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Cancer remains one of the most challenging diseases to treat, demanding innovative
approaches to combat its complexity and heterogeneity. In recent years, Pyridoxal kinase
(PDXK), a critical enzyme in the vitamin B6 metabolic pathway, has emerged as a promising
target in the pursuit of effective cancer therapies. PDXK, responsible for phosphorylating
vitamin B6 to its active forms, plays a pivotal role in various cellular processes, including
DNA synthesis, amino acid metabolism, and immune regulation. Dysregulation of PDXK
expression has been implicated in cancer, contributing to tumorigenesis and progression.
Recent advances in small molecule inhibitors and activators targeting PDXK have
showcased their potential to alter cancer cell behavior. These molecules hold promise not
only as standalone treatments but also as adjuvants to conventional therapies, augmenting
their efficacy. Moreover, PDXK modulation has a profound impact on tumor metabolism.
By perturbing vitamin B6 homeostasis, it disrupts the bioenergetics and redox balance
within cancer cells, rendering them vulnerable to therapeutic intervention. Combining
PDXK modulation with existing cancer therapies, such as chemotherapy or immunotherapy,
offers the tantalizing prospect of synergistic treatment approaches, potentially enhancing
therapeutic outcomes while minimizing side effects. This review explores the therapeutic
potential of PDXK modulation as a novel strategy in the battle against cancer.
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It is believed that vitamins are essential nutrients which are needed
in limited amounts to support the health of the organism, including a
number of metabolic processes related to cancer. Vitamins C and D, for
instance, have recently been implicated in controlling cancer-related
processes, and perturbations can influence cancer phenotypes.®’
Chen and colleagues demonstrated that the enzyme pyridoxal kinase
(PDXK) facilitates the phosphorylation of vitamin B6, generating
the active form known as pyridoxal 5’-phosphate (PLP). This active
form, in turn, plays a crucial role in regulating two essential metabolic
enzymes necessary for the growth of acute myeloid leukemia (AML)
cells.®

Introduction

Non communicable diseases (NCDs) have become the primary
contributors to global mortality, with cancer projected to take the
forefront as the leading cause of death and a significant obstacle
to extending life expectancy across all nations in the 21st century.'
According to World Health Organization (WHO) data from 2015,
Cancer serves as the leading or secondary factor contributing
to mortality in individuals below the age of 70 in 91 out of 172
countries. Additionally, it occupies the third or fourth position in an
additional 22 countries in terms of causes of death. In 2018, as per
the GLOBOCAN study, the deadliest cancers were lung, stomach,
liver, breast, colorectal, and blood cancers like leukemia, causing a
significant number of fatalities worldwide.?

Healthy cells keep their use of vitamin B6 under control.
Leukemic cells exhibit an intense dependence on vitamin B6. The
distinction between responsible vitamin B6 utilization and addiction
in these cells often hinges on a singular gene—the one responsible
for expressing the PDXK enzyme. If drugs capable of inhibiting
or disrupting this enzyme or its counterparts within the vitamin B6
pathway could be developed, novel treatment approaches could be
explored for combating acute myeloid leukemia.’

Among the various forms of leukemia, Acute Myeloid Leukemia
(AML) stands as the most prevalent type of acute leukemia. Despite
its rarity, constituting merely 1% of all cancer cases, AML carries the
unfortunate distinction of being the most lethal form of leukemia. The
five-year survival rate for individuals diagnosed with AML, indicating
the percentage of people expected to survive five years after diagnosis,

currently stands at 29.5%.3

The primary hallmark of acute myeloid leukemia (AML) is the
abnormal proliferation and invasion of undifferentiated blasts of the
bone marrow (BM), lymph nodes and spleen.’ Recent studies suggest
that the genetic drivers of cancer development (mutated oncogenes,
tumor suppressors, etc.) can hijack cellular metabolism to keep
cancer cells alive and growing. Metabolic reprogramming plays a
vital role in cancer development, and some cancer-causing mutations
directly impact metabolic pathways. Examples include isocitrate
dehydrogenase (IDH) missense mutations in leukemia, glioma,
sarcoma, and cholangiocarcinoma, succinate dehydrogenase (SDH)
loss-of-function mutations in pheochromocytoma and paraganglioma,
and FH hereditary mutations in renal cell cancer.

Structure and function of PDXK gene

All living organisms consist of diverse cell types that execute a
range of metabolic functions crucial for survival. These metabolic
processes rely on specialized enzymes, predominantly composed of
proteins, to facilitate various biochemical reactions. These enzymes
are produced through the translation of specific genes encoding them.
One notable example is Pyridoxal Kinase, a crucial human enzyme
encoded by the PDXK gene.!’ Pyridoxal Kinase plays a pivotal role
in catalyzing the phosphorylation of Pyridoxine (commonly known as
Vitamin B6), resulting in the formation of Pyridoxine 5’-phosphate.'!

PDXK gene is located on the 10th chromosome of Mus musculus
(House mouse). Pyridoxal kinase enzyme is also present in humans
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and is transcribed from PDXK gene which is present on chromosome
number 21; open reading frame 124 (NCBI Gene, 2023). The enzyme,
named for its physiological role in phosphorylating pyridoxine,
belongs to the transferases family, utilizing the alcohol group as an
acceptor. It plays a crucial role in synthesizing pyridoxal 5’-phosphate
(PLP), pyridoxine 5’-phosphate (PNP), and pyridoxamine
5’-phosphate (PMP) from the dietary vitamin B6 vitamers pyridoxal
(PL), pyridoxine (PN), and pyridoxamine (PM). PLP serves as the
active coenzyme form of vitamin B6, essential as a cofactor in over
140 enzymatic reactions.

These reactions encompass the biosynthesis and catabolism of
amino acids and nucleic acids, as well as the regulation of glucose,
sphingolipid, and fatty acid metabolism.'>!3 The enzyme is primarily
located in the cytoplasm and operates as a homodimer. Furthermore,
various alternatively spliced variants with biological significance have
been identified.'* Lainé-Cessac P, Cailleux A, Allain P, elucidated the
mechanisms underlying the inhibition of pyridoxal kinase by several
drugs.'* The maximum expression of PDXK gene can be observed in
the ovaries and kidneys of adult mice while the minimum expression
of it is in liver and testis of adult mice."

In 2004, Martin K. Safo and colleagues published a report
unveiling the crystal structure of PdxY, a protein in Escherichia coli
with homology to PDXK.!® simultaneously, researchers explored the
three-dimensional structures of sheep brain PDXK both independently
and in conjunction with various ligands. These ligands included
PDXK/ATP, PDXK/AMP-PCP/pyridoxamine, PDXK/ADP/PLP, and
PDXK/ADP. These investigations have significantly advanced our
understanding of PDXK’s catalytic mechanism.!”-!®

The catalytic process of PL kinase involves the addition of the
y-phosphate from ATP to the 5’ alcohol of PN, PM, and PL, resulting
in the formation of PNP, PMP, and PLP, respectively (Figure 1)."°
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Figure | Reaction catalyzed by PL kinase.

