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A 54-year-old woman with invasive ductal carcinoma of the 
breast and well-controlled chronic plaque psoriasis presented 
to the emergency department with a 2-day history of painful 
rash and fever. Five days before the onset of the rash, the 
patient had completed a 2-week course of systemic 
glucocorticoids to treat side effects of chemotherapy. The body 
temperature was 38.2°C, and heart rate 137 beats per minute. 
On physical examination, widespread erythematous patches 
with overlying, coalescing pustules were seen on the torso, 
arms, legs, face, and scalp, with sparing of mucosal surfaces. 
Laboratory testing was notable for neutrophilic leukocytosis 
and an elevated C-reactive protein level. Biopsy of the rash in 
the periumbilical region revealed neutrophil-rich pustules in 
the epidermis on histopathological testing. What is the most 
likely diagnosis? Acute generalized exanthematous pustulosis

Generalized pustular psoriasis 

IgA Pemphigus

Staphylococcal scalded skin syndrome 

Subcorneal pustular dermatosis

A diagnosis of generalized pustular psoriasis — a rare, 
autoinflammatory skin disease that manifests as widespread 
sterile pustules and systemic symptoms — was made. 
Generalized pustular psoriasis often occurs in patients with 
plaque psoriasis. It may be spontaneous or triggered by 
physiological stressors, such as medication withdrawal. 



Generalized pustular psoriasis (GPP), also known as von 
Zumbusch psoriasis, is a rare, severe form of psoriasis 
characterized by sudden outbreaks of widespread, sterile 
pustules on the skin, often accompanied by systemic 
inflammation like fever and fatigue. It can be life-threatening if 
untreated and may require hospitalization.



Idiopathic pulmonary fibrosis (IPF) is a progressive lung disease where the lungs become scarred, making it 
increasingly difficult to breathe. The cause of this scarring is unknown, hence the term "idiopathic". It is a chronic, 
long-term condition, and there is currently no cure, though treatments can help slow its progression.



Phosphodiesterase-4-Hemmer (auch Phosphodiesterase-IV-Hemmer, PDE-4-Hemmer) sind Hemmstoffe, die 
das Enzym Phosphodiesterase IV hemmen. Die Phosphodiesterase IV baut den second Messenger cAMP ab. 
PDE-4-Hemmer erhöhen daher die Konzentration von cAMP im Zytosol. Das Enzym kommt unter anderem in 
der Lunge und im Gehirn vor.
PDE-4-Hemmer wirken entzündungshemmend und wurden unter anderem in den 
Anwendungsgebieten Chronisch obstruktive Lungenerkrankung (COPD), Asthma 
bronchiale, Depression und Multiple Sklerose untersucht. Der Prototyp der Phosphodiesterase-4-Hemmer 
ist Rolipram. Rolipram bindet eine Aminosäure-Sequenz im katalytischen 
Zentrum der carboxyterminalen Proteindomäne der PDE-4 und wirkt dadurch kompetitiv hemmend. In Zellen 
des Zentralnervensystems liegt die PDE-4 in einer Proteinfaltungsform mit hoher Bindungsaffinität für 
Rolipram vor, während die PDE in verschiedenen Immunzellen eine niedrigere Bindungsaffinität zu Rolipram 
aufweist.

Phosphodiesterase 4b (PDE4B) does 
not catabolize cGMP. PDE4B is a 
phosphodiesterase that has high 
specificity for hydrolyzing cyclic 
adenosine monophosphate (cAMP).

Exchange protein activated by cAMP (Epac) as a guanine nucleotide 
exchange factor for Rap GTPases has shed light on protein kinase A 
(PKA)-independent functions of cAMP signaling in neural tissues.



Nerandomilast ist ein experimenteller Arzneistoff, der als potenzieller Wirkstoff zur Behandlung von 
Lungenfibrose untersucht wird. Es ist ein oraler, selektiver Inhibitor der Phosphodiesterase 4B (PDE4B), der 
antifibrotische und immunmodulierende Eigenschaften besitzt. Nerandomilast hat sich in Studien gezeigt, 
dass er das Fortschreiten der idiopathischen Lungenfibrose (IPF) verlangsamt.



Nerandomilast (BI 1015550) is an orally administered 
preferential inhibitor of phosphodiesterase 4B with 
antifibrotic and immunomodulatory effects. In a phase 2 
trial involving patients with idiopathic pulmonary 
fibrosis, treatment with nerandomilast stabilized lung 
function over a period of 12 weeks. In this phase 3, 
double-blind trial, we randomly assigned patients with 
idiopathic pulmonary fibrosis in a 1:1:1 ratio to receive 
nerandomilast at a dose of 18 mg twice daily, 
nerandomilast at a dose of 9 mg twice daily, or placebo, 
with stratification according to background antifibrotic 
therapy (nintedanib or pirfenidone vs. none). The 
primary end point was the absolute change from 
baseline in forced vital capacity (FVC), measured in 
milliliters, at week 52.



Idiopathic pulmonary fibrosis (IPF) is a fibrosing interstitial lung disease characterized by 
progressive decline in lung function. The pathogenesis of IPF is thought to involve aberrant 
wound repair in response to alveolar injury, leading to a self-sustaining fibrotic process. Two 
antifibrotic drugs, nintedanib and pirfenidone, slow decline in lung function in patients with IPF 
and have become the standard of care. However, these drugs do not halt progression, and their 
gastrointestinal side effects often prevent treatment initiation or result in discontinuation. There 
remains a need for effective, well-tolerated drugs for IPF that can be used as monotherapy or in 
combination with other therapies to preserve lung function.

Nerandomilast (BI 1015550) is an orally administered preferential inhibitor of phosphodiesterase 
4B. In preclinical models of lung fibrosis, nerandomilast showed antifibrotic and 
immunomodulatory effects. In a phase 2 trial involving 147 patients with IPF, nerandomilast at a 
dose of 18 mg twice daily stabilized lung function over a period of 12 weeks, with acceptable 
safety. We conducted the phase 3 FIBRONEER-IPF trial to investigate the efficacy and safety of 
nerandomilast at a dose of 9 mg twice daily or 18 mg twice daily, as monotherapy or with 
background antifibrotic therapy, in patients with IPF.



Patients
The first patient was screened on October 6, 2022, and the last patient completed the week 52 
visit on August 16, 2024. Eligible patients were 40 years of age or older and had IPF, a forced vital 
capacity (FVC) of at least 45% of the predicted value, and a diffusing capacity of the lungs for 
carbon monoxide (DLCO) of at least 25% of the predicted value. IPF was diagnosed by the 
investigator according to guidelines, on the basis of a high-resolution computed tomographic (CT) 
scan obtained no more than 12 months before screening.
Randomization and Follow-up
Patients were randomly assigned in a 1:1:1 ratio to receive nerandomilast at a dose of 18 mg 
twice daily, nerandomilast at a dose of 9 mg twice daily, or placebo twice daily with the use of 
interactive response technology. Randomization was stratified according to use of background 
antifibrotic therapy (nintedanib or pirfenidone vs. none). Visits occurred at baseline; weeks 2, 6, 
12, 18, 26, 36, 44, and 52; and every 12 weeks thereafter. 
End Points
The primary end point was the absolute change from baseline in FVC at week 52. Spirometry was 
performed with SpiroSphere (Clario) spirometers in accordance with the recommendations of the 
American Thoracic Society and European Respiratory Society. The key secondary end point was a 
first acute exacerbation, hospitalization for a respiratory cause, or death, assessed in a time-to-
event analysis over the duration of the trial.



