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Abstract

Cancer incidence has jumped from about 60-80 cases per 100,000 people in 1850 to roughly
440-450 per 100,000 in 2020; this trend reflects changes in diet, including a big increase in
linoleic acid (LA), an omega-6 fat from seed oils, which grew from 1-2% to 7-10% of total calories
in Western diets. This paper puts forward the idea that too much LA, which gets built into cell
membrane phospholipids (the fatty parts of membranes), can drive cancer development through
fat oxidation and long-term inflammation. Levels of LA stored in body fat rose by 136% between
1959 and 2008, which highlights this dietary imbalance. LA has a molecular structure with two
double bonds (bis-allylic) that easily oxidizes when attacked by reactive oxygen species (ROS).
This oxidation produces reactive aldehydes (such as 4-HNE and MDA) that turn on NF-kB (a
protein that controls inflammation) and anti-cell-death proteins like Bcl-2 (which prevent cell
death), thereby promoting tumor growth. In contrast, an odd-chain saturated fatty acid called
pentadecanoic acid (C15:0), which comes from ruminant animal fats (such as dairy and beef),
does not oxidize easily and helps stabilize cardiolipin (CL) in mitochondria, a lipid essential

for making ATP energy. Choline, a nutrient crucial for making phosphatidylcholine (PC) in cell
membranes, further helps keep membranes intact and counteracts the effects of too much LA.
Modern cancer treatment often uses complex anti-inflammatory drugs that aim at molecules like
transcription factors and cytokine signals to reduce chronic inflammation, but these treatments
often ignore diet-related causes. This review suggests that cutting down on LA in the diet while
boosting intake of C15:0 and choline could be a useful complementary strategy to break the cycle
of chronic inflammation and immune suppression and possibly reduce cancer risk. Rooted in an
understanding of cell membrane biochemistry and diets from our evolutionary past, this approach
connects lifestyle factors to cancer development and offers a preventive framework based in
nutrition to complement drug-based advances.
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Cancer has gone from being relatively uncommon in the United States during the 1800s to
becoming one of the country’s leading health challenges by the 21st century. In the mid-1800s,
cancer was only rarely documented as a cause of illness. In 1850, people lived only to about 35-40
years on average, meaning there were almost no middle-aged or elderly individuals who typically
develop cancer, so cancer cases were very few. In the 1840s, scientist Rudolf Virchow, through
studying tissues under a microscope (histology), showed that new tumors like carcinomas come
from existing cells, disproving the old belief in spontaneous generation and creating the cellular
basis for cancer science. By 1900, Virchow’s ideas were fully accepted in American medical
schools and hospitals, which led to stricter diagnostic criteria for cancer and paved the way for
the sharp and well-documented increase in cancer cases that followed.

From Obscurity to Epidemic: The Rise of Cancer in the U.S. (1850-2025)

500 + Pre-industrial & diagnostic dark age
Industriaization & early detection ora
450 + Smoking boom & screening revolution

Stabilization & modemn epikiemiclogy
-e~ Cancer Incidence Rate

400 +

350

COVID-19
causes increase

300

250

200 +

150

100

Cancer Incidence Rate (per 100,000 people)

1850 1875 1900 1925 1950 1975 2000 2025
Year

Figure 1. Cancer Incidence Rates Over Time

Historical trend of cancer incidence rates in the U.S. from 1850 to 2025, showing the rate per 100,000
people. Rates rose from approximately 50 in 1850 to 500 by 2025. The graph spans four eras: pre-
industrial and diagnostic dark age (1850-1900), industrialization and early detection era (1900-1925),
smoking boom and screening revolution (1925-2000), and stabilization and modern epidemiology (2000-
2025). A temporary dip in 2020 reflects COVID-19-related disruptions in diagnosis.
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From 1850 to 2025, cancer rates in the United States climbed dramatically, turning cancer from

a hardly ever noted condition into a major public health problem. Back in the pre-industrial

era, cancer rates stayed around 60-80 cases per 100,000 people, but this appeared low partly
because average lifespans were only about 35 years and medical diagnostics (like microscopes)
were very limited. By 1950, the cancer rate had risen to about 130-160 per 100,000, driven by
factors like industrialization (which introduced cancer-causing substances such as asbestos) and
longer life expectancy (up to about 68 years), which meant more older people who could develop
cancer.

The widespread smoking epidemic—about 70% of men smoked in the 1960s—caused lung cancer
rates to soar, driving overall cancer incidence up to 400 per 100,000 people by 1975. Cancer
incidence peaked at about 505 per 100,000 in 1992, partly because the introduction of PSA
(prostate-specific antigen) screening led to more prostate cancer cases being detected. Rates
began to decline around 1990, likely because many people had quit smoking in response to the
Surgeon General’'s warnings in the 1970s and 1980s; after a lag of about 20-30 years, this led to
lower lung cancer rates. By 2020, cancer rates leveled off at about 440-450 per 100,000, aside
from a temporary drop to 404 per 100,000 caused by COVID-19-related disruptions in diagnosis.
Overall, this trend shows that cancer’s steady increase has been influenced by factors like
lifestyle, improved detection, and population changes. This rising pattern highlights the need to
investigate the underlying factors that add to cancer risk, including changes in diet and exposure
to environmental agents.

