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REVIEW ARTICLE 

Psoriasis: An Overview of its Pathogenesis and Available Treatment Modalities 

Introduction 
Psoriasis is a well-studied chronic proliferative skin disease characterized by red plaques with 
silver or white scales and thickened epidermis with lesional areas easily differentiated from non 
lesional ones (Chuang et al., 2018). It is considered to be the result of aberration in the normal 
immune system of human body. Psoriasis confers significant burden to normal lifestyle with 
reduction in normal healthy responses. The keratinocytes grow rapidly and form scales and itchy 
patches. These scaly patches are often seen on elbows, scalp , knees and can last for several 
months or years (Lowes et al., 2014). Histologically epidermal hyperplasia is seen overlying 
inflammatory cells like dendrites and macrophages. Extensively dry skin is associated with 
bleeding. Besides skin, psoriasis has also been seen affecting the nails, eyes, joints, and other 
body parts. (Alexis & Blackcloud, 2014). 

Psoriasis shows periodical episodes of relief and relapse. It is mostly the relief of symptoms which 
can be achieved somehow due to suppression of immune response to the disease. Most common 
risk factors include family history, stress, infection, and smoking (Bessar et al., 2016). The risk 
of co-morbidities like hypertension, ischemic heart disease, type 2 diabetes mellitus, 
hyperlipidemia, gastrointestinal disturbances, and chronic kidney disease has been found to be 
more in psoriatic individuals as compared to normal population. Also, these patients are 
considerably prone to depression, stress and anxiety owing to their disease (Emre et al., 2013). 
Alcoholics also have more chances of developing the disease as compared to non-alcoholics 
(Szentkereszty-Kovács et al., 2021). Moreover, the consumption of alcohol and smoking also 
leads to exacerbation of disease according to some studies (Ayala-Fontanez et al., 2016). 

Extensive research work done in the past has significantly established pivotal involvement of T 
cell/ adaptive immunity in pathogenesis of psoriasis with major consent on the involvement of 
IL23/Th17 axis. Evidence also suggests significant genetic predisposition towards involvement 
of disease (Schön & Erpenbeck, 2018). 

Abstract 
Psoriasis is a chronic inflammatory and genetic disease that mainly involves skin with some 
complicated forms extending to other body systems. The disease is common with genetic 
predisposition as one of the major etiologies. It is known to occur because of immune system 
aberration involving helper T cells mainly and is thus treated on similar lines with most of 
the drugs belonging to immunomodulator class like steroids, calcineurin inhibitors, 
methotrexate, and various others like retinoids. Disease pathology has a new area of 
research advancement focused on oxidative stress. It has been suggested that reactive 
oxygen species have a considerable role in the cascade of pathological features. The disease 
shows relapses and remissions seldom showing a remarkable or complete recovery. A 
therapy which can completely resolve the cosmetic and other important symptoms is still a 
food for research. The dimensions of research have also been inclined to nano particles as 
treatment options over past few years. In this review, our key objective is to highlight the 
complexity and clinical diversity of this multifaceted disorder, its pathogenesis, and the 
potential of state-of-the-art treatment options. 
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In the recent years, like other inflammatory diseases psoriasis is 
also believed to be the end result of oxidative stress (Baz et al., 
2003). The current direction of research is towards establishing 
various mechanisms at molecular or epigenetic level involved in 
the pathology of psoriasis. Available therapies depend upon the 
severity of the disease, magnitude of area involved and co-
morbidities or individual patient factors. For mild cases topical 
corticosteroids, anthracin, retinoids, calcineurin inhibitors and 
salicylic acid are used while severe cases have shown to respond 
to systemic steroids, methotrexate, and cyclosporine in common 
practice. The symptoms are resolved most of the times with 
these therapies however frequent relapses are seen. None of the 
drug offers complete or long-term recovery when used alone 
(Nijsten. Et al., 2005).  

Prevalence 
Each year 2-4% of the global population gets affected with 
psoriasis with disease incidence varied from 0.09 to 11.4% in 
different countries and races (Michalek et al., 2017). High 
prevalence of psoriasis has been found in areas away from the 
equator (Chandran & Raychaudhuri 2010). It has not been 
reported in indigenous people of Latin America, Samoa, and 
New Zealand populations., Whereas a high prevalence of 
psoriasis has been reported in in Kasachy population (12% ). In 
Asian countries its prevalence is 0.4% in China, 0.19-0.24% in 
Taiwan, 0.3–1% in Japan, and 0.44-2.8% in India (Danielsen et 
al., 2013), while in in West African and American black 
population its reported prevalence is 0.3–0.7% and 0.7%, 
respectively (Alexis & Blackcloud, 2014). Any individual can 
suffer from psoriasis regardless of age leading to significant 
physical, psychological, and social constraints. Prevalence is 
more in males as compared to females (Parisi et al., 2013). 

