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Abstract  

With frequencies varying up to 20%, treatment resistant pulmonary failure is a major life-threatening 

complication in COVID-19 (SARS-CoV-2, HCoV19) disease pathology. Both acute respiratory distress 

syndrome (ARDS), proposed to be caused by an over-reacting immune system which floods the lung 

with edema, a liquid consisting of inflammatory cells, and diminished lung perfusion, have been 

postulated to cause this treatment resistant lung failure. Aging, co-morbidities, male gender and 

obesity are pre-existing factors associated with the more severe outcome. Thrombosis is more 

frequently observed than usually seen during ICU admission. Different hypotheses explaining the 

pathophysiological cascade leading to fast progressing severe COVID-19 disease and how to counteract 

it have been proposed. A variety of intervention studies to control severity are ongoing or planned.  

Not suggested so far, we here hypothesize that the inflammatory lipid modulator prostaglandin E2 

(PGE2) executes a prominent role in COVID-19 pathophysiology.  Based on this we suggest measuring 

PGE2 in patients and evaluating selective inhibition of the human microsomal prostaglandin E synthase-

1 (mPGES-1) as a potential innovative therapeutic approach in this devastating condition for which 

sonlicromanol, a drug currently in phase 2b studies for mitochondrial disease, is a candidate.     

Introduction 

The recent burst of COVID-19 infections with its high pulmonary related mortality figures has shocked 

the world and warrants global efforts in developing new treatment strategies (Guo et al., 2020; 

Martine et al., 2020; Rodriguez-Morales et al., 2020)  

To enter the target cell COVID-19 binds, via spike-glycoproteins expressed on its envelope, to 

angiotensin-converting enzyme 2 (ACE2) (Chen et al., 2020). Coughing, sneezing and even talking 

spread the virus of an infected subject through the air after which it may enter the body via the eyes, 

mouth or nose in a new host. Expression of ACE2 is ubiquitous with relatively high expression in 

respiratory epithelial cells, type I and II alveolar cells and the intestines(Harmer et al., 2002; Xu. et al., 

2020). Members of the Human Cell Atlas consortium recently reported that the COVID-19 entry genes 

(ACE2 and the protease TMPRSS2) are most highly expressed in nasal goblet and ciliated cells within 

human airways (Sungnak et al., 2020). Mucosal mast cells in the nasal cavity and the submucosal 

respiratory tract act as primary lines of defense (Kritas et al., 2019). 

Upon viral invasion, depending on the type of cells targeted, different cellular responses may occur 

(Figure 1). These include viral cell death mechanism as well as early and late inflammatory processes.  

After viral infection, nasal goblet and ciliated cells undergo cell death (apoptosis, necrosis, pyroptosis) 

releasing pathogen-associated molecular patterns (PAMPs) and damage-associated molecular 

patterns (DAMPs) to activate the innate immune response. This activation involves recruitment of 

granulocytes to the injured tissue and the release of inflammatory mediators, including pro-

inflammatory cytokines such as TNF-α, IL-1β and IL-6 and lipid mediators such as prostaglandins (PGs 

and leukotrienes (LTs). Both the proinflammatory cytokines and the lipid mediators evoke an acute 

inflammatory process (hours to days) to clear the pathogens and damaged tissues. Acute inflammation 

is resolved, and the tissue is repaired when PAMPs, DAMPs, pathogens and damaged tissues are 

cleared. Granulocyte recruitment ends with a down-regulation and scavenging of chemokines, and 
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recruited granulocytes are subsequently cleared by efferocytosis (apoptotic cells released by 

phagocytic cells)(Yao and Narumiya, 2019). 

Invasion of the mucosal mast cells in the nasal cavity and submucosal respiratory tract on the contrary 

cause an early inflammatory response with the release of histamine and proteases followed by a late 

inflammatory response releasing pro-inflammatory IL-1 family members (IL-1, IL-6 and IL-33).  