Characteristics of the Patients at Baseline.



Time-to-Event End Points up to First Database Lock.



Change from Baseline in 
Forced Vital Capacity at 
Week 52.

Patients were randomly 
assigned in a 1:1:1 ratio to 
receive nerandomilast at a 
dose of 18 mg twice daily, 
nerandomilast at a dose of 9 
mg twice daily, or placebo 
twice daily. 𝙸 bars indicate 
standard errors.



Adverse Events over a Period of 52 Weeks.





Progressive pulmonary fibrosis (PF) is a condition where lung scarring (fibrosis) worsens over time, leading to 
difficulty breathing and other complications. It can be a life-threatening disease with a high mortality rate and 
low quality of life, particularly in advanced stages. Idiopathic Pulmonary Fibrosis (IPF) is a specific type of 
progressive fibrosing interstitial lung disease (ILD) where the cause is unknown. Progressive Pulmonary Fibrosis 
(PPF) is a broader term referring to progressive ILD with fibrosis, but not specifically IPF. Essentially, PPF can 
include IPF, but also other forms of ILD that exhibit progressive fibrosis.



Nerandomilast (BI 1015550) is an orally administered 
preferential inhibitor of phosphodiesterase 4B with 
antifibrotic and immunomodulatory properties. 
Nerandomilast has been shown to slow the progression of 
idiopathic pulmonary fibrosis, but an assessment of its 
effects in other types of progressive pulmonary fibrosis is 
needed. In a phase 3, double-blind trial, we randomly 
assigned patients with progressive pulmonary fibrosis in a 
1:1:1 ratio to receive nerandomilast at a dose of 18 mg twice 
daily, nerandomilast at a dose of 9 mg twice daily, or 
placebo, with stratification according to background therapy 
(nintedanib vs. none) and fibrotic pattern on high-resolution 
computed tomography (usual interstitial pneumonia-like 
pattern vs. other patterns). The primary end point was the 
absolute change from baseline in the forced vital capacity 
(FVC), measured in milliliters, at week 52.



Interstitial lung diseases (ILDs) are disorders characterized by inflammation, fibrosis, or both of the 
alveolar interstitium. The term progressive pulmonary fibrosis is used to describe a progressive 
disease course in persons with a fibrosing ILD other than idiopathic pulmonary fibrosis (IPF). The only 
approved therapy for progressive pulmonary fibrosis is nintedanib, which slows the decline in the 
forced vital capacity (FVC) but is associated with a gastrointestinal side-effect profile that often leads 
to treatment discontinuation or deters treatment initiation. Many patients with progressive 
pulmonary fibrosis are not receiving a therapy that has proven efficacy in slowing disease 
progression.
Nerandomilast (BI 1015550) is an orally administered preferential inhibitor of phosphodiesterase 4B 
(PDE4B). In preclinical models of lung fibrosis, nerandomilast showed antifibrotic and 
immunomodulatory effects. After a phase 2 trial of nerandomilast, the phase 3 FIBRONEER-IPF trial 
showed that treatment with nerandomilast at a dose of 18 mg twice daily or 9 mg twice daily 
resulted in a smaller decline in the FVC than placebo over a period of 52 weeks in patients with IPF, 
with acceptable adverse-event and safety profiles. We conducted the phase 3 FIBRONEER-ILD trial to 
investigate the efficacy and safety of nerandomilast at a dose of 18 mg twice daily or 9 mg twice 
daily in patients with progressive pulmonary fibrosis.



Patients
The first patient was screened on November 16, 2022, and the last patient completed the week 52 
visit on December 18, 2024. Eligible patients were 18 years or older with a diagnosis of ILD other 
than IPF and a fibrotic lung disease extent of more than 10% on the basis of a high-resolution 
computed tomographic (CT) scan obtained no more than 12 months before screening and 
confirmed by central review. Patients had an FVC of least 45% of the predicted value and a diffusion 
capacity of the lungs for carbon monoxide (DLCO) of at least 25% of the predicted value.
Randomization and Follow-up
Patients were randomly assigned in a 1:1:1 ratio to receive nerandomilast at a dose of 18 
mg twice daily, nerandomilast at a dose of 9 mg twice daily, or placebo twice daily with the 
use of interactive response technology.
End Points
The primary end point was the absolute change from baseline in the FVC at week 52. 
Spirometry was conducted with the use of SpiroSphere (Clario) spirometers in accordance 
with recommendations of the American Thoracic Society and European Respiratory Society. 
The key secondary end point was a first acute exacerbation of ILD, hospitalization for a 
respiratory cause, or death as assessed in a time-to-event analysis over the duration of the 
trial. An acute exacerbation of ILD was defined in accordance with published criteria for an 
acute exacerbation of IPF.



Characteristics of the Patients at Baseline.



Changes from Baseline to Week 
52 in the Forced Vital Capacity 
(FVC).

Patients were randomly assigned 
in a 1:1:1 ratio to receive 
nerandomilast at a dose of 18 mg 
twice daily, nerandomilast at a 
dose of 9 mg twice daily, or 
placebo twice daily. Two patients 
included in the group taking 
background nintedanib therapy 
received pirfenidone rather than 
nintedanib and were classified as 
having protocol deviations. 𝙸 
bars indicate standard errors.



Key Secondary End Point and 
Related Secondary End Points.

The key secondary end point was a 
first acute exacerbation of ILD, 
hospitalization for a respiratory 
cause, or death as assessed in a 
time-to-event analysis over the 
duration of the trial. Nerandomilast 
was administered at a dose of 18 
mg twice daily or 9 mg twice daily. 
The first database lock took place 
after the last patient had completed 
the week 52 visit.



Adverse Events over a Period of 52 Weeks.





Oxyntomodulin, kurz OXM, ist ein Peptidhormon, das eine wichtige, aber noch nicht völlig 
verstandene Rolle bei der Regulation des Hunger- und Sättigungsgefühls des Menschen spielt. 
Es wird im Ileum und im Colon von enteroendokrinen L-Zellen gebildet. Oxyntomodulin ist 
ein Polypeptid aus 37 Aminosäuren. Es bindet an den GLP-1- und Glukagonrezeptoren und 
unterdrückt Hungergefühle. Wird es vor den Mahlzeiten injiziert, führt es zu einem 
Gewichtsverlust.