Stages and Types 
In general, the disease presents as red scaly patches over 
extensor surface of extremities, scalp, back of trunk, groin, and 
other parts of the body. The patients complain of itchy skin 
which often leads to bleeds as a result. The lesions may extend 
to eyes, nails, joints, and spine as well (Alexis & Blackcloud, 
2014).  

Epidermal hyperplasia, lymphocytic infiltration and 
neovascularization are the hallmark of histology of a psoriatic 
skin. Histologically it can be divided into an early stage with 
dilated blood vessels and lymphocytic infiltration of dermis. 
Later epidermis starts to thicken and incompletely differentiated 
keratinocytes are seen due to rapid proliferation. Advanced stage 
is characterized as thickening of stratum spinosum and 
epidermal psoriasiform hyperplasia (Kadam et al., 2010). At this 
stage infiltration of inflammatory cells further increases and T 
lymphocytes can be seen embedded between keratocytes 
(Nickoloff et al., 2000). 

Plaque psoriasis, which is also called psoriasis vulgaris is 
characterized by red raised patch covered with white or silver 
accumulation of dead skin cells. It is very itchy and painful 
affecting mostly the trunk region and extensor surfaces of limbs. 
It has two morphological divisions as described (Burden & 
Kirby, 2016). 

Pustular psoriasis has blistering white pustules most commonly 
seen on soles of feet and palms. Erythrodermic psoriasis has 

severe erythema and skin shedding while guttate psoriasis 
appears as red dot like spots on different areas of skin, 
commonly involving trunk and limbs. It is mostly seen affecting 
children and adolescents. Guttate psoriasis is triggered by group 
A streptococcal infection. Another important type is inverse 
psoriasis which has shiny smooth red lesions and usually occurs 
in body folds like axillary, intergluteal and genital folds (Syed 
& Khachemoune, 2011). Psoriasis is not limited to skin only. In 
advanced cases it also invades joints leading to psoriatic arthritis 
or nails (nail psoriasis). Out of psoriatic patients, more than 50 
% develop nail psoriasis while almost 40 % of them have 
psoriatic arthritis (Ritchlin et al., 2017). 

 
Figure 1: Types of Plaque Psoriasis 

Role of Genetics 
Evidence based research work has highlighted crucial role of 
genetics in possibility of developing psoriasis. The development 
is more common in first degree and second-degree relatives. 
Similarly increased risk of psoriasis development is seen in 
monozygotic and dizygotic twins. The most common locus 
involved in the formation of psoriasis is PSORS1 located on 
chromosome 6p21 within major histocompatibility complex 
corresponding to HLAcW6. HLAcW6 has a very strong 
association with psoriasis as documented in various research 
works (Talamonti et al., 2013). Other gene regions (PSORS2 
(17q25), PSORS3 (4q34), PSORS4 (1q), PSORS5 (3q21, 
PSORS6 (19p13), PSORS7 (1p) PSORS8 (16q12‐13), 
PSORS11 (5q31.1‐q33.1), PSORS12 (20q13), and PSORS13 
(6q21)) related to psoriasis distribute to different chromosomes 
(Barker, 2001). 

Pathophysiology 

Psoriasis has multifactorial pathophysiology with predisposing 
factors as described above. It is considered to be 
immunologically mediated inflammatory condition with 
involvement of cells like T lymphocytes, keratinocytes, 
Langerhans’ cells, macrophages, antigen presenting cells and 
natural killer cells. Individuals expressing certain HLA class I 
antigens, particularly HLA-Cw6 have been found to have an 
association with an early onset and also positive family history 
for the disease. Different cytokines like TNF α, IL 17, IL 23, and 
IL 6 has been reported to be upregulated under diseased 
condition. Release of antimicrobial peptides (AMP) like LL37, 
S100, β defensins from keratinocytes is also reported (Das et al., 
2009). These AMPs interact with body’s immune system 
leading to the production of IFN1 which triggers helper T cell 
differentiation.  

