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Abstract

GSTP1 1105V polymorphism's impact on detoxification of paclitaxel and chemoresistance is studied
through molecular docking and computational modelling. The interactions between Isoleucine
(Ile105) and Paclitaxel showed a higher binding affinity than that of the Valine (Vall05) variant,
leading to higher enzymatic activity and decreased intracellular drug levels. Furthermore, docking
simulations with glutathione (GSH) revealed similar interactions levels between the two variants.
Also, protein-protein docking of GSTP1 with the JNK signaling protein with ClusPro, HDOCK, and
HADDOCK servers, indicated negligible binding differences between variants. The findings can hint
how GSTP1 polymorphisms can potentially play a role in changing the levels of hematological and
neurological toxicities during paclitaxel chemotherapy. These results highlight the relevance of GSTP1

genotyping in chemotherapy dosage optimization and dose delay.



Introduction
Glutathione S-transferases (GSTs) are phase II detoxifying enzymes superfamily that play a role in

the detoxification of endogenous and exogenous substances. In phase II detoxification, GSTs play a
crucial role in mechanisms of cell protection by catalyzing glutathione (GSH), which is a tripeptide
antioxidant, conjugation with electrophilic compounds, which prevents their toxicity and promotes
their easy excretion from the organism (Singh & Reindl, 2021). GSTs are widely found in tissues
and organisms. In fact, there are several isoforms of different families including Alpha (GSTA), Mu
(GSTM), Pi (GSTP), Theta (GSTT), Zeta (GSTZ), and Omega (GSTO). Specifically, Glutathione
S-Transferase Pi (GSTP) has been of significant interest since it is involved in cancer progression,

drug resistance, drug metabolism, and antioxidant defense (Cui et al., 2020).

The overexpression of GSTP1 has been extensively documented in many tumors, including lung,
breast, prostate, and gastrointestinal tract cancers. GSTP1 in cancer cells is a defense enzyme that
detoxifies chemotherapeutic agents and eliminates reactive oxygen species (ROS), leading to
reduced efficacy of treatment and drug resistance (Singh & Reindl, 2021). By conjugating and
binding GSH to anticancer drugs, GSTP1 can decrease the drug concentration in cancer cells and
thus restrict the therapeutic efficacy of most traditional drugs such as Paclitaxel, platinum-based
chemotherapy drugs, alkylating agents, and anthracyclines. GSTP1 has also been known to be
involved in controlling apoptosis by its interaction with the c-Jun N-terminal kinase (JNK) signaling

pathway regulating cell survival and programmed cell death (Federici et al., 2009).

The A313G DNA mutation has a role in determining the level of enzymatic activity of the protein.
Specifically, the single nucleotide polymorphism (SNP) results in the substitution of isoleucine (Ile)
with valine (Val) at position 105 (Sun et al., 2010). This minor structural alteration has profoundly
significant implications for the enzyme activity, stability, and substrate interaction capacity of
GSTPI. Vall05 variant has altered substrate specificity and catalytic activity, the impact of which
on an individual's susceptibility to cancer, ability to detoxify, and sensitivity to chemotherapy can
be dramatic (Han et al., 2015). The variant has been found in research to be associated with
differences in drug metabolism, leading to variability of response to therapy and drug-induced

toxicity.



In addition to its involvement in cancer sensitivity and chemotherapy susceptibility, GSTP1 has also
been proposed as a future cancer therapy target. To avoid drug resistance based on GSTP1 and
improve chemotherapy efficacy, different GSTP1 inhibitors, including NBDHEX and
Piperlongumine, have been developed (Sha et al., 2020; Harshbarger et al., 2017). These inhibitors

directly overcome drug resistance and increase treatment efficacy by inhibiting the activity of GSTP.

This research focuses on the differences in interaction between the Isoleucine and Valine variants of
GSTPI, due to the SNP, with important chemotherapeutic agents mainly Paclitaxel. Specifically,
using computational docking and molecular modeling methods, the paper investigates whether this
may account for differences in toxicity and therapeutic effects noted in clinical practice since the
increase in toxicity in normal cells should be avoided. In addition, the interaction between JNK and
GSTPI is targeted using several protein-protein docking servers to verify whether the polymorphism

plays a role in determining the binding affinity between the two proteins.