Cancer is a disease with many causes;

it can come from genetic susceptibility,
environmental carcinogens (like certain
chemicals or radiation), and lifestyle factors
such as lack of exercise and diet habits.
Among these factors, long-lasting (chronic)
inflammation—made worse by modern
industrialized diets—has emerged as a major
cause of death. Historical data and recent
evidence suggest that too much linoleic acid
(LA, an omega-6 fatty acid found in many
vegetable oils) may be contributing to the
increase in cancer rates.
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Increase in Linoleic Acid (LA) Intake from 1850 to 2020
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Figure 2: Estimated increase in LA intake as a percentage of total energy from 1850 to 2020, paralleling
the rise in cancer incidence. The data illustrate the transition from ancestral diets (1-2% LA) to modern
Western diets (7-10% LA), with National Health and Nutrition Examination Survey (NHANES) data
confirming a current mean of approximately 7.8%.
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In today’s Western diets, LA makes up about 7-10% of total calories, which is a sharp contrast to
the estimated 1-2% in the diets of our Paleolithic ancestors. From 1959 to 2008, the amount of LA
found in the body fat of Americans jumped by 136%—going from 9.1% to 21.5% of total fatty acids.
This dramatic rise has prompted researchers to examine LA’s role in causing cancer.

Additional evidence of changes in diet comes from historical differences in LA levels among
different populations. In the mid-1900s, some isolated communities had LA making up about 5.5%
t0 10.6% of their total fatty acids in blood, with an average around 7.8%. This historical average of
around 7.8% is vastly lower than the 21.5% seen in Americans’ body fat in 2008, reflecting nearly

a threefold increase. This stark rise underscores how much LA has accumulated due to greatly
increased consumption in recent decades.
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Race or Ethnic Population Year LA %

Japanese 1950s-1960s 10.6%
Nigerians 1950s-1960s | 9.2%
Bostonians 1950s-1960s | 8.1%
Colombians 1950s-1960s 55%
Jamaicans 1950s-1960s 5.8%

United States 2025 21.5%

Table 1: Percentage of selected racial or ethnic populations during the 1950s-1960s and a projected
percentage for the United States in 2025, with notes on potential demographic shifts over time

Consequently, examining how processed seed oils (which are high in LA) affect cancer
development gives us a strong framework to understand why cancer remains so prevalent.
Different cooking oils have very different fatty acid makeups, which greatly affects their
nutritional impact. LA is a polyunsaturated fatty acid (PUFA) whose levels vary widely from one
oil to another. For instance, safflower oil can be about three-quarters LA by weight (around 75%),
whereas coconut oil may contain under 2% LA. This range shows how much the LA content can
differ among oils.
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Cooking Oil LA (g per 100 g of cooking oil)

Vegetable oil* Depends on specific oil
Safflower 74.6
Sunflower 65.7

Cottonseed 51.5
Corn 53.5
Soybean 50.3
Canola 18.6
Olive 9.8
Butter oil 2.3
Coconut 1.8

Table 2: LA content in common cooking oils, presented in grams per 100 grams. The table compares
oils like safflower (74.6 g), sunflower (65.7 g), and coconut (1.8 g), highlighting the variability in LA levels.
Note: Vegetable oil LA content varies depending on the specific blend, as indicated by the asterisk.
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The idea that changes in diet—especially eating a lot more omega-6 PUFAs like LA—might be
raising cancer risk through mechanisms like altering the makeup of cell membrane phospholipids
and increasing oxidative stress deserves a closer look. This paper examines the specific biological
pathways involved, such as lipid peroxidation (fatty acids getting oxidized) and the production

of pro-inflammatory cytokines, and it discusses evidence that connects omega-6 fatty acids—
especially LA—to the development of cancer. By placing these findings in the bigger story of

how lifestyle can drive cancer, this paper aims to make clear how changes in our diets over time
interact with cellular mechanisms to affect how common cancer is.

Historically, studies have shown a major
increase in the accumulation of LA in the
human body over the last several decades.
A U.S. national survey (NHANES 2017-2018)
found that people consume about 17.9
grams of LA per day on average, which is
roughly 7.8% of their total daily calories.
Modern diets provide so much LA that
having too little is only a theoretical concern
and not something that happens in practice,
even though our bodies cannot make this
fatty acid on their own.

Humans only need about 2 grams of LA

per day to avoid any deficiency symptoms.
In contrast, people in Western countries
currently eat about 18 grams of LA per day,
which is far above this minimal need. As a
result, an LA deficiency is nearly impossible
unless someone is on an extremely fat-
free diet (like certain intravenous feeding
regimens known as total parenteral
nutrition). This situation highlights a big gap
between LA being essential in biochemical
terms and how excessively it appears in
modern diets.
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Nutrients are usually classified by whether our bodies can make them or not: essential nutrients
must come from our diet because we can’t produce them, while conditionally essential nutrients
are those we might need to get from our diet only during times of higher demand or stress

when our body can’t make enough. However, this simple either/or view misses a third category:
some nutrients are essential for our biology but are so consistently abundant in modern diets
that a deficiency is virtually impossible as long as a person is eating enough calories. This paper
suggests naming this third category “Ubiquitous Essential Nutrients (UENS),” defined by criteria
such as being necessary for health but with deficiency nearly unheard of due to their abundance.

