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ABSTRACT
Sex-biased inflammatory differences are exhibited in autoimmune disease by various genetic
markers, however one genetic marker that stands above the rest is a molecule known as vestigial-
like family member 3 (VGLL3). VGLL3 has been shown to be important for myogenic lineage
development, adipocyte differentiation, maturity in Atlantic salmon, inflammatory pathways, and
more recently, as a female-biased signature in autoimmune disease. Whether VGLL3 plays a
similar role in cancer is still unknown. Here, we reviewed VGLL3’s role in reproductive
malignancies, specifically breast, ovarian, and cervical cancer. VGLL3 is extensively tied to the
risk, development, and progression in these cancers, and despite the widespread mechanisms,
there is an opportunity to deepen that understanding for precision nutrition and cancer
prevention. Cervical cancer remains a fully preventable disease and these findings are novel in
the specificity and intricacy of disease, as well as potential ability to prevent and treat cancer in a
sex-conscious manner. The long-term benefits of prevention lessen the emotional, physical, and

economic burden of disease.
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Introduction

An individual’s sex plays a significant role in the incidence, prevalence, and course of
immunoinflammatory disease (Demyanets 2012). Sex-specific molecular mechanisms of
inflammation have been elegantly delineated in the context of autoimmune disease (Liang 2017).
Significant differences related to the X-chromosome are explained by evolutionary processes such
as X-inactivation, sexual antagonism, and hemizygous exposure (Libert 2019). More subtle
differences are accounted for by the intersection of genes, signaling pathways and molecules.
Vestigial family member 3 (VGLL3) is a unique molecule akin to sex-biased inflammatory
implications in autoimmunity and metabolism. Newer research illuminates its multifaceted role in
the development and progression of cancer such as soft tissue sarcomas, ovarian cancer, breast,
prostate, gastric, and perineuriomas revealing its complex associations with oncogenes and tumor
suppressor genes. Although various oncogenic and tumor suppressor errors give rise to
reproductive cancers it is unknown whether a specific sex-biased marker such as VGLL3, and its
downstream players could potentially play a key role in female reproductive cancer development.
Recent studies, however, indicate VGLL3’s multi dependent role in ovarian (Cody 2009, Gambaro
2013) breast (Hori 2020, 2022, Takakura 2021, Ma 2022, Kawamura 2022), and cervical (Ding
2020) suggesting a cancer-type dependent function of VGLL3 in tumorigenesis which may
potentially align with its sex-biased signature in autoimmune disease, but the mechanisms have
remained elusive. Determining a sex-biased signature in cancer is critical to investigate because as
some studies point out, there is a higher cancer risk in women compared to men in the context of
p53 mutations (Hwang 2003). Currently, VGLL3’s role in malignant breast cancer has been
studied extensively, whereas only one article exists on its relationship to cervical cancer,

highlighting deficits in the body of knowledge. Cervical cancer ranks highly as a preventable



disease, and its natural sequence, from contracting human papillomavirus, to the progression of
cervical intraepithelial neoplasia 1 through 3 has been found to respond to nutrient mediated
changes (Chih 2013). Considering VGLL3’s uniquely sex-biased role in autoimmune disease, this
literature review reveals its other roles associated with female reproductive malignancies and
provides insight from which a female-biased gene could be targeted for nutrient-mediated
prevention strategies, and ultimately the ability to approach cancer therapeutics in a sex-conscious
manner. This proposed strategy is multi-fold, first identifying the molecular mechanisms of female
biased disease, second, identifying nutrition-mediated opportunities for database creation, and
third recognizing an opportunity for a sustainable strategy creation. Instinctively, sex, nutrition,

and health are intertwined and should serve as a deliberate focal point of intervention.