The Protein Data Bank currently includes amino acid sequences
for over 100 close homologs of PL kinases from both prokaryotic
and eukaryotic organisms, exhibiting sequence identities ranging
from 24% to 90% when compared to the human enzyme.
Comprehensive sequence analyses of these PL kinase enzymes
have been documented.”” Several of these enzymes have undergone
detailed investigations aimed at exploring their substrate-binding
sites, employing inhibitors, chemical modification techniques,
spectroscopy, and X-ray crystallography.?!*

Purification of PL kinases has been achieved from bacterial, plant,
and mammalian sources. Evidence indicates that most eukaryotic
organisms possess a single PL kinase, encoded by a pdxK gene. In
contrast, prokaryotes harbor two isoform PL kinases, encoded by
pdxK and pdxY genes. Notably, the enzyme coded by the pdxY
gene lacks catalytic activity, and subsequent references to PL kinase
typically pertain to the enzyme coded by the pdxK gene.?**
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Pathways associated with Vitamin Bé

metabolism

Vitamin B6 functions as an enzymatic co-factor, participating in
more than 140 biochemical reactions. These reactions encompass
aldol cleavages, transamination’s, racemization’s, eliminations,
decarboxylation’s, and replacement reactions. In addition to amino
acid biosynthesis and degradation, vitamin B6 is also involved in
the metabolism of sugars and fatty acids.*Vitamin B6 is composed
of a set of six related compounds: pyridoxal (PL), pyridoxine (PN),
pyridoxamine (PM), along with their respective 5’-phosphates (PLP,
PNP, and PMP) (Figure 2).
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Figure 2 Chemical Structures of the six B6 vitamers- pyridoxine (PN),
pyridoxamine (PM), pyridoxal (PL), along with their respective phosphorylated
derivatives (PNP, PMP, and PLP).

The variations among them lie in a variable group present at their
4-position, with PN carrying a hydroxymethyl group, and PL and PM
possessing an aldehyde and an amino methyl group, respectively.
Additionally, all three B6 vitamers undergo phosphorylation by a
kinase, a prerequisite for their function as cofactors in enzymatic
reactions. An integral element of vitamin B6 metabolism is the newly
identified PLP-binding protein (PLP-BP), found widely across all life
kingdoms. While lacking catalytic activity, this protein plays a crucial
regulatory role in maintaining PLP homeostasis.*

Notably, PLP is a highly reactive aldehyde that readily forms
compounds with amino and thiol groups. Thus, it is essential to uphold
a proper equilibrium among B6 vitamers within the cell, ensuring
that the intracellular-free PLP concentration remains below toxic
levels yet sufficient to saturate all PLP-dependent enzymes. Although
pyridoxamine-5’-phosphate (PMP) has been recognized as a co-
factor, the biologically most active form is pyridoxal 5’-phosphate
(PLP). Mammals lack the ability to synthesize PLP from scratch and
instead rely on dietary intake of pyridoxine (PN), pyridoxal (PL), and
pyridoxamine (PM). The metabolic cycle of vitamin B6 in mammals
is illustrated in (Figure 3).

This process includes the action of PL kinase, which phosphorylates
PL, PN, and PM, leading to the formation of PLP, PNP, and PMP,
respectively (reaction 1, Figure 3). Subsequently, PNP oxidase
catalyses the conversion of PNP and PMP into PLP (reaction 2, Figure
3).

In bacteria, plants, and fungi, the vitamin B6 cycle operates
alongside a de novo biosynthetic pathway, originating from common
cellular metabolites. Additionally, there exists a salvage pathway
during protein degradation for synthesizing pyridoxal 5’-phosphate
(PLP). In this salvage pathway, PMP, PNP, and PLP undergo
dephosphorylation by phosphatases, transforming into PM, PN, and
PL. Subsequently, oxidase and/or kinase enzymes convert them back
to PLP, as depicted in (Figure 3).
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Figure 3 Schematic representation of the vitamin B6 metabolism salvage
pathway.

Numerous studies have demonstrated that various phosphatases
can efficiently carry out this task, boasting high turnover numbers.?*?’
Notably, the kcat values of phosphatases are 30-fold higher than those
of PL kinase and even surpass the turnover rates of PNP oxidase by
several folds. The cellular content of PLP is intricately dependent

Table I USDA Food Composition Database-Selected Foods with VitBé6 Content
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on the activities of PL kinase, PNP oxidase, and phosphatases. PLP
synthesized by PL kinase or PNP oxidase serves as a crucial cofactor
for several apo-B6 enzymes, facilitating the formation of catalytically
competent holoenzymes (reaction 3, Figure 3).2¢ Consequently, both
PL kinase and PNP oxidase play pivotal roles in ensuring an adequate
supply of PLP to meet the cellular requirements.

Implications of an Imbalanced Vitamin Bé6
Homeostasis

The Institute of Medicine’s Food and Nutrition Board in the
United States suggests varying levels of vit B6 intake. 1.3 mg is
recommended for young adults, and the suggested intake increases to
1.7 mg for adult males, with a potential increase to 2 mg for lactating
women. Potatoes, a dietary staple for many, prove to be an outstanding
source of this vitamin. Baked potatoes and potato chips, for instance,
can provide up to 23% and 60% of the recommended values per 100
g, respectively as demonstrated in Table 1.

Food Source VitB6 [mg/100

Food Source

VitB6[mg/100g]

4.07

3.75

1.235

1.157

0.83

0.8

0.47

IS

0.367
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0.257

0.121

(https://www.nal.usda.gov/sites/default/files/page-files/Vitamin%20B-6.pdf)

Additional food items such as meat, nuts, bananas, and eggs also
provide substantial amounts of vitamin B6 (Table 1). It’s noteworthy
that vitamin B6 is heat-stable, and its content remains unaffected by
cooking or frying. In a generally healthy population with access to a
well-balanced diet, vitamin B6 deficiency is uncommon. However,
specific demographic groups, particularly individuals aged 45 and
above, may exhibit lower levels of pyridoxal phosphate (PLP) in
their plasma. In such cases, a diet fortified with vitamin B6 may
be beneficial. Individuals with alcohol dependence,? obesity,” and
pregnant women*® often exhibit diminished PLP concentrations. A
deficiency in vitamin B6 is linked to various pathological conditions,
such as chronic renal illness, end-stage renal diseases, and other
kidney ailments.*

A vitamin B6 deficiency can also result from malabsorption
disorders like celiac disease, inflammatory bowel conditions including
Crohn’s disease and ulcerative colitis,’! and some hereditary illnesses
like homocystinuria.*> Those with rheumatoid arthritis frequently
display reduced vitamin B6 concentrations, which tend to decrease
with the severity of the disease.*

Moreover, the availability of PLP may be reduced by the use of
certain medications, such as contraceptives and natural substances.**
Vitamin B6 supplementation has the potential to reverse the symptoms
of PLP deficiency associated with the conditions mentioned earlier.
Vitamin B6 supplements are recognized for their ability to alleviate
premenstrual syndrome symptoms*® and address nausea, vomiting
during pregnancy,’” and carpal tunnel syndrome.*

Unfortunately, a significant portion of the general population
(28-36%) uses vitamin B6 supplements even when not necessary.
Maintaining the proper balance of vitamin B6 is crucial, as several
reports suggest that an excess of this vitamin can be neurotoxic. Large
doses, particularly exceeding 200 mg per day, have adverse effects,
primarily impacting the peripheral nervous system?®® (Table 1).

Epidemiological inferences uncover links
between vitamin B6, DNA damage, and
cancer

Vitamin Bé and cancer risk

Vitamin B6, with its antioxidant properties, holds promise for

cancer prevention and treatment. However, the effects of vitamin
B6 supplementation on tumor development are controversial.'®
Understanding this controversy requires considering that pyridoxal
phosphate (PLP), a cofactor in crucial biosynthetic pathways, is
vital for cell proliferation. Hence, vitamin B6 availability influences
oncogenesis and tumor progression. Interestingly, until the early
1980s, limiting vitamin B6 was considered a potential cancer
therapy.' However, a substantial adverse relationship between PLP
blood levels, dietary vitamin B6 consumption, and cancer has been
demonstrated by thorough analysis encompassing several cases.**!.