Literature Review
Structural Review

The role of GSTP1 in cell protection and detoxification is due to its structural flexibility which enables
the protein to interact with a variety of substrates. This characteristic of GSTP1 makes it take part in
many cellular activities including detoxification of carcinogens, maintenance of oxidative stress
balance, and modification of apoptotic signal transduction cascades. The enzyme possesses two
important domains which are the N-terminal domain, housing the glutathione (GSH)-binding site (G-
site) and the C-terminal region, wherein the hydrophobic substrate-binding site (H-site) is found.
These two domains collaborate to catalyze the conjugation of GSH to toxic compounds so that GSTP1
can effectively detoxify carcinogens, chemotherapeutics, and other electrophilic toxins (Pégeot et al.,

2017).

Molecular studies have shown that small changes in the active site of GSTP1 have been capable of
bringing about a significant variation in its substrate specificity and catalytic function. Such diversity
has allowed GSTP1 to expand evolutionarily across species and add a seemingly infinite variety of
compounds. X-ray crystallographic structure determination and site-directed mutagenesis have

shown specific amino acid residues located within the active site to be responsible for the substrate
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recognition of GSTPI1. For example, H-site substitutions have been found to alter the enzyme's
affinity for electrophilic drugs and are thus associated with chemotherapy resistance and

detoxification capacity differences.

Figure 1 showing
the structure of
GSTP1 and the
position 105
having GSH in its
active site using
Chimera.
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Regulation of Oxidative Stress and Apoptosis by GSTP1

Other than detoxification, GSTP1 is involved in the control of oxidative stress and apoptosis. One
of the most significant signal pathways controlled by GSTP1 is the c-Jun N-terminal kinase (JNK)
signal pathway. This pathway plays an important role in controlling cell survival, differentiation,
and apoptosis. Under normal physiological conditions, GSTP1 suppresses JNK in addition to
unwanted cell death through the maintenance of JNK in an inactive state. In oxidative stress, JNK
is activated and triggers protective genes such as gstD1 and SOD (Singh & Reindl, 2021; Wang et
al., 2003). Furthermore, Arai et al. (2007) contribute that drug resistance may be caused by GSTP1
through the conjugation of drug metabolites with glutathione in the detoxification process.
Moreover, overexpression of GSTP1 is credited to its anti-apoptotic function through binding with
JNK, an apoptosis-related protein. In addition, GSTP1 overexpression in cancer cells suppresses
JNK-induced apoptosis and allows malignant cells to bypass cell death and chemotherapy resistance
(Federici et al., 2009). Moreover, Yadav et al. (2020) states that the binding geometry between
GSTP1 GG-genotype and JNK is altered in the Valine variant. Eventually, this disrupts the affinity



between these two proteins and reduces the inhibition of JNK. Therefore, targeting GSTP1 in drug-
resistant tumors can be an effective strategy to reduce the resistance of cancer cells to chemotherapy

and enhance chemotherapeutic success.
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[105V Polymorphism and Its Impact on Chemotherapy Response

The 1105V polymorphism has an association with susceptibility to cancer. Epidemiological studies
explored GSTP1 1105V polymorphism and cancer risk. In Val/Val genotype smokers, there was an
increased risk of lung cancer due to impaired detoxification of tobacco carcinogens (Kudhair et al.,
2024). However, according to Khabaz (2012), there was no suggestion of any relationship of GSTP1

1105V with risk of colorectal cancer.

In addition, it significantly impacts the toxicity and response to chemotherapeutics, mainly platinum
drugs, taxanes, and alkylating agents. The Vall05 variant has an altered activity which can
potentially influence drug detoxification, thus impacting both the treatment efficacy and the extent

of side effects (Sun et al., 2010).

GSTPI1 and Resistance to Paclitaxel
GSTP1 controls taxanes (paclitaxel, docetaxel) and alkylating agent (cyclophosphamide,
ifosfamide) resistance. These drugs are inactivated by GST enzymes (Miyake et al., 2012), and

