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Cancer is among the best examples to demonstrate the benefit of precision medicine.
Oncogenic genome alterations that cause abnormal cell growth, invasiveness and metastasis
could be revealed by tumor genome sequencing. Actionable mutations found in cancer
could be used to select appropriate treatment with targeted therapy. Many somatic tests
become companion diagnostics for various cancer types such as BCR-ABL for chronic
myeloid leukemia, EGFR for non-small cell lung cancer, RAS for colorectal cancer, IDH1 for
glioblastoma and BRAF for melanoma. Comprehensive cancer panels are available to broaden
the possibility of identified actionable mutations and increase potential drug targets.

Germline genetic testing for cancer is also used to identify hereditary cancer syndromes

which could be found in 8-12% of cancer patients. Besides germline and tumor genome

testing, precision medicine could also be applied for cancer in various ways. Fresh tumor
tissues resected from patients could be cultured to establish primary cancer cell lines and
grow them into 3D model as known as ‘cancer organoids’. These organoids are used to
study biological profiles of individual cancer and for high-throughput cancer drug testing.

However, there are limitations of precision medicine in real world cancer care.
Technological advancement in cancer diagnostics makes scientists and physicians understand
the disease much better than before. But those diagnostic tests are costly and information
generated from testing is not always actionable. Cancer drugs, particularly targeted therapy,
are still not available for every identified target. Even the patients who actionable mutations are
identified with available specific drugs, minority of them could afford the cost of their treatment.
Diagnostic tests that have been proved useful in many countries such as germline testing for
hereditary breast/ovarian cancer and hereditary colorectal cancer, remain not reimbursable in
Thailand and many developing countries. Those limitations need to be addressed and the solution
could arise with the cooperation among policymakers, health system organization, physicians
as well as patient’s and advocacy groups to expedite the appropriate clinical application of
this new paradigm in cancer treatment and improve patient’s outcome without

unacceptable financial burden.




Although advanced cancer therapeutics have already existed in recent years, the high
failure and low survival rate are still existent. The primary reason for the disappointment of
those treatments is possibly from the high heterogeneity of genetic background in different
types of cancer as well as in different individual patients. So, the unmet need for new treatment
options that can be tailored for each person is urgently required. Cancer immunotherapy has
come to be a robust approach for several types of cancer because it exploits our immune
systems to attack cancer cells, so it is a promising strategy to eliminate cancer. To develop
personalized cancer immunotherapy such as cancer vaccine, it is essential to characterize
the specific targets which can be selectively recognized by the immune system. Cancer cells
classically contain a high number of somatic mutations that do not emerge in normal cells.

Those mutated peptides can be presented on the tumor cell surface in complex with human

leukocyte antigen (HLA) class | protein; this HLA-mutated-peptide complex could potentially

be immunogenic and recognized by T cells as a neoantigen. Therefore, identification of
neoantigens is an essential step to improve the development of cancer vaccine approach
and help in the prediction of patient response to checkpoint inhibitors. Here we discuss our

progress in the development of personalized neoantigen-based cancer immunotherapy.
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Alzheimer disease (AD) is characterized by wide heterogeneity in cognitive and behavioral
syndromes, risk factors and pathophysiological mechanisms. Cognitive change in people at risk of
AD can be predicted by various models including clinical measures, cognitive measures, behavioral
measures, brain imaging, and amyloid loading. Sex difference is found in certain genetic risks,
life expectancy,structural brain, and response to treatment The goals of precision medicine in AD
are to identifying or differentiating parameters across the spectrum of the disease. Utilizing system-
based endophenotypes, biomarkers and surrogate markers help stratify the heterogeneity of AD.
Precision medicine facilitates the way from conventional clinical diagnostic and drug development
towards breakthrough innovation such as various artificial intelligence and drug developments.

Dementia risk score could identify person at risk of dementia in community. To prevent
dementia, early recognition of persons at high risk of dementia is imperative. Thai dementia
risk score was based on a community study of 1973 elders in Thailand. The prevalence of
dementia was 4.12% in this cohort. The risk scores are consisted of age (>67 years), years of
education, working status, memory complaint, currently working status, body weight (>48 kgms),
having neuropsychiatric problems, and physical mobility (timed get up & go >19 sec).
Thai dementia risk score forecasted dementia with ROC area under curve 0.876; 95% Cl=0.839-
0-913. When the cut - off point 8.5 was used, the sensitivity was 87.5% and the specificity was 72.4%.

ApoE gene is one of dementia risk gene. Prevalence of ApoE4 in Asia was 38-45% for
heterozygous allele and 5-10% for homozygous allele. Current next generation sequencing

(NGS) technique being able to identify genetic risks in dementia. NGS has revealed new variants

of risk genes in few different cohorts. At the early onset dementia (EOD) clinic at Siriraj Hospital,

we have found ABCAT genetic variants of early and late onset Alzheimer disease patients. Some
had family history of dementia, some did not. We also reported new variant of APP gene in
Thai EOD families. Some of these EOD presented with rapidly progressive dementia. Some had
Hashimoto Encephalitis antibodies. Genotype and phenotype of EOD Thai families are varied.

