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Cognitive Vitality Reports® are reports written by neuroscientists at the Alzheimer’s Drug 

Discovery Foundation (ADDF). These scientific reports include analysis of drugs, drugs-in-

development, drug targets, supplements, nutraceuticals, food/drink, non-pharmacologic 

interventions, and risk factors. Neuroscientists evaluate the potential benefit (or harm) for brain 

health, as well as for age-related health concerns that can affect brain health (e.g., 

cardiovascular diseases, cancers, diabetes/metabolic syndrome). In addition, these reports 

include evaluation of safety data, from clinical trials if available, and from preclinical models. 

 
 
DYRK1A Inhibitors  
 
Evidence Summary   

DYRK1A inhibition may reduce Alzheimer’s pathology prior to symptom onset, particularly in Down 

syndrome, and promote islet proliferation. It has been difficult to develop specific inhibitors.  

 

Neuroprotective Benefit:  Inhibitors that normalize DYRK1A levels in Down syndrome may 

delay the onset of AD disease pathology, including tau hyperphosphorylation, though 

treatment may need to start within a critical therapeutic window.   

 

Aging and related health concerns:  DYRK1A inhibitors may benefit diabetes and other 

autoimmune conditions by promoting pancreatic islet cell proliferation and reducing 

inflammation, but may raise circulating homocysteine levels.  

 

Safety:  Safety will likely vary with the kinase selectivity of individual inhibitors. There is 

possible concern for neurological side effects with chronic over-inhibition. Clinically tested 

inhibitors have shown good short-term safety thus far.   
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Availability: Research use or in clinical 
trials 

Dose: FRTX-02 and 
Silmitasertib have been 
administered orally in trials 

Lorecivivint has been tested in 
Phase 3 trials at a dose of 0.07 
mg via knee intraarticular 
injection annually  

Lorecivivint  

Chemical formula: 
 C29H24FN7O 

MW:  505.5 g/mol 

 

Source: PubChem 

 

Half-life: Varies  

FRTX-02 16.0 to 28.0 hours in plasma 
Lorecivivint ~ 55 days 
Silmitasertib ~14 hours in Phase 1 trial 

BBB: Varies  

 

Clinical trials: Silmitasertib has been tested 
in Phase 1 (n=43), 1b (n=50), 2 (n=74) trials 
for cancer. Lorecivivint has been tested in 
trials for knee osteoarthritis including a 
Phase 2a  
(n=455), 2b (n=695), 3 (n=498; 501). FRTX-
02 has been tested in a Phase 1 trial in 
healthy volunteers (n=89).  

Observational studies: DYRK1A 
protein levels are altered in AD 

 

What is it?     

 

Dual-specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A) is a serine/threonine kinase. Its 

catalytic activity is regulated by the autophosphorylation of a tyrosine residue (Y321), and then it has 

constitutively active serine/threonine kinase activity [1]. Because it is constitutively active, its activity is 

dosage dependent, and both higher and lower levels can lead to neurological deficits [2]. Individuals 

with Down syndrome (trisomy 21) have three copies of DYRK1A, while individuals with only one copy or 

loss of function mutations have mental retardation and other neurodevelopmental disabilities. DYRK1A 

plays important roles in cell cycle regulation in part by inhibiting nuclear factor of activated T cells   

(NFAT) transcription factors. Over 20 substrates have been identified thus far, and they encompass a 

wide range of cellular processes including cell signaling, chromatin modulation, gene expression, 

alternative splicing, cytoskeletal, and synaptic function [1].  

A variety of groups have been working on developing DYRK1A inhibitors for the primary therapeutic 

indications of Down syndrome, Alzheimer’s disease, diabetes, and cancer. DYRK1A is a challenging target 

because it is a member of the CMGC family of protein kinases, which also includes CLKs, CDKs, MAPKs, 

and GSK3. ATP-competitive inhibitors can be developed to target DYRK1A with high potency, but they 

https://www.alzdiscovery.org/
https://pubchem.ncbi.nlm.nih.gov/compound/Adavivint
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also inhibit other CMGC family members, and thus lack selectivity. Many DYRK1A kinase inhibitors 

identified were originally identified as inhibitors of a related CMGC family member [3]. Each inhibitor 

has a unique profile of CMGC and potentially non-CMGC kinase selectivity. Another complication is that 

molecules with good binding to DYRK1A tend to be hydrophobic and have low aqueous solubility [2]. 

While many prospective DYRK1A inhibitors have been tested in in vitro assays, only a few have been 

validated as DYRK1A inhibitors in in vivo models and have the potential for further clinical development.  

 

Harmine is a natural beta-carboline alkaloid derived from the plant Peganum harmala. It is the most 

widely used DYRK1A inhibitor in preclinical research studies, however its kinase selectivity makes it 

unsuitable for clinical development [3]. It is a strong monoamine oxidase (MAO) inhibitor, and can 

induce parkinsonian-like and hallucinogenic effects at high doses. Many groups are using harmine as a 

scaffold to develop new DYRK1A inhibitors with a better kinase selectivity profile.  

 

Leucettine L41 is a member of the class of DYRK1A inhibitors based on leucettines, which are dual CLK 

and DYRK inhibitors derived from marine sponges [4]. L41 is a synthetic analog of leucettamine B that 

has been optimized for DYRK1A inhibition. A second generation, the leucettinibs, are currently in 

preclinical development by Perha Pharmaceuticals.  

 

Epigallocatechin gallate (EGCG) is a catechin, a type of polyphenol, found in green tea. It has been 

shown to have inhibitory activity toward DYRK1A, and has been tested in clinical trials for Down 

syndrome [5; 6]. However, its clinical utility is limited by its poor pharmacokinetic properties, including 

its poor absorption and low metabolic stability [7]. Some groups are working to develop derivatives of 

EGCG with better drug-like properties [8].  

 

PST-001 is an orally bioavailable (21%), BBB penetrant, selective DYRK1A inhibitor in use as a tool 

compound for in vivo animal studies [9]. It was developed by Pharmasum Therapeutics, who has 

additional compounds in development for eventual clinical use, including PST-674.  

 

Silmitasertib (CX-4945) is a casein kinase 2 inhibitor that is currently in clinical development for oncology 

by Senhwa Biosciences [10]. It was subsequently found to also inhibit several CLK and DYKR family 

members with high potency, including DYRK1A, and was able to inhibit DYRK1A related tau 

phosphorylation in a Down syndrome mouse model [11]. 

 

https://www.alzdiscovery.org/
https://www.perha-pharma.com/
https://www.pharmasum.com/
https://www.senhwabio.com/en
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Lorecivivint (SM04690) is a pan-CLK/DYKR inhibitor that inhibits CLK2 with an IC50 of 5.8 nM, and 

DYRK1A with an IC50 of 26.9 nM [12]. It is currently in Phase 3 clinical development for knee 

osteoarthritis by Biosplice Therapeutics, formerly known as Samumed.   

 

FRTX-02 (VRN024219) is a DYRK1 inhibitor with an IC50 of 2.9 nM for DYRK1A, which also has inhibitory 

activity toward other CMGC kinases, including DYRK1B (IC50 1.9 nM), CLK1 (IC50 4 nM), 

and CLK2 (IC50 3.7 nM) [13]. It was developed by Voronoi Inc. It was acquired by and is currently under 

clinical development for autoimmune conditions by Fresh Tracks Therapeutics, formerly known as 

Brickell Biotech. It is currently in Phase 1 testing in healthy volunteers and patients with atopic 

dermatitis.  

 

SM07883 is an orally bioavailable (%F 92% in mice, 109% in monkey), BBB penetrant, DYRK1A inhibitor 

(IC50 1.6 nM) [14]. It also shows potent inhibition toward DYRK1B, CLK4, and GSK3β in kinase assays. It 

was found to protect against tau hyperphosphorylation in mouse models, and was being developed by 

Samumed, which is now called Biosplice Therapeutics for Alzheimer’s disease. It was tested in a Phase 1 

safety study in healthy volunteers (ACTRN12619000327189), however, there do not appear to be 

further development plans for this compound.  

 

 

Neuroprotective Benefit:  Inhibitors that normalize DYRK1A levels in Down syndrome may delay the 

onset of AD disease pathology, including tau hyperphosphorylation, though treatment may need to start 

within a critical therapeutic window.   

 

Types of evidence: 

• 2 clinical trials for EGCG in Down syndrome (n=31, n=84) 

• 6 biomarker studies for DYRK1A expression in AD in plasma and/or brain tissue  

• Numerous laboratory studies  

 

Human research to suggest prevention of dementia, prevention of decline, or improved cognitive 

function? None 

 

Human research to suggest benefits to patients with dementia:  None 

 

Mechanisms of action for neuroprotection identified from laboratory and clinical research: 

https://www.alzdiscovery.org/
https://www.biosplice.com/default.aspx
https://www.frtx.com/
https://www.samumed.com/default.aspx
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=375888&isReview=true
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DYRK1A plays an important role in brain development, such that elevated or reduced levels during 

neural development result in mental retardation phenotypes [1]. People with Down syndrome have 

increased dosage of DYRK1A (1.5X), whereas people with autosomal dominant mental retardation 7 

(MRD7), a condition associated with microcephaly and severe cognitive deficits, have decreased dosage 

(0.5X) [2]. Many novel mutations in DYRK1A have also been associated with autism phenotypes [15; 16].  

DYRK1A influences nervous system development and function in a variety of ways. It affects the 

proliferation and differentiation of neuronal progenitors, thereby influencing neurogenesis and brain 

growth [17]. It can also affect neurotransmission, dendritic spine formation, and synaptic plasticity 

through its interaction with synaptic proteins and the cytoskeleton.  

 

Down syndrome related cognitive impairment: POTENTIAL BENEFIT  

DYRK1A is located on chromosome 21 within the Down syndrome critical region, which is thought to be 

a major contributor to the Down syndrome phenotype [18]. DYRK1A is a dosage sensitive gene, thus the 

extra copy of DYRK1A in people with trisomy 21 profoundly affects the localization and function of the 

DYRK1A protein. Preclinical studies designed to elucidate the role of DYRK1A in Down syndrome suggest 

that DYRK1A is a key contributor to cognitive deficits stemming from altered neural development as well 

as synaptic dysfunction throughout life. The majority of studies using DYRK1A inhibitors have found that 

normalization of DYRK1A levels improve cognitive and behavioral deficits in transgenic models, 

however, there is considerable variation across studies in terms of outcomes. The discrepancies have 

been attributed to differences in model, composition of the inhibitor, route of administration, dose, and 

timing of administration [18; 19]. The expression of DYRK1A during development and over the course of 

the lifespan varies across tissues, which suggests that there may be an optimal therapeutic window to 

prevent or treat specific neurological phenotypes, but these critical windows have not yet been 

identified [18]. There may also be sex-specific variation in the life course pattern of DYRK1A, as male, 

but not female Down syndrome model mice (Ts65Dn) had elevated levels of DYRK1A expression in 

various brain regions, including the hippocampus, cerebral cortex, and cerebellum, at postnatal day 15 

(P15), which is the equivalent to four months old in human infants [20]. Due to a lack of solubility, 

treatment with the casein kinase inhibitor silmitasertib (CX-4945), which also shows activity toward 

DYRK1A, did not meaningful impact outcomes in these animals, so it is unclear whether there may also 

be sex differences in the therapeutic windows.  

 

The catechin epigallocatechin gallate (EGCG) has been identified as a DYRK1A inhibitor, although its in 

vivo potency within tissues has not been clearly established  [18; 19]. EGCG has been tested in a variety 

of preclinical models and in two RCTs for Down syndrome. In the pilot study (n=31) young adults (age 14 

https://www.alzdiscovery.org/
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to 29) treated for three months with 9 mg/kg EGCG showed improvements in visual recognition memory 

and working memory, which were not sustained during the post-treatment period [5]. Significant 

improvements were not seen on the TESDAD and ABAS-II batteries in a 12-month study (n=84) with 

EGCG alone, but small improvements were seen in visual recognition memory, inhibitory control, 

functional connectivity, and cortical excitability when used in combination with cognitive training [6]. 