GSTP1 overexpression can cause reduced intracellular drug levels and chemoresistance (Federici et



al., 2009). Moreover, Zeng et al. (2022) indicate that GSTP1 c.313A > G (Ilel05Val, rs1695)
polymorphism has the potential to reduce the activity of the GSTP1 enzyme, which is implicated in
chemotherapy medication metabolism and detoxification like anthracycline and paclitaxel. Several
statistical analysis research papers have discussed that the levels of toxicity in [le105 variant carriers
are greater than that in the Vall05. Mir et al. (2009) used a quantitative approach and revealed
patients homozygous for the 1051le/Ile genotype showed a 6.11-fold higher risk of developing grade
>2 DIPN (Drug-Induced Peripheral Neuropathy). Yoshihama et al. (2018) state that GSTP1
105I1le/1051le genotype is associated with higher hematological toxicity in ovarian cancer patients
treated with paclitaxel plus carboplatin combination chemotherapy. A lower risk of thrombocytopenia
was associated with the GSTP1 Vall05; in addition, these investigations imply that GSTP1 Valine
genotype was associated with a lower risk of dose delay due to lower toxicity levels (Ferracini et
al., 2020). Similarly, Yoshihama et al. in 2018 have demonstrated that the “A” allele had a
significantly higher risk of severe hematological toxicity. Agostini et al. (2008) mentioned that
patients carrying the Val/Val genotype in the GSTP1 gene had a lower risk of hematological toxicity
than patients with the Ile/Ile genotype, which was the same conclusion of Kim et al. (2009), where
patients with A/A genotype showed higher rate of hematological toxicity than those with A/G or G/G
genotype (p-value=0.015).

Platinum-based Chemotherapy

Platinum-based chemotherapy agents such as cisplatin, carboplatin, and oxaliplatin are therapeutic
agents for the treatment of various cancers such as NSCLC, ovarian, and colorectal cancers. They
act by creating cross-links in DNA and blocking DNA replication in cancer cells. Glutathione
conjugation with platinum-based chemotherapy agents is an important detoxification process, which
enables drug clearance (Sawers et al., 2014). The relationship between GSTP1 1105V polymorphism
and platinum-based chemotherapy response has been widely studied. For example, Sun et al. (2010),
found that NSCLC patients with the Val/Val genotype improved more following cisplatin-based
chemotherapy. In addition, Khrunin et al. (2010), found that ovarian cancer patients with the Val105
had a better response to cisplatin therapy. This suggests that GSTP1 phenotype may be a useful

biomarker in the process of optimizing chemotherapy.



GSTP1 Inhibitors and Drug Development

Due to its role in chemoresistance and oxidative stress signaling, GSTP1 has been considered a key
target in drug discovery. Inhibitors of GSTP1 function through either occupying the GSTP1 active
site or blocking the interaction between GSTP1 and cellular processes have been synthesized. They
can have a role in enhancing efficacy of chemotherapy and triggering apoptosis in drug-resistant

cancer cells.

6-(7-nitro-2,1,3-benzoxadiazol-4-ylthio)  hexanol = (NBDHEX) was identifiedto  possess
very potent anticancer activity in preclinical models. NBDHEX directly binds to GSTP1's G-
site and inhibits its conjugation with GSH and interaction with the JNK signaling pathway (Sha et
al., 2020. Finallyy, NBDHEX was also tested as a combination therapy agent and showed
synergistic collaboration with cisplatin and doxorubicin in inducing cancer cell cytotoxicity in
resistant tumors (Federici et al., 2009). In addition, Piperlongumine (PL), a natural compound
isolated from Piper longum (long pepper), is another potential GSTP1 inhibitor. PL has proven to be
efficacious against breast, lung, prostate, and brain cancer, which justifies its overall potential as an

anticancer GSTP1-targeting agent (Harshbarger et al., 2017).

Materials and Methods

Glutathione S-transferase P1 (GSTPI1) is a key enzyme in chemotherapeutic drug detoxification.
GSTP1 catalyzes glutathione conjugation with toxic substances to facilitate their excretion and reduce
cellular damage. However, polymorphisms influence drug metabolism, toxicity, and treatment
enormously. GSTP1 Ile105Val (rs1695) changes the activity and stability of the enzyme (Ferracini et
al., 2020; Yoshihama et al., 2018).

GSTPI1-Paclitaxel Docking

After reviewing the literature, it was important to focus on computational docking studies to verify
whether the binding between GSTpl and paclitaxel differed between the Isoleucine and Valine
variants. First, PDB entry named “5J41.pdb” was used for the GSTp1 protein having the Isoleucine
variant. This entry initially represented the GSTpl in complex with hydrolyzed Piperlogumine.
Piperlogumine was removed using “UCSF Chimera v1.15” and a new PDB file generated containing

only the protein and GSH. Paclitaxel (PubChem CID 36314) was initially downloaded in SDF format



and converted into a PDB file using “Open Babel” application. Paclitaxel (C47Hsi1NOi4) has a
molecular weight of 853.9 g/mol, and contains 4 hydrogen bond donors, 14 hydrogen bond acceptors,

and 14 rotatable bonds and is usually injected intravenously.

