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Abstract
Beta-blockers are a commonly prescribed medication, but the increase in use goes hand in hand with
increasing side effects; one of particular interest lately has been its dermatological reactions. Although rare,
beta-blockers can exacerbate pre-existing psoriasis and also cause de novo psoriasis in patients naïve to the
disease. The mechanism by which this occurs is still unclear, although numerous articles have been
published throughout the years as to how this unusual effect takes place. The most common mechanism
suggests that beta-blockers cause intracellular changes in calcium, affecting both keratinocyte proliferation
and granulocyte function via decreased cyclic adenosine monophosphate (cAMP) levels. Several
inflammatory mediators are known to play a role, as well as reduced expression and desensitization of the
beta-adrenergic receptor itself. We discuss these posed pathways in-depth and how each contributes to the
worsening or formation of new psoriasis. With this knowledge, future physicians may be more mindful of
this side effect should it occur, and why they occur, to better manage our patients on this widely used
medication.
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Introduction And Background
Beta-blockers: cardiac jacks of all trades
Beta-blockers are a very commonly used drug for the treatment and prevention of a vast amount of diseases;
these can be both cardiac and non-cardiac. In the list of the most prescribed medications seen in the United
States, carvedilol came 26th, and propranolol came 63rd [1,2]. The most common cardiac disorders for their
use are coronary artery disease, heart failure, arrhythmias, and hypertension. Outside of the cardiovascular
system, beta-blockers are also used for essential tremor, migraine, esophageal varices
prophylaxis, thyrotoxicosis, and anxiety [3]. With its use, however, comes its side effects, such as fatigue,
dizziness, gastrointestinal upset, and sexual dysfunction. But a dermatological one, in particular, has been
gaining attention as of late. Although the mechanism is not fully understood yet, the use of beta-blockers is
known to exacerbate pre-existing psoriasis, as well as precipitating it de novo [4,5]. The first scenario of
exacerbation of psoriasis is defined as the cessation of the progression upon withdrawal of the agent in
either pre-existing lesions or new lesions in uninvolved skin. De novo psoriasis is described as the
occurrence of the disease in those with no personal or family history of the said disease [6].

Psoriasis is notoriously known to be associated with numerous drug use and its exacerbations, including de
novo psoriasis in patients with no previous history of psoriasis. This drug-disease association has been
widely assessed and documented through clinical trials, case reports, and literature reviews [7]. We will be
discussing the association between beta-blocker drug use, and the exacerbation of pre-existing psoriasis,
and de novo psoriasis. Both the cardioselective and non-cardioselective beta-blockers are known to cause
such side effects, having practolol being the most frequently reported drug to do so [8,9]. Although it is now
no longer used due to its unfavorable side effect profile, other and more effective beta-blockers are still
found to cause such side effects regardless of the route of administration, whether it be oral, intravenous, or
ophthalmologic [9].

This literature review will explore the different posed mechanisms by which this exacerbation of psoriasis
and de novo psoriasis occurs at the cellular levels by beta-blocking agents (Table 1). This review can help
clinicians become aware of this rare, yet commonly documented side effect of such a frequently prescribed
drug. Though many hypotheses are posed, and although no consensus is reached, we will review the most
frequently documented theories to date.
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Hypothesis Number of studies collected Studies overlapping in hypothesis Year of Publication Range

cAMP in Keratinocytes 21 13 1972-2019

cAMP in Granulocytes 8 8 1973-2014

Inflammatory Mediators 5 2 1993-2019

Other hypotheses  4 3 1975-2004

TABLE 1: Common hypotheses for mechanism of beta blockade at cellular levels
The table depicts the different hypotheses collected among 38 papers, their central premise, the number of articles that overlapped in hypotheses,
and the year of publication range from these studies. Abbreviation: cAMP, cyclic adenosine monophosphate

Review
Beta-adrenergic receptors are found throughout the body, ranging from type 1 to type 3. From previous
research, we now know that the beta-adrenergic receptors found of the surface of keratinocytes are of
subtype 2. This subtype is known to be the start point of the activation or the blocking cascade. [9].

