inhibited the 94% 

phosphorylation of Tie-2 in order to basal at the 3h time point 
in a mouse pharmacogenetics research. The huge selectivity, PK 
properties and cellular potency of 34 made it play an important role in 
angiogenesis and tumor progression.

1, 3, 5-triazine derivatives targeting FAK

Focal adhesion kinase (FAK) as an omnipresent non-receptor 
tyrosine-protein kinase, which plays as a significant modulator in 
angiogenesis generally conserved and localized in focal adhesions, is 
activated by downstream binding integral to the extracellular matrix 
(ECM) or up-growth factor stimulation [75]. FAK plays a noteworthy 
role through regulating cancer cells and their microenvironments in 
tumor progression and metastasis. Overexposure or increasing activity 
of FAK is common in many human cancers [76]. Therefore, FAK was 
considered as a potential target for cancer therapy at present because it 
is highly expressed at both the transcriptional and translational level in 
numerous cancers [77].

Several FAK inhibitors affected glioma, ovarian tumor growth and 
neuroblastoma in vivo have been successfully developed, owing to their 
ability to suppress tumor-associated angiogenesis and tumor growth 
competitively. As FAK inhibitors, a novel series of diarylamino-1, 3, 
5-triazine derivatives (Figure 10) were reported by Dao et al. which 
demonstrated deleterious effects on endothelial cell viability essentially 
and the best of our depressants showed a comparable potency on cell 
activity at significantly low concentration. PHM16 (Figure 10) available 
inhibited FAK autophosphorylate at in HUVEC cells, indicating it 
could potently block FAK signaling route in living cells [78].

1, 3, 5-triazine derivatives targeting CDK

Cyclin-dependent kinases (CDKs) take critical effect on regulating 
cell cycle machinery [79]. The cycling mediator subunit is necessary 
for activating these family kinases, and each phase of the cell cycle is 
achieved by different CDK/cyclin pairs [80]. Until now, no less than 
9 CDKs and at least 12 diverse cyclin families have been evaluated. 
CDK1/cyclin B, CDK2/cyclin A, CDK2/ Cycling E, CDK4/cyclin D, 
and CDK6/cyclin D as the remarkable CDKs/cyclins for central cell 
cycle function have been demonstrated [81]. Furthermore, CDK5 may 
play a significant role in Alzheimer’s pathology and neurogenesis, as 
its activity is supreme in brain [82,83]. However, CDK7, CDK8, and 
CDK9 have been invovled in the regulation of RNA elongation [84]. 
It is a common feature for uncontrolled CDK activity with increasing 
evidence interrelated to proliferative diseases such as psoriasis, cancer 
and restenosis, and many CDK inhibitors have been investigated over 
the past decade [85-91].

Compound 39 (Figure 11) indicates moderate CDK1 inhibitory 
potency (IC50=2.4 μM). A novel potent CDK inhibitor is 40 (Figure 10) 
competitively inhibited CDK1 (IC50=0.021 μM), CDK2, and CDK5, 
and showed submissively efficacy of CDK4, CDK6, and CDK7, which 
also exhibited significant potential of GSK-3β. It potently inhibited the 
proliferation of various tumor cell-lines including A375, U937, HCT-
116 and HeLa. Compound 40 produced an effective survival increase 
to nude mice in human A375 xenografts models when administered at 
150 and 125 mg/kg intraperitoneally [7]. An illustration of the binding 
mode of compound 40 in the ATP-binding site of CDK1 is proposed by 
molecular docking (Figure 12). Compound 40 fits well into the ATP-
binding site of CDK1 and makes extensively favorable van der Waals 
contacts with the binding site through its primary scaffold [7].

Figure 9: RTK Tie-2 inhibitors.
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Figure 10: FAK inhibitors.

Figure 11: CDK inhibitors.

