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A 6-year-old boy is brought to clinic 
with a 2-year history of a nontender, 
mobile midline mass of the anterior 
neck which moves up with tongue 
protrusion and swallowing. Physical 
exam is shown. What is the most 
likely diagnosis?

Brachial cleC anomaly

Dermoid cyst

Goiter

Lymphadenopathy

Thyroglossal duct cyst

A thyroglossal duct cyst is a common congenital cervical 
anomaly that results from incomplete or failed obliteraHon of 
the embryonic thyroglossal duct, which leaves behind fluid 
secreHng epithelia that generate a cyst. It can be disHnguished 
from dermoid cysts based on mobility with tongue protrusion 
and swallowing as well as on ultrasound.



Ein "thyroglossal duct cyst" heißt auf Deutsch mediane 
Halszyste oder Thyreoglossuszyste.

Was ist das?

• Eine angeborene Fehlbildung in der vorderen 
HalsmiQe.

• Sie entsteht aus Resten des Ductus thyroglossus, 
einem Verbindungsgang der Schilddrüse aus der 
Embryonalzeit.

• Dieser Gang bildet sich normalerweise vor der 
Geburt zurück; bleibt ein Rest offen, sammelt sich 
Schleim und es bildet sich eine Zyste.





Der CHADS2-Score ist ein medizinisches 
Bewertungssystem zur Abschätzung des 
Schlaganfallrisikos bei PaHenten mit Vorhofflimmern.

Bedeutung der Buchstaben (Komponenten)

Jeder Faktor gibt bei Vorliegen 1 Punkt, sofern nicht 
anders angegeben:

• C – Conges0ve heart failure: Herzinsuffizienz (bzw. 
eingeschränkte linksventrikuläre PumpfunkHon)

• H – Hypertension: Arterielle Hypertonie 
(Bluthochdruck)

• A – Age: Alter von 75 Jahren oder älter (2 Punkte)

• D – Diabetes mellitus: Vorhandener Diabetes

• S2 – Stroke / TIA: Schlaganfall oder transitorisch 
ischämische AQacke in der Vorgeschichte (2 Punkte)



Current U.S. and European guidelines recommend oral 
an6coagula6on as a class IIa indica6on in pa6ents with 
atrial fibrilla6on at intermediate risk for stroke; 
however, evidence from randomized trials is needed. 
We conducted a mul6center, open-label, adjudicator-
masked superiority trial in South Korea involving 
pa6ents with atrial fibrilla6on and an intermediate risk 
of stroke (a score of 1 in men and 2 in women on the 
CHA2DS2-VASc scale; range, 0 to 9, with higher scores 
indica6ng a greater risk of stroke). Pa6ents were 
randomly assigned in a 1:1 ra6o to receive either direct 
oral an6coagulant (DOAC) therapy or no 
an6coagula6on. The primary end point was a 
composite of stroke, systemic embolism, major 
bleeding, or death from cardiovascular causes at 24 
months.



Observa(onal studies have provided conflic(ng evidence with regard to the net benefit of oral 
an(coagulants in pa(ents at intermediate risk. Direct oral an(coagulants (DOACs) offer a beBer 
balance of risks and benefits than vitamin K antagonists in pa(ents with atrial fibrilla(on, mainly 
because DOACs confer a lower risk of intracranial hemorrhage. Although some phase 3 trials of DOACs 
included pa(ents at low risk for stroke, they did not directly compare an(coagula(on with no 
treatment in intermediate-risk pa(ents. We designed the SINGLE-AF trial to assess whether the risk of 
adverse clinical events would be lower with oral an(coagula(on than with no an(coagula(on among 
pa(ents with atrial fibrilla(on who are at intermediate risk for stroke.
Methods
Trial Design
We conducted this inves(gator-ini(ated, mul(center, open-label, randomized superiority trial with 
blinded adjudica(on of outcome events at 18 centers in South Korea. 
Pa(ents were eligible to par(cipate in the trial if they were at least 19 years of age, had atrial 
fibrilla(on, and were at intermediate risk for stroke (defined as a CHA2DS2-VASc score of 1 in men or 2 
in women). Pa(ents assigned to the DOAC group received either apixaban (5 mg twice daily) or 
rivaroxaban (20 mg once daily), at the trea(ng physician’s discre(on, with appropriate dose reduc(ons 
applied for those who met prespecified criteria 
End Points
The primary end point was a composite of stroke, systemic embolism, major bleeding, or death from 
cardiovascular causes at 24 months a_er randomiza(on.



Primary, Secondary, and Exploratory End Points at 24 Months







Der Orexin-Signalweg (auch Hypocretin-Signalweg) ist ein 
zentrales neuronales System im Gehirn, das eine Schlüsselrolle 
bei der Regulation von Wachheit, Schlaf-Wach-Rhythmus, 
Appetit und dem Belohnungssystem spielt. 

Komponenten des Signalwegs

• Liganden (Botenstoffe): Im lateralen Hypothalamus (einem 
Bereich des Zwischenhirns) bilden spezialisierte Neurone 
zwei Peptidhormone: Orexin A und Orexin B.

• Rezeptoren: Die Orexine binden an zwei spezifische G-
Protein-gekoppelte Rezeptoren:

• OX₁-Rezeptor (Orexin-Rezeptor 1): Bindet bevorzugt 
Orexin A.

• OX₂-Rezeptor (Orexin-Rezeptor 2): Bindet Orexin A und 
B mit gleicher Affinität.



Narkolepsie Typ 1 ist eine seltene neurologische Erkrankung der Schlaf-Wach-RegulaHon, die durch 
extreme Tagesschläfrigkeit und plötzlichen MuskelkraCverlust (Kataplexie) gekennzeichnet ist.

Ursachen

• Mangel an HypokreVn (Orexin): Der Botenstoff, der das Wachsein steuert, fehlt im Gehirn.

• AutoimmunreakVon: Das Immunsystem zerstört fehlerhaC die Zellen im Hypothalamus, die 
HypokreHn bilden.

• GeneVk: Es gibt eine starke Kopplung an besHmmte Gewebsmerkmale (HLA-AssoziaHon), aber auch 
Umweliaktoren spielen eine Rolle. 

Hauptsymptome

• Tagesschläfrigkeit: Betroffene schlafen tagsüber unkontrolliert und plötzlich ein.

• Kataplexie: Plötzlicher, kurzer Verlust der Muskelspannung, oC ausgelöst durch EmoHonen wie 
Lachen oder Freude.

• Gestörter Nachtschlaf: Häufiges Aufwachen in der Nacht.

• Schlafparalyse: Vorübergehende Lähmung beim Aufwachen oder Einschlafen.

• HalluzinaVonen: Sehr lebhaCe, trumarHge Sinneseindrücke an den Übergängen zum Schlaf

Das Gen für 
Narkolepsie beim 
Dobermann Pinscher 
ist das Hypocre:n-
Rezeptor-2-Gen 
(HCRTR2).