Dendritic cells and macrophages are attributed for the release of 
IL 23 and IL6 in the skin, which helps in the differentiation of 
TH1 and TH17 cells, that stimulates the release of IL 17, IL 21, 
and IL 22 (Schön & Erpenbeck, 2018). These cytokines later 
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play their role to secrete cytokines and other inflammatory 
mediators from epidermal cells (Ayala-Fontanez et al., 2016). 
These chemokines further attract and activate more cells of 
innate immune system leading to an onset of a vicious 
inflammatory cycle where IL 23 and IL 17 play a key role in 
activation of JAK/STAT pathway (Tonel et al., 2010). However, 
despite much of research directed towards it, the pathogenesis of 
psoriasis still remains a question of debate and mystery. 

Recently, it has been reported that a high levels of reactive 
oxygen species due to compromised antioxidant system plays a 
key role in the psoriasis pathogenesis (Lin & Huang, 2016). Due 
to significant exposure of the skin to the UV radiations and other 
environmental factors skin becomes the potential target for an 
oxidative injury (Capon, 2017). Nitric oxide generated through 
UV radiations plays an important role in melanin production and 
erythema (Panich et al., 2016). Also, the plasma membranes of 
the skin cells in psoriatic lesions have increased expression of 
arachidonic acid which is required for the synthesis of 
malondialdehyde. Malondialdehyde is the end product of lipid 
peroxidation which is one of the processes involved in oxidative 
damage (Şikar Aktürk et al., 2011). Increased levels of 
malondialdehyde in psoriasis patients support the fact that 
involvement of oxidative stress cannot be ruled out . Moreover, 
there is decrease in activity of erythrocyte superoxide dismutase 
and catalase. Increased H2O2 accumulation is the cause of 
reduced superoxide dismutase activity and increased levels of 
catalase. Catalase degrades H2O2 into water and oxygen. 
Erythrocyte GSH peroxidase is also reduced which has a 
protective role against oxidative stress (Lin & Huang, 2016). 

Association of Psoriasis with other Autoimmune 
Diseases 
Association of psoriasis with other autoimmune diseases is an 
area of interest for research these days. Earlier studies have 
shown a higher incidence of autoimmune diseases in psoriatic 
patients than seen in the general population. A retrospective 
study conducted from January 1, 1980, to June 1, 2011, had 
shown that the major autoimmune disorders associated with 
psoriasis included Rheumatoid Arthritis, celiac disease, 
Inflammatory Bowel Disease, Celiac Disease, multiple 
sclerosis, Systemic Lupus Erythematosus, Sjogren’s syndrome 
and alopecia (Ayala-Fontanez et al., 2016). 

Treatment 
 Topical and systemic corticosteroids act by 
suppressing immune system and reduction of inflammation. 
Commonly used steroids include dexamethasone and 
prednisolone (Paul et al., 2011). Their long-term use results in 
adverse effects like Cushing syndrome, hyperglycemia, salt and 
water retention and hyperlipidemia. Owing to the adverse effects 
of steroids, the attempts to explore new drug moieties never fade 
off. Calcineurin inhibitors also work by suppressing immune 
system (Behnam et al., 2005). Commonly used one in psoriasis 
is cyclosporine. Vitamin D therapy helps to keep the skin 
healthy and various trials have supported their role in 
improvement. For the treatment of mild to moderate psoriasis, 
vitamin D analogues are used. After 4-6 weeks of treatment, 
between 30% to 50% of the patients treated showed a significant 
improvement or had full clearance, according to the global 
assessment of efficacy. Vitamin D analogues bind to the 
intracellular vitamin D receptor; this binding has subsequent 

effects, including the direct control of genes involved in the 
proliferation, inflammation, and keratinization of the epidermis. 
Currently, calcipotriol, tacalcitol, and calcitriol are the three 
vitamin D analogues used to treat psoriasis (Ayala-Fontánez et 
al., 2016). 

Retinoids, like acitretin are vitamin A derivatives which work 
by inhibiting excessive keratinization and uncontrolled growth 
of skin cells. Oral retinoids have been used as a treatment for 
psoriasis since the early 1980s. They can be administered alone 
or in combination with UV light treatment, the latter has been 
shown to be more effective in patients with psoriasis vulgaris. 
Phototherapy also slows the growth of skin cells. Mostly 
ultraviolet b is used for this therapy (Panich et al., 2016). 