COVID-19 invasion and the responses of the different cells of the respiratory tract have led to 

progressive therapy resistant inflammation, as seen in an important number of infected patients. Older 

age, comorbidities, male gender and obesity are somehow related to a poorer outcome. So far, the 

results of therapeutic interventions like the anti-malaria drugs chloroquine, hydroxychloroquine and 

others show conflicting results (Ferner and Aronson, 2020). Tens of thousands of deaths have already 

been reported. These unsatisfactory outcomes urgently call for alternative approaches. Following a 

short overview of recently initiated international trials, we here summarize the potential disease-

modifying role the lipid mediator prostaglandin E2 may have in COVID-19 pathology. Based on this we 

call for the measurement of PGE2 in affected patients and propose selective inhibition of the 

microsomal prostaglandin E synthase-1 as a potential new treatment approach in preventing patients 

from severe disease progression and from death.  

Initiated international trials  

Scientists, industry and politicians are working closely together to control viral spread and to develop 

potential treatments for COVID-19.  A variety of measures and clinical trials are ongoing, so far with 

disappointing results with respect to mortality. Obviously, much efforts concentrate on avoiding 

spread of the virus, epidemiology and the development of diagnostic kits and vaccines, as well as high-

throughput studies evaluating the repurposing potential of drugs on the market counteracting e.g. 

viral replication. The latter leading to a more or less immediate drug availability. Alternatively, drug 

compounds under development are also being evaluated for their potential to counteract the COVID-

19 disease burden.  Here, we will address an example of the latter approach.  

The World Health Organization just launched the Solidarity Trial Initiative (www.who.int), an 

international clinical trial to help find an effective treatment for COVID-19. The Solidarity trial will 

compare four treatment options (Box 1) against standard of care, to assess their relative effectiveness 

against COVID-19. By enrolling patients in multiple countries, the Solidarity trial aims to rapidly 

discover whether any of the drugs slow disease progression or improve survival.  

With recruitment starting April 7th, 2020, the European Discovery trial has started (Box 2). This trial 

plans to include 3,200 European patients from Belgium, France, Germany, Luxembourg, the 

Netherlands, Spain, Sweden, and the United Kingdom (www.presse.inserm.fr). Allocation of patients 

to the various treatment modalities will be randomized, i.e. by random draw, but patients and 

physicians will know which treatment is used (this is called an open trial).  

 

Both initiatives have indicated that other drugs can be added based on emerging evidence and 

numerous companies are exploring this possibility. 
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COVID-19: clinical observations and pathophysiology 

In a short time frame large numbers of patients allocated to ICUs have revealed some peculiar 

characteristics present in the most severely affected patients. To these belong: a) COVID-19 is more 

severe in the elderly population, b) the number of males in ICUs far exceeds that of females, c) the 

number of obese patients exceeds those of the lean population and d) next to the severe lung-related 

problems, thrombosis is seen more frequently than expected in ICUs.  

We combined these observations, together with the pre-existing knowledge gathered during this and 

earlier viral pandemics, into a new pathophysiological hypothesis, that “lipid mediators play a crucial 

role in COVID-19 disease progressing and are amenable to treatment intervention”. Sharing of the 

concept to the scientific and medical community enables it to be challenged. If supported, preclinical 

research and/or exploratory trials might be initiated and we appreciate submission of proposals.  

We postulate human prostaglandin E2 (PGE2) is an important factor contributing to COVID-19 

hyperinflammatory and immune responses. We suggest evaluating whether specific lowering of PGE2 

via selective inhibition of the human microsomal prostaglandin E synthase-1 (mPGES-1), while not 

having effects on other prostaglandins (Figure 1), might positively influence patient mortality outcome 

of ARDS-related COVID-19.  

PGE2 in inflammation 

Prostaglandins (PGs) are a group of physiological lipid mediators (Gomez et al., 2013; Tsuge et al., 

2019). They not only show diverse hormone-like effects but also participate in pathological reactions, 

such as inflammatory and nociceptive responses (Miller, 2006). PGs are synthesized in the cell from 

arachidonic acid (AA) via phospholipase-A2. Next, the cyclooxygenases, (COX-1 and COX-2), convert AA 

into prostaglandin H2 (PGH2). Finally, PGH2 is further metabolized into four major biologically active 

PGs (PGD2, PGI2, PGE2, and PGF2α) and thromboxane A2 (TXA2), which are synthesized by cell- and 

tissue-specific synthases and isomerases(Park et al., 2006; Tron et al., 2006; Nakanishi et al., 2010). 

