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Vorführender
Präsentationsnotizen
Keynote talk. 45 min slot. Probably best with 35 talk + 10 discussion. They want to publish the slides as a pdf after the presentation publicly on their webpage. Did you approve that? They will only do so if you approved. See mail from Oliver Jonekeit on September 6, 2022 at 03:45:40 PDT.
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TECHNOLOGY IS RESHAPING HEALTHCARE

Secure
sequencing

for every person

A.I.-driven
diagnoses and

monitoring

Real-time
monitoring with

sensors

Personalized
treatment
and diet

Vorführender
Präsentationsnotizen
The future of healthcare is coming soon.Every person will be sequenced.	- Genomic data and electronic medical records held by individual patients (e.g. Nebula Genomics)AI-driven diagnoses and monitoring  	- Deep learning CNN diagnoses melanomas better than dermatologists (95% to 86.6%, Haenssle et al. 2018)Real-time monitoring with wearable technologies	- iPhone ultrasound, asthma monitors and watches that measure glucose and K+ every 5 minutesPersonalized diets not just personalized medicine → wellness	- Eran Segal’s The Personalized Nutrition ProjectFor the next generation of clinicians...Empathy and connection will be more important than diagnosis and memorization skills.



DISEASE
TREATMENT

DISEASE
PREVENTION
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Vorführender
Präsentationsnotizen
Traditionell ist die Medizin so entstanden Krankheiten zu heilen. Man geht zum Arzt wenn man Beschwerden hat. Dort wird man untersucht und wenn eine Diagnose festgestellt wird, wird man behandelt um die Symptome zu mildern. Viel besser wäre krankheiten nicht erst zum Ausbruch kommen zu lassen aber sie zu verhindert, präventiv zu intervenieren. Sie kennen ja zum Beispiel die kolonoskopie welche man durchführt um den Darmkrebs zu verhindern. Aber für viele Krankheiten gibt es keine so vorbeugende Massnahme wie die Kolonoskopie. Aber wenn man die molekularen Ursachen von einer Krankheit versteht, kann für diese neue Technologien entwickeln um eine ankommende Krankheit früh zu detektieren.



APOE4 (24% carriers);
Risk for atherosclerosis and 
Alzheimer's disease 
(AD odds het: 3x, hom 15x).

RBM20 mutations very rare; 
3% of DCM. 
Penetrance and mortality high. 
Avg. life expectancy 45 years 
in several families.

PREDISPOSING RISK VARIANTS IN A “HEALTHY” GENOME

Multiple cancer predisposing 
variants in particular gastric, 
prostate, lung.

Variants Annotated in ClinVar

Vorführender
Präsentationsnotizen
Pathogenic and risk factor are two categories defined in ClinVar, in addition to others, such as benign, likely benign, likely pathogenic, etc. I didn't see likely pathogenic variants here, so I didn't plot it.Please check this table here.  Risk factor variants are those interpreted not to cause a disorder but to increase the risk. I think they are worth to show.https://www.ncbi.nlm.nih.gov/clinvar/docs/clinsig/34 homozygous protein truncating variants per individual in Exac. 85 Heterozygous protein truncating.APOe4 is present in 25% of population. Increases risk for AD by 3.2 relative to E3/E3. If you have both then it’s 20x higher. 40-65% of patients with AD has at least one APOe4 variant.Alzheimer's disease is characterized by build-ups of aggregates of the peptide beta-amyloid. Apolipoprotein E enhances proteolytic break-down of this peptide, both within and between cells. The isoform APOE-ε4 is not as effective as the others at promoting these reactions, resulting in increased vulnerability to AD in individuals with that gene variation.Prevalence of AD is 5% in Europeans.



GENETIC ANALYSIS ACTIONABLE INSIGHTS

ACTIONABLE INSIGHTS

ACMG currently classifies 73 genes as actionable.

Our knowledge of disease variant actionability needs to 
expand

Vorführender
Präsentationsnotizen
Currently, ACMG classifies 73 genes as clinically actionableDiscard minor allele frequency >5% in comparison to gnomAD 140,000 exomes + genomesAnalyze other disease variant resourcesValidate in independent pipeline(s)Establish relevance in familyOur knowledge of disease variant associations is expandinghttps://www.coriell.org/1/NIGMS/Collections/ACMG-73-Genes



Sequencing gives us useful info, however...

Your genome is not your destiny!