Figure 12: Binding mode of compound 66 with CDK1. The key H bonds formed between compound 66 and CDK1 are indicated by the yellow dotted lines.
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1, 3, 5-triazine derivatives targeting ROCK 

Rho-associated protein kinases (ROCKs) belong to Ras superfamily 
are primary and excellent downstream regulators of the Rho GTP-
binding proteins that mutation in nearly 30% of all human cancers has 
been discovered [92]. ROCKs play a role in different cellular functions, 
smooth muscle striation, cell attachment and motility, acting in 
cytoskeleton organization, and gene expression [93]. ROCK1 and 
ROCK2 isoforms have a high degree of sequence homology particularly 
in the catalytic kinase region (89% identity) [94]. The expression of 
ROCK1 primarily exists in liver, lung, kidney, spleen and testis, while 
ROCK2 generally exists in the heart and brain [95]. Fasudil (Figure 13) 
is the exclusive ROCK inhibitor used to prevent cerebral vasospasm 
after subarachnoid hemorrhage in clinical in Japan although some 
available ROCK inhibitors are in clinical trials at present [96-99]. 
Therefore, it is quite necessary to identify and design novel ROCK1 
inhibitors to develop novel therapies.

Recently, Shen investigated a new ROCK1 inhibitor with the 
triazine group (Figure 13) by screening a small-scale compounds 
library [100]. This inhibitor not only prominently inhibited ROCK1 
activity. But also excellently inhibited the proliferation of several 
cancer cell lines. Inhibitor 42 inhibit the ROCK1 kinase with IC50 of 
11.2 μM, it can also effectively inhibit the cell multiplication of A549, 
H460, LP1 and OPM-2 with EC50 values lower than 15 μM suggests 
that this inhibitor is worthy of more study. Compound 43 is likewise a 
potent ROCK1 inhibitor with the IC50 of 6 μM.

ROCK1 inhibitors with 1, 3, 5-triazine scaffold showed best 
binding affinity to Rho-associated protein kinases that the van der 
Waals interaction is the major driving force for ligand binding. 
Small hydrophobic groups may be favorable to enhance the non-
polar interactions with ROCK1. The hydrogen binding interaction 
important residues for achieving strong binding was highlighted. 
Moreover, Asp160, Ile82, Val90, Met156, Leu205 and Phe363 are all 
hydrophobic residues, and they play key roles in inhibitor-protein 
interactions which afford important guidance for the rational design of 
novel ROCK inhibitors [100].

1, 3, 5-triazine Derivatives on other Targets
1, 3, 5-triazine derivatives targeting PAK4

p21-activated kinases (PAKs) are members of ste20 serine/
threonine kinases that are regulated by Rho-GTPases [101]. PAK4 has 
been widely demonstrated to regulate cell morphology, cytoskeleton 
organization, cell proliferation, migration, and survival [102-104]. 
Moreover, the improved expression and activity of PAK4 in multiple 

human tumor cell lines suggest that targeting PAK4 is viable in the anti-
cancer drug development. A novel PAK4 inhibitor, KY-04031(Figure 
14) inhibits PAK4 activity (IC50 = 0.79 ± 0.05 μM) and prostates cancer 
cell growth and invasion. The unique molecular feature of KY-04031 
can be utilized in developing new PAK4 inhibitors [105].

1, 3, 5-triazine derivatives targeting Hsp90

An ATP-dependent molecular chaperone, named Heat shock 
protein 90 (Hsp90) serves as a crucial participant in regulating many 
proteins which involved in signaling pathway and cell proliferation 
[106,107]. In humans, Hsp90 has two cytologic isotherms, Hsp90α 
(irreducible form) and Hsp90β (constitutive form), and the functional 
differences between these isotherms are poorly understood. Recent 
studies showed that cancer cells need secretion of Hsp90α into the 
extracellular matrix for invasion and metastasis [108]. Once identified 
as one of the most abundant intracellular proteins in 1987, Hsp90 has 
received considerable attention and emerged as an attractive cancer 
therapeutic target owing to its chaperoning function of the substrate 
proteins. In this regard, the inhibition of Hsp90’s chaperoning function 
can induce simultaneous blockage of several signaling pathways in 
tumor cells, so as to defeat the inevitable drug resistance of conventional 
cancer therapeutic agents [109]. 