Essential nutrients like LA cannot be made by humans because we lack certain enzymes (for
example, we don’t have the A12 desaturase enzyme), so these nutrients must come from our
diet. Recognizing the concept of UENs changes the focus from just preventing deficiencies to
also worrying about getting too much. In the case of LA, although only about 1-2% of our calories
from it are needed for proper growth, Americans are consuming around 5-10% of their calories
as LA. At the same time, LA stored in body fat has doubled since the 1960s, raising concerns
about harmful oxidized byproducts and changes in cardiolipin (a key mitochondrial lipid) content.
Looking at nutrients this way could lead to more refined dietary guidelines, better therapeutic
formulations, and clearer public health messages.

Reframing Essentiality: Ubiquitous Essential Nutrients (UENS)

1 Humans lack the enzymes to synthesize them

2 Average intake is > 5 fold above the minimal requirement
3 Deficiency appears only in artificial or pathological states
4 Chronic oversupply carries documented risk

Table 3: These four criteria define a distinct category of nutrients that, while biochemically essential,
are so abundant in modern diets that deficiency is rare, and the primary concern shifts to the risks
associated with chronic oversupply. This reframing of essentiality, as applied to nutrients such as
linoleic acid, underscores the need to balance intake to optimize health outcomes rather than merely
prevent deficiency.
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LA: Essential and Irreplaceable
for Mitochondrial Function

It’s important to note that we don’t have direct measurements of LA levels in cardiolipin (CL) from
populations with low LA intake, which makes it hard to draw firm conclusions. Cardiolipin is a
special double-headed phospholipid found only in mitochondria, and it is absolutely required for
making ATP (the cell’s energy molecule). In energy-demanding tissues such as heart and skeletal
muscle, the main form of cardiolipin is tetralinoleoyl-cardiolipin (LA4CL), which has four LA chains
and makes up about 70-80% of all the CL there. The two double bonds in each LA molecule

make the inner mitochondrial membrane more flexible, which allows the formation of cristae—
tightly folded inner structures that increase the surface area for energy production (oxidative
phosphorylation). These curved cristae help pack the components of the respiratory chain
(Complexes |, lll, and 1V) closely together, which improves the flow of electrons through combined
units (supercomplexes) and makes mitochondrial energy production more efficient.

LA is considered an essential fatty acid because mammals (including humans) lack the A-6 and
A-5 desaturase enzymes needed to produce it, so we must get it from our diet. We need LA to
maintain cell membrane integrity and to make eicosanoids, which are signaling molecules that
regulate inflammation. This classification of LA as essential comes from experiments in 1929-1930
by scientists George and Mildred Burr: rats fed a diet with just 0.6% of calories as LA grew better
and did not get the skin problems seen in rats that got no fat at all. In light of this, LA’s most critical
role in the body isn’t actually those originally noted functions, but rather its absolutely essential
part in making cardiolipin for mitochondria, which is fundamental for the cells’ energy production.

To explore this question further, researchers have looked at grass-fed cows, which have tissue

LA levels similar to those of indigenous human populations (around 8%). These cows serve as

a useful stand-in for studying low-LA conditions. Remarkably, grass-fed cows still maintain
cardiolipin that is 80-90% LA,4CL, which is similar to the levels seen in grain-fed cows that have
higher LA intake. This efficient packing of LA into cardiolipin is driven by an enzyme called tafazzin
(TAZ). TAZ specifically puts LA into cardiolipin first, and this enzyme is essential for keeping
mitochondria working properly. This finding suggests that even when overall LA levels in tissues
are lower, the body still efficiently uses the available LA for cardiolipin, making sure the inner
mitochondrial membrane stays fluid enough and the mitochondria can keep producing ATP.
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Role of Linoleic Acid in Mitochondrial Cardiolipin
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Figure 3: Role of LA in mitochondrial CL, highlighting its dominance in LA,CL (80-90% of total CL) and
the enzyme TAZ’s role in LA incorporation. The inset compares CL composition in grass-fed and
grain-fed cows, showing consistent LA dominance despite dietary differences. The figure also hints at
the potential for C15:0 substitution.

By helping insert LA into cardiolipin, TAZ optimizes the shape of the cristae in mitochondria.

This structural setup, which boosts energy production, represents an evolutionary trade-off:

the same unsaturated nature of LA that gives flexibility also makes it more prone to oxidative
damage (peroxidation). In this context, a rare condition called Barth syndrome—which is caused
by mutations in the TAZ gene—highlights how necessary LA is in cardiolipin. Individuals with Barth
syndrome have cardiolipin levels that are 50-70% lower than normal, and specifically they have a
severe reduction in LA,CL.

