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Abstract: A novel interaction between the enzyme platelet-activating factor acetyl hydrolase (PAF-AH) and
certain non-steroidal anti-inflammatory drugs (NSAIDs), such as sulindac, celecoxib, diclofenac and
nimesulide, has been uncovered by this in-silico research. PAF-AH is known for its critical role in maintaining
the fluidity and functionality of cell membranes by hydrolysing phospholipids and removing oxidised fatty
acids. Since tumour microenvironments are largely marked by inflammation and oxidative stress, the
discovery that these non-steroidal anti-inflammatory drugs can bind to the active pocket of PAF-AH suggests
that they may be able to modulate its activity and thereby influence its role in cancer pathogenesis. Such
modulation could lead to significant anti-tumour effects, including the reduction of inflammation, the
inhibition of angiogenesis and the suppression of metastasis, particularly in cancers of the breast, colon,
prostate, and lung. However, in certain contexts, this interaction may cause the opposite effect, leading to
cancer development. Therefore, this study is a gateway for the development of therapeutic strategies based on
PAF-AH modulation and highlights the importance of the tumour microenvironment in the assessment of
potential effects of NSAIDs. Furthermore, this finding may guide the selection of NSAIDs for the anti-
inflammatory treatment of cancer patients, ruling out indiscriminate use of drugs that may promote neoplastic
progression. This may also indicate the potential for repositioning specific NSAIDs within cancer treatment,
thereby contributing to more precise and personalized therapeutic approaches.

Keywords: platelet-activating factor acetyl hydrolase; non-steroidal anti-inflammatory drugs;
cancer

1. Introduction

Traditionally known for their anti-inflammatory properties through the inhibition of
cyclooxygenase enzymes COX-1 and COX-2, non-steroidal anti-inflammatory drugs (NSAIDs) are
being investigated for their expanded therapeutic potential in oncological contexts [1,2].

Additionally, to modulate inflammation and cellular signalling, these drugs have shown the
ability to interfere with tumour progression by inducing effects that may vary from induced cellular
apoptosis to angiogenesis and metastasis retardment. These properties are inconsistent with the
evidence of COX-2 overexpression in tumours and its association with malignant features, which
highlights the importance of exploring the actions of NSAIDs beyond the realm of inflammation
[3,4,5].

Taking this reasoning into account, this in silico research addresses the potential interaction
between specific NSAIDs - sulindac, celecoxib, diclofenac and nimesulide - and enzymes that are
crucial for the cell membranes lipid homeostasis, in particular platelet-activating factor acetyl
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hydrolase (PAF-AH) and lysophosphatidylcholine acyl transferase 3 (LPCAT3), t enzymes that are
part of the Land’s cycle [6,7].

The Land's cycle is a process that occurs in response to the frequency of damage to the plasma
membrane, promoting membrane remodelling. The regulation of PAF levels is performed by the
enzyme platelet-activating factor acetyl hydrolase. Membrane remodelling is facilitated by the action
of lysophosphatidylcholine acyltransferase 3, which reintegrates a fatty acid into the sn2 position of
the membrane phospholipid [8].

These enzymes, which are essential for the regulation of phospholipids and oxidised fatty acids,
share structural similarities with COX enzymes, both in terms of lipid substrates and the hydrophobic
nature of their active sites [9,10].

Such structural similarities suggest functional adaptability in the tumour context, where
modulation of the cellular microenvironment, including inflammation and angiogenesis, plays an
important role. Given the wide range of NSAIDs and their frequent use in clinical and preclinical
settings, studying their interaction with PAF-AH and LPCAT3 creates new opportunities for
understanding the complex dynamics of tumour progression and potential therapeutic approaches.
[11,12]

Structurally, LPCAT3 has distinct domains that enhance its interactions with cellular
membranes. These domains facilitate efficient access to lipid substrates. The active site of LPCAT3
contains essential amino acids such as serine , histidine and aspartate that form a catalytic triad
involved in acyl transfer reactions [13].