Mazdutid ist ein dualer Agonist, der sowohl am GLP-1-Rezeptor als auch am Glucagon-Rezeptor wirkt. Er wird 
von Eli Lilly entwickelt und ist ein Analogon des Oxyntomodulins (OXM). Mazdutid ist derzeit in mehreren Phase-III-
Studien im Bereich der Behandlung von Übergewicht und Diabetes Typ 2 im Fokus.



Evidence suggests that incretin-based dual agonist 
pharmacotherapy is helpful in persons with obesity. 
Mazdutide, a glucagon-like peptide-1 and glucagon 
receptor dual agonist, may have efficacy in persons with 
overweight or obesity. In a phase 3, double-blind, 
placebo-controlled trial in China, we randomly assigned, 
in a 1:1:1 ratio, adults 18 to 75 years of age who had a 
body-mass index (BMI; the weight in kilograms divided by 
the square of the height in meters) of at least 28 or had a 
BMI of 24 to less than 28 plus at least one weight-related 
coexisting condition to receive 4 mg of mazdutide, 6 mg 
of mazdutide, or placebo for 48 weeks. The two primary 
end points were the percentage change in body weight 
from baseline and a weight reduction of at least 5% at 
week 32, as assessed in a treatment-policy estimand 
analysis (which assessed effects regardless of early 
discontinuation of mazdutide or placebo and the 
initiation of new antiobesity therapies).



Obesity is a growing worldwide pandemic. According to Chinese criteria, approximately half the 
population in China lives with overweight (defined as a body-mass index [BMI; the weight in kilograms 
divided by the square of the height in meters] of 24 to <28) or obesity (BMI, ≥28). Obesity and 
overweight are well-recognized risk factors for a wide range of diseases, among which metabolic 
dysfunction–associated fatty liver disease (MAFLD), dyslipidemia, hypertension, and prediabetes have 
been most common in China.
Mazdutide (also known as IBI362 or LY3305677), a synthetic peptide analogue of mammalian 
oxyntomodulin, is a once-weekly GLP-1 and glucagon receptor dual agonist being developed for the 
treatment of obesity and type 2 diabetes. In phase 2 trials, mazdutide treatment in doses of up to 6 mg 
led to a marked reduction in body weight in Chinese adults with obesity or overweight and to both 
effective glycemic control and weight reduction in Chinese patients with type 2 diabetes.
Participants
Adult participants 18 to 75 years of age who had obesity or had overweight accompanied by at 
least one weight-related coexisting condition (prediabetes, hypertension, dyslipidemia, MAFLD, 
weight-bearing joint pain, obesity-related dyspnea, or obstructive sleep apnea syndrome) were 
eligible. 
End Points and Assessments
The two primary end points were the percentage change in body weight from baseline to week 
32 and a weight reduction of at least 5% by week 32. 



Demographic and Clinical Characteristics of the Participants



Primary and Key Secondary End Points (Treatment-Policy Estimand Analysis).



Key Secondary End Points in the Pooled Mazdutide Group, as 
Compared with Placebo (Treatment-Policy Estimand Analysis).





Adverse Events (Safety Population).







Background
Adeno-associated virus (AAV)–mediated gene therapy has emerged as a promising treatment 
for hemophilia B. Data on safety and durability from 13 years of follow-up in a cohort of 
patients who had been successfully treated with scAAV2/8-LP1-hFIXco gene therapy are now 
available.
Methods
Ten men with severe hemophilia B received a single intravenous infusion of the scAAV2/8-LP1-
hFIXco vector in one of three dose groups (low-dose: 2×1011 vector genomes [vg] per kilogram 
of body weight [in two participants]; intermediate-dose: 6×1011 vg per kilogram [in two]; or 
high-dose: 2×1012 vg per kilogram [in six]). Efficacy outcomes included factor IX activity, the 
annualized bleeding rate, and factor IX concentrate use. Safety assessments included clinical 
events, liver function, and imaging.
Conclusions
A single administration of scAAV2/8-LP1-hFIXco gene therapy resulted in durable factor 
IX expression, sustained clinical benefit, and no late-onset safety concerns over a period 
of 13 years. These data support the long-term efficacy and safety of AAV gene therapy 
for severe hemophilia B. (Funded by the U.K. Medical Research Council and others.



In 2014, we reported successful gene therapy in patients with severe hemophilia B who had 
received a single intravenous infusion of a self-complementary, serotype 8 pseudotyped adeno-
associated virus (AAV) vector encoding a codon-optimized factor IX transgene (scAAV2/8-LP1-
hFIXco). We found that glucocorticoids effectively suppressed immune responses against AAV-
transduced hepatocytes, preserving levels of transgenic factor IX. Subsequent studies by other 
investigators, including those using the Padua gain-of-function factor IX variant, validated these 
findings, which paved the way for the conditional marketing authorization of the gene therapies 
etranacogene dezaparvovec (Hemgenix) and fidanacogene elaparvovec (Beqvez) in adults with 
severe hemophilia. These market-approved therapies result in higher factor IX activity levels than a 
vector with the wild-type factor IX variant but in similar levels of factor IX protein.
Here, we present safety and efficacy data from 10 men with severe hemophilia B treated 
with a single bolus infusion of scAAV2/8-LP1-hFIXco who were followed for a median of 13 
years. We investigated the long-term safety and durability of transgene expression to 
assess whether it provided sustained protection from spontaneous bleeding.



Characteristics of the Participants at Screening and after Gene Transfer, According to Dose Group and Participant 
Number.







Discussion
This 13-year longitudinal study provided long-term observation data in 10 participants with severe 
hemophilia B who were successfully treated with AAV gene therapy. Beyond transient elevations in liver 
aminotransferase levels, no long-term or new AAV-related adverse events were observed. Factor IX 
expression remained stable, with 7 participants not receiving factor IX prophylaxis. Clinically, AAV gene 
transfer resulted in reductions by a factor of more than 9 times in the annualized bleeding rate and 
factor IX concentrate use, which considerably alleviated the disease burden. These findings support the 
long-term safety and efficacy of AAV gene therapy for hemophilia B, thus offering this group of patients 
a promising and durable treatment option with recently licensed gene-therapy products.
Neoplastic lesions developed in two participants. These lesions were reported as serious 
adverse events possibly related to AAV, in accordance with the protocol. However, subsequent 
molecular investigations and expert multidisciplinary review suggested that these events were 
likely to be unrelated to AAV gene therapy, attributing them instead to age-related or 
environmental risk factors prevalent in the general population, as previously described.
In this study, 13 years of longitudinal follow-up among men with severe hemophilia B 
confirmed the long-term safety of AAV gene therapy and durability of factor IX expression, 
which were accompanied by lasting improvement in hemostasis and a reduction in the use of 
factor IX prophylaxis.



What Is CPS1?
Carbamoyl-phosphate synthetase-1 (CPS1) is a mitochondrial enzyme that catalyzes the first and rate-limiting step of 
the urea cycle: the conversion of ammonia and bicarbonate to carbamoyl phosphate. This is a crucial detoxification 
step that occurs primarily in hepatocytes. Without functional CPS1, ammonia accumulates rapidly in the 
bloodstream and causes hyperammonemia, which is toxic to the brain and can lead to coma or death if untreated.