Figure 3 showing
the chemical @\(0
structure of

Paclitaxel
(PubChem).
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After that, docking preparation was done using “AutoDockTools v1.5.7”. Water molecules were

removed from the protein’s structure and hydrogen atoms and Kollman charged were added. Then,
Paclitaxel was imported into AutoDockTools and the number of torsions was 15. Then the grid was

produced using AutoGrid4 which was used dock Paclitaxel and GSTp!1 using AutoDock4.

Similarly, the process was done for the valine variant where the PDB entry “1PGT.pdb” was used.
Only the protein and GSH were kept in the PDB file. The RMSD between the two different PDB files
used was calculated via Chimera and was equal to 0.225 (figure 4). The low RMSD indicates that the
two structures are similar to each other in general. Also, the superimposition showed that the two

entries have a similar backbone.

GSTP1-GSH Docking

Since GSTp1 also interacts with GSH, it was important to identify if there was a difference in binding
between the variants of the protein. A new PDB file of GSH was obtained through Chimera by keeping
it only and deleting all other molecules from the PDB entry “5J41.pdb”. Docking procedure was
similar to the previously mentioned procedure and the files “5J41.pdb” and “1PGT.pdb” were used

for Isoleucine and Valine variants respectively. For GSH, the number of torsions was 2.


https://pubchem.ncbi.nlm.nih.gov/#query=C47H51NO14

Figure 4.1 and  |Matchmaker 5j41.pdb, chain A (#0) with 1pgt.pdb, chain A (#1), sequence alignment score = 1098.6
4.2, generated with these parameters:

- chain pairing: bb
through Needleman-Wunsch using BLOSUM-62
Chimera, ss fraction: 0.3

: gap open (HH/SS/other) 18/18/6, extend 1

showing the ss matrix: (O, S): -6 (H, O): -6 (H, H): 6 (S, S): 6 (H, S): -9 (O, O): 4
results of iteration cutoff: 2
RMSD RMSD between 209 pruned atom pairs is 0.225 angstroms; (across all 209 pairs: 0.225)

calculation and

superimpositio
n of the
monomeric
states of
“1PGT” and
“5J41” PDB POSition 105 m———
entries
respectively.

Legend:

Red: 1PGT 1Va\ine variant)
Blue: 5J41 (Iscluecine variant)

GSTPI1-JNK Docking

To study the interaction between GSTpl and JNK, protein-protein docking was done using ClusPro
server “https://cluspro.org/help.php”, HDOCK “http://hdock.phys.hust.edu.cn”, and HADDOCK

“https://rascar.science.uu.nl/haddock2.4/” servers. GSTpl monomer having Isoleucine variant with

JNK and GSTpl monomer having Valine variant with JNK were docked on both servers. “5J41.pdb”
was used for GSTp1 Isoleucine variant after removing GSH and Piperlongumine and “1PGT.pdb” was

used for the Valine variant. In addition, the PDB entry “9t9.pdb” was used for JNK protein.
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Results and Discussion

The GSTP1 Ilel05 allele has been shown to be associated with increased enzyme and inhibitory
activity. This could be at the cost of elevating toxicities like peripheral neuropathy, neutropenia, and
hematologic toxicity (Ferracini et al., 2020; Yoshihama et al., 2018). For example, Yoshihama et al.
(2018) reported that ovarian cancer patients with the GSTP1 Ile/Ile genotype experienced higher
hematological toxicities under paclitaxel and carboplatin treatment than individuals carrying the

Val/Val genotype who possessed an impaired detoxifying capability.