Elevated levels of PGE2 have been ascribed to play an essential role in inflammation. PGE2 is generated 

from the action of three different prostaglandin E synthases on PGH2, microsomal isoforms (mPGES-1 

or mPGES-2) or cytosolic PGES (cPGES) (Hara et al., 2010) (Figure 1). To date, mPGES-1 emerges as a 

key enzyme in the formation of PGE2 in inflammatory states, as it is up-regulated by various 

inflammatory stimuli, such as LPS or IL-1β while cPGES and mPGES-2 are known to be constitutively 

expressed in many organs and tissues (Riendeau et al., 2005; Ikeda-Matsuo et al., 2006; Smith et al., 

2011).  

Today mPGES-1 is considered as a potential safer target for anti-inflammatory drugs since it is only 

expressed in diseased tissues and downstream of the COX enzymes (Ding et al., 2018). COX enzymes 

are the current target of most commercially available non-steroidal anti-inflammatory drugs (NSAIDs, 

COX inhibitors). But their use can be limited by their non-specific inhibitory effects on all prostanoids 

downstream of PGH2, which lead to gastric side effects or increased risk of cardiovascular morbidity 

and mortality. Additionally, selective inhibition of mPGES-1 would still allow basal production of PGE2 

via its two other constitutive enzymes cPGES and mPGES-2 involved in physiological role of PGE2. 
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Linking COVID-19 clinical observations and PGE2 

As stated, gender, ageing and obesity have been noticed to be pre-existing severity factors. It has 

earlier been noticed that the severity and course of inflammatory process differ between women and 

men. Simona Pace and colleagues (Pace et al., 2017) found that freshly isolated and immediately LPS 

stimulated human neutrophils from males produced more PGE2 than cells from females and that this 

might be caused by increased COX-2 expression and by shunting phenomena due to suppressed 

leukotrienes formation. They conclude that the observed sex-difference might help to explain, at least 

in part, the sex dimorphism in innate immune disorders such as sepsis and post-surgery infections. 

Here, we suggest that the increased PGE2 response in males, being an important lipid mediator, may 

be one causative factor explaining the more severe disease state in males following COVID-19 

infection. Measurements of PGE2 in males and females and correlating these with disease severity in 

COVID-19 seems warranted. 

With a few exceptions, children seem to be less prone to develop severe COVID-19 than the aged 

population. Several explanations such as their young immune system, ACE2 receptor levels and 

exposure to other corona viruses have been put forward. Another possible explanation is the aging 

lung environment (Zhao et al., 2011; Angelidis et al., 2019). The Perlman group showed in mice 

infected with respiratory viruses that increases in PGD2 upon aging correlated with progressive 

impairment in respiratory DC migration resulting in diminished T cell responses and more severe 

clinical disease in older mice. They suggest that inhibiting prostaglandins, in this case PGD2, may be a 

useful approach to enhance the host antiviral response (Zhao et al., 2010, 2011). Age-related 

increase of PGE2 was also reported in mouse macrophages (Wu et al., 1998)  and, since it is known to 

inhibit the immune system (Kalinski, 2012), pre-existing increased PGE2 level might also cause higher 

sensitivity to COVID-19. 

 

Next to mechanical issues, obesity is accompanied by a systemic, chronic low-grade inflammation as 

well as dysfunctions of several innate and adaptive immune cells. Recent findings emphasize an 

impaired functionality and phenotype of natural killer (NK) cells under obese conditions (Bähr et al., 

2020). Elevated circulating levels of PGE2 have been observed in obese individuals (Fain et al., 2002; 

Pawelzik et al., 2019). Furthermore, IL-1ß stimulates the production of PGE2 primarily by 

transcriptionally upregulating COX2 through the action of the transcription factor NF-kB (Osborn et al., 

2008). 

