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ABSTRACT 8 OPEN ACCESS

Despite our increasingly broader understanding of the risk factors and introduction of newer anticancer drugs,
breast cancer is still the most prevalent malignancy in women worldwide. Because most of the currently used
chemotherapeutic agents do not discriminate between normal and tumor cells, resulting in unacceptable side-
effects, there is an urgent need for drugs that specifically attack tumor cells, while sparing the normal.

Inositol hexaphosphate (IPs) is a polyphosphorylated carbohydrate, naturally occurring in plants and virtually all
mammalian cells, with a broad spectrum of anticancer action with remarkable efficacy against divergent types of
cancers, including those of breast. The observed anticancer activity was potentiated in vivo by myo-inositol (Ins),
its parent compound. IPs reduces cell proliferation, induces differentiation of malignant cells, restores immune
system, controls cancer metastases and acts synergistically with conventional chemotherapy to yield a better quality
of life at the minimum.

In mechanistic studies, IPs exposure resulted in significant induction of p27Kirl, and marked reduction of pRb
phosphorylation. IPs has been shown to affect various signaling pathways, such as PI3-K/AKT, MAPK/ERK, and
PKC, by inhibiting the survival/pro-proliferative and stimulating the anti-proliferative and pro-apoptotic

molecules; it appears that this action is mediated by PKC 8. Additionally, IPs causes a time- and dose-dependent

apoptotic death, and PKC 6 seems to be an important mediator in IPs-induced apoptosis of breast cancer cells as
well.

Clinical studies show that when IPs and inositol (Ins) was given orally in combination with chemotherapy, side effects
of chemotherapy were diminished, patients’ quality of life was improved and, in some cases, even a regression of
tumors was noticed. Because of the highly promising critical preclinical as well as emerging clinical data, large
clinical trials and further mechanistic studies are warranted and expected.
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Section 1: Introduction on IP6 & Breast Cancer

Introduction

For numerous years, breast cancer has been recognized as the most commonly diagnosed cancer among women
worldwide. Per 2022 estimates, the World Health Organization (WHO) reports breast cancer led to approximately
670,000 deaths, and remained the most prevalent cancer in women in most countries globally '. Incidence is notably
greater in developed nations as compared to developing regions, predominantly due to diverse lifestyle risk factors,
screening access, yet developing countries are burdened with heightened mortality rates. Interventions for breast cancer
typically involve surgical procedures as the foremost therapeutic option, frequently complemented by postoperative
radiation therapy to eliminate residual cancer cells 2 3. Cases characterized by metastasis necessitate systemic therapeutic
modalities, notably chemotherapy 2 3. Nevertheless, it is crucial to underscore that conventional chemotherapy lacks the
precision associated with targeted therapies, thereby giving rise to a spectrum of adverse effects in the patient 2 3,
Additionally, even with existing therapies, effective interventions and favorable patient outcomes are related to early
and timely diagnosis. In light of these limitations, increasing research efforts have shifted towards examining alternative

therapeutic strategies that maintain anticancer efficacy, and dually minimize treatment-related toxicity.

Inositol hexaphosphate (IP6), also referred to as phytic acid or phytate, is a six-carbon inositol ring. It is a rather stable
compound, and marks the most abundant polyphosphate occurring in nature 4 3. It is predominantly found in fiber-rich
plant sources including cereal, legumes, rice, wheat, peas, beans, oats, and barley 4 5. For several decades, the biological
effects of IP6 on human health have been investigated, with its broad-spectrum anticancer activity standing out as potent
and effective 6. For instance, IP6 has shown to slow cancer progression by inhibiting cellular proliferation, promoting
differentiation of malignant cells, inducing apoptosis and cell-cycle arrest, and reducing metastatic potential 7. 8,
Investigations in animal models ¢ and humans 10 have revealed that IPé possesses overt antineoplastic effects, defined
by suppressing malignant cell proliferation, selectively inducing apoptosis, inhibiting enzymatic activity, and enhancing
macrophages, in breast, colon, liver, leukemia, prostate, sarcomas, and skin cancer °. A study consisting of female rats
demonstrated that 0.4% IP6 added into drinking water had an effect on mammary tumorigenesis inhibition observed
through 29 weeks ''. Moreover, IP6 was administered in combination with tamoxifen, a central chemotherapeutic agent
in breast cancer treatment, in restriction of human breast cancer cell growth 2. IP6 acted synergistically with Adriamycin
and tamoxifen in suppressing growth of human breast cancer cell line in vitro 13. Among human patients, supplementation
with IP6 combined with inositol notably reduced chemotherapy-related side effects compared to placebo, thus preserving
patients’ quality of life 12. A number of clinically administered chemotherapies are limited by their harmful side effects,
such as cardiotoxicity and acquired drug resistance, however reports note that when IPé is combined with such treatments,
these challenges are largely remedied '3. Collectively, IP6, whether alone or alongside other chemotherapeutics,
established positive outcomes to suppress cancer. This compound exhibits its potential effectiveness across a vast range
of cancer types, with a wealth of promising results specifically observed in breast cancer cell lines and animal models.
Therefore, it is intuitive to suggest that, through additional investigations, beneficial insights would arise regarding 1P6’s
impacts and mechanisms of action. Delving further into IP6é’s unique abilities, such as inhibiting proliferation of cancerous
cells and triggering apoptosis, can offer intriguing advancements to the field of cancer therapeutics and precision
medicine. This paper aims to scrutinize the diverse advantages of IP6é and elucidate its mechanisms in the context of
cancer, particularly breast cancer, while also presenting several known molecular contributors of this pathogenicity that
may be targeted by IP6. This work may contribute a scholarly perspective to the ongoing research endeavors in the