The enzyme's transmembrane domains contain hydrophobic amino acids, including leucine and
isoleucine , ensuring stable membrane integration and facilitating interaction with lipid substrates.
The active site interface features polar and charged amino acids that are critical for substrate
specificity and regulation of enzyme activity. These residues orient the substrate appropriately and
stabilize the transition states of the reaction [14].

This research aims to elucidate, through in silico studies and literature review, how some specific
NSAIDs might influence the activity of these key enzymes, potentially contributing to the delineation
of more precise and personalised therapeutic strategies in cancer treatment. Furthermore,
understanding the interactions between NSAIDs and PAF-AH and LPCAT3 may shed light on the
potential mechanisms behind their anti-cancer effects.

The synergistic interaction between PAF-AH and LPCATS3 is vital for lipid homeostasis; while
PAF-AH removes potentially harmful oxidized lipids, LPCAT3 ensures that lipoproteins are
enriched with polyunsaturated fatty acids (PUFAs), enhancing vascular elasticity and functionality.
This balance is crucial for cardiovascular health and other metabolic processes, as we show at the
Figure 1, [15,16].
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Figure 1. The Lands cycle is crucial for regulating lipid homeostasis following pro-inflammatory
stimuli, involving enzymes such as PAF-AH, cPLA2, COX, and LPCAT3. These enzymes manage the
synthesis and degradation of critical lipid mediators like PAF and play essential roles in inflammatory
processes: PAF-AH degrades PAF, limiting inflammation by removing bioactive lipids; cPLA2
releases arachidonic acids, precursors to eicosanoids that mediate inflammation, COX converts
arachidonic acid into prostaglandins, central to inflammation and pain; LPCAT3 adjusts the lipid
composition of membranes, affecting their fluidity and functionality. Plasma lipoproteins transport
fatty acids to cells, where they are utilized in membranes or as energy. By balancing lipid synthesis
and degradation, the Lands cycle is vital for cellular integrity and the inflammatory response, offering
targets for treating inflammatory and cardiovascular diseases. Enzymatic deficiencies in these
enzymes can range from temporary relief of inflammation to serious cardiovascular diseases.

2. Results and Discussion

The following findings are derived from molecular dynamics and molecular docking
approaches used to study the lysophosphatidylcholine acyltransferase 3 (LPCAT3) and intracellular
platelet activating factor acetyl hydrolase (PAF AH) proteins. These proteins are involved in lipid
metabolism, repair, remodelling and/or modulation of inflammation, both key processes in liver and
cardiovascular health [17].

This research delves into the intricate interactions between non-steroidal anti-inflammatory
drugs (NSAIDs) and two critical enzymes, PAF-AH and LPCATS3, revealing their potential antitumor
properties. This in silico evaluation gathers preliminary evidence that NSAIDs, particularly
Acetaminophen (ACE) and Ibuprofen (IBU), can modulate these enzymes, influencing both
inflammation and tumour progression. These findings pave the way for oncological therapies based
on NSAIDs, exploiting their effects on enzymatic activities that are crucial for cancer development
and therapeutic response. [18,19].

NSAIDs are a widely used class of compounds in both clinical and dietary contexts. Although
they have demonstrated significant benefits in many medical conditions, there are also reports of
associated hepatotoxicity [20].
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This hepatotoxicity, also known as drug-induced liver injury (DILI), describes liver damage as
acute liver inflammation induced by drugs in general. This is mostly due to long-term enzymatic
interactions that are involved in the metabolism of membrane phospholipids, which occurs mainly
because of the first-pass effect of drugs metabolised by the liver [21].

After an initial in silico screening to identify the main NSAIDs indicated as palliative agents in
cancer treatment, we evaluated their physical and chemical properties and performed molecular
docking to assess their ability to interact in the target enzymes. The results were confronted with
clinical findings reported in the currently available literature.

To elucidate the molecular interactions between NSAIDs and these key enzymes involved in
inflammatory pathways, we used an integrative approach by combining the DataWarrior analysis
software suite [22], with the sophisticated docking capabilities of GOLD (Genetic Optimization for
Ligand Docking) 23].