Without working TAZ, LA cannot be properly added to cardiolipin, leading to faulty cardiolipin
remodeling. As a result, the cristae structure becomes abnormal, reducing how many electron
transport chain (ETC) complexes can be packed in and impairing the mitochondria’s ability to make
ATP. In the past, this lack of mitochondrial energy was deadly for infants with Barth syndrome
before modern medical treatments were available.
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While LA helps cells produce energy under normal conditions, having too much or mismanaging
LA shows an important connection to mechanisms that suppress the immune system, which can
influence how cancer starts and grows. The complex interactions between the immune system
and the body’s metabolic processes play a major role in how cancer develops and behaves.
Inflammation can both protect against cancer and promote it, making it a double-edged sword.

Short-term (acute) inflammation is very protective because it calls in killer immune cells—like
cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells—to induce apoptosis (programmed

cell death) in cancerous cells. In this process, immune cells release substances like perforin and
granzyme B, which allows CTLs to trigger the caspase-driven internal cell death pathway in the
cancer cells. Throughout evolution, our bodies have relied on acute inflammation mainly to quickly
fight off infections (immediate pathogen clearance), and this response is also crucial for the
immune system to keep watch and eliminate emerging cancer cells.

On the other hand, if inflammation becomes long-lasting (chronic), continuously high levels of a
signaling protein called interleukin-6 (IL-6) can activate NF-kB, which creates a microenvironment
that actually supports tumors. When NF-kB is activated, it increases the production of proteins
that prevent cell death (for example, Bcl-2). This allows cancerous cells to avoid being destroyed
by apoptosis. Over time, this chronically inflamed environment can make cell DNA less stable
(leading to mutations), boost signals that make cells multiply, and make cells more resistant

to apoptosis.
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Adding to this IL-6/NF-kB scenario, having too much LA in cell membranes leads to more lipid
peroxidation in tissues, which creates reactive aldehydes like 4-HNE, MDA, and acrolein. These
reactive aldehyde byproducts act like “toxic messengers” in cells, spreading oxidative stress and
altering cell signaling pathways. The chemical environment in tissues that is shaped by a constant
presence of LA-derived aldehydes is very different from what happens during a short-term
inflammatory response. In acute inflammation, the body unleashes strong but short-lived bursts
of cytokines that often help kill cancer cells through apoptosis. In contrast, chronic inflammation,
fueled by continuous oxidative damage, ironically helps tumor cells survive. There is a clear chain
of cause and effect linking a diet high in LA to the development of cancer, with each step in the
cascade contributing to an environment that favors tumor growth.

Molecular Pathway from LA Peroxidation to Tumor Survival

O-@-=-n-Q-l@&

LA in PC/PE ROS 4-HNE, MDA, NF-xB 1 Bcl-2 1 Tumor
LA's double bonds Peroxidation Acrolein Survival

Figure 4: Molecular pathway from LA peroxidation to tumor survival. The flowchart details the steps
from LA in membrane phospholipids to lipid peroxidation, generation of toxic aldehydes (e.g., 4-HNE,
MDA), activation of NF-kB, upregulation of Bcl-2, and ultimately, tumor cell survival.

Chronic inflammation and a weakened immune response (immunosuppression) can feed into
each other in a harmful cycle that helps cancer progress. Continuous inflammation—driven

by molecules like TNF-a (released due to those LA oxidation aldehydes)—activates NF-kB,

and NF-kB then helps create a microenvironment that suppresses the immune system. In this
immunosuppressive state, tumor cells increase their levels of PD-L1(a protein that tells immune
cells not to attack), and the tumor also attracts regulatory T cells (Tregs) and myeloid-derived
suppressor cells (MDSCs). These changes greatly weaken the actions of killer immune cells like
CTLs and NK cells.

Optimizing Cell Membrane Makeup with C15 and Choline: A New Idea to Reduce Cancer Risk
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As a result, this suppressed immune environment interferes with the immune system’s ability

to trigger apoptosis from outside the cell (the extrinsic pathway). For instance, tumor cells may
reduce the activity of death receptors like Fas (CD95) on their surface, which helps them avoid
being killed by immune cells. In some cancers, over 30% of the immune cells (lymphocytes) that
infiltrate the tumor can be Tregs, and MDSCs in the tumor release substances like TGF-f3 that
severely weaken the killer immune response. In some experimental tumor models, MDSCs even
deplete nutrients like L-arginine that T cells need to function, which shows just how strongly this
immunosuppressive environment can undermine the immune system. In summary, this sets up a
biochemical cycle where high oxidative stress, suppressed immunity, and signals that prevent cell
death all work together to keep tumor cells alive and growing.

At the same time, the oxidation products from LA in cell membranes also throw off the normal
regulation of the immune system. These reactive aldehydes can directly stop immune cells from
multiplying and doing their job. In addition, one of these aldehydes, acrolein, hampers the ability
of macrophages (immune cells that engulf pathogens) to perform phagocytosis, and it also lowers
the production of immune signaling proteins like interleukin-12 (IL-12), thereby weakening the
body’s innate immune defenses. Historically, eating diets rich in LA has been linked to an uptick in
immune-related disorders, which underlines how metabolic factors (like fats in our diet) can affect
the immune system’s regulation.