broader domain of cancer investigations.
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Pathophysiology of breast cancer

Breast cancer pathophysiology is, in part, driven by interconnected abnormalities that sustain malignant growth, survival,
and dissemination. Among the processes central to tumor initiation and progression are dysregulated proliferative and
survival signaling, impaired cell-cycle and apoptotic control, and metastatic programming 4. A number of genes are
implicated in controlling cell proliferation and maturation processes, and such regulation is essential in maintaining normal
cell growth. Thus, activation of oncogenic pathways is particularly important, as breast cancer has been linked to
aberrations involving human epidermal growth factor receptor 2 (HER2), myelocytomatosis oncogene (MYC), and
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA)-related signaling 15-17. Notably, IP6 has
been shown to influence the expression patterns of several genes implicated in breast cancer pathogenesis, including
PIK3CA, which is further discussed in later sections. Because PIK3CA encodes a key component of phosphatidylinositol 3-
kinase (PI3K) signaling, a pathway activated by growth factors and extracellular matrix-derived signals to regulate cell
growth and survival, gain-of-function alterations in this gene or dysregulation of upstream and downstream PI3K signaling

can promote breast cancer progression 16,17,

Beyond oncogenic signaling, breast cancer progression is also shaped by a tumor-supportive biologic environment marked
by immune modulation, angiogenic signaling, and adaptive interactions with the surrounding microenvironment 418, These
processes help sustain tumor persistence by supporting cellular survival, metabolic adaptation, and continued expansion
under conditions that would otherwise limit malignant growth. As disease advances, altered cell adhesion, enhanced
migratory capacity, and broader metastatic programming can further facilitate dissemination beyond the primary site.
Together, these pathophysiologic features help explain why therapeutic strategies capable of modulating proliferation,
survival signaling, angiogenesis, invasive behavior, and more remain of particular interest in breast cancer, especially

when considering the therapeutic value of IP6- and inositol-based remedies.

Section 2: Preclinical Studies with IP6

2.1 = IN VIVO STUDIES

Influenced by experimental and epidemiological evidence of IP6 posing a protective effect in colorectal cancer,
investigators moved to studying the role of IP6 in breast cancer. Early in vivo work in the 1990s utilized 7,12-
dimethylbenz[a]anthracene (DMBA)-induced mammary carcinogenesis models to evaluate the anticancer potential of IP6
in breast tissue. IP6 consistently suppressed mammary tumor development, thus supporting a reproducible protective
effect across experimental breast cancer models [271. Notably, IP6 administered in drinking water reduced tumor
incidence, total tumor burden, and tumor multiplicity, appearing more effective than high-bran dietary interventions alone
111, Thus, the reproducibility of these findings across mammary tumor models, coupled with contemporaneous evidence
that the anticancer effects of IP6 were not restricted to a single carcinogen [27], provided a strong rationale for continued
exploration of IP6 in breast cancer prevention. The principal in vivo findings discussed in this section are summarized in

Table 1.
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Table 1. In vivo effects of IP6 in experimental breast cancer models.

Animal model Effects of IP6 Refs.

Consistent suppression of mammary tumor development across experimental breast [19]

cancer models

DMBA-induced Reduced tumor incidence [11]
mammary Reduced total tumor burden [11]
carcinogenesis Reduced tumor multiplicity [11]

Appeared more effective than high-bran dietary intervention alone when [11]

administered in drinking water

Anticancer effects were not restricted to a single carcinogen [19]

Table T — Abbreviations DMBA, 7,1 2-dimethylbenz[a]anthracene. Findings shown in this table are compiled from the cited
in vivo studies of IP6 in breast cancer-related cell models; repeated references indicate that multiple listed effects were

reported within the same study.

