Introduction: The mechanistic tar-
get of rapamycin (mTOR) coordinates
the growth and metabolism of eu-
karyotic cells with a central role in
the regulation of many fundamen-
tal cellular processes. It is strongly
connected to phosphatidylinositol
3-kinase (PI13K) and AKT signaling.
Activation of the PI3K/AKT/mTOR
pathway leads to a profound disrup-
tion in the control of cell growth and
survival, which ultimately leads to
competitive growth advantage, met-
astatic competence, angiogenesis and
therapeutic resistance.

Material and methods: To explore
the common competitive adenosine
triphosphate (ATP) inhibitors PI3K/AKT
and PI3K/mTOR, we built a 2D mTOR-
SAR model that predicted the bioactiv-
ity of AKT and PI3K inhibitors towards
mTOR. The interaction of the best inhib-
itors was evaluated by docking analysis
and compared to that of the standard
AZ8055 and XL388 inhibitors.

Results: A mechanistic target of rapa-
mycin-quantitative structure-activi-
ty relationship (mTOR-QSAR) model
with a correlation coefficient (R?) of
0.80813 and a root mean square error
of 0.17756 was obtained, validated
and evaluated by a cross-validation
leave-one-out method. The best pre-
dicted AKT and PI3K inhibitor pIC50
activities were 9.36-9.95 and 9.23—
9.87 respectively.

Conclusions: After docking and sev-
eral comparisons, the inhibitors with
better predictions showed better af-
finity and interaction with mTOR com-
pared to AZ8055 and XL388, so we
have found that 2 AKT inhibitors and
9 mTOR inhibitors met the Lipinski
and Veber criteria and could be future
drugs.

Key words: QSAR, virtual screening,
PI3K/AKT/mTOR, docking, dual ATP
inhibitors.
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Introduction

The phosphatidylinositol 3-kinase (PI3K)/AKT/mechanistic target of rapa-
mycin (mTOR) signaling pathway dominates a wide range of cellular pro-
cesses including survival, proliferation, and growth, is regulated by many
signaling proteins upstream and regulates many effectors downstream. This
pathway is hyperactivated or altered in many types of cancer [1].

mTOR is a serine/threonine kinase that acts through two structurally and
functionally distinct protein complexes, the mTOR1 complex (mTORCI) and
the mTOR 2 complex (mTORC2), to detect and integrate multiple intracellular
and environmental signals [2, 3].

It is excessively over-activated in more than 70% of cancers [4]. In re-
cent years, it has been widely demonstrated in animal models and cancer
patients that mTOR dysfunction contributes to tumorigenesis [5]. Thus,
the components of the mTOR pathway are among the most frequently mu-
tated genes in cancer [6].

Several types of mTOR inhibitors, such as rapamycin, its rapalogs and
mTORC1/2 kinase inhibitors, have been studied in various cancer models,
including breast cancer, lung cancer, colorectal cancer, and others. However,
the effects of mTOR inhibitors used as monotherapy in cancer are some-
times mitigated by several mechanisms of resistance [7].

Rapamycin is an allosteric inhibitor of mTOR and has been approved as
an immunosuppressant, but interest is focused on its anticancer potential.
However, the performance of rapamycin and its analogs (rapalogs) has not
beendistinguished despite isolated success in subsets of cancers, suggesting
that the full therapeutic potential of mTOR targeting has not yet been ex-
ploited. A new generation of competitive adenosine triphosphate (ATP) in-
hibitors that directly target the mTOR catalytic site exhibits potent and com-
plete inhibition of mTOR and is in early clinical trials [8].

Therefore, new therapeutic strategies based on mTOR inhibition need
to be further developed, including combination therapies targeting other
pathway inhibitors [9]. Inhibition of the PI3K/AKT/mTOR pathway increases
antitumor activity [10]. Studies have shown that the combination of com-
pounds simultaneously targeting different molecules of the PI3K/AKT/mTOR
pathway leads to synergistic activity[11].

Computational design has indeed become a powerful and essential tool
in drug discovery, especially in the context of developing dual-targeted drugs
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for novel kinase targets. Kinases are enzymes involved in
various cellular processes and have been implicated in
many diseases, including cancer. Designing drugs that can
target multiple kinases simultaneously can offer signifi-
cant advantages in terms of therapeutic efficacy [12].