Basal cells contain the highest concentration of subtype 2 receptor, and gradually decrease moving toward
the stratum corneum. For intracellular calcium, however, basal cells contain the lowest levels, and this
concentration increases moving towards the stratum corneum, which keeps in line with the differentiation
of keratinocytes [10].

 

Cyclic adenosine monophosphate
Keratinocytes

Usually, when the beta-adrenergic subtype 2 receptors become activated on keratinocytes, this activates
adenyl cyclase, the enzyme that will form cyclic adenosine monophosphate (cAMP). As the intracellular
levels of cAMP increase, this causes intracellular calcium to increase. Calcium increase in cells thereby
stimulates proteins responsible for the regulation of differentiation of cells and inhibition of keratinocyte
proliferation [9,11,12].

With beta-blocker use, these receptors and adenyl cyclase are no longer activated, decreasing cAMP, and
intracellular calcium levels. This decrease causes a detrimental cascade, causing dysregulation of
differentiation and promoting keratinocyte proliferation. It’s posed that intracellular calcium changes cause
modifications in the cells' filament network and specific keratinocyte granules, which therein causes
changes to cellular differentiation as well [13].

As seen in Figure 1, the effects of calcium on keratinocyte proliferation can be brought about via multiple
pathways. A decrease in cAMP may also facilitate the breakdown of glycogen in keratinocytes, causing its
accumulation intracellularly. Knowing the exact relationship between cAMP, decreased calcium levels, and
the glycogen pathway is itself unknown. In a study by Voorhees et al., they noted that a buildup in glycogen
may also have an effect on psoriatic eruptions caused by the beta-blocking cascade [14,15]. The compound
effects of these pathways reveal an increase in epidermal cell turnover. With the continued use of beta-
blockade, this cycle continues, causing more exacerbation of psoriasis in both patients with the disease and
those without it. This hypothesis has been the most frequently documented and published; therefore, it is
the most probable one as of now [16].
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FIGURE 1: Stimulation and blockade of keratinocyte signalling pathways
of beta2 adrenergic receptors
PKA, protein kinase A; cAMP, cyclic adenosine monophosphate; PP2A, serine/threonine phosphatase. ERK,
extracellular signal-related kinase; IP3, inositol- 1,4,5- triphosphate; PKC, protein kinase C. Pathways A, B, C,
and D depict the various signalling pathways concerning keratinocyte receptor stimulation and blockade [17]

Granulocytes

Beta 2 subtype receptors are not only seen on keratinocytes but at the membranes of granulocyte cells as
well. This effect of calcium in these cells also plays a role in the inflammatory process of psoriasis [18,19].

As the receptor becomes blocked, the cAMP levels fall, and it may correlate with increasing granulocyte
motility; it can also lead to inducing DNA synthesis and mitogenesis. This increase in motility thereby
increases microvillous formation within these cells. The decrease in cAMP can also signal a green light for
neutrophils, macrophages, and lymphocytes to release their lysosomal enzymes, causing an abundance of
proteolytic enzymes in the skin, aggravating the inflammatory mechanisms [18,19]. These events are also
thought to be culprits of hyperproliferation of keratinocytes to bring about these psoriasiform changes, all
due to decreased cAMP levels [19,20].

 

Inflammatory mediators
The body's inflammatory responses revolve around the reaction and release of cytokines and interleukins.
Some studies resulted in demonstrating if there are effects of beta-blockade on cytokine and interleukin
activity. In one study, the results show that the use of propranolol enhances higher gene expression of
Interleukin-16 (IL-16) and other growth factors, having the ability to control, or in this case exacerbate, the
immunologic reactions seen in psoriasis [21]. Another study found that propranolol's effects on the skin's
macrophagic cells induce reactive oxygen species, which is essential for the release of IL-23 [22]. IL- 23 is
described as one of the most important cytokines in the inflammatory process of psoriasis, as it is necessary
for activating and maintaining Th17. Th17 thereby secretes more pro-inflammatory cytokines, mainly IL-17,
IL-22, IL-21, and tumor necrosis factor-alpha (TNF- alpha) [23-25].