Oveporexton ist ein neuarHger, hochwirksamer Orexin-2-
Rezeptor-Agonist zur Behandlung von Narkolepsie vom Typ 
1. Der Wirkstoff des japanischen Pharmaunternehmens 
Takeda setzt direkt an der Ursache der Erkrankung an und 
gilt in der Neurologie als potenzieller Meilenstein.

Wirkmechanismus

Bei Menschen mit Narkolepsie Typ 1 werden die Orexin-
produzierenden Nervenzellen im Hypothalamus 
(vermutlich durch eine AutoimmunreakHon) zerstört. 
Dadurch fehlt dem Gehirn der Botenstoff Orexin, der für 
die Regulierung des Schlaf-Wach-Rhythmus und den Erhalt 
des Muskeltonus zuständig ist.
Oveporexton überwindet die Blut-Hirn-Schranke und 
ersetzt das fehlende Orexin, indem es gezielt den Orexin-
2-Rezeptor (OX2R) sHmuliert. Es bekämpC somit im 
Gegensatz zu bisherigen Therapien (wie SHmulanzien) die 
eigentliche Ursache der Erkrankung.



Narcolepsy type 1 is characterized by excessive dayHme 
sleepiness, cataplexy, disrupted sleep, sleep paralysis, and 
hypnagogic or hypnopompic hallucinaHons. Oveporexton (TAK-
861), an oral orexin receptor 2−selecHve agonist, reduced 
symptoms of narcolepsy type 1 in a previous phase 2 trial. We 
conducted two phase 3, randomized, placebo-controlled trials 
evaluaHng the efficacy and safety of oveporexton over a period 
of 12 weeks. ParHcipants 16 to 70 years of age with narcolepsy 
type 1 were randomly assigned in a 3:3:2 raHo to receive twice-
daily oveporexton (1 mg or 2 mg) or placebo in the First Light 
trial and in a 2:1 raHo to receive twice-daily oveporexton (2 mg) 
or placebo in the Radiant Light trial. The primary end point was 
the change from baseline to week 12 in mean sleep latency 
(the ability to stay awake under soporific condiHons) on the 
Maintenance of Wakefulness Test (MWT; range, 0 to 40 
minutes; normal, ≥20). Key secondary end points included the 
change from baseline to week 12 in the Epworth Sleepiness 
Scale (ESS) total score (range, 0 to 24; normal, ≤10) and the 
weekly cataplexy rate at week 12.



Narcolepsy type 1 is a chronic neurologic disorder with core symptoms of excessive day6me sleepiness, cataplexy, 
disrupted nighXme sleep, hypnagogic or hypnopompic hallucina6ons, and sleep paralysis; these symptoms can 
lead to a markedly reduced quality of life. Oveporexton (TAK-861) is a highly potent oral OX2R-selec6ve agonist 
that addresses orexin deficiency in narcolepsy type 1 by s6mula6ng the dominant receptor involved in sleep–wake 
regula6on, OX2R. In a phase 2, dose-ranging clinical trial, significant and clinically meaningful reduc6ons in 
symptoms of narcolepsy type 1 were achieved with oveporexton over a period of 8 weeks. We conducted two 
phase 3 trials (the First Light and Radiant Light trials) in par6cipants with narcolepsy type 1.
Trial Designs
The First Light and Radiant Light trials were phase 3, mul6center, double-blind, randomized, placebo-controlled 
trials conducted in Asia (both trials), Australia (the Radiant Light trial only), Europe (both trials), and North 
America (the First Light trial only) to evaluate the efficacy and safety of oveporexton. Par6cipants with narcolepsy 
type 1 were randomly assigned in permuted blocks, with the use of interac6ve response technology, to receive 
twice-daily oveporexton (1 mg or 2 mg per dose) or placebo (3:3:2 ra6o) in the First Light trial or to receive twice-
daily oveporexton (2 mg per dose) or placebo (2:1 ra6o) in the Radiant Light trial; doses were taken at 
approximately 8 a.m. and 11 a.m. for 12 weeks.
Par-cipants
The trials enrolled par6cipants 16 to 70 years of age with a diagnosis of narcolepsy type 1 (as defined by the 
Interna6onal Classifica6on of Sleep Disorders, Third Edi6on [ICSD-3].
End Points
The primary end point of both trials was the change from baseline to week 12 in mean sleep latency on the 40-
minute Maintenance of Wakefulness Test (MWT). 



Key Efficacy End Points 



Overview of Adverse Events 







Anito-cel (vollständiger Name: Anitocabtagene Autoleucel) ist 
eine neuartige, experimentelle CAR-T-Zell-Therapie zur 
Behandlung des rezidivierten oder refraktären Multiplen 
Myeloms (einer Form von Knochenmarkskrebs).

Die wichtigsten Merkmale dieses medizinischen Ansatzes im 
Überblick:

• Wirkmechanismus: Die Therapie richtet sich gezielt gegen 
das B-Zell-Reifungsantigen (BCMA) auf den Myelomzellen. 
Das Besondere an Anito-cel ist ein synthetisches Bindeglied, 
die sogenannte „D-Domain“. Diese sorgt für eine stabilere 
Struktur, eine effizientere Herstellung und ermöglicht es den 
CAR-T-Zellen, nach dem Angriff schneller wieder von der 
Tumorzelle abzulassen (schnelle „Off-Rate“), was 
Erschöpfungserscheinungen der Immunzellen mindern soll.

Der Vektor bei Anito-cel (Anitocabtagen-
Autoleucel) ist ein replikaHonsdefizienter 
lenHviraler Vektor. 

Konkret handelt es sich um einen 
selbsHnakHvierenden lenHviralen Vektor 
(basierend auf dem Humanen 
Immundefizienz-Virus 1 / HIV-1). In der 
Fachliteratur wird die Vektor-KonstrukHon oC 
als LV-SIN-EF1α-anV-BCMA bezeichnet.



Anitocabtagene autoleucel (anito-cel), a B-cell matura5on an5gen (BCMA)–directed 
autologous chimeric an5gen receptor (CAR) T-cell therapy with a synthe5c d-domain 
binder (ddBCMA), may have efficacy in pa5ents with relapsed or refractory mul5ple 
myeloma. In a phase 1 study, we evaluated the safety and efficacy of anito-cel (dose 
level 1, 100×106 CAR+ T cells; dose level 2, 300×106 CAR+ T cells) in pa5ents with 
relapsed or refractory mul5ple myeloma who had received three or more lines of 
therapy previously or had triple-class refractory disease. Primary end points were 
adverse events during the treatment period and establishment of the recommended 
phase 2 dose. In complementary in vitro studies, we compared the anito-cel ddBCMA 
binder with a dual variable heavy-chain domain of a heavy chain–only an5body (dual-
VHH) binder corresponding to the published sequence for ciltacabtagene autoleucel.
Conclusions
Anito-cel therapy led to a high incidence of response among pa5ents with heavily 
pretreated relapsed or refractory mul5ple myeloma. Cytokine release syndrome and 
ICANS of grade 3 or higher were rare. 



