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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. 

 
 
Cyclophilin Inhibitors 
 
Evidence Summary   

Cyclophilin inhibitors exhibit anti-viral and anti-fibrotic activity, and may reduce cell loss in response to 

oxidative stress. They are generally safe as monotherapy, but future clinical development is unclear.  

 

Neuroprotective Benefit:  Elevations in cyclophilin D are observed with brain aging and 

dementia such that inhibition may be neuroprotective. However, the development of 

mitochondrial-targeted cyclophilin D inhibitors for the CNS is technically challenging.  

 

Aging and related health concerns:  Cyclophilin inhibitors have anti-fibrotic effects and liver 

accumulating inhibitors may have the most utility in preventing liver cancer in those with fatty 

liver disease and/or hepatitis. 

 

Safety:  Cyclophilin inhibitors have generally been safe as monotherapy, but have the potential 

to increase levels of blood lipids and elevate blood pressure. They increase the risk for serious 

side effects related to interferon therapy when used in combination. 
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Availability: In clinical trials  

 

Dose: Not established 

Clinically tested in oral formulations  

Rencofilstat  

Chemical formula: 
C67H122N12O13 

MW: 1303.8 g/mol 

 

Source: PubChem 

Half-life:  

Rencofilstat: 33.7 ± 11.1 hours 

Alisporivir: 60-90 hours (in plasma) 

NIM811: <48 hours 

SCY-635: 24-43 hours (in monkeys) 

BBB: Varies, generally low/modest 
penetrance with preferential 
accumulation in the liver 

Clinical trials: Alisporivir was tested 
in Phase 1, 2, 3 (n=1,081) trials for 
hepatitis C. NIM811 was tested in a 
Phase 2a trial for hepatitis C (n=75). 
SCY-635 was tested in Phase 1 trials 
(n=37; n=20) for hepatitis C. 
Rencofilstat was tested in Phase 1 
trials in healthy volunteers, and in a 
Phase 2a (n=49) trial for F2/F3 
NASH.  

Observational studies: Elevations in 
cyclophilin D have been observed  in 
the brain with aging, diabetes, and 
dementia. Elevations in cyclophilins 
are associated with worse prognosis 
in liver cancer.  

 

What is it?     

  

Cyclophilins belong to the family of peptidyl-prolyl-cis-trans isomerases, which catalyze the cis-trans 

isomerization of peptide bonds at proline residues [1]. This isomerization event influences protein 

folding, which provides cyclophilins the capacity to modulate the structure and function of a wide array 

of proteins. There are 17 known cyclophilins in humans, which are localized to different cellular 

compartments, such as the cytosol, nucleus, endoplasmic reticulum, and mitochondria. Due to high 

homology, cyclophilin inhibitors generally inhibit multiple cyclophilin isoforms, and are typically 

considered pan-cyclophilin inhibitors [2]. The first described cyclophilin inhibitor is cyclosporine, which is 

primarily used as an immunosuppressant agent in the context of organ transplantation. In addition to 

acting as a cyclophilin inhibitor, cyclosporine also acts as a calcineurin inhibitor, which confers its 

immunosuppressive properties [2]. Therefore, this report will generally not discuss cyclosporine, but 

instead will focus on the more recently developed class of non-immunosuppressive cyclophilin 

inhibitors. These drugs tend to accumulate in the liver and were generally tested for liver-related 

indications. The first group, alisporivir, NIM811, and SCY-635 were developed as anti-viral agents, and 

tested for hepatitis C. Their clinical development for this indication was subsequently halted due to the 

https://www.alzdiscovery.org/
https://pubchem.ncbi.nlm.nih.gov/compound/Rencofilstat
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increased risk for serious side effects when combined with interferon therapy. In addition to hepatitis, 

cyclophilin inhibitors have been shown to have anti-viral activity against a variety of other viruses in 

preclinical studies, primarily in vitro assays. Cyclophilin inhibitors have also shown anti-fibrotic effects in 

preclinical models of liver disease, and one, rencofilstat, has been clinically tested for this indication. The 

future clinical development of this class of drugs is currently unclear.  

 

Four cyclophilin inhibitors have been tested in clinical trials, to date.  

 

Rencofilstat, originally called CRV431, is a cyclophilin inhibitor developed by Hepion Pharmaceuticals, 

formerly called Contravir Pharmaceuticals. It inhibits cyclophilins with an IC50 range of 2.5–7.3 nM [3]. It 

has been tested in Phase 1 trials in healthy volunteers as well as a Phase 2a study in patients with 

fibrotic liver disease (F2/F3 NASH) [1]. An ongoing Phase 2b trial in the same population is winding down 

early due to limited resources by Hepion (Press release). The future clinical status of rencofilstat is 

unclear. Hepion is in discussions for a proposed merger with Pharma Two B Ltd (Press release).  

 

Alisporivir is a cyclophilin inhibitor that was in clinical development by DebioPharm for 

hepatitis C. It is an analog of cyclosporine [2]. It was tested in Phase 1, 2, and 3 trials for 

this indication, but development was halted due to the increased risk for serious 

adverse events when used in combination with interferon therapy [4]. It was also 

clinically tested in patients with covid-19. (Formula C63H113N11O12; Molecular weight 1216.6 g/mol; 

Source: PubChem)  

 

NIM811 is a cyclophilin inhibitor that was in clinical development by Novartis for hepatitis 

C, and was tested in a Phase 2a study [5]. It is an analog of cyclosporine isolated from the 

fungus Tolypocladiumniveurn [2]. (Formula C62H111N11O12; Molecular weight 1202.6 g/mol; 

Source: PubChem) 

 

SCY-635 is a cyclophilin inhibitor that was in clinical development by Scynexis for 

hepatitis C, and was tested in Phase 1 studies [6]. It inhibits cyclophilins in the low 

nanomolar range, and unlike most of the other tested cyclophilin inhibitors, it is not a 

substrate for the major cytochrome P540 enzymes, suggesting it has less potential for 

drug interactions [2]. (Formula C66H120N12O13S; Molecular weight 1321.8 g/mol; Source PubChem).   