2.2 —IN VITRO STUDIES

Cell-line studies throughout recent decades provide added support of an antitumor role for IP6 in breast cancer. In human
mammary carcinoma models, IP6 inhibited the growth of both estrogen receptor-positive MCF-7 cells and MDA-MB-231
triple negative breast cancer (TNBC) cells in a dose-dependent manner. Further, IP6 suppressed DNA synthesis and, in
MCF-7 cells, boosted lactalbumin expression and promoted morphologic changes consistent with luminal differentiation,
indicating that its antiproliferative effects were not restricted by estrogen receptor status and extended to induction of
a more mature cellular phenotype 1920, Morphologic shifts toward a more typical cellular phenotype have also been
observed in human erythroleukemia cells following IPé exposure, thereby further supporting these differentiation-inducing
effects across malignant cell types 2'. Others have noted IP6 hinders cancer cell proliferation by decreasing Ki-67 and

PCNA expression in human breast cancer cell lines, regardless of estrogen-receptor status 22,

Additional evidence for the anti-metastatic effects of IP6 was demonstrated in highly invasive human breast cancer MDA -
MD-231 cells, wherein cells were pretreated with IP6 for 72 hours prior to evaluation of adhesion, migration, cellular
network formation, and invasion 23. IP6 inhibited the metastatic potential of these cells by reducing adhesion of fibronectin
by 65% and collagen by 37%, impairing cell motility and cellular network function, as well as decreasing invasion by
72% in a dose-dependent manner 23, IP6 also was shown to reduce adhesion to extracellular matrix proteins, supporting
its potential utility in impeding cellular migration and invasion. These functional changes were accompanied by altered
cell morphology, including a more rounded appearance and loss of lamellipodia, and reduced MMP-9 secretion 23,
Together, these observations revealed that IP6 is capable of suppressing key early events required for breast cancer

metastasis and dissemination.

A prominent and noteworthy aspect of IP6 is rooted in its specificity and selectivity in its functions, such that it targets
diseased cells and leaves normal cells unaffected. Such specificity and selectivity of anti-proliferative and pro-apoptotic

effects of IP6 in human breast cancer cells were investigated using a spontaneously immortalized non-transformed MCF-
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10A human breast epithelial cells derived from fibrocystic breast disease. Here, IP6 dose-dependently inhibited viability
of MDA-MB-231 (triple-negative, TNBC) and MCF-7 (estrogen receptor-positive) human breast cancer cells in association
with apoptotic cell death induction. In contrast, the normal mammary epithelial cell line (MCF-10A) was fully resistant to
IPs-mediated cell growth inhibition 7. Furthermore, the induction of apoptosis and elimination of breast cancer stem cells
(bCSC) was shown. The major in vitro effects of IP6 across these several breast cancer cell lines are summarized in Table

2.

Table 2. In vitro effects of IP6 in breast cancer cell lines.

Cell Line Effects of IP6 Refs.
Dose-dependent inhibition of cell growth and viability [19, 20]
Suppression of DNA synthesis [19, 20]
Increased lactalbumin expression [19, 20]
MCF Morphologic changes consistent with luminal differentiation and more mature [19, 20]
(ER+;7 cellular phenotype
Reduced proliferation through decreased Ki-67 and PCNA expression [22]
Apoptotic cell death induction [7]
Sustained growth inhibition after 3 days of IP6 exposure [13]
Enhanced antiproliferative effects when combined with tamoxifen or Adriamycin ~ [13]
Dose-dependent inhibition of cell growth and viability [19, 20]
Reduced proliferation through decreased Ki-67 and PCNA expression [22]
Apoptotic cell death induction [71
Reduced adhesion to fibronectin (65%) and collagen (37%) [23]
Impaired cell motility and cellular network formation [23]
Decreased invasion by 72% in dose-dependent manner [23]
MDA-MB-231 Reduced adhesion to extracellular matrix proteins [23]
(TNBC) Altered morphology; more rounded appearance and loss of lamellipodia [23]
Reduced MMP-9 secretion
Growth inhibition within 24 hours of IP6 exposure [23]
High sensitivity to IP6 treatment alone [13]
Enhanced growth inhibition when IP6 was combined with tamoxifen or [13]
Adriamycin [13]