One of the most important pathways that influence paclitaxel-induced toxicity is the c-Jun N-terminal
kinase (JNK) signaling pathway. JNK is a stress-activated protein kinase that plays a role in regulating
apoptosis, cell proliferation, and inflammation. JNK activates protective genes against oxidative stress
in the cells (Li, 2018). However, the interaction between GSTP1 and JNK involves a complex
regulatory mechanism. GSTP1 has been shown to bind directly to JNK, forming a GSTP1-JNK
complex that blocks JNK activation and downstream protective genes; phosphorylation of Tyr-3, Tyr-
7, and Tyr-198 have been shown to be responsible for shifting the equilibrium of GSTpl to the
monomeric state (Okamura et al., 2015). Furthermore, GSTP1 Ile105Val polymorphism regulates the
activation of JNK and apoptosis. Pathak et al. (2022) noted that non-small cell lung cancer (NSCLC)
patients having the GSTP1 wildtype had a higher affinity to JNK, which leads to lower JNK activation,
compared to those with the Val/Val genotype.

Mir et al. (2009) hypothesized the GSTP1 105Ile/1051le protein could enhance chemotherapy
neurotoxicity by suppressing JNK, whereas the GSTP1 105Val/105Val protein could allow enhanced
activity of JNK, resulting in the activation of defense-related genes and hence sparing the cells from
chemotherapy neurotoxicity. In addition, the interactions between GSTP1, JNK, and paclitaxel can be
used in combination therapy. The therapeutic efficacy in GSTP1-mediated resistant patients can be
improved by combining paclitaxel with JNK inhibitors. However, this will come at the expense of

having higher toxicities in normal cells.

According to Yadav et al. (2020), Cys169, Leul70, Aspl71, Alal72 and Alal85 have resulted in

conversion of loop to helix due to replacement of isoleucine to valine at position 105.To compare the

11



structural differences between the two variants, the Volume (SA) A® for the Isoleucine variant was

1682.601 A3 which is less than that of the valine variant 1723.577 A® and allows higher flexibility.

Figure 5.1 showing the Ramachandran plot of Figure 5.2 showing the Ramachandran plot
the Isoleucine GSTP1 variant (Chimera). of the Valine GSTP1 variant (Chimera).
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The Ramachandran plots are wide and have tight clustering in a-helix and B-sheet regions and some
outliers in disallowed regions. However, the valine-specific plot occupies a narrower conformational
space. Due to its side chain branch, valine clusters more tightly mainly in a-helix and -sheet regions
and with few outliers. The top-right quadrant is nearly empty, which reflects valine’s limited flexibility
compared to residues like glycine. Therefore, this illustrates how residue type significantly affects the

allowable backbone conformations in protein structures.

It is hypothesized that the difference in detoxification of Paclitaxel can have a role in determining the

levels of neurotoxicity and hematotoxicity. For this reason, molecular docking was done between

GSTPI1 1105 and V105 with Paclitaxel.

The interactions between the residues of GSTp1 and paclitaxel were common between the two variants
and displayed in figures 5.1 and 5.2. The key residues mediating the interaction between the variants

and Paclitaxel are common and are mainly Tyr7, Phe8, Argl3, Vall0, Val35, Trp38, GIn51, (Ile or
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Val)104, Ser105, Tyr108, Thr109) as well as a hydrogen bind with GSH. However, there are slight
changes in the structure of the complex which explains the differences in the binding energy of the
drug and the protein. The results of this docking study are displayed in Table 1. There is a slight
difference in the binding energies between Paclitaxel and the two variants that is due to the change
near the binding site. Isoleucine contains an extra carbon atom and is closer to the ligand which can
increase the hydrophobic interactions. This can explain why the mean binding energy between the
Isoleucine variant (-15.04 kcal/mol) of GSTP1 and Paclitaxel is lower than that of the Valine variant

(-13.02 kcal/mol) indicating a more stable binding.

To further study the detoxification of Paclitaxel by GSTpl, a docking study was conducted between
GSTpl and GSH alone. According to Pégeot et al. (2017), GSTpl conjugates Paclitaxel to GSH
preceding it detoxification. Therefore, it is important to investigate whether the interaction and binding
energies of GSTpl and GSH differ between the variants. For the Isoleucine variant, the mean binding
energy was -6.49 kcal/mol. Comparing it to the Valine variant, the mean binding energy was -6.35

kcal/mol. The differences between the binding energies are not very significant.

Table 1 showing the lowest, highest, mean, median, and standard deviation of the binding energies
of the Isoleucine and Valine GSTP1 variants with Paclitaxel. The statistics were calculated using a
Python script which reads the different “.DLG” files.