B-cell matura5on an5gen (BCMA)–directed chimeric an5gen receptor (CAR) T-cell 
therapies have improved outcomes in pa5ents with relapsed or refractory mul5ple 
myeloma. Some pa5ents remain disease-free beyond 5 years aUer treatment with 
ciltacabtagene autoleucel (cilta-cel), which suggests poten5al cure. However, rare but 
irreversible non–immune effector cell–associated neurotoxicity syndrome (ICANS) 
neurotoxic effects, including parkinsonism and Guillain–Barré syndrome, as well as 
immune effector cell–associated enterocoli5s, have been reported with cilta-cel. The 
pathophysiological features of these toxic effects and the mechanis5c differences 
underlying their rela5ve absence with other BCMA-directed CAR T-cell therapies remain 
poorly understood.
Unlike currently approved CD19 CAR T cells for lymphoma that all share the same 
FMC63-based single-chain variable fragment binder, cilta-cel, idecabtagene vicleucel 
(ide-cel), and anitocabtagene autoleucel (anito-cel) each use different BCMA binders. 
Unique binder a_ributes, including the associa5on–dissocia5on kine5cs of an5gen–
receptor interac5ons, influence signal strength and downstream T-cell func5on, 
poten5ally contribu5ng to the differing clinical profiles observed across products.



Methods
Study Design and Eligibility
In this phase 1 study, we evaluated anito-cel in eligible adults with relapsed or refractory mul6ple myeloma who 
had received at least three previous lines of therapy that included an immunomodulatory agent, a proteasome 
inhibitor, and an an6-CD38 monoclonal an6body or who had triple-class refractory disease (disease refractory to 
all three classes of drugs). The study included dose-escala6on and dose-expansion components. Anito-cel 
product descrip6on, manufacturing, and dose-escala6on results have been reported previously. Pa6ents received 
anito-cel at a dose of 100×106 CAR+ T cells (dose level 1) or 300×106 CAR+ T cells (dose level 2) on day 0. 
Peripheral-blood samples were obtained at screening, on day 0, and at various pos6nfusion 6me points for 
correla6ve analyses. 
A standard 3+3 design was used to iden6fy the recommended phase 2 dose, with 6 pa6ents in each dose-level 
cohort. The size of the expansion cohort reflected clinical and opera6onal considera6ons rather than formal 
sta6s6cal power, with a cohort size of approximately 26 deemed to be adequate to characterize safety and 
es6mate preliminary ac6vity at the recommended dose.
End Points
Primary end points were adverse events during the treatment period, defined as any adverse event with an 
onset date on or ajer the first anito-cel infusion un6l 90 days or as any adverse event occurring at any 6me that 
was assessed by the inves6gator as being related to anito-cel, and establishment of the recommended phase 2 
dose. Secondary end points were inves6gator-assessed best overall response and overall response, assessed 
according to the Interna6onal Myeloma Working Group consensus criteria, and pharmacokine6cs.



Adverse Events in 38 PaVents Who 
Received Anito-cel at Either Dose Level.









Discussion
Anito-cel induced rapid, deep, and durable responses with MRD nega5vity (sensi5vity 
threshold, 10−5) in a popula5on of pa5ents with heavily pretreated relapsed or 
refractory mul5ple myeloma, with responses also observed across all high-risk 
subgroups. This popula5on included pa5ents with extramedullary disease and an 
elevated β2-microglobulin level, features generally associated with inferior outcomes in 
mul5ple myeloma, although these subgroups were small and assessed descrip5vely. All 
the pa5ents with MRD-nega5ve status that was sustained for at least 12 months 
con5nued to have a response at the 5me of data cutoff. These responses were 
observed with what appears to be a low incidence of immune adverse events, including 
no cytokine release syndrome of grade 3 or higher and only one case of grade 3 ICANS 
among pa5ents who received the recommended phase 2 dose (dose level 1 cohort). 
The incidence of infec5on of grade 3 or higher was 16%, with no grade 5 infec5ons — 
values that are numerically lower than rates reported with BCMA-directed bispecific 
an5bodies in other trials.



The Wiskott-Aldrich syndrome protein (WASp) acts as a master 
regulator of the actin cytoskeleton—the internal protein 
network that gives blood and immune cells their shape, 
strength, and mobility

WASp is found exclusively in blood-forming (hematopoietic) 
cells, including T cells, B cells, natural killer (NK) cells, and 
platelets. It helps these cells perform critical survival tasks: 

• Immune defense: Allows white blood cells to move toward 
infections, squeeze through tissues, and form 
"immunological synapses" (communication zones) to 
activate immune responses.

• Platelet production: Assists in the normal creation and 
stability of platelets, which control blood clotting.

• Cell signaling: Transmits signals from the cell surface inward 
to direct physical movement. 

When the WAS gene is mutated, a lack of functional WASp 
causes Wiskott-Aldrich syndrome, a rare disorder marked by 
frequent infections, tiny and low-count platelets 
(thrombocytopenia), and eczema.

Wiskott–Aldrich syndrome 
structure and interacting proteins.

Role of WASP in TCR and BCR signaling 
pathways. The main signaling molecules 
(blue and green ovals) acHng downstream of 
TCR (A), BCR, and TLRs (B) are depicted.



Das Wiskoe-Aldrich-Syndrom (WAS) ist eine sehr seltene, X-
chromosomal-rezessiv vererbte Immunschwächekrankheit, die 
fast ausschließlich Jungen betri|. Sie führt zu einer 
kombinierten Störung der B- und T-Zellen sowie der 
BlutpläQchen (Thrombozyten). 

Die Erkrankung wird durch MutaHonen im sogenannten WASP-
Gen ausgelöst, welches für ein Protein verantwortlich ist, das 
eine zentrale Rolle beim Au}au des ZytoskeleQs (Zellgerüsts) 
spielt

• Thrombozytopenie (Mikrothrombozytopenie): Ein Mangel 
an kleinen BlutpläQchen. Dies führt bereits im 
Säuglingsalter zu einer stark erhöhten Blutungsneigung (z. 
B. bluHge Durchfälle, blaue Flecken, Nasenbluten). 

• Rezidivierende InfekVonen: Aufgrund des Immundefekts 
leiden Betroffene unter ständig wiederkehrenden 
InfekHonen, insbesondere der Atemwege, Ohren 
(MiQelohrentzündung) und der Haut. 

• Ekzeme: Es entwickeln sich chronische, schwer 
behandelbare Hautausschläge, die einer NeurodermiHs 
ähneln.



Etu-cel ist das gängige medizinische Kürzel für EtuveHdigen-
Autotemcel, die weltweit erste zugelassene Gentherapie zur 
Behandlung des Wiskoe-Aldrich-Syndroms (WAS). 

• IndikaVon: Es wird bei PaHenten ab einem Alter von 6 
Monaten eingesetzt, die an der seltenen, erblichen Immun- 
und Blutgerinnungsstörung Wisko@-Aldrich-Syndrom leiden 
und für die kein geneHsch passender (HLA-kompaHbler) 
Stammzellspender zur Verfügung steht.