Tamoxifen exhibited anticancer activity in this ER- cell line when administered

alongside IP6 [22]
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Cell Line Effects of IP6 Refs.
MCF-7 /Adr Growth inhibition within 24 hours of IP6 exposure [13]
(Adriamycin Enhanced growth inhibition when IP6 was combined with tamoxifen or [13]
resistant) Adriamycin

MCF-10A Resistant to IP6-mediated cell growth inhibition [7]

(non-transformed
breast epithelial

control)

Table 2 — Abbreviations: ER+, estrogen receptor-positive; ER-, estrogen receptor-negative; TNBC, triple-negative breast
cancer; MMP-9, matrix metalloproteinase-9; PCNA, proliferating cell nuclear antigen. MCF-10A is a non-transformed
human mammary epithelial cell line included as a normal breast epithelial comparator. Findings shown in this table are
compiled from the cited in vitro studies of IP6 in breast cancer-related cell models; repeated references indicate that

multiple listed effects were reported within the same study.

Section 3: Clinical Applications

Though human studies of IP6 in cancer prevention and treatment remain sparse, the available clinical evidence has yielded
encouraging findings, including in the supportive-care setting. In patients receiving IP6-based interventions alongside
conventional therapies, the most consistent reported benefits have included improved quality of life and functionality,
often accompanied by measurable preservation of blood cell counts and a hinderance in treatment-related side effects.
Across the limited human patient studies conducted to date, IP6 has been administered through different routes, including
oral IP6 combined with inositol or topical IPé formulations. Therefore, further research is necessary to clarify the ideal

mode of delivery and formulation, as these factors may influence its clinical application.

Investigations administering a combination of IP6 and inositol have generally reported greater efficacy than when either
compound is used individually, suggesting enhanced therapeutic benefit when patients receive IP6 alongside its precursor
molecule inositol. This pattern was observed in a prospective randomized pilot study of women with invasive ductal breast
cancer receiving adjuvant FEC polychemotherapy, in which oral IP6 plus inositol was administered for 6 months beginning
on the first postoperative day 2. Compared with placebo, patients receiving IP6 plus inositol reported significantly better
global health status and stronger preservation of everyday functioning across survey assessments, while also describing
fewer treatment-induced symptoms '2. Hematologic findings were similarly favorable: leukocyte and platelet counts
remained stable in the IP6-inositol group, but declined significantly in the controls. These findings support oral IP6 plus
inositol as a potentially valuable adjunct during chemotherapy, particularly for preserving treatment tolerability and
daily functioning in breast cancer patients. In a double-blind randomized controlled trial, women with stage II-lll ductal
breast cancer receiving postoperative CMF chemotherapy who applied 4% topical IP6 (InsP6) daily for 6 months
experiences significantly better quality of life and functional status, along with fewer chemotherapy-related side effects,
than patients treated with a hyaluronic acid gel control 24, Topical IP6é was also linked with better preservation of white

blood cell and platelet counts, as well as with fewer postponed chemotherapy cycles, thereby supporting its potential
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value as a safe adjunctive strategy to improve treatment tolerability and help maintain adherence to treatment regimens
in such patients 24. More recent clinical evidence has further supported the adjunctive value of IP6- and inositol-based
treatment alongside chemotherapy in breast cancer patients. In a prospective controlled study, combined oral myo-inositol
administration with fopical application was associated with lower declines in red blood cell, hemoglobin, and white blood
cell counts compared with standard care alone 25. This combined therapy also preserved breast and arm local symptoms,

body image, and quality-of-life-related symptom scores 25.

Aside from these human supportive-care findings, preclinical studies have also suggested that IP6 may enhance the activity
of standard breast cancer therapies when utilized in combination. Tamoxifen is a selective estrogen receptor modulator
(SERM) used for the treatment and prophylaxis of breast cancer in men and women 26; SERMs exhibit organ tissue-specific
pharmacological actions. In breast tissue, SERMs exert antiestrogenic and anticancer effects. Conversely, in bone and the
hypothalamic tissues, SERMs act as estrogen agonists, contributing to attenuated bone loss in osteoporosis and elevated
gonadotropin secretion, respectively 26, Treatment with 0.5 mM IP6 inhibited the growth of breast cancer cell lines
(Adriamycin-resistant MCF-7 /Adr and MDA-MB-23 cells) within 24 hours; notably, sustainable growth inhibition was
observed in MCF-7 cells after three days of IP6 exposure 3. Intriguingly, IP6 has demonstrated synergism with tamoxifen

13, a phenomenon that may be attributable to interactions involving estrogen signaling pathways.

