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A 23-year-old man presented to the emergency 
department with a 2-month history of unintentional 
weight loss and worsening abdominal pain and 
distension. The patient had recently moved to 
Arizona from a remote Pacific Island. Physical 
examination was notable for a firm abdomen with 
diffuse tenderness to palpation. A diagnostic 
laparoscopy revealed peritoneal nodules and 
inflammatory adhesions. A peritoneal biopsy and 
computed tomography of the chest, abdomen, and 
pelvis are shown. Which of the following is the most 
likely etiology of the peritoneal nodules?

Carcinomatosis from intraabdominal malignancy 

Coccidioidomycosis

Mesothelioma

Sarcoidosis

Tuberculosis

Histopathological analysis of the peritoneal biopsy 
showed necrotizing granulomas with large, thick-
walled spherules, and a fungal culture of peritoneal 
tissue grew coccidioides. A diagnosis of peritoneal 
coccidioidomycosis was made. Treatment with a 
prolonged course of fluconazole was initiated. At 1-
month follow-up after discharge, the patient’s 
symptoms had resolved.

spherules



IgA nephropathy (IgAN) wird durch die Ansammlung veränderter Immunglobuline vom Typ A1 (IgA1) verursacht, denen 
die normalen Zucker-/Galaktosepartikel fehlen. Dieses IgA1 mit Galaktosemangel kann „klebriger“ sein als normales IgA1 
und kommt im Blut bei IgAN häufig in Paaren, Dreiergruppen oder sogar Aggregaten vor. Dies allein kann ausreichen, um 
Ablagerungen und Entzündungen in Glomeruli zu verursachen, wie viele Tierstämme mit IgA-Überproduktion zeigen, die 
eine IgAN-ähnliche Krankheit entwickeln. Darüber hinaus wird IgA ohne Galaktose als „fremd“ angesehen, und der Körper 
produziert Anti-körper gegen defektes IgA (Anti-IgA-Auto-antikörper). Diese Antikörper binden sich an die veränderten 
IgA1-Proteine und bilden Immunkomplexe, die sich in den Glomeruli – genauer gesagt im Mesangium – ansammeln.

Infektionen der oberen Atemwege (Mund, Nase, Rachen und 
Kehlkopf) oder des Magen-Darm-Trakts führen zu einer 
erhöhten Produktion von IgA, einschließlich defektem IgA, das 
sich ansammelt und die Bildung von Autoantikörpern 
erhöhen kann, was zu IgA-IgA und IgA-IgG Immunkomplexen 
führt, die sich im Mesangium ablagern. Dies erklärt, warum 
Infektionsepisoden die Symptome von IgAN verschlimmern 
können.

Because of failing 
galactose molecules, 
the hinge region 
remains open

Scharnier-
region

Fc-region

FaB

FaA



Die Galaktosylierung ist ein entscheidender Prozess in der Glykosylierung von Antikörpern, insbesondere bei Immunglobulin 
G (IgG). Dabei wird der Zuckerbaustein Galaktose an die Kohlenhydratketten im Fc-Teil (dem konstanten Teil) des Antikörpers 
angehängt.

Warum ist das wichtig?
Die Galaktosylierung fungiert als molekularer "Schalter", der die 
Effektorfunktionen des Immunsystems steuert:
•Entzündungshemmung: Ein hoher Galaktosylierungsgrad korreliert 
oft mit einem anti-inflammatorischen (entzündungshemmenden) 
Zustand. In der Schwangerschaft steigt beispielsweise die 
Galaktosylierung von IgG stark an, was Entzündungsschübe bei 
Krankheiten wie rheumatoider Arthritis lindern kann.
•Immunaktivierung: Eine Abnahme der Galaktose (Agalaktosylierung, 
"G0"-Glykane) führt hingegen zu einem pro-inflammatorischen Milieu 
und wird häufig bei chronisch-entzündlichen Erkrankungen 
beobachtet.
•Zerstörung von Zielzellen: Die Galaktosylierung beeinflusst die 
Bindungsstärke an Fc-Rezeptoren auf Immunzellen. Dies verstärkt 
die antikörperabhängige zellvermittelte Zytotoxizität (ADCC) und die 
Phagozytose (Fressen von Fremdkörpern).



Die IgA-Nephropathie (IgAN, Morbus Berger) ist eine chronische 
Autoimmunerkrankung, bei der sich Immunglobulin A-Ablagerungen in den 
Nierenkörperchen (Glomeruli) festsetzen, Entzündungen verursachen und die 
Filterfunktion stören. Sie ist die weltweit häufigste Glomerulonephritis, tritt oft zwischen 
20 und 30 Jahren auf und führt über Jahre zu Blut/Eiweiß im Urin. 25-30% der 
Betroffenen entwickeln eine terminale Niereninsuffizienz.
Wichtige Aspekte der IgA-Nephropathie:
•Symptome & Diagnose: Oft symptomlos, wird sie häufig zufällig durch 
Urinuntersuchungen (rotes Blutbild, Eiweiß) entdeckt. Typisch sind wiederkehrende 
Makro- oder Mikrohämaturie (sichtbares oder mikroskopisches Blut im Urin), oft nach 
Infekten der Schleimhäute (Atemwege, Darm). Diagnose erfolgt durch Nierenbiopsie.
•Verlauf: Die Erkrankung verläuft oft langsam schleichend, kann aber bei einigen 
Patienten zu einem raschen Funktionsverlust führen. Symptome im fortgeschrittenen 
Stadium sind Bluthochdruck, Ödeme (Wassereinlagerungen) und Niereninsuffizienz.
•Ursachen: Ursprung ist vermutlich eine Fehlregulation des Immunsystems, häufig 
ausgehend vom Darm, bei der sich bestimmte IgA-Immunkomplexe in der Niere 
ablagern.
•Behandlung: Das Ziel ist die Verlangsamung des Fortschreitens. Therapieoptionen 
umfassen eine optimierte Blutdruckeinstellung (ACE-Hemmer, Sartane), gegebenenfalls 
Kortikosteroide oder andere Immunsuppressiva.
•Prognose: Bei vielen Patienten ist der Verlauf über Jahrzehnte gutartig, jedoch 
benötigen ca. 25–30 % der Betroffenen innerhalb von 20–25 Jahren eine Dialyse oder 
Nierentransplantation.

Galaktose-defizient (Gd)



Der A Proliferation-Inducing Ligand (APRIL), auch 
bekannt als TNFSF13 oder CD256, ist 
ein körpereigenes Zytokin aus der Tumornekrosefaktor-
Superfamilie. Es spielt eine zentrale Rolle bei der 
Steuerung des Immunsystems und dem Überleben 
bestimmter Zellen.
Biologische Funktion
•B-Zell-Entwicklung: APRIL ist entscheidend für das 
Überleben von Plasmazellen (antikörperproduzierende 
Zellen) im Knochenmark und in der Schleimhaut.
•Antikörper-Klassenwechsel: Es fördert den Wechsel 
von B-Zellen zur Produktion von Immunglobulin A (IgA), 
was besonders für die Immunabwehr an Schleimhäuten 
(Darm, Atemwege) wichtig ist.
•Zellwachstum: Wie der Name sagt, kann es 
die Vermehrung (Proliferation) von Zellen anregen – 
ursprünglich wurde es für seine Fähigkeit entdeckt, das 
Wachstum von Tumorzellen zu stimulieren.

https://pubmed.ncbi.nlm.nih.gov/24748505/


The cytokine A proliferation-inducing ligand (APRIL) is 
considered a key driver of the pathogenesis of IgA 
nephropathy. Sibeprenlimab, a humanized IgG2 
monoclonal antibody, selectively binds to and inhibits 
APRIL.
In this phase 3, multicenter, double-blind, randomized, 
placebo-controlled trial, we assigned adults with biopsy-
confirmed IgA nephropathy in a 1:1 ratio to receive either 
subcutaneous sibeprenlimab at a dose of 400 mg or 
placebo administered every 4 weeks for 100 weeks. The 
primary end point for this interim analysis was the 24-hour 
urinary protein-to-creatinine ratio at 9 months as 
compared with baseline. The key secondary end point, to 
be reported at trial completion, is the annualized slope of 
estimated glomerular filtration rate over 24 months. Other 
secondary end points included the change in the level of 
serum immunoglobulin and safety. Exploratory end points 
included the change in galactose-deficient IgA1 and APRIL 
concentrations, the spot 24-hour urinary protein-to-
creatinine ratio, hematuria, and remission of proteinuria.



Sibeprenlimab is a humanized IgG2 monoclonal antibody that selectively inhibits the cytokine A 
proliferation-inducing ligand (APRIL) by preventing it from binding to its receptors. APRIL, considered 
to be a key driver of the pathogenesis of IgA nephropathy, mediates antibody class switching in 
mature B cells and plasma-cell survival, leading to the production of IgA and pathogenic galactose-
deficient IgA1.
In the phase 2 ENVISION trial, intravenous sibeprenlimab administered every 4 weeks for 12 months 
reduced proteinuria, stabilized the estimated glomerular filtration rate (eGFR), suppressed serum 
levels of APRIL, and decreased levels of galactose-deficient IgA1, with an acceptable safety profile. 
The VISIONARY trial is an ongoing phase 3 trial evaluating the efficacy and safety of subcutaneous 
sibeprenlimab at a dose of 400 mg administered every 4 weeks in combination with supportive care 
in order to assess its ability to preserve kidney function in patients with IgA nephropathy. Dose 
selection was based on the clinical effects of intravenous sibeprenlimab at a dose of 4 mg per 
kilogram of body weight shown in the phase 2 trial as well as modeling that showed that 
subcutaneous sibeprenlimab at a dose of 400 mg resulted in levels of exposure and IgA reduction that 
were similar to those with intravenous administration. Here, we report the prespecified interim 
analysis of this phase 3 trial.



