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Abstract

Background—Anti-tumor necrosis factor (anti-TNF) biologic associated psoriasis has been 

reported in inflammatory bowel disease (IBD) patients. However, little is known regarding its 

pathogenesis.

Aims—To identify potential genetic predispositions to anti-TNF associated psoriasis in IBD 

patients

Methods—This retrospective chart review included IBD patients enrolled in a prospective 

registry. Cases of anti-TNF associated psoriasis and idiopathic psoriasis unrelated to anti-TNF 

exposure were confirmed by an expert dermatologist. All patients were genotyped on the Illumina 

Immunochip. A weighted genetic risk score ascertaining genetic predisposition towards psoriasis 

was calculated and overall genetic predisposition as well as differential distribution of individual 

polymorphisms was compared across the three groups.
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Results—Our study included 724 IBD patients who initiated anti-TNF therapy and did not 

develop psoriasis, 35 patients with anti-TNF associated psoriasis, and 38 patients with idiopathic 

psoriasis. Anti-TNF users who developed psoriasis had a modest but statistically significantly 

greater psoriasis genetic risk score than anti-TNF controls (mean 0.64 vs. 0.61, p=0.04), and had a 

similar genetic risk score as those with idiopathic psoriasis (0.64 vs. 0.62, p=0.22). Two loci 

associated with NOS2 and ETS1 genes achieved p-value < 0.05 when comparing anti-TNF 

associated psoriasis to anti-TNF controls. Three loci were significantly different between anti-

TNF associated psoriasis and idiopathic psoriasis including a polymorphism near NOS2 encoding 

for inducible nitric oxide synthase that is produced by dendritic cells in skin lesions in psoriasis.

Conclusions—Patients with anti-TNF associated psoriasis had a modestly greater genetic 

predisposition towards psoriasis but no single causative polymorphism was identified.
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INTRODUCTION

Inflammatory bowel diseases (IBD) comprising Crohn’s disease (CD) and ulcerative colitis 

(UC) are chronic immunologically mediated diseases that often have an onset during young 

adulthood and are characterized by a protracted life-long course of remissions and relapses1. 

Monoclonal antibodies to tumor necrosis factor α (anti-TNF; infliximab (IFX), adalimumab 

(ADA), certolizumab pegol (CZP), golimumab (GLM)) have revolutionized our 

management of IBD. They have substantially improved our ability to achieve disease 

remission, reduced the need for hospitalizations and surgery and improved patients’ health-

related quality of life2-4. However, emergence of treatment-related adverse effects is an 

important concern regarding the long-term safety of these drugs to both physicians and 

patients.

Safety of anti-TNF agents has thus far primarily focused on treatment-related infections and 

malignancies5, 6. However, a group of adverse events that are increasingly being recognized 

to occur with use of anti-TNF therapies are paradoxical immunologic phenomena7, 8 and 

emergence of immune-mediated diseases following initiation of anti-TNF therapy. They 

often require additional immunosuppression or treatment with corticosteroids and sometimes 

necessitate cessation of the offending anti-TNF drug for resolution. They also have a 

penchant to recur with a second anti-TNF agent in a sizeable proportion of patients8. One 

such complication that is peculiarly paradoxical owing to the established efficacy of anti-

TNF agents to treat it is the development of psoriasis. Several cases series report the 

occurrence of this complication associated with anti-TNF therapy9-14. While occurring in 

fewer than 10% of patients initiating anti-TNF therapy, the consequences of such an adverse 

effect can be substantial. In a large series of cases, nearly half the patients required 

withdrawal of the offending anti-TNF agent due to the rash and over half recurred with the 

second anti-TNF agent11 though in other studies this proportion was lower15. The exact 

mechanism of this adverse event, which represents an immunologic paradox as anti-TNF 

therapy is highly effective for the treatment of psoriasis, remains unknown with several 

hypotheses postulated10, 12, 13. Some have suggested that this phenomenon may represent a 
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genetic predisposition towards psoriasis given the known overlap in risk loci between 

various immune mediated diseases16-18 while others have suggested an alteration in the 

TNF-α inhibition of plasmacytoid dendritic cells and a subsequent increase in interferon-α 

production8, 12, 14.

