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Fields of expertises
* Biotechnology
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* Microbiology



Involvement in EPFL spin-offs
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Protein biomarkers in human saliva for
disease detection

Proteomics

Anal. Chem. 2024, 96, 14, 5363-5367



Assistants

* Rebecca Neezer
* Andrea Melgar Aguilar




What is the course about?

General information
Schedule

Course content
Exercises

Exam



Human disease database

* Almost 18,000 specific diseases (Global

categories: cancer, genetic, infectious,

metabolic, and rare diseases)
» J Med Libr Assoc. 2018 Jan; 106(1): 140-141.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5764584/

Pharmaceutical Biotechnology

“If one understands the cause of a disease,
onhe can identify ways to treat it”



Pharmaceutical Biotechnology

* Uses living cells and cell-derived materials to
produce pharmaceutical products for the
diagnosis, treatment and prevention of
diseases.



Teaching
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Pharmaceutical Biotechnology

RN @
SN

* When? Wednesday Nestle ALG;:,E\,KSORA
8h15 h — 10 h Lecture g ExcelGene
10> h - 11 h Exercise hour HAYA

e< Therapeutics
Farpomtics _er ‘. a» bioneris
LONZQ
ge; euro , €D AT A apionic

O MaxiVAX  Medpep



Economic importance of
Biotechnology in Switzerland

Swiss Exports by Industry Segment
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Figure 1: Annual Swiss exports according to industry sector demonstrate the increasing importance of the life sciences industries (pharmaceuticals, vitamins and
diagnostics). This sector alone contributed 42% to the total Swiss exports in 2021 (Data: scienceindustries/Federal Customs Administration 2022, Swiss IMPEX database).



Economic importance of
Biotechnology in Switzerland

Number of biotech companies in Switzerland 2011-2021
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Economic importance of
Biotechnology in Switzerland
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The Biotech Effect: New impulses for
Pharmaceutical Technologies

Pfizer Revenue
Boosted by Covid-19 Drugs

Pfizer's annual revenue since 2016

$98b - $102b

$81.3b

Paxlovid

$38.7b $38.8b $40.8b $41.2b 341.9b 65508 (Covid-19

antiviral
drug)
Comirnaty
368D  '$32.0b > (Covid-19
vaccine)

2016 2017 2018 2019 2020 2021 2022°

* official guidance given February 8, 2022
Source: Pfizer



Course contents




Chapter 1: Infectious diseases

Infectious Diseases
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https://microbenotes.com/infectious-diseases/




Viruses/Bacteria

e General overview on viruses and bacteria
e Structure/composition

e Overview on the human microbiome



Dr. Matthias Tinzl-Zechner

 Probiotics



Dr. Hannah Kleyer

* Microbial and enzymatic plastic degradation




* |nfectious diseases transmitted by animals




Smallpox

Eradicated 1980




Syphilis

Susan Lindsley/COC
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MERS Middle east respiratory
syndrome

e Qutbreakin 2013 in Saudi Arabia. Death rate
35 %




Nipah virus

First identified in 1999 in south part of Malaysia.

World Health Organization (WHO) regards this virus as one of
its priority pathogens

Death may occur in 40-75 % of the cases

No vaccine available




Influenza Pandemic §COVID-19 Pandemic
H1IN1 SARS-CoV-2
1918-1920 2020 - 2023

Suspected cases: 500 Mio Reported cases: 676 Mio

Deaths: 20 - 50 Mio Deaths: 6.88 Mio

10.03.2023
John Hopkins University



Influenza Pandemic JCOVID-19 Pandemic
H1IN1 SARS-CoV-2
1918-1920 2020 - 7




Influenza Pandemic §COVID-19 Pandemic
H1IN1 SARS-CoV-2
1918-1920 2020 -7




Influenza Pandemic § COVID-19 Pandemic
H1IN1 SARS-CoV-2
1918-1920 2020 -7
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Viruses/Bacteria