Patients
Adults with biopsy-confirmed IgA nephropathy, a 24-hour urinary protein-to-creatinine ratio of 0.75 
or higher or 24-hour urinary protein excretion of 1.0 g per day or higher, and eGFR of 30 ml or 
more per minute per 1.73 m2 at screening were eligible for the main trial cohort. Treatment with a 
stable and maximally tolerated dose of an angiotensin-converting–enzyme (ACE) inhibitor or 
angiotensin-receptor blocker (ARB) for at least 3 months before screening was generally required. 
Patients in whom therapy with an ACE inhibitor or ARB caused unacceptable side effects were 
eligible if they were otherwise receiving care that was concordant with applicable IgA nephropathy 
guidelines. Patients who were receiving stable sodium–glucose cotransporter 2 inhibitor therapy 
that began at least 3 months before screening were eligible. 
End Points and Assessments
The primary efficacy end point in this interim analysis was the 24-hour urinary protein-to-
creatinine ratio at 9 months as compared with baseline. The key secondary end point of annualized 
eGFR slope estimated over 24 months currently remains blinded to preserve ongoing trial integrity 
and is not reported here. The secondary end points presented here include safety (adverse events 
that emerged during the treatment period) and pharmacodynamic markers.



Adverse Events Occurring during the 
Treatment Period in the Safety Population.











Proposed pathogenesis of IgA nephropathy (IgAN) and potential treatments



Atacicept ist ein in der klinischen Prüfung befindliches, rekombinantes Fusionsprotein, das zur 
Behandlung von Autoimmunerkrankungen, insbesondere der IgA-Nephropathie, entwickelt wird. Es 
bindet und neutralisiert die Zytokine BAFF und APRIL, wodurch B-Zellen gehemmt, die 
Autoantikörperbildung reduziert und Entzündungen sowie Nierenschäden verringert werden.
Wichtige Fakten zu Atacicept:
•Wirkmechanismus: Atacicept ist ein TACI-Ig-Fusionsprotein, das die für das Überleben von B-
Lymphozyten und Plasmazellen entscheidenden Zytokine BAFF (B-cell activating factor) und APRIL (A 
proliferation-inducing ligand) blockiert.
•Hauptindikationen (in Entwicklung): Der Schwerpunkt liegt auf der Behandlung der IgA-
Nephropathie
(Morbus Berger), wo es die Proteinurie (Eiweiß im Urin) und Hämaturie (Blut im Urin) signifikant 

reduzieren konnte
. Weitere untersuchte Indikationen umfassten den systemischen Lupus erythematodes (SLE) und 
andere Autoimmunerkrankungen.
•Studienlage: In Phase-II-Studien (wie JANUS und ORIGIN) zeigte Atacicept ein Potenzial zur 
Reduktion von Serum-Gd-IgA1 und Proteinurie. Eine Phase-3-Studie (ORIGIN 3) untersucht derzeit die 
Wirksamkeit und Sicherheit bei 150 mg subkutaner Dosierung.
•Verabreichung: Der Wirkstoff wird subkutan (unter die Haut) verabreicht.
•Entwicklungsstatus: Die Rechte liegen aktuell bei Vera Therapeutics, nachdem sie ursprünglich von 
ZymoGenetics und Merck Serono entwickelt wurden. 
•Sicherheit: In Studien zur IgA-Nephropathie wurde Atacicept generally als gut verträglich 
beschrieben.

BLyS and APRIL are not the same, although they are very closely related, belong to the same family (TNF superfamily), share 
similar functions in B-cell survival, and share receptors. Here are the key differences: Definition: BLyS (B-lymphocyte 
stimulator) is also commonly known as BAFF (B-cell activating factor). APRIL stands for A PRoliferation-Inducing Ligand.

https://www.google.com/search?q=TACI-Ig-Fusionsprotein&oq=atacicept&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIGCAQQABgeMgYIBRAAGB4yBggGEAAYHjIGCAcQABgeMgYICBAAGB4yBggJEAAYHtIBCDU3MjRqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjyke2CydOSAxXQKxAIHUEQDFMQgK4QegYIAQgAEAg
https://www.google.com/search?q=TACI-Ig-Fusionsprotein&oq=atacicept&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIGCAQQABgeMgYIBRAAGB4yBggGEAAYHjIGCAcQABgeMgYICBAAGB4yBggJEAAYHtIBCDU3MjRqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjyke2CydOSAxXQKxAIHUEQDFMQgK4QegYIAQgAEAg
https://www.google.com/search?q=TACI-Ig-Fusionsprotein&oq=atacicept&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIGCAQQABgeMgYIBRAAGB4yBggGEAAYHjIGCAcQABgeMgYICBAAGB4yBggJEAAYHtIBCDU3MjRqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjyke2CydOSAxXQKxAIHUEQDFMQgK4QegYIAQgAEAg
https://www.google.com/search?q=TACI-Ig-Fusionsprotein&oq=atacicept&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIGCAQQABgeMgYIBRAAGB4yBggGEAAYHjIGCAcQABgeMgYICBAAGB4yBggJEAAYHtIBCDU3MjRqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjyke2CydOSAxXQKxAIHUEQDFMQgK4QegYIAQgAEAg
https://www.google.com/search?q=TACI-Ig-Fusionsprotein&oq=atacicept&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIGCAQQABgeMgYIBRAAGB4yBggGEAAYHjIGCAcQABgeMgYICBAAGB4yBggJEAAYHtIBCDU3MjRqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjyke2CydOSAxXQKxAIHUEQDFMQgK4QegYIAQgAEAg


Atacicept: targeting B cells

Definition: BLyS (B-lymphocyte stimulator) is also commonly known as BAFF (B-cell activating factor).

TACI=Transmembrane Activator and CAML Interactor, der vor allem auf B-Zellen vorkommt und Signale für das Überleben und die Aktivierung verarbeitet.



IgA nephropathy, the most common primary glomerulopathy 
worldwide, is a kidney disorder of B-cell origin characterized by 
mesangial accumulation of IgA-containing immune complexes. 
In at least 50% of patients, IgA nephropathy leads to kidney 
failure or death within 10 to 20 years after diagnosis. Atacicept 
is a native human transmembrane activator and calcium-
modulator and cyclophilin-ligand interactor (TACI)–Fc fusion 
protein that inhibits two key immunoregulatory cytokines — B-
cell activating factor (BAFF) and a proliferation-inducing ligand 
(APRIL) — that are thought to be central to the 
pathophysiology of IgA nephropathy.
In this ongoing, phase 3, multicenter, double-blind, 
randomized, placebo-controlled trial, we assigned patients with 
IgA nephropathy in a 1:1 ratio to receive atacicept at a dose of 
150 mg once weekly, administered subcutaneously by patients 
at home, or matching placebo. The primary end point was the 
percentage change from baseline in the 24-hour urinary 
protein-to-creatinine ratio at week 36. Safety was also 
evaluated.



Atacicept is a native human TACI–Fc fusion protein with picomolar binding affinity for BAFF and 
APRIL that modulates B-cell activity, which reduces circulating levels of galactose-deficient IgA1, 
anti–galactose-deficient IgA1 autoantibodies, and immune complexes. The ability of atacicept to 
decrease BAFF and APRIL signaling of B cells directly targets the upstream pathophysiology of IgA 
nephropathy.
A phase 2b trial (ORIGIN 2b) evaluated the safety and efficacy of atacicept in patients with IgA 
nephropathy that had been confirmed by biopsy and showed a significant treatment benefit as 
compared with placebo with respect to the mean percentage change in the 24-hour urinary protein-
to-creatinine ratio at 24 weeks (the primary end point). In addition, at 36 weeks, the reduction in the 
galactose-deficient IgA1 level, resolution of hematuria, and stabilization of the eGFR favored the 
atacicept group over the placebo group. In an open-label, 60-week extension period, the patients in 
the atacicept group had further reductions in proteinuria and the level of galactose-deficient IgA1, as 
well as resolution of hematuria. Through 96 weeks of atacicept treatment, eGFR was stabilized at the 
mean (±SE) annualized slope of −0.6±0.5 ml per minute per 1.73 m2 of body-surface area, a rate 
similar to that in the general population without kidney disease. These results suggest that atacicept 
may offer a long-term, disease-modifying treatment for IgA nephropathy.



Patients
Eligible patients were adults 18 years of age or older with IgA nephropathy confirmed by biopsy. 
Other key inclusion criteria included a 24-hour urinary protein-to-creatinine ratio of at least 1.0 
(with protein and creatinine both measured in grams) or proteinuria (defined as a urinary excretion 
of protein of ≥1.0 g per day), an eGFR of at least 30 ml per minute per 1.73 m2, treatment with a 
stable renin–angiotensin system (RAS) inhibitor at the maximum labeled or tolerated dose for at 
least 12 weeks, and a blood pressure of 150/90 mm Hg or lower. Patients who were undergoing 
treatment with SGLT2 inhibitors at the time of enrollment had to have been receiving a stable dose 
for at least 12 weeks before screening and were expected to maintain a stable dose during the trial 
period. Patients were excluded from the trial if they had IgA nephropathy secondary to another 
condition, if nephrotic syndrome developed within 6 months before screening, or if evidence of 
rapidly progressive glomerulonephritis was found. The population in this trial was representative of 
the general population of patients with IgA nephropathy and was consistent with the patients 
involved in other IgA nephropathy trials.
End Points
The primary efficacy end point was the change from baseline at week 36 in the urinary protein-to-
creatinine ratio (computed on the natural log scale and derived from a 24-hour urine collection). 
The secondary end points assessed at the interim analysis at week 36 included the change from 
baseline in the natural log–transformed serum galactose-deficient IgA1 levels and resolution of 
hematuria.