With increasing availability of agents targeting diverse mechanisms of inflammation in CD 

and UC, identification of the biological basis of treatment emergent-adverse effects will 

allow for selection of the appropriate patient population for specific therapies as well as 

better understand the disease pathogenesis and shared biologic mechanisms behind the 

different immune mediated diseases. Consequently, we performed this study with the 

following aims: (1) To use a large cohort of well-characterized patients with CD and UC 

initiating anti-TNF therapy to identify those who developed psoriasis associated with anti-

TNF therapy; (2) Compare genetic predisposition towards psoriasis among anti-TNF users 

who develop anti-TNF associated psoriasis with those who did not develop this, and identify 

specific genetic polymorphisms predisposing towards this complication; and (3) Compare 

genetic risk score and distribution of psoriasis risk loci between those who developed 

psoriasis after anti-TNF exposure to those with idiopathic psoriasis.

METHODS

Study Population

The population for this study consisted of patients enrolled in the Prospective Registry for 

Inflammatory Bowel Diseases Study at Massachusetts General Hospital (PRISM). This 

registry, described in previous publications from our center19-21, is an ongoing prospective 

registry of patients initiated in 2005 recruiting patients aged 18 years or older with a 

diagnosis of CD, UC, or indeterminate colitis. After providing informed consent, all patients 

are interviewed by a trained research co-coordinator who gathered information on disease 

including phenotype, location, and prior medical and surgical treatments. Disease location 

and behavior in CD was classified by the Montreal classification while disease extent was 

similarly described in UC. Current and past use of immunomodulators (azathioprine, 6-

mercaptopurine, methotrexate) and anti-TNF agents (IFX, ADA, CZP, GLM) was assessed 

and updated until December 2014. All patients were of European ancestry.

Assessment of anti-TNF associated psoriasis

All medical records of enrolled patients were reviewed by two authors (PV, JSJ) to identify 

cases of anti-TNF associated psoriasis. Patients were divided into three groups: individuals 

with anti-TNF exposure with subsequent psoriasis development, individuals with anti-TNF 

use but no psoriasis, and individuals with psoriasis without a history of anti-TNF exposure 

(idiopathic psoriasis). In a small subset of patients (n=6), development of psoriasis coincided 

with anti-TNF exposure but it was not possible to determine a clear correlation with 

medication exposure for this group, therefore, they were excluded from analysis. For 

patients with suspected anti-TNF associated psoriasis who did not undergo dermatology 

evaluation at our institution during the course of their clinical care, we confirmed the 

assessment of anti-TNF associated psoriasis with review by a Board-certified dermatologist 

(DK). A diagnosis of anti-TNF associated psoriasis was made based on morphology and 
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distribution of lesions, lack of history of psoriasis prior to anti-TNF exposure, skin biopsy 

findings when performed, and response to topical therapy and/or cessation of anti-TNF 

agent. For those with anti-TNF associated psoriasis, psoriasis type (guttate, plaque, inverse, 

palmoplantar), and anti-TNF agent associated with psoriasis induction were recorded.

Genotyping

Buffy coat was extracted from approximately 10mL of blood drawn from all consented 

patients. Genotyping was performed on the Illumina Immunochip platform at the Broad 

Institute (Cambridge, MA). The Immunochip is a custom designed Immunochip with nearly 

200,000 fine mapping loci that have been putatively associated with inflammatory or 

immune mediated diseases22. We extracted information on polymorphisms at the most 

recently described list of 36 psoriasis risk loci23. A psoriasis genetic risk score (GRS) 

ascertaining predisposition towards psoriasis was calculated by multiplying the odds ratio 

for association with psoriasis based on data from Tsoi et al. multiplied by the number of 

copies of the risk allele23 [GRS = ∑ (Odds ratio SNP × number of risk alleles (0,1, or 2))]. 