This methodology facilitated a rigorous evaluation of ligand-protein coupling phenomena,
taking advantage of GOLD's piecewise linear potential (PLP) scoring algorithm to quantitatively
evaluate the binding affinities of NSAIDs to the active sites of PAF-AH and LPCAT3, which are
mainly present in the liver.

With this systematic analysis, the identification of a subset of seven NSAIDs with strong
interaction propensities with PAF-AH was possible. Notably, within this subset, paracetamol, and
ibuprofen emerged as compounds of interest, demonstrating higher coupling efficiency, as shown in
Table 1.

These results highlight the potential of paracetamol and ibuprofen to modulate the enzymatic
activity of PAF-AH, using the PDB code 3D5e, thus contributing to a deeper understanding of the
molecular dynamics underlying NSAID-mediated modulation of inflammatory responses.

Table 1. Gold PLP Interaction Analysis of Anti-Inflammatory Drugs with PAF-AH Protein,
Highlighting the Optimal Interaction Scores Achieved with Acetaminophen and Ibuprofen.

Molecule Name  Abbreviation Origin Atoms  Score Normalized  PLP Fitness
Diethyl Phosphate* DEP Synthetic 8 413 33.0 -
Acetaminophen ACE Synthetic 11 3.50 38.5 §
Ibuprofen IBU Synthetic 15 3.48 52.2 &
Sulindac SUD Synthetic 25 2.83 70.7 s
Diclofenac DCF Synthetic 19 2.77 52.6 ";
Nimesulide NIM Synthetic 21 2.53 53.0 £
Dipyrone DIP Synthetic 21 2.46 51.6 2

Celecoxib CCB Synthetic 26 2.38 61.9

*Diethyl Phosphate is a reference inhibitor for the PAH-AH protein, so a molecular docking was made to guide
the results, and due to the values, a normalized score was created for better interaction analysis [24].

From the structural standpoint, the efficacy of PAF-AH is linked to the presence of specific
residues in its active site that are essential for the correct binding and cleavage of substrates, acting
mainly through its catalytic triad composed of residues Ser 273, His 351 and Asp 296. In this in silico
analysis the hydrophobic pocket was taken into consideration (Figure 2 and on the Figure 3), as it
plays an important role in substrate stabilisation and specificity [20,21].

The intricate molecular interactions between ACE and the PAF-AH are depicted, highlighting
the formation of hydrogen bonds between ACE and a range of amino acid residues located within
the enzyme's hydrophobic cavity. Notably, key residues of the catalytic triad, integral to the enzyme's
functionality, are indicated with asterisks to underscore their pivotal roles in these interactions.
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Figure 2. A showcases the three-dimensional conformation of the PAF-AH enzyme, emphasizing the
significant cavity that constitutes the active site. This image was created with Pymol, the surface is
coloured according to the electrostatic potential. As the colour legend indicates, the red colour
(negative potential) arises from an excess of negative charges near the surface and the blue colour
(positive potential) occurs when the surface is positively charged. The white regions correspond to
neutral potentials. B, this image was created with Pymol, the surface of the amino acids in the
secondary site was represented in purple and the amino acids present in the catalytic triad were in
green, where in the image the compound is represented in yellow. C detail how ACE engages with
this active site, delineating the spatial alignment and interaction dynamics. This image was created
with Pymol, the representation of amino acids on their surface, with the colours depending on the
atoms present in them, being red for oxygen, green for carbon and blue for nitrogen, the closest
interactions are represented by the colour black. D, this image was created with Biovia Discovery
Studio, following colour patterns related to interactions, green for van der Waals, dashed signalling
possible hydrogen bond interactions and pink for m-Stacking interactions.