The Koebner Phenomenon, defined as trauma-induced psoriasiform lesions particularly in those who are
psoriasis naïve, is also described to bring about changes in the inflammatory process [26]. This inflammation
is ultimately caused by IL-17 [27]. Trauma, either physical or chemical, induces mast cell-derived IL-17, and
at the end of its signaling pathway, IL-17 provokes the formation of new psoriatic lesions [27]. Combining
this inflammatory process with beta-blocker use can cause additive effects of promoting de novo psoriasis.

It’s also been shown that the macrophage migration inhibition factor (MIF), a lymphokine representative of
cellular immunity, plays a role in propranolol induced psoriasis. In a study by Halevy et al., 33 patients,
consisting of both psoriasis affected and psoriasis naïve subjects, were shown to have a higher MIF response
when treated with a beta-blocking agent, than the control subjects (45.4% and 2.7%) [28]. By these results,
we may deduce that an immunologic mechanism can play a role in these psoriatic eruptions in patients
affected by psoriasis and those naïve to the disease [28].
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Other hypotheses
Not only do the beta-adrenergic receptors affect the cAMP pathway upon blockade, but they have been
observed to be fewer in number in those with pre-existing psoriasis [29].

As the decreased expression of these receptors rises, the cAMP pathway exhibits a reduced response,
rendering this pathway ineffective and causing decreased intracellular calcium and its cellular effects. Also,
the reverse transcriptase-polymerase chain reaction (RT-PCT) shows decreased mRNA production of beta 2
adrenergic receptors, reducing its expression [30].

Other data has found that polymorphisms involving amino acid substitutions in the beta 2 adrenergic
receptor genes can alter its properties, and therefore causing desensitization of these receptors [31]. In a
study involving 50 subjects, substitutions were found at positions 16 and 27 of the receptor gene. This lead
to an arginine substitution that was found to be in higher expression in the psoriatic patients compared to
the controls group [31,32]. Combining the decreased expression of Beta 2 receptors and decreased
sensitization, these factors are highly likely to contribute to these effects of beta-blockade and the results of
this cascade.

Despite these many hypotheses, to fully comprehend these pathways, future physicians must continue this
research in order to better manage patients suffering from the disease.

Limitations
Quality assessment was not done in this traditional review.

Conclusions
This literature review aims to showcase and elaborate on the most commonly hypothesized mechanisms by
which beta-blockade exacerbates psoriasis, and psoriasis de novo. The cAMP pathways and cascades proved
to be the most frequent of hypotheses, followed by inflammatory mediators, the hallmark of psoriasis.
Additionally, few studies have shown that the beta 2 adrenergic receptor itself, either decreased production
or decreased sensitization, were also discovered. A challenge to our medical community includes finding
other treatments for psoriasis that would induce the expression of beta-adrenergic receptors
on keratinocytes or ways to hinder this mechanism without changing our patients' drug regimens. With this
solution, we may not only provide relief for patients affected by psoriasis but leave patients on beta-blockers
for those diseases that have been shown marked improvement with beta-blocker use.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Beta-blockers: cardiac jacks of all trades. Harvard Health Publishing . (2011).

https://www.health.harvard.edu/heart-health/beta-blockers-cardiac-jacks-of-all-trades.
2. Fuentes AV, Pineda MD, Nagulapalli Venkata KC: Comprehension of top 200 prescribed drugs in the US as a

resource for pharmacy teaching, training and practice. Pharmacy. 2018, 6:43. 10.3390/pharmacy6020043
3. Akbar S, Alorainy MS: The current status of β-blockers' use in the management of hypertension . Saudi Med