Chapter 1: Early work on VGLL3

1.1 VGLL3 and its initial roles

There are currently less than 100 published journal articles surrounding VGLL3, when the key
term “VGLL3” is searched on PubMed. Early work surrounding vestigial protein is related to
VITO-1 (a scalloped interaction domain containing protein) and activation of muscle specific
genes (Mielcarek 2009). Vestigial-like genes were also discovered in Drosophila, Xenopus, and
mammals, where four VGLL1-4 have been described in mammals (Faucheux 2010). Subsequent
research revealed its role in soft tissue sarcomas (Helias-Rodziewicz 2010), testis steroidogenesis
(McDowell 2012), adipocyte differentiation (Halperin 2013) and even salmon maturation
(Ayllon 2015) before the advent of VGLL3 related work and sex-specific markers and cancer. Of
note, VGLL3 has a diverse contributing role in many systems and its identification as a sex-
specific molecule has the potential to reveal critical biological differences between females and
males and the future for therapeutics.

1.2 VGLL3 and sex-specific markers

VGLL3’s female-biased molecular signature is first noted in female skin keratinocytes and
autoimmune disease (Liang 2017) as well as its role in metabolic homeostasis (Pagenkopf 2020).
The work of Liang et al revealed VGLL3’s strong female biased expression that acts on
molecular networks related to susceptibility in lupus, scleroderma, and Sjogren’s syndrome in
women (Liang 2017). Mechanistically, VGLL3 regulates B-cell activating factors,
(BAFF/TNFSF13B) which plays an important role in cytokine response to certain cell types such
as skin, monocytes, and salivary glands (Liang 2017). It has been found in abundance in female
skin combined with greater localization in the nucleus, which demonstrates its tendency in

female biased regulation in transcription (Billi 2019). As skin is a protective barrier serving as



the first line of defense, it is a sensitive indicator of immune function (Pagenkopf 2020). During
the initial inflammatory process of rheumatoid arthritis, damage to the mucosa may signal the
creation of antibodies known as anti-citrullinated peptides (ACPAs) (Billi 2019). Overexpression
of VGLL3 in a transgenic mouse model was created and found sufficient to recapitulate the
inflammatory processes of cutaneous lupus in female skin.

Furthermore, sexual dimorphism is best understood on a molecular level demonstrated by
extensive transcriptomic data in humans (Li 2017 and Gershoni 2017). Regarding metabolism,
one crucial difference between sexes is the requirement to protect and feed a developing embryo.
Pagenkopf et al examined and determined how increased levels of VGLL3 in females provide
aid during this metabolic challenge. This data is interesting because lower levels of VGLL3 are
seemingly protective or suggestive of less risk of autoimmune disease formation and
progression. The explanation for this is nutritional deficiency (Pagenkopf 2019). During starved
states, the chromatin landscape of VGLL3 is remodeled and impacted by induction of interferon
alpha (IFN-a); specifically, driving upregulation of interleukin-17 (IL-17C) and restricting IL-1
signaling, reserving basal defense, and preventing systemic inflammation. With VGLL3 at the
intersection of autoimmune disease susceptibility and presentation, it serves as a good starting

point to consider for other inflammatory states such as cancer.



Chapter 2: Sex-determination in cancer

Like autoimmune disease, sex plays a significant role in the effect of cancer incidence,
prognosis, and treatment. Despite known importance, specific differences between females and
males are not prioritized for cancer treatment plans, which in turn impact the overall course of
the disease (Lopes-Ramos 2020). Sex-biased differences are rarely considered in examination,
prevention, and treatment strategies which ultimately undermine sex as a biological variable in
medical and research settings. Among influential differences to consider are genetic
predisposition, anatomy, physiology, body composition, pharmacokinetics, pharmacodynamics
and overall metabolism, response, and toxicity (Ozdemir 2018). This is important because sex
differences can dramatically influence cancer outcomes.

In recent work, two databases, Gene Expression Omnibus (GEO) and Cancer Genome Atlas
(TCGA) have granted unprecedented insight into the comprehensive characterization of
molecular differences between female and male patients and related mechanisms across a broad
range of human cancer types (Yuan 2016). Specifically, multi-omic data encompassing gene
expression signatures, transcription factor motifs, somatic mutations, chromatin accessibility,
copy number alterations, and methylation provide crucial insight for developing key prevention
and treatment strategies amongst sexes and even account for chromosomal abnormalities (Lopes-
Ramos 2020). Beyond reproductive tract cancers, further utilization of a database known as,
surveillance epidemiology and end results (SEER) programs and Weighted Gene Co-expression
Network Analysis (WGCNA), demonstrated apparent differences and disparities across multiple
types of cancer which vary between sex, age, and race. Here the data shows that females tend to
face lower incidence rates and mortality compared to males. Common cancers encountered by