17 B-estradiol (E2) contributes to the promotion of breast cancer through binding to its receptor or through its activated
form, which can interact with DNA to form DNA adducts that disrupt normal transcriptional processes 27. Both IP6 and
tamoxifen competitively inhibit the E2 receptor, while tamoxifen also competes with E2 for epoxidation, a process
required for activation of both E2 and tamoxifen. In adenocarcinoma (HEp-2 cell line), estrogen treatment significantly
increased cell proliferation, whereas IP6 treatment resulted in unchanged or reduced proliferative activity 28,

Additionally, tamoxifen has been shown to downregulate cellular estrogen receptor expression in vitro 29.

Consistent with these mechanistic insights, studies evaluating IP6 in combination with conventional chemotherapeutic agents
have reported increased antiproliferative effects in breast cancer cell models. Specifically, IPé has been reported to
boost the antiproliferation impacts of common therapies such as Adriamycin, an anticancer agent that induces DNA
degradation '3, and Tamoxifen. Although Adriamycin is one of the most effective agents for treating breast cancer, its
clinical use is limited by cardiotoxicity caused by the generation of hydroxyl radicals and hydrogen peroxide, particularly
in the presence of iron; as a result, its dosage is limited. As IP6 functions both as an antioxidant and an iron chelator, it

may allow for higher or more effective dosing of Adriamycin while potentially enhancing its anticancer efficacy.

In one study, the effects of IP6 in combination of Adriamycin or Tamoxifen were evaluated in three distinct breast cancer
cell lines. These three lines included estrogen receptor alpha negative (MDA-MB-231), estrogen receptor alpha positive
(MCF-7), and Adriamycin resistant cell line (MCF-7 /Adr). The results revealed that estrogen receptor-negative breast
cancer cells were highly sensitive to IP6 treatment. This response was used as the reference median value for evaluating
the impacts of IP6 alone on breast cancer cells. When IP6 was combined with either of these chemotherapeutic agents,
the inhibitory effects on breast cancer cell growth were markedly greater than when each agent was used individually.
Tamoxifen alone was generally considered ineffective against estrogen receptor-negative breast cancer cells; however,
when administered alongside IP6, it exhibited anticancer activity against this cell type 22. Since both agents cause cell

cycle to arrest at GO/G1 phase 22, it was hypothesized that IP6 will terminate the cells that escape Tamoxifen-mediated
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growth inhibition 13, Moreover, as one of the serious side effects of Tamoxifen is deep vein thrombosis, and IP6 has been
shown to inhibit platelet aggregation, this combination could also reduce certain side effects associated with the
chemotherapeutic agent 30. These findings suggest that co-administration of Adriamycin or Tamoxifen with IP6,
traditionally recognized for inhibiting growth in estrogen receptor alpha-positive cells, may also be effective against
estrogen receptor alpha-negative cells and Adriamycin-resistant cell lines while simultaneously reducing chemotherapy-
related side effects. Taken together, these observations raise the potential that the clinical utility of IP6 may depend not

only on its direct biological activity, but also how effectively it can be delivered and maintained in vivo.

As discussed, IP6 possesses chemo-preventive properties and can act synergistically with Adriamycin or tamoxifen to
boost their anticancer functions. Despite these encouraging effects, questions remain regarding the bioavailability and
palatability of IPé. Research has indicated that phytases produced by the human microbiota are capable of
dephosphorylating IP6, facilitating its breakdown into smaller molecules during digestion 3'. Exposure to the gastric
environment negatively correlates with structural characteristics of IP6, thus potentially hindering its solubility and,
ultimately, limiting its bioavailability. Consequently, concerns arise that repeated administration or substantial doses may
be required to maintain stable systemic levels of IP6, which could interfere with a patient’s standard of living. However,
the development of a transdermal gel formulation of IP6 offers an alternative to oral powder; this could address the
bioavailability issues while patient welfare and treatment tolerability. Collectively, these studies concluded that IP6 can
serve as a valuable adjunct in curing and managing breast cancer, with the capacity to improve patient quality of life

during treatment 12,24, 31,

Beyond these aspects of IP6, this compound may also be a vital element in reducing breast cancer metastasis. Breast
cancer is known to frequently metastasize to distant organs, leading to severe clinical complications and/or impaired
functional outcomes in affected patients. IP6 has been reported to inhibit the adhesion of cancer cells to the extracellular
matrix proteins, supporting its potential utility in impeding on cellular migration and invasion 23. Experiments in human
breast cancer cells have noted that IPé reduces integrin expression and disrupts integrin dimerization and downstream
signaling, thereby affirming that the utilization of IP6 may attenuate the migratory and invasive capabilities of malignant
cells 23, Thus, when employed as an supplementary component to chemotherapy, IPé can facilitate more favorable quality
of life, reduce negative side effects of standard treatment, as well as diminish the metastatic risk for breast cancer

patients.