J. 2014, 35:1307-1317.
4. Nwabudike LC, Tatu AL: Response to chronic exposure to tetracyclines and subsequent diagnosis for non-

melanoma skin cancer in a large Mid-Western US population. J Eur Acad Dermatol Venereol. 2018, 32:e159.
10.1111/jdv.14657

5. Tatu AL, Nwabudike LC: Bullous reactions associated with COX-2 inhibitors . Am J Ther. 2017, 24:e477-e480.
10.1097/MJT.0000000000000569

6. Tsankov N, Irena A, Kasandjieva J: Drug-induced psoriasis: recognition and management . Am J Clin
Dermatol. 2000, 1:159-165. 10.2165/00128071-200001030-00003

7. Stanford CW, Kollipara R, Melookaran AM, Hall JC: Palmoplantar pustular psoriasis following initiation of a
beta-blocker: disease control with low-dose methotrexate. Cutis. 2014, 94:153-155.

8. Basavaraj KH, Ashok NM, Rashmi R, Praveen TK: The role of drugs in the induction and/or exacerbation of
psoriasis. Int J Dermatol. 2010, 12:1351-1361. 10.1111/j.1365-4632.2010.04570.x

9. Assem ESK, Banks RA: Practolol induced drug eruptions. Proc R Soc Med. 1973, 66:179-181.
10. O'Brien M, Koo J: The mechanism of lithium and beta-blocking agents in inducing and exacerbating

psoriasis. J Drugs Dermatol. 2006, 5:426-432.
11. Halevy S, Livni E: Psoriasis and psoriasiform eruptions associated with propranolol—the role of an

2020 Awad et al. Cureus 12(7): e8964. DOI 10.7759/cureus.8964 4 of 5

https://www.health.harvard.edu/heart-health/beta-blockers-cardiac-jacks-of-all-trades
https://www.health.harvard.edu/heart-health/beta-blockers-cardiac-jacks-of-all-trades
https://dx.doi.org/10.3390/pharmacy6020043
https://dx.doi.org/10.3390/pharmacy6020043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362137/
https://dx.doi.org/10.1111/jdv.14657
https://dx.doi.org/10.1111/jdv.14657
https://dx.doi.org/10.1097/MJT.0000000000000569
https://dx.doi.org/10.1097/MJT.0000000000000569
https://dx.doi.org/10.2165/00128071-200001030-00003
https://dx.doi.org/10.2165/00128071-200001030-00003
https://pubmed.ncbi.nlm.nih.gov/25279477/
https://dx.doi.org/10.1111/j.1365-4632.2010.04570.x
https://dx.doi.org/10.1111/j.1365-4632.2010.04570.x
https://europepmc.org/article/PMC/1644525.
https://europepmc.org/article/med/16703778
https://dx.doi.org/10.1007/bf00371785


immunological mechanism. Arch Dermatol Res. 1991, 283:472-473. 10.1007/bf00371785
12. Raftery EB, Denman AM: Systemic lupus erythematosus syndrome induced by practolol . BMJ. 1973, 2:452-

455. 10.1136/bmj.2.5864.452
13. Boyce ST, Ham RG: Calcium-regulated differentiation of normal human epidermal keratinocytes in

chemically defined clonal culture and serum-free serial culture. J Invest Dermatol. 1983, 81:335-405.
10.1111/1523-1747.ep12540422

14. Voorhees JJ, Duell EA: Psoriasis as a possible defect of the adenyl cyclase-cyclic AMP cascade: a defective
chalone mechanism?. Arch Dermatol. 1971, 104:352-358. 10.1001/archderm.1971.04000220010003

15. Voorhees JJ, Duell EA, Bass LJ Powell JA, Harrell ER: The cyclic AMP system in normal and psoriatic
epidermis. J Investigative Dermatol. 1972, 59:114-120. 10.1111/1523-1747.ep12625885

