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ABSTRACT  

IL-17 and IL-6 are cytokines that are important for the homeostasis of the immune system and are 

affected in the pathology of plaque-type psoriasis, which is a chronic auto-immune disease that is 

associated with several comorbidities and currently cannot be fully cured with treatment options that 

are available. Thus, it is important to understand the causal biology of plaque psoriasis and investigate 

the roles of IL-17 and IL-6. Therefore, this review article and thesis provides a thorough and concise 

overview on the IL-17 and IL-6 signaling pathways specified to moderate-to-severe plaque psoriasis in 

respect of their clinical and pharmacological relevance and discusses the current treatment and 

promising developments that are in prospect. Furthermore, it provides an insight on the structural 

information that is available about these targets and specifies to the most common monoclonal 

antibody therapies that are utilized for the application of psoriasis. Moreover, this article evaluates the 

inextricable link between these cytokines and therefore also attempts to emphasize the axis of IL-23, 

which is a cytokine important in the IL-6-induced Th17 cell development and therefore also is 

indirectly linked to Th17-secreted IL-17, which is upregulated in psoriasis. Pharmacotherapy with 

antibodies targeting this signaling route are also discussed, as biologicals have realized 

groundbreaking innovations for the treatment of psoriasis. However, the use of antibodies might not be 

ideal for their cost, production processes and yield, tissue-limited bioavailability and strict storage 

conditions. Therefore, the shift towards a computational design of small molecules to target the 

pathological axes in the disease is argued with respect to newest innovations.  

 

INTRODUCTION  

Psoriasis in general 

The immune system plays a role in nearly all pathologies, whether it is for conditions in which the 

immune system is overresponsive, such as autoimmune diseases like lupus or rheumatoid arthritis, or 

conditions in which the immune system is insufficient, such as cancer or AIDS. Furthermore, 

complete curation of patients with the abovementioned diseases is not always possible with the current 

treatment options. Hence, needless to say, understanding the general human immune system and 

immunopharmacological pathways that are involved in pathologies is of great relevance for 

development of pharmacotherapy. Moreover, this knowledge is required for obtaining an even more 

thorough perception of how certain drugs can modify the immune system. An example of such class of 

drugs are glucocorticosteroids which act as immunosuppressants.1   

 Another condition which is inextricably linked to the human immune system is psoriasis. 

Psoriasis is a chronic auto-immune disease affecting about 2% of the world population2, which are 

approximately 125.000.000 people worldwide. The disease manifests itself in different ways. The 

most common variant is psoriasis vulgaris, or also called plaque(-type) psoriasis, of which an example 

is shown in figure 1.3 In this type of pathology erythematous plaques which are sharply bordered and 

have scales that are silver coloured can be varyingly present on the skin of the head, torso and the 

extensor area of the limbs.4 These symptoms are originating from an excessive proliferation of 

keratinocytes, excessive recruitment of T lymphocytes and neutrophils in the dermis and epidermis 

and a deficient proliferation and differentiation of the blood vessels in the skin.5 These symptoms can 

be measured using an adapted quantitative evaluation model specific for psoriasis which is called the 

Psoriasis Area and Severity Index (PASI) score.6 This score says something about the total body 

coverage and severity of the plaques and is often used to assess the efficiency of a drug in clinical 

trials. Often a PASI50 or PASI75 score are used as endpoint in studies, which imply that there is a 

reduction of 50% or 75% in the PASI score compared to the initial PASI score, respectively.7 

However, currently also often a PASI100 or PASI90 score are used as endpoints for clinical trials.8 

Moreover, the initial disease state can be classified in three categories from mild, moderate to severe, 

when the body is affected for less than 3%, 3 to 10% or more than 10%, respectively. This is 
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comparable to an initial PASI score of less than 10 for mild forms of psoriasis, while moderate and 

severe disease have a greater score.9 These classifications are important to take into account when 

considering harsher treatment options.       

 However, until today no cure for psoriasis has been discovered due to the insufficient 

understanding of the molecular pathways involved in the pathology. Therefore, current treatment 

mainly focusses on alleviating and circumscribing symptoms. Nonetheless, the relevance for a cure is 

highlighted by the information that psoriasis can be a very painful condition which affects the quality 

of life of patients mentally, but also physically as acute flares can be extremely dangerous and 

psoriasis comes with several comorbidities.10 Certain of these comorbidities are psoriatic arthritis, 

metabolic syndrome (e.g. obesity), cancer, infections or (severe) psychological problems. To illustrate, 

people with psoriasis are frequently obese and research has established evidence to reinforce this 

observation, as obesity has proven to increase the likelihood of developing psoriasis.11 Moreover, 

weight reduction has demonstrated to improve the severity of psoriasis.12 Thus, as an adequate cure is 

lacking, lifestyle intervention might be a considerate additive treatment option for specific cases. 

Another example demonstrates a clear correlation between psoriasis and infections, especially a 

specific type of psoriasis called guttate psoriasis, manifesting itself in acute flares of disease is often 

linked with Staphylococcus aureus infections.13,14 Therefore, there is an unmet need to cure psoriasis.  

 

 

Figure 1. Example of severe plaque psoriasis with manifestations to the  

shoulder, chest and extensor part of the arm. This figure was taken from  

the research article by Rendon, A. & Schäkel, K. (2019). 

 

Psoriasis and genetics 

The genetic profile of a person is predominant in the occurrence of psoriasis and for diseases with a 

genetic predisposition, understanding these genetics is principal to design new agents that are suitable 

for pharmacotherapy. With this knowledge the causal biology can be unraveled, which has proven to 

be key to drug approval when molecules are still in the pipeline of drug development. For instance, 

AstraZeneca has released a report stating that the probability of drug development being successful 

was about twice as high when there was genetic information available compared to situations where 

there was none.15 Therefore, it is also important to take into account what are all the genetic factors 

that play a role in psoriasis.         

  The disease can be inherited via complicated mechanisms involving 9 important loci that are 

called psoriasis susceptibility 1 to 9, or also PSORS1 to PSORS9.16 Of these genetic axes, PSORS1, 

on chromosome 6, is most determinant for inheritance of the pathology. This loci encapsulates the 

HLA-C gene, which belongs to the Major Histocompatibility Complex (MHC) Class I receptors. The 

identification of this gene was performed by several case-control studies which indicated that there is a 

higher prevalence of antigen HLA-Cw6 in patients with psoriasis compared to healthy individuals.17,18  
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In addition, HLA-C has been evaluated as the most crucial genetic factor in occurrence of psoriasis in 

a genome wide association study in 2010.19 In this study many genes were scored on their contribution 

to develop psoriasis and plotted in a Manhattan plot according to their relative prevalence. Although 

HLA-C currently does not have a clear drug utility20, which might be assigned to the important 

function it has in immune responses and therefore cannot easily be targeted without the occurrence of 

adverse side effects, it still provides information on the onset of the disease and that there is a 

correlation with antigen presentation by T cells.       

 To illustrate once more the essence of understanding the causal biology, this study also 

identified Tyrosine Kinase 2 (TYK2) as a ‘top gene’ indicating it occurred frequently in patients with 

psoriasis. Nevertheless, TYK2 is generally recognized for its role in antiviral defenses, as for instance 

it is crucial in fighting off CMV infections.21 This is interesting as TYK2 inhibitors has demonstrated 

to exert a beneficial effect on the PASI score of patients, being one of the most effective oral 

treatments that can be used for plaque psoriasis, having a beneficial effect that might be compared 

with that of biosimilars. In particular, the novel agent deucravacitinib, which is a specific TYK2 

inhibitor, also has shown to be of great use in psoriasis. Administration of this therapeutic agent lead 

to a PASI 75 after 12 weeks for 67% to 75% of patients with plaque psoriasis compared to 7% for 

patients with a placebo, but has recently also been labelled as a proper treatment for psoriatic arthritis 

without having detrimental side-effects.22 The pharmacological pathways leading to the clinical 

relevance of TYK2 inhibitors are mainly founded on the circumvention of IL-23 signaling, which is 

also mediated by this family of tyrosine kinases. IL-23 signaling is important in psoriasis and will be 

discussed in more detail.        

 However, psoriasis is an illness with a complicated mechanism and that mechanism is 

different in all patients. Therefore, genetic information also serves the purpose of supporting 

personalized medicine. To illustrate, in cases of generalized pustular psoriasis, IL-36 is very important 

in the pathological picture and therefore it is also very distinct from plaque psoriasis. This is the reason 

why also biologicals are almost ineffective in this genetically unassociated type of psoriasis.23 

 

Psoriasis and conventional to current treatment  

In summary, a lot of new agents are being designed for psoriasis, but to understand what drugs are 

valuable to invest in, it is also important to understand the more conventional treatment for psoriasis 

and why this is insufficient. Many anti-psoriatic drugs focus on antagonizing inflammatory factors, 

since psoriasis is an inflammatory auto-immune disease. However, the inhibition of these general anti-

inflammatory mediators lead to serious side effects and also often is not specific enough to yield a 

proper prognosis for patients with severe types of psoriasis. Initially, small molecules that non-

specifically target the human immune system were dispensed to patients, such as methotrexate, which 

only yielded a PASI75 of about 40%. Methotrexate causes an elevated level of apoptosis of T cells 

upon inhibiting the dihydrofolate reductase, leading indirectly to the uncoupling of nitric oxide 

synthase.24 However, methotrexate decreases the general activity of the human immune system, which 

is dangerous as there will be an elevated chance to develop infections and therefore is not the most 

suitable solution to treat psoriasis.        

 However, dermal treatments were also used a lot for psoriasis, such as hydroxyurea and 

retinoids, which can still be sufficient sometimes in mild disease manifestations. However, when it 

was understood that the disease is not merely topical, a shift of focus towards systemic treatments had 

occurred. Therefore, biologicals that target T cells, since psoriasis is mainly T cell mediated, gained 

more attention in respect to plaque psoriasis, as well as smaller molecules such as cyclosporine A. 

Cyclosporine is a calcineurin inhibitor, which therefore prevents transcription of pro-inflammatory 

cytokines in T cells and therefore diminishes the inflammatory response in patients with psoriasis.25 

However, when biologics appeared, the utility for cyclosporine soon declined. This started with the 

marketing of alefacept, which is a fusion protein that is specific for the cluster of differentiation 2 
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(CD2), which is a cell adhesion molecule, and via this mechanism the agent inhibits T cell activation. 

Moreover, it acts as a promoter for apoptosis in memory T lymphocytes.26 Moreover, antibodies 

targeting TNFα, which is a pro-inflammatory mediator that also plays a role in immune responses and 

inflammation, were also used as first-line biological therapy. These antibodies are infliximab, 

adalimumab, but also etanercept was used, which is a molecule that is comprised of a ligand binding 

cassette attached to a human immunoglobulin G (IgG) Fragment crystallizable (Fc) region.27 

Adalimumab was brought to the market in 2005 for psoriatic arthritis and three years afterwards it was 

also approved for the application of psoriasis.28 Infliximab was approved in 2006, and as well as 

adalimumab it neutralizes TNFα in both soluble and membrane-bound form, although infliximab has 

proven to have a greater outcome on patients.29,30 However, the use of TNFα inhibitors comes with the 

great risk of anti-drug-antibodies, which is a serious limitation for the application of these agents.31 

Because of these reasons, the need for new therapeutic agents is large. However, there are a lot of 

novel developments and elaboration on the specifications of these drugs will follow in this report.

 Next to the use of pharmacotherapy there are also other ways to treat psoriasis like 

phototherapy. This is a type of therapy where UVB or psoralen plus ultraviolet A (PUVA) radiation 

with specific wavelengths is emitted and absorbed by the skin of the patient to improve the intensity of 

the psoriatic plaques. This can be provided in combination with pharmacotherapy or as monotherapy. 

