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No More Anti-Bacterial Resistance
Beyond the DNA
Peto's paradox: Mutational clocks tick differently across species

The Silent Connection: the Hidden Link Between Oral Health and colorectal cancer
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Comparison of traditional and current dressings.

Traditional dressings Current dressings

Easy access to the raw materials needed for preparation
Simple preparation process

Low cost

Fast replacement frequency

Prone to tissue adhesion

Extremely likely to carry pathogens

Absorption of wound exudate affects the efficacy of the
treatment, and exudate leaks rapidly from the dressing
Slow deposition of granulation tissue

Less effective in relieving pain

Local dryness, unable to maintain a humid
microenvirenment

Tends to damage the wound and aggravate pain during
replacement

Slow onset of action, longer treatment course

Excellent insulation ability
Promote rapid wound healing

Reduce reactive oxygen species in

wounds

Slow replacement frequency, long-
lasting effect

Less prone to tissue adhesion

Excellent antibacterial effect, can
reduce bacterial infections

High ability to absorb wound exudate
Rapid deposition of granulation tissue
Effective in relieving wound pain
Excellent moisturizing ability
Improves microcirculation and shrinks
wounds

Rapid onset of action and shortened

course of treatment
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Stages of the Grief Cycle

“NORMAL"
FUNCTIONING

Shock
and Denial

» Avoidance
* Confusion
* Fear

= Numbness
s Blame

Anger

® Frustration
* Anxiety
e|rritation

* Embarrassment
*Shame

RETURN TO
MEANINGFUL LIFE
= Empowerment ([ X X X X J
* Security
*Self-esteem
*Meaning Acceptance

* Exploring options
*A new plan in

place
Dialogue and
Bargaining

* Reaching out to others

= Desire to tell one’s story

e Struggle to find
meaning for what has
happened

Depression and
Detachment

* Overwhelmed

*Blahs

e L ack of energy
s Helplessness
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The Unexpected Duet: Unraveling the
Threads of the Connection Effect Of
Oral Conditions On Colorectal Cancer

The intricate interplay between oral bacteria and gut disease re-
veals a compelling aspect of the immune system'’s far-reaching
influence. Specifically, the presence of oral pathobiont-reactive
Th17 cells, generated during periodontal disease, has been impli-
cated in the pathogenesis of colitis, consequently elevating the
risk of colorectal cancer.

Oral bacteria exert significant influence on gut health. Specifi-
cally, Porphyromonas gingivalis (P. gingivalis) utilizes an enzyme
called gingipain to attach to and colonize cells in the gut, break
down red blood cells, interfere with the immune response, and
degrade host tissues. Fusobacterium nucleatum (F. nucleatum),
on the other hand, uses proteins on its surface and a molecule
called LPS to promote the growth of gut cells. In the context of
colon cancer, a particular protein on the surface of F. nucleatum
helps it thrive within the tumor environment and suppress the ac-
tivity of natural killer (NK) cells, which are important for fighting
cancer.
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The («Gum-Diet»: Maintaining agood
periodontalhealth

Periodontal disease is a gum tissue infection caused by the ac-
cumulation of plaque and bacteria in the mouth. Consistent
brushing, flossing, and dental checkups can prevent bacterial
spread and disease progression. In the initial stages of periodon-
tal infection, symptoms may include red or swollen gums, bleed-
ing while brushing, and bad breath. As the disease advances,
symptoms worsen to include gum recession, loose teeth, jow joint
pain, and potential tooth loss. Early treatment is essential to pre-
vent severe complications. Dentists can provide effective treat-
ments to eliminate harmful oral bacteria and restore health.
Maintain good oral hygiene by brushing with fluoride toothpaste
twice daily, flossing regularly, using antimicrobial mouthwash,
and antibacterial rinses. Stay hydrated to keep salivary glands
active and prevent dry mouth, which can lead to tooth decay.
Visit the dentist every six months for checkups and cleanings to
remove plaque and tartar buildup. More frequent visits may be
recommended based on gum health. Following these tips and
regular dental care can lower the risk of periodontal disease and
promote oral health.