We need improved technologies to read and heal genomes

Vorführender
Präsentationsnotizen
TRANSITION SLIDESequencing can give us SOME info, but it is not the whole story.Your genome is not your destiny.For that reason, we need additional technologies to make sense of the genetic predispositions that we uncover in individuals...



SOPHiA GENETICS, a global health tech company democratizing data-
driven medicine 

to drive better health outcomes and economics worldwide

8

70 +
Countries

>1,000,000
Patient genomic profiles

500 +
Employees

790 +
Health care institutions

Vorführender
Präsentationsnotizen
Sophia Genetics, health tech company, multi-modal data integration using machine learning and artificial intelligence (genomics, radiomics and now proteomics). Major play in oncology (80%) and other inherited diseases (20%). Decentralized approach enables achieving a global reach with hospital network of over 1000 hospitals in >80 countries, analyzed 600,000 genomic profiles (17k per month). 



Connecting Healthcare Institutions Worldwide 
Artificial intelligence + cloud-based software-as-a-service platform 

to democratize data driven medicine

promotes global knowledge sharing
–

standardization and analysis of digital health data
–

from oncology to inherited disorders



THE RECORD BREAKERS: RAPID GENOME SEQUENCING AT STANFORD

• Guinness world record set on Feb 16, 2022: 
Sequencing a whole human genome in 5 hours!

Euan Ashley
(Stanford)

John Gorzynski
(Stanford)

Gorzynski J et al. N Engl J Med (2022)

• Employing rapid Nanopore whole genome 
sequencing & AI to diagnose critically ill patients

• Sequenced the genomes of 12 patients with 
~50x coverage, identified 5 cases with genetic 
variants -> definitive diagnosis

• 1 diagnosis of known DCM mutation in an 
adolescent with cardiogenic shock -> immediate 
referral for heart transplantGorzynski J et al. Circ Gen  (2022)

Goenka S et al. Nat Biotech  (2022)

Vorführender
Präsentationsnotizen
A Stanford University-led research team has set a new Guinness World Record for the fastest DNA sequencing technique using AI computing to accelerate workflow speed.The research, led by Dr Euan Ashley, professor of medicine, genetics and biomedical data science at Stanford School of Medicine, in collaboration with Nvidia, Oxford Nanopore Technologies, Google, Baylor College of Medicine, and the University of California, achieved sequencing in just five hours and two minutes.The study, published in The New England Journal of Medicine, involved speeding up every step of genome sequencing workflow by relying on new technology. This included using nanopore sequencing on Oxford Nanopore's PromethION Flow Cells (48 flow cells) to generate more than 100 gigabases of data per hour, and Nvidia GPUs on Google Cloud to speed up the base calling and variant calling processes.46-64x coverage on autosomes. Identified 29 SNPs and 22 SVs for manual curation per genome.For the study, the team tested the accelerated genome sequencing technique on undiagnosed patients in Stanford hospitals' intensive care units. A total of 12 patients enrolled and had their genomes sequenced. Of the total, five patients received a speedy return on their genetic diagnosis. In one of the cases, it took only five hours and two minutes. N Engl J Med 2022https://medicine.stanford.edu/news/current-news/standard-news/euan-ashleys-team-breaks-records.html�https://www.ahajournals.org/doi/abs/10.1161/CIRCGEN.121.003591�https://twitter.com/Johngorzynski/status/1481386307607691265��



PORTABLE, WEARABLE, EDIBLE AND IMPLANTABLE SENSORS

Steinmetz & Jones, Mol Syst Biol (2016)
Emphasis on health as well as treatment

Wearable Technology

Activity trackers
(Exercise, heart rate, sleep…) 

Biomarker monitors
(Glucose, temperature, caloric 
intake, stress, urine, blood, sweat…)

Replacements
(3D printed limbs, organs,…)



PERSONALISED, CONTINUOUS MONITORING

     

Vorführender
Präsentationsnotizen
Ich bin selber ein freiwilliger patient bei einer Studie die über 5 Jahre meine activitaet mist.Currently, wearables excel at creating personal longitudinal profiles for individuals.As can be seen here, profiles can be created for steps, heart rate, skin temperature, and perspiration...It is one area where electrical engineering will be extremely powerful in the future.However, what other fields could we be tracking on charts like this?



mitoWEAR: MONITORING MITOCHONDRIAL DISORDERS

mitoWEAR
Using wearable sensors to aid 

diagnosis and reporting of 
mitochondrial diseases without 

frequent trips to the clinic

Continuous monitoring in a 
patient’s home environment can 
provide more accurate, 
representative data

Vorführender
Präsentationsnotizen
mitoWEAR is a longitudinal patient monitoring system for tracking the markers of mitochondrial diseases outside of the clinic.Mitochondrial diseases are so heterogeneous that it is hard to detectin the clinic.These technologies can help share the effects patients are feeling with their cliniciansbecause they can wear it at homeBackground:- Wearables to 150 patients and controls in mitochondrial disease registry.- Perform functional tests outside clinic.- Record daily average parameters.- Evaluate diagnostic potential.- Correlate with data in registry, including genotype.



