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This year DNA Day is cause for celebration as
70 years ago the double helix was discovered

* This year DNA Day is cause for celebration as 70 years ago the double helix
was discovered, and 20 years ago the genome was first sequenced.

* |In 1953 when James Watson, Francis Crick, Maurice Wilkins, Rosalind
Franklin, and colleagues published papers in the journal Nature on the
structure of DNA, it yielded ground-breaking insights into the genetic code
and protein synthesis.

* Then, in early April 2003, it was declared that the Human Genome Project
was very close to completion.



CRISPR gene editing and Gene Therapy

* Over the years we have made great strides with CRISPR gene editing
and now gene assembly.



What is CRISPR?

(Clustered regularly interspaced short palindromic
repeats)

A genome editing technique that:

« Targets a specific section of DNA
 Makes a precise cut/break at the target site
« Can do one of two things:
« Makes a gene nonfunctional
 Replace one version of a gene with another

What are the potential applications of CRISPR to human
health



Gene Therapy
A major Future Global Industry

*The last 50 years have witnessed gene therapies
evolve from an idea to a global industry.

*These innovative treatments must now be
developed and delivered in ways that benefit
and are accessible to patients worldwide.



Gene therapy is a radical shift
in treatment of Diseases




Genetic footprints the most early event in Cancer
pathogenesis

* Various mutagenic processes are associated with specific
mutational patterns which are distinguished by both the particular
base substitution and the flanking bases.

* Somatic mutations are hallmarks of the cancer genomes.

* These genetic footprints, i.e. mutational sighatures, are explored
using whole exome (WES) or whole genome sequencing
(WGS)
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Iranome: Iranian genome variation database




NGS System In Iranome project




Then,
Global population sequencing efforts started..
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Turkey (2014): 16 Turkish Iranome (2015-2018); 800 Iranian individuals
Qatar (2016); 1376 Qatari

Greater Middle East (2016), 2497 from Middle East (GME variome: 87 Iranian individuals)
The Iranian Genome Project (ongoing?); 77 lranian

Saudi Human Genome Project (ongoing); ~100000 Saudis

National Arab Genome project (ongoing); 1000 Emirati (UAE)



Project design and selection of samples

IraNoMe

— gl — -

‘,& _ ‘ * Reflects the demographic context of the
. Arabil ok ‘

T ¥ \, country
7 Caspian Sea

Easit .
| ~Azerbaijan _ North

Gil T = : | Y . .
est N7 —<tolegiad Lo . Persians (65%), Azeris (16%), Kurds (7%), Lurs
Azérpaijan ‘ . Mazandaran 6(y A
o [mjaga-viilﬂbo.r:' & , Razivi 0/, raps .
W N § 2 o Semnin Khorasan 2%), Baluchs (2%), Turkmen (1%), Qashqai
I W0 Tehran T 1 (y d . P 5
Hamedan Qom o), dn ) non-rersian, )
L T ", non-Turkic groups such as Armenians,

< Isfahan Khorasan & Assyrians, and Georgians (<1%)

~~._ " Loresian
lam ™~ y

Chaliarmahal
\\' and Bakhtiari

g o Kook and ' Persians (51%), Azeris (24%),
a0 e . Bo_)‘eer-ﬁllmad Ku rdS (7%), Ara bS (3%),
SEPN . Lurs (2%), Baluchs (2%), Turkmen (2%),

N 9 =7 = Kerman Zabolies (2%) and others (1%)
' Ara “ ) ars

=2 3 L] )
' Azeri Bushehr

L4
.

3m , Hormozgan e 100 individuals from each of the following
Baluch ‘-. Persian ° _Persian Gulf r Baluchistan ethnIC groups:

§ ura  fp PeriomaGuir o R * Arabs, Azeris, Baluchs, Kurds, Lurs,

- islanders ¥ [ Y ) ; Persians, Turkmen, and also Persian Gulf

' Lur Turkmen ‘- ‘ Gulf of Oman s NELCES




Dissemination of the data in Iranian genomic database
(Iranome)

http://www.iranome.com/
http://www.iranome.ir/
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Multicancer early detection (MCED) Test

 Multicancer early detection (MCED) tests are finally a reality
and could be a potential game changer .

* They can screen for the possibility of up to 50 different cancers
in asymptomatic individuals with one blood draw.

* They represent one of the fastest growing segments in medical
diagnostics with a projected value of $2.77 billion by 2030,
according to the market research firm



Mutational fingerprint of carcinogens

* As a cell goes through life, its DNA picks up a unique pattern of
damage.