 

https://www.alzdiscovery.org/
https://hepionpharma.com/news/hepion-pharmaceuticals-initiates-wind-down-activities-in-phase-2b-ascend-nash-trial/
https://hepionpharma.com/news/pharma-two-b-and-hepion-pharmaceuticals-inc-announce-filing-of-registration-statement-on-form-f-4-related-to-proposed-merger/
https://pubchem.ncbi.nlm.nih.gov/compound/Alisporivir
https://pubchem.ncbi.nlm.nih.gov/compound/6473876
https://pubchem.ncbi.nlm.nih.gov/compound/Scy-635
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Neuroprotective Benefit:  Elevations in cyclophilin D are observed with brain aging and dementia such 

that inhibition may be neuroprotective. However, the development of mitochondrial-targeted 

cyclophilin D inhibitors for the CNS is technically challenging.  

 

Types of evidence: 

• 2 postmortem brain tissue studies examining cyclophilin D levels 

• 2 biomarker studies assessing cyclophilin A levels in dementia  

• 1 Mendelian randomization study examining link between cyclophilin A and dementia  

• Numerous laboratory studies  

 

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

function:  

 

Cyclophilin inhibitors have not been tested for cognition, but there is evidence to suggest that 

cyclophilin activity may be altered in the context of aging, and that these changes are exacerbated in the 

context of dementia and diabetes, suggesting that they may contribute to cognitive decline. Cyclophilin 

D is located within the mitochondrial matrix, and plays a role in regulating the sensitivity of the 

mitochondrial permeability transition pore (mPTP) to changes in calcium levels [7]. Prolonged activation 

of the mPTP can result in the inhibition of mitochondrial energy production (oxidative phosphorylation), 

mitochondrial swelling and rupture, and ultimately cell death. Consequently, by influencing the 

sensitivity of the mPTP, cyclophilin D can regulate cellular energy status as well as the vulnerability to 

cell death in the context of cellular stress. Levels of cyclophilin D are typically kept much lower in the 

brain relative to other organs, such as the heart and liver in which cyclophilin D levels are around three 

times higher than the brain [7].  

Studies using postmortem brain tissue suggest that brain levels of cyclophilin D increase with age, which 

may impact energy production and neuronal survival. Cyclophilin D levels in temporal cortical 

mitochondria were found to be 1.5-fold higher in the brain tissue from elderly individuals (age: 81.4 ± 

3.06, n = 9) relative to young adults (age: 33.75 ± 2.69, n=4) [8]. Cyclophilin D levels were further 

increased in the temporal cortex of patients with Alzheimer’s disease (AD) (age: 85.8 ± 1.23, n =12), such 

that they were around three-fold higher than in young adults. The increase was restricted to disease 

affected brain regions, as levels were 2 to 2.5-fold higher in AD patients relative to age-matched controls 

in the temporal cortex and hippocampus, but levels were similar in a non-affected brain region, the 

cerebellum. A separate study (n=14) found that cyclophilin D levels were over three-fold higher in brain 

tissue from the inferior temporal cortex in postmortem tissue from patients with diabetes relative to 

https://www.alzdiscovery.org/
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non-diabetics [9]. The elevation in cyclophilin D was inversely correlated with cognitive performance, 

such that participants with high levels of cyclophilin D tended to have lower scores on the Mini-Mental 

State Examination (MMSE). Increased interaction of cyclophilin D with ATP synthase may contribute to 

mitochondrial dysfunction, reduced energy production, and neuronal loss in the brains of diabetics and 

dementia patients, thereby impairing cognitive function.  

To date, however, no drugs have been developed that reliably or selectively target CNS cyclophilin D.  

   

Human research to suggest benefits to patients with dementia: 

 

Cyclophilin inhibitors have not yet been tested in dementia patients. The immunosuppressive cyclophilin 

inhibitor, cyclosporine A, has been found to impact cognitive function and dementia risk in some 

studies, but these associations are thought to stem from its activity as a calcineurin inhibitor. Cognition 

is typically not impacted with short-term use of cyclosporine A [10]. While cognitive decline has been 

observed with long-term use in some transplant patients [11], other studies indicate little to no effects 

on cognition [12]. A study including 125,564 adults aged 65 and older found that in propensity-score 

matched cohorts, treatment with the immunosuppressant calcineurin inhibitors tacrolimus, sirolimus, or 

cyclosporine, was associated with a lower prevalence of dementia diagnosis, though the effect was 

weakest with cyclosporine [13]. The modest effects on cognition in either direction for cyclosporine A 

likely stem from its poor penetration into the CNS.  

Effects on cognition have not been observed in clinical trials testing non-immunosuppressant cyclophilin 

inhibitors for viral and hepatic indications, thus far, though the clinically tested inhibitors primarily 

accumulate in the liver, with marginal impact on the CNS [14].  

The impact of CNS penetrant cyclophilin inhibitors on cognition in those with normal cognition or 

dementia has not been established.  