Vitamin B6 deficiency is strongly associated with increased
risk, notably in gastrointestinal and lung cancers.*** This reveals
vitamin B6’s intricate role in cancer, serving as both an antioxidant
for prevention and an essential micronutrient crucial for cell growth.
Patients with cancer may have lower vitamin B6 levels, which
might lead to weakened immunity and increased need for tumor cell
biosynthesis.

Genetic regulation of vitamin B6 metabolism in
relation to cancer

The expression of genes involved in pyridoxal phosphate (PLP)
recycling is strongly associated with cancer, and vitamin B6 plays a
critical role in cell proliferation. Among the seven genes selected from
a pool of 6487, the PNPO gene, encoding pyridoxine 5’-phosphate
oxidase, stood out for its prognostic value in colorectal cancer patients.
PNPO expression was shown to be much higher in colorectal cancer
tissues when compared to nearby normal tissues, suggesting that it
plays a role in the formation of cancer.* Further investigations have
revealed similar connections between salvage pathway enzymes and
various tumor types. For instance, studies by Zhang and co-workers
showed that overexpression of PNPO is associated with enhanced cell
migration, invasion, and proliferation, and that it contributes to the
advancement of ovarian surface epithelial malignancies.®

In vitro experiments showed that silencing PNPO induced cell
apoptosis and inhibited tumor formation in vivo.

Interestingly, the regulation of PNPO expression appears to be
influenced by factors such as pyridoxal phosphate (PLP) levels and
transforming growth factor-B. Epithelial ovarian cell proliferation was
seen to be inhibited by PLP supplementation, which also suppressed
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PNPO protein expression. Additionally, PNPO overexpression in
breast invasive ductal carcinoma correlated inversely with overall
patient survival.*

Knockdown of PNPO in breast cancer cells resulted in decreased
proliferation, migration, invasion, and colony formation, along with
cell cycle arrest and apoptosis induction. PDXK exhibits upregulation
in non-small-cell lung cancer (NSCLC), as evidenced in a study.*’
Remarkably, PDXK'’s increased protein levels in the tumor did not
correspond with its mRNA levels, indicating that PDXK expression
is post-translationally controlled. Additionally, PDXK is abundantly
expressed in myeloid leukemia cells, where its depletion exerts an anti-
proliferative effect not rescued by pyridoxine (PN) or pyridoxamine
(PM).}

Leukemia proliferation is supported by plasma vitamin B6,
as evidenced by the pharmacological suppression of PDXK by
isoniazid or the more targeted 4’-O-methylpyridoxine (gingko toxin),
which mimics the effects of genetic depletion.® On the other hand,
PDXK knockdown shields human non-small cell lung cancer cells
from the cytotoxic effects of several substances, most notably the
chemotherapeutic medication cisplatin. Interestingly, pyridoxine (PN)
increases DNA damage, which enhances the anti-tumor activity of
cisplatin, provided PDXK is present. These findings are explained by
the pharmacokinetic action of vitamin B6, which promotes cisplatin’s
intracellular build-up.*®

In summary, Vitamin B6 has a multifaceted effect on cancer,
regulating cell proliferation, immune response modulation, and DNA
damage prevention (Figure 4). The diverse roles of vitamin B6 in
different cancer contexts underscore the need for a comprehensive
examination to understand its multifaceted effects.

VITAMIN B6

| ! l l b

S o Chemotherapy Enhancer of P Boosting
catalysis Characteristics ey WZHCHE Vitamin B6 e
i | Sensitizer | GenotoxicStress | | Response
Protection
Ii(l':eu s from DNA DNA damage
| DIGEerR o8 damage |
CANCER

Figure 4 Connections between Cancer and Vitamin B6. Red arrows indicate
an impact that promotes cancer, whereas green arrows show a preventative
effect against cancer.

Influence of inadequate vitamin B6 levels on DNA
metabolism

Vitamin B6 deficiency significantly influences DNA damage
and repair processes. Pyridoxal phosphate (PLP), a cofactor
of serine hydroxymethyltransferase (SHMT), is crucial for the
synthesis of thymidylate the primary source of one-carbon units in
metabolism. PLP deficiency can reduce SHMT activity, leading to the
misincorporation of uracil in DNA.* Another enzyme dependent on
both PLP and folate, glycine decarboxylase, is essential for purine
synthesis and, consequently, DNA metabolism.>
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The impact of low vitamin B6 levels extends to the formation of
micronuclei in animal models®' and patients with inflammatory bowel
disease,” emphasizing its role in maintaining genomic stability.
Vitamin B6 affects DNA through various mechanisms, including
the suppression of endothelial cell proliferation and angiogenesis by
inhibiting DNA polymerase and DNA topoisomerases.™

In hepatoma cells, pyridoxine induces the expression of insulin-
like growth factor-binding protein 1 through the ERK/c-Jun pathway.**
Furthermore, it plays a role in upregulating the expression of p21 via
p53 activation in various cancer cells and mouse colon, highlighting
its multifaceted influence on DNA regulation.*

Ensuring the effective assimilation of vitamins is vital for preserving
genome stability. However, it’s equally crucial to acknowledge the
influence of an individual’s genetic makeup on the ability to absorb,
transport, and metabolize vitamins. This may have an effect on the
intracellular vitamin B6 level, which may or may not correspond to
the amounts and distribution of vitamin B6 in the blood

The potential of vitamin Bé in
development of novel medical drugs

the

Understanding vitamin B6 and its associated enzymes is employed
in treating diseases at three levels: supplementing with vitamin B6,
targeting specific enzymes in the vitamin B6 biosynthesis pathways,
and focusing on PLP-dependent enzymes. Given the crucial role of
vitamin B6 in neurotransmitter biosynthesis, it is conceivable that
various neurological disorders, including Parkinson’s, Alzheimer’s,
epilepsy, autism, and schizophrenia, are influenced by the availability
of pyridoxal phosphate (PLP).*

For pyridoxine-dependent epilepsy (PDE), characterized by
recurrent neonatal or infantile seizures, high doses of PLP have been
found to alleviate symptoms.*® While there are currently no specific
dosing recommendations, typical long-term PLP doses prescribed
remain within the established upper limits (UL).””PDE patients
receiving doses exceeding 500 mg/day are carefully monitored for
potential adverse effects such as sensory neuropathy.’’

PDE is attributed to mutations in the ALDH7A1 (Antiquitin) gene
within the lysine degradation pathway, resulting in the accumulation
of the lysine intermediate L-aminoadipate-semialdehyde (AASA) and
its cyclic form, 1-piperideine-6-carboxylic acid (P6C).%

P6C has the capacity to react with and deactivate PLP. The
hypothesis suggests that the subsequent depletion of PLP in the brain
leads to overexcitement and epileptic seizures due to the reduced
PLP-dependent biosynthesis of the inhibitory neurotransmitter
y-aminobutyric acid (GABA).*? A zebrafish model for PDE has
been developed through the generation of an aldh7al knockout line,
providing researchers with a valuable tool for studying this disease.*
In another instance, dopamine deficiencies are frequently implicated
in the primary symptoms of Parkinson’s disease.*

Examining neurons in the substantia nigra region of the human
brain revealed the differential expression of four genes, including
PDXK.*4° Some discussions suggest that if PDXK is up-regulated
in dopaminergic neurons, the primary source of dopamine in
the midbrain, it could potentially alleviate certain symptoms of
Parkinson’s disease, although this specific approach has not been
investigated.®® However, scepticism exists regarding these findings,
as the studies were conducted in isolated populations where a high
degree of inbreeding due to local community marriage may occur.
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Additionally, there was an absence of the same differential expression
of the four genes, including the pyridoxal kinase locus, in these
populations.*%-¢?