We can see in Figure 2B that the ACE is well located in the cavity of the site, where interactions
with the secondary site and the catalytic site of the protein will possibly occur. In Figure 2C we
observe close interactions, with less than 2 angstroms, possible hydrogen interactions. We can also
observe in Figure 2 D the close interaction with the amino acid essential to the catalytic site Ser 273
where studies show that if it makes covalent interactions, there is a change in the protein's enzymatic
activity [24].
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Figure 3. A presents the three-dimensional model of the PAF-AH enzyme, with a focus on the active
site's delineation, this image was created with Pymol, the surface is coloured according to the
electrostatic potential. As the colour legend indicates, the red colour (negative potential) arises from
an excess of negative charges near the surface and the blue colour (positive potential) occurs when
the surface is positively charged. The white regions correspond to neutral potentials. B, This image
was created with Pymol, the representation of amino acids on their surface, with the colours
depending on the atoms present in them, being red for oxygen, green for carbon and blue for nitrogen,
the closest interactions are represented by the colour black C detail the binding mechanism of IBU to
the active site, illustrating the precise spatial alignment and interaction dynamics with various
residues near the active site and around the catalytic triad, This image was created with Pymol, the
surface of the amino acids in the secondary site was represented in purple and the amino acids present
in the catalytic triad were in green, where in the image the compound is represented in yellow. D, the
intricate molecular interactions between IBU and PAF-AH are depicted, highlighting the formation
of hydrogen bonds and hydrophobic interactions between IBU and a range of amino acid residues
within the enzyme's hydrophobic cavity. It is important to note that no direct interactions between
IBU and the residues of the catalytic triad are observed this image was created with Biovia Discovery
Studio, following colours patterns related to interactions, green for van der Waals dashed signalling
possible hydrogen bond interactions and pink for mt-stacking interactions.
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We observe in Figure 3B that the compound IBU interacts outside the catalytic triad zone, where
it possibly interacts with the protein. Just on the secondary site, as we also observed in Figure 3C, its
interactions occur mainly with Q 352 and Try 160.

In the diagram, Figure 3D, we see that the interactions are sufficient with the amino acids of the
secondary site. Due to the fact, that interaction can physically prevent any substrate from binding to
the catalytic triad indirectly, occurring only in the secondary site also known as the substrate
stabilizing site [24]

From the metabolic perspective, there is robust evidence that platelet activation factor (main
substrate of PAF-AH) directly affects pathogenic inflammatory response, especially as a cell
signalling molecule [27]. Furthermore, this mechanism had been investigated regarding immunity
and many cancer microenvironments.

One study showed that upon activation, PAFRs (Platelet-activating factor receptors) induce
tumour macrophage and dendritic cell phenotypes that suppress innate and adaptive immune
reactions to tumours [28]. It has also been suggested that PAFR antagonists, when administered in
combination with chemotherapy, may be a promising strategy for cancer treatment [29].

Another study of metastatic melanoma cell lines showed that the differential expression of PAFR
is associated with the regulation of pathways that promote cell migration and metastasis [30].

Interestingly, in addition to its role in melanoma, PAF-AH has also been associated with BRCA1-
mutant breast cancer, suggesting a potential protective effect by negatively regulating key signalling
pathways such as the WNT pathway, which is critical for embryonic development [31,32].

These findings might be added up to the possibility of a molecular interplay between NSAID
and PAF-AH and the role of the enzyme in pathology. Having said that, we emphasize a high
complexity of functions that deserves multifactorial analysis for the development of new therapeutic
strategies against cancer [33].

The other protein target for this study was LPCATS3, using the PDB code 7F3X, which is essential
in the Lands' pathway, by regulating membrane phospholipid fatty acid composition, directly
influencing membrane fluidity and functionality. This regulation is vital for cellular processes such
as cell division, signalling, and molecule transport. LPCAT3 synthesizes phospholipids, potential
precursors to Platelet-Activating Factor (PAF), while Platelet-Activating Factor Acetyl hydrolase
(PAF-AH) breaks down PAF [34].