 

Biomarker studies suggest that alterations in cyclophilin levels may be associated with dementia. As 

described above, cyclophilin D levels have been found to be increased in affected brain regions of AD 

patients [8]. Cyclophilin A has been implicated in the inflammatory status of vascular endothelial cells 

[15], such that it may impact vessel permeability and barrier integrity. Plasma cyclophilin A levels were 

found to be significantly higher in patients with vascular dementia (n=27) (median: 36.57 ng/mL, Q25 

17.51 to Q75 73.32) relative to patients with AD (n=26) (median: 18.95 ng/mL, Q25 10.46 to Q75 35.05), 

such that cyclophilin A levels could be used to differentiate the two groups in this study [16]. Levels of 

healthy controls (n=27) were in-between the two groups (median: 30.78 ng/mL, Q25 21.00 to Q75 

49.15). However, the biological relevance of this finding is unclear, as BBB disruption tends to be a 

https://www.alzdiscovery.org/
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feature of both AD and vascular dementia, and cyclophilin A levels were not associated with cognitive 

scores. Another study (n=118) found that decreased blood levels of cyclophilin A were associated with 

the loss of gray matter volume and worse cognitive function in AD patients [17]. A Mendelian 

randomization and polygenic risk score analysis suggests that the changes in cyclophilin A may be a 

consequence of disease processes rather than a causal factor, as it did not find an association between 

cyclophilin A and risk of AD [18].    

 

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

 

Cyclophilin A: BBB breakdown 

Preclinical studies have identified a mechanistic pathway by which elevation of cyclophilin A promotes 

the breakdown of the BBB, particularly in the context of ApoE4. In the 5XFAD mouse model, mice 

containing the ApoE4 allele showed evidence of accelerated BBB breakdown, including reduced cerebral 

blood flow and greater fibrinogen deposits in the cortex and hippocampus, relative to AD mice with the 

ApoE3 allele [19]. The cyclophilin A-matrix metalloproteinase (MMP)-9 pathway was overactivated in 

vascular pericytes in the ApoE4 mice, resulting in the degradation of tight junction proteins, and 

breakdown of the BBB. Treatment of these ApoE4/5XFAD mice with the cyclophilin inhibitor alisporivir 

(Debio-025) (10 mg/kg i.p.) for 30 days starting at the time when the BBB starts breaking down in this 

model (10-12 months of age) slowed the destruction of tight junctions, mitigating the pace of BBB 

damage. The cyclophilin inhibitor did not impact the disease trajectory of the mice related to amyloid 

pathology, as the treatment restored BBB integrity and cognitive function to the level observed in the 

ApoE3/5XFAD mice, but the mice were still impaired relative to age-matched control mice. The 

cyclophilin inhibitor (alisporivir) had no effect on the disease course in the ApoE3/5XFAD mice. 

Additionally, it is unclear whether the cyclophilin inhibitor would have a clinically meaningful effect if 

administered at a point later in the disease, when significant BBB breakdown has already occurred.  

The relevance of this pathway in human AD patients is unclear. CSF studies suggest that levels of 

cyclophilin A and MMP9 are elevated in AD patients, while some studies in blood, such as described 

above, indicate a decrease or no change [17; 18]. It is possible that this pathway is most relevant for a 

subset of AD patients, such as ApoE4 carriers, or ApoE4 homozygotes, in which case these associations 

may only emerge upon stratified analysis.  

 

Cyclophilin D: Mitochondrial dysfunction  

Cyclophilin D is located in the mitochondrial matrix and plays a variety of roles in the maintenance of 

mitochondrial homeostasis [7]. One of the most critical roles involves the regulation of the mPTP, by 

https://www.alzdiscovery.org/
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controlling the level of calcium required to open the channel. Brief opening of the channel can help 

protect against oxidative stress, while prolonged opening of the channel results in mitochondrial 

dysfunction and cell death. Sustained opening of this non-selective channel leads to osmotic and ionic 

changes that result in mitochondrial swelling and the collapse of the gradients that allow for energy 

production. Eventually, this can lead to mitochondrial rupture and cell death. Higher levels of cyclophilin 

D promote easier channel opening, which can be detrimental in an environment with high levels of 

oxidative stress. Studies in postmortem brain tissue have found an upregulation of cyclophilin D in 

conditions associated with heightened oxidative stress, including aging, diabetes, and AD [8; 9].  

 

Preclinical studies in AD models suggest that inhibiting cyclophilin D could be neuroprotective. 

Cyclophilin D has been shown to interact with Aβ oligomers and form complexes within cortical 

mitochondria [8]. This interaction was found to promote oxidative stress and accelerate neuronal loss. 

AD model (mAPP) mice deficient in cyclophilin D were partially protected against Aβ-induced oxidative 

stress and mitochondrial dysfunction. These mice also had better preservation of synaptic plasticity and 

cognitive function on spatial memory tasks, relative to mAPP mice expressing cyclophilin D. Aged (18-

month-old) tau deficient (tau-/-) mice were found to be protected from age-related cognitive 

impairment and mitochondrial dysfunction [20]. Notably, they had lower levels of cyclophilin D than 

age-matched wildtype mice, resulting in higher calcium buffering capacity and a lower degree of mPTP 

opening. Overexpression of cyclophilin D in the hippocampus reversed this effect, leading to impaired 

mitochondrial bioenergetics and worse performance on memory and social interaction tests.  