While the outcomes cannot conclusively be attributed to the effects of EGCG on DYRK1A in these 

studies, several of these changes are consistent with the modulation of DYRK1A in preclinical studies. 

For example, DYRK1A has been shown to regulate the excitatory/inhibitory balance of the brain with the 

overexpression of DYRK1A leading to an increase in inhibitory neurotransmission [21]. In mice, DYRK1A 

overexpression decreases excitability and gamma oscillations in the prefrontal cortex [22], while 

haploinsufficiency leads to hyperexcitability and seizures [23]. In male Down syndrome model mice 

(Ts65Dn), low doses (~9 mg/kg) of EGCG benefited some abnormalities to trabecular, but not cortical 

bone, whereas high doses (~200 mg/kg) negatively impacted bone strength and structure [24]. It is 

unclear whether this is related to differences in the degree of DYRK1A inhibition, but suggests that over-

inhibition of DYRK1A could potentially have deleterious effects, likely during particular critical windows 

of development.  

 

The clinical and preclinical studies suggest that normalization of DYRK1A during adolescence and young 

adulthood may help normalize neurological phenotypes associated with altered synaptic plasticity and 

cortical excitability [18]. Meanwhile, earlier intervention may be needed to correct neurodevelopmental 

phenotypes stemming from altered neurogenesis. However, the brain appears to be most sensitive to 

DYRK1A dosage during the prenatal period, since individuals with either an extra copy or missing a 

functional copy of DYRK1A are born with neurological deficits. Cortical neurogenesis was restored in 

mouse embryos with trisomy 21 (Ts1Cje) when the mother was treated with the DYRK1A inhibitor 

ALGERNON, whereas, the wildtype offspring showed a trend toward learning deficits [25]. Therefore, 

DYRK1A inhibitors would need to be carefully titrated when used during the prenatal period to ensure 

that DYRK1A is not overinhibited.  

 

Alzheimer’s disease: POTENTIAL BENEFIT PRIOR TO SYMPTOM ONSET (Preclinical) 

Preclinical studies suggest that DYRK1A inhibitors may be most effective for slowing the onset of 

Alzheimer’s disease (AD) in people with Down syndrome. Around fifty percent of individuals with Down 

syndrome develop AD, with symptoms typically starting between 40 and 60 years old. The increased 

levels of DYRK1A are hypothesized to facilitate the early onset of AD by driving AD pathology [17]. In 

trisomy 21 human induced pluripotent stem cells (iPSCs)-derived neurons, normalization of the copy 

https://www.alzdiscovery.org/
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number for APP or DYRK1A, but not of other disease-associated triplicated proteins such as RCAN1 and 

SYNJ1, normalized tau phosphorylation, the cytoskeletal network, and endolysosomal function [26]. In 

the T65Dn mouse model of Down syndrome, aged (13-14 month old) mice with a normalized DYRK1A 

gene copy number (2 copies) had reduced numbers of senescent cells in the hippocampus and cortex, 

reduced cholinergic neurodegeneration, and reduced APP, Aβ, and tau levels, relative to Down 

syndrome mice with 3 copies of DYRK1A [27]. This study suggests that DYRK1A normalization can reduce 

or delay AD neuropathology. However, since these mice had normal levels of DYRK1A throughout their 

lifespan, this study does not indicate the optimal point of intervention, and whether there is a critical 

window. Studies in AD models indicate that treatment with DYRK1A inhibitors is most effective prior to 

the onset of symptoms and pathology, suggesting that treatment starting in adolescence may be 

necessary to prevent or delay the onset of AD in people with Down syndrome.  

 

A case-control study (n=374 cases, 375 controls) in Japan identified DYRK1A (rs2835740; cc genotype) as 

highly associated with late-onset AD (Odds Ratio [OR]: 2.99, 95% Confidence Interval [CI] 1.72 to 5.19; P 

= 0.001) [28]. mRNA expression of DYRK1A was also found to be elevated in the hippocampus of AD 

patients, in this study. Biomarker studies suggest that the systemic dysregulation of DYRK1A may play a 

role in AD. Several studies have found that plasma levels of DYRK1A in AD are lower than age -matched 

controls [29; 30; 31; 32]. Plasma levels of DYRK1A tend to increase with age, however, this increase does 

not occur in individuals with high levels of amyloid [31; 32]. The relationship between DYRK1A appears 

to be tied to amyloid and tau, rather than neurodegeneration more generally [32], suggesting it may 

have utility as a biomarker for AD. Notably, DYRK1A has been shown to phosphorylate tau on several 

residues that have shown utility as plasma biomarkers for AD, including, ptau-181 (Thr181), ptau-231 

(Thr231), and ptau-212 (Thr212) [33]. Similar to DYRK1A, these plasma ptau species show an association 

with brain amyloid levels. In the SENIOR cohort (n=96) of cognitively healthy older adults (aged 50-70), 

plasma DYRK1A levels varied based on brain amyloid levels, such that average levels of DYRK1A were 

4.1 ng/mL in those with low amyloid and 2.8 ng/mL in those with high amyloid [31]. The decrease in 

circulating full-length DYRK1A was seen in the context of both sporadic AD and Down syndrome-

associated AD [31; 34]. The levels of full-length DYRK1A in plasma and CSF were decreased, while levels 

of a truncated (50 kDa) form were increased in those with symptomatic AD, relative to asymptomatic 

Down syndrome individuals [34]. A similar pattern was also seen in lymphoblastoid cell lines from these 

patient groups. The truncated form can be generated through C-terminal cleavage by calpain-1. Calpain 

activity is activated in response to inflammation and has been reported to be dysregulated in AD [35]. 

Studies in mice found that the truncated form of DYRK1A may have increased tau phosphorylation 

https://www.alzdiscovery.org/
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activity [36], and increased affinity for STAT3a in astrocytes, which drives pro-inflammatory signaling 

[37].  

The localization and substrate selectivity for DYRK1A also appears to be altered in AD, as it was found to 

have a 40% reduced association with actin, such that the electrophoretic mobility of G-actin in 

peripheral blood mononuclear cell (PBMC) samples could be used to distinguish AD patients from 

controls [38]. The reduced association of DYRK1A with cytoskeletal proteins was also seen in the 

postmortem brain tissue from AD patients.  This could stem from a change in form and/or expression 

level, since overexpression has been shown to alter the localization of DYRK1A [39]. Studies examining 

whether the expression level of DYRK1A in the brain is altered in AD have been inconsistent, which likely 

stems from cellular and regional variation and the presence of multiple forms. One study found that the 

total levels of DYRK1A from brain homogenates were unchanged, but that in specific brain areas, such as 

the frontal cortex, there were significant increases in the proportion of cells very strongly 

immunoreactive for DYRK1A, suggesting that local levels may play a role in cell susceptibility to AD-

related neurodegeneration [40]. Another study found that while overall levels of DYRK1A were relatively 

unchanged, there was a shift toward decreased levels of full length DYRK1A and an increase in a 

truncated form generated through C-terminal cleavage by calpain-1 [36]. The loss of the full-length form 

may explain the studies that show a decrease in brain levels, if the antibodies used did not readily 

recognize the truncated form.  

 

Amyloid: DYRK1A has been shown to phosphorylate APP at Thr-668, which promotes the production 

and amyloidogenic cleavage of APP to generate pathogenic Aβ [1]. Due to its role in regulating 

cytoskeletal network proteins, DYRK1A also appears to play a role in APP trafficking. Overexpression of 

DYRK1A increased the axonal density of APP vesicles, and the processivity of retrograde transport which 

may promote β-secretase processing in the endolysosomal compartment [41].  

 

Tau: DYRK1A is involved in the regulation of various cytoskeletal proteins, including tau. DYRK1A 

phosphorylates tau on multiple residues, including Ser396 and Thr212, and this primes tau for further 

phosphorylation by GSK3β [42]. DYRK1A also phosphorylates alternative splicing factor which impacts 

the ratio of different tau isoforms, such that increased DYRK1A activity leads to an imbalance in the 

3R/4R ratio [43].  

 

Neuroinflammation: DYRK1A inhibitors have been shown to have anti-inflammatory properties, 

particularly in the context of LPS-induced neuroinflammation. The DYR1A inhibitor, KVN93, reduced pro-

inflammatory cytokine signaling in microglia following LPS stimulation through inhibition of 

https://www.alzdiscovery.org/
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TLR4/AKT/STAT3 signaling [44]. Similarly, harmine suppressed microglial activation through the 

inhibition of TLR4/NF-kB signaling [45]. Anti-inflammatory effects in glia were also seen with the multi-

kinase inhibitor, varlitinib, which was related to TLR4/AKT/NF-kB signaling [46], while pro-inflammatory 

cytokines were reduced in stimulated glia through a reduction in AKT/STAT3 with use of the 

CDK/DYRK1A inhibitor, abemaciclib mesylate [47].  

 

Neurogenesis: DYRK1A acts as a regulator of cell cycle and cytoskeletal proteins, and is critical for 

neurogenesis during embryonic and postnatal brain development, such that haploinsufficiency results in 

microcephaly [48]. DYRK1A acts as a negative regulator of the G1-S transition, such that overexpression 

results in premature cell cycle exit and differentiation, as well as limit cell proliferation and promote 

quiescence [48]. A study in mice suggests that inhibition of DYRK1A could promote the neurogenic 

potential of neural stem cells [49]. The combined induction of Plagl2 and inhibition of DYRK1A 

rejuvenated aged (18-month-old) hippocampal neural stem cells in mice through epigenetic chromatin 

medication, leading to enhanced adult neurogenesis and improved performance on cognitive memory 

tests.  

 

Various DYRK1A inhibitors have shown benefit in lowering amyloid and tau pathology and cognitive 

deficits in preclinical models of AD, primarily when administered starting prior to symptom onset.  

DYR219, a benzimidazole DYRK1A inhibitor, reduced levels of insoluble phosphorylated tau (Ser396), 

insoluble Aβ, and APP, but had no effect on total tau levels in 3xTg AD mice after the onset of symptoms 

(10 months old) [50]. While 3xTg mice treated prior to the onset of pathology showed a significant delay 

in the onset of pathology (6 months old), along with significantly reduced levels of amyloid and tau 

pathology at 12 months of age [51]. In Drosophila, DYR219, which has a Kd of 16 nM for DYRK1A, 

reduced tau phosphorylation at Thr231 and Ser396, and was able to suppress the rough eye phenotype 

in flies overexpressing human tau (0N4R) or human Aβ [52]. It also extended the lifespan of these 

mutant flies by 20% and 25%, respectively. DYR219 rescued the locomotor deficits of tau flies, without 

impacting wildtype flies. It also partially improved behavioral deficits in Aβ or tau overexpressing flies. 

Similar effects were seen with the DYRK1A inhibitor, DYR533 (Kd 4 nM), which primarily reduced tau 

phosphorylation at the Ser396 and Ser262 sites. Relative to flies overexpressing the Drosophila homolog 

of DYRK1A (minibrain), these inhibitors were less effective at rescuing the phenotypes in tau or Aβ 

overexpressing flies, which is indicative of the complex neuropathology in AD which is beyond the scope 

of a single kinase.  

SM07883 reduced tau hyperphosphorylation and aggregation in JNPL3 mice with the FTD P301L tau 

mutation [14].  

https://www.alzdiscovery.org/
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Leucettine L41 prevented Aβ induced oxidative stress and synaptic deficits when co-injected in the 

intracerebroventricular Aβ model [53], and improved synaptic plasticity and memory in the APP/PS1 

model [37].  