males include those in the urogenital tract, Gl tract, and various systems including



hematological, neurological, and epidermis. Females have been shown to have better survival
rates, but face increased risk for thyroid, cranial nerve, gallbladder, anus, anal canal, and
anorectal cancers (Lopes-Ramos 2020). Sex-biased gene networks may account for the divergent
experiences of female and male presentation and experience of disease. VGLL3’s molecular
signature and role is a meaningful starting point to determine whether it serves as a signature in
cancer and may best be accounted for when reviewing ovarian, breast, and cervical cancer in the

literature.



Chapter 3: VGLL3 and reproductive cancer

Early work determining VGLL3’s role with reproductive cancer focused on tumor suppressor
effects in ovarian cancer, the Hippo pathway in breast, and microRNA (miRNA) cervical cancer.
Prior to Liang et al in 2017, VGLL3’s sex-biased signature was not recognized purely for its role
in other inflammatory states. As the knowledge of VGLL3 grows, it may be worthwhile to
consider examining VGLL3 to better understand its significance in certain cancer occurrences
between males and females. In cancer research, significant sex differences exist as Hwang et al
discovered, including a higher cancer risk in women compared to men in the context of p53
mutations.

In the current literature regarding VGLL3 and cancer, there is no overlap between mechanistic
pathways, and no clear regard for sex-biased disease signatures which demonstrate the unique
and imperative delineation of the transcriptional regulator in these forms of cancer as well as
other various forms of cancer.

3.1 Ovarian cancer

The first study conducted on VGLL3, and ovarian cancer was by Cody et al in 2009. Contrasting
to a later, and more intentional analysis of sex-biased gene networks in autoimmune disease,
VGLL3 was discovered primarily in loss of heterozygosity studies of chromosome 3 related to
ovarian cancer. Alfred G. Knudson’s cancer two hit hypothesis outlines that most tumor
suppressor genes require inactivation of two alleles resulting in the cancer phenotype. Loss of
heterozygosity contributes to tumor suppressor gene inactivation because it occurs when there is
already a loss of one normal copy of the gene, inactivating the other, which follows Knudson’s
two hit hypothesis. Cody et al identified a location on chromosome 3 and potential tumor

suppressor gene locus where they initially hypothesized that epigenetic inactivation would result



in ovarian cancer. The authors utilized a microcell-mediated chromosome transfer (MMCT) to
derive a specific chromosome 3 mutation demonstrating suppression of tumorigenic potential.
The study further revealed VGLL3 was not impacted by change in allelic content and instead
found to be under expressed, along with zinc binding motif ZNF654 in tumor samples versus
normal ovarian surface epithelial (NOSE) cells. This may suggest VGLL3 was not impacted by
loss of heterozygosity ascertaining another mode of regulation perhaps through transcriptional
modification of genes (Cody 2009). In 2013, Gambaro et al conducted similar chromosome
transfer studies of 3p12-q12.1 into OV-30 ovarian cancer cell line haploinsufficient for 3p and
lacking VGLL3 expression, further examining the effect of tumorigenic potential and growth in
NOSE. In line with Cody et al, loss of VGLL3 expression was observed in tumors where gene
and protein expression were significantly reduced in high grade ovarian cancer compared to
normal ovarian epithelial cells. These results would later undermine VGLL3 upregulation in
tumor-progression models in Haque et al as well as understanding of VGLL3s role in breast
cancer.