 

The major challenge is in specifically targeting cyclophilin D levels in the brain. As a mitochondrial 

localized protein, cyclophilin D is more resistant to regulation relative to cytosolic cyclophilins, which 

may serve as a sink for cyclophilin inhibitors [7]. Additionally, the clinically tested cyclophilin inhibitors 

to date preferentially localize within the liver. A study testing the cyclophilin inhibitor NIM811 (50 or 100 

mg/kg i.p.) starting 12-14 days post induction of MOG35-55-induced experimental allergic encephalitis 

(EAE) found that although there were protective effects, they were not mediated through the inhibition 

of cyclophilin D, as NIM811 did not appreciably inhibit cyclophilin D in the CNS with in vivo 

administration [21].   

One preclinical study developed a ‘nano-brake’ to target cyclophilin D in the brains of 5XFAD mice [22]. 

The nano-brake includes the encapsulation of magnesium ion, which is a natural antagonist of calcium, 

along with an siRNA to cyclophilin D, and an MMP9 activatable cell-penetrating peptide anchored on the 

surface of the nano-brake for enhanced delivery across the BBB. Likely due to leakiness of the barrier, 

uptake of the nano-brake particles into the brain following tail vein injection was higher in 5XFAD mice 

https://www.alzdiscovery.org/
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relative to wildtype mice. Cyclophilin D levels were reduced in the brains of the treated mice, which was 

accompanied by an improvement in energy production and performance on cognitive tests. The 

glutathione peroxidase mimetic, ebselen, was identified as a cyclophilin D inhibitor in a screen, and 

demonstrates proof-of-principle benefit in AD models [23]. Intraperitoneal administration (2.5 mg/kg) of 

ebselen achieved 80% inhibition of cyclophilin D activity in the mouse brain, which was accompanied by 

an improvement in mitochondrial energy production and reduction in oxidative stress in AD mouse 

models. In the 5XFAD model, treatment for eight weeks starting at six months of age, protected against 

spatial learning deficits on the Morris water maze. The binding interaction between ebselen and 

cyclophilin D may serve as a scaffold to develop more potent and selective brain penetrant cyclophilin D 

inhibitors.  

Cyclophilin D plays multifaceted roles in mitochondrial function, thus while inhibiting it may protect 

against some types of mitochondrial dysfunction, it could lead to the impairment of other aspects, thus 

the degree of inhibition may need to be carefully balanced [7].  

 

Tau aggregation: Cyclophilins have chaperone-like activity, and were found to inhibit tau aggregation in 

cellular and in vitro assays [24]. Cyclophilins B, C, D, and E were found to reduce both soluble and 

insoluble tau, while only cyclophilin C was able to protect against tau seeding. It is unclear whether this 

chaperone activity would be disrupted by the use of cyclophilin inhibitors.   

 

APOE4 interactions: Preclinical studies suggest that cyclophilin A-mediated breakdown of the BBB may 

be exacerbated in ApoE4 carriers, but this has not yet been confirmed in human patients.  

 

 

Aging and related health concerns:  Cyclophilin inhibitors have anti-fibrotic effects and liver 

accumulating inhibitors may have the most utility in preventing liver cancer in those with fatty liver 

disease and/or hepatitis.  

 

Types of evidence:  

• 1 review on Phase 1 and 2 clinical trials testing alisporivir  

• 1 Phase 3 RCT testing alisporivir in hepatitis C 

• 1 Phase 2a RCT for rencofilstat in NASH 

• 1 Phase 2a trial for NIM811 in hepatitis C 

• 1 Phase 1 trial for SCY-635 in hepatitis C 

• Numerous laboratory studies 

https://www.alzdiscovery.org/
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NAFLD/NASH: POTENTIAL BENEFIT  

Non-alcoholic fatty liver disease (NAFLD), now referred to as metabolic dysfunction-associated steatotic 

liver disease (MASLD) is a metabolic disorder involving the buildup of fat in the liver [25]. Over time it 

can progress to nonalcoholic steatohepatitis (NASH), now referred to as metabolic dysfunction-

associated steatohepatitis (MASH), which is characterized by hepatic inflammation and fibrosis, in 

addition to the accumulation of fat (steatosis). Numerous drugs are in clinical development for the 

treatment of NAFLD/NASH, however, most target the accumulation of fat or inflammatory aspects of 

the disease, and there has been less progress on drugs that can stop or reverse liver fibrosis [26]. 

Cyclophilin inhibitors have been proposed as therapeutic candidates to mitigate the fibrotic process. 

Several have shown benefit in preclinical studies, and one, rencofilstat, is being clinically tested for this 

indication [26].  

Cyclophilin B plays a role in collagen production, as it catalyzes a rate-limiting step in type 1 collagen 

folding, therefore, inhibition of cyclophilin B may help mitigate fibrosis by slowing collagen synthesis 

[27].    

 

The cyclophilin inhibitor rencofilstat was tested in a single-blind, placebo-controlled Phase 2a trial in 49 

patients with F2/F3 NASH, defined as levels of the liver enzyme aspartate aminotransferase 

(AST) > 20 IU/L, levels of the collagen fibrogenesis marker Pro‐C3 > 15.5 ng/ml or enhanced liver fibrosis 

(ELF) score > 9.8, and a vibration‐controlled transient elastography (VCTE) kPa value > 8.5 kPa 

(NCT04480710) [1]. Rencofilstat was tested at oral doses of 75 mg and 225 mg per day for 28 days. The 

primary endpoint was safety, and the study was not powered to address its exploratory efficacy 

endpoints. There were non-significant trends toward reduced levels of the collagen biomarkers C1M, 