Deficiency of carbamoyl-phosphate 
synthetase 1 (CPS1) is a recessive urea-
cycle disorder caused by damaging or 
null variants in the gene CPS1. The CPS1 
enzyme catalyzes the first step in the 
urea cycle, which takes place in the 
hepatocyte (Panel A). This step involves 
the combination of ammonia and carbon 
dioxide to produce carbamoyl 
phosphate, thus converting a neurotoxin 
(ammonia) into a substrate of the urea 
cycle (carbamoyl phosphate). The 
product of this cycle, urea, is excreted 
from the body in the urine. In the 
absence of adequate levels of CPS1, 
ammonia levels increase.



An infant described by Musunuru et al. presented 
with symptoms within 2 days after birth. Within 7 
months, Musunuru et al. generated and carried out 
preclinical studies of an adenine base editor 
(kayjayguran abengcemeran, or k-abe) (Panel B), 
designed to correct one of the infant’s pathogenic 
CPS1 variants. The editor is made up of a modified 
clustered regularly interspaced short palindromic 
repeats–associated protein 9 (Cas9) enzyme (which 
does the editing) and a guide RNA (gRNA, which 
guides the Cas9 enzyme to the mutant CPS1 
nucleotide). In preclinical experiments, k-abe changed 
(or “edited”) the mutant adenine into an inosine 
(which resembles guanine) on the noncoding strand, 
which resulted in the correction of the thymine to 
cytosine on the coding strand and permitted synthesis 
of full-length CPS1. Reduced levels of ammonia in the 
infant’s plasma after treatment with k-abe is 
consistent with correction of the pathogenic CPS1 
variant. The term crRNA denotes CRISPR (clustered 
regularly interspaced short palindromic repeats) RNA, 
PAM protospacer adjacent motif, and tracrRNA trans-
activating CRISPR RNA.



What Is Base Editing?
Base editing is a method that can be used to install single variants into the genome of live cells in a targeted, precise, 
and efficient manner. Thus, one can revert a pathogenic stop codon to the “original,” nonmutant sequence, allowing 
the synthesis of a full-length, functional protein. Musunuru et al. used an adenine base editor (ABE), which comprises 
an enzyme (a clustered regularly interspaced short palindromic repeats–associated protein 9 [Cas9] nickase [Cas9n]–
adenosine deaminase fusion) and a piece of RNA called a guide RNA (gRNA). The Cas9n enzyme is guided to a specific 
20 base-pair (see Key Concepts) protospacer sequence (in this case, the region of the patient’s paternal CPS1 gene that 
harbors the mutation) with the gRNA. The protospacer must be next to a three-base motif, called the protospacer 
adjacent motif (PAM), which the Cas9n protein recognizes and binds tightly to. Once bound, the adenosine deaminase 
domain deaminates adenines within the protospacer, leading to the conversion of a specific A–T base pair into a G–C 
base pair. Base editing is therefore more precise than clustered regularly interspaced short palindromic repeats 
[CRISPR]–Cas9 editing, which disrupts genes by cutting the DNA rather than targeting a single base pair for mutation.
How Can It Treat CPS1 Deficiency?
Musunuru et al. developed a base-editing strategy to correct the CPS1 Q335X “stop” variant, a nonsense G-to-A variant 
on the noncoding strand. They started out by testing several different gRNAs that target overlapping protospacers. 
With each gRNA, the pathogenic A variant is in a slightly different position and orientation with respect to the 
positioning of the adenosine deaminase domain, once the ABE has bound to the PAM and protospacer.
Increasing the potential for patient-specific customization, each gRNA can be combined with an ABE variant: ABE 
variants differ in their preferences for specific DNA motifs. Numerous ABE:gRNA combinations were individually 
generated and tested to identify the combination with the greatest efficiency and precision. Further complicating the 
testing process is that it must be carried out with the use of cells that harbor the pathogenic variant and that are the 
same or a similar cell type to the target tissue (in the case of CPS1 deficiency, a hepatocyte) and are easy to culture and 
grow in the laboratory. For some rare diseases, it can take months to a year to generate such a cell line.



How Was Gene-Editor Customization Accelerated?
To obtain a suitable cell line for testing ABE:gRNA combinations, Musunuru et al. inserted a 100 base-
pair segment representing the patient’s mutated CPS1 (generated through DNA-synthesis technology) 
into the genome of a human hepatocyte cell line. Overall, the generation of the cell line and 
ABE:gRNA screening took 2 months to complete. Preclinical studies of the adenine base editor 
(named kayjayguran abengcemeran, or k-abe) were then conducted in two different transgenic mouse 
models and in nonhuman primates.
What’s Next?
The ability to intervene at the genomic level and to directly correct the underlying genetic defect in a 
patient’s liver shows the promise of CRISPR-based medicine. Limitations of the study include the fact 
that the mouse model, although carrying the patient’s pathogenic CPS1 variants, does not have a 
CPS1 deficiency phenotype and so is unsuitable for testing therapeutic efficacy.
This study must be balanced against the current limitations of an N-of-1 experience in a rare or 
ultrarare condition. Although the authors noted clinical stabilization in the short term, the absence of 
direct molecular confirmation of gene editing by means of liver biopsy leaves questions unanswered, 
such as the durability of the therapeutic effect, the extent of mosaicism of editing, and the risks of 
off-target events or immune responses. Longer-term follow-up of this patient will be critical to 
obtaining answers.



Summary
Base editors can correct disease-causing genetic variants. After a neonate had 
received a diagnosis of severe carbamoyl-phosphate synthetase 1 deficiency, a disease 
with an estimated 50% mortality in early infancy, we immediately began to develop a 
customized lipid nanoparticle–delivered base-editing therapy. After regulatory 
approval had been obtained for the therapy, the patient received two infusions at 
approximately 7 and 8 months of age. In the 7 weeks after the initial infusion, the 
patient was able to receive an increased amount of dietary protein and a reduced 
dose of a nitrogen-scavenger medication to half the starting dose, without 
unacceptable adverse events and despite viral illnesses. No serious adverse events 
occurred. Longer follow-up is warranted to assess safety and efficacy. (Funded by the 
National Institutes of Health and others.)





Patient-Specific Customization of Base-Editing Therapy
Reliable assessment of base editing of the CPS1 Q335X variant would ideally use human hepatocytes 
with the variant; however, human hepatocytes were not available. Therefore, we used the cultured 
human HuH-7 cell line as a proxy. We synthesized a cassette harboring a 100-bp human genomic 
segment spanning the CPS1 Q335X variant, as well as 100-bp segments spanning the patient’s other 
CPS1 variant and two reference variants in PAH to serve as positive controls. We transduced HuH-7 
cells with a lentiviral vector containing the cassette, thereby inserting the cassette into the genome. 
This process was completed 1 month after the patient’s birth.
To develop a patient-specific, bespoke gene editor, we screened various adenine base editors (ABEs) 
with guide RNAs (gRNAs) tiling the site of the Q335X variant in the lentivirus-transduced HuH-7 cells. 
We identified an ABE with a preference for NGC protospacer-adjacent motifs, termed NGC-ABE8e-
V106W, and a gRNA with the target Q335X adenine in the eighth position of its protospacer sequence 
as the most efficient and precise base-editing approach; although there was bystander editing of 
neighboring adenines, all such edits were synonymous. This process was completed 2 months after the 
patient’s birth. We named the gRNA used in the lipid nanoparticle therapy “kayjayguran,” the 
messenger RNA (mRNA) encoding the ABE “abengcemeran,” and the therapy “k-abe” (for short).