In the subsequent paragraphs, we will delve into the intersection
of pathogens and vitamin B6, an emerging field that holds promising
opportunities for developing new strategies to prevent infections. In
recent developments, the relationship between pathogens and vitamin
B6 (vitB6) has emerged as a promising field, offering potential
strategies for infection prevention.®

VitB6, known for its role in pathogen-host interactions, was
initially identified in the phytopathogen Cercospora nicotianae.**%
This fungus, using a photosensitizer, produces reactive oxygen
species (ROS) crucial for penetrating host plant tissue. This marked
the initial identification of vitamin B6 as a potent antioxidant capable
of effectively protecting cells against rising reactive oxygen species
(ROS).® Furthermore, it represented the first recognition of its pivotal
role in the intricate interplay between hosts and pathogens.

Plants also leverage vitB6 to reduce infection risks. Arabidopsis
mutants with impaired vitB6 pathways showed increased susceptibility
to bacterial and fungal infections, suggesting a role in cellular defense
responses.”’ In another example, the bacterium P. Iuminescens,
symbiotic with the nematode H. bacteriophora,®® exhibited reduced
pathogenicity in mutants affecting vitB6 biosynthesis, emphasizing the
importance of vitB6 for a defined metabolic rate in supporting either
mutualistic relationships or pathogenic abilities. A genetic screening
for P. luminescens mutants with reduced pathogenicity identified a
mutation in PdxB, an erythronate-4-phosphate dehydrogenase, a
component of the DXP-dependent de novo pathway.®

PdxB mutants exhibit impaired overall growth, a deficiency that
can be alleviated by adding pyridoxal-5’-phosphate (PLP) to the
growth media. Additionally, growth restoration is achievable not
only with PLP but also with non-phosphorylated vitB6, indicating the
bacterium’s effective vitB6 uptake systems and a functional salvage
pathway.*

While the specific impact of vitB6 on pathogenicity remains
unclear, maintaining a defined metabolic rate with sufficient PLP levels
is considered essential to support either the mutualistic lifestyle or the
capacity to infect other organisms.® The correlation between vitB6
biosynthesis and pathogenicity extends to other bacteria, including
Helicobacter pylori, Streptococcus pneumoniae, and Mycobacterium
tuberculosis.”™" In H. pylori, vitB6 deficiency impairs virulence and
flagellar glycosylation, leading to immobile bacteria.”

Similarly, S. pneumoniae with compromised vitB6 biosynthesis
genes demonstrated attenuated infection rates in a mouse
model.”These findings underscore the significance of vitB6 in
bacterial pathogenicity and suggest potential avenues for developing
novel strategies to combat infections. The loss of the de novo pathway
in the tuberculosis-causing bacterium, M. tuberculosis, hinders its
persistence in host tissue.”!

Interestingly, besides directly affecting vitB6 biosynthesis,
supplementing vitamin B6 has shown promise in enhancing
tuberculosis treatments. For instance, vitamin B6 inhibits the
binding of MtbLrpA to DNA, a transcriptional regulator crucial for
M. tuberculosis persistence.””This suggests that targeting the vitB6
pathway could be a potential drug strategy against these bacteria and
other pathogens. Since humans lack the de novo vitB6 biosynthesis
pathway, this approach is promising, offering specificity to pathogens
without harming the host and interfere with the pathogen’s metabolic
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processes to a degree that prevents its survival, thereby reducing or
eliminating the pathogen load for the host’s recovery. Targeting PDX
proteins and specific PLP-dependent enzymes crucial for pathogen
viability could satisfy both conditions.

In this regard, malaria, being a eukaryotic pathogen, stands out
as a prospective candidate for innovating new anti-malarial drugs
through the exploitation of the de novo vitamin B6 pathway. Malaria
is a potentially fatal illness that mostly affects equatorial regions and
continues to be a major worldwide health problem. The World Health
Organization (WHO) recorded 214 million new cases and 438,000
deaths from malaria in 2015.7

Due to Plasmodium falciparum’s growing resistance to current
anti-malarial medications, the fight against malaria is becoming
more difficult. Researchers consistently explore novel drug targets,
as highlighted in a 2014 review that identified PLP-dependent
enzymes such as ornithine decarboxylase, P. falciparum aspartate
aminotransferase, and SHMT as promising therapeutic targets.’7

However, the challenge lies in avoiding adverse effects on
corresponding host enzymes. The suggestion of targeting PLP-
related molecules in the Anopheles vector, like 3-hydroxykynurenine
transaminase, has been made; however, the lack of adequate structural
information poses a challenge to drug design. While there might be
other promising targets, dismissing vitB6-related targets for novel
treatments against P. falciparum and other pathogens could be an
oversight.

Top of Form

Conclusion

The PDXK gene encodes pyridoxal kinase (PDXK), a vitamin
B6-dependent transferase enzyme that is essential for leukemic cell
proliferation. When its activity is disrupted, it leads to perturbed
metabolism, resulting in diminished levels of nucleotides and
polyamines. This comprehensive review has unveiled the pivotal
role of Pyridoxal kinase (PDXK) and vitamin B6 metabolism across
diverse domains, ranging from oncology to infection prevention. The
exploration of PDXK as a central player in vitamin B6 metabolism
has illuminated its potential as both a biomarker and therapeutic
target in the complex landscape of cancer. The association between
dysregulated PDXK expression and tumorigenesis emphasizes
its promise in innovative cancer therapies. The intricate interplay
between vitamin B6, DNA damage, and cancer risk underscores the
critical importance of maintaining balanced vitamin B6 homeostasis.
Epidemiological insights have revealed nuanced relationships
between inadequate vitamin B6 levels and heightened susceptibility
to various cancers, underscoring its indispensable role in cellular
processes, immune modulation, and genomic stability.

Beyond its implications in cancer, the review has elucidated the
broader consequences of imbalanced vitamin B6 homeostasis, linking
it to various pathological conditions and emphasizing its significance
for overall health. The latter sections of the review have explored the
potential of vitamin B6 in novel drug development, particularly in the
context of pathogen interactions. Targeting PDX proteins and specific
PLP-dependent enzymes in pathogens, especially in malaria, holds
promise for ground-breaking advancements in anti-malarial drug
development.

In the field of oncology, the exploration of PDXK modulation as a
novel strategy presents a compelling avenue. The potential synergies
with existing cancer therapies offer an exciting prospect for improving
treatment outcomes while minimizing adverse effects.
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In conclusion, the multifaceted roles of PDXK and vitamin B6 in
cellular processes, DNA metabolism, and pathogen interactions not
only expand our understanding of fundamental biological mechanisms
but also pave the way for the development of targeted therapeutic
interventions in the fields of oncology and infectious diseases. As the
scientific community continues to unravel the intricacies of PDXK
and vitamin B6, the potential for ground-breaking advancements in
medicine becomes increasingly evident.

Declaration

Disclosure statement

During the preparation of this work, the authors used Chat GPT, in
order to improve scientific writing and correct grammatical mistakes.
After using this tool, the authors reviewed and edited the content as
needed and takes full responsibility for the content of the publication.

Conflicts of interest

The authors declare no relevant financial or non-financial interests
to disclose.

References

1. World Health Organization.Global Health Observatory. Geneva: World
Health Organization. 2018.

2. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA cancer J clin. 2018;68(6):394-424.