Finally, precision medicine can aid therapeutic choices in neurodegenerative
dementia. ApoE genotype and numbers of cerebral microbleeds are examples for

immunotherapy choices in Alzheimer disease.
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In this talk, firstly, the idea on how to improve the precision medicine using the artificial

intelligence (Al) will be introduced. After that various applications of using Al to enhance the

development of precision medicine technology will be mentioned, e.¢. 1. precision medicine using
brain-computer interfacing technology, 2. precision medicine using bio-inspired circuits, 3. precision

medicine using machine learning. Finally, the future role of Alin precision medicine will be discussed.
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WAREADE111EaY (personalized) ladidulunisguauseyinsseduunaia (large population)
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arwidida aenndesiuulsuievnanssuguiiiuniinluniatostusnnnitnw (preventive medicine)

NS



sheruimuwmduasirinersesuluanandanuiniiluogiann sudumalulagng
nonsaRugnITITesLywETTUsE VB mATuLazdunuiias MsUszendasdauiasimalulad
nsaeasianugnssuvinlmAndunsunmduwilugl Sondn nsunmduwsiugn (Precision medicine)
mswnmdwingdunisussandlitoyamuiignssu (genes), annwindeu (environment) wae

a

WY (lifestyle) NInmzseEUrsurazau 11UFunszUIunTs Jesdu Hady uazn1ssnuld

o [

psaRauazimnzaniigndmivgvisiduseyanalasnisuiuiuimanisdestu iWudefininin
auuuszlevigegn @

n1sUeefulsm (prevention) sauludensidadelsadaudszozusn (early diagnosis)
\dusnasmsiddglunisnisunmduagszuuguamm mshuuniansumguaudnussgndld
ptamIzauuaziauANAl azulszAniaiwlunisdosfunagitadelsnastisaneilidne
neanssaguluszezen ©

va al

Tuunuuonig ysaunnislulinduseinelng (Genomics Thailand) (W.A. b&om - b&ow)

v A Y

pszynnnsnisidfgy Aesunsideuasnsussgndld lneideidendn Nezailiunis & ¢ s daduy

o

= [

ngulsanlutagiuilosdanuifisswefinininaziinisliuinisnimsalaeldinaluladaonsia
wugnssulunisliusnismenisunmduazanssagulussaulseinealaun

- TsAwz159 (Cancer)

Tsaildlesunsidadonaslsamenn (Undiagnosed and rare disease)
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MneiTeidlulssmalnsuasissemanuIIAILANA1IIsTugNTINTesBY human
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dunnUvadlasenisiugnssuuywd (Human Genome Project) Iennisgnitaunluagnemin
Tnetiningnmans o nqu fail
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ielilamanduiuarinmuntuanll Senin Next Generation Sequencing (NGS)

NGS annsavaduiuaranuamaeniduans & 5y 1o vesdlunuyud (Human genome)
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&o &uia o MImdfuLLaTesUIaanzvediluraty 9 ushafiaula (Panel or Targeted
sequencing) MnuaefagfiiaueTILfududuuald
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domsmrrammsidentdinalulad Jusgiunudue anulsevn uardnvasnuiifenlssnseungy
Tufifising 9 Tnefifmssnand wasidernay NGS sonuuy

MUAINAUET o Fosthansnguundouty Wudnaniwlmives Precision Medicine
Wunuimevesywend uasfidrdunn o fe fesaunsanuindiiunszuiunisnuaNsesu
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With the whole human genome sequencing costs well below 1000 USD, genomic
sequencing (WGS) is becoming affordable for clinical practices and public health disease control.
The technology has been useful for diagnosis of rare genetic diseases, predicting and classifying
cancers, predicting drug responses as well as diagnosis of infectious diseases. However, there is

no standard “human” genomic sequences. Each individual is slightly but significantly different

from the others. So is each population. Precise evidences are, therefore, required for practicing

precision medicine. The population of Thailand is notoriously diverse. As a medical hub, the
diversity of patients in Thai healthcare system even multiplies. There are needs to verify
current knowledge, generate new one and adapt it to managing patients in Thailand. In order to
achieve this, several bottle neck needs to be addressed, including the shortage of workforces
on bioinformatics and related computation biological disciplines, knowledgeable physicians,
pharmacists, genetic counselors and so on. In long run, genomics has enormous potential for
job creation in addition to improving the standard of healthcare. In short terms, progresses in
genomics require mechanisms to promote close interaction and collaboration between people
from various disciplines ranging from physicians, dentists, pharmacologists, geneticists, epidemi-
ologists, medical technologists, public health experts, anthropologists, evolutionary biologists,
microbiologists, molecular biologists, computer scientists, statisticians, mathematical modelers,
etc. Each contributes his/her own expertise to solve problems that one alone would not have a
slight chance to succeed. The critical success factor is the mandatory changes in working culture

and training. Only with that the potential of the precision medicine would be finally realized.
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Substantial progress has been made in the treatment of neuromuscular disease, particularly
those with a genetic basis. Many “untreatable” diseases have now become “treatable”
with more efficacy and less side effect. Recent FDA approval of these agents has moved
the innovations to clinical practice. For the past few decades, corticosteroid has
been proved to prolonged ambulation time in Duchenne muscular dystrophy which is
the most common inherited muscle disease in childhood. Nevertheless, the life expectancy
has not improved much. Antisense oligonucleotide therapy is specific for subgroups of
deletions or promoting read-through of a nonsense dystrophin gene mutation. Gene transfer
therapy aims to restore dystrophin expression and function. Based on clinical trial data,
the clinical course and natural history of this disease have improved substantially.