This incorporates both the strength of the association of each SNP with the disease of 

interest as well as the number of such polymorphisms in each patient. On sensitivity 

analysis, we calculated this risk score by using the log of the odds ratio as well as by merely 

summing the number of risk alleles assigning equal weight to all loci. While it is 

acknowledged that the distribution of risk loci may be different in our cohort, due to the 

larger size of the Tsoi et al. study provides more robust estimates of effect sizes in 

calculating the genetic risk score.

Statistical Analysis

Continuous variables were summarized using means and standard deviations while 

categorical variables were described as proportions and compared using the chi-square test. 

Statistical analysis was performed using Stata 13.1 (StataCorp, College Station, TX). 

Extraction of genotypic data and calculation of the genetic risk score was performed using 

Plink V1.0724. All SNPs met the Hardy-Weinberg equilibrium threshold of p > 0.001, 

genotyping call rate > 95% and genotyping success rate > 90%. First, we compared the 

genetic risk score of anti-TNF associated psoriasis to the no psoriasis group using the t-test 

where a p-value < 0.05 indicated statistical significance. Next, we examined differential 

distribution of the 36 psoriasis risk loci between the anti-TNF associated psoriasis and no 

psoriasis group where a nominal p-value < 0.05 indicated plausibility of association while a 

p-value adjusted for multiple comparison testing (i.e. < 0.001) indicated independent 

statistical significance. Similar analyses were performed comparing anti-TNF associated 

psoriasis to idiopathic psoriasis. All genetic analysis utilized the allelic model. The study 

was approved by the Institutional Review Board of Partners Healthcare and all patients 

provided full informed consent.

RESULTS

Study Population

Our study population consisted of 765 patients who had initiated anti-TNF therapy among 

whom 35 developed anti-TNF associated psoriasis (4.5%). Our cohort additionally included 
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38 patients who had idiopathic psoriasis. Table 1 compares the characteristics of anti-TNF 

users who developed psoriasis to those who did not. There was no difference in the gender, 

or racial distribution between the two groups. However, those with anti-TNF associated 

psoriasis were diagnosed with IBD at a younger age (21 years) compared to anti-TNF users 

without psoriasis (27 years, p=0.002). Approximately between one-quarter and one-third of 

patients in each group had UC (p=0.34). There was also no significant difference in the type 

of anti-TNF used, and psoriasis was observed with all three anti-TNF agents though most 

commonly with infliximab, likely reflecting larger population at risk with the earlier 

availability of this drug. Table 2 compares the characteristics of the patients with anti-TNF 

associated psoriasis to those with idiopathic psoriasis. As noted, there was no difference in 

gender, or racial distribution of both groups. However, anti-TNF associated psoriasis 

patients were more likely to have been diagnosed at a younger age compared to idiopathic 

psoriasis. As well, there was a trend towards more perianal involvement or complicated 

phenotype in CD and pancolitis in UC. There was no difference in the type of psoriasis with 

plaque-type being the most common in both groups. However, plaque psoriasis was more 

frequent in the anti-TNF associated psoriasis group compared to idiopathic psoriasis 

(p=0.01).

Genetic Analysis

Figure 1 demonstrates the distribution in genetic risk score between anti-TNF users who 

developed psoriasis and those who did not. The mean psoriasis genetic burden score using 

the cumulative sum of odds ratios was higher in those who developed psoriasis compared to 

those who did not (p=0.04). This difference persisted as marginally significant in a count of 

the number of risk alleles (p=0.06) or using log odds ratio (p=0.07). In contrast, there was no 

difference in genetic burden between those who developed anti-TNF associated psoriasis 

and patients with idiopathic psoriasis (p=0.22) (Figure 1).

