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The "omics" revolution



درپیشرفت علم19نقش موثر پانومی کووید 

اما از. سبب از دست رفتن جان های بسیاری شده باشد۱۹شاید همه گیری کووید•

.یک زاویه دیگر سبب سرعت بخشیدن به پیشرفت های مهمی  شده است

طی دوران ۱۹پیشرفت های ناشی از تمرکز جامعه پزشکی روی بیماری کووید، •

!سال در وضعیت عادی به جلو برده است۱۵همه گیری، بشریت را به اندازه 
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دواکسن‌های‌سرطان‌و‌بیماری‌های‌قلبی‌تا‌پایان‌دهه‌آماده‌می‌شون

واکسن‌هایی‌برای‌پیشگیری‌و‌درمان‌برخی‌از‌سرطان‌ها‌و‌۲۰۳۰تا‌سال‌میشود‌پیش‌بینی‌��
.بیماری‌های‌قلبی‌قطعی‌است

صدها‌خواهد‌شد‌و‌جان‌پنج‌سال‌آینده‌درمان‌های‌متعددی‌برای‌انواع‌گوناگون‌سرطان‌ارایه‌طی‌•
.دنجات‌می‌یابهزار‌نفر‌و‌حتی‌میلیون‌ها‌نفر‌را‌در‌مقابل‌انواع‌مختلفی‌از‌تومورهای‌سرطانی‌

مشکل‌ده‌سال‌آینده‌بیماری‌های‌ژنتیکی‌که‌در‌حال‌حاضر‌غیرقابل‌درمان‌هستند،‌تبدیل‌به‌یکطی‌•
چندثانیه!/به‌داخل‌بدن‌می‌فرستید‌و‌ژن‌معیوب‌را‌اصلاح‌می‌کنید mRNAشما‌یک‌:‌ساده‌شوند



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 signatures, are explored 
using whole exome (WES) or whole genome sequencing 
(WGS)



Iranome: Iranian genome variation database



1. Library preparation and exome enrichment using Agilent Sureselect Kits
2. Installation of two sequencing machines from illumina company (NextSeq500, 

MiSeq)
3. The Linux server

• 115 TB storage
• Memory: 264 GB
• CPUs: 96
• Thread(s) per core:2

4. Automated analysis pipeline
1. BCL2Converter
2. Quality control
3. Alignment (BWA)
4. GATK pipeline 
5. Annovar
6. Iranome shell script (Iranome.sh)

NGS System in Iranome project



Then,
Global population sequencing efforts started..





Turkey (2014); 16 Turkish 
Qatar (2016); 1376 Qatari

Greater Middle East  (2016), 2497 from Middle East (GME variome: 87 Iranian individuals)

The Iranian Genome Project (ongoing?); 77 Iranian

Saudi Human Genome Project (ongoing); ~100000 Saudis

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

Iranome (2015-2018); 800 Iranian individuals



• Reflects the demographic context of the 
country

• Persians (65%), Azeris (16%), Kurds (7%), Lurs
(6%), Arabs
(2%), Baluchs (2%), Turkmen (1%), Qashqai 
(1%), and non‐Persian,
non‐Turkic groups such as Armenians, 
Assyrians, and Georgians (<1%) 

• Persians (51%), Azeris (24%), Gilakis and 
Mazandaranis (8%), Kurds (7%), Arabs (3%), 
Lurs (2%), Baluchs (2%), Turkmen (2%), 
Zabolies (2%) and others (1%) 

• 100 individuals from each of the following 
ethnic groups:

• Arabs, Azeris, Baluchs, Kurds, Lurs, 
Persians, Turkmen, and also Persian Gulf 
Islanders

Project design and selection of samples



Dissemination of the data in Iranian genomic database 
(Iranome) 

http://www.iranome.com/

http://www.iranome.ir/

http://www.iranome.com/
http://www.iranome.ir/


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.  











Multi Cancer Early Detection Market Report Scope



The timeline of liquid biopsy development



A schematic view of clinical applications of 
ctDNA liquid biopsy



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



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). 

• Is 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

❑Two stool-based tests are FDA-cleared:

•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.



Epi proColon® – Liquid biopsy test for the 

detection of colorectal cancer
• It 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. 

Regular 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.





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 I to III 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 Iran_ Male

Organ Number ASR

Stomach 7150 21.24

Other skin 6770 20.40

Prostate 5949 18.41

Colorectal 5644 16.57

Urinary Bladder 4776 14.30



Number and ASR (per 100,000) of 

top 5 cancers in Iran in 2014-2017 _ Male

Organ Number ASR

Stomach 28283 18.87

Prostate 27218 18.87

Skin (non-melanoma) 27702 18.73

Colorectal 24391 16.37

Urinary Bladder 20544 13.98





Pursuit of non-invasive biomarker

❖TERT promoter mutations are detected in 60-80% of Bladder
cancer patients (Hosen I et al, Int. Journal of Cancer, 2014, PNAS
2013).

❖ Liquid Biopsy for detecting the TERT mutations as a non-invasive
biomarker for UC.



Objectives of the Golestan-TERT study

•Are TERT promoter mutations detectable in 
pre-diagnostic urine samples of UC cases?

•If yes, what is the performance of these 
mutations as a BC early detection 
biomarker?
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Study 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.
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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%). 

• 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



TERT promotor mutations as early detection biomarker for 
BC Positive predictive value 100% 



IARC/WHO Press Release
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Urinary comprehensive genomic profiling predicts 
urothelial cancer up to 12 years ahead of clinical diagnosis: 
an expanded analysis of the Golestan Cohort Study
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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.
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Number of Deaths by Cause in Golestan Cohort Study
8th August 2022



Number of Cancer Cases in Golestan Cohort Study
8th August 2022



Thank You!

GEMINI Study team Meeting in GCS center 
Gonbad & Tehran Iran

2016
2015



Thank you
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