Ebola virus
(CDC/Cynthia Goldsmith/Public Health Image Library)
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Mycobacterium tuberculosis
(Public health library PHI)

H1N1 influenza virus

“Swine flu” Mycoplasma pneumoniae
National Institute of Allergies and Infectious Diseases (NIAID (Waites, Talkington Clin Microbiol Rev. 2004;17:697—728)




Infectious diseases and climate change

Nature Climate Change volume 12, pages 869-875 (2022)

Infectious diseases most aggravated by climatic hazards
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https://www.nature.com/nclimate

Climate change: Infectious diseases

are shifting from south to north

* Asian Tiger Mosquito —-r

* Can transmit pathogenic viruses
(e.g. Dengue, Zika)

* Since 2007 (Chiasso/Tessin)
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Permafrost as a potential pathogen
reservoir?
e Pithovirus sibericum that was isolated from a
30,000-year-old sample of permafrost in 2014.

e Characterization of 13 new viruses isolated
from seven different ancient Siberian
permafrost samples. Viruses. 2023 Feb; 15(2): 564.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9958942/

Vaccine development

Different types of vaccines
* Live attenuated vaccine

* |nactivated/Killed vaccine
e Subunit vaccine/recombinant vaccine
* DNA/RNA vaccine
* Cancer vaccines

* Etc.




Prophylactic cancer vaccines

* Human papillomavirus (HPV) vaccine/
cervical cancer




Therapeutic cancer vaccines

Al AL

Therapeutics

Dr Madiha Derouazi

O MaxiVAX

Julien Grogg,
Director of Clinical Operations



Antibiotics

- Antibiotic resistances/Multi-resistances
- Sources for new antibiotics?




GERMION Therapeutics

Dr. Jan Romano de Gea

* Development of novel antibiotics



Chapter 2

* Production of biopharmaceuticals using cell
technologies

* Gene therapy technologies



Basics of
animal cell
culture

* Media components
etc.
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Hela cells
(immortalized tumor cells)

Henrietta Lacks
(1920-1951)



Chinese Hamster Ovary cells (CHO)

e Wildtype chinese hamster




Chinese Hamster Ovary cells (CHO)

 Major host cell type for pharmaceutical
protein production
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Manufacturing cell line specialist

LONZQ

Tommaso Mattiolo
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Biologicals are the future

Top projected drugs by sales in 2016

Pfizer Inc's Lipitor, the world's top-selling prescription drug of all time with peak annual sales of
about $13 billion, is about to face competition from cheap generics. Here are the medicines
expected to be the world's top sellers by 2016

Drug Maker Primary use Projected 2016 sales ~ $ billion
‘ Humira Abbot Rheumatoid arthritis
=) Enbrel Amgen/Pfizer Rheumatoid arthritis
=) Remicade Merck/J&J Rheumatoid arthritis
=) Rituxtan Roche Non-hodgkin's lymphoma
Crestor AstraZeneca Cholesterol
=) Avastin Roche Colon cancer
Xopenex Dainippen Sumimoto  Asthma
Advair GlaxoSmithKline Asthma
=) | antus Sanofi Diabetes
=) Herceptin Roche Breast cancer
‘ Prevnar Pfizer Pneumococcal disease
Revlimid Celgene Multiple Myeloma
Januvia Merck Diabetes
=) NovoLog  Novo Nordisk Diabetes
‘ Lucentis Roche Macular degeneration

Source. Thomson Reuters Forecas!
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Therapeutic proteins
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Enbrel 150 kDa Insulin 5.7 kDa

*  Moadified from Scientific Reports volume 8, Article number: 7327 (2018)



https://www.nature.com/srep

Recombinant
pharmaceutical protein
expression in E. coli

( IPTG Induction

IPTG Induct im

E. coli RNA * T7 RNA
polymerase polymerase
' T7 gene 1 l Target gene
| T7 RNA polymerase ?j |
o T ) B ¢' B 16 ] llaco
| \Jéc promoter / 17 promoter /
| > 7 INACTIVE | - 5
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l |
|
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Inducible expression

Which type of proteins can be
expressed in E. coli?