Based on these results, we provide an in silico strategy
for the exploration of competitive dual PI3K/mTOR and
AKT/mTOR inhibitors of ATR after two previous explora-
tions of AKT/PI3K and mTOR/PI3Kinhibitors, and PI3K/AKT
and mTOR/AKT inhibitors [13, 14].

The marked interest in the development of new PI3K/
AKT and PI3K/mTOR inhibitors as potential agents for can-
cer treatment has prompted us to explore the possibility
of developing these inhibitors on the basis of quantitative
structure-activity relationship (QSAR) models to predict
bioactivity of PI3K and AKT inhibitors towards mTOR and
the interaction of the best will be evaluated by docking
analysis.

Material and methods
Dataset generation

Mechanistic target of rapamycin inhibitors were taken
from Binding DataBase (https://www.bindingdb.org) and
their IC,, (concentration of molecules causing 50% inhibi-
tion) was converted to a logarithmic scale, pIC50. A total
of 170 chemically different compounds with high activi-
ty with plC50 greater than 8 were recruited to construct
the mTOR-QSAR model. AKT and PI3K inhibitors with
a plC50 greater than 8 were also selected with the aim
of predicting their activity towards mTOR using the devel-
oped QSAR model and exploring their dual activity. Com-
pounds of significant activity were chosen to predict fu-
ture effective dual inhibitors.

Quantitative structure-activity relationship model
generation

184 2D descriptors available on the MOE 2008.10 (ob-
tained from Chemical Computing Group (CCP); Montreal,
QC, Canada) [15] were calculated for the 170 compounds.
Invariant and insignificant descriptors were initially elim-
inated; then the QSAR contingency descriptor selection
and intercorrelation matrices between descriptor pairs
were used to extract the 52 most relevant molecular de-
scriptors, which were employed for the distance calcula-
tion of each database entry.

All 170 selected compounds were distributed randomly
to atraining set with 128 compounds (75% of the data) and
a test set consisting of 42 compounds (25% of the data).

Partial least squares (PLS) analysis based on the leave-
one-out (LOO) method was used to correlate molecular
descriptors with pIC50 values.

Quantitative structure-activity relationship model
validation

The internal validation procedure evaluates the rel-
ative predictive performance of the QSAR model, firstly
via the correlation coefficient (R?), which is used to mea-
sure the correlation between the experimental pIC50 and
the predicted interest values with the purpose of observ-

ing the variability between the variables in the set test,
and secondly by the root mean square error (RMSE), which
is used to evaluate the relative error of the QSAR model.

The model is also tested by cross-validation using
the LOO method and the computation of the correlation
coefficient (R?) and mean squared error (RMSE), while
the detection of outliers was conducted using Z-Score,
S Z-SCORE (absolute difference between the value
of the model and the activity field, divided by the square
root of the mean square error of the data set) and S XZ-
SCORE (absolute difference between the value of the model
under a leave-one-out cross validation scheme and the ac-
tivity field, divided by the square root of the mean square
error of the data set).

External validation evaluates the activities of the pre-
dictions and the calculation of the numerical parameters
using the model.

Activity prediction

The constructed and validated QSAR-mTOR model
was used to predict the activity of two groups of AKT and
PI3K inhibitors against mTOR, a first one being AKT inhib-
itors and second one being PI3K inhibitors. These inhib-
itors, retrieved from the Binding database (https://www.
bindingdb.org), have a pIC50 greater than 8 with 578 in-
hibitors for AKT and 477 inhibitors for PI3K.

After calculating the predicted activity, the 40 inhibitors
with the best predictions in each group were selected for
docking into mTor in order to explore their dual activity.

Molecular docking

The 3D coordinates of the PI3K inhibitors as well as AKT
that showed the best predicted activity in the QSAR-mTOR
model were generated from 2D by MarvinView 5.4.1.1. For
the docking analysis, 4JT6 (PDB ID), the mTOR crystallized
structure recovered from the PDB database with a resolu-
tion of 3.6 A was used. For docking studies mutual graph
learning (MGL) tools 1.5.6 with AutoGrid4 and AutoDock
vina (Scripps) [16] were used. The mTOR structure was hy-
drogenated using MGL tools and PyMol was used to visu-
alize the results [17].