In more recent work, Hippo was examined due to its known dysregulation reported in various
types of cancers (Harvey 2013). Haque et al reviewed Hippo in the context of high-grade serous
ovarian carcinoma (HGSOC) and identified key genes which impact clinical outcome and
pathophysiology of disease. Haque et al found mRNA expression of associated genes VGLL4,
TEAD3, TEAD4, and YAP1 to be elevated in HGSOC and low levels of VGLL3 and TAZ.
Contrastingly, in terms of disease progression, VGLL3 expression was determined to be
increased in stage Ill and IV, which are advanced stages of HGSOC. Related to overall survival,
increased levels of VGLL3 correlated with lower levels of survival. Increased levels, may, in

part be explained by increased RNA stability and efficient post translational processes of mMRNA



molecules that lead to unregulated expression of tumor cell components or post-translational
modification which stabilizes the protein in question. For further validation of the relationship
between tumorigenesis and increased VGLL3, it would be worthwhile to examine VGLL3’s role
in post translational modification and its effect on mRNA stability and protein expression in
various ovarian cancer cell lines (Haque 2023). Overall, VGLL3’s significant roles in ovarian
cancer cannot be oversimplified as a tumor suppressor and more work is required to determine
its specific influence on both tumor suppressor and oncogene pathways. Understanding the
specific VGLL3 pathway in ovarian cancer reveals significant details the scientific community
should use to further improve nutrient based preventative strategies and future therapeutics for
sex-biased autoimmunity and reproductive cancers.

3.2 Breast cancer

VGLL3’s role in breast cancer is dynamic and involves various pathways including Hippo (Hori,
2020, Ma 2022), inflammatory interleukin-1 alpha (Takakura 2021), high mobility group AT-
hook2 (HMGAZ2) (Hori 2022), and glycinamide ribonucleotide formyl transferase
(GART)(Kawamura).

The Hippo framework involves Yes-associated transcriptional coactivators and PDZ binding
motif (YAP/TAZ). VGLL3 is a cofactor for the Tea domain containing transcription factors
(TEADSs) which promote tissue and tumor development with YAP/TAZ (Hori 2020). Hori et al
demonstrated increased levels of VGLL3 promotes upregulation of two Hippo related proteins-
large tumor suppressor kinase 2 (2) and angiomotin-like 2 (AMOTL2) (Hori 2020), where
LATS2 promotes cytoplasmic retention and protein degradation of YAP/TAZ (Hao 2008).
Previous work demonstrated one mammalian vestigial like factor, VGLL4, competes with co-

activator YAP for binding to TEADs and building on this concept, Hori et al concluded members



of VGLL family, specifically VGLL3 may promote the inactivation of YAP/TAZ to enhance
binding of itself which may explain increased gene expression and proliferation in malignant
breast cancer. Additional work done by Ma et al uncovered a significant mechanism related to
LATS-YAP-TEAD-VGLL3 in estrogen receptor positive breast cancer. The authors’ work
confirmed VGLL3 does in fact compete with YAP/TAZ transcriptional cofactors, and when
VGLL3 is bound to TEAD, and augments transcriptional silencing via nuclear receptor co-
repressor 2 (NCOR2) and silencing mediator for retinoid or thyroid-hormone receptors (SMRT.
In conclusion, it can influence transcription for estrogen receptor- alpha dependent breast cancer
growth and cellular proliferation via stimulation or inhibition of expression of downstream
players. The authors nuance this by speculating, TEAD remains inactive when complexed with
VGLL1/4 and in a repressive state when associated with VGLL2/3.

In addition to Hippo, VGLL3 is associated with an inflammatory signaling pathway. Takakura et
al discovered VGLL3 may promote expression and secretion of IL-1a and proved it in two breast
cancer cell lines: MDA-MB-231 and MDA-MB-436. Knockdown of VGLL3 significantly
reduced IL1a expression and secretion in these cell lines. An extension of this work led to the
discovery of VGLL3’s role in mesenchymal cell motility. Hori et al (2022) determined VGLL3
promotes epithelial to mesenchymal transition like cell motility by inducing high mobility group
AT-hook2 (HMGAZ2) gene.

The last and unique role VGLL3’s plays in cancer are related to purine metabolism. Kawamura
et al determined VGLL3 increases dependency on de novo nucleotide synthesis via glycinamide
ribonucleotide formyl transferase trifunctional protein (GART) expression in cancer cells. They
proved this by demonstrating that highly expressing VGLLS3 cancer cell lines they generated

(BT549, MDA-MB23, and A549) were sensitive to mycophenolic acid (MPA) and IMP
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dehydrogenase which catalyzes GMP synthesis from IMP, downstream of GART (Kawamura
2022). This sensitivity to MPA, a purine nucleotide inhibitor, may prove GART is impacted in
VGLL3 high expressed cell lines. Interestingly, this gives recognition to GART as a potential
molecular target for treatment of VGLL3 high cancer cell lines.