We then examined differential distribution of individual genetic polymorphisms 

predisposing towards psoriasis between anti-TNF associated psoriasis and anti-TNF user 

controls. Overall, two SNPs met our nominal significance threshold at p < 0.05 

(Supplemental Table 1). The risk allele (A) for rs28998802 (NOS2) had a minor allele 

frequency of 0.22 among those with anti-TNF associated psoriasis compared to 12% among 

anti-TNF users who did not develop psoriasis (Odds ratio (OR) 2.02, p=0.022). The minor G 

allele for rs3802826 (ETS1) was found in 31% of those with anti-TNF associated psoriasis 

compared to 45% of controls (OR 0.55, p=0.025) while the distribution of rs1295685 (IL13, 

IL4) was borderline significant (p=0.07) with a frequency of 0.27 among those with anti-

TNF associated psoriasis compared to 0.18 among controls. We then combined the two 

significant SNPs in a single risk score ranging from 0 to 4. The prevalence of anti-TNF 

psoriasis ranged from 2% in those with a score of 0 (no SNPs) to 33% with a score of 4 

(homozygous at both loci) (p=0.005). None of the SNPs met independent significance on 

adjustment for multiple hypothesis testing.

On comparison of the genetic risk loci between anti-TNF associated psoriasis and idiopathic 

psoriasis, the lowest p-value was again observed for rs28998802 (NOS2) with a minor allele 

frequency of only 0.07 with idiopathic psoriasis compared to 0.22 in anti-TNF associated 
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psoriasis (p=0.014, OR 3.65). Two other loci, rs9504361 (OR 0.51, p=0.05) and rs8016947 

(OR 0.48, p=0.04) met nominal significance based on a univariate p-value < 0.05 

(Supplemental Table 2). None retained significance on adjustment for multiple hypothesis 

testing.

DISCUSSION

Paradoxical immune-mediated diseases are a rare and unpredictable complication of anti-

TNF therapy for IBD and much remains unknown about their pathogenesis and risk factors 

for occurrence8. Using data from a large and well-phenotyped cohort of patients with IBD, 

we demonstrate that patients who developed anti-TNF associated psoriasis have a weakly 

greater genetic predisposition towards psoriasis. Two psoriasis risk alleles were nominally 

associated with this increase in risk, though none remained robustly significant on 

adjustment for multiple hypothesis testing.

Most prior literature on anti-TNF associated psoriasis has been case series with few 

examining risk factors for onset, and none previously exploring genetic contribution8-14. In a 

review by Denadai et al., a total of 47 studies comprising 222 patients were identified, 

among which three-quarters were diagnosed with CD similar to our findings, reflecting the 

predominance of use of anti-TNF therapy for this disease12. While the most common 

inciting anti-TNF in our study and in prior studies has been infliximab, we identified several 

cases that occurred with adalimumab and certolizumab as well demonstrating the potential 

class-effect in the development of this complication rather than a drug specific adverse 

event. Plaque-type lesions were the most common reported types in our series as in prior 

reports9, 11-13. Two prior studies examined the role of genetics in anti-TNF associated 

psoriasis. Using the same risk loci as genotyped in this study, Cleynen et al. adopted an 

approach of performing initially an association analysis with all psoriasis risk loci, 

subsequently combining the significant SNPs into a risk score15. This was in distinction to 

our approach where the genetic risk score was constructed by using data from all known 

psoriasis risk loci. By utilizing this approach, we demonstrated a modest increase in genetic 

predisposition towards psoriasis among those who developed anti-TNF associated psoriasis, 

similar to their finding of a nominally higher frequency of psoriasis among those carrying 

more than 4 risk variants compared to those carrying between 1-4 such polymorphisms. 

Tillack et al. specifically examined the role of IL-23R, IL-23A, and IL-12B polymorphisms 

in explaining response to ustekinumab in such patients14.

The mechanism behind the development of anti-TNF associated psoriasis is unclear though 

several hypotheses have been proposed. The most widely accepted hypothesis for 

development of anti-TNF associated psoriasis is a reduction in tumor necrosis factor α levels 

in conjunction with an increase in interferon-α (IFNα) produced by plasmacytoid dendritic 

cells12, 25, 26. Supporting this hypothesis are studies demonstrating higher levels of IFNα in 

anti-TNF associated psoriasis lesions compared to idiopathic psoriasis and development of 

psoriasis after injection of IFN-α or inducers of IFN-α27, 28. However, the development of 

these lesions in only a small subset (fewer than 10%) of patients initiating anti-TNF therapy 

for various indications suggest a possible inherent tendency towards developing psoriasis. 