In this study we followed the same docking strategy
used by the authors in previously published studies
[18]. The Grid boxes were generated, using MGL tools
1.5.6, around the active site of the two 3D structures
of the mTOR kinase protein. The Grid boxes were set
to have 16 to 20 A of edge with coordinates x = 49.037,
y = -0.839, z = —45.349. These coordinates were deter-
mined using the potential substrate binding residues as
centroids (in the hinge region and the activation loop) [19].

AZD8055 and XL388 are known mTOR inhibitors and
were also docked to mTOR to serve as a control to evalu-
ate the docking results. Their 3D structures were obtained
from PubChem.

Results

Quantitative structure-activity relationship analysis

The mTOR-QSAR model was built based on 52 mo-
lecular descriptors; the validation procedure evaluates
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the predicted activities and the residuals for the molecules
in the training set. In cross-validation, the model is tested
using a LOO method. An mTOR-SAR model with a correla-
tion coefficient (R?) of 0.80813 and an RMSE of 0.17756 was
obtained after the QSAR regression analysis of 170 mole-
cules. It was validated and evaluated by the cross-valida-
tion method LOO. The predictive performance of this model
was represented by cross-validated RMSE with 0.54236
and R? with cross-validation of 0.65460.

Figure 1 presents the plot of both the experimental and
the predicted inhibitory potency inpIC50 values of the training
and test set compounds, showing a comparable and simi-
lar distribution between the two groups. No outliers were
detected in the test set data, and all compounds were
well-predicted with a residual value less than one log unit.

Virtual screening

The mTOR-QSAR model developed and validated was
used to calculate the predicted activity of AKT and PI3K
inhibitors against mTOR. Then, the 40 inhibitors with
the best predictions in each group were chosen to perform
their docking into mTOR. The best predicted AKT and PI3K
inhibitors present pIC50 activities in the range 9.36-9.95
and 9.23-9.87, respectively.

Molecular docking studies

The docking scores (affinity) obtained from the docking
of AKT inhibitors and PI3K inhibitors in the catalyt-
ic site of mTor were between —7.6 and —-9.6 kcal/mol
for the AKT inhibitor group and between -3.0 and
—10.6 kcal/molforthe PI3Kinhibitor group. The mTOR reference
inhibitors AZD8055 and XL388 presented score of —7.2 and
-8.6 kcal/mol, respectively (Tables 1, 2).

Discussion

The PI3K/AKT/mTOR pathway is stimulated by numer-
ous growth factors and their receptors, and it regulates
metabolism, growth, survival, cell proliferation, and angio-
genesis.

This pathway is one of the most frequently mutated
pathways in cancer, leading to cancer progression and
induces resistance to existing treatments. Combination
inhibition of PI3K/AKT/mTOR signaling pathways is an ap-
proach to overcome the acquisition of resistance to cancer
treatment.

In order to explore new common inhibitors of AKT/
mTOR and PI3K/mTOR, an mTOR2D-QSAR model was con-
structed to predict the activity of one group of AKT inhib-
itors and another one of PI3K, then docking of those that
had the best prediction (the top 40 in each group), whose
results were compared to those of AZD8055 and XL388,
was performed.

The mTOR inhibitors used to construct the QSAR model
and those of AKT and PI3K whose activity towards mTOR
was predicted were extracted from Binding Database and
selected according to their IC_ bioactivity. The model was
built by the PLS method using MOE software.

The AKT and PI3K inhibitor docking score compared to
the AZD8055 and XL388 score predicts that the AKT in-
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Fig. 1. Relationship between observed and predicted data from
QSAR-mTor model. The compounds of the training set are in red and
those of the test set are in blue

hibitors have an affinity between —7.6 and —9.8 kcal/mol
and those of PI3K have an affinity between -3.0 and
—-10.6 kcal/mol, while AZD8055 and XL388 have affinities
of only =7.8 and —8.6 kcal/mol, respectively. Therefore
39 AKT inhibitors and 30 PI3K inhibitors had an affinity
higher than that of AZD8055, and 17 AKT inhibitors and
22 PI3K inhibitors had a higher affinity than that of XL388.
Thus, the affinity and interaction of XL388 would be more
effective than that of AZD8055.