Beyond the Brush: Tips for healthcare
professionals

Inadequate oral hygiene leads to the buildup of dental plaque,
which can contribute to the onset of periodontal disease (PD).
Local infections can trigger systemic inflammatory responses,
which play a crucial role in the development of systemic con-
ditions or the formation of cancer tumors. Patients hospital-
ized with serious illnesses such as gastric cancer (GC) may lose
motivation to maintain good oral health and Extended hospital
stays and undergoing surgery were identified as risk factors for
changesin toothbrushing habits which worsens the situation. This
emphasizes the importance of having a dentist diagnose and
potentially treat periodontal disease before and after hospital-
ization, as well as the need for trained nurses to assist with the
patient’s oral hygiene during their hospital stay.

Effective biofilm management by a dental hygienist is essential
for the prevention of oral pathologies, including those with sys-
temic implications. Implementation of oral health programs with-
in healthcare settings, along with comprehensive instruction for
health professionals, is imperative.



The Silent Connection: the Hidden Link Between
OralHealth and colorectal cancer

Mahdi Mikaeeli

Surgical technology student
September 2021

“Could a chronic periodontal infection be a previously unrecog-
nized factor in colorectal cancer development? a specific oral
bacterium has identified that may stimulate tumor growth, re-
vealing a previously unappreciated connection between oral
health and the health of the gastrointestinal tract.”

A Surprising Link: Periodontitis and
colorectal cancermay be connected

The oral cavity, serving as the gateway to the digestive system,
hosts the second most diverse microbial community after the
gut, comprising over 700 bacterial species. The health of the oral
mucosa is contingent upon a delicate and interdependent rela-
tionship between host-mediated defense mechanisms and a di-
verse and balanced microbial community. Periodontitis, a chron-
ic inflammatory disease, arises from a disruption of this delicate
equilibrium, often manifested by a shift in the composition of the
oral microbiome. This dysbiosis highlights the oral microbiome’s
crucial role in maintaining the oral mucosa’s health. Being the
talk of the experts, the epidemiological link between periodon-
titis and a range of systemic diseases, such as cardiovascular
disease, rheumatoid arthritis, obesity, and diabetes, has been
increasingly recognized. A prevailing hypothesis posits that the
translocation of oral bacteria from inflamed gingiva into the
bloodstream during periodontitis may contribute to developing
these extra-oral conditions, suggesting a potential pathogenic
pathway. Also, the presence of periodontal pathogen DNA in pe-
ripheral blood following general periodontal treatments consti-
tutes supportive evidence for the efficacy of such interventions.

The emerging paradigm surrounding colorectal cancer suggests
a potential role for oral pathogens in its development. These mi-
croorganisms, upon ingestion, can establish themselves within

Normal tooth
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the gut, potentially altering the composition and function of the
gut microbiota and affecting metabolic processes. Research
has demonstrated the presence of Fusobacterium nucleatum,
a common periodontopathogen, and Porphyromonas gingivalis,
a primary cause of chronic periodontitis, in colorectal cancer
tissues. Furthermore, oral pathobionts, known to exacerbate
periodontal disease, are implicated in a variety of gut disorders,
including inflammatory bowel disease and colorectal cancer, by
colonizing the gut in an atypical manner. Additionally, oral bac-
teria can trigger host immune responses, leading to conditions
such as colitis and other inflommatory diseases.

The Butterfly Effect of OralHealth:
Unmasking therisk factors

Research suggests a strong link between periodontal disease
and colorectal cancer. Individuals with a history of gum disease
are more likely to be diagnosed with colorectal cancer, even after
considering other potential risk factors.

One contributing factor may be the bacterium Fusobacterium
nucleatum, which is found in higher levels in people with gum dis-
ease. F. nucleatum is a common inhabitant of the mouth, but it
can thrive in inflamed areas, contributing to gum disease. This
bacterium, along with other microbes, can trigger inflammation
that domages the bone and tissues supporting teeth, potentially
leading to tooth loss. Studies also show that women with fewer
teeth are at a higher risk of developing colorectal cancer.