Spinal muscular atrophy, the deadly anterior cell disease in childhood, it the common cause
of floppy infant syndrome. In patients with severe type, they will never sit and will die

before their first birthday. Gene therapy with a single intravenous of adenoviral vector

carrying human SMN1 (survival motor neuron) sequence provided improvement

in motor function and survival. Intrathecal nusinersen (an antisense oligonucleotide)
which increased SMN protein in motor neuron also showed similar results.

In terms of acquired autoimmune neuromuscular disease, myasthenia is a great
example. Autoantibody against acetylcholine receptor or post synaptic neuromuscular junction
activates compliment cascade and damages the post synaptic membrane. This mechanism leads
to worse long term outcome if the patient is not adequately treated. Eculizumab is a humanizen
monoclonal antibody that specifically binds to human terminal complement protein C5, inhibiting
enzymatic cleavage and the formation of membrane attack complex. It is now approved in refractory
generalized myasthenia gravis. Based on preliminary studies, it also shows promising results in

neuromyelitis optica, Guillain Barre syndrome and other immune medicated diseases.

NS



Editing the patient’s genome itself by using enzymatic clustered regularly spaced
short palindromic repeats (CRISPR)-Cas9 gene editing technique, can precisely edit DNA. Early
result in SOD 1 mutated mouse model of amyotrophic lateral sclerosis showed longer
survival, as well as in Duchenne muscular dystrophy animal model. However, the DNA change
can also cause life long side effect. Many hurdles are ahead and it is still far from human use.

However, many exciting treatments are costly and may not be affordable by most

patients. Even in the USA, it raises the concern whether the treatment should be covered

by health care coverage scheme. More data on cost effectiveness, when compared to

standard or no treatment, are required for policy makers and society to make the decision.
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Nanoparticles are used for site specific drug delivery. This technique required
drug dose is lowered therefore side-effects are lowered significantly as the active agent is
deposited in that region only. This highly selective approach can reduce costs and side effects
to the patients. Various nanoparticles such as liposomes, liquid crystals, micelles find an
application. Liquid crystal and micelles synthesized in house are used for drug encapsulation.
Nanodelivery system together with drug targeting to the organ can deliver drug
molecules to the desired location. A targeted medicine reduces the drug dose and side effects.
Nanomedicines may improve drug biocavailability both at specific places in the body and
over a specified period of time. The molecules are targeted and delivered to precised cells.
Thus nanoparticles are promising tools for drug delivery advancement. The biodistribution of
nanoparticles is still under investigated due to the difficulty in targeting specific organs. Efforts
are made to optimize and understand the potential and limitations of nanoparticulate systems.
It is expected that the benefits will be gained from nanotechnology including lower drug toxicity,

improved bioavailability, reduced cost of treatment and extended economic life of proprietary drugs.

Some examples of drug delivery systems are examples of research work on amphotericin B

and rifampicin in drug delivery systems were demonstrated the successful stories of
nanotechnology. We can use the liquid crystal as nanocubic and nanovesicle to encapsulate

the drugs into the system to give more effectiveness with less toxicity to the cells.

Key words: Nanpootherapeutics, Stem cells, Genetic disorders
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Nanomedicine and nanotechnology provides an early detection and prevention of
diseases resulting in improved diagnosis, proper follow-up and treatment. Nowaday biological
testings can be performed quickly and become more sensitive and reliable. Potential
impact of nanoscience on healthy care is summarized and given in in this presentation.
Nanomedicines may improve drug bioavailability both at specific places in the body and
over a specified period of time. The molecules are targeted and delivered to precised cells.
Unique nanostructures were designed for controllable regulation of proliferation and
differentiation of stem cells by designing unique nanostructures. This will lead to stem cell-based

therapeutics for the prevention, diagnosis and treatment of human diseases. Viruses are

prevented to infect human by nanocoatings over proteins on viruses that could stop viruses

from binding to cells. Nanorobots of nanosized delivery systems could break apart kidney stones,
clear plaque from blood vessels, carry drugs to tumor cells. In the new era of personalized medicine
we can have in vitro diagnostics, in vivo diagnostics, nanotherapeutics and theranostics.
Current and future health care challenges are in the area of infectious diseases, cancer,
genetic disorders, aging, obesity and addiction. Gene Therapy may be a solution in
several diseases by employing electrostatic gene condensation, efficient cellular entry,

non-toxicity and high gene expression/silencing.
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