3.3 Cervical cancer

Currently, only one study exists regarding VGLL3 and cervical cancer, demonstrating
opportunity in the research of a female-biased gene signature in this pervasive cancer type. In
2020, authors Ding et al identified microRNA regulation of VGLL3 as a crucial pathway for the
progression of cervical cancer. Through the examination of the University of California Santa
Cruz Genome Browser, processed data from larger databases including TCGA, International
Cancer Genome Consortium, and Therapeutically Applicable Research to Generate Effective
Treatments, were extensively reviewed and included in this body of work. Considering cervical
cancer may be associated with age (Ding 2020), the authors selected over 300 clinical, RNA seq
counts, and microRNA data and divided it into 3 groups, reflecting patient age . Significant
findings included differentially expressed mMRNAADH7 expression upregulated in patients older
than 60 and VGLL3 expression downregulated in the older age groups, suggesting both
containing significant roles with cervical cancer survival rate. Compared to the known pathway
of VGLL3 in ovarian and breast cancer, this was the first study to indicate VGLL3 is regulated
by microRNA, miR-330, and significantly correlated with cervical cancer survival rate,
indicating VGLL3 may influence cervical cancer carcinogenesis through regulation of miR330
expression. In cancer, this is paramount because miR-330-3p impacts cancer related processes
such as mitosis, cellular migration, tumor invasion, cellular transition, blood vessel formation,

and apoptosis (Jafarzadeh 2022). Lastly, Ding et al noted VGLL3 gradually declined with

11



decreasing patient age suggesting it may be associated with the progression at different age
groups.

Compared to the VGLL3 female-biased signature in autoimmune disease demonstrating
independence of biological age, VGLL3 in the context of cervical cancer may predict risk across
age groups, this is another helpful layer to achieving effective sex-specific treatment through

one's lifetime.
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Chapter 4: VGLL3 and other inflammatory states

4.1 General inflammation in pregnancy

In addition to cancer, VGLL3 networks remain far reaching into various states of inflammation
and increased immune activation, such as pregnancy. Women who experience pregnancy and
childbirth face the physiological reality of building a defensible environment for the growth and
protection of offspring. During this time, the adaptive immunity (i.e. NK cells, macrophages, and
T regulatory cells) as well as circulating antibodies play a crucial role in the implantation of the
embryo and development of the placenta. Beyond VGLL3’s role in upregulating pro-
inflammatory genes, it has a significant role in driving BAFF (Liang 2017), which promotes B-
cell expansion, autoantibody production, immune complex deposition, and end-organ damage.
BAFF is known to enhance the survival of B-cells in vitro and regulate the peripheral cell
population, and its receptor, B-cell activating receptor (BAFF-R) is important for BAFF-
mediated survival (NIH 2019). Elevated levels of BAFF have been found in to negatively impact
the progression of pregnancy as well as other pathological states of pregnancy (Xu 2019), giving
rise to prothrombotic and hypertensive states (Tay 2018, Xu 2019, Wu 2021, van den Hoogen
2022). This finding makes BAFF a promising molecule to investigate in pre, peri, and
postpartum states.

In salpingitis and ectopic pregnancy in the fallopian tube, Xu et al discovered statistically
significant elevations of BAFF mRNA in whole tissue patient samples undergoing
salpingectomy as well as elevated serum levels of BAFF, tumor necrosis-a (TNF-a) and IL-6 in
whole blood samples compared to the control group. Another autoimmune challenge in
pregnancy is primary antiphospholipid syndrome, characterized by thrombotic events, pregnancy

morbidity and presence of specific antibodies known as antiphospholipid antibodies (aPLs) and
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adverse pregnancy outcomes (APOs) demonstrated by a significant elevation in BAFF relative to
healthy pregnant and healthy nonpregnant controls (Li 2020). In the case of pre-eclampsia (PE),
BAFF levels were measured in 19 patients with PE and 10 patients with fetal growth restriction
(Tay 2018) and found BAFF levels were higher in women with PE compared to healthy controls,
with no significant levels in FGR.