Visualization of these interactions showed that the dif-
ferent compounds adapt to the ATP binding site forming
hydrogen bonds, in particular with the residue V2240,
which is considered as a hinge residue for mTOR. The best
inhibitor of AKT and that of PI3K establish respectively
5 and 7 hydrogen bonds with mTOR, compared to AZ8055
and XL388, which have only 3 and 4 connections, respec-
tively. The significant affinity score of some inhibitors de-
spite the low number of hydrogen bonds can be explained
by the hydrophobic interactions and that of van der Waals.
Thus, the affinity and interaction of XL388 and most
of the inhibitors studied are more efficient than those
of AZ8055, a potent, selective and oral mTOR kinase inhib-
itor, which inhibits the proliferation of tumor cells in vitro
and in vivo [20], but induces apoptosis [21].

A double comparison of the inhibitors studied with re-
spectto XL388, in consideration of the affinity and the num-
ber of mTOR-mediated hydrogen bonds, predicts that
3 AKT inhibitors (Table 3) and 10 PI3K inhibitors (Table 4)
have better results than XL388.

Taking into account the modified Lipinski rules (no more
than 5 hydrogen bond donors, no more than 10 hydrogen
bond acceptors, an octanol-water partition coefficient log
P not greater than 5.5) and the Veber rule determining
good bioavailability (polar surface area < 140 A (absolute
polarity measurement), rotatable bonds < 10 (flexibility
measurement)), we found that 2 AKT inhibitors (Table 5),
of which 51061496 is the most relevant (5 hydrogen bonds
and an affinity of —9.7 kcal/mol), and 9 PI3K inhibitors
(Table 6), with 50291199 being the most relevant (5 hydro-
gen bonds and an affinity of —9.4 kcal/mol), met all the cri-
teria and could be future drugs (Fig. 2). XL388 inhibits
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Table 1. Docked interaction analysis of AKT inhibitors screened into mTOR

BindingDBReactan
t_set_id

44988
329800
329813
329826
329831
329838
329842
329843
329866
329867
329879
329906
329911
329912
329913
329948
329949
329950
329958
329959
329960
329966
329967
329968
329970
330002
330007
330008
330020
330052
330121
50152163
50152170
50197665
50212679
50414691
50426806
50453767
50453775
51061496

AZD8055
XL388

plC50

8.397
8.167
8.102
8.397
8.318
8.161
8.387
8.180
8.657
8.552
8.180
8.823
8.677
8.853
8.443
8.119
8.657
8.522
9
8.638
8.376
8.769
8.537
8.229
8.387
8.309
8.376
8.744
8.136
8.638
9.096

8.522
8.301
8.221
8.337
8.920
9
8.698
8.283

9.096
8.004

Weight

559.701
529.586
503.547
547.601
517.575
555.583
533.573
587.544
551.414
587.875
477.509
525.377
474.535
480.925
506.963
531.601
537.992
536.002
523.966
583.609
515.558
532.437
514.446
514.446
517.575
524.088
564.453
548.891
543.612
542.584
542.584
461.428
523377
466.540
466.540
466.540
466.540
461.428
523377
429.452

465.5
455.5

Predicted mTOR
pIC50

9.749
9.533
9.429
9.544
9.637
9.407
9.410
9.700
9.718
9.941
9.441
9.853
9.407
9.418
9.391
9.700
9.718
9.742
9.568
9.471
9.385
9.531
9.413
9.413
9.553
9.516
9.957
9.697
9.834
9.491
9.438
9.835
9.446
9.440
9.440
9.440
9.440
9.835
9.360
9.466