• Wirkungsweise: Bei dieser sogenannten Ex-vivo-
Gentherapie werden dem PaHenten eigene 
Blutstammzellen entnommen. Im Labor wird mithilfe eines 
entschärCen Virus (lenHviraler Vektor) eine intakte Kopie 
des defekten WAS-Gens in die Zellen geschleust. 
Anschließend werden diese geneHsch korrigierten Zellen 
per Infusion zurückgegeben, worau~in der Körper wieder 
funkHonierende Abwehr- und BlutpläQchen bilden kann. 

• Zulassungen: Die Therapie wurde im Dezember 2025 von 
der US-amerikanischen ArzneimiQelbehörde FDA und im 
Januar 2026 in der Europäischen Union (EMA) zugelassen



Wisko_–Aldrich syndrome is a rare, X-linked, life-threatening inborn error of immunity and 
platelet disorder caused by variants in the gene WAS. Etuve5digene autotemcel (etu-cel) is an 
autologous gene therapy consis5ng of hematopoie5c stem and progenitor cells that have been 
transduced ex vivo with a len5viral vector encoding WAS complementary DNA. We integrated 
data from two prospec5ve open-label clinical studies (a phase 1–2 study with 8 par5cipants and 
a phase 3 study with 10 par5cipants) and an expanded-access program with 9 par5cipants to 
evaluate the efficacy and safety of etu-cel in pa5ents with Wisko_–Aldrich syndrome. The 
par5cipants received a single intravenous infusion of etu-cel aUer rituximab administra5on and 
reduced-intensity condi5oning. The primary efficacy end points were overall survival, severe 
infec5ons from 6 to 18 months aUer gene therapy, and moderate and severe bleeding events in 
the first 12 months aUer gene therapy. Results for severe infec5ons and moderate and severe 
bleeding are reported as the rate of events (number per person-year of observa5on), which was 
compared with the rate in the year before gene therapy.
Conclusions
Our results show that the effects of etu-cel are consistent with a sustained clinical benefit in 
persons with Wisko_–Aldrich syndrome. 



Wisko_–Aldrich syndrome is a rare, X-linked, life-threatening inborn error of 
immunity and platelet disorder caused by variants in the Wisko_–Aldrich syndrome 
protein (WASP)–encoding gene. Wisko_–Aldrich syndrome is characterized by 
thrombocytopenia, bleeding events, recurrent and severe infec5ons, eczema, and 
increased risk of immune dysregula5on and malignant condi5ons, leading to reduced 
life expectancy. Genotype can be a predic5ve biomarker for disease severity and 
survival. Current treatment op5ons consist of symptoma5c and preven5ve 
management and allogeneic hematopoie5c stem-cell transplanta5on (HSCT). 
Etuve5digene autotemcel (etu-cel) is an autologous gene therapy consis5ng of 
hematopoie5c stem and progenitor cells (HSPCs) that have been transduced ex vivo 
with a len5viral vector encoding human WAS complementary DNA (cDNA) under the 
control of a recons5tuted promoter from the endogenous locus. We had previously 
reported interim safety and efficacy findings from a phase 1–2 clinical study involving 
8 par5cipants with Wisko_–Aldrich syndrome who received gene therapy and were 
followed for a median of 3.6 years. We now report the results of an integrated 
analysis of the efficacy and safety of etu-cel in 27 par5cipants with Wisko_–Aldrich 
syndrome who had an extended long-term follow-up.



Methods
Participants and Study Conduct
We integrated data from two prospective open-label clinical studies — a phase 1–2 study involving 8 
participants (TIGET-WAS) and a two-center phase 3 study involving 10 participants (OTL-103-4) — and 
from an expanded-access program involving 10 participants. Of the 28 enrolled participants with 
Wiskott–Aldrich syndrome, 27 were treated with etu-cel. 
Key eligibility criteria were a diagnosis of Wiskott–Aldrich syndrome as defined by the presence of a 
genetic variant, the lack of an HLA-identical related donor, and documentation of at least one of the 
following: a severe WAS variant known to be associated with severe disease, absence of WASP 
expression, and a severe clinical score (Zhu clinical score of ≥3 [scores range from 0.5 to 5, with higher 
scores indicating worse clinical conditions]).
Procedures
The participants were treated with etu-cel manufactured from autologous CD34+ HSPCs purified from 
harvested bone marrow (5 participants), from mobilized peripheral blood collected through apheresis 
(21 participants) after administration of granulocyte colony-stimulating factor with (20 participants) or 
without (1 participant) plerixafor, or from both sources (1 participant). CD34+ cells were transduced ex 
vivo with a self-inactivating lentiviral vector (LV-w1.6WAS), as previously described. 
End Points
Primary efficacy end points were overall survival (i.e., the time from etu-cel administration to death 
from any cause), severe infections in the period beyond 6 months up to 18 months after gene therapy, 
and moderate and severe bleeding events in the first 12 months after gene therapy. 



Frequently Reported Adverse Events 







Efficacy Popula,on.
Panel A shows a percentage-stacked bar chart of eczema scores over ;me. This graph 
represents the cumula;ve percentage of par;cipants having different eczema scores at various 
;me points before and aAer treatment with etu-cel. The absolute number of par;cipants 
having a certain score at a given ;me point is reported in the rela;ve por;on of each column. 
Data are for par;cipants with an available eczema score. Gene therapy was performed at the 
treatment visit. Panel B shows autoimmune events before and aAer etu-cel infusion in the 
efficacy popula;on. This graph represents the presence or absence of autoimmune clinical 
manifesta;ons over ;me, before and aAer etu-cel infusion. Each row represents a par;cipant, 
enrolled in either the TIGET-WAS or the OTL-103-4 clinical studies or in the expanded-access 
program. Gray circles represent the absence of autoimmune manifesta;on in the indicated 
;me window. Red symbols show the presence of one or more autoimmune manifesta;ons in 
the indicated ;me window: red circles represent autoimmune cytopenia, diamonds 
inflammatory bowel disease, triangles other types of clinical autoimmunity (including Henoch–
Schonlein purpura, IgA nephropathy, psoriasis, and uvei;s), and squares the simultaneous 
presence of mul;ple autoimmune manifesta;ons. Addi;onal details about autoimmune 
events before and aAer etu-cel infusion are described in Tables S14 and S15. “Before 
pretreatment” indicates the period before the start of screening, and “pretreatment” the 
period from the date of screening up to and including the day before the treatment phase (i.e., 
the period from the day of rituximab administra;on on day −22 [22 days before gene therapy] 
or the day of peripheral-blood stem-cell mobiliza;on, if performed, up to and including day 1 
[the day of gene therapy]). The exact ;me windows according to study days are described in 
the sta;s;cal analysis plan. Panel C shows the median platelet count over ;me. Platelet 
samples taken within 7 days aAer a platelet transfusion, 25 days aAer romiplos;m 
administra;on, or 14 days aAer eltrombopag administra;on were excluded from the 
calcula;on of data displayed in this panel. Results based on data from fewer than two 
par;cipants were omiced. 𝙸 bars indicate 95% confidence intervals, which were not adjusted 
for mul;plicity and should not be used in place of hypothesis tes;ng. Gene therapy was 
performed at the treatment visit. Panel D shows a Kaplan–Meier plot of the ;me to cessa;on 
of sustained platelet infusions. Only par;cipants who received platelet infusions aAer gene 
therapy were included in this analysis. The dashed line represents the median ;me of 
cessa;on of sustained platelet infusions.