However, phototherapy has a lot of side effects, as it elevates the risk to develop skin cancer, it can 

cause skin burns, itches and dryness and also certain types of infections. Moreover, frequent therapy 

sessions are required in order to be effective and the immune system is not targeted systemically. 

Therefore phototherapy is also not considered to be the most efficient treatment.32 

 

Onset and maintenance of psoriasis 

As previously stated the current treatment for psoriasis has not shown great efficacy or either has 

serious adverse effect. Therefore, it is important to consider the traditional view on the onset and 

maintenance of psoriasis. The initiation occurs when the keratinocytes encounter stress and release 

DNA in the epidermis, which forms a complex with cathelicidin that is co-released. This complex is 

known to have an affinity for the toll-like receptor subtype 9 that are on specific dendritic cells called 

plasmacytoid dendritic cells. Subsequently, interferons, TNFα and certain interleukins, such as 

interleukin 6 (IL-6) are released to promote myeloid dendritic cell migration to the lymph nodes to 

facilitate the production of TNFα, interleukin-23 (IL-23) and other interleukins by naïve T cells. 

Thereupon, these cytokines stimulate the differentiation of T cells into active T helper cells of subtype 

1, 17 and 22. These cells migrate to the site of inflammation and release more pro-inflammatory 

mediators like interferon-γ, TNFα and interleukin 17A/F.33 This event is what leads to the excessive 

proliferation of the keratinocytes and effects on the blood vessels like local angiogenesis and 

dilatation. The keratinocytes will in turn produce inflammatory cytokines that reinforces the activation 

of local T lymphocytes in the dermis and is thereby maintained via a constant positive feedback 

mechanism. Moreover, macrophages and neutrophils are attracted to these sites of inflammation which 

further deteriorate the situation.34  

 

Psoriasis and IL-17/IL-6 

IL-17 and IL-6 are cytokines that play a role in the onset and maintenance of psoriasis as 

abovementioned. However, they are not only associated with and secreted by the T helper 

lymphocytes, but also with cytotoxic T cells, γδ T cells and also natural killer cells, in particular for 

IL-17A. Moreover, not merely lymphocytes are involved in IL-17 signaling, but also mast cells, 

macrophages, neutrophils, dendritic cells and keratinocytes.35,36 Therefore, IL-17 and IL-6 might have 

a promising potential to become an adequate drug target in the treatment of psoriasis, due to their 
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broad spectrum of effector functions which are specific to the pathogenic pathways involved in plaque 

psoriasis.             

 Since IL-17 and IL-6 are such distinct mediators in plaque psoriasis, this review article will 

focus on current developments in pharmaceutical research that are merely addressing these factors and 

molecules that are closely related to these cytokines. Therefore, the biology of IL-17 and IL-6 

signaling will be discussed in detail. Moreover, pharmaceutical agents that are currently in the pipeline 

for psoriasis will be examined based on their pharmacology, their latest clinical results and their side 

effects. Moreover, a comparison of drug development by structure based engineering versus the use of 

biologicals will be mentioned to find out what type of development route is most efficient and 

effective for psoriasis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 

 

INTERLEUKIN-17  

Pharmacological effects and intracellular downstream signaling 

Interleukin 17 (IL-17) is a cytokine produced by CD4+ T helper 17 (Th17) cells and is endogenously 

secreted for its pro-inflammatory effects. Th17 cells are cultivated via IL-23, which is secreted by 

antigen presenting cells, such as dendritic cells and macrophages.37 Th17 cells are important in 

immune responses and have only been discovered less than 20 years ago, when it was believed that 

merely Th1 and Th2 cells were the mediators of immune responses such as for patients suffering from 

psoriasis.38 This outdated belief was founded on the presence of Th1-secreted cytokines, such as IL-12 

and TNFα, in patients with psoriasis. Moreover, a monoclonal antibody directed against IL-12 which 

showed significant efficacy (ustekinumab) therefore also supported this idea. Ustekinumab, branded as 

STELARA®, is specific for the P40 protein subunit which both IL-12 and IL-23 contain. However, 

the therapeutic effect was not induced by neutralizing IL-12, as formerly believed, but upon 

antagonizing IL-23 and thereby undermining the activation of Th17 cells.39 Evidence for this was 

established in the middle of the 2000s as IL-23 mRNA was discovered to be upregulated in human 

patients suffering from lesional psoriasis.40 Moreover, as IL-23 is closely related to IL-17, the 

pharmacology involved in psoriasis became clearer. Importantly to notice, IL-17 has also been 

identified to occur as homologs in certain specific fish species, implicating it had been developed 

before evolution of vertebrates, whereas Th2 secreted cytokines have only been found in vertebrates 

and therefore only occurred later in nature. This suggests that IL-17 has a foundational role in 

interlocking the innate with the adaptive immune system.41,42      

 From all six various subtypes of IL-17 (i.e. A – F), IL-17A shows greatest homology with IL-

17F. Both proteins can dimerize to form homodimers, but IL-17A and IL-17F can form a heterodimer 

as well, which is shown in figure 1, where on the left the homodimer of IL-17A is shown and on the 

right the heterodimer is visualized. For the IL-17A homodimer can be observed that it is very 

symmetrical. The dimerization of these cytokines can be facilitated upon formation of disulfide 

linkages when the monomers are positioned in a parallel fashion, which can also be seen in figure 2 

shown as yellow sticks in the model.43,44 Furthermore, the IL-17F protein is part of the cysteine knot 

protein family, thereby inherently exhibiting an uncommon design of disulfide bridges that are located 

also within the amino acid chain.45 Moreover, IL-17A and IL-17F have a broad endogenous effect due 

to the wide extend of IL-17R expression, as stated previously. IL-17A and IL-17F are inducers of the 

production of CXC chemokines (such as CXC8 (IL-8)), IL-6 and specific colony-stimulating factors in 

order to recruit neutrophils and also cause activation. Therefore, this event is arranged by T cells 

which are crucial in the IL-17 signaling axis. In addition, IL-17A and IL-17F can also cooperate with 

other pro-inflammatory factors, such as TNFα and IL-1, as their biological effect is reinforced by co-

secretion of these mediators. Contrariwise, also certain types of IL-17, IL-17B and IL-17C, can 

increase the production of the same pro-inflammatory mediators by IL-17RA lacking macrophages. 

Furthermore, IL-17E (IL-25) is important for chemokine production, in contrast to IL-17A/F, which 

subsequently causes eosinophil attraction, but also production of cytokines that are associated with 

Th2 responses. Therefore, IL-17 subtypes are both involved in certain allergic responses that are 

generally Th2-mediated, but also in recruitment of neutrophils via IL-17RA/F.45 Other classes of the 

IL-17 family can have synergistic effects in psoriatic inflammation, such as keratinocyte-produced IL-

17C that can amplify the effects of TNFα, which is shown by transgenic IL-17C mice that suffered 

from inflammation similar to psoriasis.46,47 
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Figure 2. Simplified model of the quaternary structure of the IL-17A homodimer (left) and the IL-17A/F heterodimer (right). 

This image was taken from the research article by Liu, S., et al. (2013). 

 Both IL-17A and IL-17F bind to the IL-17 receptor (IL-17R), that are expressed in an 

omnipresent pattern. Moreover, they bind specifically to the IL-17R type A (IL-17RA), as shown in 

figure 3, where IL-17A has a significantly higher affinity for the receptor.48 The IL-17 receptor exists 

in only five subclasses of transmembrane glycoproteins, from which all variants except IL-17RA has a 

variant which is created upon alterative splicing. This alternative splicing leads to occurrence of stop 

codons before the protein has been completely synthesized and therefore it is not incorporated in the 

membrane, which presumably leads to decoy formation. This means that there are soluble cytokine 

receptors can antagonize the actual receptor’s ligand upon conservation of the binding domain.48 

However, the transmembrane IL-17 receptors are expressed in complexes that can change its structure 

due to agonist binding. Thereafter, the new conformation leads to detachment of the intracellular parts 

of the receptor which are suggested to cause further downstream pathways to be activated.49 However, 

there is no evidence available for the IL-17R subtypes to be catalytic, which therefore gave rise to the 

hypothesis of a heteromeric receptor complex with a signaling domain exerting effector functions with 

a cascade second messengers. Thereupon, a new evaluation indicated that the IL-17RA could form a 

heteromeric complex with IL-17R type C (IL-17RC), which equally binds to IL-17A and Il-17F, and 

thus indicated that the exact mechanism from ligand binding to downstream signaling was more 

complicated than formerly believed.50 However, this occurs only in vitro, as X-ray data revealed that 

asymmetric complexes of only one receptor type of the IL-17R family and a homodimer or 

heterodimer of IL-17A and IL-17F. Therefore, it was proposed that the cytokine is conformationally or 

spatially changes upon binding to one receptor and this is also induced by the receptor. Therefore, a 

second cytokine specific receptor, in case of spatial reorganization, cannot very easily bind to the other 

side of the homo-/heterodimer, in order to provide an appropriate binding site for a coreceptor that can 

subsequently initiate downstream signaling.51 The coreceptor can be an IL-17R of a different type. To 

elaborate on this, research has established evidence for the formation of heteromeric IL-17RA and IL-

17RC complexes (IL-17RA:IL-17RC), as depicted in figure 4. These complexes are built upon 

binding of a IL-17A/F hetero-/homodimer to the IL-17RC, which is the cytokine specific receptor and 

is a tall receptor. Thereupon, the complex changes to recruit an IL-17RA, which are small receptors. 

The change of spatial conformation drives the downstream signaling via the IL-17RA, as IL-17RA has 

an extended cytoplasmic region called the CBAD domain which is attached to the SEFIR domain, 

which is a cytoplasmic sequence segment that is involved in intracellular signaling.52 By creating such 

heteromeric asymmetric complexes, the binding of homotypic multimers of IL-17RA is undermined, 

for it is ineffectual. Moreover, IL-17RA induces a structural change to the cytokine when it is bound, 

whereas IL-17RC does not, which means that an IL-17 cytokine cannot be bound to two IL-17RA, but 

can be bound to two IL-17RC without exerting an effect. However, there is a preferred equilibrium 

pending towards the formation of the heteromeric complex, as IL-17RA has a greater affinity for IL-

17A, compared to IL-17RC. This may provide rationale for the difference in biological activity 

between IL-17A and IL-17F.53 In this way, the ratio of IL-17RA and IL-17RC cell expression is a 

crucial component in determining whether the signal transduction will be mediated via the IL-17RC 

homomeric complex or the IL-17RA:IL-17RC complex. This is important as both cytokines IL-17A 

and IL-17F have previously demonstrated to have the opposite effect in inflammatory bowel disease 
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(IBD), where IL-17A is beneficial and IL-17F is detrimental for the intestinal health.54 Notably, 

monoclonal antibodies targeting the IL-17RA specifically (brodalumab), have not been effective in 

treating IBD. However, now can be understood that this might be due to an inhibited heteromeric 

complex signaling, but a unaffected IL-17RC homomeric complex signaling pathway, which is 

therefore presumed to be essential in the pathology of IBD. Moreover, this is confirmed by the proven 

efficacy of IL-23 specific antibodies, which thus also circumvents the IL-17RC homomeric complex. 

Note that this is particularly true for IL-17F homodimers, due to their equal affinity for the IL-17RC 

subclass.55,56 Furthermore, this hypothesis is once more fortified by the observation that IL-17A gene 

knockout mice showed a phenotype in which IL-17F was not able to counterbalance for the lack of IL-

17A, thereby founding the principle of the heteromeric complex formation.57 However, this might not 

completely be applicable to psoriasis, as brodalumab has shown to be therapeutically effective, as will 

be discussed in the subchapter below, but understanding these mechanisms is important for 

ameliorating drug design for plaque psoriasis, for which the pathology is expected to tend to an IL-

17RA downstream axis as this is in accordance with the abovementioned argument.   