Besides affecting the immune system, LA can directly promote cancerous signaling inside

tumor cells via a protein called FABP5 (fatty acid-binding protein 5). FABP5 normally carries fatty
molecules inside cells, but when it binds to LA, it becomes an activator of signals that drive cancer
growth. Specifically, LA binds strongly to FABP5 and causes more of this protein to be present

in cancerous (neoplastic) tissues. This LA-FABP5 combination enhances FABP5’s interaction

with a protein called Raptor, which is a key part of the mTORC1 complex (a major regulator of cell
growth). When FABPS5 binds to Raptor, it boosts the activity of mTORC1, which in turn amplifies
signals that cause cells to divide and proliferate.
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In aggressive cancers like triple-negative breast cancer, where FABP5 levels are much higher
than normal, high FABP5 is strongly linked to worse outcomes for patients. Experiments have
shown that reducing FABPS5 levels through genetic means slows down tumor growth in lab
models, whereas FABP5 loaded with LA makes tumors grow faster. High LA intake strengthens
this FABP5-mTORCI1 signaling axis, providing a direct biochemical link between modern diet
habits and a higher risk of cancer. In summary, a diet high in LA not only helps create a tumor
microenvironment that suppresses the immune response, but also directly feeds the processes
that make cancer cells multiply. This highlights the many ways dietary fats can influence cancer
progression.

Why LA Is More Dangerous in Cell
Membranes than in Body Fat Storage

Cell membranes (phospholipid bilayers) are made mostly of two kinds of phospholipids:
phosphatidylcholine (PC) and phosphatidylethanolamine (PE). When you consume an excess

of LA, the body tends to attach it (esterify it) into the second position (sn-2 position) of those
membrane phospholipids. In metabolically active tissues like skeletal muscle, LA makes up about
15-20% of the membrane fatty acid chains. This is nearly three times higher than the roughly 5-7%
typically found in the membranes of red blood cells (erythrocytes). In contrast, the concentration
of LA in stored fat (adipose tissue triacylglycerol), where LA is kept in a relatively inactive form, is
much lower. This difference highlights a major disparity in how LA is distributed in the body.
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When LA is part of the cell membrane (situated at the membrane’s water-facing surface), its
bis-allylic double bonds are constantly exposed to reactive oxygen species (ROS) produced by
sources like mitochondria, peroxisomes, and the enzyme NADPH oxidase. This highly oxidative
environment is very different from the interior of fat storage (the hydrophobic core of fat tissue),
where LA is tucked away and shielded from ROS. As a result, peroxidized fats (hydroperoxides)
start building up on LA-containing phosphatidylcholine (LA-PC) just minutes after a burst of
oxidative stress.

By contrast, if you look at trilinolein (a form in which LA is stored in fat tissue) under the same
conditions, hardly any hydroperoxides form. This shows that LA is relatively stable when it’s stored
in body fat. When LA in membranes undergoes peroxidation, it turns LA-PC and LA-PE into a wide
variety of oxidized phospholipids (OxPLs) and oxidized LA byproducts (often called OXLAMS).
These include 9-HODE, 13-HODE, EpOMEs, and DiHOMEs.

These active lipid molecules act as danger signals (also known as DAMPs, damage-associated
molecular patterns) that trigger the innate immune system. At the same time, the oxidized
phospholipids (OxPLs) bind to pattern-recognition receptors on cells (like CD36 and Toll-like
receptor 4, TLR4), which keeps NF-kB activated. In turn, this makes the cell produce more
proteins that block apoptosis (for example, Bcl-2 family proteins and Mcl-1), creating a long-
lasting state where cells resist dying.

Differential Peroxidation Risk of Linoleic Acid
in Adipose Tissue versus Cell Membranes
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Figure 5: Differential peroxidation risk of LA in adipose tissue versus cell membranes. In adipose tissue
(left), LA is stored in triacylglycerol, shielded from ROS. In cell membranes (right), LA’s bis-allylic chains
are exposed to ROS, leading to lipid peroxidation and the generation of toxic aldehydes such as 4-HNE.
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In short, when LA is present in cell membranes, it acts like a molecular trigger: because it’s so
easily oxidized, it continuously generates reactive lipid molecules that keep innate immune
pathways switched on and interfere with the normal process of cell death. Historically, as Western
diets have shifted to include far more omega-6 fats relative to omega-3 fats (a ratio above 15:1),
the amount of LA in our cell membranes has doubled. This change correlates with the modern
increase in cancers driven by inflammation. On the other hand, LA that is locked away in body

fat stays in a part of the fat tissue that is low in oxygen and antioxidants, which means it’s mostly
protected from ROS and cannot start this harmful cycle. Therefore, it seems crucial to either
reduce the amount of LA that ends up in cell membranes or to aggressively neutralize ROS where
the membranes are. Doing so could break the chain of events—oxidative stress, inflammation, and
resistance to cell death—that increases susceptibility to cancer.