Discussion
Our findings, based on data collected over 13 years a_er a single infusion of etu-cel (median 
follow-up, 5.7 years), show that the effects of this cellular drug are consistent with a durable 
clinical benefit in a broad spectrum of pa(ents with WiskoB–Aldrich syndrome. More specifically, 
our data indicate that in pa(ents with WiskoB–Aldrich syndrome, gene therapy can produce a 
sustained reduc(on in the risk of severe infec(ons (a hallmark of WiskoB–Aldrich syndrome). The 
par(cipants had progressive immune recons(tu(on, discon(nued immunoglobulin replacement 
therapy, and — in line with the B-cell defect correc(on a_er gene therapy — had a response to 
vaccina(ons by producing protec(ve specific an(bodies against vaccine an(gens. We observed a 
resolu(on of eczema and autoimmunity in most par(cipants, as well as progressive improvement 
of social life and reduced morbidity. Transient autoimmune cytopenias were observed shortly a_er 
gene therapy in 19% of the par(cipants, and autoimmune manifesta(ons developed in 15% of the 
par(cipants more than 6 months a_er etu-cel infusion, which resolved a_er short-term treatment 
or without interven(on. Autoimmune events have been reported in 14 to 20% of pa(ents with 
WiskoB–Aldrich syndrome a_er HSCT and were also observed in two of five pa(ents a_er gene 
therapy in a dis(nct phase 1–2 study that used a similar vector backbone but did not include 
rituximab as preparatory condi(oning. A delayed recons(tu(on of T or B regulatory cells or both 
has been suggested to contribute to slower or incomplete correc(on of immune dysregula(on 
a_er gene therapy or HSCT.



WichVgste Typen häufiger Genvarianten

• SNPs (Single NucleoVde Polymorphisms): Der Austausch einzelner 
Basenpaare in der DNA; sie machen den Großteil der geneHschen 
VariaHon beim Menschen aus.

• Indels: Kleine Einfügungen (InserHonen) oder das Fehlen 
(DeleHonen) von einem oder mehreren Basenpaaren.

• CNVs (Copy Number VariaVons): Unterschiede in der Anzahl der 
Kopien besHmmter DNA-AbschniQe oder Gene im Genom.

Häufige Varianten haben oC eine geringe Penetranz (sie verursachen 
eine Krankheit nicht direkt allein), beeinflussen aber das Risiko für 
Volkskrankheiten oder steuern die Medikamentenverträglichkeit 
(PharmakogeneHk).

• APOE4: Eine Variante, die das Risiko für die Alzheimer-Krankheit 
erhöht.

• Faktor-V-Leiden: Eine Variante, die das Risiko für Thrombosen 
(Blutgerinnsel) steigert.

• CFH: Eine Variante, die mit altersbedingter MakuladegeneraVon 
(Augenerkrankung) zusammenhängt.



Summary
Twenty-five years aUer the draU of the human genome sequence, genomics has 
revolu5onized many areas of biology, the diagnosis of familial and early-onset 
diseases, and the development of targeted therapies, par5cularly in oncology. 
Genomic knowledge has had li_le effect on the diagnosis and treatment of most 
common adult-onset condi5ons. Genomewide associa5on studies have revealed 
that for these condi5ons, thousands of gene5c variants of small effect underpin 
the polygenic nature of risk. When incorporated into polygenic risk scores, these 
variants predict risk; however, polygenic risk scores have had li_le effect in the 
clinic. In this ar5cle, we review the reasons for the slow pace of the diffusion of 
these methods in clinical prac5ce. With the impending era of rela5vely 
inexpensive genome sequencing in mind, we review the ways in which polygenic 
risk scores, along with the related field of pharmacogenomics, may be useful in 
clinical prac5ce for the preven5on and treatment of common diseases.







AssociaVons between Common Variants and Common 
Diseases.





Pharmacogene4cs
As far back as 1902, Archibald Garrod included “idiosyncrasies as regards drugs” in his 
list of interindividual differences in response to environmental agents that he 
speculated were inherited. Numerous reviews have documented a wide range of drugs 
for which differences in efficacy or adverse effects can be traced to gene5c differences 
in specific genes. Extreme events, such as Stevens–Johnson syndrome in pa5ents who 
are carriers of HLA-B1502 and are exposed to carbamazepine, could, in theory, be 
avoided by prescreening for such variants. The Food and Drug Administra5on 
maintains a list of warnings for drugs for which tes5ng for germline or soma5c 
muta5ons may be indicated, so that persons who are less likely to have a response or 
more likely to have an adverse reac5on are not given a standard dose. These drugs 
include commonly prescribed medicines such as allopurinol, carbamazepine, 
clopidogrel, phenytoin, tramadol, warfarin, and several selec5ve serotonin-reuptake 
inhibitors and other an5depressants. In a study involving more than 7 million U.S. 
veterans, 99% were es5mated to carry at least one ac5onable pharmacogene5c 
variant. Polygenic risk scores for blood pressure and LDL cholesterol level also iden5fy 
pa5ents whose hypertension or hypercholesterolemia may be difficult to control.



Implications for Future Clinical Practice
The evidence for the clinical utility of common genetic variants has slowly but 
steadily built over the past few decades. The U.K. government has announced 
that within 10 years, genome sequencing will be offered to all babies, and 
pharmacogenomic testing will be integrated into patients’ electronic health 
records. The provision of polygenic risk scores combined with the results of 
pharmacogenomic panels and genome sequencing to identify rare disease–
causing gene variants may lead to better management of relevant high-risk 
diseases, bringing genomic medicine to whole populations. However, substantial 
regulatory, decision-support, financial, and data-security barriers must be cleared 
before this vision can be implemented at scale.





Gowers' sign indicates weakness in the proximal muscles of the lower limbs, specifically 
the hip and pelvic girdle muscles (such as the gluteus maximus and quadriceps femoris)



The pa5ent had been in his usual state of health un5l 30 months before the current 
presenta5on, when his parents no5ced that he was tripping when he walked and 
appeared to be imbalanced. As an infant, he was able to sit unassisted but never 
crawled; instead, he scooted and pulled himself along the floor. He began walking 
independently at 13 months of age but had persistent falls, oUen extending his arms 
to brace himself before hirng the ground. AUer falling, he could not stand up using 
his legs and would push himself up with his hands instead. He oUen walked on his 
toes, and his parents no5ced that he used his calves to compensate for weakness in 
his core and hips. The pa5ent was referred for physical therapy and occupa5onal 
therapy. Owing to the coronavirus disease 2019 (Covid-19) pandemic, his in-person 
sessions were discon5nued, and he a_ended sessions virtually from home.
Eighteen months before the current presenta5on, the pa5ent had a fall at home and 
began limping, favoring his leU leg. He was evaluated by his primary care pediatrician 
at a pediatric clinic affiliated with this hospital, and radiographs of the lower legs and 
feet were obtained.