16. Tsankov N, Angelova I, Kazandjieva J: Drug-induced psoriasis. Am J Clin Dermatol. 2000, 1:159-165.
10.2165/00128071-200001030-00003

17. Sivamani RK, Lam ST, Rivkah Isseroff R: Beta-adrenergic receptors in keratinocytes . Dermatol Clin. 2007,
25:643-653. 10.1016/j.det.2007.06.012

18. Heng MC, Heng MK: Beta‐adrenoceptor antagonist‐induced psoriasiform eruption: clinical and
pathogenetic aspects. Int J Dermatol. 1988, 27:619-627. 10.1111/j.1365-4362.1988.tb02419.x

19. Wu S, Han J, Li WQ, et al.: Hypertension, antihypertensive medication use, and risk of psoriasis . JAMA
Dermatol. 2014, 150:957-963. 10.1001/jamadermatol.2013.9957

20. Kim G, Del Rosso JQ: Drug-provoked psoriasis: is it drug-induced or drug aggravated? understanding
pathophysiology and clinical relevance. J Clin Aesthet Dermatol. 2010, 3:32-38.

21. Cen JP, Zhu KJ, Jin N, Lin AH, Cheng H: Effects of drugs known to trigger psoriasis on HaCaT keratinocytes .
Acta Pharma Sin. 2007 Oct, 42:1041-1044.

22. Müller G, Lübow C, Weindl G: Lysosomotropic beta blockers induce oxidative stress and IL23A production
in Langerhans cells. Autophagy. 2019, 10.1080/15548627.2019.1686728

23. Levin A, Gottlieb AB: Specific targeting of interleukin-23p19 as effective treatment for psoriasis . J Am Acad
Dermatol. 2014, 70:555-561. 10.1016/j.jaad.2013.10.043

24. Di Meglio P, Nestle FO: The role of IL-23 in the immunopathogenesis of psoriasis . F1000 Biol Rep. 2010,
2:40. 10.3410/B2-40

25. McGeachy MJ, Chen Y, Tato CM, et al.: The interleukin 23 receptor is essential for the terminal
differentiation of interleukin 17-producing effector T helper cells in vivo. Nat Immunol. 2009, 10:314-324.
10.1038/ni.1698

26. Arias- Santiago S, Espineria-Carmona MJ, Aneiros-Fernández J: The Koebner phenomenon: psoriasis in
tattoos. CMAJ. 2013, 16:585. 10.1503/cmaj.111299

27. Ji YZ, Liu SR: Koebner phenomenon leading to the formation of new psoriatic lesions: evidences and
mechanisms. Biosci Rep. 2019 Dec 20, 39:BSR20193266. 10.1042/BSR20193266

28. Halevy S, Livni E: β-Adrenergic blocking drugs and psoriasis: the role of an immunologic mechanism . JAAD.
1993, 29:504. 10.1016/S0190-9622(08)82012-9

29. Mahrle G, Orfanos CE: Lack of beta-adrenergic stimulation of membrane-bound adenyl cyclase in psoriasis
as compared to normal epidermis (authors transl). Arch Dermatol Res. 1975, 253:195-202.
10.1007/bf00582071

30. Takahashi H, Kinouchi M, Tamura T, Iizuka H: Decreased beta 2-adrenergic receptor-mRNA and loricrin-
mRNA and increased involucrin-mRNA transcripts in psoriatic epidermis: analysis by reverse transcription-
polymerase chain reaction. Br J Dermatol. 1996, 134:1065-1069. 10.1046/j.1365-2133.1996.d01-903.x

31. Ozkur M, Erbagci Z, Nacak M, Tuncel A, Gorucu S, Aynacioglu AS: Association of the Arg16Gly
polymorphism of the beta-2-adrenergic receptor with psoriasis. J Dermatol Sci. 2004, 35:162-164.
10.1016/j.jdermsci.2004.04.001