Benedikt 
Rausher

mitoWEAR: USING WEARABLES TO DIAGNOSE MITOCHONDRIAL DISEASE

Vorführender
Präsentationsnotizen
Goals of the study: 1) utility of wearables to capture protracted phenotypes (e.g. exercise intolerance)2) find measurements correlated with clinical parameters3) measure variability of patient response to functional tests (e.g. 6 minute walk test)We’ll recruit 150 patients, 75 patients with exercise intolerance symptoms. Patients are listed in the mitoREGSIRY. We also recruit 75 healthy controls (approximately age and gender matched). Patients are adults only, no kids. Study device is Garmin vivosmart 4, doesn’t have GPS which is important to protect patient anonymity.Trackers are worn continuously for 5 7-day periods over the course of 10 months. In addition, each patient records 3 different tests twice a day (once in the morning, once in the evening).After participants wore the trackers for 7 days they send them back to us per post. We use the Fitrockr hub to do an ‘offline’ extraction of the data from the trackers. The fitrockr hub is essentiality a tablet with a proprietary app that can fetch data from the trackers via bluetooth technology. Fitrockr is a German startup company. We need to use Fitrockr hub for data security reasons, patients can’t sync to a cloud. After data extraction we integrate the measurements with clinical parameters and store them in a database here at EMBL and analyze them. If the study is successful we might feed the data back into the mitoREGISTRY.



Benedikt 
Rausher

5 Times Sit-to-Stand Test
determine speed

Timed Up and Go Test
determine speed
determine response to 
protracted effort

6 Minute Walk Test
determine pace
determine response to 
protracted effort

EI = exercise intolerance
case = diagnosed mitochondrial disease

EFFECTS OF EXERCISE INTOLERANCE ON PERFORMANCE IN EXERCISE TESTS

Vorführender
Präsentationsnotizen
Patients with EI perform worse in exercise tests. Results are statistically significant after accounting for sex and age. Tests are performed twice per day for 7 days in a row. There are 5 iterations (5 7-day intervals with 1 month break in-between). The goal is to recruit 225 participants (75 ctrl, 75 case, 75 case + EI), currently we have 23 (August 30th, 2021). Currently all participants were recruited in Munich, Bonn to start in the near future.



USING YOUR SMARTWATCH FOR DIAGNOSIS: MyPhD EXAMPLE

• Correctly flagged signs of COVID-19 before (or as) symptoms arose,
63% of the time.

• Continuous spike in resting heart rate, fewer steps & extra sleep
trigger a health alert

https://innovations.stanford.edu/wearables

Mike Snyder
(Stanford) • Algorithm doesn’t replace diagnostics but provides

early warning sign for illness

Vorführender
Präsentationsnotizen
Analyzed 32 individuals with COVID-19 among a cohort of over 5000 participants. Retrospective analysis shows that 63% of COVID-19 cases could have been detected before symptom onset in real time based on resting heart rate alterations relative to the person’s baseline. Used Fitbit data. 9 of 15 with other illnesses also trigged a signal suggesting it’s not specific to COVID-19 but common to respiratory illnesses seen here. After initial trigger multiple further triggers seen during symptoms.



FULLY-INTEGRATED WEARABLE SENSOR ARRAYS ( FISA )

▶ Gao & Emaminejad et al. Nature, 2016.

Gao*, Emaminejad* et al. Nature (2016)

Glucose
Lactate

Potassium
Sodium

Temperature

SENSOR ARRAY

Wireless and flexible
Printed circuit board

SMART WRISTBAND

Sensors Microcontroller BluetoothMonitor in real-time
Transmit to phone
Save data to cloud

FISA FEATURES

MULTIPLEXED IN-SITU 
PERSPIRATION ANALYSIS

Sweat is a non-invasive
way to detect wellness

Wei Gao
(Berkeley)

Sam Emaminejad
(Stanford, Now 

UCLA)

Ali Javey
(Berkeley)

Vorführender
Präsentationsnotizen
Photograph of a wearable FISA on a subject’s wrist.The FISA integrates a multiplexed sweat sensor array with a wireless flexible printed circuit board (FPCB). An example of a successful way this technology was used was in testing dehydration in runners...