PST-001 is an orally bioavailable (21%) DYRK1A inhibitor (IC50 40 nM) with effective transport to the 

brain and shows excellent selectivity toward DYRK1A (GINI-index of 0.936), relative to other tested 

inhibitors and thus has utility as a tool compound for in vivo studies [9]. In Drosophila, it was able to 

reduce levels of phosphorylated tau at Ser262 by over 50% [54]. PST-001 partially restored eye 

phenotypes, extended lifespans (25-30%), restored locomotor behavior, improved sleep, and restored 

memory in flies overexpressing human mutant tau (0N4R) or Aβ42.  

KVN93 is a BBB penetrant DYRK1A inhibitor (IC50 3.1–3.2 nM) [44]. Treatment with KVN93 (20 mg/kg i.p.) 

starting at three months of age reduced levels of Aβ by increasing the levels of Aβ degradation enzymes 

neprilysin and insulin-degrading enzyme and α-secretase ADAM17, along with decreasing levels of the 

gamma-secretase, presenilin-1. This effect on Aβ load and related enzymes was not seen when 

treatment began at eight months of age. While reductions in glial reactivity (Iba1+ and GFAP+) were 

seen at both ages, the anti-inflammatory effects were more pronounced in the younger mice.  

ZDWX-25 is a BBB permeable harmine derivative with inhibitory activity toward DYRK1A (IC50 227.97 ± 

14.97 nM) and GSK-3β (IC50 248.73 ± 22.76 nM) [55]. It was shown to inhibit tau phosphorylation at 

Ser396 and Thr212 in HEK293-Tau P301L cells and okadaic acid-induced SH-SY5Y neuroblastoma cells. 

Treatment with ZDWX-25 (15 mg/kg) starting at 10 months of age in the 3xTg AD mouse model reduced 

tau phosphorylation in the hippocampus at Thr181, Thr212, Ser396 and Ser416, but did not impact tau 

phosphorylation at Ser404, Thr231, or Ser202/Thr205. Plasma levels of ptau-181 and ptau-217 were also 

reduced with treatment. Treatment (15 mg/kg) for two months improved spatial memory performance 

on the Morris water maze, while treatment with a low dose of ZDWX-25 (1 mg/kg) starting at 30 weeks 

of age extended the median survival from 46 to 82 weeks of age in the 3xTg model.  

Varlitinib is an EGFR/HER2 inhibitor that is FDA-approved for the treatment of cancer. It was shown to 

reduce DYRK1A levels in PS19 tauopathy mice, but did not impact levels of p-GSK-3β or p-CDK5. Three-

month-old PS19 mice treated with varlitinib (20 mg/kg, i.p. for 14 days) showed a reduction in  tau 

phosphorylation at Thr212/Ser214 in the cortex and hippocampus as well as at Thr231 in the dentate 

gyrus [46]. This was accompanied by a reduction in gliosis, based on Iba1 and GFAP immunostaining. 

Treatment with varlitinib starting at six months of age was less effective at reducing levels of tau 

phosphorylation and gliosis, suggesting that earlier intervention offers more potential benefit.  

Abemaciclib mesylate is a CDK4/6 inhibitor that is FDA-approved for the treatment of breast cancer. It 

was also shown to exhibit inhibitory activity toward DYRK1A in the 5XFAD mouse model, which was 

accompanied by decreased tau phosphorylation at Ser202/Thr205 and Thr231 in the cortex and 

https://www.alzdiscovery.org/
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hippocampus, as well as at Thr212 in the cortex of six-month-old 5XFAD mice [47]. A similar reduction in 

tau phosphorylation at Ser202/Thr205 and Thr231 was seen with abemaciclib mesylate (30 mg/kg i.p.) 

treatment in three- to four-month-old tau overexpressing PS19 mice. These effects were related to a 

reduction in the levels of DYRK1A and p-GSK3β. Abemaciclib mesylate also reduced Aβ deposition by 

increasing the activity of the Aβ-degrading enzyme neprilysin and the α-secretase ADAM17 as well as 

reducing the activity of the gamma secretase, presenilin-1 in 5XFAD mice. Astrogliosis, stemming from 

STAT3 activation, was also reduced. Although the anti-amyloid and anti-inflammatory features have 

been seen with other DYRK1A inhibitors, it is not clear which CMGC kinases targeted by abemaciclib are 

mediating these non-tau-related effects.    

 

DYRK1A is involved in the metabolism of homocysteine, which is itself a risk factor for AD. While 

elevated DYRK1A in the brain can promote AD pathology, the expression of DYRK1A in the liver may be 

neuroprotective through its connection with homocysteine. In mice, there is a negative correlation 

between plasma homocysteine and hepatic DYRK1A levels with a bi-directional relationship [56]. 

DYRK1A expression in the liver is reduced in hyperhomocysteinemic mice, while overexpression of 

DYRK1A reduces levels of homocysteine by increasing hepatic expression of NAD(P)H quinone 

oxidoreductase and SAHH [56]. The circulating homocysteine can then enter the brain, where it has 

been shown to exert neurotoxic effects through activation of the mitochondrial apoptotic pathway [57]. 

In contrast to the liver, the brains of mice with high homocysteine have elevated levels of DYRK1A and 

SAHH activity, which is likely a compensatory response to the elevated homocysteine [58]. 

Homocysteine can lead to the activation of the cysteine protease calpain-1 by increasing the level of 

intracellular calcium [57], and calpain-1 cleaves the PEST sequence from DYRK1A to generate a 

truncated form with altered kinase activity, localization, and selectivity [36]. In hyperhomocysteinemic 

mice, targeted hepatic expression of DYRK1A using AAV2/8-DYRK1A, decreased plasma homocysteine 

levels, increased brain BDNF, decreased brain calpain, and decreased brain DYRK1A [59]. One study in 

humans found that a composite biomarker of plasma DYRK1A, homocysteine, and BDNF had a of 

sensitivity of 0.952, specificity of 0.889, and accuracy of 0.933 for AD, with DYRK1A being the most 

predictive marker [30]. Consistent with mouse studies indicating that homocysteine promotes the 

truncation of DYRK1A, AD patients had elevated levels of homocysteine (16.85±5.77 vs 12.14±3.00; p 

<10−6), along with a reduction in plasma full-length DYRK1A levels (77.70±13.80 vs 102.4±15.88; p 

<10−14), and BDNF levels (2.00±0.80 vs 3.23±1.25; p<10−9).  

 

Together this suggests a model where cellular insults such as homocysteine or inflammation leads to the 

induction and cleavage of DYRK1A within neurons in AD. This drives neurodegeneration by promoting 
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the generation of Aβ and tau pathology. It additionally induces cognitive dysfunction by altering the 

normal functions of DYRK1A, such that less is associated with cytoskeletal synaptic proteins leading to 

changes in neurotransmission, and more associates with pro-inflammatory drivers. All of the substrates 

have not been fully characterized, so there are likely additional changes to transcriptional programs and 

chromatin regulators stemming from changes to the balance of its cytoplasmic and nuclear localization. 

A potential complication of systemic DYRK1A inhibitors is an increase in homocysteine production, 

which may counteract some of their neuroprotective benefit. Additionally, since DYRK1A has dosage 

dependent activity, over-inhibition could also potentially impair synaptic plasticity and cognitive 

function, thus proper dosing is likely to be a critical aspect of the therapeutic utility of this class of drugs. 

Biomarkers would be needed to determine which AD patients have elevated levels/activity of DYRK1A in 

the brain. Approaches that prevent the proteolytic cleavage of DYRK1A may have a better therapeutic 

profile. In APP/PS1 mice, leucettine L41 was shown to inhibit the proteolysis of DYRK1A as well as 

associated downstream inflammatory and synaptic phenotype [37], but it is not yet known if this is 

specific to L41 or a common feature of DYRK1A inhibitors.  

 

Parkinson’s disease: POTENTIAL BENEFIT (Preclinical)  

A genome-wide functional mapping analysis identified a single nucleotide polymorphism (SNP) in 

DYRK1A (rs11088398; G→T) as a potentially causal SNP in Parkinson’s disease (PD) [60]. This SNP falls 

within a neuron-specific enhancer and has direct interactions with the upstream promoter of DYRK1A. 

DYRK1A has been shown to phosphorylate several PD-associated proteins. Phosphorylation by DYRK1A 

inhibits the ubiquitin E3 ligase activity of Parkin, while phosphorylation of septin 4 enhances the 

aggregation of alpha-synuclein [43]. A novel 6-hydroxybenzothiazole urea derivative, b1, with inhibitory 

activity at DYRK1A was also found to protect against the aggregation of alpha-synuclein and protect 

against 6-OHDA induced cell death in SH-SY5Y cells [61]. A novel non-ATP competitive DYRK1 inhibitor 

derived from EGCG, 1c (1C50 73 nM), protected against the loss of dopaminergic neurons and motor 

deficits in mice when administered (30 mg/kg BID orally) prior to the neurotoxin MPTP [62].    

 

Huntington’s disease: POTENTIAL BENEFIT PRIOR TO ONSET (Preclinical) 

In a 3-NP mycotoxin-indued neurotoxicity model in male rats, pretreatment with the multi-target 

DYRK1A inhibitor, harmine (10 mg/kg/day i.p.) reduced motor and cognitive deficits [63]. Notably, 

pretreatment restored redox homeostasis, which was attributed to the activation of the Nrf2 

endogenous antioxidant system. DYRK1A primes GSK3β to inhibit Nrf2, thus the inhibition of DYRK1A 

relieves the inhibition on Nrf2.  
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APOE4 interactions: UNCLEAR 

One study found that plasma DYRK1A levels were lower in ApoE4 carriers [29], while other studies found 

there was no significant difference between carriers and non-carriers [30; 31].  

 

 

Aging and related health concerns:  DYRK1A inhibitors may benefit diabetes and other autoimmune 

conditions by promoting pancreatic islet cell proliferation and reducing inflammation, but may raise 

circulating homocysteine levels.  

 

Types of evidence:  

• 4 clinical trials for Silmitasertib (CX-4945) in cancer 

• 4 clinical trials for Lorecivivint in knee osteoarthritis 

• 1 clinical trial for FRTX-02 in healthy volunteers  

• Several laboratory studies 

 

Diabetes: POTENTIAL BENEFIT (Preclinical)  

High throughput screens have identified DYRK1A inhibitors as inducers of pancreatic beta-cell 

proliferation, and thus potential therapeutic candidates to promote islet regeneration in patients with 

diabetes. The proliferative effect is driven by the induction and nuclear translocation of nuclear factor of 

activated T cells (NFAT) transcription factors, which act to transactivate the cell cycle. DYRK1A 

phosphorylates NFATs which keeps them in the cytosol, thereby acting to repress NFAT mediated 

transcription. DYRK1A also influences the proliferative state through regulation of the DREAM complex 

[64]. DYRK1A inhibitors can promote beta cell proliferation by disrupting the transcriptional repression 

of the DREAM complex.  

  

Various DYRK1A inhibitors, including harmine, 5-IT, and GNF4877 have been shown to enhance islet cell 

proliferation in mice transplanted with human islet cells, and to improve insulin secretion and glucose 

tolerance in diabetic mice [65; 66; 67]. Harmine can modestly increase human beta cell proliferation in 

culture, by approximately 2%, and several other DYRK1A inhibitors, including leucettine-L41 and INDY, 

have comparable proliferative potential [68]. 5-IT and GNF4877 were found to be 10-fold more potent 

at inducing human beta cell proliferation [69]. DYRK1A inhibitors are generally non-selective and inhibit 

other DYRK family members to varying degrees. Inhibition of both DYRK1A and DYRK1B was found to be 

important for the effect on beta cell proliferation [69], so differences in activity toward these or other 

yet to be identified kinases may account for the differences in potency across inhibitors.  
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One study found it is possible to increase the efficacy and specificity of DYRK1A inhibitors for beta cell 

proliferation by combining them with GLP-1R agonists [68]. The combination had a synergistic effect 

mediated by cAMP signaling and was able to increase beta cell proliferation to around 5-6%.  This 

synergism was found to be a class effect and was found in all tested combinations of DYRK1A inhibitors 

and GLP-1R agonists. This suggests that DYRK1A inhibitors may be most effective for diabetes as part of 

a combination therapy. 