Adverse Events (Safety Analysis).









Managing atrial fibrillation (AF) in patients with a new coronary stent requires 
balancing high stroke/stent-thrombosis risk against bleeding risk. Standard care 
involves a brief period of triple therapy—an oral anticoagulant (preferably a DOAC) 
plus clopidogrel and aspirin—followed by dual or mono-therapy to reduce bleeding 
risks.

Key Treatment Strategies
•Triple Therapy (Short-Term): For the first 1-4 
weeks to 3 months, combine an oral anticoagulant 
(OAC) with a P2Y12 inhibitor (usually clopidogrel) 
and aspirin.
•Dual Therapy (Intermediate): After the initial 
period (often 1-6 months), discontinue aspirin and 
continue OAC plus a P2Y12 inhibitor (usually 
clopidogrel) for up to 12 months.
•Monotherapy (Long-Term): After 12 months, 
manage with an OAC alone, as prolonged 
antiplatelet therapy may increase bleeding risks.

https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.120.050438


Despite guideline recommendations, evidence for the 
use of non–vitamin K antagonist oral anticoagulant 
(NOAC) monotherapy in patients with atrial fibrillation 
after implantation of a drug-eluting stent remains 
limited.
In this multicenter, randomized, open-label, 
noninferiority trial in South Korea, we assigned 
patients with atrial fibrillation who had undergone the 
implantation of a drug-eluting stent at least 1 year 
earlier in a 1:1 ratio to receive NOAC monotherapy or 
combination therapy (NOAC plus clopidogrel). The 
primary end point was net adverse clinical events, a 
composite of death from any cause, myocardial 
infarction, stent thrombosis, stroke, systemic 
embolism, or major bleeding or clinically relevant 
nonmajor bleeding at 12 months. The noninferiority 
margin was 3.0 percentage points.



Patients with atrial fibrillation typically receive long-term anticoagulation therapy to 
prevent ischemic stroke and systemic embolism, whereas patients who are 
undergoing percutaneous coronary intervention (PCI) with implantation of drug-
eluting stents are recommended to receive antiplatelet therapy to prevent stent 
thrombosis and further ischemic events. However, combining anticoagulation and 
antiplatelet therapies increases the risk of bleeding. Consequently, several 
randomized trials have investigated the most effective antithrombotic therapy for 
patients with atrial fibrillation immediately after PCI.
On the basis of these studies, current guidelines recommend early discontinuation of 
aspirin and continuation of combination therapy — preferably, the administration of 
a non–vitamin K antagonist oral anticoagulant (NOAC) with a P2Y12 inhibitor — for 6 
to 12 months after PCI. In contrast, these guidelines recommend monotherapy with 
oral anticoagulants beyond 1 year after PCI, when the patient’s condition has been 
stabilized. However, evidence from randomized trials supporting this approach is 
limited.



Patients
Patients were eligible to participate in the trial if they were between the ages of 19 and 85 years and had 
received a diagnosis of atrial fibrillation and undergone PCI with implantation of second- or third-
generation drug-eluting stents at least 1 year before enrollment. 
We screened patients with atrial fibrillation using the CHA2DS2-VASc score, which indicates the risk of 
ischemic stroke among patients with atrial fibrillation on a scale ranging from 0 to 9, with higher scores 
indicating greater risk. Patients who were identified as being at high risk for thromboembolism (defined as 
a score of ≥2) were enrolled in the trial. The bleeding risk at baseline was assessed according to the 
patient’s score on the HAS-BLED scale, which is a measure of the risk of bleeding among patients with 
atrial fibrillation who are receiving anticoagulant therapy, with scores ranging from 0 to 9 and higher scores 
indicating greater risk. 
End Points
The primary end point was net adverse clinical events, defined as a composite of death from any cause, 
myocardial infarction, stent thrombosis, stroke, systemic embolism, or major bleeding or clinically relevant 
nonmajor bleeding at 12 months after randomization. Major bleeding or clinically relevant nonmajor 
bleeding were defined according to the criteria of the International Society on Thrombosis and 
Haemostasis.
The secondary end points were the individual components of the primary end point; a composite of major 
bleeding or clinically relevant nonmajor bleeding; a composite of death from any cause, myocardial 
infarction, stent thrombosis, stroke, systemic embolism, or major bleeding.



Clinical Outcomes.









Der Plättchenfaktor 4 (PF4) ist ein wichtiges Protein, das bei der Blutgerinnung 
und Entzündungsreaktionen eine Rolle spielt. Er wird bei der Aktivierung von 
Blutplättchen freigesetzt und ist vor allem für seine Beteiligung an der seltenen, 
aber schwerwiegenden Heparin-induzierten Thrombozytopenie (HIT) bekannt.

Ziemlich häufig
Sehr selten
(1:200 000)



Der Begriff VITT wird meist als Abkürzung für die Vakzin-induzierte immunthrombotische 
Thrombozytopenie (eine seltene Impfkomplikation) oder für das Fischerdorf Vitt auf Rügen verwendet.
Medizinische Bedeutung
VITT steht für Vakzin-induzierte immunthrombotische Thrombozytopenie (englisch: vaccine-induced 
immune thrombotic thrombocytopenia). Es handelt sich dabei um eine seltene, aber schwerwiegende 
Komplikation, die nach der Impfung mit bestimmten COVID-19-Impfstoffen, insbesondere denen auf Basis 
viraler Vektoren (wie AstraZeneca), beobachtet wurde.
•Definition: Die VITT ist ein Autoimmunsyndrom, das durch die Bildung von Antikörpern gegen Blutplättchen 
gekennzeichnet ist, was sowohl zu einer verminderten Blutplättchenzahl (Thrombozytopenie) als auch zur 
Bildung von Blutgerinnseln (Thrombosen, z.B. Hirnvenenthrombosen) führen kann.
•Symptome: Die Symptome treten meist innerhalb von 4 bis 28 Tagen nach der Impfung auf und umfassen 
oft neurologische Beschwerden wie starke Kopfschmerzen, Krampfanfälle, aber auch andere Thrombosen in 
verschiedenen Körperregionen.
•Behandlung: Eine frühzeitige Diagnose und spezifische, von der Standard-Heparin-Therapie abweichende 
Behandlung (z.B. mit Immunglobulinen oder Bivalirudin) sind entscheidend für die Prognose.

Heparin macht manchmal HIT
Was ist das Antigen bei VITT?



Adenoviral-basierte Impfstoffe nutzen modifizierte Adenoviren (die 
normalerweise Erkältungen verursachen) als "Vektoren" oder 
Transportmittel, um genetische Baupläne eines Erregers direkt in 
menschliche Zellen zu schleusen.
Funktionsweise
•Der Vektor: Wissenschaftler entfernen die Gene für die 
Vermehrung aus dem Adenovirus, sodass es im Körper keine 
Infektion auslösen kann.
•Die Fracht: Anstelle der Vermehrungs-Gene wird ein Gen-Abschnitt 
des Ziel-Erregers (z. B. der Bauplan für das Spike-Protein von SARS-
CoV-2) in das Virusgenom eingefügt.
•Die Reaktion: Nach der Injektion dringt der Vektor in Körperzellen 
ein. Die Zelle liest den Bauplan und stellt das fremde Protein 
(Antigen) selbst her. Das Immunsystem erkennt dieses Protein als 
fremd und bildet daraufhin Antikörper sowie spezialisierte T-Zellen.



More cases of vaccine-induced immune thrombocytopenia and 
thrombosis (VITT), as the syndrome became known, soon emerged in 
Europe among AstraZeneca recipients and also in people in the 
United States who had received a similar COVID-19 vaccine produced 
by Johnson & Johnson (J&J). They, too, had PF4 antibodies. The 
condition turned out to be rare— occurring in roughly one in 200,000 
people who received the vaccines—but Eichinger’s worries were 
borne out. Many European countries restricted use of AstraZeneca’s 
vaccine to older people, who were most at risk of dying from COVID-
19, or dropped it completely. In the U.S., where AstraZeneca was 
never approved, the J&J vaccine was ultimately abandoned.

Molecular mimicry
Adenovirus-based vaccines against COVID-19 can cause B cells to 
produce antibodies carrying an excess of negative charge that miss 
their target, a viral protein, and instead bind to PF4, a human clotting 
factor. That sets off a potentially fatal chain reaction called vaccine-
induced immune thrombocytopenia and thrombosis (VITT).