C6M, and Pro‐C8, as well as the downregulation of several collagen genes (COL181, COL6A5, COL7A1, 

COL8A2) in those treated with rencofilstat. Serum levels of alanine aminotransferase (ALT) were 

reduced in all groups, but to a greater degree in those treated with rencofilstat ( −18.36 ± 25.75%, and 

−16.31 ± 25.50% for the 75 mg and 225 mg doses, respectively), relative to the corresponding placebo 

groups ( −0.65 ± 13.44%, and −10.24 ± 12.32% respectively). It should be noted that the groups had 

significantly different levels of ALT at baseline, which may reflect differences in the degree of liver 

inflammation. Pro‐C3 has emerged as a predictor of liver fibrosis progression, with higher levels 

indicative of more advanced fibrosis. Prior studies suggest that patients with Pro-C3 levels >15.0 ng/ml 

may be the appropriate clinical population for rencofilstat, and more likely to respond. Consistent with 

this, participants with Pro-C3 levels ≥ 15.0 ng/ml at baseline were more likely to experience reductions 

in collagen markers in response to rencofilstat. Based on these results, a Phase 2b trial testing 

https://www.alzdiscovery.org/
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rencofilstat in patients with NASH and advanced liver fibrosis (F2 or F3) was initiated (NCT05402371). 

However, due to constraints on resources by the parent company, the trial is winding down early, such 

that it will not be possible to obtain meaningful efficacy data (Press release).  

 

Rencofilstat, formerly called CRV431, protected against liver fibrosis in rodent models, including a six-

week carbon tetrachloride (CCl4) model and the STAM NASH model, involving the induction of insulin 

dysfunction via injection with streptozotocin followed by a high-fat diet [3]. In the CCl4 model, treatment 

with rencofilstat reduced collagen fiber content by 43%, based on Sirius red staining. In the NASH model, 

treatment reduced hepatic fibrosis levels by 37%–46%. Notably, benefits were observed during 

treatment periods starting during early (3–14 weeks), intermediate (8-14 weeks), or late (week 20-30) 

stages of disease in this model. Significant reductions were also observed in NASH activity scores, which 

is a composite of liver steatosis, inflammation, and ballooning.  

The cyclophilin inhibitor NV556 also showed anti-fibrotic effects in the STAM and methionine-choline-

deficient (MCD) models of NASH in male mice [28]. In the MCD model, treatment with NV556 (100 

mg/kg for 7 weeks) reduced levels of the liver enzymes ALT and AST, but had no effect on liver weight, 

cholesterol, triglycerides, or fatty acids. Similarly, in the STAM model, NV5556 decreased liver collagen 

content, but had no effect on liver weight or triglyceride levels. The anti-fibrotic effect may be mediated 

by interfering with collagen cross-linking.  

 

Hepatocellular carcinoma: POTENTIAL BENEFIT (Preclinical)  

Hepatocellular carcinoma (HCC) is becoming one of the leading causes of cancer mortality in the US. 

NAFLD/NASH is a significant risk factor for the development of HCC [29]. The mechanisms underlying 

this relationship are unclear, but are thought to be related to changes in hepatic metabolism, 

inflammatory signaling, and fibrotic processes, which may promote oncogenic transformation and foster 

a pro-tumorigenic environment. Hepatitis C (HCV) is another major risk factor for HCC through the 

induction of pro-oncolytic pathways that drive cell proliferation, inflammation, and fibrosis, as well as 

through the modification of the epigenome [30].   

As a result of their potential to target these two leading risk factors for HCC, cyclophilin inhibitors may 

be particularly well-suited for the prevention of HCC in populations with NAFLD/NASH and/or HCV. 

Moreover, preclinical studies suggest that the cyclophilin inhibitors may have additional, direct anti-

tumor effects.   

 

The overexpression of cyclophilins is associated with poor prognosis in HCC [31]. The cyclophilin 

inhibitor NV651 exhibited anti-proliferative effects in the majority of the 31 liver cancer cell lines tested 

https://www.alzdiscovery.org/
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[31]. The combination of NV651 with the chemotherapeutic cisplatin had a synergistic effect, likely 

stemming from the combined effect of cisplatin-induced DNA damage, and NV651-mediated inhibition 

of DNA repair in the cancer cells [31]. NV651 also had an anti-proliferative effect in an HCC xenograft 

model in nude mice, as evidenced by a reduction in tumor growth [32].  

 

The cyclophilin inhibitor NV556 protected against the development of NASH-driven HCC, and 

significantly decreased the size and number of the nodules in the mice that developed tumors [33]. 

Similarly, rencofilstat significantly decreased overall tumor burden (size and number) by 52% in a mouse 

model of NASH-driven HCC [3]. While the anti-fibrotic effect appears to be driven primarily through the 

inhibition of cyclophilin B, the anti-tumor effect may be at least partially mediated through the inhibition 

of cyclophilin D [34]. Cyclophilin D deficient mice largely (by 80%) protected against the development of 

NASH-driven HCC, with gene expression analysis demonstrated a downregulation of numerous HCC-

related genes in these animals [34].  

Rencofilstat also showed protection against HCV-induced HCC in humanized mice through effects 

related to its anti-HCV activity as well as effects independent of its anti-HCV activity [35]. Treatment 

initiated at the time of infection prevented the development of HCC by inhibiting the replication of HCV 

[35]. However, mice starting treatment at later stages, up to 16 weeks after HCV infection and HCC had 

been established, also experienced a reduction in tumor growth through both the slowing of new 

tumors and modest shrinking of pre-existing tumors. This suggests that rencofilstat may have clinical 

utility within a therapeutic window that is applicable to patients.  