* This can be caused by exposure to factors like UV light, from
behaviors like smoking ,opium use or drinking alcohol, or can
happen randomly through natural cellular processes.

* Depending on the amount and type of damage, this can cause
a cell to become cancerous.



There are many causes of the mutations occurring
in cells




There are many causes of the mutations occurring
in cells
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U.S. Multi Cancer Early Detection Market B Vv

size, by type, 2020 - 2030 (USD Million) GRAND VIEW RESEARCH

18.4%

U.S. Market CAGR,
2022 - 2030

$231.3M
$216.3M

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
® Liquid Biospy Gene Panel, LDT & Others




Global Multi Cancer Early Detection Market B v

share, by end-use, 2021 (%) GRAND VIEW RESEARCH

$791.6M

Global Market Size,
2021

@ Hospitals Diagnostic Laboratories




Multi Cancer Early Detection Market Report Scope
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The timeline of liquid biopsy development

1977: high 2014: first ctDNA
concentration of cFOMA 1998: firsttrial for 2012: whole genome clinicalvalidation
in cancer patients [2-2] solation of CTCs analysisof ctDNA [11] inoncology [16] 2016: first CTCs 2021:
with cytometry [24] based therapeutic Signatera™ test
1967: first observation 2008: ctDNA to : ) R for MED and
. : 2013: tracking evaluation ||
of extracellularvesicles 1996 monitor tumor roRress on and PECUTTEnCe
i . ressi :
(EVs) [21] . . dynamics [20 prog assessment® [32
microsatel | ites cancer followup 2015: monitoring [
1948: first alterations in 2000: first commercially with ctDNA [23] target therapy with ‘ 2019: Grail
observation of CIDNA [25] available testfor search 2012: resistant ctDMA NG5S [30] Multicancer Early
cfDNA [2-20] CTCs: CELLSEARCH® mutations in Detection Test* [31]
1869: first 1993843 CctONA [27] 2014: ctDNA in
PHIrs mutations in early and late 2017: EVs as
Gbser""?_t":"” of cfOMNA incancer 2002: mRNA as cancer stage of cancer ‘ biomarkers in
CTCs [7-19] patients [22] biomarker [25] [29] cancer[33]

2019: FDA approved

2004: FDA approved 2013: FDA approved 2016: FDA approved CancerSEEK for
CELLSEARCH system® CELLSEARCH® CTCs Epi proCOLON multiple cancer early
enumeration platform® screening assay® " !
detection®
I 2020: FDA approved

FoundationOne liquid CDx

2016: FDA approved
and Guardant3&D COx*

Cobas EGFR mutation
Test V2"

2021: expanded indication for
FoundationOne CDx and
Guardant3s0®




A schematic view of clinical applications of

ctDNA liquid biopsy
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Examples of FDA-approved commercial tests
for clinical application of ctDNA liquid biopsy

Test Manufacturer

Cancer type indications

Biomarker (single cancer
indication, pan-cancer/ Technology
multi-cancer indications)

Guardant360® Guardant Health, Inc.
CDx

FoundationOne® Foundation Medicine, Inc.

Liquid CDx

BRAC Analysis  Myriad Genetic
CDx Laboratories, Inc.

Companion diagnostic

NSCLC:

tagrisso (osimertinib),
rybrevant (amivantamab-vmjw),
lumakras (sotorasib)

Tumor mutation profiling:
any solid tumor

Companion diagnostic
NSCLC:

HP Y e ] N 1

Companion diagnostic

Breast cancer:
lynparza (olaparib),
talzenna (talazoparib)
Ovarian cancer:
lynparza (olaparib),
rubraca (rucaparib)

73 genes

EGFR, ALK
BRCA1/2, ATM
BRCA1/2. PIK3CA




JP Morgan Annual Healthcare Conference
(Jan 11-15, 2016) in San Francisco, CA, USA

* Announcement of a new biotechnology company

called Grail—a spinoff from Illumina (San Diego,
CA, USA; one of the world’s largest diagnostics
companies).

* Grail declared its mission to be “the early detection of
cancer in asymptomatic individuals through a blood
screen”.

* The aim is to deliver this ambitious pantumour test in
just 3 years.



Single test to detect all asymptomatic
cancers based on circulating tumour DNA

* The notion of cancer detection by liquid biopsy is not a new
concept: indeed, many other companies are also developing
blood-based tests to monitor cancer progression or screen
high-risk asymptomatic individuals.