Molekulare Mimikry bezeichnet ein immunologisches Phänomen, bei dem Krankheitserreger (Viren, 
Bakterien) ihre Oberflächenmoleküle so gestalten, dass sie körpereigenen Strukturen ähneln. Diese 
"Tarnung" soll dem Erreger helfen, der Immunabwehr zu entgehen. Führt dies zu einer 
Immunantwort, kann das System irrtümlich eigene Zellen angreifen, was Autoimmunerkrankungen 
auslösen kann.

https://www.google.com/search?q=Molekulare+Mimikry&sca_esv=a56b88e0a2590548&sxsrf=ANbL-n6fu7eXUzm3K7VxdFrAvspze_1-LA%3A1771068990285&ei=Pl6Qae6SEY7vi-gPl4mK0AY&ved=2ahUKEwjx2e3K89iSAxUvBNsEHQjkGlcQgK4QegQIARAB&uact=5&oq=Molecular+mimicry%C2%A0+deutsch&gs_lp=Egxnd3Mtd2l6LXNlcnAiG01vbGVjdWxhciBtaW1pY3J5wqAgZGV1dHNjaDIGEAAYFhgeMggQABiiBBiJBTIFEAAY7wUyCBAAGIAEGKIEMgUQABjvBUiLJ1AAWOQicAF4AJABAJgBUaAB6gSqAQE5uAEDyAEA-AEB-AECmAIKoAKgBagCFMICBxAjGCcY6gLCAg0QIxjwBRgnGMkCGOoCwgIQEAAYAxi0AhjqAhiPAdgBAcICEBAuGAMYtAIY6gIYjwHYAQHCAgcQABiABBgTwgIIEAAYgAQYywHCAggQABgWGAoYHpgDD-IDBRIBMSBA8QUapnNGz2Y5UboGBggBEAEYCpIHAjEwoAeGKbIHATm4B5AFwgcHMC41LjQuMcgHKYAIAA&sclient=gws-wiz-serp&mstk=AUtExfAmYx0rJl3OGidWKO1vnopKZyvAExtz7it7ykYKAJlrwogdL7mmuTjx-cF_Ixp3I14gzCcT1BZZuj479wI9dGPPC-Zq9YDlByQWhH2czaaqQp3JUTNVtqM1Yq4hPpO1QunCubFfYvF8-ASvT1bfab_Zn1Vn9KJUFiE00-3KFU9PFuLV8jEm8n0FM1I_Gr39LA9WR4IWi-bSlknyDI8V-5-r0a0YSawpR_zXLt6e_JghgQLz_T6DZpv96qhYKv--7yPSqKf3tf84tExRGc_YE0qRgF81wIyoYp7EH4WJFqLZvw&csui=3


Background
Vaccine-induced immune thrombocytopenia and thrombosis (VITT) is a rare prothrombotic complication 
that occurs after adenoviral vector–based vaccination against coronavirus disease 2019; in rare cases, it 
can also occur after natural adenovirus infection. VITT is mediated by platelet-activating antibodies 
against the highly cationic protein platelet factor 4 (PF4). The underlying inciting antigen trigger and 
immunopathogenesis remain unknown.
Methods
We used antibody proteomics to determine the amino acid sequences of anti-PF4 antibodies from 21 
patients with VITT and sequenced the genes encoding the immunoglobulin light-chain hypervariable 
region from 100 patients with VITT. To identify an adenoviral trigger, we used the antigen-binding 
fingerprints of anti-PF4 and anti–adenovirus protein antibodies to identify a shared serum clonotype and 
subsequently used adenovirus protein peptides and recombinant anti-PF4 VITT antibodies to map the 
mimicking linear epitope.
Conclusions
The results of our study indicate that VITT occurs when, in persons with immunoglobulin light-chain 
allele IGLV3-21*02 or *03, a specific somatic hypermutation develops that affects antibodies that 
recognize a specific epitope on the adenoviral core protein pVII, which results in misdirection of antibody 
targeting toward PF4. (Funded by Deutsche Forschungsgemeinschaft and others)



Anti–platelet factor 4 (PF4) antibodies cause the severe adverse reaction termed vaccine-induced 
immune thrombocytopenia and thrombosis (VITT; also known as vaccine-induced immune 
thrombotic thrombocytopenia). VITT specifically occurs after receipt of an adenovirus vector–based 
coronavirus disease 2019 (Covid-19) vaccine — ChAdOx1-S (Oxford–AstraZeneca) or Ad26.COV2.S 
(Johnson & Johnson–Janssen). The common feature of these two vaccines is the adenovirus 
particle, although it is derived from distinct adenovirus serotypes in the two vaccines: ChAdOx1 is a 
chimpanzee adenovirus, and Ad26 is a human adenovirus. 
In rare cases, VITT also occurs after natural adenovirus infection, which suggests that a highly 
conserved structure within different adenovirus subtypes may induce the anti-PF4 response. This 
notion is corroborated by the uniform structure of the anti-PF4 antibodies that are induced in the 
VITT immune response. Anti-PF4 antibodies that are isolated from the serum of patients with VITT 
after vaccination or natural adenovirus infection are typically monoclonal or oligoclonal. These 
antibodies have light and heavy chains with molecular fingerprints that are nearly identical 
(“stereotyped”) among patients. This characteristic allowed us to generate recombinant versions of 
these antibodies, which made detailed in vitro and in vivo studies possible.



Clinical Characteristics, IGLV3-21 Genotyping, and Mass-Spectrometric Sequencing 
of Serum Anti-PF4 Light Chains from 21 Patients with VITT.

All patients had platelet-activating anti-PF4 
antibodies detected by anti–PF4–heparin 
enzyme-linked immunosorbent assay (ELISA), 
with strong reactivity against PF4 alone in a 
chemiluminescence assay, as well as by PF4-
induced platelet activation assay (PIPA). 
Baseline repository plasma was also available 
from two patients who had donated blood 
several weeks before Covid-19 vaccination 
and subsequent development of VITT.

All contained a key similarity: At position 31 
in the so-called light chain of the antibody, 
the amino acid lysine, which has a positive 
charge, had been replaced by glutamic acid 
or aspartic acid, which are both negatively 
charged. Other evidence showed the change 
must have occurred in the particular B cells 
that make the rogue antibodies.

The immunoglobulin light-chain alleles IGLV3-21*02 and IGLV3-21*03 have 
been identified as key genetic factors in the pathogenesis of Vaccine-Induced 
Immune Thrombotic Thrombocytopenia (VITT). These specific germline 
alleles, which differ by a single amino acid (glutamine for *02, lysine for *03) 
at position 17, are associated with a specific somatic hypermutation (K31E) 
that allows for cross-reactivity with platelet factor 4 (PF4).

Light-chain 
hypervariable region 
from 21 VITT patients



Antibody Proteomics and Production of Recombinant Anti-PF4 Antibodies
We affinity-purified antibodies from the serum of patients with VITT and used ChAdOx1 virion–
coated magnetic beads to isolate antibodies binding to ChAdOx1 surface antigens. Next, we used 
PF4-coupled and pVII-coupled magnetic beads to purify anti-PF4 and anti-pVII antibodies from 
these serum samples; by the same approach, we also purified anti-penton, anti–protein IIIa (pIIIa), 
anti–protein V (pV), and anti–protein VI (pVI) antibodies (all adenovirus proteins). We separated 
the heavy and light chains of these affinity-purified antibodies by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) under reduced conditions, and used tandem mass 
spectrometry to determine the amino acid sequences of peptides without the use of an existing 
sequence database (“de novo sequencing”) by means of mass spectrometry and International 
ImMunoGeneTics database matching with PEAKS Studio XPro software (Bioinformatics Solutions).
Using the amino acid sequences of anti-PF4 antibodies obtained by mass spectrometry, we 
generated two recombinant anti-PF4 IgG1 antibodies (CR22046 and CR23004) by reverse 
engineering. In both recombinant antibodies, we also engineered back-mutations to the germline 
by changing the amino acid glutamic acid at position 31 of the light-chain hypervariable region to 
the germline amino acid, lysine (E31K-CR22046 and E31K-CR23004). For CR22046, we also 
generated a second antibody variant, changing the first aspartic acid at position 50 of the DDSD 
motif in the light chain complementarity-determining region 2 (LCDR2) encoded by alleles IGLV3-
21*02 and *03 to the tyrosine encoded by alleles IGLV3-21*01 and *04 (D50Y-CR22046). 



Assessment of Genes Encoding the Immunoglobulin Light-Chain Hypervariable Region
DNA purified from EDTA-anticoagulated peripheral blood was sequenced on an Illumina 
NovaSeq 6000 S4 Flowcell with 150-bp paired-end reads. The genes encoding the hypervariable 
region of the immunoglobulin light chain were retrieved from the genome.
Adenovirus and Adenovirus Domains
Microtiter plates were coated with the adenovirus vectors ChAdOx1-S and Ad26.COV2.S and 
with the recombinantly produced adenovirus proteins (GenScript) penton, pIIIa, pV, pVI, and 
pVII, and a peptide library of the ChAdOx1 pVII protein (Mimotopes; peptide sequences are 
provided in Fig. S2) to test binding of antibodies from the serum of patients with VITT, as well 
as binding of the recombinant anti-PF4 antibodies and their back-mutated counterparts.
Experiments in Animals
The recombinant antibody CR22046 or its back-mutated variant E31K-CR22046 was given 
intravenously (1.5 μg per gram of body weight per day) for 5 consecutive days to transgenic 
mice expressing human PF4 and FcγIIa receptors with an additional knockout of mouse PF4 on 
a C57BL/6J background (B6[Cg];SJL-Pf4tm1 Tg[PF4] Tg[FCGR2A]).