 

Cardiac Hypertrophy: UNCLEAR (Preclinical) 

The effects of DYRK1A on cardiomyocytes appears to be context dependent, leading to different 

outcomes when it is modulated in vitro vs in vivo and across different animal models. In cultured rat 

cardiomyocytes, AAV mediated overexpression of DYRK1A can inhibit phenylephrine-induced 

cardiomyocyte hypertrophy through inhibition of NFAT [70], however, the protective effect was not 

seen in a mouse model (aortic banding) of cardiac hypertrophy with transgenic overexpression of 

DYRK1A [71]. Meanwhile, two studies in rats showed protective effects for DYRK1A inhibition. DYRK1A 

levels were increased three-fold in rats with myocardial infarction, which was accompanied by a 

dysregulation in the alternative splicing of CaMKIIδ [72]. Treatment with DYRK1A non-selective 

inhibitors harmine or EGCG reversed the molecular changes and improved symptoms. The angiotensin 

receptor blocker valsartan inhibited cardiac hypertrophy in hypertensive rats, which was partially 

mediated by a decrease in cardiac DYRK1A and associated restoration of CamK11δ splicing [73].  

In a mouse model of myocardial infarction involving permanent ligation of left anterior descending 

coronary artery, treatment with the non-specific DYRK1A inhibitor harmine promoted cardiomyocyte 

cell cycle activation, which was accompanied by improved cardiac function based on left ventricular 

ejection fraction and left ventricular fractional shortening [74]. These studies suggest that the effects of 

DYRK1A inhibitors in the heart are dependent on the dominant signaling pathways in cardiac tissue at a 

given time.  

 

Cancer: CONTEXT DEPENDENT  

Adults with Down syndrome have decreased incidence of solid tumor cancers; however, children are at 

increased risk for leukemias [75]. DYRK1A may be oncogenic in megakaryocytes, contributing to the 

leukemia risk, and may be acting as a tumor suppressor in other tissues.  

DYRK1A has context dependent functions, and there is evidence to support its role as both an 

oncogene and a tumor suppressor [1]. DYRK1A acts as a negative regulator of the cell cycle, and the 

dosage can direct cells toward proliferating or exiting the cell cycle. It can also promote the survival of 
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malignant cells by inhibiting pro-apoptotic pathways, since the loss of DYRK1A can activate p53. DYRK1A 

likely plays a tumor type specific role, such that whether DYRK1A inhibition would promote or inhibit 

tumor cell growth depends on the tissue type and tumor microenvironment. In some tumor types, the 

reactivation of cell cycle activity with DYRK1A inhibition can sensitize the cancer cells to DNA damage-

related cell death from chemotherapy or radiation [76].  

 

Silmitasertib (CX-4945) was tested in a Phase 1b/2 trial at a dose of 1000 mg/day for ten days in 

combination with gemcitabine and cisplatin (on days 1 and 8 of a 21-day cycle) in patients with locally 

advanced/metastatic cholangiocarcinoma (n=144) (NCT02128282) [77]. The median progression free 

survival rate for the combination with silmitasertib was 11.2 months (95% CI 7.6 to 14.7) relative to 5.8 

months (95% CI 3.1 to not evaluable) for gemcitabine and cisplatin alone. The median overall survival 

was 17.4 months (95% CI 13.4 to 25.7) for the combination versus 14.9 months (95% CI 9.9 to not 

evaluable). Based on these results, silmitasertib has been granted Orphan Drug Designation by the FDA 

for biliary tract cancer (Press release). In two Phase 1 trials testing silmitasertib as a monotherapy in 

patients with advanced solid tumors led to six-month disease stabilization in 15% of patients, but no 

partial or complete responses based on RECIST criteria [78]. Silmitasertib is currently being tested in 

patients with recurrent medulloblastoma (NCT03904862) and in patients with basal cell carcinoma 

(NCT03897036). Preliminary data indicates that two out of ten patients with locally advanced basal cell 

carcinoma showed partial responses in tumor size reduction (30%) (Press release).   

 

Hyperhomocysteinemia: POTENTIAL HARM (Preclinical) 

High homocysteine is a risk factor for atherosclerotic vascular disease. Individuals with Down syndrome, 

who have 1.5 times the level of DYRK1A due to an extra copy of chromosome 21, have low circulating 

homocysteine levels [79] and low rates of atherosclerosis [80]. The increased dosage of DYRK1A may 

underlie the protection against cardiovascular phenotypes in this population [56]. 

 

Hepatic DYRK1A and plasma homocysteine levels have been found to be inversely correlated in mice 

[56]. Meanwhile there is a positive correlation between DYRK1A protein levels and liver activity of 

cystathionine beta synthase, the primary enzyme involved in the metabolism of homocysteine [81]. 

Hepatic DYRK1A expression has also been positively correlated with hepatic SAHH activity, another 

enzyme involved in homocysteine metabolism [56]. AAV targeted hepatic expression of DYRK1A in 

hyperhomocysteinemic mice (CBS+/-) decreased plasma homocysteine levels, increased cystathionine 

beta synthase activity, and increased apoA1 levels [82]. These studies suggest that DYRK1A inhibitors 

could exacerbate homocysteine related cardiovascular disease.  

https://www.alzdiscovery.org/
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Knee osteoarthritis: POTENTIAL BENEFIT FOR MILD DISEASE  

Lorecivivint modulates the Wnt pathway by inhibiting CLK2 and DYRK1A [12]. DYRK1A phosphorylates 

and activates the chromatin regulator SIRT1, which is a positive regulator of canonical Wnt signaling. 

Wnt signaling has been found to be upregulated in osteoarthritic joints. Additionally, the 

phosphorylation of the transcription factor FOXO1 by DYRK1A results in its nuclear exclusion and 

degradation. FOXO1 enhances the function of chondrocytes, which produce the cartilage matrix, thus 

the activation of FOXO1 enhances joint repair. 

In a Phase 2a placebo-controlled RCT (NCT02536833) (n=455), lorecivivint was administered as a single 

2‐ml intraarticular injection at a dose of 0.03 mg, 0.07 mg, or 0.23 mg in patients with knee 

osteoarthritis [83]. The study did not meet its primary endpoint of improvement (≥20‐points) on the 

WOMAC pain scale at week 13, however, there were significant improvements in the WOMAC pain 

score (−11.21, 95% CI −20.99 to −1.43) and WOMAC function score (−10.26, 95% CI −19.82, −0.69) 

relative to placebo, at the 0.07 mg dose at 52 weeks in a prespecified subgroup with unilateral 

symptoms.  

In a Phase 2b placebo-controlled RCT (NCT03122860) (n=695), lorecivivint was administered as a 2‐ml 

intraarticular injection at a dose of 0.03, 0.07, 0.15, or 0.23 mg, in conjunction with standard of care 

NSAID treatment [84]. Significant improvements were seen in WOMAC pain (−7.36, 95% CI −14.03 to 

−0.69) and function (−7.99, 95% CI −14.54 to −1.45) subscores and Pain numeric rating scale (NRS) 

(−0.82, 95% CI −1.51 to −0.12) at the 0.23 mg dose at week 24, relative to placebo. Improvements in the 

Pain NRS and WOMAC scores were also seen at the 0.07 mg dose at week 12.  

In the 28-week STRIDES-1 (NCT04385303) (n=498) and 56-week STRIDES-X-ray (NCT03928184) (n=501) 

Phase 3 placebo-controlled RCTs, intraarticular lorecivivint at a dose of 0.07 mg was tested in patients 

with knee osteoarthritis. The primary endpoint of change from baseline in Pain NRS at week 12 was not 

met in either study [85; 86]. A subset of participants (n=251) from the STRIDES-X-ray study continued 

into a year-long single-blind extension trial and received another dose of lorecivivint or placebo. Those 

in the lorecivivint group showed a statistically significant reduction in the WOMAC pain score relative to 

placebo (-5.18, 95% CI -10.28 to -0.08), as well as trends toward improvement in the Pain NRS and 

WOMAC function scores [86]. Participants in the placebo group that crossed over to lorecivivint during 

an open-label extension period also showed improvement on these measures within six months. 

Patients included in these studies had clinically and radiologically defined knee osteoarthritis with 

baseline Pain NRS levels between four and eight, on this ten-point scale and baseline medial joint space 

width between 1.5 to 4.0 mm. The sponsor concluded that the structural disease may have been too 

https://www.alzdiscovery.org/
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advanced for benefit in the tested population, and has initiated a new Phase 3 RCT in patients with less 

advanced structural disease (NCT05603754).  

 

Skin autoimmune conditions: POTENTIAL BENEFIT (Preclinical) 

DYRK1A plays a role in the regulation of adaptive and innate immunity. NFAT transcription factors are 

regulators of T cell development, differentiation, and activation [87]. They also play a role in self-

tolerance, such that dysregulation of NFAT signaling may contribute to autoimmune disorders. The 

phosphorylation of NFATs by DYRK1A inhibits their transcriptional activity via nuclear exclusion. Thus, 

overactive DYRK1A can disrupt the balance of NFAT signaling, and thus alter the balance of T cells. 

Consequently, the prevalence of autoimmune disorders, such as psoriasis, type 1 diabetes, and juvenile 

arthritis, is higher in individuals with Down Syndrome relative to the general population [88]. The 

DYRK1A inhibitor, FRTX-02, formerly known as VRN024219 is currently being developed for skin 

autoimmune conditions.  

Oral and topical formulations of FRTX-02 were tested in preclinical models of psoriasis and atopic 

dermatitis [88]. In a mouse (BALB/c) model of psoriasis induced by the application of imiquimod cream 

to the ear, oral administration of FRTX-02 (45 or 60 mg/kg twice per day) reduced ear inflammation to 

the same extent as current standard of care treatments, methotrexate or tofacitinib (JAK inhibitor). 

Once daily topical treatment (1% or 3%) also reduced ear inflammation in a dose-dependent manner. 

Similarly, in a mouse model of atopic dermatitis involving exposure to 4% SDS and house dust mite 

allergens, FRTX-02 administered orally (30 mg/kg twice daily) or topically (1.5% or 3% daily) reduced 

inflammation to at least the same degree as dexamethasone based on the dermatitis severity score and 

histological analysis. Improvements in skin thickness and reductions in serum IgE levels were seen with 

both formulations in both model systems. In cell culture, FRTX-02 biased the differentiation of ex vivo 

CD4+ T cells in favor of pro-tolerogenic T regulatory cells and away from pro-inflammatory Th-1 and Th-

17 cells. FRTX-02 also reduced pro-inflammatory MyD88/IRAK4–NF-κB mediated signaling in a human 

mast cell line (HMC1.2).  

FRTX-02 is currently being tested in a two-part Phase 1 trial (NCT05382819). The first part, a single and 

multiple ascending dose study in healthy volunteers was recently completed and will now move on to 

the second part testing FRTX-02 relative to placebo for 28 days in patients with moderate to severe 

atopic dermatitis (Press release). Exploratory cytokine analysis following ex vivo LPS stimulation of whole 

blood from healthy volunteers in the Phase 1 study found evidence of maximum reductions up to over 

90% for IFN-γ, over 50% for IL-23, IL-10 and TNF-α, and around 40% for IL-6 following 14 days of 75 or 

150 mg FRTX-02, relative to baseline (Press release). 

 

https://www.alzdiscovery.org/
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Antiviral: POTENTIAL BENEFIT 

DYRK1A has been shown to play a role in the replication of several viruses. It has been shown to 

promote viral infection by human papillomavirus type 16, human adenovirus type 5, and human 

cytomegalovirus [89]. It can also promote the reactivation of latent virus in the context of HIV, 

suggesting that it can have pro or anti-viral roles. Recently, DYRK1A inhibitors were found to block viral 

entry of pseudorabies virus in cell culture [90]. DYRK1A was also shown to promote infection by SARS-

CoV2, which is consistent with the higher rates of severe Covid-19 in individuals with Down syndrome 

[91]. Silmitasertib (CX-4945), which inhibits casein kinase 2 as well as DYRK1A, was tested in a small 

Phase 2 open label clinical trial (n=31) in patients with severe Covid-19 (NCT04668209). Topline data 

from 20 patients with moderate Covid-19 found that silmitasertib treatment significantly shortened time 

to recovery relative to standard of care (median 6 days vs 14 days) (Press release).    