Phospholipid Turnover in
Cell Membrane

Now that we have seen how LA’s main risk comes from it being part of cell membrane
phospholipids—where it easily gets oxidized and creates pro-inflammatory byproducts—it

is important to explore how we might reduce this risk. At the heart of this effort is a clear
understanding of phospholipid turnover, which is the dynamic process of how phospholipids in
cell membranes are constantly made, altered, and broken down.

Experiments using stable isotopes to label molecules have shown that roughly half of the
phospholipids in an average mammalian cell membrane are replaced every 48-72 hours (about
2-3 days). However, this turnover rate can vary widely (by almost a factor of ten) depending on the
type of cell and which membrane within the cell is being looked at. For example, in red blood cells
(which are metabolically quiet and have no nucleus), the main phospholipid, PC, is replaced only
about every 9-12 days, which matches up with the cell’s 120-day life span in circulation. On the
other hand, in liver cells (hepatocytes), which are very metabolically active, most of the membrane
phospholipids are replaced in just about 24-48 hours. This fast turnover helps the liver carry out
rapid lipid processing, detoxification, and lipoprotein secretion.
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Even within the same cell, different membranes have different turnover rates. For instance, the
membranes of the endoplasmic reticulum and Golgi apparatus—where lots of new molecules

are made and vesicles bud off—renew their phospholipids much faster than the relatively stable
outer cell membrane (plasma membrane). This dynamic balance is achieved by pairing enzymes
that break down phospholipids (like phospholipase A., which cuts off fatty acids at the sn-2
position) with enzymes that build them up (like choline phosphotransferase, which helps create
new PC molecules). Working together, these breakdown and synthesis processes allow the cell
to maintain stable membranes while also quickly changing membrane composition as needed for
cell signaling and responding to stress.

To connect what we’ve learned about these signaling thresholds back to normal.
membrane phospholipid turnover to actual For example, adding extra PC to cells or
treatment and prevention strategies, we need animals has been found to dampen NF-kB
to link these dynamic membrane processes to activation caused by bacterial toxins (like
their effects on health and disease. lipopolysaccharide). This results in lower
Modern cancer care often uses sophisticated release of inflammatory cytokines such as
anti-inflammatory drugs to target the IL-6 and TNF-q, a finding seen in both cell
transcription factors and cytokine signals experiments and animal studies.

involved in chronic inflammation. However,
these treatments don’t tackle the underlying
cause that is related to the profile of lipids in
cell membranes.

It can be much more effective to target the
biochemical foundation that sets off the
inflammation cascade rather than constantly
trying to suppress its later downstream
effects. When the mix of lipids in the
membrane is imbalanced, it can change
how fluid the membrane is, disrupt signaling
platforms in the membrane (lipid rafts),

and make certain receptors (like toll-like
receptors and G-protein-coupled receptors)
too prone to activating NF-kB, which is well
known to kick-start chronic inflammation.
Furthermore, studies show that if you
replenish the membranes with more anti-
inflammatory lipids (or the building blocks
that lead to them), you can effectively reset
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As aresult, treatment strategies that aim to readjust the membrane’s lipid makeup—Ilike changing
the diet’s fatty acid balance, adding specific phospholipid supplements, or altering the activity of
the body’s own desaturase enzymes—target the very first step in the chain of events that lead to
disease. In contrast, drugs that inhibit NF-kB act like hitting the snooze button after an alarm has
sounded: they temporarily quiet the inflammation, but they don’t fix the underlying membrane
imbalance causing the problem. So when the treatment stops, the inflammation often flares up
again. By focusing on the biochemistry of cell membranes, we get a whole-system approach that
uses the body’s own self-regulating mechanisms. This approach offers a more lasting solution
than repeatedly applying treatments that only relieve symptoms.

Since 1863, when Virchow observed that long-term irritation can lead to cancer, researchers have
understood that the inflammatory hotspot itself—rather than just the cytokines it releases—is

the engine of oncogenesis. Moreover, ongoing low-level inflammation clearly speeds up tumor
growth and makes cancers more resistant to treatments like radiation and chemotherapy. This
underscores that it is crucial to eliminate the root cause of the inflammation itself, instead of just
continuously trying to dampen its downstream effects with drugs.

Strategically cutting back on LA in the diet, combined with targeted supplementation of PC and
PE, can bring the balance of membrane phospholipids back to normal and break the chronic
inflammation cycle that fuels tumor initiation and progression. These strategies can boost
immune function and reduce chronic inflammation, which in turn can make immunotherapy
treatments more effective. Historically, diets that have a lower proportion of LA have been
associated with better outcomes in diseases related to oxidative stress, which reinforces the idea
that changing what we eat can help prevent these issues.
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Pentadecanoic Acid (C15:0)
— From Ruminant Fat to an
Essential Fatty Acid

Pentadecanoic acid (C15:0) is a saturated fat with an odd number of carbons (an odd-chain

fatty acid) that mainly comes from ruminant animals like cows and sheep. In these animals, gut
microbes ferment the carbohydrates the animal eats into propionate, which is a building block
used to make odd-chain fats like C15:0 and another one called heptadecanoic acid (C17:0).