Characterization of Anti-PF4 Antibodies.
Panel A shows the anti–platelet factor 4 (PF4) fingerprints of the antibodies used in this study. The top of panel A shows consensus anti-PF4 antibody fingerprints 
from patients with classic vaccine-induced thrombocytopenia and thrombosis (VITT), specified by a single immunoglobulin lambda variable 3-21*02 (IGLV3-21*02) 
light chain paired with a single heavy chain that expresses a shared ED motif in the heavy-chain third complementarity-determining region (HCDR3). The bottom 
part of the panel (below the dashed line) shows the recombinant anti-PF4 antibody fingerprints derived from two patients with VITT after vaccination with 
ChAdOx1-S or Ad26.COV2.S. The upper sequence shows the fingerprint of the antibodies as derived from patient serum. Their anti-PF4 signatures are remarkably 
conserved; acidic (negatively charged) residues are shown in red. All the antibodies have a strongly acidic DDSD motif, a mutation resulting in a change from basic 
lysine to acidic glutamic acid at position 31 in light-chain complementarity-determining region 1 (LCDR1), and identical LCDR3 lengths with two equally spaced 
aspartic acid residues combined with an immunoglobulin lambda joining 2 (IGLJ2). Their heavy chains are of identical HCDR3 lengths (a marker of clonal sharing) 
with an acidic ED motif rearranged with an immunoglobulin heavy joining 3 (IGHJ3). Anti-PF4 antibodies are made up of distinct immunoglobulin heavy variable 
(IGHV) subfamilies. The lower sequence shows the fingerprint of the recombinant antibodies in which the somatic hypermutation of glutamic acid at position 31 of 
LCDR1 has been back-mutated to the germline lysine (E31K-CR22046 and E31K-CR23004). Data for Patient VITT2 were published previously. Panel B shows 
representative paratopes modeled with AlphaFold3. The structures represent the heavy- and light-chain variable domains of a VITT anti-PF4 antibody induced by 
adenoviral vector–based vaccination against coronavirus disease 2019 (Covid-19), along with its variant back-mutated to the germline sequence (IGLV3-21 with a 
lysine at position 31). The antibody variable domains and PF4 tetramer (Protein Data Bank code 1RHP [www.rcsb.org/structure/1RHP]) were visualized with PyMoL. 
The key indicates the surface electrostatic potential as calculated with APBS (Adaptive Poisson–Boltzmann Solver) software, which is expressed as the kinetic 
energy at a given temperature divided by the elementary charge (kT/e) and ranges from −5.000 to 5.000; the colors correspond to acidic (negatively charged; red) 
and basic (positively charged; blue) amino acid residues. The acidic amino acid residues from heavy and light chains form the PF4-binding paratopes. The exchange 
of glutamic acid with the germline-encoded lysine at position 31 (E31K) results in a major alteration of the paratope, disrupting its negative charge by removing an 
acidic residue that is predicted to bind to basic region of PF4. 

https://www.rcsb.org/structure/1RHP


Panel C shows PF4-binding activity of the recombinant anti-PF4 antibodies derived from the two patients with VITT. CR22046 and CR23004 were found to bind in 
a concentration-dependent fashion to PF4 (anti-PF4 antibody chemiluminescence assay; Werfen) but not to PF4–heparin complexes (Fig. S3) in two 
chemiluminescence assays at concentrations of 0.117 to 120 μg per milliliter. Antibody concentrations are plotted on a log2 scale. In contrast, their back-mutated 
counterparts, E31K-CR22046 and E31K-CR23004, in which the glutamic acid at position 31 of the hypervariable region of the light chain was back-mutated to 
lysine (germline DNA sequence), lost their PF4-binding capacity. This was also observed for the D50Y-CR22046 variant, in which we changed the allele sequence 
from IGLV3-21*02 or *03 to IGLV3-21*01 or *04 by targeted mutation. Symbols below the cutoff (2.6 U per milliliter) might partially overlap. Panel D shows 
platelet activation by recombinant anti-PF4 antibodies. When incubated with washed platelets, CR22046 and CR23004 activated platelets in a dose-dependent 
manner, whereas their back-mutated counterparts E31K-CR22046 and E31K-CR23004, as well the D50Y-CR22046 variant, did not, up to a concentration of 120 μg 
per milliliter. The dashed line shows the cutoff of the functional assay. The mean values of eight or nine different donor platelets are shown to enable readability. 
Antibody concentrations diluted in serum (x axis) are plotted on a log2 scale. Individual data points are shown in Figure S6. Panel E shows the mean percent 
decrease in platelet counts in mice transgenic for human PF4 and FcγIIa receptors with knockout of mouse PF4 on a C57BL/6J background; mice received 1.5 μg 
per gram of body weight per day for 5 consecutive days of CR22046, its back-mutated variant E31K-CR22046, or human IgG (hIgG) control. Because euthanasia 
was performed during the course of the experiments, data were not measured for all mice at later time points. An overview of the exact numbers of mice in each 
group contributing to the different measurement time points is provided in Figure S7. The delayed decrease in the platelet count in the control animals was 
caused by frequent blood sampling and also occurred if only saline was given in the experiment. The graph in Panel F shows the percentage of mice with 
macroscopic thrombosis or bleeding and representative images of liver, intestines, lung, and brain. Of the 15 mice that received CR22046, 13 (87%) had 
thrombotic complications (8 mice had thromboses at multiple sites). Secondary cerebral hemorrhage was caused by cerebral venous sinus thrombosis. Of the 12 
mice that received the back-mutated E31K-CR22046 variant, only 3 had thrombotic complications (1 mouse had multiple thromboses in the liver and cerebral 
venous sinus, and 2 had pulmonary embolism). CVST denotes cerebral venous sinus thrombosis.



pVII is antivirus

VITT antibodies are monoclonal
pVII antibodies are polyclonal





Immunopathophysiology of VITT.
Molecular mimicry between the adenoviral core protein pVII and PF4, combined with a 
specific somatic hypermutation transforming an anti-pVII immune response into a misdirected 
anti-PF4 immune response, is a fundamental pathobiologic mechanism of VITT. The primary 
antigen exposure occurs when a patient with the genetic predisposition conferred by allele 
IGLV3-21*02 or *03 encoding the hypervariable region of the immunoglobulin light chain 
comes into contact with numerous viral proteins, including pVII, during adenovirus infection. 
The resulting anti-pVII antibodies have the germline sequence of the IGLV3-21*02 or *03 
genotype, with a positively charged lysine at position 31 and a negatively charged ED binding 
motif of the heavy-chain hypervariable region. The second antigen exposure occurs at the 
time of adenovirus vector–based Covid-19 vaccination (or natural adenovirus infection [not 
shown]). The vaccine contains adenoviral proteins, including pVII; pVII binds to the preexisting 
B-cell receptor and boosts antibody production. Boosting causes several B-cell clones to 
produce polyclonal anti-pVII antibodies. At the same time, a rare somatic mutation (or 
mutations) in one or a few B-cell clones occurs (alternatively, a preexisting low-level anti-pVII 
antibody clone harboring the K31E mutation rapidly expands after vaccination [not shown]). 
The key somatic mutation occurs at position 31 — a positively charged lysine is replaced by a 
negatively charged glutamic acid or aspartic acid, which results in a highly negatively charged 
paratope. This mutation results in antibody reactivity away from pVII and toward PF4. These 
cross-reacting anti-PF4 antibodies (“VITT antibodies”) now bind with high avidity to PF4, 
forming large PF4–IgG immune complexes, while binding to pVII remains low-avidity. These 
immune complexes induce platelet activation by cross-linking platelet FcγIIa receptors, which 
leads to the typical clinical presentation of VITT with thrombocytopenia and thrombosis at 
unusual sites. This model explains the clinical features of VITT that include the apparent 
secondary (boosted) immune response with explosive onset of IgG anti-PF4 antibodies as 
early as 5 days after vaccination; the very low frequency of VITT (much rarer than heparin-
induced thrombocytopenia) is due to the requirement of a specific somatic mutation in a B 
cell specific for a restricted epitope (reflected by the sequence RYARAKSRRRRIARR) on the 
background of a specific IGLV haplotype.



Discussion
Molecular mimicry between the adenoviral core protein pVII and PF4, combined with somatic 
hypermutation transforming an anti-pVII immune response to a misdirected anti-PF4 immune response, 
is a fundamental pathobiologic mechanism of VITT. Immune cross-reactivity between pVII and PF4 
results from shared, highly positively charged epitopes with structural similarity in the alpha helixes of 
both proteins. Nonetheless, production of pathogenic, high-avidity anti-PF4 reactive antibodies requires 
additional specific genetic features. The first prerequisite is a genetic predisposition conferred by allele 
IGLV3-21*02 or *03 in the gene encoding the hypervariable region of the immunoglobulin light chain. 
This is supported by our finding that the allele was present in 99 of 100 patients with VITT (as compared 
with the expected background frequency of 20 to 60%, depending on the ethnic group). The second 
prerequisite is a somatic hypermutation that changes a positively charged lysine to a negatively charged 
glutamic acid at position 31 of the light-chain hypervariable region of the anti-pVII antibodies. We 
confirmed this previously described typical fingerprint of the hypervariable IgG regions in all 21 patients 
with VITT in our study. The results of this study are relevant for strategies to make adenovirus vector–
based vaccines safer. This vaccination platform has major advantages — for example, affordability for 
health care systems in low- and middle-income countries and enabling of rapid vaccine provision in the 
case of a new pandemic. Identification of molecular mimicry between pVII and PF4 as a fundamental 
upstream immune mechanism of VITT may now pave the way for developing safer adenoviral vector–
based vaccines — ones in which pVII is replaced by analogues that do not activate B cells specific for the 
epitope on pVII that has structural similarities to PF4.