* All tests to date have focused on specific cancer types, rather
than a single test to detect all aysmptomatic cancers based
on circulating tumour DNA (ctDNA).

* |s this objective possible? And what are the wider
implications for patients with cancer?



Low concentrations of ctDNA in serum.
More sensitive assay

* The presence of ctDNA in the blood of patients with cancer is a well-
recognised phenomenon and increasingly well-characterised in many
cancers.

* There is yet no universal ctDNA signature for use in screening for any
stage or type of cancer.

* Grail believes this is due to inability to detect low concentrations of
ctDNA, and this limitation could be overcome with a more sensitive
test.



The value of screening in

asymptomatic unselected populations

* Another issue is what clinicians and the public
will do with the information from a pan-tumour
test.

*The rationale behind early detection is to
decrease cancer-related mortality.

* However, the value of screening in asymptomatic
unselected populations remains argumentative
and overtreatment is a concern.



Screening for CRC



Stool-based tests

JTwo stool-based tests are FDA-cleared:

e]1- A fecal immunochemical test

*2- Multi-target stool DNA test.



Blood-based tests

- A lab-based test is available to patients able to pay out of

pocket, while the FDA-cleared Epi proColon® test is
Indicated for patients unwilling or unable to undergo other
screening modalities.

 In addition, several tests have completed their clinical
trials with promising preliminary results.



The first and only FDA-approved blood-
based test for the detection of colorectal
cancer.

* Epi proColon® is the first and only FDA-approved blood-
based test for the detection of colorectal cancer.

* The test is available in the United States, Europe, China
and selected other countries.
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Epi proColon® — Liquid biopsy test for the

detection of colorectal cancer

* |t detects a specific type of DNA called Septin9, which is
altered In colorectal cancer tumor cells more often than in normal
cells

* Colorectal cancer is curable in about 90% of cases if detected
early. Nevertheless, this disease is one of the most frequent
causes of cancer-related deaths in the industrialized world.
Reqgular screening can prevent colorectal cancer.

« Epi proColon® offers a convenient way of detecting colorectal
cancer: in blood. It's as simple as a blood draw. The test is
performed by a clinical laboratory..



A Blood Test for Colon Cancer

Screening

* In the European Union only 1 in 7 eligible people Is
screened for colorectal cancer.

 As a consequence, 60% of CRC cases are diagnosed
when the cancer has already spread regionally or to
distant organs and treatment becomes more challenging.

* Epi proColon 2.0 CE Is a blood test and offers an
acceptable alternative to conventional screening methods.
When diagnosed early, CRC is highly treatable



Blood test name
or vendor
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Accuracy and performance of the cfDNA-based blood
test In an average-risk population

« Enrolling 10,258 individuals aged 45 years or older who were presenting
for screening colonoscopy at 265 US clinical sites between October 2019
and September 2022, and who provided a whole blood sample prior to
the initiation of their colonoscopy preparation

« Among 7,861 participants who met the study’s eligibility criteria, the mean
age was 60 years and 54% were female.
« The sensitivity In detection of stage | to |l colorectal cancer was

90% (38/42), while the sensitivity was 100% for detection of
stage IV cancer .

* The specificity for negative or no precancerous lesions was
90%

Clinical Validation of a Cell-Free DNA Blood-Based Test for Colorectal Cancer Screening in an Average-
Risk Population. Abstract 913e DDW May 2023



Urinary TERT promoter mutations are
detectable up to 10 years prior to clinical
diagnosis of bladder cancer: evidence from the
Golestan Cohort Study

Reza Malekzadeh M.D
Florence Le Calvez-Kelm Ph.D.
Md Ismail Hosen, Ph.D.
Mahdi Sheikh, M.D



Number and ASR (per 100,000) of
top 5 cancers in lran Male

Organ Number
Stomach 7150
Other skin 6770
Prostate 5949

Colorectal 5644

Urinary Bladder 4776



Number and ASR (per 100,000) of
top 5 cancers in Iran in 2014-2017 _ Male

Organ
Stomach

Prostate

Skin (non-melanoma)

Colorectal
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Pursuit of non-invasive biomarker

s TERT promoter mutations are detected in 60-80% of Bladder

cancer patients (Hosen | et al, Int. Journal of Cancer, 2014, PNAS
2013).

Urine Supernatant
Bladder (cfDNA, RNAs,
| proteins, metabolites
and exosomes)

Ureter

1  Urine Pellet

A :
Urinary tract «gé ' (EXfOI lated cel |S)
(Urethra)

Urine

¢ Liquid Biopsy for detecting the 7ERT mutations as a non-invasive
biomarker for UC.