Although an overall increase in antibodies does not fully explain the onset of ectopic pregnancy,
prothrombotic, and hypertensive states, understanding the possible outcomes of elevated BAFF,
and therefore VGLL3s overall role in pregnancy and immune activity is compelling and
important for the accurate screening and prevention of threatening inflammatory states in

pregnancy.
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Chapter 5: Precision nutrition and cancer

Precision nutrition is “the nutrition or dietary guidance designed to optimize health, facilitate
disease prevention, and enhance therapeutic benefit through profiling at the level of the
individual” (Maruvada 2020). Additionally, it provides an understanding of the interaction
between genes, metabolome, and diet. In recent years, dietary interventions have significantly
shaped cancer treatment and impact many characteristics of tumorigenesis including caner
growth, development, and therapeutic response (Martinez-Garay 2023). Simply put, an effective
way to stave off cancer may in fact be food. The Cancer Genome Atlas (TCGA) is a landmark
cancer genomic program developed in 2006, molecularly characterizing over 20,000 primary
cancers and matched normal samples across 33 cancer types (NIH). With the creation of TCGA,
there is greater accessibility to cancer biomarkers and the potential to build a reliable
understanding of the impact of nutrients in the cancer epigenome. This knowledge may bridge
the gap between cancer and nutrient research, especially as the field continues to grow.
Gynecological cancers specifically, ovarian, breast, and cervical share a related genetic marker-
VGLL3. Whether VGLL3’s sex-specific network is significant in these cancers remain to be
answered. Furthermore, it is known nutrition serves as a beneficial starting point to prevent and
lessen disease burden in cancer, especially in the case of cervical cancer. For the purposes of this
review, cervical cancer will be analyzed.

Cervical cancer is known to develop and progress through HPV infection, cervical intraepithelial
neoplasia to cervical cancer (Koshiyama 2019). Current scientific evidence focuses on the
relationship between nutrition and HPV (Letafati 2023), HPV and squamous intraepithelial
lesions (SIL) as well the varying nutrient impacts on the stages (CIN1-CIN3) leading to cervical

cancer (Koshiyama 2019). In 2020, the World Health Organization focused its efforts in creating
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processes to eliminate cervical cancer (Kakotin 2023) while accounting for social circumstance,
and personal/cultural/structural and economic barriers hindering access to health services (WHO
2022). The outcome of the efforts became known as the “90-70-90” project, where specific goals
must be met by 2030 to be on the path toward cervical cancer elimination (WHO 2022). The
project outlines that countries must have 90% of girls fully vaccinated with HPV vaccine by age
15, 70% of women screened at the age of 35 and again at 45, and 90% of women identified with
cervical disease to receive treatment (WHO 2022).

Knowing prevention strategies for CIN 1-3 as well as cervical cancer are crucial in the
prevention of the disease happening in the first place. Radiotherapy, chemotherapy,
interventional therapy, and radical hysterectomy are other treatment forms (Biewenga 2011,
Kumar 2015). However, factors such as lymphatic metastasis, postoperative recurrence, and
other toxic side effects from treatment all have an adverse effect on therapeutic outcomes (L.
2019) and, therefore, it is necessary to determine effective prevention strategies to decrease
patient burden of disease.

In the case of HPV and SIL, a diet rich with vegetables are associated with a 54% decreased
HPV persistence (Sedjo 2002) and higher papaya consumption reduced SIL risk (Siegel 2010).
Risk for developing CIN1 was associated with serum levels of Vitamin A (Yeo 2000) and
Vitamin D (Vahedpoor 2017). In one clinic-based study, Yeo et al investigated a population of
Southwest American Indian women, a group known to have higher rates of preinvasive cervical
lesions and determined those with lower levels of serum retinol (Vitamin A), had increased
chances of progressing to CIN1 compared to women with high serum levels of retinol. This
suggests retinol may be protective in HPV to CIN1 progression. Additionally, in a study with 29

patients who took a high dose of Vitamin D (50,000 1U) every 2 weeks for 6 months, exhibited
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lower insulin metabolism marker levels and improved levels of biomarkers of inflammation and
oxidative stress (Vahedpoor 2017). Overall, these results demonstrate a diet rich in vegetables,
Vitamin A and Vitamin D may decrease risk in HPV persistence as well as progression to CIN
1.