Preclinical Studies
After the initial regulatory review by the FDA, we manufactured a toxicology batch of k-abe (i.e., the 
batch used for toxicologic testing) and undertook a limited safety study in cynomolgus monkeys to 
characterize single-dose toxicity of the lipid nanoparticle therapy. A total RNA dose of 1.5 mg per 
kilogram of body weight was administered intravenously. 
On learning of the patient’s genetic diagnosis, we immediately started generating mouse 
models to assess the in vivo editing efficiency of k-abe. To maximize the chance of success, 
we used established CRISPR reagents in mouse zygotes to insert a cassette harboring a 100-
bp human genomic segment spanning the CPS1 Q335X variant into the Rosa26 “safe harbor” 
locus (the same cassette used for the lentivirus-transduced HuH-7 cells).
With the clinical batch of k-abe that was produced 5 months after the patient’s birth, we 
performed a dose–response potency assessment in lentivirus-transduced HuH-7 cells.
We exposed lentivirus-transduced HuH-7 cells and primary human hepatocytes from three 
donors to a supersaturating dose of k-abe. Low-level synonymous bystander editing was 
evident at the endogenous wild-type CPS1 genomic site in all four cell lots, a finding that is 
consistent with the gRNA (kayjayguran) having a 1-base mismatch to the wild-type sequence 
(the HuH-7 cells retained endogenous wild-type CPS1 alleles in addition to the transduced 
CPS1 Q335X variant sequence).  







Discussion
In this study, we describe a personalized base-editing therapy wholly developed in the 6-month 
span after a patient’s birth. The patient was able to receive an increased amount of dietary 
protein and a reduced dose (to half the starting dose) of a nitrogen-scavenger medication, 
despite the “stress tests” presented by consecutive viral infections. The short follow-up is a 
limitation of this study; longer follow-up is needed to assess the safety and efficacy of k-abe, as 
well as the patient’s neurologic health. Liver biopsy to assess for corrective CPS1 editing was 
deferred because it posed an unacceptable risk to the infant. The potential for germline editing 
with k-abe could not be evaluated, although a study of a different lipid nanoparticle gene-
editing drug did not detect editing in sperm samples from nonhuman primates nor germline 
transmission of gene edits in female mice to offspring.
We assessed k-abe for editing efficiency in mice and for safety in nonhuman primates. Such 
studies might not be necessary for future patient-specific treatments; perhaps cell-based studies 
would be sufficient. Although k-abe was developed under emergency conditions for a 
devastating neonatal-onset metabolic disorder, we anticipate that rapid deployment of patient-
specific gene-editing therapies will become routine for many genetic diseases.







Possible Causes of Insufficient Food Intake and Malnutrition in Older Adults.





Evidence-Based Intervention Strategies and Recommendations for the Management of Malnutrition.



Areas of Uncertainty
Nutrition research has been hampered by the lack of consensus on 
diagnostic criteria. The GLIM criteria were published in 2019, so in 
most of the studies on malnutrition before then, heterogeneous 
approaches were used to define the condition. The study 
populations varied in terms of nutritional status and risk factors, and 
this diversity partly explains the heterogeneity of results from 
nutrition interventions.
Additional challenges associated with malnutrition in older adults, 
as well as with younger patients, are the lack of implementation of 
nutritional knowledge in clinical practice, the lack of adequate 
funding, and the lack of dietitians in many settings. Most physicians 
do not receive training in nutrition in medical schools and are 
unaware of the relevance of incorporating nutritional intervention 
into the management of most common chronic diseases. 
Malnutrition in older adults is underdiagnosed and undertreated. 
There is a need to raise awareness among health care professionals 
and the general public on the importance of the nutrition aspects of 
health and disease. Information technology may help track patient’s 
nutritional changes over time and detect malnutrition.



Same as Lead I (right arm -, left arm +



A 34-year-old man was admitted to this hospital because of pain in the left ear with hearing loss, facial 
droop on the left side, and a nasopharyngeal mass that was identified on computed tomography (CT).
The patient had been well until approximately 8 months before the current presentation, when pain 
and a sensation of pressure and fullness developed in the left ear. During the subsequent 5 months, 
he was seen in the primary care clinic of another hospital on five occasions and received three courses 
of treatment with oral antibiotic agents; however, the patient’s symptoms did not abate. He also 
received one course of prednisone treatment, which provided slight relief of symptoms.
Three months before the current presentation, treatment with neomycin ear drops was 
started, and the patient was referred to the otolaryngology clinic of the other hospital. 
Seven weeks before the current presentation, the pain in the left ear became so severe that it 
awoke the patient from sleep, and he also had pain in the sinuses.
Six weeks before the current presentation, examination in the otolaryngology clinic showed 
that the tympanic membranes were intact and the right middle ear was well aerated, but the 
serous middle-ear effusion persisted in the left ear. 



During the subsequent 3 days, the patient’s sinus pain increased in severity and progressed from 
the sinuses to the top of the head and down the neck; the pain did not abate with treatment with 
acetaminophen and ibuprofen. 
Four weeks before the current presentation, green nasal drainage and hoarseness 
persisted, and new swelling and clear discharge developed in the patient’s left eye. He 
sought evaluation at the primary care clinic of the other hospital, and treatment with 
trimethoprim–sulfamethoxazole was started.
Three weeks before the current presentation, the patient was evaluated again in the 
otolaryngology clinic because of persistent pain in the left ear that radiated to the throat 
and ear pressure and muffled hearing that gave him the sensation of being underwater. 
Nine days before the current presentation, an examination performed while the patient 
was under anesthesia revealed prominent bulges in the anterior and inferior walls of both 
external ear canals and intact tympanic membranes. 
In the emergency department, the patient reported ongoing ear pain and hoarseness, 
along with new odynophagia and dysphagia. He had had an unintentional weight loss of 
approximately 13.6 kg in the previous month. 