 

Hepatitis C: POTENTIAL BENEFIT BUT BOTH EFFICACY AND SAFETY RISKS INCREASE WITH COMBINATION 

THERAPY  

Cyclophilin inhibitors were originally tested for their anti-viral properties, and several were clinically 

tested in patients with hepatitis C (HCV). Cyclophilins are involved in regulating the interaction of HCV 

with RNA polymerase, such that cyclophilin inhibitors disrupt this interaction [36]. This form of antiviral 

activity, which targets host proteins rather than viral proteins is considered to be more robust since 

resistance does not emerge as readily. Cyclophilin inhibitors have also been shown to regulate innate 

interferon responses, and thus exert a synergistic anti-viral effect when used in combination with 

interferon therapy. Although the tested inhibitors showed evidence of anti-HCV activity, clinical 

development was halted after the emergence of potential safety signals when used in combination with 

pegylated interferon-α2a therapy [4].  

 

https://www.alzdiscovery.org/
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Alisporivir (Debio-025) was tested in numerous clinical trials for antiviral activity, including for HCV and 

HIV, as a monotherapy or combination therapy [37]. The largest study was the randomized, double-

blind, placebo-controlled, Phase 3 ESSENTIAL II trial (NCT01318694) including 1,081 treatment-naïve 

patients with chronic HCV genotype 1 infection [4]. Participants received alisporivir at a dose of 600 mg 

per day plus with peginterferon-α2a (180 μg/week) and ribavirin (1000 or 1200 mg/day) using response 

guided therapy based on viral load, alisporivir at a dose 400 mg twice per day in combination with 

peginterferon-α2a and ribavirin for 24 or 48 weeks, or peginterferon-α2a and ribavirin alone for 48 

weeks. The trial was put on a partial clinical hold by the FDA in April 2012 due to cases of pancreatitis in 

patients taking alisporivir in combination with peginterferon-α2a and ribavirin, such that all participants 

were switched to peginterferon-α2a and ribavirin alone. At the time of the hold, 87% of patients had 

received ≥12 weeks of triple therapy, but only 20% had received treatment for ≥24 weeks, and only 

three participants received the full 48 weeks of therapy. Despite the hold, antiviral responses were 

stronger with the triple combination, as more patients achieved the primary endpoint of SVR12, or the 

proportion of patients with HCV RNA levels under the limit of detection at 12 weeks, in the triple 

combination with alisporivir (69%) relative to those taking peginterferon-α2a and ribavirin alone (53%). 

Additionally, the antiviral response rates (SVR) were consistently better for those treated with 

alisporivir, irrespective of HCV 1 genotype subtype or IL28B polymorphism status. The inclusion of 

alisporivir was also associated with a lower relapse rate.  

 

NIM811 was tested in a randomized, placebo-controlled Phase 2a trial (CNIM811B2102) in patients with 

genotype 1 HCV [5]. The study included 72 patients in the monotherapy arm, who received NIM811 at 

oral doses of 10 to 600 mg once or twice per day for 14 days, as well as 21 patients who received 

NIM811 in combination with pegylated interferon alpha (180 µg as two doses) over a 14-day interval. 

Meaningful anti-viral activity was absent with NIM811 monotherapy, but the combination led to a 

greater decline in HCV RNA (2.85 log) relative to pegylated interferon therapy alone (0.56 log). 

Additionally, NIM811 treatment led to reductions in the liver enzyme ALT as a monotherapy at doses 

over 75 mg as well as in combination therapy, but not with pegylated interferon therapy alone.  

 

SCY-635 was tested in a randomized, double-blind, placebo-controlled dose-escalation Phase 1b trial in 

chronic genotype 1 HCV [6]. No anti-viral effects were observed in part 1 of the study, which included 37 

adult patients treated with SCY-635 at a dose of 30 mg, 100 mg, or 300 mg once per day for 15 days. The 

second part of the study included 20 HCV patients treated with SCY-635 at doses of 100, 200, or 300 mg 

three times per day (t.i.d.) for 15 days. Anti-viral activity was observed with the 900 mg/day dose, with 

individual maximum changes in viral load ranging from 0.84 to 5.47 log10 IU/m. SCY-635 treatment 

https://www.alzdiscovery.org/


 

13 

Last updated on September 27, 2024  

promoted the induction of type I and III interferons. The greatest reductions in viral load were achieved 

by those with the IL28B genotype CC (rs12979860).  

Covid-19:  UNCLEAR  

Cyclophilins play a role in the lifecycle of coronaviruses [38]. The N protein of SARS-CoV binds strongly to 

cyclophilin A, and this interaction may promote cell invasion. The cyclophilin inhibitor alisporivir was 

shown to block the life cycle of SARS-CoV-2 in cell culture models, though alisporivir plus ribavirin did 

not prevent SARS-CoV infection in a mouse model [38; 39]. Accumulation of alisporivir in the lung occurs 

to a greater extent than the plasma (37-fold) in a rat model, suggest that even though the in vitro EC50 of 

alisporivir towards SARS-CoV-2 is about ten times higher than for HCV, therapeutic dosing of alisporivir 

may still be possible in covid-19 patients [38].  

Alisporivir was tested in a proof-of-concept randomized, open-label Phase 2 trial (NCT04608214) in 26 

patients hospitalized with covid-19 at a dose of 600 mg twice per day for 14 days orally, or via a 

nasogastric tube. Results have not been made publicly available.  