,kkk Kok

*kkkkok

Number
of H bonds

NN NN NN RN N N NN W NN R NN DN DN NN W N DD NN N Uw N NN

—_

N W NN

Active site residues Affinity

andbond length in A [—kcal/mol]
3.4-3.4Y2226/3.1 W2239/3.2 K2171 9.8
3.3 E2190/3.5 D2357 8.4
3.0 52165/3.2 Q2166 8.3
3.0 S2165/3.1 Q2166 8.2
3.352165/2.9 Q2166/3.6 E2190 8.7
3.3 R2348/3.3-3.4 D2252/3.4-3.2 R2251 8.9
3.4 D2357/3.1 72245 8.2
3.5 D2357/3.3 N2343 8.1
3.3 Q2167/3.4V2240 8.4
3.3V2240/3.2 R2251 8.0
3.352342/3.4 R2251/3.3 V2240 8.3
3.4V2240/3.3 Q2166 8.3
3.4 G2238/3.0 R2251 7.6
3.4V2240/3.3 Q2167 8.2
3.4V2240/3.3 Q2167 8.2
3.152165/3.3 Q2166 8.3
3.2 52165/3.2 Q2166 8.4
2.8V2240/3.3 Q2167/3.1 52165 9.0
3.2 Q2167/3.2 52165 8.6
3.3 Q2165/3.1 52165 9.6
3.4 S2342/3.4 72245 9.1
3.10Q2167/3.2 52165 8.7
3.2 02167/3.1 52165 8.3
3.1Q2167/3.3 S2165 8.5
3.4 52165/3.4 D2243 8.4
3.2 52165/3.1 Q2167 8.1
3.4 52165/3.3 D2243 8.4
3.2 S2165/3.1 Q2167 8.6
3.2 R2251 8.7
3.0-3.0 72245 9.3
3.3 R2252/3.3 R2349 9.5
3.5-3.1 R2251/3.2 D2252 7.9
3.2 R2251/3.4 E2190 8.0
2.9Y2225 9.5
3.152165 8.5
3.0Y2225 9.5
3.6 G2236/3.4 T2245 8.8
3.3 D2252/3.5 R2251 7.8
3.5 R2251/3.4 D2252 8.0
3.10Q2167/3.152165/2.8 E2190/3.2 9.7

D2357/2.9V2240

3.1V2240/2.8 S2165/2.9 Q2167 7.8
3.0 Q2167/3.3 D2357/3.2 Y2225/2.5 D2195 8.6

Docking (affinity) scores of AKT inhibitors in the catalytic site of mTOR were set between —7.6 and —9.8 kcal/mol. AZ8055 and XL388 (mTOR reference inhibitors)
showed scores of 7.8 and —8.6 kcal/mol.
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Table 2. Docked interaction analysis of PI3K inhibitors screened into mTOR

BindingDBReactan
t_set_id
45312
45318
45347
228339
228340
228341
234983
235016
235024
235090

235091
235103
235120
235121
279460
50196628
50196640
50196659
50196675
50196677
50291199

50291211

50291212
50342300
50342352
50563173

50570923
50571373
50623515
50698327
50703936
50717323
50919348
50927440
51028203

51045941
51065315
51092393

51092412

AZD8055
XL388

plC50

8.508
9.522
8.744
8.698
8.301
8.301
9.318
8.795
8.795
8.698

8.508
8.638
8.274
8.585
8.301
8.318
8.318
8.698
8.568
8.568
8.443

8.161

8.107
9.638
10.154
8.958

8.221
9.000
8.221
8.537
8.698
8.522
8.522
8.657
8.283

8.221
8.537
8.468

8.619

9.096
8.004

Weight

478.327
454.304
464.299
444.56
430.532
414.534
360.420
390.446
413.453
352.397

348.449
382.423
426.476
443.479
467.515
462.461
432.435
476.487
461.472
447.445
458.449

462.941

423.457
515.951
520.520
504.639

650.705
435.532
366.389
433.418
490.613
513.646
537.547
468.442
508.006

417.419
445.405
457.461

615.657

465.5
4555

Predicted
mTOR pIC50

9.595
9.429
9.638
9.394
9.234
9.430
9.243
9.344
9.383
9.319

9.391
9.411
9.418
9.233
9.544
9.786
9.732
9.444
9.507
9.447
9.818

9.649

9.296
9.305
9.561
9.508

9.406
9.830
9.377
9.483
9.531
9.261
9.879
9.493
9.655

9.286
9.761
9.596

9.554

*okkokk

*okkokk

Number
of H bonds

~

UuTow W w W~ MWW

U W=, NN W WD W N

(O]

~N w o~

[ T N N U R NS N OOV

3
4

Active site residues
and bond length in A

3.0 K2166/2.8 S2165/3.3 D2167/3.2 Y2225
3.0 T2245/3.0 T2245/3.4 V2240
3.3Y2225/3.1-3.1 T2245
3.5D2357/3.4Y2225/3.2 E2190/3.4 D2243
3.0 E2190/3.4 Q2167/3.4 D2357/3.4C2243
3.4 C2243/3.5 D2357/3.1 E2190
2.9-3.4V2240/3.4 2190
2.9 52160/3.0 Q2167/3.2 N2343
3.0V2240/2.9 E2190/3.2 D2357