Section 4: Mechanistic Basis of IP6 Anticancer Activity in Breast Cancer

A number of studies have revealed that ranging doses of IP6 can inhibit mitogenic signals, angiogenesis, cell growth, and
survival signaling. IP6 can also promote cell differentiation and apoptosis. Beyond these effects, a prominent facet of
IP6’s functions relates to enhanced immune system activity and serving as a potent antioxidant 9. These antioxidant
properties are innate to this compound and contribute notably to its anticancer potential 7. The antioxidant nature of IP6
is largely attributed to its unique chemical composition, marked by phosphate groups positioned at the 1, 2, and 3 axial-
equatorial-axial configuration. This structuring, exclusive to IP6, authorizes a high-affinity interaction with iron, which
hinders its role in hydroxyl radical formation 32 33, In intestinal mucosal cells from Wistar rats, IP6 inhibited xanthine
oxidase activity, reducing uric acid production by 50% at 30 mM and superoxide generation by 50% at 6 mM 34, It also
scavenges superoxide radicals and inhibits lipid peroxidation, a process associated with cancer development 35. The chief

mechanisms through which IP6 exert anticancer effects in breast cancer are outlined in Figure 1.
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Along with potent antioxidant properties, IP6 has been repeatedly documented and studied for its influence on immune
system activity. IP6 has been shown to enhance mice immune function, prompting improved destruction and prevention of
cancer cells 3¢, In a murine model of 1,2-dimethylhydrazine (DMH)-induced colon carcinogenesis, combined administration
of 0.05% IP6 and 0.05% myo-inositol significantly restored splenic natural killer (NK) cell activity in a dose-dependent
manner, suggesting that this combination enhances immune-mediated tumor cell destruction 3¢, NK cells play a role in
immune responses against tumors by eliminating target cells and generating cytokines 37. Coherently, a correlation has

been identified between neoplastic diseases and reduced NK cell activity 38,

Cell proliferation inhibition and apoptosis promotion are fundamental processes in suppression of cancer cell
development. In human breast cancer cells, IP6 has also been associated with increased p27Kip1 expression, reduced
phosphorylated retinoblastoma protein (pRb) phosphorylation, and PKC3-linked apoptotic signaling, with apoptosis
demonstrated by TUNEL staining and PARP-related changes. A downregulation of pRb and inhibition of NF-kB activity
were found in the cell after being treated with IP6, reflecting IP6 could have potential to modulate cancer cell
proliferation 39. NF-kB marks a significant factor in both cell survival pathways and the epithelial-mesenchymal transition
(EMT), defined by the formation of mesenchymal cells from epithelia in different embryonic territories 40, Additionally,
IP6 induces G1 phase arrest and abridges S phase of cancer cells, predominantly by modulation of cyclins by
upregulating p53, p57, p27, p21, C-Terminal Src Kinase-2 (CSK2), and inhibitor of DNA-binding 2 (Id-2) 39. Stated

differently, IP6 could increase phosphorylation of pRB, resulting in the inhibition of cell cycle and cellular advancement

39,

More specifically, Vucenik et al. (2005) demonstrated that IP6 acts as a specific activator of PKCS in human breast cancer
cells, where treatment of MCF-7 cells produced a 3.1-fold increase in PKCS expression after 24 hours at 2mM and a
transient rise in PKCS expression within 30-60 minutes even at a physiologic concentration of 100 UM 4. IPé also
promoted translocation of PKCS from the cytosol to the membrane, supporting activation of this isoform; no comparable
changes were observed in PKCa or p21 Ras, indicating relative specificity of the response 4. These effects were
accompanied by increased p27Kip1 expression and marked reduction in pRb phosphorylation in both MCF-7 and MDA-
MB-231 cells, thereby supporting the conclusion that IP6 suppresses breast cancer cell proliferation through PKC6-
associated regulation of G1/S cell-cycle control. Pharmacologic inhibitor experiments further indicated that PKCS
inhibition, but not MEK/Erk or PI3K/Akt inhibition, blocked IP6-induced upregulation of p27Kip1 4!. Recent reports
regarding the relevance of PKCS in breast cancer biology highlight that the modulation of its C2 regulatory domain
reduced viability, boosted apoptosis, and enhanced treatment sensitivity in both hormone-dependent and triple negative
breast cancer cell models 42. Hence, the ability of IP6 to modulate PKCS further underscores this pathway as a potentially

meaningful therapeutic target in breast cancer.