The impact of oral health extends beyond colorectal cancer. The
same bacteria that cause tooth decay have been linked to more
serious health conditions, including heart disease and cancer.
This connection highlights the importance of maintaining good
oral hygiene as a crucial aspect of overall health and well-being.
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Hypertumor theory

The solution to this paradox may actually be something else: “Hy-
pertumours”. Hypertumors are named after hyperparasites: the
parasites of parasites. Cancer can be seen as a disturbance of
cooperation. (fig1)

Hyperparasite Hypertumor

N

I Parasite

Normally, cells work together to form structures such as organs,

Figure 1

tissues, or parts of the immune system. But cancer cells are self-
ish and only act for their own short-term benefit. If successful,
they form tumors; Huge cancer populations that can be very dif-
ficult to eliminate. Forming a tumor is hard work though. Millions
or billions of cancer cells multiply rapidly, which requires a lot of
resources and energy. The amount of nutrients they can take
from the body becomes the growth-limiting factor. So, the tumor
cells trick the body into making new blood vessels directly to the
tumor, to feed the thing killing it. And here, the nature of cancer
cells can lead to their own downfall. Cancer cells are unstable
and can therefore continue to mutate. Some of them are faster
than the others. If they do this for a while, at some point one of
the copies of the original cancer may suddenly think of itself as
an individual again and stop cooperating. This means that, like
the body, the original tumor suddenly becomes the enemy, com-
peting for the same limited nutrients and resources. Newly mu-
tated cells can create a hypertumor. Instead of helping, they cut
off the blood supply to the old cancer cells, which will starve and
kill them. Cancer is killing cancer. This process can repeat over
and over, which can prevent cancer from becoming a problem
for alarge organism. It’s possible that large animals have more of
these hypertumors than we think, but perhaps they’re not large
enough to be noticed. There are other suggested solutions to Pe-
to’s paradox, such as different metabolic rates or different cel-
lular structure.

Why should we care aboutPeto>s
Paradox?

If cancer suppression has repeatedly evolved as a feature, then
basic research into the life history, genomics, and cell biology of
many different organisms can eventually lead to better thera-
peutic approaches. If Peto’s Paradox holds across the tree of life,
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and large, long-lived organisms do in fact get less cancer than
their body size warrants, then this indicates that multiple mecha-
nisms exist to prevent tumor progression and fight cancer. Every
time we discover a potential cancer-inhibiting mechanism in a
species, we have the opportunity to find new therapeutic targets
and new cancer prevention approaches to save lives.

How canwe translate a solutionin
some other species to prevent cancer
inhumans?

Ideally, comparative studies can highlight potential targets
where genetic mechanisms that suppress cancer in one species
can be transferred to another, with clinical implications. For ex-
ample, mice genetically engineered to overexpress a form of the
TP53 protein were found to confer a cancer-suppressive pheno-
type; however, these mice also exhibit a premature aging pheno-
type. Surprisingly, another study created ‘super p53’ mice which
contained extra copies of the TP53 gene—similar to the elephant
genome—under their normal promoters, and these mice re-
vealed an enhanced response to DNA damage and inhibited can-
cer without causing aging effects. Development of drugs based
on the TP53 pathway is underway. While the search for solutions
to Peto’s Paradox across a range of species is still in progress. It
will certainly take significant effort to change recent discoveries
into effective therapies for humans.

Peto’s Paradox
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Conclusions

Figuring out how large animals are so resistant to one of the

Lifespan x Body Mass

deadliest diseaseswe know could open the path to new therapies
and treatments. Cancer has always been a challenge. Today, we
are finally beginning to understand it and by doing so, one day we
might finally defeat it.



Peto’s paradox:

Mutational clocks tick differently
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Introduction:

The cells in the body can be considered very small archery tar-
gets, each vulnerable to cancer’s lethal arrow. The more cells an
animal has and the longer it lives, the more likely it is to accumu-
late harmful cell mutations that can ultimately lead to cancer.
If every cell has the potential to become cancerous, then large,
long-lived organisms will have a higher risk of developing can-
cer than small, short-lived organisms. The lack of association
between body size and cancer risk is known as Peto’s paradox.
Animals with 1000 times more cells than humans have no higher
risk of cancer, suggesting that natural mechanisms can prevent
cancer 1000 times more efficiently than is done in human cells.
Because cancer is difficult to cure, attention has turned to can-
cer prevention. The healthy tissue environment allows its cells to
compete with cells that carry cancer mutations; it is when the tis-
sue environment changes due to aging, smoking, or other stress
factors, that cells with cancerous mutations can suddenly find
themselves the most fit, allowing their population to increase
over time.

WhatisPeto>sParadox?