In contrast, humans and other non-ruminant animals can barely make any odd-chain fatty

acids on their own (aside from a very limited amount via a-oxidation of phytanic acid in unusual
metabolic conditions), so we rely on our diet as the main source of C15:0. This dependence meant
C15:0 was historically overlooked in fat research, despite new evidence that it has important roles
in the body.

Historically, the label “essential fatty acid” has been used only for certain polyunsaturated fats like
LA and alpha-linolenic acid (ALA) because humans cannot make these fats from scratch (we lack
the A12 and A15 desaturase enzymes needed for that). New scientific evidence is challenging that
traditional view by providing strong support for considering C15:0 as an essential fatty acid too,
because it appears to have vital functions in the body and we can only make very limited amounts
of it ourselves.
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C15:0 has long been seen as just a minor part of the diet, overshadowed by more common
even-chain saturated fats like palmitic acid (C16:0) and stearic acid (C18:0). In fact, C15:0 typically
makes up less than 1-3% of the total fatty acids in a Western diet, which is one reason it was
initially overlooked.

A cell membrane’s ability to function well largely depends on how fluid it is, and that fluidity is
controlled by what kinds of fatty acids are in its phospholipids. Saturated fatty acids like palmitic
acid (C16:0) and stearic acid (C18:0) have no double bonds and pack tightly together in the
membrane, which makes the membrane less fluid (more rigid). By contrast, polyunsaturated fatty
acids (PUFASs) like LA have double bonds that create bends in their chains. These kinks prevent the
fats from packing too closely, which increases the membrane’s fluidity. Although LA is known to
increase membrane fluidity, the big downside is that its structure makes it very prone to oxidation
(getting chemically damaged by oxygen).

In comparison, even-chain saturated fats such as C16:0 and C18:0 are very resistant to oxidation,
which helps keep the membrane stable over time. However, the stability provided by these
saturated fats comes with a trade-off: they make the membrane too rigid, limiting its flexibility.
Thus, even though even-chain saturated fats can reduce the oxidation problems that LA has,
they also make the membrane stiffer. This underscores the ongoing challenge of finding the right
balance between stability and flexibility in cell membranes.

Comparative Traits of Key Fatty Acids and Choline

Double Peroxidation e .
Compound Fluidity Effect By-products Dietary Sources
l Bonds Index ty y-p y
Linoleic Acid 2 Ve Increases 4-HNE, MDA Vegetable oils,
(LA) membrane fluidity and Acrolein Seeds and Nuts
Alpha-Linolenic Increases ¥ Flaxseed, Chia seeds
Acid (ALA) 3 ®High membrane fluidity 4-HNE, otc and Walnuts
Palmitic Acid Decreases Palm oil, Meat
(C16:0) 0 Low membrane fluidity None and Dairy
Stearic Acid Decreases Cocoa butter,
(C18:0) 0 L membrane fluidity None Beef fat and Lard
Pentadecanoic Enhances fluidity Dairy fat and
Acid (C15:0) 0 Low vs. Even-chain SFA None Ruminant meat
Choline* N/A o N/A N/A N/A Egg yolks and Meat

"Choling is not a fatty ackd but

s Included for its role in membrane phospholipids.

Table 4: Comparative traits of LA, ALA, palmitic acid (C16:0), stearic acid (C18:0), pentadecanoic acid
(C15:0), and choline. The table highlights differences in double bonds, peroxidation index, membrane
fluidity effects, oxidative by-products, and dietary sources, supporting the manuscript’s focus on

membrane composition and cancer risk.
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C15:0 - A New Regulator
of Membrane Fluidity and

Cell Function

Scientists are now looking at odd-chain fatty
acids (OCFAs) as anintriguing alternative

to LA. Unlike even-chain fatty acids, OCFAs
have an odd number of carbons in their chain.
This difference in structure prevents them
from packing tightly in the lipid bilayer, which
in turn makes the membrane more fluid.
Specifically, an odd-chain fat like C15:0 goes
slightly out of sync between the two leaflets
of the membrane: its last carbon (the methyl
end) doesn’t line up with the opposite side,
unlike even-chain fats like C16:0 or C18:0. This
misalignment means the two sides of the
membrane cannot interlock perfectly. As a
result, the fatty acid chains pack more loosely
and adopt more bent (gauche) positions.

As a consequence, a membrane with odd-
chain fats behaves as if it has fatty acids with
one double bond: it becomes more fluid, but
without the added risk of oxidation that usually
comes with actual double bonds. Studies in
bacteria back up this idea: bacteria that lose
their odd-chain or branched-chain fatty acids
develop stiffer membranes and have trouble
growing at low temperatures. Moreover, C15:0
has been linked to better cell structure in
situations of aging and oxidative stress.

Throughout the body, C15:0 appears to turn
on the AMPK pathway (a key energy-sensing
pathway) and dial down mTOR signaling.