There is a considerable overlap in genetics between psoriasis, Crohn’s disease, and 
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ulcerative colitis with several overlapping susceptibility genes including interleukin-12/

interleukin-23 (IL12B, IL-23R), REL and TYK16-18. Indeed, our findings suggest that this 

likely plays some role as patients who developed anti-TNF associated psoriasis had a greater 

genetic predisposition towards psoriasis than those exposed to anti-TNF agents who did not 

develop psoriasis, and comparable to that with patients with idiopathic psoriasis.

Two SNPs were nominally associated with risk of anti-TNF associated psoriasis. The first, 

ETS1, was inversely associated with a lower frequency of occurrence in cases. Ets1 is a 

transcription factor that is normally expressed in the stratified epithelium and has been 

associated with upregulation in squamous cell carcinomas16, 23, 29. It is important for CD8 T 

cell differentiation in the thymus, blocks differentiation of keratinocytes, and may have a 

potential role in immune regulation by inducing expression of matrix metalloproteases, 

defensins, chemokines, and cytokines29. Interestingly, a polymorphism near the NOS2 locus 

was found significantly more frequently among anti-TNF associated psoriasis cases 

compared to either idiopathic psoriasis or anti-TNF controls who did not develop psoriasis. 

NOS2 encodes inducible nitric oxide synthase (iNOS) which is expressed by TNF-α 

producing dendritic cells in psoriatic lesions30. NOS2 expression is absent in normal skin but 

is significantly upregulated in psoriatic lesions, associated by Th1 cytokines31. In addition, 

nitric oxide levels are elevated in active psoriasis and correlate with severity of disease32. 

Borderline significance was also observed for a locus proximate to genes for IL13 and IL4 

which have been associated with asthma and atopic diseases in addition to psoriasis33, 34. 

Interleukin-4/IL-13 has been shown to inhibit development of Th17 cells, promote Th2 

differentiation at lower levels and Th1 differentiation at higher levels35.

We readily acknowledge several limitations to our study. Despite being a large and one of 

the first studies to examine the overall genetic predisposition towards psoriasis in patients 

developing anti-TNF associated psoriasis, the number of cases limited robust genetic 

analysis to identify relevant SNPs. Post-hoc analysis revealed 81% power to detect a 

significant difference based on the mean genetic risk score estimates in each group. External 

validation cohorts are essential to confirm our findings and expand analysis to other immune 

mediated diseases where anti-TNF agents are used as treatments though our findings 

remained significant on interval validation with bootstrapping. Second, a referral cohort 

from a tertiary IBD center may be skewed towards more severe disease though one would 

not expect that to affect generalizability of our cohort of anti-TNF associated psoriasis, and 

no differences were noted in severity between the different groups. Third, owing to the 

retrospective design of the study, complete phenotypic characterization of all patients with 

psoriasis or histological evaluation was not performed. Moreover, retrospective association 

of anti-TNF medication use and the subsequent development of psoriasis is an observed 

correlation and causation cannot be inferred. Finally, establishing a diagnosis of anti-TNF 

associated may sometimes be clinically challenging. Patients where this diagnosis could not 

be made with high probability were excluded from our analysis. Since anti-TNF associated 

psoriasis remains a clinical diagnosis, our reliance on a dermatologist with expertise in this 

field in conjunction with treating gastroenterologists, represents the best available method to 

establish this diagnosis. We also examined only anti-TNF associated psoriasis and did not 

include other skin lesions such as eczema or lupus.
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In conclusion, using a large well phenotyped cohort of patients with IBD, we demonstrate 

that patients who developed anti-TNF associated psoriasis had a greater genetic 

predisposition towards psoriasis than control anti-TNF users who did not develop these 