Peto’s Paradox is named after epidemiologist Richard Peto, who
discovered the correlation between time and cancer while study-
ing how tumors form in mice. Peto found that the odds of cancer
progression were related to the duration of exposure to benzo-
pyrene, a carcinogen. He later added body mass to the equation,

when he wondered why, even though humans have 1000 times
more cells and live 30 times longer than mice, the two species’
chances of developing cancer aren’t extremely different. More-
over, cancer is not a major cause of death in large, long-lived wild
animals, although there is a theoretically increased risk.

Whyisitaparadox?

In a multicellular organism, cells are supposed to undergo a cell
cycle that includes growth and division. Every time a human cell
divides, it has to copy its six billion base pairs of DNA, which in-
evitably leads to errors. These errors are called somatic muta-
tions. Some somatic mutations can occur in genetic pathways
that control cell proliferation, DNA repair, apoptosis, telomere
erosion and new blood vessel growth, thereby disrupting normal
controls on cancer-causing process. If each cell division process
has a certain chance of cancer-causing somatic mutations, then
the risk of developing cancer will depend on the number of cell di-
visions during an organism’s lifetime. Therefore, large, long-lived
creatures are expected to face a higher risk of cancer through-
out their lives, simply because their bodies have more cells and
will go through lots of cell divisions throughout their lives. But
while this expected rule applies to a given species, researchers
observed something completely different when they looked at
a diverse range of species, where we often see large, long-lived
species thrive with low cancer rates.

PETO'S PARODOX

No correlation between size and
cancer mortality rates




Pajoohan Magazine

Cellular information acquisition,
processing, and decision:

Living cells are non-linear dynamic systems that must con-
stantly adapt to their environment. In this study, scientists de-
veloped a Cell-Reservoir that pairs a grid graph-based reser-
voir system with a decision-making model for modeling cellular
decision-making processes capable of learning directly from
measurements. RC is a machine learning paradigm developed
upon recurrent neural networks for dynamical systems. Similar to
physical reservoirs, cell-reservoir embraces randomness present
innature and similar to traditional RC frameworks it maps tempo-
ral input signals into a higher dimensional space before sending
it to a tunable output layer. The Cell-Reservoir model consists of
randomly generated networks of conducting cytoskeletons ca-
pable of transmitting electrical signals from the cell membrane
to the various organelles, which are considered in this model as
the local centers of decision-making. Unlike traditional RC, the
input signals in the cell-reservoir originate from electrodynamics,
hence obeying physical laws.

Computationally, the Cell-Reservoir assumes voltage and cur-
rent as node properties and conductivity as edge properties,
whichis stored in a spatially correct location in a grid-graph data
structure, reducing both space and time complexity. In addition,

Spring 2024, Issue 24

each node stores a physical signal (current) and a memory signall,
enabling our model to effectively have a short-term memory of
environmental perturbations and to learn dynamical cell behav-
ior.

Finally, owing to the complexity of cellular decision-making pro-
cesses that involve an ensemble of subcellular processes and
events, we employ a data-driven decision-making model based
on machine learning, which can learn from available cellular
measurements. The advantage of our approach is its flexibility,
which allows us to add new layers of decision-making processes
depending on the availability of such measurements. We demon-
strate that Cell-Reservoir’s ability and flexibility, via supervised
learning of CD8 T cell’s behavior activated by different concen-
trations of CD3 and CD28 T cell receptor protein in the presence
of different levels of extracellular K+ concentration. ( Figure 2)
“This study challenges the implicit assumption in biology that
the genome is the sole source of information and acts as a kind
of central processor, it also presents an entirely new network
of information that allows rapid adaptation and sophisticated
communication necessary for cell survival and probably deep-
ly involved in the intercellular signaling that permits functioning
multicellular organisms,”

Non genetic communication mechanism necessary for rapid
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Beyond the DNA

Cells possess a hidden communication
system along the membrane
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For decades, scientists have viewed DNA as the sole source of
cellular information and thought that the dynamics necessary
for living systems is limited to the genomic encoding processes.
This DNA blueprint instructs cells on how to build proteins and
carry out essential functions, But the information in the genome
is fixed and requires time to transcribe, while optimal evolutionary
fitness demands cells to continuously adapt to diverse, changing
opportunities and hazards in the environment, including rapid re-
sponse to sudden life-threatening perturbations.