 

More than expected, thrombosis has been observed in the severely affected COVID-19 subjects. The 

underlying reason of thrombosis might obviously be related to longer term immobility while being on 

ventilators.  Other causes though may exist. In line with our hypothesis it was shown that PGE2, through 

its platelet EP3 receptor, is a central actor in intravascular thrombosis (Gross et al., 2007). 

 

ARDS, viral and bacterial infections and NSAIDs 

Since its first description in 1967 and despite numerous therapeutic interventions the mortality of 

ARDS still remains high. Examples include two double-blind RCTs in ventilated ARDS patients 

suggesting that antioxidants show no benefit and actually may be detrimental (together with omega-

3 fatty acid and gamma-linolenic acid (Rice et al., 2011), and as monotherapy (Morris et al., 2008). 
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Another therapeutic intervention includes the use of NSAIDS downregulating the activity of 

cyclooxygenase 1 (COX1, Figure 1). A recent meta-analysis of aspirin in patients at risk of ARDS showed 

no reduction in mortality but preventive administration could reduce the risk for ARDS (Yu et al., 2018). 

One important limitation of the study was that subgroup analysis on the potential origin of the ARDS 

could not be made. One problem with the usage of COX1 (NSAIDs) and COX2 inhibitors (COXibs), is the 

a-selectivity with respect to all PG and Tromboxane A2 downregulation. Agard et al. (2013) reviewed 

the role of PGE2 in bacterial infection and concluded that inhibition of PGE2 may represent a 

therapeutic way to treat bacterial infections (Agard et al., 2013).  

 

Viral infection, ARDS and PGE2  

PGE2 is known to have immunomodulatory roles (Kalinski, 2012) and, more particularly in the context 

of respiratory viral infection (McCarthy and Weinberg, 2012). The modulatory role of PGE2 in several 

viral infections has recently been reviewed and both inhibitory and activating effects of PGE2 on various 

immune system pathways identified (Sander et al., 2017). In most of the viral infections studied, PGE2 

was reported to increase viral pathogenicity (HSV, CMV, EBV, RV, CVB3, EV71, PSaV, VSV, LCM, RSV, 

and HTLV-III), which occurred by affecting not only the host immunity, but also viral transcription, 

translation and/or replication. In the case of CMV infection PGE2 was shown to support viral replication 

independently of its role on host immunity (Mocarski, 2002). Consequently, selectively decreasing 

PGE2 might counteract viral pathogenicity. However, in the case of PIV3 and HBV, PGE2 was shown to 

have both a stimulatory and an inhibitory role on viral pathogenicity. No data about PGE2 effects in 

corona viruses was presented in this review. Based on the results of one of the scarce in-vivo studies 

performed so far, in this case in an influenza A virus (IAV) infection mouse model, selective inhibition 

of mPGES-1 has been proposed as a therapeutic option to enhance antiviral immunity. Indeed, mPGES-

1 knockout mice infected with influenza A virus had lower viral titers in the lung and reduced morbidity 

compared to wild-type mice (Coulombe et al., 2014; Full and Gack, 2014).  The authors showed that 

PGE2 was increased in lungs of wildtype mice shortly after IAV infection and that PGE2 inhibits 

important function of alveolar macrophages, a central player in host immune response against 

respiratory virus. Interestingly, the treatment of mice infected with IAV, even three days after 

infection, with inhibitors of mPGES-1 significantly improved the survival of the animals. Further 

mPGES-1 inhibitors with anti-influenza activities were identified and shown to act via the inhibition of 

PGE2 production (Park et al., 2016). Overall, these results indicate that selective inhibition of mPGES-1 

could enhance the host immune response against COVID-19. Finally, we hypothesize the age- or 

proinflammatory disease-related increases in PGE2 might underline the higher severity of COVID-19 in 

aged and obese populations. 

