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Supplementary Results and Methods

Acute toxicity

Histopathology

Fragments of the lungs, heart, spleen, liver and kidneys of the animals of the

different groups were collected. Fragments were fixed in 10% buffered formalin solution,

dehydrated in decreasing dilutions of alcohol, diaphanized, and embedded in paraffin.

The blocks were cut at 5 um and the sections stained with routine staining Hematoxylin-

Eosin (HE). The reading of the slides was performed in Nikon Eclipse E-200 microscope
at different magnifications (40 X, 100 X, 200 X and 400 X) and the morphological

alterations of each organ were duly observed and noted.

Table S1: Average histopathological findings of 3 animals’ group (4 animals at 200 and

400 mg/kg) treated with indicated compound and concentration. Legend: +: Discreet

alteration; ++: Mild alteration; +++: High degree of alteration; N: No; Y: Yes; N/A: No

alteration.
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Figure S1. Acute toxicity study shows the mean body weight variation (Figure S1A)
and food consumption (Figure S1B). Three groups of 3 or 4 mice were treated intraperitoneally
with a dose (100 mg/Kg, 200 mg/Kg; 400 mg/Kg) of substance 4e and followed for 14
days to analyze morbidity and mortality; euthanasia, necropsy, and histology were
performed. A: Average food consumption during treatment, the error bar corresponds to the
standard deviation. B: Mean body weight of each group during treatment, the error bar
corresponds to the standard deviation.



Prediction of anticancer targets of 4e by reverse docking

Reverse docking is a valuable tool for screening a target database and predict
potential targets for a compound, which, in turn, could help in the design of more potent
and safer compounds [1,2]. Herein, we prepared a protein pool containing six proved
targets of lapachol and other naphthoquinones which are also related to anticancer
activity, and we performed a reverse screening to predict the potential target of 4e. Of
note, both enantiomers of 4e were evaluated in this study, but the results presented here
refer to the S enantiomer of this compound as this one was suggested to contribute mostly
to its biological activity according to our docking studies.

Although 4e shares a similar polycyclic moiety like etoposide and topotecan, this
compound was not able to intercalate between the DNA nucleobases within
topoisomerases complexes as the known inhibitors (data not shown). The dichlorophenyl
group directly tethered to the polycyclic ring likely causes steric clashes with the
surrounding nucleobases and prevents the intercalation into the DNA. The introduction
of linking groups between these moieties might allow the intercalation and improvement
of the compound’s cytotoxicity.

On the other hand, 4e bound within the ATP binding site of the ATPase domain
of topoisomerase Ila, similarly to the co-crystallized inhibitor AMP-PNP, suggesting this
enzyme is a potential target (Figure 1). The polycyclic nucleus of 4e bound in the same
region as the ribose group of AMP-PNP and explored residues tested by the phosphorous-
containing groups of this inhibitor. This nucleus was anchored by two hydrogen bonds
with N150 and was also involved in van der Waals contacts with N91, 1141, S149, T159,
and A167. Interestingly, 1,4-NQ is a naphthoquinone derivative that inhibits the ATPase
activity of this enzyme [3], and it showed a similar interaction network comparing to
compound 4e. Besides, the dichlorophenyl ring of this compound was superimposed with
the adenine ring of AMP-PNP, which allowed the establishment of related contacts with
N120, 1125, and T215 as well as a cation-wt interaction with R98.

More recently, Zu and coworkers [4] demonstrated that the inhibition of RSK2
triggers the cytotoxicity of lapachol in squamous cell carcinoma. Interestingly, we
observed that compound 4e shows a similar binding manner with this enzyme, as
observed for lapachol and the co-crystallized inhibitor 2NS (Figure 1). The polycyclic
nucleus of 4e was bound at the gatekeeper area and was hydrogen-bonded with L150.

This interaction was observed for lapachol and 2NS, and it seems to be critical for the



binding of several RSK2 inhibitors [5-7]. The naphthoquinone part of this nucleus was
oriented towards under the P-loop and interacted with residues L74, V82 and L200. The
dichlorophenyl ring was positioned towards outside the active site, interacting with L74
within the B-strand B1. Interestingly, lapachol and 2NS were also shown to conserve these
interactions, suggesting this enzyme as a putative anticancer target of compound 4e.