The parents noted that the pa5ent appeared to have marked 
fa5gue, becoming exhausted aUer 2 hours of play with other 
children and oUen needing to be carried upstairs at the end of 
the day or before his usual nap. The pa5ent’s physical therapist 
reported that he had weakness in the hips, thighs, and calves 
during exercise, which was associated with prominent fa5gue.
On examina5on, the oral temperature was 37°C, the blood 
pressure 88/49 mm Hg, the heart rate 95 beats per minute, the 
respiratory rate 16 breaths per minute, and the oxygen 
satura5on 97% while the pa5ent was breathing ambient air. 
The abdomen was soU, nondistended, and nontender, without 
organomegaly. The neurologic examina5on showed normal 
cerebellar func5on, normal reflexes, symmetric cranial-nerve 
func5on, and no sensory deficits. The pa5ent was able to jump 
using both legs, but only with great effort, and he was unable 
to stand on one leg. Gait tes5ng showed toe walking with mild 
waddling at higher speeds. Mild hypertrophy was noted in the 
calves and deltoids.



Differen4al Diagnosis
This 4-year-old boy presented to his pediatrician with 
imbalance and frequent falls, proximal muscle fa5gue, 
and gross motor delay. His parents oUen carried him at 
the end of the day because of his fa5gue and were 
compelled to purchase a helmet, given his frequent 
falls. The examina5on was notable for toe walking, 
waddling gait, calf and deltoid hypertrophy, hip and 
thigh weakness, and an inability to stand on one leg. 
Cerebellar func5on, cranial-nerve func5on, and deep-
tendon reflexes were otherwise normal. Laboratory 
tes5ng revealed markedly elevated AST and ALT levels 
and a low crea5nine level, despite normal bilirubin and 
albumin levels. On the basis of these findings, I will 
approach the differen5al diagnosis by first considering 
categories of disease that may cause fa5gue and motor 
delay in a child of this age and then focusing on features 
that may help narrow the list of possible diagnoses.



A Subtle but Telling Sign
The pa5ent’s history included a cri5cal but subtle detail: early in life, the pa5ent was noted 
to push himself up with his hands aUer falling, given that he could not rise using his legs 
alone. Between 18 months and 2 years of age, he was noted to have increasing imbalance 
and tripping, although the assessment was limited owing to virtual care during the Covid-
19 pandemic. Normal gait development progresses from a wide-based, externally rotated 
gait with “high guard” arm posi5oning at 12 to 14 months of age to heel strike with 
reciprocal arm swing by 15 to 18 months of age, to running by 2 years of age, to a mature 
gait pa_ern that includes the use of alterna5ng feet on stairs by 3 years of age. Persistent 
waddling, intoeing, lumbar lordosis, and the inability to use alterna5ng feet on stairs 
beyond 3 years of age are red flags for neuromuscular disease, many of which were present 
in this pa5ent.
For a child with proximal muscle weakness, pseudohypertrophy, Gowers sign, and elevated 
AST and ALT levels without liver disease, guidelines suggest that an evalua5on for DMD 
should be ini5ated. An appropriate ini5al test would be measurement of the blood level of 
crea5ne kinase. In pa5ents with DMD, the crea5ne kinase level is markedly elevated, which 
reflects ongoing sarcolemma injury and muscle-fiber necrosis.



Diagnos4c Tes4ng
The pa5ent’s crea5ne kinase level was markedly elevated (>19,000 U per 
liter; reference range, 39 to 308). In the absence of abnormal liver func5on, 
the elevated crea5ne kinase level aligns with the elevated AST and ALT 
levels. A severe leakage of muscle enzymes, which typically results in levels 
50 to 100 5mes the upper limit of the normal range, confirms sarcolemma 
permeability and strongly supports a diagnosis of DMD. The diagnosis of 
DMD was confirmed on subsequent gene5c analysis of the pa5ent’s blood 
sample with detec5on of the c.745C→T (p.Gln249Ter) variant in exon 8 of 
the dystrophin gene.
Discussion of Management
DMD is the most common childhood muscular dystrophy, with an 
es5mated prevalence of 1 in 5000 boys 5 to 9 years of age. It is a sex-linked 
recessive degenera5ve disorder caused by variants in the dystrophin gene 
that lead to deficiency of dystrophin, a sarcolemma protein that is cri5cal 
for structural integrity in skeletal and cardiac muscle.





Follow-up
The pa5ent had a response to deflazacort therapy, with clinical signs of improved motor 
func5on at his 6-month follow-up clinic visit. Measures of motor func5on had all 
improved, and he had developed new motor skills, including the ability to rise from a 
seated posi5on on the floor to a standing posi5on “hands free,” without using the floor or 
his thighs to brace himself, as well as the ability to hop on one leg. Transthoracic 
echocardiography showed normal leU ventricular func5on, without signs of 
cardiomyopathy, and there was no evidence of pulmonary abnormali5es.
The pa5ent has had some side effects associated with 3 years of daily deflazacort therapy, 
including weight gain and slowing of growth in height. He has minimal facial fullness and 
no signs of spinal compression fractures or declining bone density on DXA studies. A 
neuropsychological evalua5on at 6 years 3 months of age iden5fied areas in need of 
monitoring and support: reading and mathema5cs learning disorders, a_en5on deficit–
hyperac5vity disorder, generalized anxiety disorder, and obsessive–compulsive disorder. 
Despite these condi5ons, the pa5ent is doing well in school and has a strong support 
system. Gene5c carrier screening in the pa5ent’s mother and two sisters was nega5ve, 
which suggested a reduced risk of DMD cardiomyopathy for family members.



Dystrophin ist ein wichtiges Strukturprotein, das 
als molekularer Stoßdämpfer in den Muskelzellen 
wirkt.

Hauptfunktion von Dystrophin

• Verbindung: Es verbindet das innere Zytoskelett 
(die Aktinfilamente) einer Muskelzelle mit der 
umliegenden extrazellulären Matrix außerhalb 
der Zelle.

• Stabilisierung: Dieser Verbund wird als 
Dystrophin-Glycoprotein-Komplex (DGC) 
bezeichnet. Er stabilisiert die Zellmembran (das 
Sarkolemm) bei jeder Muskelkontraktion. 