3. Kantarjian H. Acute myeloid leukemia--major progress over four decades
and glimpses into the future. Am J Hematol. 2016;91(1):131-145.

4. Short NJ, Rytting ME, Cortes JE. Acute myeloid leukaemia. Lancet.
2018;392(10147)593-606.

5. Dohner H, Weisdorf DJ, Bloomfield CD. Acute myeloid leukemia. N Engl
J Med. 2015;373(12):1136-1152.

6. Agathocleous M, Meacham CE, Burgess RJ, et al. Ascorbate regulates
haematopoietic stem cell function and leukaemogenesis. Nature.
2017;549(7673):476-481.

7. Sherman MH, Yu RT, Engle DD, et al. Vitamin D receptor-mediated
stromal reprogramming suppresses pancreatitis and enhances pancreatic
cancer therapy. Cell. 2014;159(1):80-93.

8. Chen CC, Li B, Millman SE, et al. Vitamin B6 addiction in acute myeloid
leukemia. Cancer cell. 2020;37(1):71-84.¢7.

9. Banerjee P, Chandra A, Mohammad T, et al. Identification of high-
affinity pyridoxal kinase inhibitors targeting cancer therapy: an integrated
docking and molecular dynamics simulation approach. J biomol struct
dyn. 2023:1-18.

10. Hanna MC, Turner AJ, Kirkness EF. Human pyridoxal kinase. cDNA
cloning, expression, and modulation by ligands of the benzodiazepine
receptor. J Biol Chem. 1997;272(16):10756-10760.

11. Bowling FG. Pyridoxine supply in human development. Semin cell dev
boil. 2011;22(6):611-618.

12. Ueland PM, Ulvik A, Rios-Avila L, et al. Direct and functional biomarkers
of vitamin b6 status. Annu Rev Nutr. 2015;35:33-70.

13. Eliot AC, Kirsch JF. Pyridoxal phosphate enzymes: mechanistic,
structural, and evolutionary considerations. Annu rev biochem. 2004;73,
383-415.

14. Lainé-Cessac P, Cailleux A, Allain P. Mechanisms of the inhibition of
human erythrocyte pyridoxal kinase by drugs. Biochem pharmacol.
1997,54(8), 863-870.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

Copyright:
©2024 Banerjee et al. 4

. Mascolo E, Barile A, Mecarelli LS, et al. The expression of four pyridoxal

kinase (PDXK) human variants in drosophila impacts on genome
integrity. Scie Rep. 2019; 9(1):14188.

. Safo MK, Musayev FN, Hunt S, et al. Crystal structure of the pdxy protein

from escherichia coli. J bacteriol. 2004;186(23):8074—8082.

. LiMH, Kwok F, Chang WR, et al. Conformational changes in the reaction

of pyridoxal kinase. J biol chem. 2004;279(17):17459-17465.

. Galluzzi L, Vacchelli E, Michels J, et al. Effects of vitamin B6 metabolism

on oncogenesis, tumor progression and therapeutic responses. Oncogene.
2013;32(42):4995-5004.

. McCormick DB, Chen H. Update on interconversions of vitamin B-6

with its coenzyme. J nutr. 1999;129(2):325-327.

Li MH, Kwok F, Chang WR, et al. Crystal structure of brain pyridoxal
kinase, a novel member of the ribokinase superfamily.) biol chem.
2002;277(48):46385-46390.

Musayev FN, di Salvo ML, Ko TP, et al. Crystal Structure of human
pyridoxal kinase: structural basis of M(+) and M(2+) activation. Protein
sci. 2007;16(10):2184-2194.

Mccormick DB, Snell EE. Pyridoxal phosphokinases. II. effects of
inhibitors. J biol chem.1961;236:2085-2088.

Yang Y, Tsui HC, Man TK, et al. Identification and function of the pdxY
gene, which encodes a novel pyridoxal kinase involved in the salvage
pathway of pyridoxal 5’-phosphate biosynthesis in Escherichia coli K-12.
J bacteriol. 1988;180(7):1814—1821.

Yang Y, Zhao G, Winkler ME. Identification of the pdxK gene that
encodes pyridoxine (vitamin B6) kinase in Escherichia coli K-12. FEMS
microbiol lett. 1996;141(1):89-95.

Percudani R, Peracchi A. The B6 database: a tool for the description and
classification of vitamin B6-dependent enzymatic activities and of the
corresponding protein families. BMC bioinformatics. 2009;10:273.

McCormick DB, Chen H. Update on interconversions of vitamin B-6
with its coenzyme. J Nutri. 1999;129(2):325-327.

Sivaraman J, Li Y, Banks J, et al. Crystal structure of Escherichia coli
PdxA, an enzyme involved in the pyridoxal phosphate biosynthesis
pathway. J biol chem. 2003;278(44):43682-43690.

Cravo ML, Camilo ME. Hyperhomocysteinemia in chronic alcoholism:
relations to folic acid and vitamins B(6) and B(12) status. Nutrition.
2000;16(4):296-302.

Ferro Y, Car¢ I, Mazza E, et al. Protein and vitamin B6 intake are associated
with liver steatosis assessed by transient elastography, especially in obese
individuals. Clin mol hepatol. 2017;23(3):249-259.

Merrill AH, Henderson JM. Diseases associated with defects in vitamin
B6 metabolism or utilization. Annu rev Nutr. 1987;137-156.

Kowlessar OD, Haeffner LJ, Benson GD. Abnormal tryptophan
metabolism in patients with adult celiac disease, with evidence for
deficiency of vitamin B6. J clin invest. 1964;43(5):894-903.

Clayton PT. B6-responsive disorders: a model of vitamin dependency. J
inherit metab dis. 2006;29(2-3):317-326.

Chiang EP, Selhub J, Bagley PJ, et al. Pyridoxine supplementation corrects
vitamin B6 deficiency but does not improve inflammation in patients with
rheumatoid arthritis. Arthritis res ther. 2005;7(6):R1404—R1411.

Lussana F, Zighetti ML, Bucciarelli P, et al. Blood levels of homocysteine,
folate, vitamin B6 and B12 in women using oral contraceptives compared
to non-users. Thrombo Res. 2003;112(1-2):37-41.

Gandhi AK, Desai JV, Ghatge MS, et al. Crystal structures of human
pyridoxal kinase in complex with the neurotoxins, ginkgotoxin
and theophylline: insights into pyridoxal kinase inhibition. PloS
one.2012;7(7):¢40954.

Citation: Banerjee P, Singh R, Urmi R, et al. Exploring the role of pyridoxal kinase: a key player in vitamin B6 metabolism. Endocrinol Metab Int |.