New researches discovered a non-genomic information system
built by the inherited macromolecular backbone that operates
alongside DNA, enabling cells to gather information from the en-
vironment and respond quickly to changes.

Transmembrane flux andion flowalong
the cytoskeleton:

The researchers believe that this non-genomic information sys-
tem is critical for forming and maintaining normal multicellular
tissue and suggest the well-described ion fluxes in neurons repre-
sent a specialized example of this broad information network. In
fact, by coupling specific receptor proteins as gates inion chan-

==

Figure 1
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nels, the environmental information received by the receptor
causes the gate to open, thus transmitting the information into
the cell by ion fluxes, resulting in local changes in cytoplasmic ion
concentrations. This information, in the form of local changes in
cytoplasmic ion concentrations, is “processed” through ion-spe-
cific changes in protein functions. For example, there are about
300 magnesium-activated enzymes, many of which are related
to glucose metabolism, pH response, and cell adhesion. Similar-
ly, K+ concentrations regulate apoptotic enzymes and aldehyde
dehydrogenases, and Ca++ concentrations govern the activity
of some matrix metalloproteinases and cellular responses to ex-
trinsic ligands. Furthermore, local efflux of K+, because it is the
dominant mobile cation in the cytoplasm, will reduce the shield of
negative charges on the inner leaf of the cellmembrane.(Figure 1)
The transmission has different mechanisms such as; Hodg-
kin-Huxley dynamics which propagateion wave to adjacent re-
gions of the membrane.

In addition, the cytoskeleton network provides not only mechani-
cal support for the cell but also can be excellent ion conductors.
This allows the cytoskeleton to act as a highly dynamic intracel-
lular wiring network to transmit ion-based information from the
membrane to the intracellular organelles, including mitochon-
dria, endoplasmic reticulum and the nucleus via self-organizing
elements. Once formed, the difference in ion concentration at
the peripheral end of the microfilament or microtubule, com-
pared to its proximal end, results in the flow of ions or electrons
along the filament, which allows for rapid and local responses to
specific signals, and can also generate coordinated regional or
global responses to larger environmental changes.

This is consistent with extensive experimental literature demon-
strating ion and electron conductance within all components of
the cytoskeleton. Interestingly, while this conductance has been
extensively investigated experimentally, little if any work has ad-

dressed its biological function.
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ing antibiotic-resistant bacteria. By repurposing existing
drugs, researchers can expedite the process of antibiotic
discovery and potentially overcome the challenges posed
by resistance mechanisms that bacteria develop against
traditional antibiotics. In essence, the exploration of no-
nantibiotic medications as antibacterial agents repre-
sents a frontier of innovation in medical research. It holds
the promise of expanding the arsenal of tools available to
fight bacterial infections and may pave the way for a fu-
ture where antibiotic resistance is less of a threat to glob-
al health.

Mariana and her colleagues at the UMass Chan Medi-
cal School have published research on a novel machine
learning technique. This approach not only identifies new
bacterial targets for antibiotics but also elucidates the
mechanisms by which nonantibiotics kill bacteria differ-
ently than conventional antibiotics. To address this chal-
lenge, scientists employed a genetic screening method
to pinpoint the precise genes and cellular functions that
undergo alteration upon bacterial mutation. By exam-
ining nearly two million cases of toxicity involving thou-
sands of mutant bacteria and 200 different medica-
tions, researchers utilized a machine learning algorithm
to infer similarities between various drugs, grouping them
together in a network. Maps generated from this anal-
ysis revealed that the known classes of antibiotic killing
mechanisms clustered closely together. Interestingly, no-
nantibiotic drugs formed distinct hubs from antibiotics,
suggesting that the mechanisms by which antibiotics and
nonantibiotic medications kill bacterial cells differ. These
findings indicate that drugs grouped together likely func-
tion similarly, even if the precise mechanism of action for
each medication remains unclear.