• Schutz: Bei der Muskelarbeit fängt Dystrophin 
mechanische Belastungen ab und verhindert so, 
dass die Membran der Muskelzelle einreißt



Menschen mit Duchenne-Muskeldystrophie (DMD) haben stark 
erhöhte Leberenzyme, weil diese Enzyme nicht nur in der Leber, 
sondern in sehr großen Mengen auch in den Skelettmuskelzellen 
vorkommen. 

Bei der Duchenne-Dystrophie führt der genetisch bedingte Mangel 
des Proteins Dystrophin dazu, dass die Membranen der Muskelzellen 
instabil werden und reißen. Durch diesen fortschreitenden 
Muskelabbau und die erhöhte Membranpermeabilität treten die 
Enzyme aus den geschädigten Muskelzellen direkt in die Blutbahn 
aus. Die Erhöhung ist somit kein Zeichen für eine Lebererkrankung, 
sondern eine direkte Folge des Muskelschadens.

Folgende Enzyme, die routinemäßig im Labor als „Leberwerte“ 
bestimmt werden, sind davon betroffen:

• ALT (Alanin-Aminotransferase / GPT): Gilt klassisch als 
leberspezifisch, ist aber ebenfalls in der Muskulatur vorhanden. 
Bei DMD-Patienten ist dieser Wert oft massiv erhöht (teilweise 
um das 10- bis 20-Fache des Normalwerts).

• AST (Aspartat-Aminotransferase / GOT): Dieses Enzym kommt in 
sehr hohen Konzentrationen im Muskelgewebe vor und steigt bei 
Muskelzerfall entsprechend stark an.



Ein biventrikulärer SchriQmacher (auch als kardiale 
ResynchronisaVonstherapie oder CRT bezeichnet) verbessert 
die PumpkraC des Herzens bei Herzinsuffizienz, indem er die 
rechte und linke Herzkammer gleichzeiHg sHmuliert. 

FunkVon und Ablauf

• GleichzeiVger Takt: Das Gerät gleicht verzögerte 
Erregungen (wie einen Linksschenkelblock) aus, damit 
beide Herzkammern wieder im gleichen Takt schlagen. 

• Drei Sonden: Eine Sonde liegt im rechten Vorhof, eine in 
der rechten Herzkammer und eine driQe über den 
Koronarsinus an der linken Herzkammer. 

• ImplantaVon: Der Eingriff erfolgt meist unter lokaler 
Betäubung (oder leichter Sedierung) unterhalb des 
Schlüsselbeins.



Wo sollte die linke Elektrode opVmal liegen?

• Die "Zielzone" (Lateral/Posterolateral): Studien und 
klinische Praxis zeigen, dass die Platzierung an der 
seitlichen (lateralen) oder hinteren-seitlichen 
(posterolateralen) Wand der linken Herzkammer in der 
Regel die besten Ergebnisse liefert. Das Herz kann so das 
Blut wieder deutlich kraCvoller auswerfen. 

• Die Höhe (Miee stae Spitze): Die Elektrode sollte 
idealerweise im mieleren Bereich zwischen der Herzbasis 
und der Herzspitze liegen. Eine PosiHon direkt an der 
Herzspitze (apikal) gilt meist als ungünsHg und sollte 
vermieden werden. 

• Narbengewebe meiden: Hat der PaHent beispielsweise 
nach einem Herzinfarkt Narbengewebe in einem 
besHmmten Areal der linken Kammer, nützt eine Elektrode 
dort wenig. Totes Gewebe leitet keinen Strom. Die 
Elektrode muss daher in einem Bereich mit gesundem, 
lebendem Muskelgewebe liegen.



Die Platzierung der linksventrikulären (LV) 
Schriemacherelektrode am Ort der spätesten elektrischen 
AkVvierung ist ein zentrales Konzept in der kardialen 
ResynchronisaHonstherapie (CRT). Ziel dieser Strategie ist 
es, die durch einen Linksschenkelblock verursachte 
Asynchronie des Herzens bestmöglich auszugleichen, 
indem das am spätesten kontrahierende Areal gezielt 
zuerst sHmuliert wird.

Die im Jahr 2026 veröffentlichte, randomisierte und 
verblindete DANISH-CRT-Studie (1.001 PaHenten) brachte 
jedoch Ernüchterung:
Die gezielte Platzierung der Elektrode am Ort der spätesten 
elektrischen AkHvierung senkte den kombinierten 
Endpunkt aus Tod oder ungeplanter 
Krankenhauseinweisung wegen Herzinsuffizienz nicht im 
Vergleich zur konvenHonellen Platzierung.
Als Standardkontrolle diente die klassische, nicht-apikale 
PosiHonierung in einer posterolateralen oder lateralen 
Vene, welche sich im klinischen Alltag weiterhin als robust 
und effekHv erweist.









More 
lead-
related 
complicat
ions







Akute Herzinsuffizienz in Afrika stellt eine 
wachsende, aber oM übersehene 
Gesundheitskrise dar. Während das globale 
Augenmerk in afrikanischen Ländern südlich 
der Sahara historically auf übertragbaren 
Krankheiten wie HIV, Malaria und 
Tuberkulose liegt, breitet sich eine „sUlle 
Epidemie“ nicht-übertragbarer 
Erkrankungen (Non-Communicable 
Diseases, NCDs) rasant aus. 

Die Sterblichkeit (Mortalität) infolge einer 
Herzinsuffizienz ist in Afrika doppelt so hoch 
wie in anderen Schwellenländern und 
fünfmal so hoch wie in Industrieländern. 

















Erwachsene mit Down-Syndrom (Trisomie 21) erreichen heute 
dank besserer medizinischer Versorgung und Förderung eine 
durchschniQliche Lebenserwartung von rund 60 Jahren und 
älter.

Gesundheitliche Herausforderungen im Alter

• Alzheimer-Demenz: Erwachsene mit Down-Syndrom haben 
ein stark erhöhtes Risiko, im Laufe ihres Lebens (oC früher 
als die Allgemeinbevölkerung) an Alzheimer zu erkranken. 
Dies gilt heute als eine der häufigsten gesundheitlichen 
Herausforderungen im höheren Alter.

• Weitere Risiken: Häufiger treten auch 
SchilddrüsenunterfunkHonen, Seh- und Hördefizite, 
Schlafapnoe oder Gelenkprobleme auf.

• Lebenslange Förderung: Auch im Erwachsenenalter sind 
medizinische Vorsorge, gezielte kogniHve Förderung und 
soziale Teilhabe essenziell für die Lebensqualität.

https://de.wikipedia.org/wiki/Down-Syndrom
https://de.wikipedia.org/wiki/Down-Syndrom
https://de.wikipedia.org/wiki/Down-Syndrom


Late-onset 
myoclonic 
epilepsy in 
Downs (LOMED)

Unappreciated, 
difficult to 
diagnose, 
associated with 
Alzheimer‘s 
disease.