This has been observed in mouse models,
where C15:0 increased the level of activated
(phosphorylated) AMPK. These changes at the
molecular level speed up the remodeling of
membrane phospholipids, leading cells to use
more shorter-chain and monounsaturated fats
(like oleic acid, C18:1, which can increase by up
to 15%). This helps the membrane stay flexible
under metabolic stresses such as low oxygen
(hypoxia) or lack of nutrients.

Additionally, C15:0 competes with LA (and its
related omega-6 derivatives) for placement
into membrane phospholipids, so fewer of
those highly peroxidation-prone omega-6 fats
are present. Studies in the lab using human
cells have shown that when C15:0 replaces
those omega-6 fats in the membrane, iron-
driven ROS production drops by about 40%.
This significantly strengthens the membrane’s
integrity when the cell is under oxidative
stress. As a result, C15:0 acts as a protective
fat that helps prevent ferroptosis (a form of
programmed cell death linked to conditions
like neurodegenerative diseases and

heart disease).
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Because of how C15:0 fits into membranes and its ability to trigger adaptive changes in
membrane lipids (via AMPK activation) while protecting against ferroptosis, C15:0 has a rare
ability to take over some of LA’s role in keeping membranes fluid without making the membranes
unstable. Researchers are now studying whether C15:0 can be used as a treatment for metabolic
and neurodegenerative diseases, thanks to its protective effects against oxidative stress

and ferroptosis.

Choline Deficiency: A Dietary
Cause of Unstable Membranes
and Cancer Risk

Choline, which is the building block for
phosphatidylcholine (PC—a major phospholipid
in cell and mitochondrial membranes), is
consistently under-consumed in modern diets.
The recommended Adequate Intake (Al) of
choline (an amount set to prevent liver cell
damage) is 550 mg per day for men and 425
mg per day for women. But national survey
data show that men and women are only
getting about 402 mg and 278 mg on average,
respectively, and over 93% of U.S. adults don’t
meet the choline Al. This long-term choline
shortfall, which has been apparent since
dietary guidelines were set in the early 2000s,
leaves too little PC available for maintaining
and rebuilding cell and cardiolipin membranes.

Getting enough choline is difficult because
there are not many foods that are rich in this
essential nutrient. For example, roughly a
pound (450 grams) of beef or about four to five
egg yolks would be needed each day to reach
the recommended choline intake. However,
people don’t usually eat that much of these
foods daily, and there are few foods fortified
with choline. This makes it hard for most
individuals to get enough choline from diet
alone.
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New research on how cells work is
emphasizing how important PC and PE

are for keeping cell membranes intact and
functioning. PC makes up about half of the
cellmembrane, and PE accounts for about
20-30%. Scientists recently identified a

transporter in mitochondria called SLC25A48 g &5

that helps move choline into the inner N
mitochondrial membrane. This allows the cell “&7’;' .

to make PC there—PC is crucial for keeping o S Py -
membranes fluid and for cell signaling. In cells . .

that lack this transporter, the production of
superoxide (a type of ROS) goes up by about
30%, and the cells’ growth rate drops by about
40%. This creates an oxidative stress pattern
that looks similar to what is seen in the energy
metabolism of tumor cells.

Not having enough choline or lacking that transporter disrupts the production of PC and throws
off the balance between PC and PE in the membrane, a balance that is essential to keep both
mitochondrial and overall cell membranes stable. People often think of choline for its role in
making the neurotransmitter acetylcholine (ACh), a well-known role of choline, but recent
research highlights that choline is even more important in maintaining cell membrane health by
providing the material to make PC. Therefore, specifically increasing choline levels—whether by
adding it to foods, taking supplements, or providing it along with C15:0—offers a practical way to
restore proper membrane balance and counteract the cancer-causing processes driven by lipid
peroxidation, especially when combined with efforts to lower LA intake.
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Conclusion

This paper advances a novel hypothesis suggesting that the modernrise in cancerrates is

largely due to changes in diet, most notably the higher intake of LA. Our analysis shows that
excess LA, once it’s built into cell membrane phospholipids, can undergo lipid peroxidation and
produce reactive aldehydes like 4-HNE. These reactive molecules activate NF-kB, which then
increases levels of anti-apoptotic proteins such as Bcl-2, thereby promoting a pro-tumorigenic
environment characterized by chronic inflammation and oxidative stress. To counter this problem,
we propose a targeted dietary intervention that uses C15:0 and choline: C15:0 may help stabilize
cell membranes and cut down oxidative stress by neutralizing the harmful effects of LA-derived
aldehydes, and choline provides the building blocks for PC, which improves membrane integrity
and supports the proper handling of fats in metabolism.

Historically, traditional diets had much lower omega-6 content (around 1-2% of calories)
compared to today’s patterns (7-10%), highlighting why this approach is relevant. By bringing
membrane composition back into balance and calming down inflammatory reactions, this
strategy—grounded in principles of how humans evolved to eat—offers a promising way to lower
cancer risk. As a next step, clinical trials are needed to confirm the benefits of supplementing with
C15:0 and choline, paving the way for science-based public health recommendations.
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