It is important to note that several of the downstream products of the PGE2 pathway are required for 

normal physiological functioning (Sander et al., 2017). Additionally PGE2 had been shown to have both 

stimulatory and inhibitory effect on the immune system depending on the targeted cell type, 

inflammatory or physiological context or local concentrations. For instance, low (nanomolar) 

concentration of PGE2 were shown to activate T-cells while high (micromolar) were shown to inhibit 

the immune response (Sreeramkumar et al., 2012). This is where selective inhibition of mPGES-1 brings 

a crucial advantage over for instance upstream COX1/2 inhibition as it is mainly expressed in 

inflammatory context and responsible for the high production of PGE2 and would still allow basal 

biosynthesis of PGE2 by the two other constitutive synthases (cPGES and mPGES-2). 
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Selective mPGES-1 inhibition to attenuate COVID-19 associated ARDS: a hypothesis to 

challenge 

Human mPGES-1 is recognized as a promising target for the next generation of anti-inflammatory 

drugs, without the side effects of those currently available (Ding et al., 2018). Our hypothesis, that 

selective mPGES-1 inhibition might attenuate COVID-19 associated disease symptoms, e.g. ARDS, and 

thereby prevent ICU admissions and decrease mortality, is based on the role PGE2 has as an 

inflammatory modulator in viral infections and further literature supporting that targeted PGE2 

inhibition enhances antiviral immunity (Ricciotti and Fitzgerald, 2011; Coulombe et al., 2014; Bergqvist 

et al., 2020) (Figure 2). That PGE2 belongs to the many factors contributing to the uncontrolled 

inflammation observed in obese individuals adds to our hypothesis (González-Périz and Clària, 2010; 

Pierre et al., 2018). Besides, mPGES-1 knock-out mice have been shown to reduce diet-induced low-

grade inflammation and adiposity (Pierre et al., 2018).  

Findings on the role of PGE2 in various models of pulmonary inflammation in preclinical models are 

mixed. Injection of oleic acid (OA) into rats results in an ARDS-like syndrome inducing acute increases 

of PGE2 as well as leukotrienes and endothelins (Pritze et al., 1992). In mice, ARDS induced by OA 

resulted in lung inflammation and edema and increases in PGE2 and leukotriene B4 (Gonçalves-De-

Albuquerque et al., 2013). In rats administered LPS to induce ARDS, parecoxib reduced levels of PGE2, 

tumor necrosis factor-α, interleukin-1β and other inflammatory markers, and improved lung 

histopathology and survival (Meng et al., 2017). 

 

Limitations of these findings result from the uncertainty over whether PGE2 is causal in ARDS 

pathophysiology or represents the consequence of upstream pathophysiological events, as well as the 

unknown translatability of experimentally induced ARDS in rodents to the human COVID-related acute 

lung injury / ARDS. Findings of Aso (Aso et al., 2012) in human pulmonary microvascular endothelial 

cells suggest that PGE2 may play an upstream role in the inflammatory cascade by increasing IL-8 

release and COX-2 expression, while leaving constitutive COX-1 expression unaffected.  Furthermore, 

in lung tissue from human organ donors, TNFα induced inhibition of surfactant synthesis was caused 

by NO generation secondary to PGE2 production, and the TNFα effect could be inhibited by 

indomethacin (Vara et al., 1996). In addition, a hypothesis has been postulated that reactive oxygen 

and nitrogen species may contribute to ARDS and other symptoms in viral diseases (Akaike, 2001; Davis 

and Matalon, 2001; Vielma et al., 2014; Khomich et al., 2018) and some indications of this in animal 

studies of viral infection have been observed (Nakamura et al., 2002; Kash and Taubenberger, 2015). 

 

Reviews and meta-analyses of randomized controlled studies of various approaches against ARDS in 

humans have so far generally failed to demonstrate favorable drug effects (Adhikari et al., 2004; Duggal 

et al., 2015; Lewis et al., 2019), including trials with methylprednisolone, statins, indomethacin, PGE1 

and the antioxidant n-acetylcysteine. Intravenous selenium administration although demonstrated 

some  anti-inflammatory action failed to show beneficial effects on overall survival and and ventilation 

free days in critically ill patients with ARDS (Mahmoodpoor et al., 2019). As corticosteroids and 

indomethacin have multiple effects on the inflammatory cascade, it is possible that they also inhibit 

favorable effects of inflammation; a more selective intervention, reducing PGE2 only, may leave 

beneficial effects of inflammation intact. Nevertheless, there is also some evidence that inhibiting PGE2 

might be detrimental, e.g. resulting in impaired bacterial killing of P. aeruginosa (Aoyagi et al., 2017) 
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exacerbation of OA-induced ARDS by indomethacin in rats (Sharma et al., 2016) and exacerbation of 

lung neutrophilic inflammation (Felton et al., 2018).  