In order to assess the binding affinities of NSAIDs to LPCATS3, the results were also obtained
through the GOLD software’s PLP scoring algorithm. These metrics, presented in Table 2, offer
insights into how NSAIDs might modulate this enzyme, impacting key biological functions (Figure
4).

Table 2. Gold PLP Interaction Analysis of Anti-Inflammatory Drugs with LPCAT3 Protein,
Highlighting the Optimal Interaction Scores Achieved with Acetaminophen and Ibuprofen were
scored in table.

Molecule Name Abbreviation Origin Atoms  PLP Fitness
Lysophosphatidylcholine* LAP Synthetic 29 84.2 "
Celecoxib CCB Synthetic 26 72.4 <
Sulindac SUD Synthetic 25 66.9 l;
Nimesulide NIM Synthetic 21 57.2 5
Diclofenac DCF Synthetic 19 56.5 é
Dipyrone DIP Synthetic 21 54,5 °
Acetaminophen ACE Synthetic 11 48,3 ..‘..f‘
Ibuprofen IBU Synthetic 15 47,3 2

*Lysophosphatidyl-choline is a reference inhibitor for the PAHAH protein, so a docking was performed to guide
the results., a normalized score, dividing the GOLD PLP score by the number of heavy atoms was created for
better interaction analysis [35].
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The metabolic implications of LPCATS3, significantly impacts the biology of tumour cells by
modifying membrane lipid compositions, thereby affecting crucial cellular processes such as
proliferation, migration, and invasion. Modulating LPCAT3 activity or expression can effectively
influence membrane dynamics and signalling pathways involved in tumour progression, making
LPCATS3 an extremely promising target for cancer therapy [36].

Pathogenically, LPCATS3 is closely linked to tumours' resistance to ferroptosis, a type of lipid
peroxide-mediated cell death. Overexpressing LPCAT3 in tumour cells effectively prevents
ferroptosis, thereby promoting survival and growth. Conversely, inhibiting LPCAT3 might
significantly inhibit tumour growth by sensitizing cells to this form of cell death [37].
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Figure 4. A, we display the three-dimensional structure of the native LPCAT3 protein, highlighting
the active site cavity. This image was created with Pymol, the surface is coloured according to the
electrostatic potential. As the colour legend indicates, the red colour (negative potential) arises from
an excess of negative charges near the surface and the blue colour (positive potential) occurs when
the surface is positively charged. The white regions correspond to neutral potentials. B illustrates the
crucial residues involved in the enzymatic activity of LPCAT3. Sections, this image was created with
Pymol who show the protein structure in cartoon the surface of the amino acids in the secondary site
was represented in purple and the amino acids present in the catalytic triad were in green. C, the
image was created with Pymol, the surface of the amino acids in the secondary site was represented
in purple and the amino acids present in the catalytic triad were in green, where in the image the
compound is represented in Blue. D depict the interaction of Acetaminophen (ACE) with the
enzyme's active site. That image was created with Biovia Discovery Studio, following colour patterns
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related to interactions, green for van der Wall, dashed signalling possible hydrogen bond interactions
and pink for staked pi interactions, while E, this image was created with Biovia Discovery Studio,
following colour patterns related to interactions, green for van der Wall, dashed signalling possible
hydrogen bond interactions, orange the pi alkyl and pink for staked pi interactions and F show the
interaction of Ibuprofen (IBU) with the active site of LPCAT3. Asterisks indicate the important
residues of the active site, this image was created with Pymol, the surface of the amino acids in the
secondary site was represented in purple and the amino acids present in the catalytic triad were in
green, where in the image the compound is represented in rose.

The interaction of anti-inflammatory agents is stabilized by the tyrosine tunnel so that it binds
to the Histidine essential for the enzyme activity of the protein.

This already shows us the possibility of physical inhibition of the protein acting with the PUFA's,
meaning that they are unable to stabilize in the site to undergo the enzymatic action of membrane
fluid repair carried out by LPCATS3 [36].