Isoleucine variant Valine variant

Least Binding Energy: -15.78 kcal/mol Least Binding Energy: -13.94 kcal/mol
Highest Binding Energy: -13.75 kcal/mol Highest Binding Energy: -11.90 kcal/mol
Mean Binding Energy: -15.04 kcal/mol Mean Binding Energy: -13.02 kcal/mol
Median Binding Energy: -15.01 kcal/mol Median Binding Energy: -13.07 kcal/mol
Standard Deviation: 0.50 kcal/mol Standard Deviation: 0.57 kcal/mol
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Figure 6.2 showing the GSTP1 (Val104 variant) in complex with Paclitaxel (generated using AutoDockTools).
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Figure 7, generated using a Python script, showing the energy distribution of
the binding between Ile and Val GSTP1 variants and Paclitaxel.
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In addition to studying the binding between Paclitaxel and GSTp1, it was essential to study the binding
between GSTpl monomer and JNK, which activates JNK and its protective genes. Using the results
retrieved from ClusPro, the average binding energy for each variant was calculated using a python
script. The average of the weighted scores for the Center of each cluster for the Isoleucine and Valine

variants were -687.558 kcal/mol and -690.543 kcal/mol respectively.

According to HDOCK website, “the docking scores are calculated by our knowledge-based iterative
scoring function ITScorePP or ITScorePR. A more negative docking score means a more possible
binding model, but the score should not be treated as the true binding affinity of two molecules because
it has not been calibrated to the experimental data”. The docking score of the top ten models was
compared between the two variants. For the Isoleucine variant, the average was -210.69 which is very
close to that of the Valine variant (-207.437). In addition, “The HADDOCK scoring function consists
of a linear combination of various energies and buried surface area” (HADDOCK?2.2 Scoring Function,
n.d.). The best HADDOCK score among clusters for the isoleucine polymorphism was (-71.5 +/- 10.3)
which is close to that of the valine variant (-72.9 +/- 5.2). Therefore, according to these servers, the

difference of binding energies and scores between the polymorphisms is minimal.

Several studies have state that the Isoleucine variant of GSTPI involves higher levels of
hematotoxicity and neurotoxicity. However, according to the protein-protein docking between JNK

and GSTP1, the binding energies between the variants are approximately equal. Moreover, the

15



detoxification of Paclitaxel increases with the Isoleucine variant leading to lower blood concentrations
and toxicities. Therefore, it is important to verify whether the detoxification rate of Paclitaxel plays a

role in determining the toxicity of the drug.

Conclusion

GSTP1 protein was initially the interest in this work owing to its crucial function in drug metabolism
as well as antioxidative defense. After further investigation, a most well-studied and prevalent
polymorphism, Ile105Val, gained significant attention. It has been shown that a single amino acid
mutation can alter the catalytic property of GSTP1 and thereby the possibility of interaction between
GSTPI and substrates. Considering this property, the study then proceeded to examine the influence
of the Ile105Val polymorphism on drug interactions, in particular paclitaxel. Surprisingly, clinical
trials have revealed higher neurotoxicity and hematotoxicity profiles in the Isoleucine variant in
patients receiving paclitaxel-based chemotherapy. These findings prompted the use of molecular
docking to examine the binding energy and interaction profile of paclitaxel to the wild-type and variant

GSTPI.

GSTPI is known to conjugate drugs, including Paclitaxel, to GSH, in a process that leads to their
detoxification. If the drug stays in high concentrations, it is more likely to increase toxicity levels.
According to our docking results, the Isoleucine variant has a lower binding energy than the Valine
variant and therefore can be more efficient in detoxifying the drug, decreasing its toxicity. This aligns
with what is known about the Isoleucine variant having higher activity. In addition, after conducting
protein-protein docking using ClusPro, HDOCK, and HADDOCK, the differences in binding energy
between JNK and GSTP1 monomer of both variants were minimal. This does not align with the
findings of Yadav et al. (2020), where the Isoleucine variant had a much better binding affinity to JNK
than the Valine variant. Therefore, it is essential for future research to target the binding between the
two proteins using different software and methods in addition to conducting statistical clinical studies
on the relationship between the concentrations of Paclitaxel and presence of different GSTP1 variants
to verify the computational studies. Moreover, other proteins, including CYP2C8 and CYP3A4, can
be involved in the detoxification of Pacliaxel. Checking whether these proteins will compromise the
lower activity of the Valine variant can provide insights on the levels of the drug and eventually its

toxicity.
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