USING SWEAT SENSORS TO DETECT DEHYDRATION

Sodium levels steady
with water intake

Sodium levels spike
at dehydration point

WITH WATER NO WATER

Gao*, Emaminejad* et al. Nature (2016)

Gatorade Gx Sweat Patch

Vorführender
Präsentationsnotizen
Gx Sweat patch measures total amount of sweat, sweat rate, and sodium loss.2 patches $25. Measures 30min. Single use.



Rutgers
Mehdi Javanmard
Muhammad Tayyab

Yale
Curt Scharfe

Stanford
Lars Steinmetz
Peter Griffin

Karolinska
Vicent Pelechano

POC home testing device for infectious pathogens:
✓ simple (no specialized equipment)
✓ fast (within minutes)
✓ flexible (multiple pathogens, multiplexing)

Vorführender
Präsentationsnotizen
Our lab is interested in building simple point-of-care devices, such as devices to diagnose infectious diseases. Those devices are simple, since they don’t depend on specialized equipment, fast, by providing a result within minutes, and flexible, by enabling detection of multiple pathogens or multiplexed detection by measuring the nucleic acids of a pathogen, for example in saliva.Chamber for samples, electrodes for impedance sensing, the device above can process 6 samples at once. We want to develop a home testing device for pathogens, such as SARS-CoV2, using nucleic acid detection, to provide sensitivity and versatility (can be used for multiple pathogens in parallel, flexibility through different LAMP primers), multiplexed detection.



NANONEEDLE BIOSENSORS FOR AT-HOME BIOMARKER MONITORING

Detection based on electrical 
impedance

Real-time, label-free, sensitive 

Esfandyarpour et al. Biomed Microdevices (2016)

Dimensions
Top protective oxide: 20 nm
Top Electrode: 100 nm
Middle oxide (sensory part): 20 nm
Bottom Electrode: 100 nm
Bottom oxide layer: 250 nm
Sensor width : 3 μm

Detect DNA hybridization, pH,
cell type



HYBRIDIZATION-BASED IMPEDANCE DETECTION OF NUCLEIC ACIDS

LAMP = Loop-mediated isothermal amplification (no thermocycler required)

Viral RNA

Soluble and 
immobilized

primers

LAMP

a

∆  IMPEDANCE



HYBRIDIZATION-BASED IMPEDANCE DETECTION OF NUCLEIC ACIDS

Saliv
a

Based on our earlier work (Javanmard & Davis, Sensors and Actuators B, Chemical (2011)

Concentration of target DNA

Impedance change scales 
with amount of amplicon

Esfandyarpour et al. Biomed Microdevices (2016)



MAGNETIC LEVITATION TECHNOLOGY

▶ Durmus, Tekin, et al. PNAS. (2015)
Huseyin

Tekin
Gozde

Durmus

Vorführender
Präsentationsnotizen
3 Tesla magnetic field on Levitas device









CANCER CELLS

Processes 2 mL of blood
in 1 hour on one device  

24

CELL COLLECTION






Dead Cells

Patient’s 
Cells

+ Drug

Live Cells

50 µM Doxorubicin

Breast Cancer Cell Line: MDA-MB-231

REAL-TIME MONITORING, PREDICTIVE DECODING,
AND MODELING OF CELLULAR EVENTS



• Magnetic levitation of iPSC-CMs from patient with neutral lipid storage disease

• Density sorting based on lipid content in real-time

• Possible applications for DCM phenotypes?

MAGNETIC LEVITATION TECHNOLOGY FOR CARDIOMYOCYTES

Vorführender
Präsentationsnotizen
As a model system, human‐induced pluripotent stem cell (hiPSC)‐derived cardiomyocytes (CMs) from a patient with neutral lipid storage disease (NLSD) due to loss of function of adipose triglyceride lipase (ATGL) resulting in abnormal lipid storage in cardiac muscle are used. This levitation‐based strategy detects subpopulations within ATGL‐deficient hiPSC‐CMs with heterogenous lipid content, equilibrating at different levitation heights due to small density differences. In addition, sorting of these differentially levitating subpopulations are monitored in real time. Using this approach, sorted healthy and diseased hiPSC‐CMs maintain viability and function. Pixel‐tracking technologies show differences in contraction between NLSD and healthy hiPSC‐CMs. Overall, this is a unique approach to separate diseased cell populations based on their intracellular lipid content that cannot be achieved using traditional flow cytometry techniques.