 

Sonlicromanol: a clinical trial stage drug compound selectively inhibiting mPGES-1 

Sonlicromanol (KH176; IUPAC chemical name (S)-6-hydroxy-2,5,7,8-tetramethyl-N-((R)-piperidin-3-

yl)chroman-2-carboxamide hydrochloride) is a clinical trial stage drug compound (phase 1 completed, 

phase 2a completed, phase 2b ongoing) (Koene et al., 2017; Beyrath et al., 2018; Janssen et al., 2019) 

with a triple mode of action (radical trapping, ferroptosis inhibition by inhibiting lipid peroxidation, 

anti-inflammatory inhibiting mPGES-1). Important in this context is that both the parent compound 

(sonlicromanol) and its metabolite (KH176m) are both active and, in humans, ~50% of the parent 

compound is converted to the active metabolite KH176m (Koene et al., 2017; Janssen et al., 2019).  

 

We recently investigated the effect of KH176m on PGE2 biosynthesis in human control primary 

fibroblast cells, as well as in the mouse macrophage-like cell line RAW264.7 (Smeitink JAM, Beyrath 

JD, W O 2 0 1 9 1 0 1 8 2 6  -  C o m p o u n d s  a s  M P G E S - 1  i n h i b i t o r s  PCT/EP2018/082146). Our 

data indicate that KH176m could selectively block the production of PGE2 induced by the inflammatory 

stimuli lipopolysaccharide (LPS) or interleukin-1 beta (IL-1β) across species, without showing an effect 

on the other prostaglandins. We further demonstrated that the inhibitory effect of KH176m on PGE2 

production is dependent on mPGES-1 inhibition, further blocking mPGES-1 transcriptional expression. 

Therefore, in addition to it being a novel therapeutic option for mitochondrial disease patients, our 

results indicate that KH176m, as well as its parent compound sonlicromanol, may also potentially be 

used to treat PGE2-driven inflammatory consequences such as might underly the COVID-19 associated 

ARDS (Figure 2), or when administered early after diagnosis, might prevent progression to ARDS. 

Sonlicromanol, in addition to its anti-inflammatory properties, also shows stoichiometric radical 

scavenging activity and prevents lipid peroxidation and thereby lipid ROS driven cell death called 

ferroptosis (Beyrath et al., 2018). Considering that elevated ROS were detected in plasma and lung 

tissue of patients with ARDS and their levels correlated with severity of the disease  (Castillo et al., 

2015)  ferroptosis might be a part of pathology in this condition (Castillo et al., 2015).   

   

 

We suggest to execute a powered investigator-initiated randomized parallel design (ideally placebo-

controlled) trial with a treatment duration of 20 days in 30 COVID-19 ICU-admitted patients receiving 

50mg bid oral sonlicromanol, 30 COVID-19 patients receiving 100mg bid oral sonlicromanol and 30 

control patients as comparison, based on currently available medication. This trial will have 80% power 

to observe a 50% reduction in mortality, if mortality would be 80% without treatment. Note that on 

29 March 2020 in the Netherlands, a total 141 of 1248 patients died while in ICU and a total of 35 of 

1248 recovered in ICU [source: https://www.stichting-nice.nl accessed April 1st, 2020). The daily ratio 

of recovering/dying patients in the last week ranges from 0 to 0.38, with an average of 0.27 (1 

discharged vs 3.6 deaths) in the last week. If these numbers are extrapolated, the expected mortality 

is higher than 50%. Should mortality in the control group be closer to general ARDS estimates  (Duggal 

et al., 2015) e.g. 50%, the trial will have 40% power to detect a reduction of 50% in mortality. 