Reduced metastatic aggression marks another antineoplastic effect wherein IP6 is implicated 43. 44, Cancer cells typically
require epithelial-mesenchymal transition (EMT) to metastasize to other tissues, a process that involves many signaling
pathways 45. Growth factors released from cancer cells influence the activation of EMT pathway 45. Phosphoinositide-3-
kinase (P13K)-protein kinase B (Akt) activates NF-kB and presenilin-1 (PS1) resulting in upregulation of Wnt and B-catenin.
These signals subsequently induce Notch-1, Snail Family Transcriptional Repressor 3 (SNAIT), and N-cad release, thereby

prompting cytoskeletal remodeling and altering cell morphology 39. These cells need to form pseudopodia, the extension
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of cytoplasm aided in cellular movement, and metalloproteinases (MMPs) for the cellular mobility and invasiveness via
fascin and cofilin. The change of epithelial cells to mesenchymal cells facilitates the migration of cancer cells across blood
vessels, ultimately leading to metastasis 45. Fu et al. (2016) found that among IP§, inositol, and IP6 combined with inositol
interventions, combined therapy was the most effective treatment to treat cancer in mice 46. Both IP6 47 and myo-Ins 43 44
directly inhibited PI3K, NF-kB and presenilin-1 (PS1). They also inhibited fascin and cofilin as well as increased focal
adhesion kinase (FAK) and E-cadherin (EC) suggesting that they reduced cancer aggressiveness via the modulation of
signaling molecules of the EMT pathway 39. Despite the clear relationship between IP6 and EMT, there are three
hypotheses about how IP6 modulates these molecules. Firstly, Ferry et al. (2002) and Eiseman et al. (2011) proposed that
IP6 was endocytosed as cation salt and dephosphorylated in lysosomes to inositol, which was believed to function as the
active effector 44 46, Another hypothesized mechanism suggested that IP6 directly binds cellular enzymes to exert its
biological effects; however, this was less likely given IP6 is predominantly internalized through endocytosis. Lastly, high
concentrations of IP6 may chelate essential cations in the microenvironment or block tumor cell receptors extracellularly,

although further studies are necessary to clarify whether cation depletion contributes to cytotoxicity.

This compound also has capability to disrupt interactions between cancer cells and microenvironment, thus decelerating
cancer progression. Carcinogenesis is related to Wnt/B-catenin pathway. Overexpression of Wnt ligand suppresses the
intracellular B-catenin degradation process, resulting in B-catenin accumulation. B-catenin then forms transcriptional
complexes with lymphoid enhancer factor (LEF) and T-cell factor (TCF), driving multiple changes downstream gene
transcriptions and broader cellular activity. Conversely, in the absence of Whnt ligand, B-catenin will be phosphorylated
and degraded by proteasome, which leads to repression of target genes transcription 48, Shafie et al. (2013) reported
that IP6 reduced B-catenin and cyclooxygenase-2 (Cox-2) mRNA expression in rat-induced colon cancer, signifying that
IP6 may exert its anticancer properties through modulation of the B-catenin signaling pathway 4. Accordingly, IP6 may
represent a potential therapeutic agent for targeting the Wnt/B-catenin pathway and inhibiting carcinogenesis in breast

tissue.

Furthermore, vascular endothelial growth factor (VEGF) production by cancer cells was significantly reduced following
inhibition of PI3K/Akt and antagonism of the IGF-2 receptor. S. Kar et al. (1994) observed an interaction between IP6
and IGF-2 receptor by utilizing autoradiography and suggested that IP6 may act on clatrin-associated protein (AP-2),
facilitating transport of the IGF-2 receptor to lysosomes 0. Degradation of the IGF-2 receptor and the resulting reduction
in angiogenesis led to decreased survival of cancer cells. Previous studies have reported that IP6 downregulates P13k /Akt
pathway signaling ¢ 41 47, unveiling a potential role for IP6 in suppressing VEGF expression and inhibiting tumor

angiogenesis.

Another mechanism underlying the anticancer activity of IP6 may involve IGF1 pathway modulation. Studies employing
advanced, androgen-independent human prostate cancer (PCa) PC-3 cells demonstrated that IP6 inhibits Insulin-like
Growth Factor-1 Receptor (IGF-1R) signaling 3'. Because IGF-1 inhibits apoptosis and stimulates cell proliferation, thereby
promoting tumor development 52, suppression of this pathway may contribute to the anticancer functions of IP6. Both IGF-
1 and epidermal growth factor (EGF) are mitogens that regulate proliferation and survival of cancer cells via mitogen-
activated protein kinases (MAPK) and protein kinase B (Akt) signaling 3'. Notably, treatment of human prostate cancer

PC-3 cells with IP6 inhibited cell growth and induced strong apoptotic effects 5. This effect was associated with inhibition
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of Akt phosphorylation and reduced Akt expression, as well as differential modulation of MAPKSs, including extracellular

signal-regulated kinase (ERK1/2, c-Jun N-terminal kinase (JNK1/2), and p38 5'.