 

 

Safety:  Safety will likely vary with the kinase selectivity of individual inhibitors. There is possible concern 

for neurological side effects with chronic over-inhibition. Clinically tested inhibitors have shown good 

short-term safety thus far.   

 

Types of evidence:   

• 3 Phase 1 clinical trials for Silmitasertib (CX-4945) in cancer 

• 4 clinical trials (2 Phase 2 and 2 Phase 3) for Lorecivivint in knee osteoarthritis  

• 1 Phase 1 clinical trial for FRTX-02 in healthy volunteers 

• Numerous laboratory studies 

 

The safety profile for DYRK1A inhibitors will depend on their individual kinase selectivity profiles and 

their potency toward DYRK1A. It will also depend on the timing of administration for a given disease 

course, as well as the tissue distribution of the drug. All of the inhibitors developed at this point are 

relatively non-selective as they can inhibit multiple CMGC family members based on in vitro kinase 

assays [3]. However, studies suggest that in vivo these inhibitors may exert biologically meaningful 

effects on a narrower range of kinases and associated signaling pathways [4]. Furthermore, the effects 

may depend on the kinase profile of a given tissue, and the levels of activity of a given kinase relative to 

the IC50 of the particular inhibitor. The good safety profiles of the non-selective DYRK1A inhibitors tested 

thus far may stem from incomplete inhibition of target kinases in vivo. Since each inhibitor has a 

different potency and selectivity profile, the safety profile cannot be generalized, and each will need to 

be tested independently.  

https://www.alzdiscovery.org/
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The genetic dosage of DYRK1A plays a role as well, since individuals with Down syndrome have 1.5X 

higher levels throughout the body, whereas euploid individuals with other chronic conditions may have 

variable expression across tissues, with elevated levels in only a few tissues, and possibly a mix of 

elevated and reduced levels [39]. Because the localization and functions of DYRK1A are dosage 

dependent, the systemic inhibition of DYRK1A in individuals with a localized elevation could lead to a 

higher degree of side effects, through the over-inhibition of DYRK1A in unaffected tissues [2; 92]. At this 

point, most inhibitors have only been tested in vitro or in a few rodent preclinical models.  

The inhibitors were well-tolerated and had no overt effects on behavior in the rodent studies in disease 

models, but there is some evidence that DYRK1A inhibition in wildtype animals, at least at certain stages 

of development, could impact cognitive function [93]. The neurological phenotypes associated with 

reduced levels of DYRK1A including microcephaly, seizures, and autism-related behaviors stem from 

reduced DYRK1A throughout the lifespan. Altered DYRK1A dosage during the prenatal period of neural 

development appears to be the primary driver of these phenotypes, but it is not yet understood 

whether chronic over-inhibition of DYRK1A kinase activity during adulthood would produce clinically 

meaningful effects on neurological function [2].  

 

There is a potential concern that due to their roles promoting insulin in the pancreas, DYRK1A and GSK3 

inhibitors could impact liver glycogen content [55]. However, significant effects on liver glycogen were 

not seen in rodents following treatment with the dual DYRK1A/GSK3 inhibitor ZDWX-25.  

 

Lorecivivint (SM04690), a CLK/DYRK inhibitor with preferential activity toward CLK2 and DYRK1A, has 

been tested in clinical trials for knee osteoarthritis. Phase 2 studies used a paradigm of a single 2 ml 

intraarticular injection of lorecivivint with doses up to 0.23 mg [83] [84]. In these studies, adverse events 

were generally balanced between the active and placebo arms, and there were no clinically significant 

changes to clinical laboratory results, or vital signs. The most common adverse event was arthralgia, 

defined as an exacerbation of an existing condition. There were no treatment-related serious adverse 

events. A similar safety profile was seen in Phase 3 studies using annual intraarticular injections of 0.07 

mg lorecivivint [85; 86].  

 

FRTX-02 is a DYRK1 inhibitor which also shows activity towards CLKs. No adverse effects were identified 

in rodents treated with systemic (oral) or local (topical) treatment with FRTX-02 [88]. The doses used led 

to plasma levels that were ten times the IC50. A Phase 1 clinical trial is currently ongoing. The first phase 

tested single (10 to 600 mg) (n=56) and multiple (75, 150 and 300 mg) (n=33) ascending doses (MAD) for 
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14 days of once daily oral FRTX-02 in healthy volunteers (Press release). FRTX-02 was generally well-

tolerated with no discontinuations due to adverse events. There was one case of moderate headache 

that was considered possibly drug related, otherwise treatment-emergent adverse events were mild. 

There were two cases of QT prolongation in the 300 mg MAD cohort that resolved upon drug cessation, 

but no other ECG or clinical laboratory abnormalities were seen in the other study cohorts.   

 

Silmitasertib (CX-4945) is a casein kinase 2 inhibitor, which also shows activity towards DYRK1A, that is 

currently in clinical testing for various cancers [10]. Two Phase 1 studies involving a total of 43 cancer 

patients with solid tumors found that it was well tolerated, and had dose limiting toxicities of diarrhea 

and hypokalemia [78]. In a Phase 1/2 trial in patients with locally advanced/metastatic 

cholangiocarcinoma (n=144), the most common treatment-related adverse events attributed to 

silmitasertib were diarrhea (66%), nausea (51%), vomiting (33%), and fatigue (31%) [77]. Serious adverse 

events attributed to silmitasertib included anemia, thrombocytopenia, vomiting, neutropenia, febrile 

neutropenia, diarrhea, and nausea.  

 

Sources and dosing:   

 

Various non-selective ATP competitive DYRK1A inhibitors, such as harmine, INDY, 5-IT, leucettine L41, 

and GNF4877 are available from commercial suppliers for research purposes. The therapeutic doses for 

most DYRK1A inhibitors have not been established. CX-4945 is currently in Phase 1 and 2 clinical trials 

for cancer. Lorecivivint has been tested in Phase 3 trials for knee osteoarthritis at a dose of 0.07 mg 

administered intraarticularly on an annual basis. FRTX-02 was found to be well-tolerated in a MAD study 

in healthy volunteers at an oral dose of 150 mg/day.   

 

Research underway:   

 

There are several companies working to develop DYRK1A inhibitors.  

 

Fresh Tracks Therapeutics was formerly known as Brickell Biotech. They acquired the DYRK1A inhibitor 

VRN024219 from Voronoi (Press release) in 2021, which they renamed FRTX-02. This drug has shown 

efficacy in preclinical models of autoimmune disease, and is currently being tested in a Phase 1/2 study 

in healthy volunteers and patients with moderate to severe atopic dermatitis (NCT05382819).  

 

https://www.alzdiscovery.org/
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Biosplice Therapeutics, formerly known as Samumed LLC, is currently developing a series of DYRK1A 

inhibitors for different indications, including cancer, neurological diseases, such as AD, traumatic brain 

injury, and tauopathies, as well as osteoarthritis. They are developing DYRK1A inhibitors, CLK inhibitors, 

and dual DYRK/CLK inhibitors. Their most advanced program is for the pan-CLK/DYRK inhibitor 

Lorecivivint (SM04690), which has been tested in Phase 3 RCTs for osteoarthritis. Lorecivivint is currently 

being tested in a new Phase 3 trial for knee osteoarthritis (NCT05603754). Their pipeline for oral, BBB 

penetrant DYRK1A inhibitors for neurological conditions is currently listed as in preclinical development. 

The status of their former candidate, SM07883, which had undergone Phase 1 testing is unclear.  

 

Pharmasum Therapeutics is a Norwegian company developing DYRK1A inhibitors. They have published 

data on PST-001, an orally bioavailable, BBB penetrant selective DYRK1A inhibitor tool compound. They 

are currently in preclinical development and according to their pipeline are developing the DYRK1A 

inhibitor PST-674 for dementia related to Down syndrome, AD, and PD.  

 

Felicitex Therapeutics is developing DYRK1 (1A and 1B) inhibitors for the treatment of cancer, as well as 

for autoimmune conditions, including type 1 diabetes. According to their pipeline, they are currently in 

preclinical development, with some programs progressing into IND enabling studies.  

 

Perha Pharmaceuticals is developing pharmaceuticals based on natural marine products, including the 

leucettines and more recently, the leucettinibs, which act as DYRK1A inhibitors. They aim to develop 

these for Down syndrome and AD. Their current preclinical lead is leucettinib-21.  

 

Avanti Biosciences is located in the Johnson & Johnson Innovation – JLABS incubator in San Diego. They 

are a preclinical stage company working on developing more potent and bioavailable DYRK1A inhibitors 

based off of EGCG for Down Syndrome and AD.  

 

Senhwa Biosciences is developing small molecules for oncology. Their casein kinase 2 inhibitor, 

silmitasertib (CX-4945) was also shown to have inhibitory activity toward DYRK1A. It is in clinical 

development for cancer, but has also been tested in a clinical trial for Covid-19.  

 

There are a multitude of primarily academic groups working to develop DYRK1A inhibitors, though most 

are still in the medicinal chemistry phase [3; 7; 8; 94; 95; 96; 97; 98]. Christopher Hulme, Travis 

Dunckley, and Yeng-Jeng Shawat the University of Arizona hold a patent for a series of structurally 

https://www.alzdiscovery.org/
https://www.biosplice.com/default.aspx
https://clinicaltrials.gov/ct2/show/NCT05603754
https://www.biosplice.com/clinical-development/default.aspx
https://www.pharmasum.com/
https://www.pharmasum.com/pipeline-2
https://www.felicitex.com/
https://www.felicitex.com/pipeline
https://www.perha-pharma.com/
https://www.perha-pharma.com/pipeline
https://www.avantibiosciences.com/inflammation
https://www.senhwabio.com/en
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unique 6,5-heterocyclic DYRK1A inhibitors for use in AD, Down syndrome, glioblastoma, autoimmune 

diseases, inflammatory disorders, and other diseases [99].  

 

Search terms:  

Pubmed, Google:  DYRK1A  

• Alzheimer’s disease, Down syndrome, cognition, aging, cancer, diabetes, cardiovascular, 

homocysteine, safety, inhibitors, clinical trials 

 

Websites visited for DYRK1A Inhibitors: 

• Clinicaltrials.gov (Silmitasertib, Lorecivivint, FRTX-02) 

• PubChem (Leucettine L41, Lorecivivint, Silmatsertib) 

• Drugbank.ca (Lorecivivint, Silmatsertib)  

 

References: 

1. Abbassi R, Johns TG, Kassiou M et al. (2015) DYRK1A in neurodegeneration and cancer: Molecular basis and clinical 
implications. Pharmacology & Therapeutics 151, 87-
98http://www.sciencedirect.com/science/article/pii/S0163725815000637. 

2. Duchon A, Herault Y (2016) DYRK1A, a Dosage-Sensitive Gene Involved in Neurodevelopmental Disorders, Is a Target for 
Drug Development in Down Syndrome. Front Behav Neurosci 10, 104-104https://pubmed.ncbi.nlm.nih.gov/27375444 

3. Jarhad DB, Mashelkar KK, Kim H-R et al. (2018) Dual-Specificity Tyrosine Phosphorylation-Regulated Kinase 1A (DYRK1A) 
Inhibitors as Potential Therapeutics. Journal of Medicinal Chemistry 61, 9791-
9810https://doi.org/10.1021/acs.jmedchem.8b00185. 

4. Tahtouh T, Elkins JM, Filippakopoulos P et al. (2012) Selectivity, Cocrystal Structures, and Neuroprotective Properties of 
Leucettines, a Family of Protein Kinase Inhibitors Derived from the Marine Sponge Alkaloid Leucettamine B. Journal of 
Medicinal Chemistry 55, 9312-9330https://doi.org/10.1021/jm301034u. 