2024;12(3):68-75. DOI: 10.15406/emij.2024.12.00350


https://doi.org/10.15406/emij.2024.12.00350
https://www.who.int/data/gho/
https://www.who.int/data/gho/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/26598393/
https://pubmed.ncbi.nlm.nih.gov/26598393/
https://pubmed.ncbi.nlm.nih.gov/30078459/
https://pubmed.ncbi.nlm.nih.gov/30078459/
https://pubmed.ncbi.nlm.nih.gov/26376137/
https://pubmed.ncbi.nlm.nih.gov/26376137/
https://utsouthwestern.elsevierpure.com/en/publications/ascorbate-regulates-haematopoietic-stem-cell-function-and-leukaem/fingerprints/
https://utsouthwestern.elsevierpure.com/en/publications/ascorbate-regulates-haematopoietic-stem-cell-function-and-leukaem/fingerprints/
https://utsouthwestern.elsevierpure.com/en/publications/ascorbate-regulates-haematopoietic-stem-cell-function-and-leukaem/fingerprints/
https://pubmed.ncbi.nlm.nih.gov/25259922/
https://pubmed.ncbi.nlm.nih.gov/25259922/
https://pubmed.ncbi.nlm.nih.gov/25259922/
https://pubmed.ncbi.nlm.nih.gov/37578056/
https://pubmed.ncbi.nlm.nih.gov/37578056/
https://pubmed.ncbi.nlm.nih.gov/37578056/
https://pubmed.ncbi.nlm.nih.gov/37578056/
https://pubmed.ncbi.nlm.nih.gov/9099727/
https://pubmed.ncbi.nlm.nih.gov/9099727/
https://pubmed.ncbi.nlm.nih.gov/9099727/
https://pubmed.ncbi.nlm.nih.gov/21664474/
https://pubmed.ncbi.nlm.nih.gov/21664474/
https://pubmed.ncbi.nlm.nih.gov/25974692/
https://pubmed.ncbi.nlm.nih.gov/25974692/
https://pubmed.ncbi.nlm.nih.gov/15189147/
https://pubmed.ncbi.nlm.nih.gov/15189147/
https://pubmed.ncbi.nlm.nih.gov/15189147/
https://pubmed.ncbi.nlm.nih.gov/9354586/
https://pubmed.ncbi.nlm.nih.gov/9354586/
https://pubmed.ncbi.nlm.nih.gov/9354586/
https://pubmed.ncbi.nlm.nih.gov/31578392/
https://pubmed.ncbi.nlm.nih.gov/31578392/
https://pubmed.ncbi.nlm.nih.gov/31578392/
https://pubmed.ncbi.nlm.nih.gov/15547280/
https://pubmed.ncbi.nlm.nih.gov/15547280/
https://pubmed.ncbi.nlm.nih.gov/14722069/
https://pubmed.ncbi.nlm.nih.gov/14722069/
https://pubmed.ncbi.nlm.nih.gov/23334322/
https://pubmed.ncbi.nlm.nih.gov/23334322/
https://pubmed.ncbi.nlm.nih.gov/23334322/
https://pubmed.ncbi.nlm.nih.gov/10024608/
https://pubmed.ncbi.nlm.nih.gov/10024608/
https://pubmed.ncbi.nlm.nih.gov/12235162/
https://pubmed.ncbi.nlm.nih.gov/12235162/
https://pubmed.ncbi.nlm.nih.gov/12235162/
https://pubmed.ncbi.nlm.nih.gov/17766369/
https://pubmed.ncbi.nlm.nih.gov/17766369/
https://pubmed.ncbi.nlm.nih.gov/17766369/
https://pubmed.ncbi.nlm.nih.gov/13773827/
https://pubmed.ncbi.nlm.nih.gov/13773827/
https://pubmed.ncbi.nlm.nih.gov/9537380/
https://pubmed.ncbi.nlm.nih.gov/9537380/
https://pubmed.ncbi.nlm.nih.gov/9537380/
https://pubmed.ncbi.nlm.nih.gov/9537380/
https://pubmed.ncbi.nlm.nih.gov/8764513/
https://pubmed.ncbi.nlm.nih.gov/8764513/
https://pubmed.ncbi.nlm.nih.gov/8764513/
https://pubmed.ncbi.nlm.nih.gov/19723314/
https://pubmed.ncbi.nlm.nih.gov/19723314/
https://pubmed.ncbi.nlm.nih.gov/19723314/
https://pubmed.ncbi.nlm.nih.gov/10024608/
https://pubmed.ncbi.nlm.nih.gov/10024608/
https://pubmed.ncbi.nlm.nih.gov/12896974/
https://pubmed.ncbi.nlm.nih.gov/12896974/
https://pubmed.ncbi.nlm.nih.gov/12896974/
https://colab.ws/articles/10.1016%2FS0899-9007%2899%2900297-X
https://colab.ws/articles/10.1016%2FS0899-9007%2899%2900297-X
https://colab.ws/articles/10.1016%2FS0899-9007%2899%2900297-X
https://pubmed.ncbi.nlm.nih.gov/28750503/
https://pubmed.ncbi.nlm.nih.gov/28750503/
https://pubmed.ncbi.nlm.nih.gov/28750503/
https://pubmed.ncbi.nlm.nih.gov/3300730/
https://pubmed.ncbi.nlm.nih.gov/3300730/
https://pubmed.ncbi.nlm.nih.gov/14169518/
https://pubmed.ncbi.nlm.nih.gov/14169518/
https://pubmed.ncbi.nlm.nih.gov/14169518/
https://pubmed.ncbi.nlm.nih.gov/16763894/
https://pubmed.ncbi.nlm.nih.gov/16763894/
https://pubmed.ncbi.nlm.nih.gov/16277693/
https://pubmed.ncbi.nlm.nih.gov/16277693/
https://pubmed.ncbi.nlm.nih.gov/16277693/
https://pubmed.ncbi.nlm.nih.gov/15013271/
https://pubmed.ncbi.nlm.nih.gov/15013271/
https://pubmed.ncbi.nlm.nih.gov/15013271/
https://pubmed.ncbi.nlm.nih.gov/22879864/
https://pubmed.ncbi.nlm.nih.gov/22879864/
https://pubmed.ncbi.nlm.nih.gov/22879864/
https://pubmed.ncbi.nlm.nih.gov/22879864/

Exploring the role of pyridoxal kinase: a key player in vitamin Bé metabolism

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

Wyatt KM, Dimmock PW, Jones PW, et al. Efficacy of vitamin B-6
in the treatment of premenstrual syndrome: systematic review. BMJ.
1999;318(7195):1375-1381.

Ebrahimi N, Maltepe C, Einarson A. Optimal management of nausea and
vomiting of pregnancy. /nt J womens Health. 2010;2:241-248.

Ryan-Harshman M, Aldoori W. Carpal tunnel syndrome and vitamin B6.
Can fam physician. 2007;53(7):1161-1162.

di Salvo ML, Safo MK, Contestabile R. Biomedical aspects of pyridoxal
5’-phosphate availability. Front biosci (Elite ed). 2012;4(3):897-913.

Mocellin S, Briarava M, Pilati P. Vitamin b6 and cancer risk: a field
synopsis and meta-analysis. J Nat/ Cancer Inst. 2017;109(3):1-9.

Zuo H, Ueland PM, Midttun @, et al. Vitamin B6 catabolism and lung
cancer risk: results from the lung cancer cohort consortium (LC3). Ann
oncol. 2019;30(3):478-485.

Gylling B, Myte R, Schneede J, et al. Vitamin B-6 and colorectal cancer
risk: a prospective population-based study using 3 distinct plasma markers
of vitamin B-6 status. Am J clin Nutr. 2017;105(4):897-904.

Kayashima T, Tanaka K, Okazaki Y, et al. Consumption of vitamin B6
reduces colonic damage and protein expression of HSP70 and HO-1, the
anti-tumor targets, in rats exposed to 1,2-dimethylhydrazine. Oncol lett.
2011;2(6):1243-1246.

Chen, H, Sun X, Ge W, et al. A seven-gene signature predicts overall
survival of patients with colorectal cancer. Oncotarget. 2016;8(56):
95054-95065.

Zhang L, Zhou D, Guan W, et al. Pyridoxine 5’-phosphate oxidase is a
novel therapeutic target and regulated by the TGF-f signalling pathway in
epithelial ovarian cancer. Cell death dis. 2017;8(12):3214.