On physical examination, the patient appeared well. The blood pressure was 161/99 mm Hg, the 
heart rate 106 beats per minute, the respiratory rate 18 breaths per minute, and the oxygen 
saturation 97% while the patient was breathing ambient air. The external ears and ear canals were 
normal. The tympanic membranes had tympanostomy tubes in place, but the lumens were not 
visible. The pupils were equal, round, and reactive to light. The extraocular muscles and facial 
sensation appeared to be normal; however, the face was asymmetric, with drooping of the left cheek 
and flattening of the left nasolabial fold, and there was weakness on puffing the cheeks and smiling. 
Delayed blinking of the left eye, along with weak eye closure on the left side, was observed. On 
raising the eyebrows, weakness was observed in the left eyebrow. His hearing appeared to be 
normal, and palate elevation, shoulder shrug, tongue protrusion, and speech were also normal. 
Muscle tone and strength and sensation to light touch were normal in the arms and legs. The 
remainder of the examination was normal.
The blood level of C-reactive protein was 101.9 mg per liter (reference value, <8), and the erythrocyte 
sedimentation rate was 71 mm per hour (reference range, 0 to 14). The blood level of alanine 
aminotransferase was 137 U per liter (reference range, 10 to 55), the aspartate aminotransferase 
level 55 U per liter (reference range, 10 to 40), the alkaline phosphatase level 226 U per liter 
(reference range, 45 to 115), and the γ-glutamyltransferase level 300 U per liter (reference range, 8 to 
61). The complete blood count with differential count was normal, as were the results of tests of 
renal function and coagulation. Imaging studies were obtained.



CT and MRI Images.
An axial CT angiogram of the neck (Panel A) reveals diffuse soft-tissue 
prominence in the nasopharynx (white arrow) that is more pronounced on 
the left side than on the right side and encases the distal cervical internal 
carotid artery on the left side, resulting in mild asymmetric stenosis (black 
arrow). The posterolateral pharyngeal recesses and the eustachian tubes are 
effaced on both sides. A reformatted CT image to emphasize bone (Panel B) 
shows associated mastoid effusion (asterisks). No osseous erosion is present 
in the adjacent central skull base. MRI was performed. An axial T2-weighted 
fat-saturated image (Panel C) and an axial T1-weighted fat-saturated image, 
obtained after the administration of intravenous contrast material (Panel D), 
show an intermediate T2-hyperintense, enhancing mass in the posterior 
nasopharynx that is more pronounced on the left side than on the right side 
(arrows) and that extends into the left poststyloid parapharyngeal space. 
There is diffuse enhancement in the adjacent prevertebral longus colli 
muscles (Panel D, asterisks). No bone marrow signal abnormality is present in 
the base of the skull. A coronal volumetric T1-weighted image, obtained after 
the administration of intravenous contrast material (Panel E), shows 
enhancement of the V3 segments of both trigeminal nerves (white arrows), 
asymmetric thickening of the V3 segment of the left trigeminal nerve 
(asterisk), and pachymeningeal thickening and enhancement along the left 
middle cranial fossa, left cavernous sinus (black arrows), and left tentorial 
leaflet (not shown). Axial T1-weighted images (Panels F and G), performed 
with the administration of intravenous contrast material, show additional 
cranial-nerve enhancement involving the geniculate ganglion and proximal 
tympanic segment of the left facial nerve (Panel F, arrows) and cisternal 
segment of the left hypoglossal nerve (Panel G, arrow).



Differential Diagnosis
This 34-year-old man presented with 8 months of symptoms consistent with eustachian tube 
dysfunction, including ear fullness, ear pain, hearing loss, middle-ear effusions, and recurrent otitis 
media despite treatment with multiple courses of antibiotics. Symptoms did not abate with treatment 
for conditions known to commonly cause eustachian tube dysfunction, such as allergic rhinitis or 
chronic rhinosinusitis, and progressed despite myringotomy and placement of middle-ear ventilation 
tubes.
Seven weeks before the current presentation, sinus pain and headache developed. Facial droop 
consistent with cranial neuropathy subsequently developed, and the patient was found to have 
elevated levels of inflammatory markers and a nasopharyngeal mass with intracranial extension on 
imaging studies. In constructing a differential diagnosis, I will consider cancer, infection, and 
autoimmune disease that could explain months of progressive eustachian tube dysfunction and the 
imaging findings found on presentation to this hospital.
Nasopharyngeal Cancer
Although serous otitis media with effusion is most often caused by eustachian tube 
dysfunction, it is important to rule out cancer. In one systematic review of data from patients 
with isolated serous otitis media of unknown cause, 5.5% of the patients ultimately received a 
diagnosis of nasopharyngeal cancer. Nasopharyngeal carcinoma is often associated with 
Epstein–Barr virus (EBV) infection, with a higher prevalence among persons from Southeast 
Asia and northern Africa.



Infection
Sinusitis can be complicated by the spread of infection into surrounding structures, such as the skull base, 
intracranial space, or orbits. Infections at the base of the skull usually occur in persons with clinically 
significant immunocompromise, such as that associated with poorly controlled diabetes, hematologic 
cancer, or the use of immunosuppressive medications (e.g., drugs administered for the treatment of 
autoimmune diseases or after organ transplantation). 
Autoimmune Disease
Granulomatosis with polyangiitis (GPA) may lead to or manifest as sinonasal inflammatory changes. GPA 
involving the head and neck can be challenging to diagnose, since biopsies of abnormal sinonasal tissue 
are usually nondiagnostic, without clear evidence of vasculitis. Testing for antineutrophil cytoplasmic 
antibodies (ANCA) can help make the diagnosis but may be negative in patients with GPA, especially in 
patients with disease isolated to the head and neck. Intranasal cocaine use can cause an ANCA-associated 
vasculitis that mimics GPA, and treatment may not be effective without cessation of the drug.
Eosinophilic GPA is another vasculitis that may lead to or manifest as sinus disease.
When determining treatment for patients with ANCA-associated vasculitis, it is essential to evaluate the 
extent of the disease with the Birmingham Vasculitis Activity Score (BVAS), which helps to determine 
whether the condition is organ-threatening or life-threatening. This patient’s BVAS was 19 (scores range 
from 0 to 63, with higher scores reflecting more severe disease). He had organ-threatening disease with 
cranial-nerve involvement and narrowing of the internal carotid artery due to severe nasopharyngeal 
disease. Therefore, an immediate and aggressive treatment was required.



No evidence of a lymphoproliferative disorder was present on 
histopathological analysis with the use of ancillary 
immunohistochemical staining, or on a separately performed flow 
cytometric evaluation of biopsy specimens. Chromogenic in situ 
hybridization for EBV-encoded RNA, which was performed to rule 
out EBV-associated sinonasal neoplasms such as nasopharyngeal 
carcinoma and extranodal natural killer T-cell lymphoma, was 
negative. No fungal forms were identified on Grocott’s methenamine 
silver staining, a finding that helps to rule out a destructive fungal 
process.
Positive indirect immunofluorescence staining revealed ANCA with a 
cytoplasmic pattern. An enzyme-linked immunosorbent assay (ELISA) 
confirmed the presence of anti–proteinase 3 antibodies (PR3-ANCA), 
with antibody activity measured at 77 units (reference value, <20). 
An ELISA for antibodies to myeloperoxidase was negative.
The findings of the biopsy performed on hospital day 6, interpreted 
in the context of the clinical presentation of this patient and the 
positive test for PR3-ANCA, were diagnostic of GPA.
Pathological Diagnosis
Granulomatosis with polyangiitis.