 

 

Figure 3. Simplified model of the protein-protein interaction between the IL-17RA  

(in purple) with the IL-17A/F heterodimer (in green/gold/blue, as in figure 2).  

This figure was taken by the research article by Liu, S., et al. (2013). 
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Figure 4. Model of the interactions with IL-17A, IL-17F and IL-17A/F with the  

IL-17RA and IL-17RC heteromeric complex or the IL-17RC homomeric complex. IL-17RA 

 is depicted in blue, whereas IL-17RC is depicted in grey. The SEFIR-domain is depicted 

 in the intracellular part at the bottom of the figure and the extended SEFIR domain, the 

 CBAD domain is shown as blue square underneath the SEFIR domain of the IL-17RA.  

This picture was taken from the research article by Goepfert, A., et al. (2019). 

Therefore, it is important to take into account the exact signal pathways that lead to inflammation in 

the disease (Figure 5). The extended SEFIR domain of IL-17RA is able to have molecular interactions 

with Act1, which is an adaptor molecule that shows binding with TNF receptor associated factor 6 

(TRAF6) and thereby it leads to activation of the NF-κB or mitogen activated protein kinase (MAPK) 

pathways.58 Therefore, the downstream effects of IL-17 signaling is mainly postulated to be via the 

route of either NF-κB or MAPK. The exact pathway to activation of NF-κB is explained by a specific 

domain that occurs in the protein structure of Act1, for which also heat shock protein 90 (Hsp90) is 

necessary to induce proper protein folding. Act1 contains a U-box domain that is analogous to a part 

of the E3-ubiquitin ligase protein structure. This means that Act1 can couple activated ubiquitin that is 

carried by the ubiquitin conjugating enzyme (E2) to other proteins. Ubiquitin attachment can be done 

to label proteins for degradation by the proteasome, but it can also facilitate certain protein-protein 

interactions when it is coupled to specific lysine residues (the 48th and 63rd residues). In the case of 

TRAF6, it is ubiquitinated at Lys63, which is thus caused by the U-box domain of Act1, which is 

required for NF-κB activation. Moreover, Act1 has two domains that can bind TRAF, but also a 

domain that can interact with IKK, which is an IkB kinase. IkB is a protein that endogenously binds 

NF-κB in the cytoplasm and inhibits its downstream pathway. However, IKK can phosphorylate IkB 

in order to detach NF-κB. Furthermore, TRAF6 undergoes interactions with another protein called 

TAK1, when it is bound to Act1, which causes activation of the IKK in order to initiate the signal 

cascade. TAK1, which is an abbreviation for TGFβ activated kinase 1, ultimately leads to the 

activation of IKK and thereupon indirectly to NF-κB upregulation.58    

 For the abovementioned reasons Act1 is an important mediator in psoriasis and also in other 

inflammatory auto-immune diseases. Experimental models of induced auto-immune diseases, such as 

experimental autoimmune encephalomyelitis (EAE), are circumvented when Act1 is lacking.59 

Paradoxally, research has demonstrated that a complete deficiency or a mutation of Act1 also can 

induce the establishment of auto-immune diseases.58,60,61 Therefore, the protective or adverse effect 
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that Act1 can have is mainly determined by the cell type that is involved. Act1 is mainly involved in 

IL-17 signaling in macrophages, epithelial cells, endothelial cells and also fibroblasts. Therefore, 

antagonizing this would have a positive effect on the course of inflammation in psoriasis. However, in 

B cells, that also express IL-17RA and IL-17RC,62 Act1 has been described as an important mediator 

in regulating the total cell population and in preventing auto-antibody synthesis and other 

immunopathologies.63 Therefore, it can be of importance to consider the pleiotropic functions of Act1 

during the development of agents that target the IL-17 signaling axis.    

 The NF-κB pathway is a route that can be initiated by several stimuli, of which IL-17signaling 

is an important one in the case of psoriasis. This is an example of the canonical pathway, in which 

stimuli cause the release of NF-κB from IkB upon activation of IKK.64 The IkB family can bind to all 

five NF-κB subclasses: NF-κB1 (p50),  NF-κB2 (p52), RelA (p65), RelB and c-Rel. These subclasses 

can form various dimers with each other to promote binding to specific sites on the DNA called kB 

enhancers and therefore promote pro-inflammatory gene transcription.65 These genes are often 

encoding for pro-inflammatory cytokines or chemoattractants that play an important role of 

recruitment of neutrophils, macrophages, eosinophils and their activation as well as the activation of 

other immune cells that contribute to the inflammation. However, the exact genes that are transcribed 

will be discussed in more detail in the section about Th17 development and IL-17 effectors. 

 Moreover, the MAPK pathway also is activated upon IL-17 stimulation in keratinocytes. The 

MAPK pathway plays an important role in especially B cell migration towards the site of 

inflammation in accordance to production of Th17 cytokines. The p38 subunit of MAPK is mainly 

responsible for the downstream signals that lead to the attraction of B cells, as this was experimentally 

discovered by Rabih Halwani and colleagues who found that inhibition of this subunit lead to a 

diminished B cell migration in asthma .66 However, B cells might also play an important role in 

psoriasis, as they have shown to also express the IL-17RA.67 Furthermore, activation of MAPK also 

leads to several other effects, such as the production of cytokines. Moreover, in the MAPK pathway, 

p53, extracellular signal regulated kinase (ERK) and JUN N-terminal kinase (JNK) play a role, which 

can be observed from figure 5. This is initiated with the phosphorylation of p105 by IKK that leads to 

the detachment of TLP2 from p105. Via the classical route, the MAPK pathway leads to 

phosphorylation of a specific tyrosine containing motif in the ERK, JNK or p38 kinase that activate 

the AP-1 protein, which is a transcriptional activator using 12-O-tetradecanoylphorbol-13-acetate, 

which is a phorbol ester tumor promotor.68 This therefore leads to the production of pro-inflammatory 

mediators. However, the MAPK pathway that is promoted in case of IL-17R stimulation, also has 

different transcription factors that are additional to AP-1, which are the CCAAT/enhancer-binding 

protein (C/EBP) factors (C/EBPβ and C/EBPδ), for which also binding sites are expressed in large 

quantities on target genes for IL-17. Some cytokines need the additional C/EBPβ or C/EBPδ 

transcriptional factors for synthesis, such as IL-6.69,70 Furthermore, there are other mechanisms that 

lead to an amplified functioning of IL-17, such as the cooperative effect with TNF-α upon inducing 

mRNA stabilization.71          

 Moreover, the p38MAPK/NF-κB pathways in psoriatic inflammation, that inherently leads to 

elevated IL-17A production, have demonstrated to also increase several inflammatory inflammation in 

the brain and caused depression-like symptoms in mice.72 This therefore corresponds to the observed 

psychological effects in patients with moderate-to-severe psoriasis and emphasizes the clinical 

relevance of targeting these pathways. 
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Figure 5. Schematic representation of immune cell downstream signaling routes involved in IL-17-induced transcription of 

pro-inflammatory target genes via the NF-κB and MAPK pathway. p50 = NF-κB1, p65 = RelA (part of NF-κB family). This 

figure was taken from the research article by Amatya, N., et al. (2017). 

 

Biologicals for psoriasis targeting the IL-17 axis 

Currently the emphasis on biologicals for the treatment of various pathologies is exponentially 

growing. The cause of this observation may be granted to the high specificity, clinical efficacy and 

possible dose optimization that is inherent to therapy with most biologicals.73 Therefore also 

monoclonal antibodies have been designed in order to ameliorate conditions relating to IL-17A 

signaling. Two of these are ixekizumab (TALZ®) and secukinumab (COSENTYX®), which were 

approved by the U.S. Food and Drug Administration (FDA) in 2016 and 2015, respectively.74 Both 

medicines target IL-17A and IL-17A homodimers, of which the dimer conformation is also recognized 

for its biological effect exerted via the IL-17RA.75 Treatment with ixekizumab has also formerly 

demonstrated to yield greater benefit in patients with moderate to severe psoriasis compared to 

etanercept76, which is a TNFα blocker that is used in clinical applications to treat plaque psoriasis.77 

This was an important new view on therapy for psoriasis, as TNFα inhibitors (TNFIs) previously had 

developed into first-line treatment for moderate to severe psoriasis, but it has proven not to be 

appropriate for several reasons. These reasons are that a substantial group of patients remains 

unresponsive to TNFI treatment, TNFI treatment causes immunosuppression with possible dangerous 

side effects, it can reactivate latent tuberculosis and it can induce a specific type of TNFα inhibitor-

induced psoriasis.78,79         

 Nevertheless, both ixekizumab secukinumab did not prove to neutralize the heterodimer of IL-

17A and IL-17F, which binds to the same receptor as the homodimer of IL-17A.80 However, the 
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heterodimer also plays an important not to be neglected role in endogenous IL-17RA downstream 

signaling upon having the same effector functions. Therefore, also a monoclonal antibody was 

designed which targets both IL-17A and IL-17F. This IgG1 antibody is called bimekizumab and is 

planned for release at the end of this year.81       

 However, targeting the IL-17RA might seem like a more promising approach in treating 

psoriasis as thereby all the subclasses of IL-17 that can interact with the IL-17RA are prevented to 

exert their biological downstream effect. This was the reason why also a human monoclonal antibody 

called Brodalumab (SILIQ®) was developed and the FDA approved this agent in 2017 to treat plaque 

psoriasis.82 Brodalumab showed efficacy as after 12 weeks only it showed a PASI75 of 83 to 86% 

during the phase three trials.83 However, as it has a relatively non-specific effect by neutralizing IL-

17RA, it also demonstrated to have more side effects, especially causing depression and suicidal 

thoughts. This was the reason to set up a specific program to inform all health professionals involved 

in dispensing and prescribing the drug as well as the patient about the risks that are inherent to therapy 

with Brodalumab, which is called the Siliq REMS Program.84 Moreover, superficial candida infections 

were also more prevalent in patients who received this IL-17RA inhibitor, which is most probably 

explained by the important function IL-17 signaling has in human defense against fungal infections. 

However, this was indicated in the use of all agents targeting IL-17 and is commonly easy to treat.85 
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INTERLEUKIN-23 IN COOPERATION WITH TH17 

Pharmacological effects of IL-23 and development of Th17 cells including IL-17 effectors 

IL-23 plays an important role in the development of Th17 cells, and thereby indirectly enhances the 

pro-inflammatory response mediated by IL-17. This was experimentally demonstrated, due to the 

increased pathological response in murine CD4+ Th17 lymphocytes that were cultivated by IL-23 

compared to murine Th1 cells cultivated by IL-12, as the first cell type showed severe development of 

EAE. Therefore, it was again confirmed that IL-17 is a key messenger in inflammatory auto-immune 

reactions. However, upon polarizing cells with Il-12, like the Th1 type, more expression of molecules 

associated with cytotoxicity could be observed, such as IFNγ and Fas Ligand (FasL), whereas for 

polarized Th17 cells, these molecules were mainly involved in chronic inflammatory responses, such 

as TNFα and the cytokine family of IL-17.86 Moreover, the development of Th17 cells from naïve 

CD4+ T cells takes place independently from Th1 cells. Th1-produced IFNγ even causes inhibition of 

Th17 development. The same is true for the Th2-secreted IL-4 that inhibits differentiation of naive 

lymphocytes into Th17 cells, whereas IL-23 has no influence on the cultivation of Th1 or Th2. This 

implies that functioning of Th1 and Th2 cells also has a major influence on the development of Th17 

cells, and therefore overexpression of IL-4 or IFNγ can also lead to a decreased production of IL-17.87 

 Moreover, the development of Th17 does not merely require IL-23 stimulation (Figure1). It 

requires initially the stimulation of naive CD4+ T cells by TGF-β, which is also the same for the 

development of regulatory T cells (Treg) from naive T cells. Thereupon, the second step in the 

initiation is the antigen presentation by either immature dendritic cells or mature dendritic cells for 

regulatory T cells or Th17 cells, respectively. This antigen presentation triggers the production of IL-6 

by innate immune cells and together with TGF-β this leads to the expression of the nuclear receptor 

that is referred to as retinoic orphan receptor (ROR) γt in these lymphocytes and an increased 

transcription of IL-23 receptors (IL-23R). Moreover, for regulatory T cell development, this antigen 

presentation triggers the transcription of Forkhead Box P3 (Foxp3) and therefore ultimately the 

maturation of the Treg.88 However, for development of Th17 cells, more steps are required. After 

elevated RORγt and IL-23R expression, IL-23 signaling is of relevance to the amplification after the 

commitment of Th17 cells, and therefore plays a role somewhat later in the developmental stages. 