5. De la Torre R, De Sola S, Pons M et al. (2014) Epigallocatechin-3-gallate, a DYRK1A inhibitor, rescues cognitive deficits in 
Down syndrome mouse models and in humans. Molecular Nutrition & Food Research 58, 278-
288https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201300325. 

6. de la Torre R, de Sola S, Hernandez G et al. (2016) Safety and efficacy of cognitive training plus epigallocatechin-3-gallate 
in young adults with Down's syndrome (TESDAD): a double-blind, randomised, placebo-controlled, phase 2 trial. The 
Lancet Neurology 15, 801-810https://doi.org/10.1016/S1474-4422(16)30034-5. 

7. Huizar FJ, Hill HM, Bacher EP et al. (2022) Rational Design and Identification of Harmine-Inspired, N-Heterocyclic DYRK1A 
Inhibitors Employing a Functional Genomic In Vivo Drosophila Model System. ChemMedChem 17, 
e202100512https://pubmed.ncbi.nlm.nih.gov/34994084/. 

https://www.alzdiscovery.org/
https://clinicaltrials.gov/ct2/results?cond=&term=CX-4945&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=&term=Lorecivivint&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=&term=FRTX-02+&cntry=&state=&city=&dist=
https://pubchem.ncbi.nlm.nih.gov/compound/leucettine_L41
https://pubchem.ncbi.nlm.nih.gov/compound/Adavivint
https://pubchem.ncbi.nlm.nih.gov/compound/Silmitasertib
https://go.drugbank.com/drugs/DB14883
https://go.drugbank.com/drugs/DB15408
http://www.sciencedirect.com/science/article/pii/S0163725815000637
https://pubmed.ncbi.nlm.nih.gov/27375444
https://doi.org/10.1021/acs.jmedchem.8b00185
https://doi.org/10.1021/jm301034u
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201300325
https://doi.org/10.1016/S1474-4422(16)30034-5
https://pubmed.ncbi.nlm.nih.gov/34994084/


 

 

 

23 

Last updated on April 14, 2023  

 

8. Araldi GL, Hwang YW (2022) Design, synthesis, and biological evaluation of polyphenol derivatives as DYRK1A inhibitors. 
The discovery of a potentially promising treatment for Multiple Sclerosis. Bioorganic & medicinal chemistry letters 64, 
128675https://pubmed.ncbi.nlm.nih.gov/35292341/. 

9. Stensen W, Rothweiler U, Engh RA et al. (2021) Novel DYRK1A Inhibitor Rescues Learning and Memory Deficits in a 
Mouse Model of Down Syndrome. Pharmaceuticals (Basel, Switzerland) 
14https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8617627/. 

10. Chon HJ, Bae KJ, Lee Y et al. (2015) The casein kinase 2 inhibitor, CX-4945, as an anti-cancer drug in treatment of 
human hematological malignancies. Frontiers in Pharmacology 
6https://www.frontiersin.org/article/10.3389/fphar.2015.00070. 

11. Kim H, Lee K-S, Kim A-K et al. (2016) A chemical with proven clinical safety rescues Down-syndrome-related 
phenotypes in through DYRK1A inhibition. Disease Models &amp; Mechanisms 9, 839-
848https://dmm.biologists.org/content/dmm/9/8/839.full.pdf. 

12. Deshmukh V, O'Green AL, Bossard C et al. (2019) Modulation of the Wnt pathway through inhibition of CLK2 and 
DYRK1A by lorecivivint as a novel, potentially disease-modifying approach for knee osteoarthritis treatment. Osteoarthritis 
and cartilage 27, 1347-1360https://pubmed.ncbi.nlm.nih.gov/31132406/. 

13. Seo DH, Ma HW, Kim S et al. (2020) P001. Novel DYRK1a inhibitor VRN024219 alleviates colitis severity in IBD mouse 
models by modulating T-cell differentiation. ECCO 2020 Conference Posterhttps://voronoi.io/wp-
content/uploads/20200203-ECCO-Poster_-Final_V2.pdf. 

14. Melchior B, Mittapalli GK, Lai C et al. (2019) Tau pathology reduction with SM07883, a novel, potent, and selective oral 
DYRK1A inhibitor: A potential therapeutic for Alzheimer's disease. Aging Cell 18, e13000-
e13000https://pubmed.ncbi.nlm.nih.gov/31267651 

15. Dang T, Duan WY, Yu B et al. (2018) Autism-associated Dyrk1a truncation mutants impair neuronal dendritic and spine 
growth and interfere with postnatal cortical development. Molecular Psychiatry 23, 747-
758https://doi.org/10.1038/mp.2016.253. 

16. Evers JMG, Laskowski RA, Bertolli M et al. (2017) Structural analysis of pathogenic mutations in the DYRK1A gene in 
patients with developmental disorders. Hum Mol Genet 26, 519-526https://pubmed.ncbi.nlm.nih.gov/28053047 

17. Arbones ML, Thomazeau A, Nakano-Kobayashi A et al. (2019) DYRK1A and cognition: A lifelong relationship. 
Pharmacology & Therapeutics 194, 199-221http://www.sciencedirect.com/science/article/pii/S016372581830175X. 

18. Stringer M, Goodlett CR, Roper RJ (2017) Targeting trisomic treatments: optimizing Dyrk1a inhibition to improve Down 
syndrome deficits. Mol Genet Genomic Med 5, 451-465https://pubmed.ncbi.nlm.nih.gov/28944229 

19. Feki A, Hibaoui Y (2018) DYRK1A Protein, A Promising Therapeutic Target to Improve Cognitive Deficits in Down 
Syndrome. Brain Sci 8, 187https://pubmed.ncbi.nlm.nih.gov/30332747 

20. Hawley LE, Prochaska F, Stringer M et al. (2022) Sexually dimorphic DYRK1A overexpression on postnatal day 15 in the 
Ts65Dn mouse model of Down syndrome: Effects of pharmacological targeting on behavioral phenotypes. Pharmacology, 
biochemistry, and behavior 217, 173404https://pubmed.ncbi.nlm.nih.gov/35576991/. 

21. García-Cerro S, Martínez P, Vidal V et al. (2014) Overexpression of Dyrk1A Is Implicated in Several Cognitive, 
Electrophysiological and Neuromorphological Alterations Found in a Mouse Model of Down Syndrome. PLOS ONE 9, 
e106572https://doi.org/10.1371/journal.pone.0106572. 

https://www.alzdiscovery.org/
https://pubmed.ncbi.nlm.nih.gov/35292341/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8617627/
https://www.frontiersin.org/article/10.3389/fphar.2015.00070
https://dmm.biologists.org/content/dmm/9/8/839.full.pdf
https://pubmed.ncbi.nlm.nih.gov/31132406/
https://voronoi.io/wp-content/uploads/20200203-ECCO-Poster_-Final_V2.pdf
https://voronoi.io/wp-content/uploads/20200203-ECCO-Poster_-Final_V2.pdf
https://pubmed.ncbi.nlm.nih.gov/31267651
https://doi.org/10.1038/mp.2016.253
https://pubmed.ncbi.nlm.nih.gov/28053047
http://www.sciencedirect.com/science/article/pii/S016372581830175X
https://pubmed.ncbi.nlm.nih.gov/28944229
https://pubmed.ncbi.nlm.nih.gov/30332747
https://pubmed.ncbi.nlm.nih.gov/35576991/
https://doi.org/10.1371/journal.pone.0106572


 

 

 

24 

Last updated on April 14, 2023  

 

22. Ruiz-Mejias M, Martinez de Lagran M, Mattia M et al. (2016) Overexpression of Dyrk1A, a Down Syndrome Candidate, 
Decreases Excitability and Impairs Gamma Oscillations in the Prefrontal Cortex. The Journal of Neuroscience 36, 3648-
3659https://www.jneurosci.org/content/jneuro/36/13/3648.full.pdf. 

23. Raveau M, Shimohata A, Amano K et al. (2018) DYRK1A-haploinsufficiency in mice causes autistic-like features and 
febrile seizures. Neurobiology of Disease 110, 180-
191http://www.sciencedirect.com/science/article/pii/S0969996117302814. 

24. Jamal R, LaCombe J, Patel R et al. (2022) Increased dosage and treatment time of Epigallocatechin-3-gallate (EGCG) 
negatively affects skeletal parameters in normal mice and Down syndrome mouse models. PLoS One 17, 
e0264254https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865638/. 

25. Nakano-Kobayashi A, Awaya T, Kii I et al. (2017) Prenatal neurogenesis induction therapy normalizes brain structure 
and function in Down syndrome mice. Proceedings of the National Academy of Sciences 114, 10268-
10273https://www.pnas.org/content/pnas/114/38/10268.full.pdf. 

26. Wu CI, Vinton EA, Pearse RV, 2nd et al. (2022) APP and DYRK1A regulate axonal and synaptic vesicle protein networks 
and mediate Alzheimer's pathology in trisomy 21 neurons. Mol Psychiatry 27, 1970-
1989https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9133025/. 

27. García-Cerro S, Rueda N, Vidal V et al. (2017) Normalizing the gene dosage of Dyrk1A in a mouse model of Down 
syndrome rescues several Alzheimer's disease phenotypes. Neurobiology of Disease 106, 76-
88http://www.sciencedirect.com/science/article/pii/S0969996117301389. 

28. Kimura R, Kamino K, Yamamoto M et al. (2007) The DYRK1A gene, encoded in chromosome 21 Down syndrome critical 
region, bridges between beta-amyloid production and tau phosphorylation in Alzheimer disease. Hum Mol Genet 16, 15-
23https://pubmed.ncbi.nlm.nih.gov/17135279/. 

29. Janel N, Sarazin M, Corlier F et al. (2014) Plasma DYRK1A as a novel risk factor for Alzheimer's disease. Transl Psychiatry 
4, e425-e425https://pubmed.ncbi.nlm.nih.gov/25116835 

30. Janel N, Alexopoulos P, Badel A et al. (2017) Combined assessment of DYRK1A, BDNF and homocysteine levels as 
diagnostic marker for Alzheimer's disease. Transl Psychiatry 7, e1154-e1154https://pubmed.ncbi.nlm.nih.gov/28632203 

31. Delabar JM, Lagarde J, Fructuoso M et al. (2023) Increased plasma DYRK1A with aging may protect against 
neurodegenerative diseases. Transl Psychiatry 13, 111https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10073199/. 

32. Delabar JM, Ortner M, Simon S et al. (2020) Altered age-linked regulation of plasma DYRK1A in elderly cognitive 
complainers (INSIGHT-preAD study) with high brain amyloid load. Alzheimer's & dementia (New York, N Y) 6, 
e12046https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7331462/. 

33. Wegiel J, Gong CX, Hwang YW (2011) The role of DYRK1A in neurodegenerative diseases. FEBS J 278, 236-
245https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3052627/. 

34. Moreau M, Carmona-Iragui M, Altuna M et al. (2022) DYRK1A and Activity-Dependent Neuroprotective Protein 
Comparative Diagnosis Interest in Cerebrospinal Fluid and Plasma in the Context of Alzheimer-Related Cognitive 
Impairment in Down Syndrome Patients. Biomedicines 10https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9219646/. 