Ren W, Guan W, Zhang J, et al. Pyridoxine 5’-phosphate oxidase is
correlated with human breast invasive ductal carcinoma development.
Aging(Albany NY).2019;11(7):2151-2176.

Galluzzi L, Vitale I, Senovilla L, et al. Prognostic impact of vitamin B6
metabolism in lung cancer. Cell Rep. 2012; 2(2):257-269.

Galluzzi L, Marsili S, Vitale I, et al. Vitamin B6 metabolism influences the
intracellular accumulation of cisplatin. Cell cycle. 2013;12(3):417-421.

Paone A, Marani M, Fiascarelli A, et al. SHMT1 knockdown induces
apoptosis in lung cancer cells by causing uracil misincorporation. Cell
Death Dis. 2014;5(11):e1525.

Fleming A, Copp AJ. Embryonic folate metabolism and mouse neural
tube defects. Science. 1998;280(5372):2107-2109.

Almeida MR, Venancio VP, Aissa AF, et al. Effects of maternal vitamin
B6 deficiency and over-supplementation on DNA damage and oxidative
stress in rat dams and their offspring. Food chem toxicol. 2015;80:201—
205.

Kim SY, Mun EC, Chung W, et al. Increased genomic damage and
vitamin B status in inflammatory bowel disease patients: A case-control,
prospective, pilot study. Mutation research. Mutat Res Genet Toxicol
Environ Mutagen. 2019;837:42—47.

Matsubara K, Matsumoto H, Mizushina Y, et al. Inhibitory effect of
pyridoxal 5’-phosphate on endothelial cell proliferation, replicative DNA
polymerase and DNA topoisomerase. Int J Mol Med. 2003;12(1):51-55.

Zhang P, Suidasari S, Hasegawa T, et al. High concentrations of pyridoxal
stimulate the expression of IGFBP1 in HepG2 cells through upregulation
of the ERK/c-Jun pathway. Mol med rep. 2013;8(4):973-978.

Zhang P, Suidasari S, Hasegawa T, et al. Vitamin Bs activates p53 and
elevates p21 gene expression in cancer cells and the mouse colon. Oncol
rep. 2014;31(5):2371-2376.

Baxter P. Pyridoxine-dependent and pyridoxine-responsive seizures. Dev
med child neurol. 2001;43(6):416-420.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

Copyright:
©2024 Banerjee et al. 75

Stockler S, Plecko B, Gospe SM, et al. Pyridoxine dependent epilepsy
and antiquitin deficiency: clinical and molecular characteristics and
recommendations for diagnosis, treatment and follow-up. Mol genet
metab. 2011;104(1-2):48-60.

Mills PB, Struys E, Jakobs C, et al. Mutations in antiquitin in individuals
with pyridoxine-dependent seizures. Nat med. 2006;12(3):307-309.

Pena IA, Roussel Y, Daniel K, et al. Pyridoxine-dependent epilepsy in
zebrafish caused by aldh7al deficiency. Genetics. 2017; 207(4):1501—
1518.

Elstner M, Morris CM, Heim K, et al. Single-cell expression profiling
of dopaminergic neurons combined with association analysis
identifies pyridoxal kinase as Parkinson’s disease gene. Ann neurol.
2009;66(6):792-798.

Guella I, Asselta R, Tesei S, et al. The PDXK rs2010795 variant is not
associated with Parkinson disease in Italy. Ann neurol. 2010;67(3):411—
412.

Vilarifo-Giiell C, Wider C, Aasly JO, et al. Association of pyridoxal
kinase and Parkinson disease. Ann neurol.2010; 67(3):409—411.

Ehrenshaft M, Chung KR, Jenns AE, et al. Functional characterization
of SOR1, a gene required for resistance to photosensitizing toxins in the
fungus Cercospora nicotianae. Curr genet. 1999;34(6), 478-485.

Daub ME, Ehrenshaft M. The photoactivated cercospora toxin
cercosporin: contributions to plant disease and fundamental biology. Ann
rev phytopathology. 2000;38:461-490.

Ehrenshaft M, Bilski P, Li MY, et al. A highly conserved sequence is a
novel gene involved in de novo vitamin B6 biosynthesis. Proc Natal Acad
Sci USA. 1999;96(16):9374-9378.

Bilski P, Li MY, Ehrenshaft M,et al. Vitamin B6 (pyridoxine) and its
derivatives are efficient singlet oxygen quenchers and potential fungal
antioxidants. Photochem photobiol.2000;71(2):129-134.

Zhang Y, Jin X, Ouyang Z, et al. Vitamin B6 contributes to disease
resistance against pseudomonas syringae pv. tomato DC3000 and botrytis
cinerea in arabidopsis thaliana. J plant physiol. 2015;175:21-25.

Sato K, Yoshiga T, Hasegawa K. Activated and inactivated immune
responses in Caenorhabditis elegans against Photorhabdus luminescens
TTO1. SpringerPlus. 2014;3:274.

Sato K, Yoshiga T, Hasegawa K. Involvement of vitamin B6 biosynthesis
pathways in the insecticidal activity of photorhabdus luminescens. App!
environ microbiol. 2016;82(12):3546-3553.

Grubman A, Phillips A, Thibonnier M, et al. Vitamin B6 is required for full
motility and virulence in helicobacter pylori. mBio.2010; 1(3):00112-10.

Dick T, Manjunatha U, Kappes B, et al. Vitamin B6 biosynthesis is
essential for survival and virulence of Mycobacterium tuberculosis. Mol
microbiol. 2010;78(4):980-988.

El Qaidi S, Yang J, Zhang JR, et al. The vitamin Bs biosynthesis pathway
in Streptococcus pneumoniae is controlled by pyridoxal 5’-phosphate
and the transcription factor PdxR and has an impact on ear infection. J
bacterial. 2013;195(10):2187-2196.

Song N, Cui Y, Li Z, et al. New targets and cofactors for the transcription
factor Irpa from mycobacterium tuberculosis. DNA cell biol.
2016;35(4):167-176.

WHO. World Malaria Report 2015.
Taniguchi M, Lindsey JS. Synthetic chlorins, possible surrogates for

chlorophylls, prepared by derivatization of porphyrins. Chemical reviews.
2017;117(2):344-535.

Kronenberger T, Lindner J, Meissner KA, et al. Vitamin B6-dependent
enzymes in the human malaria parasite plasmodium falciparum: a
druggable target? BioMed res int. 2014:108516.

Citation: Banerjee P, Singh R, Urmi R, et al. Exploring the role of pyridoxal kinase: a key player in vitamin B6 metabolism. Endocrinol Metab Int |.
2024;12(3):68-75. DOI: 10.15406/emij.2024.12.00350