A novel series of 2-amino-1, 3, 5-triazines bearing a tricyclic moiety 
as Hsp90 inhibitors are described by Atsushi [110]. Starting from lead 
CH5015765 (Figure 15) and natural Hsp90 inhibitor geldanamycin 
(Figure 15), they identified CH5138303 (Figure 15) in order to 
optimize affinity to Hsp90, in vitro cell growth inhibitory activity, water 
solubility, and liver microsomal stability of inhibitors. Compound 47 
displayed superior binding affinity to N-terminal of Hsp90α (Kd = 0.52 
nM) and excellent cell growth inhibition for human tumor cell-lines 
in vitro (HCT116 IC50 = 0.098 μM, NCI-N87 IC50 = 0.066 μM). Its oral 
bioavailability in mice (F=44.0%) was very important. It also had 136% 
inhibition in a human NCI-N87 gastric cancer xenograft model.

1, 3, 5-triazine derivatives targeting hCA IX and hCA XII

Carbonic anhydrases (CA) are ubiquitous metalloenzymes that 
involved in various physiological and pathological processes, serving as 
an important target for designing drugs useful in diseases like epilepsy 
and cancer [111-115]. Recent research has shown that several CA 
isozymes are drug targets for cancer and infective diseases. There are 
11 active CA isozymes known in human [116,117]. Tumour-associated 
CAs are recognized as hCA IX and hCA XII (also hCA XIV). It is 
generally a poor prognosis sign that this protein expression in many 
types of solid tumors, such as mesotheliomas, ependymomas/gliomas, 

Figure 13: ROCK1 inhibitors.



Med chem
ISSN: 2161-0444 Med chem, an open access journal

Volume 5(3): 131-148 (2015) - 141 

Citation: Liu B, Sun T, Zhou Z, Du L (2015) A Systematic Review on Antitumor Agents with 1, 3, 5-triazines. Med chem 5: 131-148. doi:10.4172/2161-
0444.1000255

follicular/papillary carcinomas [118-122]. Like CA IX, CA XII is also 
existing in several tumors, but CA XIV is commonly exist in some 
tissues like the liver, kidneys and brain among many others [123]. It 
is also proved that potent CA IX inhibitors generated in the laboratory 
give rise to a lower acidifying effects in transacted or cultured tumor 
cells. Inhibition of the tumor-associated CAs may be a potent 
therapeutic method to treat with hypoxia tumors, which are better than 
all the traditional chemotherapeutic agents or radiation [124]. Recent 
studies show that it is a novel therapeutic therapy for cancer targeting 
CA IX/XII [120-122].

The most available and selective hCA IX inhibitors received until 
now introducing triazinyl moieties to sulfonamides were previously 
reported by Garaj et al. [125]. In 2011 Carta et al. showed a series of 
new compounds introducing triazinyl with amino acyl/hydroxylalkyl-
amino moieties and they were transmembrane inhibitors with low 
nanometer [125]. The tumor-associated isoform hCA IX was inhibited 
by compounds 48, 49 (Figure 16) with K1s<1.0 nM but the hCA XII 
was not well understood earlier with these derivatives. 

Amrita and co-workers have reported sulfonamide and sulfamate 
CAIs to show anti-tumour activity in vitro and in vivo when targeting 
CA IX/XII [116]. They reported earlier that incorporation of a 1, 3, 
5-triazine moiety in 4-aminobenzene sulfonamide scaffold leads to 
compounds with enhanced efficacy and specificity with K1s in the 
range of 1.2-34.1 nM against hCA IX and of 2.1-33.9 nM against 
hCA XII, respectively [126]. Compounds 50-54 (Figure 16) showed 
inhibition constants K1 ranging from 1.2 to 5.9 nM [116].

1, 3, 5-triazine derivatives as Enolase inhibitors

Enolase is an ingredient of the glycolysis pathway and it is a key 
in diverse cellular processes. Cancer cells producing ATP increased 
depending on glycolysis are named Warburg effect [127]. The 
metabolic alteration is the fundamental difference between cancer 
and normal cells. Glycolysis inhibitors can kill cancer cells selectively 
and also can cause cancer cell death in a hypoxic environment more 
effectively [128,129].