35. Kurbatskaya K, Phillips EC, Croft CL et al. (2016) Upregulation of calpain activity precedes tau phosphorylation and loss 
of synaptic proteins in Alzheimer’s disease brain. Acta Neuropathol Commun 4, 34https://doi.org/10.1186/s40478-016-
0299-2. 

https://www.alzdiscovery.org/
https://www.jneurosci.org/content/jneuro/36/13/3648.full.pdf
http://www.sciencedirect.com/science/article/pii/S0969996117302814
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865638/
https://www.pnas.org/content/pnas/114/38/10268.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9133025/
http://www.sciencedirect.com/science/article/pii/S0969996117301389
https://pubmed.ncbi.nlm.nih.gov/17135279/
https://pubmed.ncbi.nlm.nih.gov/25116835
https://pubmed.ncbi.nlm.nih.gov/28632203
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10073199/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7331462/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3052627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9219646/
https://doi.org/10.1186/s40478-016-0299-2
https://doi.org/10.1186/s40478-016-0299-2


 

 

 

25 

Last updated on April 14, 2023  

 

36. Jin N, Yin X, Gu J et al. (2015) Truncation and Activation of Dual Specificity Tyrosine Phosphorylation-regulated Kinase 
1A by Calpain I: A MOLECULAR MECHANISM LINKED TO TAU PATHOLOGY IN ALZHEIMER DISEASE. J Biol Chem 290, 15219-
15237https://pubmed.ncbi.nlm.nih.gov/25918155. 

37. Souchet B, Audrain M, Billard JM et al. (2019) Inhibition of DYRK1A proteolysis modifies its kinase specificity and 
rescues Alzheimer phenotype in APP/PS1 mice. Acta Neuropathol Commun 7, 46-
46https://pubmed.ncbi.nlm.nih.gov/30885273. 

38. Dowjat K, Adayev T, Wojda U et al. (2019) Abnormalities of DYRK1A-Cytoskeleton Complexes in the Blood Cells as 
Potential Biomarkers of Alzheimer's Disease. J Alzheimers Dis 72, 1059-1075https://pubmed.ncbi.nlm.nih.gov/31683476 

39. Wegiel J, Gong C-X, Hwang Y-W (2011) The role of DYRK1A in neurodegenerative diseases. FEBS J 278, 236-
245https://pubmed.ncbi.nlm.nih.gov/21156028 

40. Ferrer I, Barrachina M, Puig B et al. (2005) Constitutive Dyrk1A is abnormally expressed in Alzheimer disease, Down 
syndrome, Pick disease, and related transgenic models. Neurobiology of Disease 20, 392-
400http://www.sciencedirect.com/science/article/pii/S0969996105000835. 

41. Fernandez Bessone I, Navarro J, Martinez E et al. (2022) DYRK1A regulates the bidirectional axonal transport of APP in 
human-derived neurons. The Journal of neuroscience : the official journal of the Society for Neuroscience 42, 6344-
6358https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9398544/. 

42. Frost D, Meechoovet B, Wang T et al. (2011) β-carboline compounds, including harmine, inhibit DYRK1A and tau 
phosphorylation at multiple Alzheimer's disease-related sites. PloS one 6, e19264-
e19264https://pubmed.ncbi.nlm.nih.gov/21573099 

43. Deboever E, Fistrovich A, Hulme C et al. (2022) The Omnipresence of DYRK1A in Human Diseases. International journal 
of molecular sciences 23https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9408930/. 

44. Lee HJ, Woo H, Lee HE et al. (2020) The novel DYRK1A inhibitor KVN93 regulates cognitive function, amyloid-beta 
pathology, and neuroinflammation. Free radical biology & medicine 160, 575-
595https://pubmed.ncbi.nlm.nih.gov/32896600/. 

45. Ju C, Wang Y, Zang C et al. (2022) Inhibition of Dyrk1A Attenuates LPS-Induced Neuroinflammation via the TLR4/NF-κB 
P65 Signaling Pathway. Inflammation 45, 2375-2387https://pubmed.ncbi.nlm.nih.gov/35917097/. 

46. Kim J, Kim SJ, Jeong HR et al. (2022) Inhibiting EGFR/HER-2 ameliorates neuroinflammatory responses and the early 
stage of tau pathology through DYRK1A. Frontiers in immunology 13, 
903309https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9632417/. 

47. Lee HJ, Hoe HS (2023) Inhibition of CDK4/6 regulates AD pathology, neuroinflammation and cognitive function through 
DYRK1A/STAT3 signaling. Pharmacological research 190, 106725https://pubmed.ncbi.nlm.nih.gov/36907286/. 

48. Atas-Ozcan H, Brault V, Duchon A et al. (2021) Dyrk1a from Gene Function in Development and Physiology to Dosage 
Correction across Life Span in Down Syndrome. Genes 12https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8624927/. 

49. Kaise T, Fukui M, Sueda R et al. (2022) Functional rejuvenation of aged neural stem cells by Plagl2 and anti-Dyrk1a 
activity. Genes & development 36, 23-37https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8763050/. 

50. Branca C, Shaw DM, Belfiore R et al. (2017) Dyrk1 inhibition improves Alzheimer's disease-like pathology. Aging Cell 16, 
1146-1154https://pubmed.ncbi.nlm.nih.gov/28779511 

https://www.alzdiscovery.org/
https://pubmed.ncbi.nlm.nih.gov/25918155
https://pubmed.ncbi.nlm.nih.gov/30885273
https://pubmed.ncbi.nlm.nih.gov/31683476
https://pubmed.ncbi.nlm.nih.gov/21156028
http://www.sciencedirect.com/science/article/pii/S0969996105000835
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9398544/
https://pubmed.ncbi.nlm.nih.gov/21573099
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9408930/
https://pubmed.ncbi.nlm.nih.gov/32896600/
https://pubmed.ncbi.nlm.nih.gov/35917097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9632417/
https://pubmed.ncbi.nlm.nih.gov/36907286/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8624927/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8763050/
https://pubmed.ncbi.nlm.nih.gov/28779511


 

 

 

26 

Last updated on April 14, 2023  

 

51. Velazquez R, Meechoovet B, Ow A et al. (2019) Chronic Dyrk1 Inhibition Delays the Onset of AD-Like Pathology in 3xTg-
AD Mice. Molecular Neurobiology 56, 8364-8375https://doi.org/10.1007/s12035-019-01684-9. 

52. Zhu B, Parsons T, Foley C et al. (2022) DYRK1A antagonists rescue degeneration and behavioural deficits of in vivo 
models based on amyloid-β, Tau and DYRK1A neurotoxicity. Sci Rep 12, 
15847https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9508268/. 

53. Naert G, Ferré V, Meunier J et al. (2015) Leucettine L41, a DYRK1A-preferential DYRKs/CLKs inhibitor, prevents memory 
impairments and neurotoxicity induced by oligomeric Aβ25–35 peptide administration in mice. European 
Neuropsychopharmacology 25, 2170-2182http://www.sciencedirect.com/science/article/pii/S0924977X15001005. 

54. Zhu B, Parsons T, Stensen W et al. (2022) DYRK1a Inhibitor Mediated Rescue of Drosophila Models of Alzheimer's 
Disease-Down Syndrome Phenotypes. Front Pharmacol 13, 
881385https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9345315/. 

55. Liu X, Lai LY, Chen JX et al. (2023) An inhibitor with GSK3β and DYRK1A dual inhibitory properties reduces Tau 
hyperphosphorylation and ameliorates disease in models of Alzheimer's disease. Neuropharmacology 232, 
109525https://pubmed.ncbi.nlm.nih.gov/37004752/. 

56. Noll C, Planque C, Ripoll C et al. (2009) DYRK1A, a Novel Determinant of the Methionine-Homocysteine Cycle in 
Different Mouse Models Overexpressing this Down-Syndrome-Associated Kinase. PLOS ONE 4, 
e7540https://doi.org/10.1371/journal.pone.0007540. 

57. Jang Y-m, Kim H-J, Kwon YH (2008) The involvement of calpain in homocysteine-induced apoptosis in SH-SY5Y cells. The 
FASEB Journal 22, 877.873-877https://www.fasebj.org/doi/abs/10.1096/fasebj.22.1_supplement.877.3. 

58. Planque C, Dairou J, Noll C et al. (2013) Mice Deficient in Cystathionine Beta Synthase Display Increased Dyrk1A and 
SAHH Activities in Brain. Journal of Molecular Neuroscience 50, 1-6https://doi.org/10.1007/s12031-012-9835-0. 

59. Baloula V, Fructuoso M, Kassis N et al. (2018) Homocysteine-lowering gene therapy rescues signaling pathways in brain 
of mice with intermediate hyperhomocysteinemia. Redox Biology 19, 200-
209http://www.sciencedirect.com/science/article/pii/S2213231718305081. 

60. Schilder BM, Raj T (2022) Fine-mapping of Parkinson's disease susceptibility loci identifies putative causal variants. Hum 
Mol Genet 31, 888-900https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8947317/. 

61. AlNajjar YT, Gabr M, ElHady AK et al. (2022) Discovery of novel 6-hydroxybenzothiazole urea derivatives as dual 
Dyrk1A/α-synuclein aggregation inhibitors with neuroprotective effects. European journal of medicinal chemistry 227, 
113911https://pubmed.ncbi.nlm.nih.gov/34710745/. 

62. Araldi GL, Hwang YW (2023) Development of Novel Fluorinated Polyphenols as Selective Inhibitors of DYRK1A/B Kinase 
for Treatment of Neuroinflammatory Diseases including Parkinson's Disease. Pharmaceuticals (Basel, Switzerland) 
16https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10058583/. 

63. Habib MZ, Tadros MG, Abd-Alkhalek HA et al. (2022) Harmine prevents 3-nitropropionic acid-induced neurotoxicity in 
rats via enhancing NRF2-mediated signaling: Involvement of p21 and AMPK. European journal of pharmacology 927, 
175046https://pubmed.ncbi.nlm.nih.gov/35623405/. 

64. Wang P, Karakose E, Argmann C et al. (2022) Disrupting the DREAM complex enables proliferation of adult human 
pancreatic β cells. The Journal of clinical investigation 132https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9337832/. 

https://www.alzdiscovery.org/
https://doi.org/10.1007/s12035-019-01684-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9508268/
http://www.sciencedirect.com/science/article/pii/S0924977X15001005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9345315/
https://pubmed.ncbi.nlm.nih.gov/37004752/
https://doi.org/10.1371/journal.pone.0007540
https://www.fasebj.org/doi/abs/10.1096/fasebj.22.1_supplement.877.3
https://doi.org/10.1007/s12031-012-9835-0
http://www.sciencedirect.com/science/article/pii/S2213231718305081
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8947317/
https://pubmed.ncbi.nlm.nih.gov/34710745/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10058583/
https://pubmed.ncbi.nlm.nih.gov/35623405/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9337832/


 

 

 

27 

Last updated on April 14, 2023  

 

65. Wang P, Alvarez-Perez J-C, Felsenfeld DP et al. (2015) A high-throughput chemical screen reveals that harmine-
mediated inhibition of DYRK1A increases human pancreatic beta cell replication. Nat Med 21, 383-
388https://pubmed.ncbi.nlm.nih.gov/25751815 

66. Dirice E, Walpita D, Vetere A et al. (2016) Inhibition of DYRK1A Stimulates Human β-Cell Proliferation. Diabetes 65, 
1660-1671https://pubmed.ncbi.nlm.nih.gov/26953159 

67. Shen W, Taylor B, Jin Q et al. (2015) Inhibition of DYRK1A and GSK3B induces human β-cell proliferation. Nat Commun 
6, 8372-8372https://pubmed.ncbi.nlm.nih.gov/26496802 

68. Ackeifi C, Wang P, Karakose E et al. (2020) GLP-1 receptor agonists synergize with DYRK1A inhibitors to potentiate 
functional human β cell regeneration. Science Translational Medicine 12, 
eaaw9996https://stm.sciencemag.org/content/scitransmed/12/530/eaaw9996.full.pdf. 

69. Ackeifi C, Swartz E, Kumar K et al. (2020) Pharmacologic and genetic approaches define human pancreatic β cell 
mitogenic targets of DYRK1A inhibitors. JCI Insight 5, e132594https://pubmed.ncbi.nlm.nih.gov/31821176 

70. Kuhn C, Frank D, Will R et al. (2009) DYRK1A is a novel negative regulator of cardiomyocyte hypertrophy. J Biol Chem 
284, 17320-17327https://pubmed.ncbi.nlm.nih.gov/19372220 

71. Grebe C, Klingebiel T-M, Grau SP et al. (2011) Enhanced expression of DYRK1A in cardiomyocytes inhibits acute NFAT 
activation but does not prevent hypertrophy in vivo. Cardiovascular Research 90, 521-
528https://doi.org/10.1093/cvr/cvr023. 