https://doi.org/10.15406/emij.2024.12.00350
https://pubmed.ncbi.nlm.nih.gov/10334745/
https://pubmed.ncbi.nlm.nih.gov/10334745/
https://pubmed.ncbi.nlm.nih.gov/10334745/
https://pubmed.ncbi.nlm.nih.gov/21151729/
https://pubmed.ncbi.nlm.nih.gov/21151729/
https://pubmed.ncbi.nlm.nih.gov/17872812/
https://pubmed.ncbi.nlm.nih.gov/17872812/
https://pubmed.ncbi.nlm.nih.gov/22201923/
https://pubmed.ncbi.nlm.nih.gov/22201923/
https://pubmed.ncbi.nlm.nih.gov/28376200/
https://pubmed.ncbi.nlm.nih.gov/28376200/
https://pubmed.ncbi.nlm.nih.gov/30698666/
https://pubmed.ncbi.nlm.nih.gov/30698666/
https://pubmed.ncbi.nlm.nih.gov/30698666/
https://pubmed.ncbi.nlm.nih.gov/28275126/
https://pubmed.ncbi.nlm.nih.gov/28275126/
https://pubmed.ncbi.nlm.nih.gov/28275126/
https://pubmed.ncbi.nlm.nih.gov/22848295/
https://pubmed.ncbi.nlm.nih.gov/22848295/
https://pubmed.ncbi.nlm.nih.gov/22848295/
https://pubmed.ncbi.nlm.nih.gov/22848295/
https://pubmed.ncbi.nlm.nih.gov/29221110/
https://pubmed.ncbi.nlm.nih.gov/29221110/
https://pubmed.ncbi.nlm.nih.gov/29221110/
https://pubmed.ncbi.nlm.nih.gov/29238081/
https://pubmed.ncbi.nlm.nih.gov/29238081/
https://pubmed.ncbi.nlm.nih.gov/29238081/
https://pubmed.ncbi.nlm.nih.gov/30982780/
https://pubmed.ncbi.nlm.nih.gov/30982780/
https://pubmed.ncbi.nlm.nih.gov/30982780/
https://pubmed.ncbi.nlm.nih.gov/22854025/
https://pubmed.ncbi.nlm.nih.gov/22854025/
https://pubmed.ncbi.nlm.nih.gov/23287530/
https://pubmed.ncbi.nlm.nih.gov/23287530/
https://pubmed.ncbi.nlm.nih.gov/25412303/
https://pubmed.ncbi.nlm.nih.gov/25412303/
https://pubmed.ncbi.nlm.nih.gov/25412303/
https://pubmed.ncbi.nlm.nih.gov/9641914/
https://pubmed.ncbi.nlm.nih.gov/9641914/
https://pubmed.ncbi.nlm.nih.gov/25818462/
https://pubmed.ncbi.nlm.nih.gov/25818462/
https://pubmed.ncbi.nlm.nih.gov/25818462/
https://pubmed.ncbi.nlm.nih.gov/25818462/
https://pubmed.ncbi.nlm.nih.gov/30595208/
https://pubmed.ncbi.nlm.nih.gov/30595208/
https://pubmed.ncbi.nlm.nih.gov/30595208/
https://pubmed.ncbi.nlm.nih.gov/30595208/
https://pubmed.ncbi.nlm.nih.gov/12792808/
https://pubmed.ncbi.nlm.nih.gov/12792808/
https://pubmed.ncbi.nlm.nih.gov/12792808/
https://pubmed.ncbi.nlm.nih.gov/23942851/
https://pubmed.ncbi.nlm.nih.gov/23942851/
https://pubmed.ncbi.nlm.nih.gov/23942851/
https://pubmed.ncbi.nlm.nih.gov/24626782/
https://pubmed.ncbi.nlm.nih.gov/24626782/
https://pubmed.ncbi.nlm.nih.gov/24626782/
https://pubmed.ncbi.nlm.nih.gov/11409832/
https://pubmed.ncbi.nlm.nih.gov/11409832/
https://pubmed.ncbi.nlm.nih.gov/21704546/
https://pubmed.ncbi.nlm.nih.gov/21704546/
https://pubmed.ncbi.nlm.nih.gov/21704546/
https://pubmed.ncbi.nlm.nih.gov/21704546/
https://pubmed.ncbi.nlm.nih.gov/16491085/
https://pubmed.ncbi.nlm.nih.gov/16491085/
https://pubmed.ncbi.nlm.nih.gov/29061647/
https://pubmed.ncbi.nlm.nih.gov/29061647/
https://pubmed.ncbi.nlm.nih.gov/29061647/
https://pubmed.ncbi.nlm.nih.gov/20035503/
https://pubmed.ncbi.nlm.nih.gov/20035503/
https://pubmed.ncbi.nlm.nih.gov/20035503/
https://pubmed.ncbi.nlm.nih.gov/20035503/
https://pubmed.ncbi.nlm.nih.gov/20373357/
https://pubmed.ncbi.nlm.nih.gov/20373357/
https://pubmed.ncbi.nlm.nih.gov/20373357/
https://pubmed.ncbi.nlm.nih.gov/20373354/
https://pubmed.ncbi.nlm.nih.gov/20373354/
https://link.springer.com/article/10.1007/s002940050423
https://link.springer.com/article/10.1007/s002940050423
https://link.springer.com/article/10.1007/s002940050423
https://pubmed.ncbi.nlm.nih.gov/11701851/
https://pubmed.ncbi.nlm.nih.gov/11701851/
https://pubmed.ncbi.nlm.nih.gov/11701851/
https://pubmed.ncbi.nlm.nih.gov/10430950/
https://pubmed.ncbi.nlm.nih.gov/10430950/
https://pubmed.ncbi.nlm.nih.gov/10430950/
https://pubmed.ncbi.nlm.nih.gov/10687384/
https://pubmed.ncbi.nlm.nih.gov/10687384/
https://pubmed.ncbi.nlm.nih.gov/10687384/
https://pubmed.ncbi.nlm.nih.gov/25460872/
https://pubmed.ncbi.nlm.nih.gov/25460872/
https://pubmed.ncbi.nlm.nih.gov/25460872/
https://pubmed.ncbi.nlm.nih.gov/25279274/
https://pubmed.ncbi.nlm.nih.gov/25279274/
https://pubmed.ncbi.nlm.nih.gov/25279274/
https://pubmed.ncbi.nlm.nih.gov/27060119/
https://pubmed.ncbi.nlm.nih.gov/27060119/
https://pubmed.ncbi.nlm.nih.gov/27060119/
https://pubmed.ncbi.nlm.nih.gov/21151756/
https://pubmed.ncbi.nlm.nih.gov/21151756/
https://pubmed.ncbi.nlm.nih.gov/20815826/
https://pubmed.ncbi.nlm.nih.gov/20815826/
https://pubmed.ncbi.nlm.nih.gov/20815826/
https://pubmed.ncbi.nlm.nih.gov/23475965/
https://pubmed.ncbi.nlm.nih.gov/23475965/
https://pubmed.ncbi.nlm.nih.gov/23475965/
https://pubmed.ncbi.nlm.nih.gov/23475965/
https://pubmed.ncbi.nlm.nih.gov/26789099/
https://pubmed.ncbi.nlm.nih.gov/26789099/
https://pubmed.ncbi.nlm.nih.gov/26789099/
https://iris.who.int/bitstream/handle/10665/200018/9789241565158_eng.pdf;jsessionid=DFC1319F985238C9B256E8EF1D2EB79B?
https://ouci.dntb.gov.ua/en/works/7AeM8nk7/
https://ouci.dntb.gov.ua/en/works/7AeM8nk7/
https://ouci.dntb.gov.ua/en/works/7AeM8nk7/
https://pubmed.ncbi.nlm.nih.gov/24524072/
https://pubmed.ncbi.nlm.nih.gov/24524072/
https://pubmed.ncbi.nlm.nih.gov/24524072/

	Title
	Abstract
	Keywords
	Introduction
	Structure and function of PDXK gene 
	Pathways associated with Vitamin B6 metabolism 
	Implications of an Imbalanced Vitamin B6 Homeostasis 
	Epidemiological inferences uncover links between vitamin B6, DNA damage, and cancer 
	Vitamin B6 and cancer risk 
	Genetic regulation of vitamin B6 metabolism in relation to cancer 
	Influence of inadequate vitamin B6 levels on DNA metabolism 

	The potential of vitamin B6 in the development of novel medical drugs 
	Conclusion
	Declaration
	Disclosure statement 

	Conflicts of interest  
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4