Methotrexate has anti-inflammatory, immunosuppressive and 
anti-proliferative properties due to inhibition of dihydrofolate 
reductase. This leads to low production of folic acid hence 
inflammatory cells are not synthesized and immune system is 
suppressed however methotrexate causes blood dyscrasias as 
adverse effect. Monoclonal antibodies also target the immune 
cells. TNFα inhibitors include etanercept, adalimumab, 
certolizumab and infliximab. As described earlier, the TNF α has 
significant role in the pathology of psoriasis hence drugs 
targeting it are good candidates (Imafuku et al., 2018). 

 
Figure 2 : Available treatment options for Psoriasis 

The use of nano particle technology offers a better approach to 
treatment of disease and research in the respective area is at its 
peak. The data on human study is limited however short-term 
use has been extensively tried and is safe as of found till date. 
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Nano particles have increased skin retention and decreased 
systemic absorption as their major hall marks in the treatment 
choice of psoriasis (Sonawane et al., 2014). They are safe and 
offer sustained release as well. Nanotechnological approaches 
are worked upon to achieve complete cure of the disease which 
is not possible with existing modalities. These nano particles 
including carriers like liposomes, transferosomes, niosomes, 
micelles, dendrimers etc. can be given through topical, dermal, 
or systemic routes (Kim et al., 2007). 

 
Figure 3: Merits of Nanoparticles 

Area of Research 
Future research is focused on extensive work up of 
pathophysiology of psoriasis with some insight of epigenetic 
modulation which involves gene modification without changing 
gene sequence regarding treatment. Various inflammatory 
pathways are the areas of interest for various researchers. The 
benefit of this idea will be related to discovery of new treatment 
modalities as till date efficient recovery from psoriasis has still 
a long way to go. 

Authors’ Contributions 
The authors confirm substantial contribution to the review 
article. ZS and TA conceptualized and prepared outline of the 
review article. ZS and MUAK wrote the first draft. All the 
authors contributed to manuscript revision and approved the 
final version of the article. 

References 
Alexis, A. F., & Blackcloud, P. (2014). Psoriasis in skin of color: 
epidemiology, genetics, clinical presentation, and treatment 
nuances. The Journal of clinical and aesthetic dermatology, 
7(11), 16–24. 

Ayala-Fontánez, N., Soler, D. C., & McCormick, T. S. (2016). 
Current knowledge on psoriasis and autoimmune diseases. 
Psoriasis, 6, 7–32. https://doi.org/10.2147/PTT.S64950  

Barker J. N. (2001). Genetic aspects of psoriasis. Clinical and 
experimental dermatology, 26(4), 321–325. 
https://doi.org/10.1046/j.1365-2230.2001.00830.x  

Baz, K., Cimen, M. Y., Kokturk, A., Yazici, A. C., Eskandari, 
G., Ikizoglu, G., Api, H., & Atik, U. (2003). Oxidant / 
antioxidant status in patients with psoriasis. Yonsei medical 
journal, 44(6), 987–990. 
https://doi.org/10.3349/ymj.2003.44.6.987  

Behnam, S. M., Behnam, S. E., & Koo, J. Y. (2005). Review of 
cyclosporine immunosuppressive safety data in dermatology 
patients after two decades of use. Journal of drugs in 
dermatology : JDD, 4(2), 189–194. 

Bessar, H., Venditti, I., Benassi, L., Vaschieri, C., Azzoni, P., 
Pellacani, G., Magnoni, C., Botti, E., Casagrande, V., Federici, 
M., Costanzo, A., Fontana, L., Testa, G., Mostafa, F. F., Ibrahim, 
S. A., Russo, M. V., & Fratoddi, I. (2016). Functionalized gold 
nanoparticles for topical delivery of methotrexate for the 
possible treatment of psoriasis. Colloids and surfaces. B, 
Biointerfaces, 141, 141–147. 
https://doi.org/10.1016/j.colsurfb.2016.01.021  

Burden, A.D. and Kirby, B. (2016) Psoriasis and Related 
Disorders. In: Griffiths, C., Barker, J., Bleiker, T., Chalmers, R. 
and Creamer, D., Eds., Rook’s Textbook of Dermatology, 9th 
Edition, John Wiley & Sons, New Delhi, 1-64. 
https://doi.org/10.1002/9781118441213  

Capon F. (2017). The Genetic Basis of Psoriasis. International 
journal of molecular sciences, 18(12), 2526. 
https://doi.org/10.3390/ijms18122526  