Moreover, production of Th17 cytokines can thereupon occur and mediators such as IL-17A, IL-17F 

are secreted, but also G-CSF and IL-6, of which the first is an important chemokine for attraction of 

neutrophils and the latter is responsible for a positive feedback loop of Th17 cell development.89 

Moreover, the production of IL-17 by stimulation of IL-23 by itself is relatively low, as there is a 

system which is T cell receptor (TCR) independent that leads to an increased cytokine production 

upon co-stimulation with the factors IL-18 and IL-1β after the T cells have been committed upon 

TGF-β and IL-6 stimulation, which is also shown in figure 6. In other words, IL-23 acts as a mediator 

for final differentiation of the Th17 cells, which effectors can be amplified utilizing co-stimulation that 

is not dependent on TCR interaction, but which is important for the completeness of Th17 functioning 

and in summary this is facilitated by the interaction IL-23 has with immune cells that do not belong to 

the class of T lymphocytes.  
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Figure 6. Schematic representation of the signaling pathways involved in Th17 cell development and Treg development. This 

figure was taken from the research article by  Weaver, C. T., et al. (2007). 

 

Biologicals for psoriasis targeting the IL-23 axis 

The first biological that was specifically designed for its application in psoriasis was Ustekinumab, 

whereas other monoclonal antibodies were often first approved for other inflammatory diseases, such 

as rheumatoid arthritis or Crohn’s disease. Ustekinumab was approved in 200990 and is an IL-12 

antagonist as well as an IL-23 antagonist, due to its selectivity for the p40 subunit that is homologous 

between the two cytokines. Therefore, it also has a lot of side effects, such as an increased prevalence 

of different types of infections amongst patients who are administered with this drug.  

 Furthermore, the development of biologicals is currently still ongoing. Only in the last three 

years, two antibodies were approved that target the IL-23 p19 subunit: tildrakizumab (ILUMYA®, 

FDA approved 2018)91 and risankizumab (SKYRIZI®, FDA approved 2019)92. Therefore, they do not 

interfere with the p40 subunit that is present on both IL-23 and IL-12 and this feature makes these 

antibodies more specific than the formerly used IL-23 antibody ustekinumab. Therefore, there is no 

altered Th1 cell signaling which causes less side effects, while being also more effective in the case of 

risankizumab.93 Moreover, the first antibody targeted against the p19 subunit was released to the 

market in 2017, which was guselkumab (TREMFYA®)94, and this already showed great efficacy in 

comparison with TNFα inhibitor treatment. Where adalimumab sowed a PASI90 at 16 weeks of 

46.8% to 49.7%, guselkumab showed a score of 70% to 73.3% (versus approximately 3% for 

placebo).95,96 Moreover, blocking the p19 subunit from IL-23 revealed to be a better treatment in CNS 

inflammation mediated by Th17 cells in comparison to blocking IL-17A.97 This might be explained by 

the not yet fully understood axis of IL-17F that is untouched or additional effects of IL-23, but as IL-

23 is a broad spectrum mediator, it remains unsure whether its blockade could possibly lead to an 

increased susceptibility to infections or to dysregulation of the appropriate immune response against 

pathogens.  
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INTERLEUKIN-6 

Pharmacological effects and intracellular downstream signaling  

For over three decades has been known that the pro-inflammatory cytokine IL-6 plays a large role in 

psoriasis, as this cytokine production by keratinocytes was found to be upregulated in the pathology 

and showing a clear correlation with keratinocyte proliferation that is inherent to psoriasis.98 To 

elaborate on this, IL-6 is important for the homeostasis of IL-17 and Treg.99 Moreover, IL-6 

expression is induced by IL-17A100, but it is also required for amplification of the Th17-mediated 

cytokine production, as discussed previously. Furthermore, IL-6 is secreted upon innate immune cells 

that have been activated due to pathogens via toll like receptors (TLR), causes the activation of naive 

CD4+ T cells into a pro-inflammatory phenotype of Th17 cells, which establishes a linkage of the 

innate with the adaptive immune system.100 Next to keratinocytes and immune cells like macrophages, 

dendritic cells and Th17 cells, IL-6 is also produced by endothelial cells and fibroblasts. General 

effects of the cytokine are the proliferation of Th17 cells, as discussed previously, expression of 

adhesion molecules on endothelial cells, stimulation of cytokine and chemokine production and 

facilitating differentiation of neutrophils.101 Moreover, the importance of IL-6 in the onset of psoriatic 

inflammation was experimentally demonstrated by a delayed onset of inflammation in IL-17C 

transgenic, IL-6 knockout mice compared to the same mice that expressed IL-6.102 Additionally, as IL-

6 facilitates Th17 cell commitment, but inhibits the Treg differentiation that is mediated by TGF-β 

(Figure 6 & 7), IL-6 overexpression is clearly correlated with a more prevalent induction of auto-

immune diseases, such as multiple sclerosis and rheumatoid arthritis.103 Furthermore, IL-6 has several 

other biological effects, such as upregulating RANK ligand (RANKL), that thereupon leads to 

resorption of bone matrix and this can have detrimental consequences, like causing osteoporosis. 

Moreover, IL-6 production leads to an increased synthesis of vascular endothelial growth factor 

(VEGF), which causes upregulation of angiogenesis and vascular permeability, which is in line with 

the visible symptoms of the disease, as redness of the skin is commonly caused by vasodilation in 

psoriatic patients.104  

 

 

Figure 7. Simplified illustration of Th17 and Treg differentiation  

from naive T cells. This figure was taken from the research article by:  

Kimura, A. & Kishimoto, T. (2010). 
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Figure 8. Schematic model of the tertiary protein structure 

 of IL-6. This figure was taken from the research article by:  

Xu, G. Y., et al. (1997). 

 

IL-6 (structure shown in figure 8)105 is mostly secreted by dendritic cells and endothelial cells in the 

psoriatic lesions and can bind to the IL-6 receptor which is can be expressed as a soluble or 

transmembrane form. Therefore, IL-6 signaling can occur via the classical pathway via transmembrane 

receptors or via trans-signaling in case of the soluble receptors. Moreover, soluble and transmembrane 

receptors of the IL-6R class, together with IL-6 and glycoprotein130 are appreciated to from 

hexameric complexes (Figure 9). Because of the formation of such high affinity complexes, the 

synthesis of a small molecule targeting the IL-6 axis has been commonly perceived to be difficult.106 

Upon binding, the protein-protein interaction facilitates downstream signaling via the receptor subunit 

glycoprotein 130 (gp130), which has interactions with Janus kinases (JAK). These kinases are 

phosphorylated upon ligand binding to IL-6R and thereupon activate a family downstream signaling 

factors called the signal transducer and activator of transcription (STAT) class. In the case of IL-6R 

signaling, specifically STAT1 and STAT3 are activated, of which the latter leads to increased RORγt 

and RORα expression and therefore leads to commitment of Th17 cells. However, STAT1 normally 

inhibits this biological effect, that is shown by IL-27 and IFNγ that inhibit differentiation of Th17 cells 

via STAT1.107,108 Nevertheless, the effect of STAT1 is blocked in vivo during IL-6 downstream 

signaling. Additionally, pathogenic IL-6-mediated signaling in psoriasis is hypothesized to be mainly 

via trans-signaling of the soluble IL-6R (sIL-6R) via the activation of STAT3. This was also 

demonstrated by the induction of psoriatic-like disease in mice after sIL-6R administration, but 

conversely the psoriatic symptoms were diminished upon administration of soluble glycoprotein 130 

fusion protein (sgp130Fc) which is a selective antagonist for the IL-6 trans-signaling, proving the 

importance of the soluble IL-6 receptors in psoriasis.109  
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Figure 9. Simplified overview of IL-6 signaling pathway via the IL-6R upon activation via the classical route involving 

transmembrane receptors or via the trans-signaling route that involved the soluble receptor type. IL-6R receptor signaling 

takes place via hexameric complexes of IL-6, IL-6R and gp130. This figure was taken from the research article by: Choy, E. 

H., et al. (2020). 

 

Biologicals for psoriasis targeting the IL-6 axis 

Just over eleven years ago, tocilizumab (ACTEMRA®) was approved by the FDA, which is a 

monoclonal antibody targeting the IL-6 receptor (IL-6R).110 The idea to design an IL-6R specific 

antibody was derived from the experimental evidence that IL-6 gene knockout mice were resistant to 

recombinant IL-23-induced psoriasis-like disease.111 However, in patients with moderate-to-severe 

rheumatoid arthritis, for whom the drug was initially approved, psoriasis-like symptoms developed. 

Moreover, reportedly, the drug also demonstrated a very limited effect in psoriatic arthritis. This is 

particularly true for plaque psoriasis, which sometimes could even worsen upon utilizing anti-IL-6 

drugs.112,113 The latter may be dedicated to the pleiotropic effect of IL-6, which implies that IL-6 is 

necessary for various immune functions. Therefore, IL-6 imbalance is detrimental to adequate immune 

responses and inflammation. This is also demonstrated by the negative effect of clazakizumab, which 

is an IL-6 specific antibody that had been studied in 2016 to investigate its utility for psoriatic 

arthritis.114 However, this antibody did not serve the purpose of treating patients with psoriasis and 

showed no effects of ameliorating plaque-type psoriasis, whereas several antibodies targeting the IL-6 

axis did show to be effective in rheumatoid arthritis.115 Moreover, tocilizumab also showed to decrease 

cytokine storm that is commonly caused by immunotherapy in cancer patients, which can be a life-

threatening cascade of immune responses activated by the elevated activation of T cells.116 

 Thus, suggesting from all the data, it would be of greater importance to investigate the 

psoriasis-specific downstream effectors of IL-6 in order to discover utile drug targets. However, 

whereas IL-6 targeting antibodies might not be efficacious for psoriasis, it might have drug utility for 

viral infections, such as SARS-CoV-2 infections. Research has established that elevated IL-6 levels 

lead to a more severe pathology and COVID-19 prognosis.117  
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FROM SMALL MOLECULES TO BIOLOGICALS BACK TO SMALL MOLECULES 

Therapy with biologicals has shown great clinical results in patients suffering from psoriasis, 

rheumatic arthritis and many other chronic inflammatory diseases. However, biologicals have several 

disadvantages which makes their application for psoriasis more challenging. These disadvantages are 

that biologicals are very costly medicines, their production process is difficult and can only yield small 

quantities, they can cause adverse immunogenicity (e.g. chimeric or non-human antibodies), their 

uptake in certain tissues is limited and they require very specific storage conditions as a consequence 

of their biological sensitivity.118 Furthermore, using small molecules to inhibit certain pathogenic 

targets in psoriasis, the inhibitory effect can be maintained in a dose-dependent and time-dependent 

manner in order to keep levels of targets within healthy endogenous amounts, whereas biologicals 

most commonly neutralize the target, which thereupon required de novo transcription in order to exert 

its biological effect again. Therefore, the urgency of developing small molecules to treat moderate-to-

severe psoriasis is emphasized. In correspondence with this information, research strays from using 

biological immunotherapies for applications of chronic inflammation due to auto-immune disease and 

also investigates the utility of computationally designed smaller molecules, as for example the use of 

macrocycles. Macrocycles were found potently inhibits the IL-17RA binding sites that are necessary 

for interaction with IL-17.119 However, their clinical relevance still has to be evaluated and is to be 

established based on additional data. Moreover, there is still limited post marketing surveillance data 

available about targeting the IL-17 axis utilizing biologicals. Therefore, it remains equivocal to 

ascertain the significance of this segment of immunopharmacotherapy.  
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SUMMARY AND DISCUSSION 

Psoriasis is a chronic auto-immune disease that is developed differentially amongst patients, of which 

the most common variant, plaque psoriasis, manifests itself in the occurrence of red plaques on the 

skin, clearly bordered by silver scales on various body parts. The pathology is associated with several 

comorbidities, such as psoriatic arthritis, severe psychological conditions, metabolic disorders, 

infections and cancer. Nevertheless, the disease is not yet fully curable and therefore development of 

new pharmaceutical agents in the application of plaque psoriasis urgently requires notice.  