Furthermore, lapachol and shikonin are 1,4-naphthoquinone derivatives and were
shown to block the glycolytic pathway in cancer cells by targeting the PKM2 enzyme
[8,9]. Like lapachol and shikonin, compound 4e explored the entrance of the ATP binding
site within PKM2, where the adenine ring of ATP binds in the rabbit enzyme, but also
explored the region where the ribose group binds (Figure 1). As a result, we observed that
the naphthoquinone part of the polycyclic nucleus of 4e was sandwiched between H78
and A366 by n-n stacking and van der Waals interactions, respectively. These residues
were also in close contact with lapachol and shikonin. In addition, we observed that the
polycyclic ring of 4e was involved in van der Waals contacts with the residues T50, Y83,
and S362. The dichlorophenyl ring bound towards outside the active site and interacted
with P53 and K367 via van der Waals interactions. Overall, these compounds shared
similar contacts with the human enzyme, which was also comparable to the interactions
of ATP bound with the rabbit homologous protein [10].

Collectively, our findings suggest that compound 4e could bind to the ATPase
domain of topoisomerase Ila, RSK2, and PKM2 in a similar manner than the known
inhibitors of these targets. The lowest binding energy was found for the complex of 4e
with RSK2, but values of binding energies were comparable with the known inhibitors of
the three targets. Therefore, the anticancer activity of this compound may occur through

its effects on these three enzymes.



Table S2. Molecular interactions of compound 4e with the putative targets predicted by
reverse docking studies and comparison to known inhibitors used as reference
compounds.

Molecular interactions
Hydrogen -7
bond stacking

Protein Ligand

van der Waals

N91, N120, 1125,

Cation-t Anion-7

4e 1141, S149, T159, N150 - R98 -
A167,T215
NOo1, 1141, G161, N150, A167
1’4_NQ b b 2 2 b - - -
ATPase domain of G164, G166 K168
Topoisomerase Ila 1;11390»13};‘%
AMP-  TOLNOS, 125, oy o b 63,
1141, F142, G161, - - -
PNP K168. T215 G164,Y165,
’ G166, A167,
Q376
4e L74, V82, 1.200 L150 - - -
L74, Q76, V82,
Lapachol A98, N198, 1.200, L150 - - -
RSK2 T210
L74, V82, A98,
2NS G153. N198, L200 L150, T210 - - D211
T50, P53, Y83,
4 5362, A366, K367 - H78 - -
P53, H78, G79,
PKM2 Lapachol 84, A366 N75 Y83 - -
— P53, G62, G79,
Shikonin A366 N75, H84 Y83 - -

Table S3. Residues comprising the ATP binding site of the predicted targets of compound
4e. Binding site residues were defined as the residues within a 5 A distance around co-
crystallized ligands.

Residues interacting with co-crystallized ligands within 5 A

Protein

Polar Nonpolar Basic Acidic

NOL,N9S, - A9 G124, 1125,
ATPase domain of Igllig ;1297’ 1141, F142, G160,  R98, K123,
Topoisomerase Ila ’ > Gl161. G164, G166, R162,K168, E87, D%
(PDB code 1ZXM) 100 N163, TAle7 K378
Y165, T215,
Q376
L74, G75, G77,
RSK2 Q76,N198, V82, A98, V131, Ris] D148, DIs4,
(PDB code 4NW6) T210 L147, F149, L150, E197, D211
G152, G153, 1200
T50, N75 151, G52, P53 R73, H78
PKM2 e > (995, 155, S D113, E118
. S77,Y83, G363, A366 H84, R120, ’ ’
(PDB code 3SDR)" 50 (oo K270, K367 E272%D296

* Residues were defined relative to the ATP bound to the rabbit PKM2 (PDB code 1A49) which
shares an overall sequence identity of 93.21% with the human PKM2.



Cell cycle Analysis
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Figure S2. Differences in cell cycle distribution. Cell cycle distribution was analyzed
after propidium iodide staining and FACS analyses. SCC9 lineage cells were plated in a 6-well
plate (5 x 10° cells/well). The phases (sub G1), GO/G1, S and G2 of the cell cycle were
classified based on the DNA content after staining with iodide of propidium (PI). Each image is
representative of at least three independent experiments.

Some antitumor compounds can bind to DNA with the possibility of generating a
change in the dynamics of the cell cycle; this arrest in some phases of the cycle has already
been evidenced in some naphthoquinones. For example, naphthoquinone doxorubicin is
capable of inducing a cell cycle arrest in the GO/Gl or G2 phases [11]. The
naphthoquinone plumbagin, capable of inducing cell death by autophagy, acts in the cell
cycle with an arrest in the G2/M phase [12]. In this way, the effect the antiproliferative
effect of compound 4e was also evaluated by analyzing the cell cycle in flow cytometry
(Figure S2). The observed results show that there was no significant difference in
the number of cells in the G1, S and G2/M phases after 48 hours of treatment, the same
was observed for the DMSO control. This indicates that the treatment with compound
4e does not interfere with the cell cycle.
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