lesions, and a similar predisposition as those with idiopathic psoriasis. Two SNPs at NOS2 

and ETS1 were nominally associated with the development of this complication. Larger 

studies are required to robustly replicate our findings and further inform our understanding 

of the pathogenesis of this paradoxical immune-mediated complication of anti-TNF therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Comparison of genetic predisposition towards psoriasis among anti-TNF users, anti-
TNF associated psoriasis, and idiopathic psoriasis
A genetic risk score was calculated by using a cumulative sum of polymorphisms in the 36 

risk alleles for psoriasis. The figure demonstrates a greater genetic predisposition towards 

psoriasis among anti-TNF associated psoriasis (n=35, black line) compared to anti-TNF 

users without this complication (n=730, dotted line) (p=0.04) and comparable to idiopathic 

psoriasis (n=38, dashed line) (p=0.22)
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Table 1
Comparison of characteristics of patients with anti-tumor necrosis factor antibodies (anti-
TNF) with or without development of psoriasis

Characteristics Anti-TNF
associated

psoriasis (n = 35)
(%)

Anti-TNF controls
(n = 724)

(%)

p value

Age at diagnosis (in
years) (Mean (SD)

21 (10) 27 (12) 0.002

Gender 0.38

    Male 39 46

   Female 61 54

Race 0.98

  White 95 95

  Black 0 2

  Hispanic 5 1

  Asian 0 2

  Native American 0 1

IBD Type 0.34

  UC 24 31

  CD 76 65

  IC 0 4

Disease Location
(CD only)

0.14

  Ileal 16 24

  Colonic 76 56

  Ileocolonic 8 20

Disease behavior
(CD only)

0.80

  Inflammatory 39 43

  Stricturing 29 23

  Penetrating 32 33

Perianal disease
(CD only)

24 22 0.79

Disease extent –
Pancolitis (UC only)

87 59 0.27

TNF Exposure**

  Certolizumab 22 14 0.15

  Infliximab 49 54 0.53

  Adalimumab 29 32 0.69

Race was not available in 106 patients in the no psoriasis group;

**
For TNF associated psoriasis group, this reflects the drug they were on at time of psoriasis. For anti-TNF controls, these numbers reflect the 

number of patients exposed to certolizumab, infliximab or adalimumab and consequently can add up to more than the total number of patients in 
cases of users of multiple anti-TNF agents.
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Table 2
Comparison of characteristics of patients with anti-tumor necrosis factor biologic 
associated psoriasis and idiopathic psoriasis

Characteristic Anti-TNF
associated

psoriasis (n = 35)
(%)

Idiopathic
psoriasis
(n = 38)

(%)

p value

Age at diagnosis (in
years) (Mean (SD)

21 (10) 37 (17) < 0.001

Gender 0.59

    Male 39 45

   Female 61 55

Race 0.32

  White 95 89

  Black 0 8

  Hispanic 5 0

  Asian 0 3

  Native American 0 0

IBD Type 0.43

  UC 24 32

  CD 76 63

  IC 0 5

Disease Location
(CD only)

0.05

  Ileal 16 36

  Colonic 76 36

  Ileocolonic 8 28

Disease behavior
(CD only)

0.06

  Inflammatory 39 72

  Stricturing 29 14

  Penetrating 32 14

Perianal disease
(CD only)

24 0 0.002

Disease extent –
Pancolitis (UC only)

87 37 0.06

TNF Exposure

 Certolizumab pegol 9 (22) N/A

   Infliximab 20 (49) N/A

  Adalimumab 12 (29) N/A

Psoriasis Type

    Inverse 6 (17) 6 (16) 0.90

    Guttate 3 (9) 0 (0) N/A
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Characteristic Anti-TNF
associated

psoriasis (n = 35)
(%)

Idiopathic
psoriasis
(n = 38)

(%)

p value

    Plaque 18 (51) 9 (24) 0.01

  Palmoplantar 5 (14) 3 (8) 0.41

    Nails 0 (0) 1 (3) N/A

    Scalp 10 (29) 17 (45) 0.16
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