Small molecule “ENOblock” (Figure 17) are the first, nonsubstrate 
analogue reported by Jung et al., it directly binds to enolase with 
inhibitory activity [130]. Small molecule screened in a cancer cell 
test can isolate ENOblock. In hypoxic conditions, it’s used to detect 
cytotoxic agents. The inhibition of ENOblock for tumor cell metastasis 
in vivo indicated by further analysis. Biochemical analysis showed that 
ENOblock inhibited enolase with IC50 of 0.576 μM. ENOblock makes 
people understand cancer better. It is imperative to explore novel 
glycolysis inhibitors with 1, 3, 5-triazine for cancer therapy is urgently 
[128]. 

1, 3, 5-triazine derivatives as microtubules inhibitors

Microtubules are primary components of cytoskeleton formed 
by tubulin molecules in eukaryotic cells, which related with various 
remarkable cellular pathway as mitosis. Microtubules played a major 
role in the mitotic spindle build process, revealing it as a potential 
target for antitumor treatment [131-133]. Although the range of 
antimitotic agent is extremely large, only few agents received clinical 
and commercial success up to present [134-139]. Poor therapeutic 
indexes and other unrecognized factors made the failure of these 
molecules [91].

Moon et al. reported compound 56 (Figure 18) is a microtubule 
destabilizing agent with potent growth inhibition against U936 cells 
(GI50 = 1 μM) [140]. Tubulyzine (Figure 18) is a trisubstituted 1, 3, 
5-triazine derivative with potent microtubule disassembly properties 
[141]. Inhibitor 58 (Figure 18) was published by Yulia et al., and the 
speed of assembly and the final amount of microtubules were higher 
under control experiment than in the presence of 58 [142]. Compound 
58 demonstrated the optimal combination of tubulin binding activity 
and antiproliferative (IC50 = 0.687± 0.013μM) according to the best 
spacer in tubulin-binding units.

1, 3, 5-triazine derivatives as Rad6B inhibitors

Recently, the highly-regulated ubiquitin-proteasome system is a 
modish target for anticancer therapy in charge of degradation >80% 

Figure 14: PAK4 inhibitors.

Figure 15: Hsp90 inhibitors.
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Figure 16: hCA IX / hCA XII inhibitors.

Figure 17: Enolase inhibitor.

activation and stabilities of oncogenes β-catenin further confirmed that 
Rad6B is a therapeutic target particularly in breast cancer [145]. 

TZ8 (Figure 19) and TZ9 (Figure 18) were formerly reported 
Rad6B-inhibitory anticancer agents MDA-MB-231 cells [146]. The 
triazine carboxamide (Figure 19) was the highest active compound 
against MCF-7 cell line. From molecular docking studies, TZ8 and 
compound 61 were incorporated deep inside the Rad6B binding 
pocket, making key interactions between the hydrazine nitrogen atoms 
and the Rad6B active site residues Cys88 and Asp90 (Figure 20) [147]. 

cellular proteins [143]. Three successive classes of enzymes namely 
E1, E2, E3 can enhance mechanistic and structural class multiformity 
regulate the ubiquitousness of protein. It is reported that the E2 
enzyme Rad6B plays a key role in post-replication DNA repair, over-
expression in breast tumor cell lines. The over-expression of Rad6B is 
constitutive in nontransferable cells due to induct cancer phenotypic 
changes such as aneuploidy, centrosome amplification and abnormal 
mitosis [144]. Conjugates are insensitive to professional degradation 
due to the ability of Rad6B to ubiquitous β-catenin. The consequent 
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Figure 18: Microtubules inhibitors.

Figure 19: Rad6B inhibitors.

Figure 20: Docking interactions of TZ8 and compound 61 in the Rad6B active site.
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The cell line activity profile and molecular modelling studies confirmed 
that Rad6B is a possibility mechanistic target for cancer treatment.