32. Liggett SB: Beta(2)-adrenergic receptor pharmacogenetics. Am J Respir Crit Care Med. 2000, 161:197-201.
10.1164/ajrccm.161.supplement_2.a1q4-10

2020 Awad et al. Cureus 12(7): e8964. DOI 10.7759/cureus.8964 5 of 5

https://dx.doi.org/10.1007/bf00371785
https://dx.doi.org/10.1136/bmj.2.5864.452
https://dx.doi.org/10.1136/bmj.2.5864.452
https://dx.doi.org/10.1111/1523-1747.ep12540422
https://dx.doi.org/10.1111/1523-1747.ep12540422
https://dx.doi.org/10.1001/archderm.1971.04000220010003
https://dx.doi.org/10.1001/archderm.1971.04000220010003
https://dx.doi.org/10.1111/1523-1747.ep12625885
https://dx.doi.org/10.1111/1523-1747.ep12625885
https://dx.doi.org/10.2165/00128071-200001030-00003
https://dx.doi.org/10.2165/00128071-200001030-00003
https://dx.doi.org/10.1016/j.det.2007.06.012
https://dx.doi.org/10.1016/j.det.2007.06.012
https://dx.doi.org/10.1111/j.1365-4362.1988.tb02419.x
https://dx.doi.org/10.1111/j.1365-4362.1988.tb02419.x
https://dx.doi.org/10.1001/jamadermatol.2013.9957
https://dx.doi.org/10.1001/jamadermatol.2013.9957
https://www.researchgate.net/publication/45721878_Drug-provoked_psoriasis_Is_it_drug_induced_or_drug_aggravated_understanding_pathophysiology_and_clinical_relevance
https://www.researchgate.net/publication/5621509_Effects_of_drugs_known_to_trigger_psoriasis_on_HaCaT_keratinocytes
https://dx.doi.org/10.1080/15548627.2019.1686728
https://dx.doi.org/10.1080/15548627.2019.1686728
https://dx.doi.org/10.1016/j.jaad.2013.10.043
https://dx.doi.org/10.1016/j.jaad.2013.10.043
https://dx.doi.org/10.3410/B2-40
https://dx.doi.org/10.3410/B2-40
https://dx.doi.org/10.1038/ni.1698
https://dx.doi.org/10.1038/ni.1698
https://dx.doi.org/10.1503/cmaj.111299
https://dx.doi.org/10.1503/cmaj.111299
https://dx.doi.org/10.1042/BSR20193266
https://dx.doi.org/10.1042/BSR20193266
https://dx.doi.org/10.1016/S0190-9622(08)82012-9
https://dx.doi.org/10.1016/S0190-9622(08)82012-9
https://dx.doi.org/10.1007/bf00582071
https://dx.doi.org/10.1007/bf00582071
https://dx.doi.org/10.1046/j.1365-2133.1996.d01-903.x
https://dx.doi.org/10.1046/j.1365-2133.1996.d01-903.x
https://dx.doi.org/10.1016/j.jdermsci.2004.04.001
https://dx.doi.org/10.1016/j.jdermsci.2004.04.001
https://dx.doi.org/10.1164/ajrccm.161.supplement_2.a1q4-10
https://dx.doi.org/10.1164/ajrccm.161.supplement_2.a1q4-10

	Mechanisms of Beta-Blocker Induced Psoriasis, and Psoriasis De Novo at the Cellular Level
	Abstract
	Introduction And Background
	Beta-blockers: cardiac jacks of all trades
	TABLE 1: Common hypotheses for mechanism of beta blockade at cellular levels


	Review
	Cyclic adenosine monophosphate
	FIGURE 1: Stimulation and blockade of keratinocyte signalling pathways of beta2 adrenergic receptors

	Inflammatory mediators
	Other hypotheses
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