 

Ischemic injury: POTENTIAL BENEFIT (Preclinical) 

Cyclophilin inhibitors have been shown to protect against oxidative damage-driven cell death in models 

of ischemia by preventing prolonged activation of the mPTP via the inhibition of cyclophilin D. 

Treatment has typically occurred close in proximity or prior to the ischemic event, thus it is unclear how 

well these results would translate to benefit in a clinical population.  

 

Liver: The novel cyclophilin inhibitor C105 SR diastereomer (C105SR) was shown to mitigate 

hypoxia/reoxygenation-induced cell death in cultured hepatocytes (AML-12 cell line) through the 

inhibition of cyclophilin D and the opening of the mPTP [40]. Treatment with C105SR via an osmotic 

pump also reduced liver cell death during a hepatic ischemic-reperfusion injury.  

Muscle: Treatment with the cyclophilin inhibitor NIM811 (10 mg/kg) attenuated muscle degeneration 

and inflammatory responses, while preserving motor function, in a mouse model of hindlimb ischemia 

when administered 10 minutes prior to reperfusion and 30 minutes afterwards, in a sex-dependent 

manner [41].  

Kidney: Pre-treatment with the cyclophilin inhibitor GS-642362, from Gilead Sciences, (10 or 30 mg/kg) 

one hour prior to surgery, protected against renal tubular cell damage and death in models of acute 

kidney injury [42]. In the bilateral renal ischemia/reperfusion injury model, GS-642362 dose-

dependently preserved renal function, with improvements of 54 and 85% in plasma creatinine levels at 

the low and high doses, respectively. This was accompanied by a reduction in neutrophil and 

macrophage infiltration to the kidney. In the unilateral ureteric obstruction model, which is a milder 
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injury model, GS-642362 reduced the deposition of interstitial collagen IV and the accumulation of 

interstitial α-SMA+ myofibroblasts.  

 

 

Safety:  Rated C for potential and C for evidence.  Cyclophilin inhibitors have been generally safe as 

monotherapy, with the potential to increase levels of blood lipids and elevate blood pressure. They 

increase the risk for serious side effects related to interferon therapy when used in combination.  

 

Types of evidence:   

• 1 review on Phase 1 and 2 clinical trials testing alisporivir  

• 1 Phase 3 RCT testing alisporivir in hepatitis C 

• 1 Phase 2a RCT for rencofilstat in NASH 

• 1 Phase 1 trial and overview of other Phase 1 studies for rencofilstat  

• 1 Phase 2a trial for NIM811 in hepatitis C 

• 1 Phase 1 trial for SCY-635 in hepatitis C 

• Numerous laboratory studies 

 

Rencofilstat: Rencofilstat was generally found to be safe and well-tolerated in Phase 1 studies in healthy 

volunteers as well as in a Phase 2a trial in patients with F2/F3 NASH [1; 43]. In Phase 1 studies, doses 

between 75 mg to 225 mg, the doses tested in the Phase 2a study, were found to achieve drug 

concentrations in the liver that exceed IC50 values. No safety signals emerged in Phase 1 studies. In the 

Phase 2a study, the most common treatment-emergent adverse events were constipation, diarrhea, 

back pain, dizziness, and headache, and most were mild to moderate severity [1]. There were no 

treatment emergent serious adverse events. Gastrointestinal events were more common at the 225 mg 

dose. There was one instance each of decreased body temperature, hypercholesterolemia, and elevated 

blood pressure at the 225 mg dose, otherwise there were no other alterations in laboratory tests, vital 

signs, or ECG parameters. Additionally, rencofilstat has a food effect, such that a high-fat meal may 

increase the extent of exposure [43]. Delayed gastric emptying in response to a high-fat meal may 

increase the absorption and bioavailability of rencofilstat.  

 

Alisporivir: The most common adverse events observed in Phase 1 studies testing oral doses of 

alisporivir up to 1,200 mg twice per day (b.i.d.) in patients co-infected with HIV and HCV were abdominal 

pain, feeling hot, vomiting, fatigue, and fever [37]. Cases of transient hyperbilirubinemia led to 

treatment discontinuation in some patients. Alisporivir was tested as a monotherapy, in combination 
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with pegylated interferon, or in combination with pegylated interferon and ribavirin in patients with 

HCV in Phase 2 trials [37]. Transient hyperbilirubinemia was observed with alisporivir across studies 

stemming from the alisporivir-mediated block of the uptake of bilirubin by transporters OATP1B1 and 

OATP1B3, and efflux by transporter multidrug resistance-associated protein 2, resulting in the elevation 

of bilirubin. Consequently, the increase in bilirubin with alisporivir is not a reflection of liver injury. The 

overall safety profile of alisporivir is strongest when it is not combined with interferon. One case of 

pancreatitis occurred in the CDEB025A2210 (FUNDAMENTAL) study testing alisporivir with pegylated 

interferon-α2a (IFNα) and ribavirin. The most frequent adverse events were neutropenia, anemia, 

hyperbilirubinemia, and thrombocytopenia, with serious adverse events occurring at a higher frequency 

with alisporivir relative to pegylated IFNα and ribavirin alone.  