Two weeks after the patient started immunosuppressive therapy, his facial numbness resolved and 
facial nerve paresis abated; repeat transnasal nasopharyngoscopy showed a decrease in the 
inflammation of the nasopharynx on the left side. After 1 month of treatment, he had an increase in 
headache and fatigue that corresponded to tapering of the dose of prednisone, and the prednisone 
taper was extended from 3 months to 5 months. After 2 months of treatment, headache and fatigue 
had completely resolved and repeat laboratory testing showed normal blood levels of aspartate 
aminotransferase, alanine aminotransferase, and alkaline phosphatase. The patient had residual 
autophony of breath and voice, a symptom suggestive of patulous eustachian tube dysfunction in 
the left ear. A hearing test revealed moderately severe, symmetric sensorineural hearing loss. Three 
months after receiving a diagnosis of GPA, the patient was evaluated by the facial plastic surgery 
consultant because of residual subtle depression of the left eyebrow and left oral commissure; no 
intervention was planned. Five months after initiation of immunosuppressive therapy, the ANCA 
level was less than 20 units. Fifteen months after the initial diagnosis, the patient continues to 
receive rituximab infusions every 4 months.



Der Birmingham Vasculitis Activity Score, kurz BVAS, ist ein validiertes Instrument 
zur quantitativen Dokumentation der Krankheitsaktivität bei Patienten mit 
systemischen Vaskulitiden. Er dient der Einschätzung der Krankeitsschwere, der Überwachung von 
Veränderungen im Krankheitsverlauf sowie der Unterstützung von Behandlungsentscheidungen 
und der objektiven Bewertung des Therapieansprechens.

Interpretation
•0 Punkte: Keine aktive Vaskulitis
•1 bis 10 Punkte: Geringe bis 
moderate Krankheitsaktivität
•> 10 Punkte: Hohe Aktivität, oft 
mit Organbeteiligung



Small cell lung cancer (SCLC), also known as oat cell carcinoma, 
is a fast-growing and aggressive type of lung cancer that 
typically starts in the bronchi (airways) of the lungs. It's 
considered the most aggressive form of lung cancer, often 
spreading quickly to other parts of the body.



Atezolizumab ist ein monoklonaler Antikörper, der zur 
Behandlung verschiedener Krebsarten eingesetzt wird, 
insbesondere von nicht-kleinzelligem Lungenkrebs 
(NSCLC) und Urothelkarzinom. Er gehört zur Gruppe 
der PD-L1-Inhibitoren, die die Interaktion zwischen 
dem PD-L1-Protein auf Tumorzellen und dem PD-1-
Rezeptor auf Immunzellen blockieren, was die Aktivität 
des Immunsystems gegen den Tumor verstärken kann.

Lurbinectedin ist ein Medikament, das bei Erwachsenen mit 
kleinzelligem Lungenkrebs (SCLC) eingesetzt wird, insbesondere 
wenn die Krankheit fortgeschritten ist oder bei der 
platinbasierten Chemotherapie nicht mehr wirksam ist. Es 
handelt sich, um einen Zellgift eine Alkylanz, die sich an die 
DNA bindet und dadurch bestimmte Zellprozesse stört.















Ein Analkanalkarzinom ist eine bösartige Neubildung im Analkanal, dem Teil des Darms, der den Enddarm mit dem 
Anus verbindet. Es ist eine relativ seltene Krebsart, aber es gibt eine Reihe von Faktoren, die das Risiko erhöhen, 
darunter Infektionen mit humanen Papillomviren (HPV).



Retifanlimab ist ein Antikörper, der bei der Behandlung von 
Merkelzellkarzinom (MCC) eingesetzt wird. Er ist ein 
monoklonaler Antikörper, der den programmierten Zelltod-
Rezeptor 1 (PD-1) blockiert, was die Immunantwort des 
Körpers gegen Krebszellen verstärkt.

Carboplatin ist ein sehr verbreitetes Zytostatikum (Mittel 
zur Bekämpfung von Krebserkrankungen). Die chemische 
Struktur enthält ein komplex gebundenes Platinatom, es 
handelt sich um einen Cisplatin-Abkömmling. Die Wirkung 
gegen Krebszellen beruht auf einer Vernetzung der DNA-
Moleküle (Erbsubstanz), die dadurch funktionsunfähig 
werden.















Durch den Karpaltunnel am Handgelenk verlaufen Sehnen und der Mittelnerv. Bei einem Karpaltunnelsyndrom schwillt 
das Gewebe im Karpaltunnel an. Drückt es auf den Mittelnerv, können Empfindungsstörungen und Schmerzen auftreten. 
Über- und Fehlbelastungen der Hand erhöhen das Risiko für ein Karpaltunnelsyndrom.













Molekulare Mimikry (im Deutschen auch Antigen-Mimikry genannt) bezeichnet die Ähnlichkeit von Molekülen auf der 
Oberfläche von Krankheitserregern (z.B. Bakterien, Viren) mit körpereigenen Strukturen. Diese Ähnlichkeit kann dazu 
führen, dass das Immunsystem den Erreger als "Fremd" nicht richtig erkennt und sich infolgedessen auch gegen 
körpereigenes Gewebe richtet, was zu Autoimmunerkrankungen führen kann.

















Figueiredo et al.  report a genetic trait that may provide protection from 
the disease—the decreased expression of a bilirubin conjugation enzyme. 
As a result, unconjugated bilirubin concentrations increase, which has 
antimalarial effects.
Natural lines of defense against malaria have evolved in malaria-endemic 
regions over millions of years. These include genetic traits that confer 
partial resistance or protect from severe malaria. For example, mutations 
in the gene encoding glucose-6-phosphate dehydrogenase results in an 
enzyme deficiency that increases oxidative stress in red blood cells. This 
has a negative effect on the parasite (the Plasmodium life cycle includes 
an asexual phase in host red blood cells). A decrease in hemoglobin 
production by red blood cells caused by mutations in genes encoding the 
globin subunits of hemoglobin (a condition known as thalassemia) makes 
these cells less hospitable to Plasmodium and increases their clearance 
from the host. Mutations in the gene that encodes glycophorin cause 
Dantu, a condition characterized by high surface tension in red blood cells 
that makes it difficult for malaria parasites to invade and multiply. And red 
blood cells that lack Duffy antigens, the receptors for one species of 
Plasmodium, hinder the parasite’s ability to invade these cells. These 
genetic traits are often associated with substantial host trade-offs, such as 
the development of sickle cell disease or an increased risk of anemia, and 
are therefore not predominant in the global population. However, the 
protective effect against malaria has made these traits prevalent in 
malaria-endemic regions, where coevolution of the parasite and its host 
has shaped their genomes.