 Treatment initially started with topical agents or phototherapy, but as soon as was discovered 

that the disease was not only a dermal condition, but was associated with the complete immune 

system, the focus has shifted towards systemic treatments merely.     

 Moreover, psoriasis can have different causes of which genetics play the largest role. In a 

genome wide association study by Strange, A. and colleagues from 201019 showed that HLA-C was 

the biggest determinant in the development of psoriasis, which encodes for an MHC class I type 

receptor and therefore this enabled the association with T cell antigen presentation dysfunctioning. 

However, due to the important role of T cell presentation in immunity and the versatility of this target, 

a drug utility is lacking. Nonetheless, genetic profiles also showed an altered transcription and 

translation of interleukins, of which in particular IL-17, IL-23 and IL-6. Mainly in plaque-type 

psoriasis these cytokines are of great importance.       

 IL-17 occurs in dimer formation, as a homodimer of subclass A, IL-17A, as a homodimer of 

subclass F, IL-17F, or as a combination of these two, IL-17A/F. IL-17 is secreted by mainly T helper 

cells, while there are also many other immune cells that are a source of IL-17. The biological effect of 

this cytokine is exerted via IL-17RA, the IL-17 receptor class A. However, IL-17 initially binds to IL-

17RC, which is the cytokine specific coreceptor that is important for the spatial organization of IL-17 

and thereby facilitates effectual binding to IL-17A via the formation of a heteromeric complex. 

Downstream signaling cascades are activated via the extended intracellular SEFIR domain of IL-

17RA, the CBAD domain. This can trigger NF-κB or MAP kinase signaling pathways in IL-17 

effector cells. Thereupon, this leads to DNA transcription of more pro-inflammatory molecules, 

cytokines (such as IL-6) and chemokines for the attraction of mainly neutrophils and macrophages. 

 In the treatment of psoriasis, brodalumab, an IL-17RA specific antibody, showed greatest 

efficacy of all antibodies targeting the IL-17 signaling axis, as it showed a PASI75 score of 83 to 86% 

in a patient cohort after 12 weeks.83 However, there were serious side effects by blocking this axis 

fully, such as depression and suicidal thoughts, which led to the construction of a specific program: the 

Siliq REMS Program, to help inform patients an health professionals about these great adverse effects. 

In addition, candida infections were more prevalent with IL-17-targeting agents, but could easily be 

prevented or treated, and is a common side effect of IL-17 therapy, due to the important role of IL-17 

in host defense.  Furthermore, in B cells Act1 is inhibited upon IL-17R inhibition by specific 

antibodies, such as brodalumab. However, Act1 is important for preventing hyper B cell responses and 

is also important for the migration of B cells, and thus antagonizing this target could lead to a novel 

phenotype that displays autoimmunity. Therefore, the IL-17 signaling pathway might still need to be 

investigated more thoroughly to become an appropriate drug target.    

 IL-6 is a cytokine that is produced by immune cells, such as mature dendritic cells, that can 

thereupon help for the expression of certain crucial receptors on naive T cells that are important for 

cell commitment in the development of Th17 cells. These receptors are RORγt and IL-23R. Moreover, 

IL-6 can be produced by Th17-target cells, in a positive feedback loop to aid in the cultivation of Th17 

cells. However, also IL-17 effectors can help amplify the function of IL-6. Since IL-6 is interlinked 

with excessive IL-17 production and the increased angiogenesis that are both inherently associated 

with the common symptoms of plaque psoriasis, IL-6-targeting antibodies were also created. The most 

important example is tocilizumab, which is an IL-6R specific antibody, which showed efficacy in 

inflammatory conditions like rheumatoid arthritis, but showed however not to be effective in plaque-

type psoriasis and could sometimes even deteriorate the condition. This clearly demonstrated the 
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pleiotropic character of IL-6 and it would thus be more beneficial to look further downstream in the 

specific signal cascade leading to excessive inflammation.     

 However, psoriasis is also highly associated with altered IL-23 signaling. IL-23 is a cytokine 

that is involved in the development of Th17 cells and therefore by blocking this target the excessive 

IL-17 production could indirectly be regulated, rather than neutralizing all cytokines or receptors of 

the IL-17, or IL-6 family. Guselkumab is the most important antibody in the IL-23 axis, which blocks 

the p19 subunit of IL-23 and showed a PASI90 of up to 73.3% in patients after 16 weeks. This great 

efficacy is in all likelihood assigned to the fact that IL-23 is upstream to IL-27 signaling, and therefore 

it does not only inhibit IL-17RA, but also IL-17RC signaling. This is apparently beneficial in 

psoriasis, but not in other inflammatory auto-immune disease, such as IBD, in which IL-17RC is also 

pathogenic, but IL-17RA signaling is beneficial to a good prognosis. However, it is currently unclear 

whether blockade of IL-23 could lead to increased risk of infections or dysregulation of appropriate 

immune responses, due to the important function of IL-17 in protection against pathogens. 

 Nonetheless, the use of biologicals might not serve the full purpose of ameliorating psoriasis, 

as there are several disadvantages: they are costly medicines, their production is difficult and yields 

small quantities, they can cause adverse immunogenicity and they require special storage conditions. 

Therefore, current research shifts to the computational design of small molecules that can potently 

inhibit these interleukin signaling cascades. This might provide a more promising view on the 

interleukin targeting axis, as interleukin homeostasis is important for the balance of the human 

immune system and via this route, the beneficial effects of such agents can be monitored, compared to 

biologicals where this is not always the case. However, whether this will be effective to treat psoriasis 

still has to be discovered, as clinical data is required to evaluate these agents and there is still limited 

long-term information about biologicals targeting these axes specifically. Therefore, the urgency to 

promote further research is emphasized.     

 

 

 

 

 

 

 

 



LITERATURE 

1 

 

 

1 Coutinho, A. E., & Chapman, K. E. (2011). The anti-inflammatory and immunosuppressive effects of 

glucocorticoids, recent developments and mechanistic insights. Molecular and Cellular Endocrinology, 335(1), 

2–13. https://doi.org/10.1016/j.mce.2010.04.005 
2 Christophers, E. (2001). Psoriasis − epidemiology and clinical spectrum. Clinical and Experimental 

Dermatology, 26(4), 314–320. https://doi.org/10.1046/j.1365-2230.2001.00832.x 
3 Rendon, A., & Schäkel, K. (2019). Psoriasis Pathogenesis and Treatment. International Journal of Molecular 

Sciences, 20(6), 1475. https://doi.org/10.3390/ijms20061475 
4 Nestle, F. O., Kaplan, D. H., & Barker, J. (2009). Psoriasis. New England Journal of Medicine, 361(5), 496–

509. https://doi.org/10.1056/nejmra0804595 
5 Bos, J. D., & De Rie, M. A. (1999). The peathogenesis of psoriasis: immunological facts and speculations. 

Immunology Today, 20(1), 40–46. https://doi.org/10.1016/s0167-5699(98)01381-4 
6 Otero, M. E., van Geel, M. J., Hendriks, J. C. M., van de Kerkhof, P. C. M., Seyger, M. M. B., & de Jong, E. 

M. G. J. (2014). A pilot study on the Psoriasis Area and Severity Index (PASI) for small areas: Presentation and 

implications of the Low PASI score. Journal of Dermatological Treatment, 26(4), 314–317. 

https://doi.org/10.3109/09546634.2014.972316 
7 Carlin, C. S., Feldman, S. R., Krueger, J. G., Menter, A., & Krueger, G. G. (2004). A 50% reduction in the 

Psoriasis Area and Severity Index (PASI 50) is a clinically significant endpoint in the assessment of psoriasis. 

Journal of the American Academy of Dermatology, 50(6), 859–866. https://doi.org/10.1016/j.jaad.2003.09.014 
8 Daudén, E., Puig, L., Ferrándiz, C., Sánchez-Carazo, J., & Hernanz-Hermosa, J. (2016). Consensus document 

on the evaluation and treatment of moderate-to-severe psoriasis: Psoriasis Group of the Spanish Academy of 

Dermatology and Venereology. Journal of the European Academy of Dermatology and Venereology, 30, 1–18. 

https://doi.org/10.1111/jdv.13542 
9 National Psoriasis Foundation. Psoriasis treatments. 2021; https://www.psoriasis.org/about-

psoriasis/treatments. Last accessed: June 8th, 2021. 
10 Chiu, M., & Ni, C. (2014). Psoriasis and comorbidities: links and risks. Clinical, Cosmetic and Investigational 

Dermatology, 119. https://doi.org/10.2147/ccid.s44843 
11 Budu-Aggrey, A., Brumpton, B., Tyrrell, J., Watkins, S., Modalsli, E. H., Celis-Morales, C., . . . Paternoster, 

L. (2019). Evidence of a causal relationship between body mass index and psoriasis: A mendelian randomization 

study. PLOS Medicine, 16(1), e1002739. https://doi.org/10.1371/journal.pmed.1002739 
12 Ogawa, K., Stuart, P. E., Tsoi, L. C., Suzuki, K., Nair, R. P., Mochizuki, H., . . . Okada, Y. (2019). A 

Transethnic Mendelian Randomization Study Identifies Causality of Obesity on Risk of Psoriasis. Journal of 

Investigative Dermatology, 139(6), 1397–1400. https://doi.org/10.1016/j.jid.2018.11.023 
13 Elfatoiki, F. Z., El Azhari, M., El Kettani, A., Serhier, Z., Othmani, M. B., Timinouni, M., Benchikhi, H., 

Chiheb, S., & Fellah, H. (2016). Psoriasis and Staphylococcus aureus skin colonization in Moroccan 

patients. The Pan African medical journal, 23, 33. https://doi.org/10.11604/pamj.2016.23.33.7198 
14 KO, H. C., JWA, S. W., SONG, M., KIM, M. B., & KWON, K. S. (2010). Clinical course of guttate psoriasis: 

Long-term follow-up study. The Journal of Dermatology, 37(10), 894–899. https://doi.org/10.1111/j.1346-

8138.2010.00871.x 
15 Cook, D., Brown, D., Alexander, R., March, R., Morgan, P., Satterthwaite, G., & Pangalos, M. N. (2014). 