Before EPO, iron overload in dialysis patients was common.
Mucormycosis in dialysis patients is a rare but highly fatal (up to 86% 
mortality) opportunistic fungal infection, often linked to iron overload 
treatment (deferoxamine) rather than just immunocompromise. It 
commonly presents as disseminated (44%) or rhinocerebral (31%) 
disease. Rapid diagnosis and treatment with liposomal Amphotericin B 
are critical.
Key Findings & Risks
•Deferoxamine Connection: Roughly 78% of reported dialysis-related 
cases were associated with the use of deferoxamine to treat aluminum 
toxicity. The drug creates iron-rich conditions favoring Rhizopus fungi.
•High Mortality: Diagnosis is often delayed, with 61% of cases only 
confirmed at autopsy.
•Types: Primarily disseminated (spread throughout the body) and 
rhinocerebral (nose/brain), though gastrointestinal cases occur, 
particularly in peritoneal dialysis patients.
•Symptoms: Fever, abdominal pain/bloody stool (GI), or nasal/eye 
symptoms (rhinocerebral).

Damals entwickelten Dialysepatienten Eisenüberlastung von Transfusionen; EPO gab es nicht. Nach Deferoxamin gab es Mucormyokose

https://www.google.com/search?q=Deferoxamine+Connection&oq=mucormycosis+in+dialysis+patients&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigAdIBCDc5ODdqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjEweatutSSAxVaVvEDHVqaJBkQgK4QegQIAxAB
https://www.google.com/search?q=Deferoxamine+Connection&oq=mucormycosis+in+dialysis+patients&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigAdIBCDc5ODdqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjEweatutSSAxVaVvEDHVqaJBkQgK4QegQIAxAB


Summary
Mucormycosis is a rapidly progressive, invasive fungal infection that affects patients who are 
severely immunocompromised, as well as patients with diabetes and persons with 
immunocompetence who have major trauma. Mucormycosis manifests in several clinical 
forms, including sino-orbital, rhinocerebral, sinopulmonary, gastrointestinal, cutaneous, 
musculoskeletal, osteoarticular, and disseminated mucormycosis, as well as single-organ 
disease. Although mucormycosis is often lethal, early intervention reduces mortality. 
Successful treatment depends on early detection and staging of the disease, timely initiation 
of antifungal therapy, surgical resection of infected tissue, reversal of immunodeficiencies, 
and correction of metabolic abnormalities. Liposomal amphotericin B is the preferred agent 
for initial antifungal therapy, with oral triazoles as alternative agents. Research on rapid 
molecular diagnostic strategies, new antifungal agents, host-directed immune augmentation, 
antivirulence immune therapeutics, and risk-based stratification to inform management of 
disease may substantially improve outcomes in patients with this highly destructive mycosis.





Pathogenesis of Mucormycosis, Host Defenses, and Potential Future 
Therapeutic Targets.
Mucorales sporangiospores released into the air from sporangia are 
inhaled, and the sporangiospore coat protein CotH3 binds to 
glucose-regulated protein 78 (GRP78) on the pseudostratified 
columnar epithelial cells of the upper respiratory tract, where the 
sporangiospores may germinate into hyphae to invade nasal airways 
and sinuses (Panel A). Sporangiospores, by means of another coat 
adhesin (CotH7), also bind to epidermal growth factor receptor 
(EGFR) and integrin α3β1 receptor on pulmonary alveolar epithelial 
cells of the lower respiratory tract, which triggers a downstream 
transcriptional response involving cytokines (interleukin-6 and 
interleukin-8), chemokines (CCL2 and CCL5), and intercellular 
adhesion molecule 1 (ICAM-1). Hyphal invasion also triggers 
production of hypoxia-inducible factor 1α (HIF1α) and release of 
proinflammatory cytokines. In wound-related mucormycosis, 
traumatic inoculation of fungal elements (found on the surfaces of 
rocks, wood, glass, and metal) into damaged tissue allows for the 
development of infection in a host with immune paralysis due to 
trauma. The release of endogenous host-derived molecules known 
as damage-associated molecular patterns (DAMPs) reduces 
phagocytosis, impairs chemotaxis, and induces immune paralysis. 
Mucoricin released by the invading hyphae induces death of immune 
and endothelial cells, which results in tissue necrosis and accelerates 
endovascular thrombosis, ischemia, and infarction (Panel B). 



Polymorphonuclear neutrophils and monocytes recognize early germinated sporangiospores by means of pattern 
recognition receptors (e.g., toll-like receptor 2 [TLR2]) that detect mucorales-associated molecular patterns (e.g., 1,3-β-d-
glucans exposed on hyphal structures). Intrinsic host colony-stimulating factors such as granulocyte–macrophage colony-
stimulating factor (GM-CSF) and interferon-γ further contribute to augmentation of innate host defenses against the 
invading hyphae, which in turn dampen immune responses. Factors in the tissue microenvironment that increase 
susceptibility to mucorales invasion are listed with the predominant mechanisms associated (Panel C). Asterisks indicate 
potential future therapeutic targets. Covid-19 denotes coronavirus disease 2019, NK natural killer, PD-1 programmed cell 
death protein 1, PD-L1 programmed death ligand 1, Th1 type 1 helper T, Th2 type 2 helper T, and Th17 type 17 helper T.



Risk Factors for Mucormycosis and 
Clinical Manifestations of Disease.

Laboratory Tools for Diagnosis of Mucormycosis.



Direct Examination and CT Imaging in Mucormycosis.
Sino-orbital mucormycosis is associated with right periorbital 
cellulitis (Panel A, arrows) and ophthalmoplegia. Cutaneous 
mucormycosis is characterized by blackened, raised eschars 
(Panel B, arrow). Lesions due to palatal mucormycosis are 
shown (Panel C, arrows). In pulmonary mucormycosis, a large 
reversed halo sign (Panel D, arrows) in the right lower lobe is 
characterized by a pulmonary infiltrate with a central ground-
glass opacity that is circumscribed by denser air-space 
opacities. (Photo used with permission from Dr. Genovefa 
Papanicolaou.) Examples of imaging results in mucormycosis of 
the right maxillary sinus (Panel E, red arrow), right ethmoid 
sinus (yellow arrow), and left nasal turbinates (white arrow) are 
shown. Direct examination of sinus aspirate under fluorescence 
microscopy with calcofluor staining shows broad, ribbonlike 
hyphae with nondichotomous right-angled branching typical of 
rhizopus (Panel F). Histopathological analysis of infected tissue 
with periodic acid–Schiff staining also shows broad, ribbonlike 
hyphae with nondichotomous right-angled branching (Panel G).



Future Directions in Mucormycosis Research.



New Directions for Improving Outcomes
Variables that influence outcomes in mucormycosis include the stage or location of disease, early 
diagnosis of invasive disease, timely initiation of antifungal therapy, surgical resection of tissue with 
medically intractable infection, occurrence of relapsed leukemia, allogeneic hematopoietic-cell 
transplantation, dissemination of infection, the involvement of the central nervous system, and reversal 
of immunodeficiencies, which involves remission of underlying hematologic cancers when present. The 
future research agenda in mucormycosis will be driven by exciting new developments in early diagnosis, 
new antifungal compounds, virulence targets, and host-directed immune adjunctive therapy Laboratory 
diagnosis of mucormycosis may be improved by expanded availability and use of new culture-
independent techniques and tools, including polymerase-chain-reaction analysis of cell-free DNA, 
metagenomic analysis, new antigen assays, and point-of-care devices, such as loop-mediated isothermal 
amplification assays. In cases of mucormycotic wound infection, topical therapy may be beneficial. 
Dakin’s solution (0.025% sodium hypochlorite) is recommended for topical treatment of mucormycotic 
combat wounds, but therapeutic advances may be possible with new clinically relevant murine models 
of musculocutaneous mucormycosis and blast injury.
Polyclonal antibodies that target CotH3 proteins protect neutropenic and diabetic ketoacidotic mice 
from mucormycosis. Polyclonal antibodies against mucoricin prolong survival in mice with experimental 
mucormycosis. The future promises to bring combinatorial strategies of early detection in conjunction 
with the use of antivirulence, antifungal, and immunomodulatory agents, all in concert with efforts to 
reverse underlying immunodeficiencies and metabolic abnormalities.





An 18-year-old woman presented to the emergency department of this hospital because of worsening 
headache and hypertension. The patient had been in her usual state of health until 6 years before this 
presentation, when she began to note intermittent headaches, which her primary care physician 
diagnosed as both tension and migraine headaches. The headaches resolved after the administration 
of nonsteroidal antiinflammatory drugs (NSAIDs).
One year before, the patient had worsening daily headaches that usually occurred in the morning and, 
at times, woke her up from sleep. The headaches were described as bitemporal pain and throbbing 
with associated nausea, photophobia, and scintillating scotoma. The patient was referred to the 
pediatric neurology clinic of this hospital for evaluation. In the neurology clinic her blood pressure was 
164/100 mm Hg, which was attributed to a headache at the time of the blood pressure reading. The 
gait and mental status were normal, and no motor or sensory deficits were present. The funduscopic 
examination showed sharp optic disks in both eyes; however, given the patient’s medical history, 
increased intracranial pressure was clinically suspected. Magnetic resonance imaging (MRI) of the 
head was ordered, and a formal ophthalmologic examination was recommended, but neither was 
pursued at that time. Treatment with propranolol was initiated and helped to alleviate her symptoms, 
but it was discontinued after 2 months owing to insomnia and depression. Amitriptyline was 
prescribed, which also provided partial relief.