Chandran, V., & Raychaudhuri, S. P. (2010). Geoepidemiology 
and environmental factors of psoriasis and psoriatic arthritis. 
Journal of autoimmunity, 34(3), J314–J321. 
https://doi.org/10.1016/j.jaut.2009.12.001  

Chuang, S. Y., Lin, C. H., Sung, C. T., & Fang, J. Y. (2018). 
Murine models of psoriasis and their usefulness for drug 
discovery. Expert opinion on drug discovery, 13(6), 551–562. 
https://doi.org/10.1080/17460441.2018.1463214  

Danielsen, K., Olsen, A. O., Wilsgaard, T., & Furberg, A. S. 
(2013). Is the prevalence of psoriasis increasing? A 30-year 
follow-up of a population-based cohort. The British journal of 
dermatology, 168(6), 1303–1310. 
https://doi.org/10.1111/bjd.12230  

Das, R. P., Jain, A. K., & Ramesh, V. (2009). Current concepts 
in the pathogenesis of psoriasis. Indian journal of dermatology, 
54(1), 7–12. https://doi.org/10.4103/0019-5154.48977  

Emre, S., Metin, A., Demirseren, D. D., Kilic, S., Isikoglu, S., & 
Erel, O. (2013). The relationship between oxidative stress, 
smoking and the clinical severity of psoriasis. Journal of the 
European Academy of Dermatology and Venereology : JEADV, 
27(3), e370–e375. https://doi.org/10.1111/j.1468-
3083.2012.04700.x  

Imafuku, S., Zheng, M., Tada, Y., Zhang, X., Theng, C., 
Thevarajah, S., Zhao, Y., & Song, H. J. (2018). Asian consensus 
on assessment and management of mild to moderate plaque 
psoriasis with topical therapy. The Journal of dermatology, 
45(7), 805–811. https://doi.org/10.1111/1346-8138.14338  

Nanoparticle 
Superiority

Less Toxic

Sustained 
Release

Easy 
Elimination

Biodegradable

Malleable

Biocompatible



Psoriasis: An overview of its pathogenesis and available treatment modalities  

Albus Scientia | http://doi.org/10.56512/AS.2022.2.e221030         5/5  

Kadam, D. P., Suryakar, A. N., Ankush, R. D., Kadam, C. Y., & 
Deshpande, K. H. (2010). Role of oxidative stress in various 
stages of psoriasis. Indian journal of clinical biochemistry : 
IJCB, 25(4), 388–392. https://doi.org/10.1007/s12291-010-
0043-9  

Kim, J. S., Kuk, E., Yu, K. N., Kim, J. H., Park, S. J., Lee, H. J., 
Kim, S. H., Park, Y. K., Park, Y. H., Hwang, C. Y., Kim, Y. K., 
Lee, Y. S., Jeong, D. H., & Cho, M. H. (2007). Antimicrobial 
effects of silver nanoparticles. Nanomedicine : nanotechnology, 
biology, and medicine, 3(1), 95–101. 
https://doi.org/10.1016/j.nano.2006.12.001  

Lin, X., & Huang, T. (2016). Oxidative stress in psoriasis and 
potential therapeutic use of antioxidants. Free radical research, 
50(6), 585–595. 
https://doi.org/10.3109/10715762.2016.1162301  

Lowes, M. A., Suárez-Fariñas, M., & Krueger, J. G. (2014). 
Immunology of psoriasis. Annual review of immunology, 32, 
227–255. https://doi.org/10.1146/annurev-immunol-032713-
120225  

Michalek, I. M., Loring, B., & John, S. M. (2017). A systematic 
review of worldwide epidemiology of psoriasis. Journal of the 
European Academy of Dermatology and Venereology : JEADV, 
31(2), 205–212. https://doi.org/10.1111/jdv.13854  

Nickoloff, B. J., Schröder, J. M., von den Driesch, P., 
Raychaudhuri, S. P., Farber, E. M., Boehncke, W. H., Morhenn, 
V. B., Rosenberg, E. W., Schön, M. P., & Holick, M. F. (2000). 
Is psoriasis a T-cell disease?. Experimental dermatology, 9(5), 
359–375. https://doi.org/10.1034/j.1600-
0625.2000.009005359.x  

Nijsten, T., Margolis, D. J., Feldman, S. R., Rolstad, T., & Stern, 
R. S. (2005). Traditional systemic treatments have not fully met 
the needs of psoriasis patients: results from a national survey. 
Journal of the American Academy of Dermatology, 52(3 Pt 1), 
434–444. https://doi.org/10.1016/j.jaad.2004.10.862  