Lessons learned from the fate of AstraZeneca’s drug pipeline: a five-dimensional framework. Nature Reviews 

Drug Discovery, 13(6), 419–431. https://doi.org/10.1038/nrd4309 
16 Asumalahti, K. (2002). Coding haplotype analysis supports HCR as the putative susceptibility gene for 

psoriasis at the MHC PSORS1 locus. Human Molecular Genetics, 11(5), 589–597. 

https://doi.org/10.1093/hmg/11.5.589 
17 TIILIKAINEN, A., LASSUS, A., KARVONEN, J., VARTIAINEN, P., & JULIN, M. (1980). Psoriasis and 

HLA-Cw6. British Journal of Dermatology, 102(2), 179–184. https://doi.org/10.1111/j.1365-

2133.1980.tb05690.x 
18 Asahina, A., Akazaki, S., Nakagawa, H., Kuwata, S., Tokunaga, K., Ishibashi, Y., & Juji, T. (1991). Specific 

Nucleotide Sequence of HLA-C is Strongly Associated with psoriasis Vulgaris. Journal of Investigative 

Dermatology, 97(2), 254–258. https://doi.org/10.1111/1523-1747.ep12480361 
19 Strange, A., Capon, F., Spencer, C. C., Knight, J., Weale, M. E., Allen, M. H., Barton, A., Band, G., 

Bellenguez, C., Bergboer, J. G., Blackwell, J. M., Bramon, E., Bumpstead, S. J., Casas, J. P., Cork, M. J., 

Corvin, A., Deloukas, P., Dilthey, A., Duncanson, A., … Trembath, R. C. (2010). A genome-wide association 

study identifies new psoriasis susceptibility loci and an interaction between HLA-C and ERAP1. (2010). Nature 

Genetics, 42(11), 985–990. https://doi.org/10.1038/ng.694 
20 De Keyser, E., Busard, C. I., Lanssens, S., Meuleman, L., Hutten, B. A., Costanzo, A., . . . Spuls, P. I. (2019). 

Clinical Consequences of Antibody Formation, Serum Concentrations, and HLA-Cw6 Status in Psoriasis  

                                                           

https://www.psoriasis.org/about-psoriasis/treatments
https://www.psoriasis.org/about-psoriasis/treatments


LITERATURE 

2 

 

                                                                                                                                                                                     
Patients on Ustekinumab. Therapeutic Drug Monitoring, 41(5), 634–639. 

https://doi.org/10.1097/ftd.0000000000000646 
21 Strobl, B., Bubic, I., Bruns, U., Steinborn, R., Lajko, R., Kolbe, T., . . . Müller, M. (2005). Novel Functions of 

Tyrosine Kinase 2 in the Antiviral Defense against Murine Cytomegalovirus. The Journal of Immunology, 

175(6), 4000–4008. https://doi.org/10.4049/jimmunol.175.6.4000 
22 Mease, P. J., Deodhar, A., Van der Heijde, D., Behrens, F., Kivitz, A., Lehman, T., . . . Nowak, M. (2021). 

OP0227 EFFICACY OF DEUCRAVACITINIB, AN ORAL, SELECTIVE TYROSINE KINASE 2 

INHIBITOR, IN MUSCULOSKELETAL MANIFESTATIONS OF ACTIVE PSORIATIC ARTHRITIS IN A 

PHASE 2, RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED TRIAL. Annals of the Rheumatic 

Diseases, 80(Suppl 1), 137–138. https://doi.org/10.1136/annrheumdis-2021-eular.2653 
23 Madonna, Girolomoni, Dinarello, & Albanesi. (2019). The Significance of IL-36 Hyperactivation and IL-36R 

Targeting in Psoriasis. International Journal of Molecular Sciences, 20(13), 3318. 

https://doi.org/10.3390/ijms20133318 
24 Barnhart, K., Coutifaris, C., & Esposito, M. (2001). The pharmacology of methotrexate. Expert Opinion on 

Pharmacotherapy, 2(3), 409–417. https://doi.org/10.1517/14656566.2.3.409 
25 Singh K, Argáez C. Cyclosporine for Moderate to Severe Plaque Psoriasis in Adults: A Review of Clinical 

Effectiveness and Safety [Internet]. Ottawa (ON): Canadian Agency for Drugs and Technologies in Health; 2018 

Apr 3. Available from: https://www.ncbi.nlm.nih.gov/books/NBK532206/. Last accessed: June 8th, 2021. 
26 Jenneck, C., & Novak, N. (2007). The safety and efficacy of alefacept in the treatment of chronic plaque 

psoriasis. Therapeutics and clinical risk management, 3(3), 411–420. 
27 Rønholt, K., & Iversen, L. (2017b). Old and New Biological Therapies for Psoriasis. International Journal of 

Molecular Sciences, 18(11), 2297. https://doi.org/10.3390/ijms18112297 
28 Mease, P. J., Gladman, D. D., Ritchlin, C. T., Ruderman, E. M., Steinfeld, S. D., Choy, E. H., . . . Weinberg, 

M. A. (2005). Adalimumab for the treatment of patients with moderately to severely active psoriatic arthritis: 

Results of a double-blind, randomized, placebo-controlled trial. Arthritis & Rheumatism, 52(10), 3279–3289. 

https://doi.org/10.1002/art.21306 
29 Kalb, R. (2008). Infliximab for the treatment of plaque psoriasis. Biologics: Targets & Therapy, 115. 

https://doi.org/10.2147/btt.s2116 
30 de Vries, A., Thio, H., de Kort, W., Opmeer, B., van der Stok, H., de Jong, E., . . . Spuls, P. (2017). A 

prospective randomized controlled trial comparing infliximab and etanercept in patients with moderate-to-severe 

chronic plaque-type psoriasis: the Psoriasis Infliximab vs. Etanercept Comparison Evaluation (PIECE) study. 

British Journal of Dermatology, 176(3), 624–633. https://doi.org/10.1111/bjd.14867 
31 Hsu, L., & Armstrong, A. W. (2013). Anti-drug antibodies in psoriasis: a critical evaluation of clinical 

significance and impact on treatment response. Expert Review of Clinical Immunology, 9(10), 949–958. 

https://doi.org/10.1586/1744666x.2013.836060 
32 Institute for Quality and Efficiency in Health Care (IQWiG). (2017). Does light therapy (phototherapy) help 

reduce psoriasis symptoms? https://www.ncbi.nlm.nih.gov/books/NBK435696/. Last accessed: June 10th, 2021. 
33 Harrington, L. E., Hatton, R. D., Mangan, P. R., Turner, H., Murphy, T. L., Murphy, K. M., & Weaver, C. T. 

(2005). Interleukin 17–producing CD4+ effector T cells develop via a lineage distinct from the T helper type 1 

and 2 lineages. Nature Immunology, 6(11), 1123–1132. https://doi.org/10.1038/ni1254 
34 Rønholt, K., & Iversen, L. (2017b). Old and New Biological Therapies for Psoriasis. International Journal of 

Molecular Sciences, 18(11), 2297. https://doi.org/10.3390/ijms18112297 
35 Cai, Y., Shen, X., Ding, C., Qi, C., Li, K., Li, X., . . . Yan, J. (2011). Pivotal Role of Dermal IL-17-Producing 

γδ T Cells in Skin Inflammation. Immunity, 35(4), 596–610. https://doi.org/10.1016/j.immuni.2011.08.001 
36 Mahil, S. K., Capon, F., & Barker, J. N. (2015). Update on psoriasis immunopathogenesis and targeted 

immunotherapy. Seminars in Immunopathology, 38(1), 11–27. https://doi.org/10.1007/s00281-015-0539-8 
37 Korn, T., Bettelli, E., Oukka, M., & Kuchroo, V. K. (2009). IL-17 and Th17 Cells. Annual Review of 

Immunology, 27(1), 485–517. https://doi.org/10.1146/annurev.immunol.021908.132710 
38 Chamian, F., & Krueger, J. G. (2004). Psoriasis vulgaris: an interplay of T lymphocytes, dendritic cells, and 

inflammatory cytokines in pathogenesis. Current Opinion in Rheumatology, 16(4), 331–337. 

https://doi.org/10.1097/01.bor.0000129715.35024.50 
39 Brembilla, N. C., Senra, L., & Boehncke, W. H. (2018). The IL-17 Family of Cytokines in Psoriasis: IL-17A 

and Beyond. Frontiers in Immunology, 9. Published. https://doi.org/10.3389/fimmu.2018.01682 
40 Chan, J. R., Blumenschein, W., Murphy, E., Diveu, C., Wiekowski, M., Abbondanzo, S., . . . Bowman, E. P. 

(2006b). IL-23 stimulates epidermal hyperplasia via TNF and IL-20R2–dependent mechanisms with 

implications for psoriasis pathogenesis. Journal of Experimental Medicine, 203(12), 2577–2587. 

https://doi.org/10.1084/jem.20060244 
41 KHALTURIN, K., PANZER, Z., COOPER, M., & BOSCH, T. (2004). Recognition strategies in the innate 

immune system of ancestral chordates. Molecular Immunology, 41(11), 1077–1087. 

https://doi.org/10.1016/j.molimm.2004.06.010 

https://www.ncbi.nlm.nih.gov/books/NBK532206/
https://www.ncbi.nlm.nih.gov/books/NBK435696/


LITERATURE 

3 

 

                                                                                                                                                                                     
42 Fort, M. M., Cheung, J., Yen, D., Li, J., Zurawski, S. M., Lo, S., . . . Rennick, D. M. (2001). IL-25 Induces IL-

4, IL-5, and IL-13 and Th2-Associated Pathologies In Vivo. Immunity, 15(6), 985–995. 

https://doi.org/10.1016/s1074-7613(01)00243-6 
43 Hymowitz, S. G. (2001). IL-17s adopt a cystine knot fold: structure and activity of a novel cytokine, IL-17F, 

and implications for receptor binding. The EMBO Journal, 20(19), 5332–5341. 

https://doi.org/10.1093/emboj/20.19.5332 
44 Liu, S., Song, X., Chrunyk, B. A., Shanker, S., Hoth, L. R., Marr, E. S., & Griffor, M. C. (2013). Crystal 

structures of interleukin 17A and its complex with IL-17 receptor A. Nature Communications, 4(1). 

https://doi.org/10.1038/ncomms288 
45 Weaver, C. T., Hatton, R. D., Mangan, P. R., & Harrington, L. E. (2007). IL-17 Family Cytokines and the 

Expanding Diversity of Effector T Cell Lineages. Annual Review of Immunology, 25(1), 821–852. 

https://doi.org/10.1146/annurev.immunol.25.022106.141557 
46 Chang, S., Reynolds, J., Pappu, B., Chen, G., Martinez, G., & Dong, C. (2011). Interleukin-17C Promotes 

Th17 Cell Responses and Autoimmune Disease via Interleukin-17 Receptor E. Immunity, 35(4), 611–621. 

https://doi.org/10.1016/j.immuni.2011.09.010 
47 Johnston, A., Fritz, Y., Dawes, S. M., Diaconu, D., Al-Attar, P. M., Guzman, A. M., . . . Ward, N. L. (2013). 