MRI of the head, performed after the administration of intravenous gadolinium-based contrast 
material, showed no evidence of infarction, thrombosis, hemorrhage, masses, or elevation of the 
optic nerve head. However, a funduscopic examination, performed after pupillary dilation at a local 
eye clinic, reportedly revealed papilledema. The patient subsequently underwent a lumbar 
puncture, which was notable for an opening pressure of 36 cm of water (normal range, 10 to 20) 
and a closing pressure of 10 cm of water after removal of 10 ml of cerebrospinal fluid (CSF). 
Analysis of the CSF showed normal cell counts and a normal total protein level. A diagnosis of 
idiopathic intracranial hypertension was made, and treatment was switched from topiramate to 
acetazolamide. A few days later, the patient presented to the pediatric emergency department of 
this hospital with an intensifying and debilitating headache. The headache was bitemporal with 
crushing pain and associated nausea and photophobia, and it was refractory to the administration 
of sumatriptan, ondansetron, and naproxen. The blood pressure was 207/143 mm Hg. An 
anteroposterior chest radiograph showed prominence of the perihilar vasculature with perihilar 
opacities in both lungs and peribronchial cuffing consistent with pulmonary edema. Treatment with 
lactated Ringer’s solution, intravenous magnesium sulfate, and acetaminophen was initiated, and 
the headache abated. Owing to severe hypertension, a continuous infusion of nicardipine was 
initiated, and invasive hemodynamic monitoring was performed with the use of an intraarterial 
catheter placed in the left radial artery. The patient was admitted to the pediatric intensive care 
unit.



The oral temperature was 36.1°C, the blood pressure 
170/74 mm Hg, the heart rate 102 beats per minute, the 
respiratory rate 22 breaths per minute, and the oxygen 
saturation 96%.
The plasma potassium level was 2.0 mmol per liter (normal 
range, 3.4 to 5.0), and the initial plasma creatinine level was 
1.19 mg per deciliter (105 μmol per liter; reference range, 
0.50 to 1.50 mg per deciliter [53 to 133 μmol per liter]), with 
improvement to 0.87 mg per deciliter (77 μmol per liter) 
after the administration of intravenous fluids; the baseline 
value had been reported at 0.60 mg per deciliter. Urinalysis 
showed 2+ proteinuria and a specific gravity of 1.001, with 
640 mg of total protein excreted over 24 hours. The 
thyrotropin level was mildly elevated at 5.99 mIU per liter 
(reference range, 0.40 to 5.00), with normal free thyroxine 
levels. The plasma metanephrine and normetanephrine 
levels were within normal limits. The serum complement 
levels were normal, and antinuclear antibodies were not 
detected. Urine toxicology testing was negative for cocaine 
and amphetamines.

Apparently acid-base balance 
was not so important. The 
hypokalemia was not further 
evaluated with urine studies.





Differential Diagnosis
I participated in the care of this patient and am aware of the final diagnosis. This young woman presented with 
debilitating headaches, presumably due to refractory hypertension. The differential diagnosis for hypertension in an 
adolescent includes renal parenchymal disease, from both acute and chronic causes, and extrarenal conditions such 
as endocrine diseases, medication use, and congenital vascular anomalies.
Renal Parenchymal Diseases
Common causes of secondary hypertension in children and adolescents are acute kidney injury and chronic kidney 
disease. Possibilities include acute pyelonephritis, which can result from vesicoureteral reflux; glomerulonephritis, 
which can occur after streptococcal infection; and reflux nephropathy, which is kidney scarring that can be caused 
by any chronic renal parenchymal disease. 
Extrarenal Diseases Associated with Hypertension
Extrarenal causes of secondary hypertension include primary hyperaldosteronism, which is one of the most 
common causes of treatment-resistant hypertension in children and adolescents. However, hypokalemia is present 
in only approximately one third of patients with primary hyperaldosteronism. 
Toxins and Medications
This patient’s urine toxicology screening showed no evidence of stimulant or cocaine use, and a medication history 
was notable for sparse use of NSAIDs and no use of over-the-counter decongestants, which are known culprits that 
can lead to hypertension. 
Congenital Vascular Anomalies
Coarctation of the aorta should be considered in adolescents with hypertension. This patient had an 
echocardiogram that showed no evidence of coarctation of the aorta but was notable for left ventricular 
hypertrophy, a finding that suggests severe and long-standing hypertension.



At this point in the evaluation, most of the possible causes of 
this patient’s refractory hypertension and hypokalemia had 
been ruled out, except for primary hyperaldosteronism or 
primary hyperreninemic hypertension. The latter could be the 
result of a rare primary tumor of the kidney, such as a 
reninoma. To rule out these possible diagnoses, we obtained 
abdominal and pelvic imaging and measured the plasma renin 
activity and aldosterone level.
Diagnostic Testing
CT angiography of the abdomen and pelvis showed no 
evidence of renal-artery stenosis. The patient had bilateral 
single renal arteries originating from the abdominal aorta 
without radiologically significant narrowing.



On hospital day 4, the plasma level of renin was severely elevated at 150 ng per milliliter per hour 
(reference range, 1.2 to 2.4). The aldosterone level was 4.1 ng per deciliter (reference range, <21).
The fact that this patient had an aldosterone level at the lower limit of the normal range was 
surprising. Given the high renin level, we expected the aldosterone level to be elevated as well, but it 
was not. At the time this testing was performed, the patient was not receiving an angiotensin-
converting–enzyme (ACE) inhibitor or an angiotensin-receptor blocker; thus, a probable explanation 
for this result was an inaccurate result owing to interference with the assay or laboratory error. 
Furthermore, the presence of hyperreninemia also ruled out monogenic causes of hypertension, 
which are universally associated with very low plasma renin activity.
Given the extremely high plasma renin activity, refractory hypokalemia, and the presence of a single 
renal mass, we thought the most likely diagnosis was a reninoma. We consulted the urology service to 
evaluate this patient for possible surgical resection of the renal mass. Resection was scheduled to 
occur 6 weeks later to provide time to control this patient’s refractory hypertension with medication.

Diagnosis
Hyperreninemic hypertension due to reninoma.



Final Diagnosis
Reninoma.



Ein Reninom, auch bekannt als juxtaglomerulärer 
Zelltumor, entsteht aus den Zellen des 
juxtaglomerulären Apparates der Niere. Diese 
Tumorzellen schütten große Mengen des Hormons 
Renin aus, was das Renin-Angiotensin-Aldosteron-
System übermäßig aktiviert.

Klinische Merkmale
Die übermäßige Reninproduktion führt zu 
spezifischen Symptomen und Laborbefunden:
•Schwere Hypertonie (Bluthochdruck), die oft 
medikamentös schwer einzustellen ist.
•Hypokaliämie (niedriger Kaliumspiegel im Blut).
•Metabolische Alkalose.
Die Symptome treten meist bei Jugendlichen und 
jungen Erwachsenen auf, mit einer Häufung im 
zweiten und dritten Lebensjahrzehnt und einer 
Prädominanz bei Frauen.



Minocyclin ist ein verschreibungspflichtiges Breitbandantibiotikum 
aus der Gruppe der Tetracycline, das primär zur Behandlung 
mittelschwerer bis schwerer Akne, Rosacea sowie bakterieller 
Atemwegs- und Harnwegsinfektionen eingesetzt wird. Es wirkt 
bakteriostatisch (hemmt das Wachstum) und entzündungshemmend.

Minocyclin wird zur Verbesserung der Prognose 
nach einem akuten ischämischen Schlaganfall 
untersucht. Aufgrund seiner 
entzündungshemmenden und neuroprotektiven 
Eigenschaften kann es die Entzündungsreaktion 
im Gehirn reduzieren und die Funktionserholung 
geringfügig verbessern. Es gilt als sichere 
Begleittherapie zur Standardbehandlung.
Hier sind die wichtigsten Erkenntnisse im 
Überblick:

•Wirkmechanismus: Minocyclin wirkt als 
Mikroglia-Inhibitor, reduziert oxidativen Stress 
und schützt Nervenzellen vor Apoptose (Zelltod).

https://www.google.com/search?q=Minocyclin&sca_esv=bca17e01109d9100&sxsrf=ANbL-n7i_4M-Q7OqmuQsN09XNmYqf48fYw%3A1770968064175&ei=ANSOaYq3Cs-Exc8PgKDGEA&biw=2101&bih=1041&ved=2ahUKEwid3JGx-tWSAxViRvEDHW03CKYQgK4QegQIARAB&uact=5&oq=minocycline+f%C3%BCr+schlaganfall%3F&gs_lp=Egxnd3Mtd2l6LXNlcnAiHm1pbm9jeWNsaW5lIGbDvHIgc2NobGFnYW5mYWxsPzIFECEYoAEyBRAhGKABMgUQIRigATIFECEYoAFI9jpQuw5YiDdwAXgBkAEAmAGqAaABzQuqAQQxNS4zuAEDyAEA-AEBmAISoAKZDMICChAAGIAEGBQYhwLCAgUQABiABMICCBAAGIAEGMsBwgIGEAAYFhgewgIFEAAY7wXCAggQABiiBBiJBcICCBAAGIAEGKIEwgIHECEYoAEYCpgDAIgGAZIHBDE1LjOgB_lMsgcEMTUuM7gHmQzCBwYwLjEzLjXIBy-ACAA&sclient=gws-wiz-serp
















Die meisten Anwender vertragen Statine sehr gut, doch wie bei 
jedem Medikament können Nebenwirkungen auftreten. 
Eine große Übersichtsarbeit im Lancet (Februar 2026) weist 
jedoch darauf hin, dass viele berichtete Symptome oft nicht direkt 
durch das Medikament, sondern durch den sogenannten Nocebo-
Effekt (Erwartung negativer Effekte) verursacht werden.