Furthermore, Carmen Li, another researcher, cultured
hundreds of generations of bacteria exposed to various
nonantibiotic medications commonly prescribed to treat
cancer, parasite infections, and anxiety. By sequencing
the genomes of bacteria that developed and adapted
to these medications, researchers identified the precise
bacterial protein targeted by triclabendazole, a medi-
cation used to treat parasite infections. Importantly, this
protein is not typically targeted by current antibiotics.
Additionally, researchers found that two other non-antibi-
otics targeting the same protein work via a similar mech-
anism to triclabendazole. This underscores the capability
of drug similarity maps to identify medications with com-
parable modes of action, even when these modes of ac-
tion are not yet fully understood. Drug similarity maps uti-
lize advanced computational techniques to analyze the
structural and functional similarities between different
drugs. These maps can reveal connections between med-
ications that share similar biological targets or pathways,
regardless of their original intended use.
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Conclusion:

Integration of genetic screening and machine learning
represents a pivotal advancement in antibiotic research,
akin to conducting a sophisticated body scan for bacte-
ria. By uncovering hidden genetic vulnerabilities and weak-
nesses in bacterial defenses, this approach accelerates
the discovery of novel antibiotics urgently needed in the
face of escalating antimicrobial resistance. This innova-
tive synergy not only enhances our understanding of bac-
terial biology but also offers promising avenues for de-
veloping targeted therapies that can effectively combat
resistant strains and ensure continued efficacy in treating
infectious diseases. As we confront the challenge of bac-
terial resistance, harnessing these cutting-edge technol-
ogies holds the key to maintaining and advancing public
health outcomes in the ongoing battle against microbial
threats.
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Introduction:

The discovery of antibiotics in 1928 marked a watershed
moment in human history, fundamentally reshaping the
landscape of medicine. Prior to the breakthrough of pen-
icillin, diseases like sepsis, pneumonia, and tuberculosis
wrought havoc, often proving fatal due to the absence of
effective treatments. The advent of antibiotics heralded
a scientific triumph, revolutionizing medical practice and
saving countless lives. However, this medical boon has not
come without significant challenges, chief among them
being antimicrobial resistance (AMR).

AMR occurs when bacteria, viruses, fungi, and parasites
evolve to withstand the drugs designed to kill them. The
overuse and misuse of antibiotics in human medicine, agri-
culture, and animal husbandry have accelerated this phe-
nomenon, posing a grave threat to public health globally.
According to the European Centre for Disease Prevention
and Control (ECDC), AMR s responsible for approximately
35,000 deaths annually in the European Union and Euro-
pean Economic Area alone. (Figure 1)
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Simply using antibiotics creates resistance. These drugs should only be used to treat infections.
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The consequences of AMR are multifaceted and increas-
ingly dire. Firstly, resistant infections are harder to treat,
often leading to prolonged illness and increased sever-
ity. Patients may require stronger, more toxic antibiotics
that come with severe side effects, further complicating
recovery. Moreover, the dwindling effectiveness of anti-
biotics diminishes treatment options, making infections
that were once easily curable potentially life-threaten-
ing. Economically, AMR strains healthcare systems. Ex-
tended hospital stays, expensive drugs, and the need for
more intensive care drive up medical costs significantly.
This financial burden is exacerbated by the heightened
risks associated with medical procedures like surgeries,
chemotherapy, and organ transplants, where antibiot-
ics are critical in preventing post-operative infections. As
antibiotics lose their efficacy, these procedures become
riskier and more challenging to perform safely.
Addressing the challenge of AMR requires coordinated
global efforts. It involves improving antibiotic stewardship
in healthcare settings, promoting infection prevention
and control measures, and fostering research and de-
velopment of new antibiotics and alternative treatments.
Public awareness and education also play a crucial role in
curbing the misuse of antibiotics and promoting responsi-
ble use across all sectors.

Evolving Bacteria and Machine Learning:

Scientists are addressing the challenge of antibiotic re-
sistance with ingenuity and innovation. Recent research
has unveiled a surprising finding: approximately 26% of
nonantibiotic medications, traditionally used for condi-
tions like diabetes, depression, and cancer, possess the
ability to kill bacteria effectively at standard human dos-
age levels.

This discovery opens up new avenues in medicine. By delv-
ing into the mechanisms through which these medications
exhibit bacterial toxicity, researchers aim to uncover nov-
el insights that could revolutionize antibiotic develop-
ment. Unlike conventional antibiotics, which primarily
target specific bacterial functions, these nonantibiotic
drugs may interact with bacteria in unique ways. Under-
standing these mechanisms could lead to the develop-
ment of entirely new classes of antibiotics. Moreover, the
exploration of nonantibiotic medications as potential
antibiotics highlights a promising strategy for combat-
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