Lens
Assembly

Magnetic
Levitation Chip

i-Lev
Magnetic levitation.

Now on your phone.

Baday, M., Calamak, S. et al. Small (2015)

Integrates directly with
your cell phone camera.

27

Vorführender
Präsentationsnotizen
700 million iPhone Users worldwide.Transition: once cells are sorted/isolated, we can analyze them further using genomics techniques



Sort smarter. Not harder.
Discover how Magnetic Levitation Technology

can provide a simpler, more powerful, and
efficient method of cellular analysis.

HOME APPLICATIONS TECHNOLOGY NEWS ABOUT CONTACT






• Body  

• Body  

• Body  

• Body  

• Body  

HIGH-SPEED IMAGE-ENABLED CELL SORTING

Schraivogel et al. Science 2022EMBL



CURRENT STATE OF FUNDING

Schraivogel et al. Science (2022)

ultra-fast imaging

sorting decision

ICS ALLOWS SINGLE-CELL PHENOTYPING AT 15,000 CELLS/SEC

▶ICS developed by BD Biosciences

microsecond time-scale

Daniel
Schraivogel

Sara
Cuylen

Eric
Diebold

et al.






COMBINING MICROSCOPY AND CELL SORTING IS A DIFFICULT TASK

Problem: Blur free images of fast flowing cells

Solution: Ultra-fast imaging methods with or without fluorescence

Problem: Real-time image reconstruction + analysis

Solution: Low latency electronics to reconstruct + analyze images on-the-fly

Vorführender
Präsentationsnotizen
Adding spatial resolution to flow is not a trivial task and since the development of FACS 50 years ago, several attempts have been made to do exactly that. To capture images of fast flowing cells, different specialized imaging technologies have been developed. Only focus on imaging modes on second side.Those technologies however are still limited in their use, since they are custom built technologies and didn’t combine the needs of researchers, which is ease of use, ad hoc imaging and image analysis, and high throughout. In addition, cell sorting according to images is even more difficult, since image parameters need to be calculated in real time between microseconds after the cell has passed the laser and before it exits the nozzle.We can calculate 5 parameters from each channel. All the parameters can be calculated from all channels at once, we’re not limited re the number of parameters calculated at once. In addition, we can use all parameters simultaneously for sorting, or only one.Notes:- In theory 5 parameters x 7 channels = 35 parameters. This is not completely true, since the correlation parameter is always calculated from two images.- on top of the 5 image parameters, we have 3 traditional flow parameters (height, width, area) calculated from each channel.The 5 (image) parameters are:- eccentricity: how oval or elongated is a signal (e.g. a cell)?- maximum intensity: intensity of the brightest pixel- correlation: overlap/correlation between two image channels (user can choose the two channels)- size: number of pixels above an intensity threshold- radial moment: separates signals that are spread out vs. signals that are concentrated on a smaller areaThe 3 traditional parameters are:- area: total intensity of light coming from a cell- height: maximum intensity of light coming from a cell (yes, it’s similar to maximum intensity calculated from the images and correlates well)- width: the width of the signal, a larger cell with have higher width than a smaller cell
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FUNCTIONALITY OF ICS

Schraivogel et al. Science 2022

FIRE = Fluorescence Imaging using 
Radiofrequency-tagged Emission
Diebold et al. Nat Photonics 2013

Vorführender
Präsentationsnotizen
Traditional flow sort technology, laser light on left that goes stream of cells. Cells are injected in a stream. Cells pass a laser interrogation point and then you detect emitted signal using photomultiplier tubes on right.Then you make a decision if to charge a droplet or not.Big difference is the specialized optical module that does not generate a single laser beam an array of 104 laser spots (across 60um) that are modulated at a different frequency. By reading out not only the intensity of the signal but also the frequency one can assign a specific pixel in the x-axis of the image. The y-axis temporal flow.The modulation bandwidth is 80 MHz. The wavelength (nm) difference between the 104 laser spots is therefore in a much much much smaller range than the 488 nm. Consequently, there will be no effective difference in the nm scale coming from the modulation of the 104 laser spots. Visible light has nm range, and when converted into Hz, this equals to THz range.the image parameters are only calculated from the eight channels coming from the 488 nm laser. The traditional parameters are calculated from all channels coming from all three laser lines (there are two non-image-enabled laser lines).Three lasers:- 405 nm = violet- 488 nm = blue = image-enabled- 640 nm = red



MULTICOLOR IMAGING IN MICROSECOND TIMESCALE

→ Isolation of a broad range of microscopic phenotypes at speeds up to 15,000 cells/s!