Häufige Nebenwirkungen
Diese treten meist zu Beginn der Therapie auf und sind oft mild:

•Verdauungsbeschwerden: Blähungen, Verstopfung, Durchfall 
oder Übelkeit.

•Allgemeinsymptome: Kopfschmerzen, Schwindel oder 
Schlafstörungen.

•Muskelschmerzen (Myalgie): Etwa 1–10 % der Patienten 
berichten über Muskelziehen oder -schwäche. Echte 
medikamentenbedingte Muskelschäden sind jedoch selten.

Mostly nonesense!

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)01578-8/fulltext










Statins versus placebo Statins low-dose versus high-dose





"KI-Stethoskope" (Künstliche-Intelligenz-Stethoskope) sind digitale 
Stethoskope, die Herz- und Lungengeräusche aufzeichnen und mithilfe von 
Algorithmen der maschinellen Lernens auswerten, um Ärzten bei der Erkennung 
von Herzerkrankungen zu helfen.

Verfügbare Produkte
KI-gestützte Stethoskope sind auf dem Markt erhältlich, oft als digitale Modelle, 
die mit entsprechender Software oder Apps verbunden sind.
•3M™ Littmann® CORE Digital Stethoscope

•Dies ist ein beliebtes digitales Stethoskop, das in Zusammenarbeit mit Eko 
Health entwickelt wurde.
•Es wandelt akustische Schallwellen in elektrische Signale um, um 
Geräusche zu verstärken und ermöglicht die Verbindung mit Software zur 
Visualisierung und, bei Nutzung der Eko-Plattform, potenzieller KI-gestützter 
Analyse.
•Littmann-Stethoskope werden laut der Hersteller-Website für ihre 
Langlebigkeit und hervorragende Akustik gelobt.





Heart failure (HFrEF), Atrial fibrillation, and Valvular heart disease













Der wesentliche Unterschied zwischen Tetanustoxin und Botulinumtoxin liegt in ihrer 
Wirkung auf das Nervensystem und den daraus resultierenden 
Symptomen: Tetanustoxin verursacht eine spastische Lähmung (Muskelkrampf), 
während Botulinumtoxin eine schlaffe Lähmung hervorruft. Beide stammen zwar 
von Clostridien-Bakterien, wirken jedoch an unterschiedlichen Stellen und 
gegensätzlich.
Hier sind die Unterschiede im Detail:
•Tetanustoxin (Tetanusspasmin):

•Wirkung: Führt zu unkontrollierten, schmerzhaften Muskelverkrampfungen 
(Spastik), da es die Hemmung der Muskelkontraktion im Zentralnervensystem 
blockiert.
•Ort: Wirkt im zentralen Nervensystem (Rückenmark).
•Quelle: Wird in der Regel von Clostridium tetani nach einer Wundinfektion 
gebildet.

•Botulinumtoxin (BoNT):
•Wirkung: Führt zu einer schlaffen Lähmung, da es die Freisetzung von 
Acetylcholin an der peripheren Nerven-Muskel-Verbindung blockiert.
•Ort: Wirkt im peripheren Nervensystem.
•Quelle: Wird meist von Clostridium botulinum extrakorporal gebildet (z. B. in 
verdorbenen Lebensmitteln) und dann aufgenommen.

Beide Gifte gehören zu den stärksten bekannten Toxinen und können ohne 
Behandlung tödlich verlaufen. Während Botulinumtoxin jedoch auch therapeutisch 
zur Muskelentspannung eingesetzt wird, ist Tetanustoxin ausschließlich 
hochgefährlich.

https://www.google.com/search?q=Botulinumtoxin+%28BoNT%29&oq=was+ist+der+unterschied+zwischen+tetanus+toxin+und+botulinum+toxin%3F&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTI0MjQzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwip6oCz9tqSAxWJcfEDHcJeCrMQgK4QegQIAxAF
https://www.google.com/search?q=Botulinumtoxin+%28BoNT%29&oq=was+ist+der+unterschied+zwischen+tetanus+toxin+und+botulinum+toxin%3F&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTI0MjQzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwip6oCz9tqSAxWJcfEDHcJeCrMQgK4QegQIAxAF


Tetanus toxoid vaccine is nearly 100% effective at preventing tetanus, a severe and often fatal disease. A complete primary series of shots, followed by boosters every 10 
years, provides long-lasting immunity. It is highly effective in preventing neonatal tetanus, reducing deaths by 95% in the last 30 years. 10-Year Booster Schedule: The Centers 
for Disease Control and Prevention (CDC) recommends that adults get a tetanus booster (Td or Tdap) every 10 years.
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Managing tetanus



L-Carnitin ist eine körpereigene, aus Aminosäuren (Lysin, Methionin) hergestellte Verbindung, 
die als entscheidender Transporter langkettiger Fettsäuren in die Mitochondrien fungiert, um 
diese zu Energie zu verbrennen. Es wird vorwiegend zur Fettverbrennungsoptimierung, 
Leistungssteigerung im Sport und zur Linderung von Erschöpfungssyndromen eingesetzt. Eine 
Supplementierung (meist 500–3000 mg) kann besonders für Vegetarier/Veganer sinnvoll sein.



L-Carnitine (the form of carnitine found in animals) transports long-
chain fatty acids into mitochondria, where they go through b-
oxidation, producing energy. This process occurs primarily in organs 
that use fat as energy, such as cardiac and skeletal muscles. For 
humans who eat meat, most carnitine is obtained from food. 
However, ∼25% of the supply of carnitine in omnivorous humans 
relies on de novo synthesis, which reaches >90% among strict 
vegetarians or vegans. Endogenous carnitine is synthesized in the 
liver and kidneys from two methylated amino acids, lysine and 
methionine. This requires the transfer of trimethyllysine from the 
cytosol to the mitochondrial matrix (the innermost part of the 
mitochondria), for conversion into hydroxytrimethyllysine. Auger et 
al. report that a mitochondrial trimethyllysine transporter, SLC25A45, 
has a key role in fat consumption in mice. SLC25A45 is a member of 
the solute carrier 25 (SLC25) family of mitochondrial transporters. 
These proteins carry a variety of molecules—such as precursors for 
the synthesis of macromolecules, or metabolites for oxidative 
degradation and production of energy—between the cytosol and the 
mitochondrial matrix.



Auger et al. observed that in mice, SLC25A45 was required for 
de novo carnitine synthesis in response to fasting, which causes 
a switch between glucose (sugar) consumption and fat 
oxidation as an energy source (see the figure). The authors also 
uncovered a previously unknown role for SLC25A45 in lipid 
metabolism. They demonstrated that cold exposure, which 
boosts energy dissipation by burning fat to produce heat, 
increases the expression of SLC25A45 in the liver. When 
exposed to a low temperature (6°C), mice genetically 
engineered to lack the gene encoding SLC25A45 could not 
maintain their body temperature. However, exogenous 
carnitine supplements given to these mice before cold 
exposure prevented this effect. Furthermore, SLC25A45-
deficient mice had low concentrations of several acylcarnitines 
in blood. In mammals, acylcarnitines are normally produced by 
the liver upon cold exposure and serve as fuel for heat 
production in brown adipose tissue. The findings of Auger et 
al. indicate that liver carnitine acts as a bottleneck for 
mobilization of fat from adipose tissues for multiple uses as an 
energy source.



Agonists for the receptor of glucagon-like peptide-1 (GLP-1), 
such as semaglutide, have been successfully used in patients 
with type 2 diabetes to achieve weight loss and combat 
obesity. To promote fat mobilization and expenditure, Auger et 
al. treated SLC25A45-deficient and control mice with 
semaglutide. In the absence of SLC25A45, the GLP-1 receptor 
agonist failed to induce weight loss. However, the effect of 
semaglutide was re-stored by the administration of exogenous 
carnitine, with no impact on food intake or blood glucose 
concentrations. These results indicate that the GLP-1 receptor 
agonist and carnitine act in combination to stimulate fat 
consumption.
Although the study of GLP-1 receptor agonists in the treatment 
of obesity has advanced substantially over the past decade, the 
reasons why individual responses to treatment vary are still 
poorly understood. The study of Auger et al. opens the route to 
investigating how the carnitine pathway could be modulated as 
part of antiobesity treatments involving GLP-1 receptor 
agonists. Dietary supplements of carnitine might support fat 
consumption in these cases, especially when the availability of 
carnitine (from endogenous or dietary sources) is limited. Such 
approaches could also be especially relevant in strict vegetarian 
or vegan patients, who rely mostly or solely on carnitine 
produced by de novo synthesis.

The identification of SLC25A45’s ligand shows that de 
novo synthesis of carnitine is required for fat burning. 
Furthermore, the discovery that SLC25A45 has a role 
in the physiological adaptation of mice to increased fat 
consumption and energy expenditure raises new 
research questions, such as how this pathway is 
modulated by long-term fasting, intermediate feeding, 
physical exercise, or hormonal responses.