Other investigations have yielded findings regarding the synergistic effects of IP6 and inositol in diminishing blood glucose
level. This effect may result from inhibition of intestinal amylase activity, leading to reduced carbohydrates digestion and
absorption 33. The combination has also been shown to decrease the activity of Na+*/K* ATPase which slows down the
absorption of glucose across intestinal mucosa 34 55, Another potential mechanism involves increased serum leptin
concentration, which may enhance hepatic insulin sensitivity 3¢. Collectively, several studies have uncovered correlations
between insulin resistance and cancer 57:58, A number of metabolic disturbances associated with insulin resistance, including
hyperinsulinemia, visceral adipose dysfunction, systemic inflammation, and epigenetic alterations, have been implicated

in tumorigenesis 2¢-58,

Figure 1. Key mechanisms of IP6 in breast cancer.
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Figure 1. Schematic overview of the principal mechanisms through which IP6 may exert anticancer effects in breast cancer,
including antioxidant activity, immune modulation, inhibition of proliferation, induction of apoptosis and differentiation,
PKC6-associated cell-cycle regulation, modulation of PI3K/Akt, NF-kB, and MAPK/ERK signaling, suppression of
angiogenesis, and inhibition of EMT, invasion, and metastasis. Abbreviations: EMT, epithelial-mesenchymal transition; NK,
natural killer; p27Kip1, cyclin-dependent kinase inhibitor 1B; pRb, retinoblastoma protein; PI3K, phosphoinositide 3-
kinase; Akt, protein kinase B; NF-kB, nuclear factor kappa B; MAPK/ERK, mitogen-activated protein kinase /extracellular

signal-regulated kinase; VEGF, vascular endothelial growth factor.

Conclusion

Breast cancer continues to impose a substantial global burden despite major advances in screening, diagnosis, and
treatment, and the limitations of existing therapies remain evident in both disease progression and treatment-associated
toxicity. Across the evidence reviewed and presented, IP6 emerges as a chiefly promising candidate in this landscape,

as its potential value extends beyond a single anticancer function. Preclinical findings suggest that IP6 may prevent
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carcinogenesis, slow tumor progression through effects on proliferation, differentiation, apoptosis, metastasis, and key
signaling pathways. Importantly, IP6 has demonstrated its ability to enhance the activity of established anticancer
therapies when used in combination. This synergistic potential with conventional treatment regimens marks a central aspect
of the present discussion, as it supports the warranted expansion of IP6 into further clinical investigation, and, where
further evidence justifies it, eventual integration into routine breast cancer care. Taken collectively, these observations,
accumulated over several decades, support growing optimism that IP6 may not only represent a preventative strategy,

but also a meaningful adjunctive option in breast cancer treatment.

Aside from its anticancer potential, the relevance and significance of IP6 is further rooted in its broader implications for
patient care. Our commitment to advancing breast cancer management must involve preventing disease and improving
treatment efficacy, as well as preserving quality of life for patients undergoing therapies. In this regard, the existing
clinical data are encouraging, as IP6- and inositol-based interventions have been linked with reduced treatment-related
side effects, preservation of hematologic parameters, and improved patient-reported outcomes during chemotherapy.
These findings are particularly important because they suggest that IP6 may help address two pressing needs in breast

cancer care simultaneously: strengthening anticancer benefit while reducing the physical burden imposed by treatment.

The current body of evidence remains limited by the relatively small number of human studies, modest sample sizes,
variability in formulation and route of administration, and need for greater consistency in outcome assessment. Future
research should therefore prioritize larger, well-designed clinical trials in breast cancer patients to robustly define the
efficacy, safety, optimal dosing strategies, treatment duration, and most appropriate formulations of IP6, whether
administered alone or in combination with inositol and standard therapies. Further translational work is also needed to
clarify the mechanisms underlying its synergistic interactions with conventional agents and to identify the patient
populations most likely to benefit from its use. Overall, the field’s existing evidence regarding IP6 support continued and
more rigorous investigation of IP6 as a potentially valuable component of breast cancer prevention and treatment. By
increasing awareness of its biologic activity, adjunctive potential, and possible patient-centered benefits, we hope to
encourage broader consideration of IP6 as an emerging option in the ongoing effort to improve outcomes and quality

of life for individuals affected by breast cancer.
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