3.4 Q2167/3.0 S2165/3.3
D2357/2.9-2.8 Y2225

3.4-3.1V2241
3.3V2240/3.2 Y2225/3.3 D2357
3.2 Q2165/3.1-3.1 S2165/3.1 T2245/3.2 R2251

2.9T2245/2.9 S2342/3.0 Q2167

3,0 Q2167/2.9 S2165
3.1V2240/3.3 Q2243/3.2 S2342
3.5D2357/3.3 E2190/3.0 V2240

3.2 T2245/3.3 S2342

3.0V2240

3.0 Q2167/3.1 S2342/3.4 V2240

3.3 D2357/3.3 E2190/3.2
Q2167/3.5-2.9 V2240

2.9-3.4V2240/3.5
Q2167/3.4 E2190/3.4 D2357

3.152165/3.2-3.1Y2225/3.3 D2195
3.5 E2190/3.3 Y2225/3.4 D2357/3.4 V2240
3.1Q2167/2.9 S2165/3.1 G2238

3.0-2.9-3.4 S2165/3.4 K2166/3.2-3.1
D2167/3.3V2240/3.3 D2244

3.4Y2225/3.0 R2347/3.3 D2252

3.3V2240/3.0-3.1 Q2167/2.9 S2165
3.4 D2357/3.4 N2343/3.3 V2240/3.1 72245
3.1V2240/G2238 3.2/3.6 T2245/3.2 Q2167

3.0-3.2 D2243/3.1V2240/3.1 52342

3.5-2.9 V2240/3.1 52342/3.1 H2247
3.0Y2225/3.5 D2357/3.1 D2167/2.9 S2165

3.1V2240/3.2 72244

2.8V2240/3.2 D2357/3.0 D2195/3.5
Y2224/2.9 R2251

3.1Q2167
3.1-3.5V2240/3.2 T2245/3.1 R2251

2.9-3.5V2240/3.4 D2357/3.3
Q2167/3.2 E2190

3.3V2240/3.3 D2243/3.0 R2348/3.0
S2165/3.2 D2167

3.1V2240/2.8 S2165/2.9 Q2167
3.0 Q2167/3.3 D2357/3.2 Y2225/2.5 D2195

Affinity
[—kcal/mol]
8.2
3.4
8.8
8.7
8.6
8.1
10.1
8.8
9.6
7.9

9.7
9.7
8.0
8.7
8.4
7.5
3.0
73
8.8
8.7
9.4

9.1

7.5
10.6
9.0
8.1

7.9
7.4
7.6
9.2
7.4
9.0
9.5
8.9
8.9

8.9
7.3
94

3.2

7.8
8.6

Docking (affinity) scores of PI3K inhibitors in the catalytic site of mTOR were set between —3.0 and —10.6 kcal. AZ8055 and XL388 (mTOR reference inhibitors)
showed scores of =7.8 and —8.6 kcal/mol.
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Table 3. Comparison of AKT inhibitors studied to XL388

BindingDBReactant_set_id Weight Predicted HB AFFINITY b_1rotN a_acc a_don SlogP TPSA
mTOR pIC50 [kcal/mol]