72. He J, Yao J, Sheng H et al. (2015) Involvement of the Dual-Specificity Tyrosine Phosphorylation-Regulated Kinase 1A–
Alternative Splicing Factor–Calcium/Calmodulin-Dependent Protein Kinase IIδ Signaling Pathway in Myocardial Infarction-
Induced Heart Failure of Rats. Journal of Cardiac Failure 21, 751-
760http://www.sciencedirect.com/science/article/pii/S107191641500175X. 

73. Yao J, Qin X, Zhu J et al. (2016) Dyrk1A-ASF-CaMKIIδ Signaling Is Involved in Valsartan Inhibition of Cardiac Hypertrophy 
in Renovascular Hypertensive Rats. Cardiology 133, 198-204https://www.karger.com/DOI/10.1159/000441695. 

74. Lan C, Chen C, Qu S et al. (2022) Inhibition of DYRK1A, via histone modification, promotes cardiomyocyte cell cycle 
activation and cardiac repair after myocardial infarction. EBioMedicine 82, 
104139https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9278077/. 

75. Khan I, Malinge S, Crispino J (2011) Myeloid leukemia in Down syndrome. Crit Rev Oncog 16, 25-
36https://pubmed.ncbi.nlm.nih.gov/22150305 

76. Rammohan M, Harris E, Bhansali RS et al. (2022) The chromosome 21 kinase DYRK1A: emerging roles in cancer biology 
and potential as a therapeutic target. Oncogene 41, 2003-2011https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8977259/. 

77. Borad MJ, Bai LY, Richards D et al. (2023) Silmitasertib plus gemcitabine and cisplatin first-line therapy in locally 
advanced/metastatic cholangiocarcinoma: A Phase 1b/2 study. Hepatology (Baltimore, Md) 77, 760-
773https://pubmed.ncbi.nlm.nih.gov/36152015/. 

78. Marschke RF, Borad MJ, McFarland RW et al. (2011) Findings from the phase I clinical trials of CX-4945, an orally 
available inhibitor of CK2. Journal of Clinical Oncology 29, 3087-
3087https://ascopubs.org/doi/abs/10.1200/jco.2011.29.15_suppl.3087. 

https://www.alzdiscovery.org/
https://pubmed.ncbi.nlm.nih.gov/25751815
https://pubmed.ncbi.nlm.nih.gov/26953159
https://pubmed.ncbi.nlm.nih.gov/26496802
https://stm.sciencemag.org/content/scitransmed/12/530/eaaw9996.full.pdf
https://pubmed.ncbi.nlm.nih.gov/31821176
https://pubmed.ncbi.nlm.nih.gov/19372220
https://doi.org/10.1093/cvr/cvr023
http://www.sciencedirect.com/science/article/pii/S107191641500175X
https://www.karger.com/DOI/10.1159/000441695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9278077/
https://pubmed.ncbi.nlm.nih.gov/22150305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8977259/
https://pubmed.ncbi.nlm.nih.gov/36152015/
https://ascopubs.org/doi/abs/10.1200/jco.2011.29.15_suppl.3087


 

 

 

28 

Last updated on April 14, 2023  

 

79. Pogribna M, Melnyk S, Pogribny I et al. (2001) Homocysteine metabolism in children with Down syndrome: in vitro 
modulation. Am J Hum Genet 69, 88-95https://pubmed.ncbi.nlm.nih.gov/11391481 

80. Ylä-Herttuala S, Luoma J, Nikkari T et al. (1989) Down's syndrome and atherosclerosis. Atherosclerosis 76, 269-
272https://doi.org/10.1016/0021-9150(89)90110-X. 

81. Delabar J-M, Latour A, Noll C et al. (2014) One-carbon cycle alterations induced by Dyrk1a dosage. Mol Genet Metab 
Rep 1, 487-492https://pubmed.ncbi.nlm.nih.gov/27896129 

82. Tlili A, Jacobs F, de Koning L et al. (2013) Hepatocyte-specific Dyrk1a gene transfer rescues plasma apolipoprotein A-I 
levels and aortic Akt/GSK3 pathways in hyperhomocysteinemic mice. Biochimica et Biophysica Acta (BBA) - Molecular Basis 
of Disease 1832, 718-728http://www.sciencedirect.com/science/article/pii/S0925443913000537. 

83. Yazici Y, McAlindon TE, Gibofsky A et al. (2020) Lorecivivint, a Novel Intraarticular CDC-like Kinase 2 and Dual-Specificity 
Tyrosine Phosphorylation-Regulated Kinase 1A Inhibitor and Wnt Pathway Modulator for the Treatment of Knee 
Osteoarthritis: A Phase II Randomized Trial. Arthritis & rheumatology (Hoboken, NJ) 72, 1694-
1706https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7589351/. 

84. Yazici Y, McAlindon TE, Gibofsky A et al. (2021) A Phase 2b randomized trial of lorecivivint, a novel intra-articular 
CLK2/DYRK1A inhibitor and Wnt pathway modulator for knee osteoarthritis. Osteoarthritis and cartilage 29, 654-
666https://pubmed.ncbi.nlm.nih.gov/33588087/. 

85. Yazici Y, Swearingen CJ, Ghandehari H et al. (2022) A Phase 3, 28-Week, Multicenter, Randomized, Double-Blind, 
Placebo-Controlled Trial (OA-10) to Evaluate the Efficacy and Safety of a Single Injection of Lorecivivint Injected in the 
Target Knee Joint of Moderately to Severely Symptomatic OA Subjects ACR 2022 conference poster 
https://www.biosplice.com/medium/image/acr-2022-11142022_926/view.aspx. 

86. Yazici Y, Swearingen CJ, Ghandehari H et al. (2022) A Phase 3, 56-Week, Multicenter, Randomized, Double-Blind, 
Placebo ControlledTrial (OA-11) to Evaluate the Efficacy and Safety of a Single Injection of Lorecivivint Injected in the 
Target Knee Joint of Moderate to Severe Osteoarthritis Participants. ACR 2022 Conference 
presentationhttps://www.biosplice.com/medium/image/acr-2022-11142022_927/view.aspx. 

87. Macian F (2005) NFAT proteins: key regulators of T-cell development and function. Nature reviews Immunology 5, 472-
484https://pubmed.ncbi.nlm.nih.gov/15928679/. 

88. Kim S, Ko E, Choi HG et al. (2023) FRTX-02, a selective and potent inhibitor of DYRK1A, modulates inflammatory 
pathways in mouse models of psoriasis and atopic dermatitis. Journal of translational autoimmunity 6, 
100185https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9841288/. 

89. Lindberg MF, Meijer L (2021) Dual-Specificity, Tyrosine Phosphorylation-Regulated Kinases (DYRKs) and cdc2-Like 
Kinases (CLKs) in Human Disease, an Overview. International journal of molecular sciences 
22https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8199962/. 

90. Wang C, Hu R, Wang T et al. (2023) A bivalent β-carboline derivative inhibits macropinocytosis-dependent entry of 
pseudorabies virus by targeting the kinase DYRK1A. J Biol Chem 299, 104605https://pubmed.ncbi.nlm.nih.gov/36918100/. 

91. Strine MS, Cai WL, Wei J et al. (2022) Kinase-independent activity of DYRK1A promotes viral entry of highly pathogenic 
human coronaviruses. bioRxiv, 
2022.2009.2013.507833https://www.biorxiv.org/content/biorxiv/early/2022/09/14/2022.09.13.507833.full.pdf. 

https://www.alzdiscovery.org/
https://pubmed.ncbi.nlm.nih.gov/11391481
https://doi.org/10.1016/0021-9150(89)90110-X
https://pubmed.ncbi.nlm.nih.gov/27896129
http://www.sciencedirect.com/science/article/pii/S0925443913000537
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7589351/
https://pubmed.ncbi.nlm.nih.gov/33588087/
https://www.biosplice.com/medium/image/acr-2022-11142022_926/view.aspx
https://www.biosplice.com/medium/image/acr-2022-11142022_927/view.aspx
https://pubmed.ncbi.nlm.nih.gov/15928679/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9841288/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8199962/
https://pubmed.ncbi.nlm.nih.gov/36918100/
https://www.biorxiv.org/content/biorxiv/early/2022/09/14/2022.09.13.507833.full.pdf


 

 

 

29 

Last updated on April 14, 2023  

 

92. Walter B, Ulf S, Francisco JT (2014) DYRK1A: A Potential Drug Target for Multiple Down Syndrome Neuropathologies. 
CNS & Neurological Disorders - Drug Targets 13, 26-33http://www.eurekaselect.com/node/116673/article. 

93. Souchet B, Duchon A, Gu Y et al. (2019) Prenatal treatment with EGCG enriched green tea extract rescues GAD67 
related developmental and cognitive defects in Down syndrome mouse models. Scientific Reports 9, 
3914https://doi.org/10.1038/s41598-019-40328-9. 

94. Lindberg MF, Deau E, Arfwedson J et al. (2023) Comparative Efficacy and Selectivity of Pharmacological Inhibitors of 
DYRK and CLK Protein Kinases. J Med Chem 66, 4106-4130https://pubmed.ncbi.nlm.nih.gov/36876904/. 

95. Ţînţaş ML, Peauger L, Alix F et al. (2022) Straightforward Access to a New Class of Dual DYRK1A/CLK1 Inhibitors 
Possessing a Simple Dihydroquinoline Core. Molecules (Basel, Switzerland) 
28https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9822041/. 

96. Segretti ND, Takarada JE, Ferreira MA, Jr. et al. (2022) Discovery of novel benzothiophene derivatives as potent and 
narrow spectrum inhibitors of DYRK1A and DYRK1B. Bioorganic & medicinal chemistry letters 68, 
128764https://pubmed.ncbi.nlm.nih.gov/35504513/. 

97. Powell CE, Hatcher JM, Jiang J et al. (2022) Selective Macrocyclic Inhibitors of DYRK1A/B. ACS medicinal chemistry 
letters 13, 577-585https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9014431/. 

98. Lin TE, Chao MW, HuangFu WC et al. (2022) Identification and analysis of a selective DYRK1A inhibitor. Biomedicine & 
pharmacotherapy = Biomedecine & pharmacotherapie 146, 112580https://pubmed.ncbi.nlm.nih.gov/34968920/. 

99. Kargbo RB (2020) Selective DYRK1A Inhibitor for the Treatment of Neurodegenerative Diseases: Alzheimer, Parkinson, 
Huntington, and Down Syndrome. ACS medicinal chemistry letters 11, 1795-
1796https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7549107/. 

 

Disclaimer: Cognitive Vitality Reports® do not provide, and should not be used for, medical 

advice, diagnosis, or treatment. You should consult with your healthcare providers when 

making decisions regarding your health. Your use of these reports constitutes your agreement 

to the Terms & Conditions. 

 

If you have suggestions for drugs, drugs-in-development, supplements, nutraceuticals, or 

food/drink with neuroprotective properties that warrant in-depth reviews by ADDF’s Aging and 

Alzheimer’s Prevention Program, please contact INFO@alzdiscovery.org. To view our official 

ratings, visit Cognitive Vitality’s Rating page. 

 
  

https://www.alzdiscovery.org/
http://www.eurekaselect.com/node/116673/article
https://doi.org/10.1038/s41598-019-40328-9
https://pubmed.ncbi.nlm.nih.gov/36876904/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9822041/
https://pubmed.ncbi.nlm.nih.gov/35504513/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9014431/
https://pubmed.ncbi.nlm.nih.gov/34968920/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7549107/
https://www.alzdiscovery.org/terms-and-conditions
mailto:INFO@alzdiscovery.org
https://www.alzdiscovery.org/cognitive-vitality/ratings