Alternatively, early treatment immediately after diagnosis might prevent progression to ARDS, a 

hypothesis that would require a differently designed study. Finally, we recently observed that the 
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active metabolite of sonlicromanol (KH176m) is able to increase the potency of indomethacin (COX 

inhibitor) and celecoxib (COX-2 inhibitor) from micromolar to nanomolar range, in an LPS-induced 

acute inflammation model (unpublished results). Based on the observed synergistic effect we 

speculate that combination treatment of KH176m and a below-normal dose of COX inhibitors may 

attenuate the side effects caused by COX inhibitors, may produce an equivalent inhibition of PGE2 and 

might have a synergistic anti-inflammatory response. 

 

We are already exploring the possibility of producing more study drug at short notice to allow an 

increase in sample size. This would allow increases in sample size; e.g. to detect a decrease of 25% in 

mortality and, assuming 80% mortality, the sample size would be 86/group, nearly identical to samples 

sizes of the largest outcome studies on mortality with corticosteroids in ARDS (Lewis et al., 2019). 

It should be acknowledged (and be clearly conveyed to the appropriate medical ethical board and 

health authority when asking for trial approval and any patients to be enrolled) that no preclinical or 

clinical information is currently available about the efficacy or safety of sonlicromanol in (COVID) virus 

induced ARDS models. Recently, FDA and EMA have shown flexibility in decision making in view of the 

severity of the situation (e.g. in the rapid approval of diagnostic tests) and have issued guidance on the 

development of vaccines (https://www.fda.gov/news-events/fda-meetings-conferences-and-

workshops/summary-fda-ema-global-regulators-meeting-data-requirements-supporting-first-

human-clinical-trials). The guidance indicates a desire for availability of preclinical data with putative 

vaccines that demonstrate a potential beneficial effect as well as an absence of worsening of infection, 

to support first in human trials. Although formally only covering vaccine development, as discussed 

above, there are both efficacy and safety concerns with anti-inflammatory and antioxidant strategies 

for ARDS, so that extension of this recommendation to the KH176 situation seems logical. At the same 

time no animal model for COVID-19 appears to fully reflect the course and/or symptoms of human 

COVID-19 infection (Martine Denis et al., 2020) and intra-species differences in mPGES-1 have 

complicated the (preclinical) development of effective human mPGES-1 inhibitors (Ding et al., 2018). 

Interestingly preclinical data show that KH176m is inhibiting mPGES-1 in both human and mouse cells 

(unpublished). 

In clinical trials, sonlicromanol at an oral dose of 100 mg b.i.d. has, thus far, showed an acceptable 

safety profile, with CNS adverse events and QTc prolongation as dose-limiting adverse events at single 

doses of 800 and 2000 mg in healthy volunteers (Koene et al., 2017). However, it should be 

acknowledged that it is unknown whether sonlicromanol might worsen ARDS symptomatology or lead 

to other unwanted side effects in ARDS. In addition, it should be acknowledged that if sonlicromanol 

turns out to be efficacious and safe in ARDS, the upscaling of GMP production will take time and effort.  

 

Conclusion and call for experts  

Since its first description more than 50 years ago, ARDS mortality rates remain high. The recent 

experience in COVID-19 calls for alternative strategies. We here formulate a new hypothesis “lipid 

mediators play a crucial role in COVID-19 disease progressing and are amenable to treatment 

intervention”.  Based on unpublished data and literature searches we propose that selective inhibition 

of mPGES-1 might serve as an alternative, so far unexplored, treatment option to prevent or 

counteract COVID-19 ARDS.     
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In line with van de Veerdonk et al.  (Veerdonk et al., 2020) in their kinins and cytokines hypothesis 

manuscript recently published, we are inviting experts in the field of corona viruses to test our 

compound in-vitro and in-vivo. We are actively searching for big-pharma partners willing to assist us in 

evaluating our hypothesis and the potential of bringing sonlicromanol to COVID-19 patients. 
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Box 1: The Solidarity Trial  

 

Remdesivir was previously tested as an Ebola treatment. It has generated promising results in animal 

studies for Middle East Respiratory Syndrome (MERS-CoV) and severe acute respiratory syndrome 

(SARS), which are also caused by coronaviruses, suggesting it may have some effect in patients with 

COVID-19. 