Keratinocyte Overexpression of IL-17C Promotes Psoriasiform Skin Inflammation. The Journal of Immunology, 

190(5), 2252–2262. https://doi.org/10.4049/jimmunol.1201505 
48 Hymowitz, S. G. (2001). IL-17s adopt a cystine knot fold: structure and activity of a novel cytokine, IL-17F, 

and implications for receptor binding. The EMBO Journal, 20(19), 5332–5341. 

https://doi.org/10.1093/emboj/20.19.5332 
48 Weaver, C. T., Hatton, R. D., Mangan, P. R., & Harrington, L. E. (2007). IL-17 Family Cytokines and the 

Expanding Diversity of Effector T Cell Lineages. Annual Review of Immunology, 25(1), 821–852. 

https://doi.org/10.1146/annurev.immunol.25.022106.141557 
49 Kramer, J. M., Yi, L., Shen, F., Maitra, A., Jiao, X., Jin, T., & Gaffen, S. L. (2006). Cutting Edge: Evidence 

for Ligand-Independent Multimerization of the IL-17 Receptor. The Journal of Immunology, 176(2), 711–715. 

https://doi.org/10.4049/jimmunol.176.2.711 
50 Toy, D., Kugler, D., Wolfson, M., Bos, T. V., Gurgel, J., Derry, J., . . . Peschon, J. (2006). Cutting Edge: 

Interleukin 17 Signals through a Heteromeric Receptor Complex. The Journal of Immunology, 177(1), 36–39. 

https://doi.org/10.4049/jimmunol.177.1.36 
51 Liu, S., Song, X., Chrunyk, B. A., Shanker, S., Hoth, L. R., Marr, E. S., & Griffor, M. C. (2013). Crystal 

structures of interleukin 17A and its complex with IL-17 receptor A. Nature communications, 4(1), 1-9. 
52 Goepfert, A., Lehmann, S., Blank, J., Kolbinger, F., & Rondeau, J. M. (2020). Structural Analysis Reveals that 

the Cytokine IL-17F Forms a Homodimeric Complex with Receptor IL-17RC to Drive IL-17RA-Independent 

Signaling. Immunity, 52(3), 499–512.e5. https://doi.org/10.1016/j.immuni.2020.02.004 
53 Toy, D., Kugler, D., Wolfson, M., Bos, T. V., Gurgel, J., Derry, J., . . . Peschon, J. (2006). Cutting Edge: 

Interleukin 17 Signals through a Heteromeric Receptor Complex. The Journal of Immunology, 177(1), 36–39. 

https://doi.org/10.4049/jimmunol.177.1.36 
54 Tang, C., Kakuta, S., Shimizu, K., Kadoki, M., Kamiya, T., Shimazu, T., . . . Iwakura, Y. (2018). Suppression 

of IL-17F, but not of IL-17A, provides protection against colitis by inducing Treg cells through modification of 

the intestinal microbiota. Nature Immunology, 19(7), 755–765. https://doi.org/10.1038/s41590-018-0134-y 
55 O’Hara Hall, A., Towne, J. E., & Plevy, S. E. (2019). Publisher Correction: Get the IL-17F outta here! Nature 

Immunology, 20(3), 374. https://doi.org/10.1038/s41590-019-0332-2 
56 Goepfert, A., Lehmann, S., Blank, J., Kolbinger, F., & Rondeau, J. M. (2020). Structural Analysis Reveals that 

the Cytokine IL-17F Forms a Homodimeric Complex with Receptor IL-17RC to Drive IL-17RA-Independent 

Signaling. Immunity, 52(3), 499–512.e5. https://doi.org/10.1016/j.immuni.2020.02.004 
57 Nakae, S., Komiyama, Y., Nambu, A., Sudo, K., Iwase, M., Homma, I., . . . Iwakura, Y. (2002). Antigen-

Specific T Cell Sensitization Is Impaired in IL-17-Deficient Mice, Causing Suppression of Allergic Cellular and 

Humoral Responses. Immunity, 17(3), 375–387. https://doi.org/10.1016/s1074-7613(02)00391-6 
58 Wu, L., Zepp, J., & Li, X. (2011). Function of Act1 in IL-17 Family Signaling and Autoimmunity. Advances 

in Experimental Medicine and Biology, 223–235. https://doi.org/10.1007/978-1-4614-0106-3_13 
59 El-behi, M., Rostami, A., & Ciric, B. (2010). Current Views on the Roles of Th1 and Th17 Cells in 

Experimental Autoimmune Encephalomyelitis. Journal of Neuroimmune Pharmacology, 5(2), 189–197. 

https://doi.org/10.1007/s11481-009-9188-9 
60 Matsushima, Y., Kikkawa, Y., Takada, T., Matsuoka, K., Seki, Y., Yoshida, H., . . . Yonekawa, H. (2010). An 

Atopic Dermatitis-Like Skin Disease with Hyper-IgE-emia Develops in Mice Carrying a Spontaneous Recessive 

Point Mutation in the Traf3ip2 (Act1/CIKS) Gene. The Journal of Immunology, 185(4), 2340–2349. 

https://doi.org/10.4049/jimmunol.0900694 



LITERATURE 

4 

 

                                                                                                                                                                                     
61 Hüffmeier, U., Uebe, S., Ekici, A. B., Bowes, J., Giardina, E., Korendowych, E., . . . Reis, A. (2010). Common 

variants at TRAF3IP2 are associated with susceptibility to psoriatic arthritis and psoriasis. Nature Genetics, 

42(11), 996–999. https://doi.org/10.1038/ng.688 
62 Halwani, R., Al-Kufaidy, R., Vazquez-Tello, A., Pureza, M. A., BaHammam, A. S., Al-Jahdali, H., . . . Al-

Muhsen, S. (2014). IL-17 Enhances Chemotaxis of Primary Human B Cells during Asthma. PLoS ONE, 9(12), 

e114604. https://doi.org/10.1371/journal.pone.0114604 
63 Qian, Y., Qin, J., Cui, G., Naramura, M., Snow, E., Ware, C. F., . . . Li, X. (2004). Act1, a Negative Regulator 

in CD40- and BAFF-Mediated B Cell Survival. Immunity, 21(4), 575–587. 

https://doi.org/10.1016/j.immuni.2004.09.001 
64 Amatya, N., Garg, A. V., & Gaffen, S. L. (2017). IL-17 Signaling: The Yin and the Yang. Trends in 

Immunology, 38(5), 310–322. https://doi.org/10.1016/j.it.2017.01.006 
65 Liu, T., Zhang, L., Joo, D., & Sun, S. C. (2017). NF-κB signaling in inflammation. Signal Transduction and 

Targeted Therapy, 2(1). https://doi.org/10.1038/sigtrans.2017.23 
66 Halwani, R., Al-Kufaidy, R., Vazquez-Tello, A., Pureza, M. A., BaHammam, A. S., Al-Jahdali, H., . . . Al-

Muhsen, S. (2014b). IL-17 Enhances Chemotaxis of Primary Human B Cells during Asthma. PLoS ONE, 9(12), 

e114604. https://doi.org/10.1371/journal.pone.0114604 
67 Mizumaki, K., Horii, M., Kano, M., Komuro, A., & Matsushita, T. (2021). Suppression of IL-23-mediated 

psoriasis-like inflammation by regulatory B cells. Scientific Reports, 11(1). https://doi.org/10.1038/s41598-021-

81588-8 
68 Karin, M. (1995). The Regulation of AP-1 Activity by Mitogen-activated Protein Kinases. Journal of 

Biological Chemistry, 270(28), 16483–16486. https://doi.org/10.1074/jbc.270.28.16483 
69 Cortez, D. M., Feldman, M. D., Mummidi, S., Valente, A. J., Steffensen, B., Vincenti, M., . . . Chandrasekar, 

B. (2007). IL-17 stimulates MMP-1 expression in primary human cardiac fibroblasts via p38 MAPK- and 

ERK1/2-dependent C/EBP-β, NF-κB, and AP-1 activation. American Journal of Physiology-Heart and 

Circulatory Physiology, 293(6), H3356–H3365. https://doi.org/10.1152/ajpheart.00928.2007 
70 Amatya, N., Garg, A. V., & Gaffen, S. L. (2017). IL-17 Signaling: The Yin and the Yang. Trends in 

Immunology, 38(5), 310–322. https://doi.org/10.1016/j.it.2017.01.006 
71 Hartupee, J., Liu, C., Novotny, M., Li, X., & Hamilton, T. (2007). IL-17 Enhances Chemokine Gene 

Expression through mRNA Stabilization. The Journal of Immunology, 179(6), 4135–4141. 

https://doi.org/10.4049/jimmunol.179.6.4135 
72 Nadeem, A., Ahmad, S. F., Al-Harbi, N. O., Fardan, A. S., El-Sherbeeny, A. M., Ibrahim, K. E., & Attia, S. 

M. (2017). IL-17A causes depression-like symptoms via NFκB and p38MAPK signaling pathways in mice: 

Implications for psoriasis associated depression. Cytokine, 97, 14–24. https://doi.org/10.1016/j.cyto.2017.05.018 
73 Favalli, E. G., Matucci-Cerinic, M., & Szekanecz, Z. (2020). The Giants (biologicals) against the Pigmies 

(small molecules), pros and cons of two different approaches to the disease modifying treatment in rheumatoid 

arthritis. Autoimmunity Reviews, 19(1), 102421. https://doi.org/10.1016/j.autrev.2019.102421 
74 Rønholt, K., & Iversen, L. (2017). Old and New Biological Therapies for Psoriasis. International Journal of 

Molecular Sciences, 18(11), 2297. https://doi.org/10.3390/ijms18112297 
75 Goepfert, A., Lehmann, S., Wirth, E., & Rondeau, J. M. (2017). The human IL-17A/F heterodimer: a two-

faced cytokine with unique receptor recognition properties. Scientific Reports, 7(1). 

https://doi.org/10.1038/s41598-017-08360-9 
76 Valenzuela, F., de la Cruz Fernandez, C., Galimberti, R., Gürbüz, S., McKean-Matthews, M., Goncalves, L., 

& Romiti, R. (2017). Comparison of ixekizumab with etanercept or placebo in moderate-to-severe psoriasis: 

Subgroup analysis of Latin American patients in the phase 3 randomized UNCOVER-3 study. Actas Dermo-

Sifiliográficas, 108(6), 550–563. https://doi.org/10.1016/j.ad.2017.02.005 
77 Farmacotherapeutisch Kompas | Etanercept. 

https://www.farmacotherapeutischkompas.nl/bladeren/preparaatteksten/e/etanercept, Last accessed: May 26th, 

2021 
78 Yost, J., & Gudjonsson, J. E. (2009). The role of TNF inhibitors in psoriasis therapy: new implications for 

associated comorbidities. F1000 Medicine Reports, 1. Published. https://doi.org/10.3410/m1-30 
79 Mazloom, S. E., Yan, D., Hu, J. Z., Ya, J., Husni, M. E., Warren, C. B., & Fernandez, A. P. (2020). TNF-α 

inhibitor–induced psoriasis: A decade of experience at the Cleveland Clinic. Journal of the American Academy 

of Dermatology, 83(6), 1590–1598. https://doi.org/10.1016/j.jaad.2018.12.018 
80 Wang, W., Groves, M. R., & Dömling, A. (2018). Artificial macrocycles as IL-17A/IL-17RA antagonists. 

MedChemComm, 9(1), 22–26. https://doi.org/10.1039/c7md00464h 
81 UCB. (2021). UCB Announces PDUFA Date for Bimekizumab. https://www.ucb-usa.com/stories-

media/UCB-U-S-News/detail/article/ucb-announces-pdufa-date-bimekizumab. Last accessed on: June 10th, 2021. 
82 FDA. (2017). Siliq (brodalumab). 