In a population based cervical cancer screening in China, Feng et al determined that dietary
intake of onion vegetables, legumes, nuts, and meat is associated with reduced risk of CIN2 and
may be protective against CIN2. Progression of HPV infection into invasive cervical cancer such
as CIN 3 can take many decades. Protective factors for CIN 3 include regular dietary intake of
dark-green and deep, yellow-colored vegetables, including fruits and vegetables rich in B-
carotene. Tomita et al investigated the additive effect of low intake of dark green and deep,
yellow-colored vegetables, smoking, and developing CIN 3. They found lower serum and
micronutrient concentrations in subjects positive for CIN 3 compared to controls, suggesting
dark green and deep colored vegetable consumption could be protective (Tomita 2010).

These findings shed light on valuable considerations for precision nutrition. Female biased
genetic marker VGLL3 has been reviewed in the context of reproductive malignancies and offers
insight on what pathways are impactful during disease. Data focused on precision nutrition for
cervical cancer, although still largely epidemiological, offers awareness of nutrient specific
effects. Currently, there are no universally accepted biomarker classification schemes that close
the gap between nutrient effects on cancer pathways. To further understand sex-biased disease
and precision nutrition, it may be important to define if VGLL3 is a useful female biased maker

for precision nutrition research.
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Figure 1. Summary of far-reaching effects of VGLL3 female biased gene networks.
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Conclusion

In 2017, Liang et al provided unprecedented insight in VGLL3’s female-biased gene network
and risk for autoimmune disease. Following these findings, VGLL3 has been found to be
extensively tied to reproductive cancer via several significant pathways. This review specifically
examined its role in ovarian, breast, and cervical cancer. Determining VGLL3’s sex-biased role
in another inflammatory state such as cancer is novel and may allow for the prevention and
treatment of cancer in a sex-conscious manner. Furthermore, deeply understanding molecular
pathways of disease allows for closing the gap between the onset of cancer and preventative
nutrition. One specific example is the cervical cancer profile. With cervical cancer impacting
many countries worldwide despite ample ability to prevent disease, utilizing nutrition may be
one way to combat the disease. Much epidemiological literature exists on various nutrients such
as Vitamin A, Vitamin D, and B-carotene serving as preventative and protective components for
each stage of disease (HPV infection, progression to SIL, and CIN 1-3). However, how these
nutrients directly impact mechanisms of disease is still unknown. This literature review uncovers
a crucial starting point for this kind of work. Long term benefits may lower emotional, physical,
and economic burdens of disease.

Considering advancing research technologies, the discovery of sex-biased molecular signatures
is a significant starting point for precision medicine. Starting with transcriptome analysis, Al
may have the potential to combine information with cancer type, stage, nutrition genomics,
molecular diagnostics, and develop dietary regimens aimed at targeting specific cancer while
maintaining patient-centric needs (Figure 1).

For future studies, a series of things need to be carefully considered: Firstly, VGLL3 needs to be

evaluated as a significant sex-specific contributor to reproductive cancers including breast,
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ovarian, and cervical, comparing its mechanism to male reproductive cancers such as prostate
cancer. Secondly, studies surrounding beneficial nutrients such as Vitamin A, D, beta-carotene,
and specific dark and light vegetables should reflect the direct mechanism related to sex-specific
gene networks such as VGLL3, instead of general inflammatory pathways. The results for
precision nutrition should be validated using experimental methods instead epidemiological data
(although it still has many strengths) as epidemiological data may sometimes demonstrate
correlative and not causative data. Lastly, preventative nutrition should not be the only source of
therapy but should be respected as a powerful tool and be used as a primary strategy in

conjunction with other therapies based on patient needs.
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