1, 3, 5-triazine derivatives as HDACs inhibitors 

Inhibition of histone deacetylases (HDACs) has been identified as 
a unique mechanism for cancer chemotherapy. 1, 3, 5-triazine-based 
hydroximic acids are as novel HDAC inhibitors due to the present 
work. Compound 62 (Figure 21) was a potent inhibitor of human 
histone deacetylases exhibited significant antiproliferative effect on 
HCT-116, MCF-7, and HeLa cancer cell lines. DNA flow cytometric 
analysis revealed that compound 62 induced apoptosis and cell cycle 
arrest at G2/M phase in HCT-116 cells [148].

1, 3, 5-triazine derivatives as Cytotoxic agents

It is utmost important to development of novel anticancer drugs 
and more effective treatment strategies for cancer as traditionally 
prescribed chemotherapeutic agents have problems with toxicity and 
drug resistance [149]. Despite the fact that, many kinase inhibitors 
have been discovered recently and some of them have been successfully 
developed for cancer therapy still there is urgent demand for discovery 
of improved cytotoxic agents. Because of most solid human cancer 
tumor are multi causal in nature and their treatment with “mechanism 
based” agents lonely is unlikely to be successful, so a combination of 
these inhibitors with a better cytotoxic drug seems to be a good strategy 
[150].

Cytotoxicity of 1, 3, 5-triazine derivatives is well known as 

Hexamethylmelamine (HMM) (Figure 22) as an effective agent against 
breast, lung and ovarian cancer with many adverse effects [151]. 
Irsogladine (Figure 22) has been shown to have anti-tumor activity in 
murine xenograft models of epidermoid cancer and glioma [152]. More 
recently, the effect of compound 64 was also investigated in a human 
breast cancer athymic nude mouse system and the results suggested 
that irsogladine can be useful in the breast cancer adjuvant setting 
[153]. R. Kumar et al. described a series of (tetrahydro-β-carboline)-1, 
3, 5-triazine hybrid molecules showed cytotoxicity against human 
cancer cell lines and considered as important lead compounds for 
potential application in anticancer chemotherapy [154]. Compounds 
65 (Figure 22) showed potent antiproliferative activities against K562, 
PC-3, and HO8910 cell lines with IC50 values of 1.01, 2.23, and 1.06 μM, 
respectively [4]. Further study of the mechanisms of these compounds 
in suppression of tumor cells growth is underway. 

Clinical Studies 
Various types of antitumor agents with 1, 3, 5-triazines including 

molecules that inhibit just one target have been disclosed and a few 
PI3K inhibitors have at present progressed into human clinical trials, 
such as ZSTK-474 (NCT01280487, Zenyaku Kogyo, phase I), PKI587 
(NCT00940498, Pfizer, phase Ib/ II), PKI-179 (Pfizer, phase I) [21,33]. 
However, no recent development of other compounds for the oral 
treatment of cancer has been reported for this research. 

Whereas, failure to activate the apoptotic programme represents an 
important mode of drug resistance in tumor cells. The development of 

Figure 21: HDACs inhibitors.

Figure 22: Cytotoxic agents with 1, 3, 5-triazines.
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resistance to therapy is an important clinical problem which limits the 
use of triazines as anti-tumor agents [53].

Conclusion
This review presents the most recent advances in the development 

of various 1, 3, 5-triazine compounds as anticancer drugs. The 
present review is expected to provide drug designers and medicinal 
chemists integrative targeting information of 1, 3, 5-triazine 
derivatives to improve clinical viable anticancer molecules. From 
the known inhibitors, we notice that introducing structural units of 
various acrylamide, sulfonamide, morpholine, pyrimidyl, piperazine 
groups into the 1, 3, 5-triazine scaffold could improve antitumor 
activity, but pharmacokinetics properties need to be improved via 
biotransformation for clinical use. More anticancer inhibitors with 1, 3, 
5-triazine scaffold would be prepared from different sources and their 
modes of action would be ascertained not long after. 
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