Advantages/Disadvantages of
therapeutic protein expression in E.

coli




Recombinant therapeutic protein expression
In yeast

e Saccharomyes cerevisiae

* Pichia pastoris

* Synthetic biology
approaches/glycoengineering




Recombinant therapeutic protein
expression in mammalian cells

* HEK293
* CHO
* otherspi®*%

HEK293 CHO



Diabetes

Insulin production in E. coli
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Monoclonal antibodies

* Phage display, Hybridoma technology
* Humanized antibodies
* Nanobodies

urine i
(0% human) (65% human) (> 90% human) (100/ human)

Y N Y
YY)

suffix -omab = -xima




Therapeutic monoclonal antibodies

* Humanized monoclonal antibody
(HERCEPTIN/Roche) HER2 positive breast

r N
NORMAL CELL HER2-POSITIVE CANCER CELL

HERZ receptor _~ HER2 recoptor

Normal amount of HER2 100 much HER2




CHO cells for monoclonal antibody
production

 Recombinant monoclonal antibody production

* Herceptin (Roche/Genentech), estimated
worldwide sale 2012: S6.08 billion/2022: S2.2
billion




* Dr. Yves Kremer

* Clinical stage biopharmaceutical company

* Precision medicine: Neurodegenerative
diseases (Alzheimer, Parkinson)

* Products: Vaccines, antibodies, small molecule
drugs

AC Immune




Engineered therapeutic proteins

* Bispecific antibodies/Genentech




Presentation Adaptyv Biosystems

* Next-generation of therapeutic protein engineering
 Employing Artificial Intelligence for protein design

LA, Adaptyv
«S}) Biosystems

Julian Englert



Gene Therapy




Principle of Gene Therapy

Therapeutic protein

DI >

Therapeutic DNA

Target cell



Gene Therapy

l Glybera (UniCure,

Netherlands)

Lipoprotein lipase deficiency
Cost of treatment: 1600 000 S (2012)

1000 000 S (2015)
EMA approved: 2012, withdrawn 2017



Adeno-associated viruses

* Viral vectors for gene therapy

22 nm

Figure 1. Adeno-Associated Virus (AAV) Structure and Genome map. A: A cartoon showing simulated AAV
size and 3-D structure; B: A picture showing electron microscopy of purified AAV vector.

SignaGen®

Laboratories



HAYA Therapeutics

* Dr. Daniel Blessing

 RNA therapeutics for cell reprogramming in
disease states (e.g. Heart Failure)

HAYA

Therapeutics



Transgenic plants




Elelyso (Pfizer + Protalix
BioTherapeutics): First plant-made
recombinant biological approved

 Approved by FDA 2010
* Genetically engineered carrot cells




Elelyso: Enzyme replacement therapy

PROTALI>X

Biotherapeutics




Transgenic animals




Approval for a transgenic animal drug

* EU 2006/ US 2009

Antithrombin



Chapter 3: Bioreactors

e Large scale recombinant protein production




Fed-batch culture

Seed Culture

Steps 1-3 Steps4 and 5
(n-6,n-5,n-4) (n-3,n-2)
Cryoculture _
=4 ' A i t L
J s 3 € '
1-mL 0.5-Land 1-L 10-L and 50-L 200-L 1,000-L
cryogenic  shake flasks BIOSTAT RM 20/50 BIOSTAT STR BIOSTAT STR

vials optical system system system



Orbital shaken bioreactors: The future




Therapeutic protein production

12 ExcellGene

’;:1-5. Your protein expression needs from animal cells?
Y A0 .“.“.*"’.. Yo

We bring to you the highest value in quanti;
\ short time lines and quality

Dr. Joeri Kint



Chapter 4: Personalized
Medicine/Precision Medicine




4.1 Collection of human genome
sequence data

VITAL STATISTICS:

Personalized Medicine

J BILLION

base pairs in DNA,
which code for

| ‘ genes in the
— < human body
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4.2 Single nucleotide polymorphisms
(SNPs)

desired therapeutic effect

increased
response

wild type \ b¥  variant
response "o P response

" 2 . normal
- ’ >
' »

~ response

—
reduced
response

response
response

dose dose



Sophia Genetics

 Rolle
e Data-Driven Medicine

."; SOPHIA
* o8 GENETICS"




Dr. Romain Gosselin

* Project manager: Precision medicine at CHUV




4.3 New diagnostic tools:




New diagnostic tools: “Liquid biopsy”

Apoptotic bodies
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Aabionic  Diagnostic tools

* Dr. lwan Maerki
e Early detection of Sepsis




Diagnostic tools

SENSORA

* Detection of cancer by volatiles in sweat

e Alessandro Fulciniti




Chapter 5

* Patents

Europaisches
Patentamt

European
Patent Office

Office européen

des brevets




Patent cliff

onoK &+ Q1/2011: 5,469

1600k

1400k

Sales (3000)

1200k

1000k

800k
Q172011 Q2/2011

Plavix

Q3/2011 Q4/2011

-®- Sales -4 Units

6,000

5,500

5,000

4,500

4,000

3,500

(s000) saun



Ever-greening

* Retaining profits from patents




Generic drugs

* Aspirin

Aspirin

+ Pain Reliever/Fever
Reducer (NSAID)

Acetylsalicylic acid Acetylsalicylic acid



Biologicals versus drugs

* Bigger, more complex

Aspirin 180 Da

Monoclonal Antibody ~150,000 Da



iosimilars

B

e Similar but not identical
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Small molecule drugs

addex

* GPCR receptors

 Allosteric modulators
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Chapter 6

* Regulatory issues in Pharmaceutical
Biotechnology
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Stages of clinical trials

Preclinical
testing

Discovery of the
active priniciples

Clinical testing

1-2 years 6-10 years

LN

i Identifies candidates which ; | Safety and efficacy Demonstrates safety and
meet the profile of the | studiesin preclinical efficacy in patients infected
target site models with tuberculosis




DOROL

* Doppl SAis a leader in engineering industry-
standard organoids




Guest speakers

Dr. Dominik Schelshorn
addex

Dr. Yves Kremer DAC Immune

Dr. Jan Romano de Gea  GERMION

Angela Madurga

THERAPCUTICS '.;.-::‘




Guest speakers

Dr. Iwan Maerki

A abionic

Alessandro Fulciniti SENSORA
Dr. Miguel Payro

/AN
Dr. Hannah Kleyer 5=

Nestle
Dr. Tommaso Mattiolo Lonza
Dr. Matthias Tinzl-Zechner PN
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Guest speakers

* Alessandro Fulciniti SENSORA

\
* Julien Grogg, MSc “ MOX'VAX
* Dr. Daniel Blessing #eép!t&

e Dr. Romain Gosselin mv




Exercises

e Short summaries of the last lesson
* Exercises via Moodle/Company presentations

e Quizin class



No classes

 20.Oct - 24. Oct
* No class on Wednesday Oct. 22



Exam

* Written exam, duration 3 hours (January
2026)




Biotechnology Lab
Code: ChE-433

e Start: Spring semester 2026



https://moodle.epfl.ch/course/view.php?id=16215

Biotechnology Lab
Code: ChE-433

e Start: Spring semester 2026
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https://moodle.epfl.ch/course/view.php?id=16215

Biotechnology Lab

Code: ChE-433



https://moodle.epfl.ch/course/view.php?id=16215

Biotechnology Lab
Code: ChE-433



https://moodle.epfl.ch/course/view.php?id=16215

Questions?