3. Materials and Methods

The study took a multi-faceted approach using two different software tools to analyse and
evaluate the binding affinities of compounds to the active sites of liver enzymes. The powerful
molecular docking capabilities of GOLD (Genetic Optimisation for Ligand Docking) were used in
conjunction with the DataWarrior (DW) software [22]. This combination enabled molecular docking
simulations to be performed that predicted the preferred orientation of the molecules in relation to
the active sites of the enzymes under investigation ,[23].

The chemical structures of the NSAIDs were obtained by data mining for interaction properties
with the studied enzymes using the DW software on the ChemBL database. DW was used to obtain
parameters for the molecular properties of these compounds, and a parameterised library was
generated at a suitable pH for later use by GOLD.

Molecular Docking was carried out by GOLD, where 100 replicates per compound were made
from a previously prepared library, the enzymes to obtained LPCAT3 (7F3X) and PAFAH (3D5E) in
the PDB (Protein Data Bank) databases. Both proteins already had reference ligands that were used
during the tests to guide the results, which also required the use of the normalised score, which
verifies the strength of the interaction in relation to the number of atoms in the ligands.

The results were analysed by DW using the piecewise linear potential (PLP) score, a parameter
generated by GOLD to objectively quantify the binding affinities of the compounds. This algorithm
quantitatively evaluates several factors, such as the structural complementarity of the compound
with the target site and the interaction energy. This integrated approach provided valuable
information on the interaction between the compounds and the active sites of the PAF AH and
LPCATS3 enzymes [22,23]. All figures using these studies were generated using Pymol [38], Biovia
Discovery Studio [39] and LigPlot+ [40] software.

4. Conclusions

This study links the established and emerging therapeutic roles of NSAIDs, highlighting their
potential in cancer therapy while advising against associated cardiovascular risks.

Due to the fact, the negative feedback mechanisms of the regulatory form, which with
continuous use medications, much is said about the adaptability of the organism. However, little is
said about long-term metabolic dysregulation, silent deregulation and homeostasis. Being seen as
expected adverse effects in cancer treatment patients, due to their fragile state of health.

These risks are little associated with enzymes, mainly enzymes that regulate membrane
homeostasis, which act on phospholipids, which generate precursors of inflammatory mediators.

Of these enzymes in question, we essentially have PAFAH, in addition to acting directly with
PAF, it is also associated with lipid metabolism, as it also has the function of lp-PLA2 (lipoprotein-
associated phospholipase), its dysregulation is described as causing atherosclerosis in some cases.
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Enzyme seen as key to the cardiovascular system, as it is present indirectly, but plays an important
role in coagulation and fatty plaques.

This enzyme associated with LPCA3, which has been used as a biomarker for some types of
tumours, is also associated with hyperlipidaemia profiles, when deregulated and changes in lipids
present in the circulation.

By elucidating the interactions of NSAIDs with key enzymatic pathways, we lay the foundation
for future research and therapeutic innovations, aiming to maximize clinical benefits while
minimizing risks.

Based on these results, we can relate the effects of compounds on plasma membrane fluidity and
acute liver inflammation to long-term interactions and negative feedback mechanisms that lead to
dysfunction and lack of repair, accumulation of membrane damage.

Today, the uncontrolled and inappropriate excessive use of NSAIDs is also seen, due to their
free sale in some countries.

The medical indication is irregular, for patients to use it when they "feel pain or fever, which can
cause more harmful effects than palliative ones, especially in cancer patients, due to the already
weakened metabolism of the treatment.

In our study, we demonstrated the potential interaction of several anti-inflammatory drugs with
Landis cycle enzymes, which is associated with long-term enzyme dysfunction, leading to diseases
such as tumours, lipid dysfunction and the development of atherosclerosis, which can lead to
neurological and hepatotoxic effects in long term.

With this computational approach and future research, it will be possible to improve our
understanding of NSAIDs, proposing innovative applications in oncology. The ability of these drugs
to inhibit LPCAT3 and alter tumour microenvironments suggests new approaches to cancer
treatment, awaiting further validation through in vitro, in vivo, and clinical trials.
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