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/761032Orig1s000TOC.cfm. Last accessed: June 

10th, 2021. 

https://www.ucb-usa.com/stories-media/UCB-U-S-News/detail/article/ucb-announces-pdufa-date-bimekizumab
https://www.ucb-usa.com/stories-media/UCB-U-S-News/detail/article/ucb-announces-pdufa-date-bimekizumab
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/761032Orig1s000TOC.cfm


LITERATURE 

5 

 

                                                                                                                                                                                     
83 Rønholt, K., & Iversen, L. (2017). Old and New Biological Therapies for Psoriasis. International Journal of 

Molecular Sciences, 18(11), 2297. https://doi.org/10.3390/ijms18112297 
84 FDA. (2017). FDA approves new psoriasis drug. http://www. webcitation.org/6rGE8u2CY. Last accessed: 

June 10th, 2021. 
85 Conti, H. R., Shen, F., Nayyar, N., Stocum, E., Sun, J. N., Lindemann, M. J., . . . Gaffen, S. L. (2009). Th17 

cells and IL-17 receptor signaling are essential for mucosal host defense against oral candidiasis. Journal of 

Experimental Medicine, 206(2), 299–311. https://doi.org/10.1084/jem.20081463 
86 Langrish, C. L., Chen, Y., Blumenschein, W. M., Mattson, J., Basham, B., Sedgwick, J. D., . . . Cua, D. J. 

(2005). IL-23 drives a pathogenic T cell population that induces autoimmune inflammation. Journal of 

Experimental Medicine, 201(2), 233–240. https://doi.org/10.1084/jem.20041257 
87 Weaver, C. T., Hatton, R. D., Mangan, P. R., & Harrington, L. E. (2007). IL-17 Family Cytokines and the 

Expanding Diversity of Effector T Cell Lineages. Annual Review of Immunology, 25(1), 821–852. 

https://doi.org/10.1146/annurev.immunol.25.022106.141557 
88 Kim, C. H. (2009). FOXP3 and Its Role in the Immune System. Advances in Experimental Medicine and 

Biology, 17–29. https://doi.org/10.1007/978-1-4419-1599-3_2 
89 Weaver, C. T., Hatton, R. D., Mangan, P. R., & Harrington, L. E. (2007). IL-17 Family Cytokines and the 

Expanding Diversity of Effector T Cell Lineages. Annual Review of Immunology, 25(1), 821–852. 

https://doi.org/10.1146/annurev.immunol.25.022106.141557 
90 FDA. (2009). Stelara FDA Approval History. https://www.drugs.com/history/stelara.html. Last accessed: June 

16th, 2021. 
91 FDA. (2018). Drug Approval Package: ILUMYA (tildrakizuma-asmn). 

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/761067Orig1s000TOC.cfm. Last accessed: June 

10th, 2021. 
92 FDA. (2019). Skyrizi FDA Approval History. https://www.drugs.com/history/skyrizi.html. Last accessed: 

June, 10th, 2021. 
93 Papp, K. A., Blauvelt, A., Bukhalo, M., Gooderham, M., Krueger, J. G., Lacour, J. P., . . . Padula, S. J. (2017). 

Risankizumab versus Ustekinumab for Moderate-to-Severe Plaque Psoriasis. New England Journal of Medicine, 

376(16), 1551–1560. https://doi.org/10.1056/nejmoa1607017 
94 FDA (2017). Tremfya FDA Approval History. https://www.drugs.com/history/tremfya.html. Last accessed: 

June 10th, 2021. 
95 Blauvelt, A., Papp, K. A., Griffiths, C. E., Randazzo, B., Wasfi, Y., Shen, Y. K., . . . Kimball, A. B. (2017). 

Efficacy and safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared with adalimumab for 

the continuous treatment of patients with moderate to severe psoriasis: Results from the phase III, double-

blinded, placebo- and active comparator–controlled VOYAGE 1 trial. Journal of the American Academy of 

Dermatology, 76(3), 405–417. https://doi.org/10.1016/j.jaad.2016.11.041 
96 Reich, K., Armstrong, A. W., Foley, P., Song, M., Wasfi, Y., Randazzo, B., . . . Gordon, K. B. (2017). 

Efficacy and safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared with adalimumab for 

the treatment of patients with moderate to severe psoriasis with randomized withdrawal and retreatment: Results 

from the phase III, double-blind, placebo- and active comparator–controlled VOYAGE 2 trial. Journal of the 

American Academy of Dermatology, 76(3), 418–431. https://doi.org/10.1016/j.jaad.2016.11.042 
97 Chen, Y. (2006). Anti-IL-23 therapy inhibits multiple inflammatory pathways and ameliorates autoimmune 

encephalomyelitis. Journal of Clinical Investigation, 116(5), 1317–1326. https://doi.org/10.1172/jci25308 
98 Grossman, R. M., Krueger, J., Yourish, D., Granelli-Piperno, A., Murphy, D. P., May, L. T., . . . Gottlieb, A. 

B. (1989). Interleukin 6 is expressed in high levels in psoriatic skin and stimulates proliferation of cultured 

human keratinocytes. Proceedings of the National Academy of Sciences, 86(16), 6367–6371. 

https://doi.org/10.1073/pnas.86.16.6367 
99 Kimura, A., & Kishimoto, T. (2010). IL-6: Regulator of Treg/Th17 balance. European Journal of 

Immunology, 40(7), 1830–1835. https://doi.org/10.1002/eji.201040391 
100 Weaver, C. T., Hatton, R. D., Mangan, P. R., & Harrington, L. E. (2007). IL-17 Family Cytokines and the 

Expanding Diversity of Effector T Cell Lineages. Annual Review of Immunology, 25(1), 821–852. 

https://doi.org/10.1146/annurev.immunol.25.022106.141557 
101 Blauvelt, A. (2017). IL-6 Differs from TNF-α: Unpredicted Clinical Effects Caused by IL-6 Blockade in 

Psoriasis. Journal of Investigative Dermatology, 137(3), 541–542. https://doi.org/10.1016/j.jid.2016.11.022 
102 Fritz, Y., Klenotic, P. A., Swindell, W. R., Yin, Z. Q., Groft, S. G., Zhang, L., . . . Ward, N. L. (2017). 

Induction of Alternative Proinflammatory Cytokines Accounts for Sustained Psoriasiform Skin Inflammation in 

IL-17C+IL-6KO Mice. Journal of Investigative Dermatology, 137(3), 696–705. 

https://doi.org/10.1016/j.jid.2016.10.021 
103 Kimura, A., & Kishimoto, T. (2010). IL-6: Regulator of Treg/Th17 balance. European Journal of 

Immunology, 40(7), 1830–1835. https://doi.org/10.1002/eji.201040391 

https://www.drugs.com/history/stelara.html
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/761067Orig1s000TOC.cfm
https://www.drugs.com/history/skyrizi.html
https://www.drugs.com/history/tremfya.html


LITERATURE 

6 

 

                                                                                                                                                                                     
104 Tanaka, T., Narazaki, M., & Kishimoto, T. (2014). IL-6 in Inflammation, Immunity, and Disease. Cold 

Spring Harbor Perspectives in Biology, 6(10), a016295. https://doi.org/10.1101/cshperspect.a016295 
105 Xu, G. Y., Yu, H. A., Hong, J., Stahl, M., McDonagh, T., Kay, L. E., & Cumming, D. A. (1997). Solution 

structure of recombinant human interleukin-6 1 1Edited by P. E. Wright. Journal of Molecular Biology, 268(2), 

468–481. https://doi.org/10.1006/jmbi.1997.0933 
106 Choy, E. H., De Benedetti, F., Takeuchi, T., Hashizume, M., John, M. R., & Kishimoto, T. (2020). 

Translating IL-6 biology into effective treatments. Nature Reviews Rheumatology, 16(6), 335–345. 

https://doi.org/10.1038/s41584-020-0419-z 
107 Stumhofer, J. S., Laurence, A., Wilson, E. H., Huang, E., Tato, C. M., Johnson, L. M., . . . Hunter, C. A. 

(2006). Interleukin 27 negatively regulates the development of interleukin 17–producing T helper cells during 

chronic inflammation of the central nervous system. Nature Immunology, 7(9), 937–945. 

https://doi.org/10.1038/ni1376 
108 Cruz, A., Khader, S. A., Torrado, E., Fraga, A., Pearl, J. E., Pedrosa, J., . . . Castro, A. G. (2006). Cutting 

Edge: IFN-γ Regulates the Induction and Expansion of IL-17-Producing CD4 T Cells during Mycobacterial 

Infection. The Journal of Immunology, 177(3), 1416–1420. https://doi.org/10.4049/jimmunol.177.3.1416 
109 Xu, H., Liu, J., Niu, M., Song, S., Wei, L., Chen, G., . . . Wang, H. (2021). Soluble IL-6R-mediated IL-6 

trans-signaling activation contributes to the pathological development of psoriasis. Journal of Molecular 

Medicine. Published. https://doi.org/10.1007/s00109-021-02073-3 
110 FDA. (2010). Actema FDA Approval History. https://www.drugs.com/history/actemra.html. Last accessed: 

June 21st, 2021. 
111 Lindroos, J., Svensson, L., Norsgaard, H., Lovato, P., Moller, K., Hagedorn, P. H., . . . Labuda, T. (2011). IL-

23-Mediated Epidermal Hyperplasia Is Dependent on IL-6. Journal of Investigative Dermatology, 131(5), 1110–

1118. https://doi.org/10.1038/jid.2010.432 
112 Grasland, A., Mahé, E., Raynaud, E., & Mahé, I. (2013). Psoriasis onset with tocilizumab. Joint Bone Spine, 

80(5), 541–542. https://doi.org/10.1016/j.jbspin.2013.03.014 
113 Costa, L., Caso, F., Cantarini, L., Del Puente, A., Scarpa, R., & Atteno, M. (2014). Efficacy of tocilizumab in 

a patient with refractory psoriatic arthritis. Clinical Rheumatology, 33(9), 1355–1357. 

https://doi.org/10.1007/s10067-014-2603-5 
114 Mease, P. J., Gottlieb, A. B., Berman, A., Drescher, E., Xing, J., Wong, R., & Banerjee, S. (2016). The 

Efficacy and Safety of Clazakizumab, an Anti-Interleukin-6 Monoclonal Antibody, in a Phase IIb Study of 

Adults With Active Psoriatic Arthritis. Arthritis & Rheumatology, 68(9), 2163–2173. 

https://doi.org/10.1002/art.39700 
115 Tanaka, Y., & Martin Mola, E. (2014). IL-6 targeting compared to TNF targeting in rheumatoid arthritis: 

studies of olokizumab, sarilumab and sirukumab. Annals of the Rheumatic Diseases, 73(9), 1595–1597. 

https://doi.org/10.1136/annrheumdis-2013-205002 
116 Grupp, S. A., Kalos, M., Barrett, D., Aplenc, R., Porter, D. L., Rheingold, S. R., . . . June, C. H. (2013). 

Chimeric Antigen Receptor–Modified T Cells for Acute Lymphoid Leukemia. New England Journal of 

Medicine, 368(16), 1509–1518. https://doi.org/10.1056/nejmoa1215134 
117 Wu, J., Shen, J., Han, Y., Qiao, Q., Dai, W., He, B., . . . Xia, X. (2021). Upregulated IL-6 Indicates a Poor 

COVID-19 Prognosis: A Call for Tocilizumab and Convalescent Plasma Treatment. Frontiers in Immunology, 

12. Published. https://doi.org/10.3389/fimmu.2021.598799 
118 Morrow T, Felcone LH. (2004) Defining the difference: What Makes Biologics Unique. Biotechnol Healthc. 

2004 Sep;1(4):24-9. PMID: 23393437; PMCID: PMC3564302. 
119 Wang, W., Groves, M. R., & Dömling, A. (2018). Artificial macrocycles as IL-17A/IL-17RA antagonists. 
MedChemComm, 9(1), 22–26. https://doi.org/10.1039/c7md00464h 

https://www.drugs.com/history/actemra.html