Panich, U., Sittithumcharee, G., Rathviboon, N., & Jirawatnotai, 
S. (2016). Ultraviolet Radiation-Induced Skin Aging: The Role 
of DNA Damage and Oxidative Stress in Epidermal Stem Cell 
Damage Mediated Skin Aging. Stem cells international, 2016, 
7370642. https://doi.org/10.1155/2016/7370642  

Parisi, R., Symmons, D. P., Griffiths, C. E., Ashcroft, D. M., & 
Identification and Management of Psoriasis and Associated 
ComorbidiTy (IMPACT) project team (2013). Global 
epidemiology of psoriasis: a systematic review of incidence and 
prevalence. The Journal of investigative dermatology, 133(2), 
377–385. https://doi.org/10.1038/jid.2012.339  

Paul, C., Gallini, A., Maza, A., Montaudié, H., Sbidian, E., 
Aractingi, S., Aubin, F., Bachelez, H., Cribier, B., Joly, P., 
Jullien, D., Le Maître, M., Misery, L., Richard, M. A., & 
Ortonne, J. P. (2011). Evidence-based recommendations on 
conventional systemic treatments in psoriasis: systematic review 
and expert opinion of a panel of dermatologists. Journal of the 
European Academy of Dermatology and Venereology : JEADV, 
25 Suppl 2, 2–11. https://doi.org/10.1111/j.1468-
3083.2011.03990.x  

Ritchlin, C. T., Colbert, R. A., & Gladman, D. D. (2017). 
Psoriatic Arthritis. The New England journal of medicine, 
376(10), 957–970. https://doi.org/10.1056/NEJMra1505557  

Schön, M. P., & Erpenbeck, L. (2018). The Interleukin-
23/Interleukin-17 Axis Links Adaptive and Innate Immunity in 
Psoriasis. Frontiers in immunology, 9, 1323. 
https://doi.org/10.3389/fimmu.2018.01323  

Sikar Aktürk, A., Özdoğan, H. K., Bayramgürler, D., Çekmen, 
M. B., Bilen, N., & Kıran, R. (2012). Nitric oxide and 
malondialdehyde levels in plasma and tissue of psoriasis 
patients. Journal of the European Academy of Dermatology and 
Venereology : JEADV, 26(7), 833–837. 
https://doi.org/10.1111/j.1468-3083.2011.04164.x  

Sonawane, R., Harde, H., Katariya, M., Agrawal, S., & Jain, S. 
(2014). Solid lipid nanoparticles-loaded topical gel containing 
combination drugs: an approach to offset psoriasis. Expert 
opinion on drug delivery, 11(12), 1833–1847. 
https://doi.org/10.1517/17425247.2014.938634  

Syed, Z. U., & Khachemoune, A. (2011). Inverse psoriasis: case 
presentation and review. American journal of clinical 
dermatology, 12(2), 143–146. 
https://doi.org/10.2165/11532060-000000000-00000  

Szentkereszty-Kovács, Z., Gáspár, K., Szegedi, A., Kemény, L., 
Kovács, D., & Törőcsik, D. (2021). Alcohol in Psoriasis-From 
Bench to Bedside. International journal of molecular sciences, 
22(9), 4987. https://doi.org/10.3390/ijms22094987  

Talamonti, M., Botti, E., Galluzzo, M., Teoli, M., Spallone, G., 
Bavetta, M., Chimenti, S., & Costanzo, A. (2013). 
Pharmacogenetics of psoriasis: HLA-Cw6 but not LCE3B/3C 
deletion nor TNFAIP3 polymorphism predisposes to clinical 
response to interleukin 12/23 blocker ustekinumab. The British 
journal of dermatology, 169(2), 458–463. 
https://doi.org/10.1111/bjd.12331  

Tonel, G., Conrad, C., Laggner, U., Di Meglio, P., Grys, K., 
McClanahan, T. K., Blumenschein, W. M., Qin, J. Z., Xin, H., 
Oldham, E., Kastelein, R., Nickoloff, B. J., & Nestle, F. O. 
(2010). Cutting edge: A critical functional role for IL-23 in 
psoriasis. Journal of immunology (Baltimore, Md.: 1950), 
185(10), 5688–5691. 
https://doi.org/10.4049/jimmunol.1001538  


