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Abstract

Purpose—To understand the changes in the microbiome in psoriatic disease, we conducted a
systematic review of studies comparing the skin and gut microbiota in psoriatic individuals and
healthy controls.

Findings—Our review of studies pertaining to the cutaneous microbiome showed a trend towards
an increased relative abundance of Strepfococcus and a decreased level of Propionibacterium in
psoriasis patients compared to controls. In the gut microbiome, the ratio of Firmicutesand
Bacteroidetes was perturbed in psoriatic individuals compared to healthy controls. Actinobacteria
was also relatively underrepresented in psoriasis patients relative to healthy individuals.

Summary—Although the field of the psoriatic microbiome is relatively new, these first studies
reveal interesting differences in microbiome composition that may be associated with the
development of psoriatic comorbidities and serve as novel therapeutic targets.
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Introduction

The microbiome refers to the collection of genomes of microbes in an ecosystem, or
microbiota. The human microbiome, or the collection of genomes of the microbial
community that is on and within us, plays an important role in providing us with nutrients,
regulate our immune system, and maintain overall human health.[1] The microbiome has
increasingly become a topic of interest with its implication in various inflammatory and
systemic autoimmune diseases such as type 1 diabetes mellitus, rheumatoid arthritis,
inflammatory bowel disease, psoriasis, etc.[2-4] With extremely broad range of organisms,
dysregulation of the microbiome and the symbiotic relationship that we have with the
microbiota may allow disease-causing population to accumulate and consequently
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predispose us to certain diseases. For example, the gut microbiota is shaped by several
environmental factors, including dietary habits, infectious agent, antibiotic use, etc.[5, 6] and
alterations the microbiota (dysbiosis) are factors associated with the development of
inflammatory and systemic autoimmune diseases.[7, 8] Although highly variable
interpersonally, the microbiota has a “core” microbiome that encodes unique bacterial gene
products that is common to over 90% of individuals.[1] Intrapersonally, microbiome is also
variable depending on the body site. Most of the human microbiota is in the gut. In the skin,
specific microbes are associated with moist, dry, and oily microenvironments.[9, 10] Vaginal
microbial profiles generally fall into colonization by Lactobacillus.[11] In 2012, advances in
sequencing technologist allowed for the Human Microbiome Project (HMP),[12] funded by
the National Institute of Health (NIH), with the goal of describing the human microbiome
was completed and it characterized the core microbiome composition of 18 different body
sites in 200 healthy individuals in the United States.[13] Through microbiome studies,
characterization of human microbes in disease may open up a new realm of potential
strategies for diagnosis, prevention and therapy in personalized medicine.

Techniques for Studying the Microbiome

The gut microbiome can be obtained from stool, while the skin microbiome can be sampled
by biopsy,[14] curette,[15] or skin swabs with or without culturing.[16] Biopsy captures
internalized bacteria and bacteria in deeper skin layers.[14] Culturing can result in loss of
fastidious bacteria.[17]

After sample collection, the bacterial DNA is extracted and analyzed to identify the bacteria
and their relative abundance. There are two main approaches for genetic analysis- 16s rRNA
and whole genome shotgun (WGS) sequencing. In the former, differences in the nine
hypervariable regions of bacterial 16s rRNA genes can be used to cluster sequences by
comparison to a database or de novo into operational taxonomic units (OTU's).[18] The V4
region is used to distinguish enteric microbiota,[18] while the V1-V3 regions are better for
cutaneous microbes.[17]

In contrast to 16S rRNA sequencing, WGS allows for high-resolution classification of
bacteria, fungi as well as viruses. Briefly, WGS entails DNA purification, fragmentation,
plasmid cloning, sequencing, alignment and, ultimately, assembly, which is a
computationally sophisticated and expensive process. Taxonomy is dependent on available
reference genomes rather than small gene sequences such as 16S rRNA. Compared to 16S
rRNA sequencing, WGS was superior in identifying microbial species strains, but equivalent
in genetic functional predictions.[19] Although WGS is currently more expensive than 16S
rRNA sequencing, the cost of WGS is predicted to decrease as the technology matures.

Psoriatic Disease and the Microbiome

New evidence suggests that the microbiome may play a pathogenic role in psoriatic disease.
In mouse models, germ-free and antibiotic treated conventionally reared mice were more
resistant to inflammation in the imiquimod-induced model of psoriasis than conventionally
reared mice who received no intervention.[20] In humans, skin and non-skin infections are
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associated with the development of pediatric psoriasis.[21] These studies have prompted
efforts to profile the microbiome in patients with psoriatic disease. While there is no
consensus on the composition of the psoriatic microbiome, the first collection of studies in
this burgeoning field provides promising insights into the pathogenesis of psoriasis and its
comorbidities [Table 1, Table 2].