Lopinavir/Ritonavir is a licensed treatment for HIV. Evidence for COVID-19, MERS and SARS is yet to 

show it can improve clinical outcomes or prevent infection. This trial aims to identify and confirm any 

benefit for COVID-19 patients. While there are indications from laboratory experiments that this 

combination may be effective against COVID-19, studies done so far in COVID-19 patients have been 

inconclusive. 

Interferon beta-1a is used to treat multiple sclerosis. 

Chloroquine and hydroxychloroquine are very closely related and used to treat malaria and 

rheumatology conditions respectively. In China and France, small studies provided some indications 

of possible benefit of chloroquine phosphate against pneumonia caused by COVID-19 but need 

confirmation through randomized trials. 

 

 

 

 

Box 2: The Discovery Trial  

The DISCOVERY trial includes five treatment modalities: 

• standard of care 

• standard of care plus remdesivir 

• standard of care plus lopinavir and ritonavir, 

• standard of care plus lopinavir, ritonavir and interferon-beta 

• standard of care plus hydroxychloroquine. 

Allocation of patients to the various treatment modalities will be randomized, i.e. by random draw, 

but patients and physicians will know which treatment is used (this is called an open trial). The 

analysis of treatment efficacy and safety will be evaluated 15 days after inclusion of each patient. 
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Figure Legends 

Figure 1: The prostaglandins biosynthesis pathway and selective mPGES1 inhibition.  

Following inflammatory stimuli activation of the arachidonic pathway leads to the production of 

prostaglandins. COX2 and mPGES-1 are inducible enzymes and their expression is increased in 

inflamed tissues. A general decrease in prostaglandin species occurs following inhibition at the level 

of the COX2 enzyme by NSAIDs and COXibs (COX inhibitors). Sonlicromanol metabolite selectively 

blocks the activity of the microsomal prostaglandin E synthase-1. Consequently, this leads to specific 

lowering of the PGE2 and thereby counteracting its effect. As opposed to upstream COX inhibition, 

selective mPGES-1 inhibition still permits basal PGE2 production via its constitutive enzymes cPGES 

and mPGES-2. sPLA: soluble phospholipase A; COX: cyclooxygenase; PG: prostaglandin; Tx: 

tromboxane 

 

Figure 2: Covid-19, Lung failure and PGE2. A multi-faceted pathophysiological cascade 

The expression of the ACE-2 receptor is ubiquitous. Within the upper- and lower respiratory tract 

expression is highest in nasal goblet and ciliated cells (Sungak et al., 2020). Within the nasal cavity 

and submucosal respiratory tract mucosal mast cells are the most important first line of defense. The 

mechanism how cells respond to viruses is cell-type dependent. While nasal goblet and ciliated cells 

respond with viral death mechanisms, mast cells act with early and late inflammatory responses. 

Both PAMPS and DAMPS may cause an increase in lipid mediators of which PGE2 production can be 

selectively decreased by microsomal prostaglandin E synthase-1 inhibitors like sonlicromanol. 

Additionally, alveolar macrophages are important sentinels in respiratory infection and participate in 

the activation of innate and adaptive host immune response. mPGES-1-derived PGE2 is known to 

inhibit this response therefore its inhibition could enhance host immune response against the viral 

infection. As COVID-19 associated pathology is multi-faceted the application of anti-inflammatory 

cytokines might cause a synergistic effect. Ageing and pre-existing conditions like obesity are 

associated with more severe outcome. The increased inflammation status observed in obesity might 

be one of the underlying contributing factors making obese patients more inflammation prone.  
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Figure 1: The prostaglandins biosynthesis pathway and selective mPGES1 inhibition. 
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Figure 2: Covid-19, Lung failure and PGE2. A multi-faceted pathophysiological cascade 
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PGE2 increase 

Innate and 

Adaptive immune 

response
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