The combination of alisporivir with pegylated IFNα and ribavirin was found to exacerbate safety signals 

associated with interferon therapy, such as pancreatitis, likely due to the augmentation of interferon 

responses with cyclophilin inhibitors [4]. Seven cases of pancreatitis occurred in a Phase 3 trial, though 

rates were generally similar between those taking alisporivir with pegylated IFNα and ribavirin relative 

to pegylated IFNα and ribavirin alone (5 cases [0.6%] vs. 2 cases [0.8%]) [4]. Two cases occurred in the 

context of elevated levels of triglycerides. Rates of anemia, thrombocytopenia, hyperbilirubinemia and 

hypertension were higher in those receiving alisporivir, including severe cases of hyperbilirubinemia 

(1%), hypertriglyceridemia (0.4%) and hypertension (0.3%), only observed with alisporivir. Three cases of 

hypertensive crisis occurred in the alisporivir (400 mg b.i.d.) plus pegylated IFNα and ribavirin group. 

Rates of adverse events considered severe by the investigator were higher in those treated with 

alisporivir, with rates of 22% in those taking 400 mg (b.i.d.) alisporivir, 16%-17% in those taking 600 

mg/day alisporivir, and 8% in those taking pegylated IFNα and ribavirin alone. Hypertension occurred in 

19% of participants taking the alisporivir 400 mg (b.i.d.) dose, relative to only 2% in those taking 

pegylated IFNα and ribavirin alone. Those with a history of hypertension were more likely to experience 

elevations in blood pressure in response to alisporivir.  

 

NIM811: In a Phase 2a trial, NIM811 was tested at doses ranging from 10 to 600 mg once or twice a day 

in patients with genotype 1 HCV for 14 days as monotherapy or in combination with pegylated 

interferon alpha [5]. All doses were generally well-tolerated. Mild elevations in bilirubin and declines in 

platelets were observed at the 400 mg and 600 mg doses, but the changes were not considered clinically 

meaningful. One patient in the combination arm experienced neutropenia, likely related to interferon 

therapy. There were minor elevations (~0.6 mmol increase) in triglycerides with NIM811 as a 

monotherapy or in combination. Cases of nausea were more common with NIM811. Thrombopenia was 
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observed starting at the 200 mg b.i.d. dose, which was exacerbated when NIM811 was combined with 

pegylated interferon.   

SCY-635: In a Phase 1 trial, SCY-635 was generally safe and well-tolerated in single daily doses ranging 

from 30 to 300 mg per day for 15 days in patients with genotype 1 HCV (n=37). In part two of this study 

(n=20), there were no dose-limiting toxicities in HCV patients receiving SCY-635 up to 900 mg per day for 

15 days [6]. The most common treatment-emergent adverse events were elevated serum creatinine 

phosphokinase (all grade 1), headache, hypokalemia (all had history of diuretic use), asymptomatic 

elevated liver function tests (grade 1 or 2 increases in ALT/AST) and nausea. One participant with grade 

1 elevation in triglycerides at baseline experienced a grade 4 elevation in triglycerides following 

treatment, which resolved through diet modification without treatment interruption.  

 

Drug interactions: Cyclophilin inhibitors are likely to have both drug-specific and class-related drug 

interactions. Due to an impact on interferon production and inflammatory mediators, cyclophilin 

inhibitors can increase the risk for side effects when combined with interferon therapies. Other 

interactions may depend on the metabolism of the drug. For example, alisporivir is a substrate/inhibitor 

of cytochrome P450 34A (CYP3A4) and P-glycoprotein, and thus can interact with other substrates of 

these enzymes, such as ketoconazole, rifampin, and azithromycin [44]. Rencofilstat is also a substrate 

for CYP34A. In a drug-interaction study, ketoconazole increased the exposure of rencofilstat by 

approximately four-fold, while midazolam increased the exposure of rencofilstat around two-fold. 

Reconfilstat did not affect the pharmacokinetics of midazolam [43].  

 

Sources and dosing:   

 

Non-immunosuppressive cyclophilin inhibitors have not yet been approved for any indication. 

Rencofilstat (CRV431) is in clinical development by Hepion Pharmaceuticals. It is currently in clinical 

development for liver diseases, at doses ranging from 75 mg to 225 mg/day in the form of oral capsules. 

To date, no clinically beneficial dose has been established for any indication. Due to limited resources, 

the company is winding down its current Phase 2b study early, and the future clinical development of 

rencofilstat is unclear. Its development could potentially be revived following a proposed merger (Press 

release).  

The clinical development of cyclophilin inhibitors that were tested for hepatitis C/anti-viral indications, 

such as alisporivir, NIM811, and SCY-635 appears to have been terminated. Additional cyclophilin 

inhibitors have been described in the literature and tested in preclinical studies. The prospective clinical 

development of these inhibitors is currently unclear.  

https://www.alzdiscovery.org/
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Research underway:   

 

Rencofilstat is currently being tested, at doses of 75 mg, 150 mg, and 225 mg, in a randomized, placebo-

controlled, double-blind Phase 2b trial in adults with nonalcoholic steatohepatitis (NASH) and advanced 

liver fibrosis (F2 or F3) (NCT05402371). The trial has an estimated completion date in 2025. In 2024, the 

trial’s sponsor, Hepion Pharmaceuticals announced that it would be winding down the trial early, and 

would likely only be able to obtain meaningful safety data (Press release). 

 

Search terms:  

Pubmed, Google:  Cyclophilin inhibitor; reconfilistat, alisporivir, NIM811 

• Alzheimer’s disease, cognition, liver disease, antiviral, clinical trial, safety  

 

Websites visited for Cyclophilin inhibitors:  

• Clinicaltrials.gov (Reconfilstat, Alisporivir, NIM811, SCY-635) 

• PubChem (Reconfilstat, Alisporivir, NIM811, SCY-635) 

• DrugBank.ca (Reconfilstat, Alisporivir, NIM811, SCY-635) 
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