Increased amounts of unconjugated bilirubin are a characteristic of Gilbert’s syndrome, a benign liver condition 
caused by a polymorphism in the promoter region of the gene encoding the enzyme UDP glucuronosyltransferase 
family 1 member A1 (UGT1A1), resulting in its reduced transcription. UGT1A1 catalyzes the addition of glucuronic 
acid to bilirubin, a yellowish pigment that is a by-product of red blood cell breakdown. This modification occurs in 
hepatocytes and transforms insoluble unconjugated bilirubin into a water-soluble conjugated form that is excreted 
through bile and urine. Hence, repressing UGT1A1 causes unconjugated bilirubin to accumulate, which manifests 
as mild jaundice. Jaundice, the yellowing of the skin and eyes, is a common feature in malaria and has been 
associated with hemolysis or liver dysfunction and considered a marker of disease severity. However, Figueiredo et 
al. suggest, through experiments in cultured infected red blood cells and rodent models and by examining human 
data, that unconjugated bilirubin serves a host-beneficial function during Plasmodium infection. Increasing 
unconjugated bilirubin amounts, through direct administration to infected red blood cells, impaired parasite 
development and halted disease progression. Conversely, mice genetically engineered to lack bilirubin production 
were hypersensitive to Plasmodium infection, a vulnerability that was reversed by administration of unconjugated 
bilirubin. Additionally, asymptomatic humans with Plasmodium falciparum parasitemia had increased amounts of 
unconjugated bilirubin relative to parasite burden compared with symptomatic infected individuals. Consistent 
with a protective effect of unconjugated bilirubin, the UGT1A1-repressing polymorphism is overrepresented in 
populations of African origin, where malaria is endemic.
Increased unconjugated bilirubin has been frequently observed in people suffering from malaria. However, 
Figueiredo et al. present a paradigm-shifting view of bilirubin-associated jaundice in the context of Plasmodium 
infection, challenging the conventional notion that the accumulation of unconjugated bilirubin in plasma is solely a 
consequence of liver dysfunction. Instead, the authors propose that this metabolic alteration constitutes a 
protective, adaptive host response that limits malaria severity.



The findings of Figueiredo et al. suggest a 
multifactorial antimalarial mode of action for 
unconjugated bilirubin. The authors show that 
unconjugated bilirubin impairs the parasite’s energy 
metabolism, pyrimidine biosynthesis, and hemozoin 
crystallization (which converts toxic heme to harmless 
hemozoin) and also reduces mitochondrial membrane 
potential and volume (see the figure). However, it is 
unclear whether these processes are targeted directly 
by unconjugated bilirubin or are downstream effects 
of the actual target (or targets), which has yet to be 
identified. Also, it is unclear whether the antimalarial 
properties of unconjugated bilirubin are limited to 
direct effects on the parasite or have broader effects, 
including immune modulatory functions. That 
unconjugated bilirubin is not just a by-product of 
Plasmodium-induced hemolysis but acts as a host-
derived antimalarial agent reshapes the notion of 
jaundice in individuals with malaria. The study of 
Figueiredo et al. paves the way for new views on 
disease resistance, therapeutic development, and 
evolutionary biology.



INTRODUCTION: Jaundice arises when bilirubin, a yellow pigment, accumulates in plasma and gives a 
yellowish color to the skin and the sclera (the white portion of the eyeball). Bilirubin has long been 
considered as a “waste product” of heme catabolism. Because of its lipophilic nature, bilirubin excretion 
requires conjugation to glucuronic acid through a reaction catalyzed in hepatocytes by UDP 
glucuronosyltransferase family 1 member A1 (UGT1A1). The less toxic water-soluble conjugated bilirubin 
is then excreted via the bile into the intestinal lumen. Because bilirubin conjugation occurs in the liver, its 
accumulation in plasma is a reliable biomarker of liver dysfunction. Although accurate, this has led to the 
widespread perception of jaundice being a maladaptive and eventually pathogenic response. However, 
several investigators have shown that bilirubin participates in various activities, acting as a lipophilic 
antioxidant and presumably as a ligand of receptors involved in different metabolic functions.
RATIONALE: Jaundice is a common presentation of malaria, the ancestral infectious disease caused by 
parasites that evolved to invade and proliferate inside the red blood cells of their hosts, causing 
hemolysis and the accumulation of extracellular hemoglobin in plasma. When the prosthetic heme 
groups of hemoglobin are detached from the globin chains of hemoglobin, there is an accumulation of 
labile heme. Survival from experimental malaria is contingent on the capacity of the infected host to 
catabolize heme into biliverdin, the substrate used by biliverdin reductase to produce bilirubin. This 
raised the hypothesis that bilirubin production by biliverdin reductase participates in a metabolism-
based defense strategy against malaria.



RESULTS: Using a highly specific approach to measure bilirubin in plasma, we found a correlation 
between the levels of circulating unconjugated bilirubin and the onset of symptomatic P. falciparum 
malaria in humans. We established that bilirubin is protective against malaria in an experimental 
model of malaria in mice, where repressing bilirubin production through genetic loss of function of 
biliverdin reductase precipitated malaria mortality. This lethal phenotype could be reversed by the 
administration of bilirubin, verifying that unconjugated bilirubin can be protective against 
experimental malaria. Repression of bilirubin conjugation by hepatic UGT1A1 was also protective 
against experimental malaria in mice, further supporting the protective effect of unconjugated 
bilirubin against malaria. Using several orthogonal approaches in vivo and in vitro, we found that 
unconjugated bilirubin targets Plasmodium inside the red blood cell to repress its proliferation and 
virulence. Bilirubin targets the parasite’s mitochondrion and simultaneously interferes with heme 
detoxification, disrupting the parasite food vacuole and therefore inhibiting the acquisition of 
essential amino acids from hemoglobin.
CONCLUSION: The induction of bilirubin production and inhibition of its conjugation in response to 
Plasmodium spp. infection is an evolutionarily conserved resistance mechanism against malaria. 
Presumably, this metabolism-based defense strategy has a major evolutionary trade-off, namely, the 
insidious incidence of neonatal jaundice, which can potentially damage neurons in the brain. To what 
extent this defense strategy can be targeted therapeutically to overcome the enormous burden 
imposed by malaria on human populations remains to be established.





When a friend mentioned that he’d used a new artificial-intelligence-
powered smartphone app called Death Clock AI to learn when his ticker 
would give out, I wanted to know my end date as well. I had used a 
rudimentary web-based calculator nearly a decade ago, which said my 
time would be up in 2031 — now just six years away! I was hoping an 
app combining AI and statistical modeling to predict my personal life 
expectancy would buy me more time.
It did! I am pleased to report that I won’t die until 2042, at age 84.
Those early death clocks — or longevity calculators — used only basic 
information to estimate how much time you had left. (The web-based 
tool I used previously asked four questions — about birth date, body 
mass index, smoking and mental health status.) There are, of course, 
other life expectancy calculators — the Social Security Administration 
provides one, as do such insurance companies as John Hancock and 
Northwest Mutual. But Death Clock AI is a giant step ahead with its 
reliance on artificial intelligence, which is fed by user data and trained 
on more than 1,200 life expectancy studies, allowing for a more 
personalized prediction of a death date.