44988 559.701 9.749 4 9.8 6 7 1 6.001 111.53

329838 555.583 9.407 5 8.9 7 6 3 5.137 104.78

51061496 429.452 9.466 5 9.7 5 6 2 2.074 123.69

AKT inhibitors with better affinity and number of hydrogen bonds than XL388

Table 4. Comparison of PI3Kinhibitors studied to XL388

BindingDBReactant_set_id Weight Predicted HB AFFINITY b_rotN a_acc a_don SlogP TPSA
mTOR pIC50 [kcal/mol]
228339 44456 9.394 4 8.7 7 6 2 1.711 123.33
228340 430.532 9.234 4 8.6 6 6 3 1.056 134.33
50291199 458.449 9.818 5 9.4 5 6 2 3.065 132.98
50291211 462.941 9.649 5 9.1 5 6 2 3.501 132.98
50342300 515.951 9.305 4 10.6 5 6 1 5.547 97.730
50698327 433.418 9.483 4 9.2 4 7 1 1.622 101.66
50717323 513.646 9.261 4 9.0 5 8 2 2.414 107.55
50919348 537.547 9.879 4 9.5 7 7 4 4.970 132.22
51028203 508.006 9.655 5 8.9 5 8 1 0.213 135.07
51092393 457.461 9.596 5 9.4 5 5 2 3.670 120.09
PI3K inhibitors with better affinity and number of hydrogen bonds than XL388
Table 5. AKT inhibitors meeting Lipinski and Veber criteria
BindingDBReactant_set_id Name
329838 6-[4-[1-[2-(azetidin-1-yl)ethyl]-4-[4-fluoro-3-(trifluoromethyl)
phenyllimidazol-2-yl]piperidin-1-yl]-5-(1H-pyrazol-4-yl) pyrimidin-4-amine
51061496 2-amino-6-(5-fluoro-6-methoxypyridin-3-yl)-8-[4-(hydroxymethoxy)

cyclohexyl]-4-methylpyrido[2,3-d]pyrimidin-7-one
AKT inhibitors with better affinity and interaction with mTOR than XL388 and meeting Lipinski and Veber criteria

Table 6. PI3K inhibitors meeting Lipinski and Veber criteria

BindingDBReactant_set_id Name

228339 N-[5-[2-[2-amino-4-ethyl-6-(4-methoxypiperidin-1-yl)
pyrimidin-5-yl]ethynyl]-2-methylpyridin-3-ylJmethanesulfonamide

228340 N-[5-[2-[2-amino-4-ethyl-6-(4-hydroxypiperidin-1-yl)
pyrimidin-5-yllethynyl]-2-methylpyridin-3-ylJmethanesulfonamide

50291199 N-[5-(2-amino-4-methylpyrido[2,3-d]

pyrimidin-6-yl)-2-methoxypyridin-3-yl]-2,4-difluorobenzenesulfonamide
50291211 N-[5-(2-amino-4-methylpyrido[2,3-d]pyrimidin-6-yl)-2-methoxypyridin-3-y]
-5-chlorothiophene-2-sulfonamide
50698327 2-(difluoromethyl)-1-(4,6-dimorpholin-4-yl-1,3,5-triazin-2-yl)benzimidazol-4-ol
50717323 4-[2-(1H-indazol-4-yl)-6-[(4-methylsulfonylpiperazin-1-yl)
methyl]thieno[2,3-d]pyrimidin-4-yllmorpholine
50919348 N-[2-amino-5-[3-(3,4-dimethoxyphenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]

pyridin-3-yl]-2,4-difluorobenzenesulfonamide

51028203 5-[5-chloro-2-[(4-methylsulfonylpiperazin-1-yl)methyl]-8-morpholin-4-ylimidazo[1,2-a]
pyrazin-6-yl]pyrimidin-2-amine

51092393 N-[5-(2-amino-4-methylquinazolin-6-yl)-2-methoxypyridin-3-yl]-2,4-difluorobenzenesulfonamide

PI3K inhibitors with better affinity and interaction with mTOR than XL388 and meeting Lipinski and Veber criteria
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Fig. 2. Visualization of the different interactions between the compounds and the active site of mTOR via the hydrogen bonds. AZD8055 (A)
and XL388 (B) respectively have 3 and 4 linkages with the catalytic site of mTOR whereas 51061496 inhibitor of AKT (C) and 50291199

inhibitor of PI3K (D) both have 5 hydrogen bonds

Red zones — oxygen atom, blue zones — nitrogen atom, green zones — other. Hydrogen bonds are represented by a dashed yellow line. Numbers represent the size

of the hydrogen bonds established between the ligand and the receptor.

the survival and proliferation of certain cell lines and blocks
activation of the mTORC1 and mTORC2 complex [22].

Conclusions

The hyperactivation of the PI3K/AKT/mTOR pathway in
cancer, in association with the crucial role of mTOR sig-
naling in tumorigenesis, has led to considerable efforts to
generate inhibitors to target this pathway. Using a QSAR
model, we were able to predict the activity of the power-
ful AKT and PI3K inhibitors towards mTOR, select the best
ones and analyze their interaction with mTOR by dock-
ing while comparing them to a reference mTOR inhibitor.
Promising results were obtained, and the dual inhibitors
AKT/mTOR and PI3K/mTOR were predicted, pending
the testing of these compounds directly on cancer cell
lines in our next study.
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