Schraivogel et al. Science 2022

Vorführender
Präsentationsnotizen
This could be the final slide for ICS. Shows different cellular phenotypes, we can isolate those phenotypes from different complex cell samples, such as cell cultures, or patient samples (blood, dissociated tumors). Aberrant cells are often associated with changes in protein localization - not only changes in protein abundance. 



SORTING OF MITOTIC CELL CYCLE PHASES

Schraivogel et al. Science 2022

HeLa H2B-mNeonGreen

Vorführender
Präsentationsnotizen
Traditional flow is able to resolve three cell cycle phases, G1, S and G2M phase, but is unable to resolve the different phases of mitosis. Here we sorted HeLa cells expressing the chromatin marker H2B with mNeonGreen. We can identify cells at different stages throughout mitosis, including metaphase, anaphase, and telophase. Although chemicals that block mitosis can be used to enrich certain stages (notably excluding anaphase and telophase), these approaches can alter gene expression and post-translational modifications. We were able to generate a gating scheme using manual parameter selection and parameters predicted by machine learning. We found that ICS isolated highly pure populations, including G2 interphase (96% purity), prometa- phase (64%), metaphase (78%), anaphase (94%), as confirmed by microscopy validation of the isolated stages.Anaphase: Chromosomes break at the centromere and sister chromatids travel to the cell poles.



n > 2

n = 1

n = 2

merge
Salmonella
typhimurium macrophage brightfield

INFECTIOUS DISEASES

D. SchraivogelR. AvrahamC. Ciolli-Mattioli

Image credit: Joel Selkrig/EMBL

Vorführender
Präsentationsnotizen
Human macrophages infected with Salmonella typhimurium, a facultative intracellular bacterium that can cause severe gastro-intestinal symptoms in humans (note: S. typhimurium is not the cause of typhus, that’s a different bacterium). Bacteria shown in green. Left: Microscopy image, right: ICS images of macrophages with different numbers of bacteria (one dot = one bacterium, not: one dot = one colony). Aim is to separate macrophages that allow effective bacterial amplification, from those that do not, and characterize those cells.Weizman



ENVIRONMENTAL BIOLOGY

NASA Earth Observatory, North Atlantic, Iceland, June 24 2010 H. BerthelotR. Pepperkok J. Zukowska D. Ordonez

Vorführender
Präsentationsnotizen
Background image shows a so called phytoplankton blooming. Phytoplankton are microscopic plants that live in the upper part of the ocean that’s penetrated with sunlight and is the basis of many aquatic food webs. Inlay: A mix of 12 different phytoplankton types, generated from cultivated phytoplankton. Aim is to identify, quantify and separate organisms for molecular characterization and genotyping. Composition of phytoplankton can have important impact on aquatic food webs and consequently, also on humans.



SINGLE-CELL MULTIOMICS

Genome

Epigenome

Transcriptome

Proteome

Metabolome

Phenotype

Spatial

TAP-seq

CITE-seq

ICS

Perturbation Perturb-seq

Vorführender
Präsentationsnotizen
Coupling ICS to other omics readouts, such as single-RNA-seq (e.g. TAP), single-cell targeted proteomics (CITE), with or without perturbations (CROP).In conclusion, ICS substantially expands the phenotypic space accessible to cell-sorting applications and functional genomic screening. This method meets the requirements of high-speed cell sorting, multicolor fluorescence imaging, and full integration into a device that can be operated in nonspecialized laboratories. This will ensure broad availability and inspire new experimental strategies in diverse areas, including basic research, cell-based diagnostics, cell atlas efforts (3), and high-content image-based screening (2, 33, 34). With the potential to include downstream (multi)omics readouts (35–41), ICS provides a fundamentally new capability for probing deep into the molecular mechanisms underlying cell physiology and protein localization.



SYNERGISTIC COLLABORATIONS: SLK - MOLIT - EMBL 38

THE FUTURE OF 
MEDICINE IS GLOBAL & 

PERSONALIZED
DIGITAL INNOVATIONS, BIG DATA & PRECISION EDITING 
ARE CHANGING THE WAY WE APPROACH HEALTHCARE
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