Objectives of the Golestan-TERT study

*Are TERT promoter mutations detectable in
pre-diagnhostic urine samples of UC cases?

*If yes, what is the performance of these
mutations as a BC early detection
biomarker?



Stuay Design

* Urine samples on enrolment were available for 38 cases.

* For each of the 38 BC cases, we selected four incidence
density matched controls (152)

* Matched for date of birth (same calendar year), sex, date of
urine collection (same half calendar year), and residence
(urban/rural).

* In addition, the controls were selected to be free from any
history of cancer at the last follow-up date.



Method

* We performed a nested case-control study within the
population-based prospective Golestan Cohort Study (50,045
participants, followed up to 14 years)

* We assessed TERT promoter mutations in baseline urine
samples from 38 asymptomatic individuals who subsequently
developed primary BC and 152 matched controls using a
Next-Generation Sequencing-based single-plex assay
(UroMuTERT) and droplet digital PCR assays.



Results

* TERT promoter mutations were detected in 14 pre-clinical cases

* (sensitivity 46.67%) and none of the controls (specificity
100.00%).

e At an estimated BC cumulative incidence of 0.09% in the cohort, the
positive and negative predictive values were 100¢00% and 99¢95%
respectively.

* The mutant allelic fractions decreased with the time interval from
urine collection until BC diagnosis (p = 0.033) but the mutations
were detectable up to 10 years prior to clinical diagnosis.



Detecting pre-clinical bladder cancer (BC) using

urinary biomarkers in Golestan Cohort Study
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TERT promotor mutations as early detection biomarker for
BC Positive predictive value 100%

o Urinary DNA 95% (I
Statistics :

All Pre-diagnostic samples

%)

99-93 - 99-97

Accuracy (%) 99-¢ 99-94 -99-97




IARC/WHO Press Release

nternational Agency for Research on Cancer
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N° 280

20 February 2020

Simple urine test could significantly improve early detection of
bladder cancer, say researchers

Lyon, France, 20 February 2020 — A new study conducted by researchers from the International Agency
for Research on Cancer (IARC) in collaboration with international partners shows that bladder cancer
mutations in a specific gene can be detected in the urine of individuals up to 10 years before clinical
diagnosis of the disease. The test is based on the detection of mutations in the telomerase reverse
transcriptase (TERT7T) gene; these are the most commmon mutations in bladder cancer. The new results,
described in an article in EBioMedicine,’ a journal published by The Lancet, could significantly improve the
early detection of bladder cancer through a simple urine DNA test.

“A simple urine test has recently been developed, and these new results are another exciting step towards
the validation of a non-invasive early detection tool.,” says Dr Florence Le Calvez-Kelm, the IARC scientist
who is the principal investigator of the study. “This test could significantly improve and simplify the way in
which bladder cancer is detected.”

The ability to detect these TER7T mutations in pre-diagnostic urine samples has enormous potential as a
non-invasive tool for the early detection of bladder cancer and potentially for the cost-effective screening
of individuals at high risk of developing the disease. It is particularly important given that none of the urine
tests currently available are recommended by urological societies, because of a lack of evidence about
their efficiency for early detection. Therefore, the diagnosis of bladder cancer still relies largely on invasive
and expensive procedures, such as cystoscopy.
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96 tumors (56 de mnowo, <40 recurrent). Modeael wvalidation was performed in two studies: first a multi-institutional
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Genomic profiling predicts urothelial cancer up
to 12 years ahead of clinical diagnosis
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Conclusions

* We report the detectability of TERT promoter mutations up to 10 years prior to
diagnosis of primary bladder cancer.

* We detected TERT promoter mutations in 46.7% of cases and in none of the
controls (specificity of 100%).

* This represents the first evidence for a simple non-invasive test for the
detection of BCs years prior to diagnosis with no false positive results.

 TERT promoter mutations may arise before hematuria which is the most
current symptom for suspected bladder cancer- Implications for high-risk group
screening

* This study was replicated by European and American Urology.

Malekzadeh R DDRC/TUMS



Number of Deaths by Cause in Golestan Cohort Study

Causse

Cardiovascular

Cancers

Cereabrovascular
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COP D
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Number of Cancer Cases in Golestan Cohort Study

Cancer Type

Esophageal

Gastric

Colorectal
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Eraimn Tumors
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GEMINI Study team Meeting in GCS center
Gonb & Tehran Iran
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