Late-onset 
myoclonic epilepsy 
in Downs (LOMED)



Pandemic Readiness (Pandemievorsorge) 
beschreibt die strategische Vorbereitung auf 
weltweite Krankheitsausbrüche, um 
InfekUonswellen frühzeiUg zu erkennen, 
abzuflachen und die kriUsche Infrastruktur zu 
schützen. Nach den Erfahrungen mit COVID-19 
hat sich der globale Fokus grundlegend 
verändert: Der Schwerpunkt liegt heute auf 
globaler Chancengleichheit (Equity), digitaler 
Echtzeit-Überwachung und der Vernetzung von 
Human-, Tier- und Umweltgesundheit (One-
Health-Ansatz)





Adenosine receptors (ARs) are G protein-
coupled receptors that are widely 
expressed across Ussues, tradiUonally 
associated with cardiovascular, 
neurological, and immune regulaUon. 
Recent studies, however, have highlighted 
their non-canonical funcUons, revealing 
criUcal roles in metabolism, 
immunometabolism, and epigeneUc 
regulaUon. AR subtypes, parUcularly A2A 
and A2B, modulate glucose and lipid 
metabolism, mitochondrial acUvity, and 
energy homeostasis. 
In immune cells, AR signaling influences metabolic reprogramming and polarizaUon through key 
regulators such as mTOR, AMPK, and HIF-1α, contribuUng to immune tolerance or acUvaUon 
depending on the context. AddiUonally, ARs have been implicated in epigeneUc modulaUon, 
affecUng DNA methylaUon, histone acetylaUon, and non-coding RNA expression via metabolite-
sensiUve mechanisms. 



Der Gβγ-Komplex (G-Beta-Gamma-Komplex) ist eine eng 
gebundene, dimere Proteineinheit, die als essenzieller 
Bestandteil von heterotrimeren G-Proteinen eine zentrale Rolle 
in der zellulären SignaltransdukHon einnimmt. Zusammen mit 
der Alpha-Untereinheit (Gα) vermiQelt er die 
Signalweiterleitung von G-Protein-gekoppelten Rezeptoren 
(GPCRs) ins Innere der Zelle. 

AkVvierungsmechanismus
Ruhezustand: Im inakHven Zustand liegt das G-Protein als 
Heterotrimer (bestehend aus Gα, Gβ und Gγ) vor, wobei Gα an 
GDP gebunden ist. 
AkVvierung: Bindet ein extrazellulärer Ligand an den GPCR, 
fungiert der Rezeptor als GuaninnukleoHd-Austauschfaktor 
(GEF). Er veranlasst Gα, GDP gegen GTP auszutauschen.
DissoziaVon: Durch die KonformaHonsänderung dissoziiert die 
GTP-gebundene Gα-Untereinheit vom Gβγ-Komplex. Beide 
Einheiten liegen nun frei vor und können unabhängig 
voneinander oder gemeinsam spezifische nachgeschaltete 
Effektormoleküle regulieren.

Der 𝐺𝛽𝛾-Komplex kann sowohl 
kanonische als auch nicht-kanonische 
Signalwege vermieeln. 



INTRODUCTION: Cardiac fibrosis contributes to 
the progression of diverse heart diseases and 
independently predicts mortality. Yet no 
approved therapy directly targets fibroUc 
remodeling in the heart. Animal models remain 
essenUal for validaUon but cannot support 
compound screening at scale, and primary 
human cardiac fibroblasts are available only in 
limited quanUUes. These constraints create a 
need for scalable phenotypic screening 
plaiorms built on human cells.



RATIONALE: We developed a multidimensional drug discovery platform based on 
human induced pluripotent stem cells (iPSCs). Reporter iPSC-derived cardiac 
fibroblasts, in which fluorescence tracks myofibroblast activation, provided the 
efficacy readout, whereas iPSC-derived cardiomyocytes and endothelial cells served 
as counterscreens for toxicity. Screening ∼4000 bioactive compounds at seven doses 
identified CGS15943 (CGS), a nonselective antagonist of adenosine receptors (ARs), 
as the leading antifibrotic compound without overt cardiotoxicity.
ARs are G protein–coupled receptors (GPCRs), and three subtypes are expressed in 
cardiac fibroblasts. These subtypes couple to distinct and sometimes opposing Gα 
proteins, so canonical signaling did not readily explain the antifibrotic activity of CGS. 
Resolving this required measuring G protein activity directly in primary human 
cardiac fibroblasts, where conventional assays lack the sensitivity to detect signaling 
induced by endogenous receptors. We therefore applied biosensors that overcome 
this limitation together with pharmacological and genetic perturbations as well as 
multiomic profiling to define how CGS acts.



RESULTS: CGS suppressed fibroblast activation induced by multiple profibrotic stimuli 
in iPSC-derived and primary human cardiac fibroblasts, activated fibroblasts from 
patients with cardiomyopathy, and engineered human heart tissues. The endogenous 
AR ligand adenosine, which is elevated in patients with heart failure, accumulated in 
the plasma of mice with pressure overload and in the supernatant of activated 
fibroblasts. All three AR subtypes were also up-regulated in mouse hearts and human 
cardiac fibroblasts during fibrotic remodeling.
We therefore asked how the individual subtypes contribute. Combined 
pharmacological or genetic blockade of all three suppressed fibroblast activation 
more effectively than blockade of any single subtype. Biosensor measurements 
showed that all three receptors converged on the release of free Gβγ (the βγ subunits 
of heterotrimeric GTP-binding proteins) and that CGS blocked this shared response. 
Fibroblast-directed sequestration of Gβγ reduced cardiac fibrosis and improved 
function in vivo, establishing Gβγ as a functional mediator of the profibrotic response. 
Accordingly, CGS reduced fibrotic remodeling in the preventive mouse model and 
limited further fibrosis progression and functional decline in the therapeutic mouse 
model, and single-nucleus transcriptomics confirmed suppression of activated 
fibroblast states in the heart.



Mechanism of CGS15943 ac4on in cardiac 
fibrosis. During heart failure progression, 
extracellular adenosine levels are elevated 
and promote cardiac fibrosis. CGS15943 
simultaneously antagonizes mulUple AR 
subtypes, which converge on Gβγ signaling, 
thereby down-regulaUng phosphoinosiUde 
3-kinase γ (PI3Kγ)–AKT and yes-associated 
protein (YAP) acUvity, reducing fibroUc gene 
expression and fibroblast acUvaUon, and 
ulUmately aqenuaUng fibroUc remodeling 
and improving cardiac funcUon in mouse 
models of heart failure. ECM, extracellular 
matrix.



CONCLUSION: Individual AR subtypes have 
been reported to exert conflicUng effects on 
fibrosis, and subtype-selecUve antagonism has 
produced inconsistent results. Our findings 
reconcile these observaUons by idenUfying Gβγ, 
rather than the divergent canonical Gα 
pathways of individual subtypes, as their 
shared profibroUc signal. Convergence of 
mulUple ARs on Gβγ explains why simultaneous 
blockade is more effecUve than subtype-
selecUve antagonism. The AR-Gβγ signaling axis 
therefore represents a druggable target for 
cardiac fibrosis and potenUally for fibrosis in 
other organs.