Skin microbiome

Alpha diversity—The alpha diversity describes the variety of the microbial community in
each sample and is described in terms of evenness, the distribution of species in a sample,
and richness, the number of species in a sample. The earliest study by Gao and colleagues
compared skin swabs from lesional and non-lesional sites on 6 psoriatic individuals with
those from unmatched areas of healthy skin from 6 controls in a prior study.[16] They found
that psoriasis lesional skin had a significantly higher Simpson's diversity index than non-
lesional and control skin.[16] In contrast to Gao's approach, Fahlen's study examined
biopsies from the lesional skin of 10 psoriasis patients and normal skin of 12 controls who
had lesions removed by wide excision. They found no difference in the Shannon index, a
commonly used measure of evenness, but did observe a wider range of Shannon index
values in controls compared to psoriasis samples.[14] This may reflect a more normal
distribution of alpha diversity in the control samples, while the lesional psoriatic microbiome
is relatively uniform in alpha diversity.[14] The largest study, by Alekseyenko and
colleagues used site-matched swabs of lesional and non-lesional skin from 75 psoriasis
patients and healthy skin from 124 controls and found a trend toward decreased richness in
lesional and non-lesional psoriasis samples compared to controls. The Shannon index was
significantly lower at the phylum, class, order, family, and genus levels in lesional samples
compared to non-lesional and control samples.[22] Alekseyenko and colleagues also
followed the cutaneous microbiota of a subset of 15 healthy controls and 17 psoriasis
patients who were on a variety of systemic therapies, including methotrexate and TNF-alpha
inhibitors. With systemic treatment, the richness initially declined in lesional and unaffected
skin at 12 weeks.[22] At 36 weeks, the richness of the unaffected skin rebound to baseline
levels, while that of the lesional skin did not.[22] Similarly, the Shannon index declined in
lesional and unaffected skin at 12 weeks, but returned to baseline levels at 36 weeks in
unaffected skin.[22] This pattern of decreasing richness and evenness suggests an increase in
the abundance of some taxa, which leads to a decrease or elimination of others.[22] Overall,
these studies reveal conflicting differences in alpha diversity, which may be due to different
sampling techniques and the use of site-matched and not site matched sampling.

Beta diversity—Beta diversity describes how similar microbial communities of psoriatic
individuals are to one another. Using UniFrac and principal coordinate analysis, Fahlen and
Gao found that the psoriasis lesions shared many OTUs, suggesting lower beta diversity,
while the OTU composition of controls varied more between individuals, indicating higher
beta diversity.[14] Conversely, Alekseyenko and colleagues found that beta diversity was
lowest in the control skin, greater in the non-lesional microbiota, and highest in the lesional
microbiota.[22] However, in the longitudinal component of their study, which may have
been limited by insufficient power, the beta diversity was not significantly different between
lesional, un-affected, and control skin at either the 12 week or the 36 week time points.[22]
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Microbiome composition—Studies have also compared compositional differences
between the microbiomes of psoriatic and healthy individuals [Table 1]. At the phylum level,
Firmicutes, Proteobacteria, and Actinobacteria were the three most prevalent phyla in
psoriatic and normal skin.[14, 16, 22, 15] In psoriatic lesions, both Gao and Fahlen found
that Firmicutes was the most common phylum. Using another approach, Alekseyenko and
colleagues were able to separate samples into two different clusters, representing distinct
cutaneotypes. Consistent with the findings of Gao and Fahlen, Alekseyenko found that
psoriatic lesions were more likely to belong to cutaneotype 2, which was dominated by
Firmicutes and Actinobacteria. In contrast, Drago and colleagues profiled the cutaneous
microbiota of three first cousins with healthy skin, psoriasis, and atopic dermatitis and found
that psoriasis lesions were dominated by Proteobacteria and Bacteroidetes. There are
conflicting conclusions about the most dominant phylum in healthy skin. Gao and
colleagues found Actinobacteria to be the most abundant phylum, while Fahlen and Drago's
studies found that control samples were dominated by Firmicutes. Alekseyenko's team
observed that control samples were more likely to belong to cutaneotype 1, which was
dominated by Proteobacteria. Overall, the lesional psoriatic microbiome differs significantly
compared to control and unaffected skin, but the changes in particular phyla differ
depending on the study. For example, Gao and colleagues found that psoriasis lesions had a
significantly greater relative abundance of Firmicutes and less Actinobacteria and
Proteobacteria than control and non-lesional skin. Similarly, Fahlen's study found that
lesional skin was significantly lower in Actinobacteria than normal skin. However, lesional
trunk samples had a lower abundance of Proteobacteria than site-matched samples from
healthy controls.[14] Drago and colleagues noted that psoriasis lesions had a higher
proportion of Proteobacteria and a lower proportion of Firmicutes. The differences between
these studies may be due to variations in sampling sites as dry, moist, and sebaceous sites
have different microbial compositions.[17] The microbiome also varies over time. In the
small cohort followed by Alekseyenko and colleagues, cutaneotype 2 continued to be the
most common in psoriasis subjects even after treatment. However, some controls switched
from cutaneotype 1 to 2 and there was a trend towards increasing prevalence of cutaneotype
2 over the course of 36 weeks, which may have been due to a decreasing number of
available samples over time.[22] Unlike lesional skin, non-lesional sites were not
significantly different from healthy control skin at the phylum level,[22, 15, 16] indicating
that changes in unaffected skin may be more subtle.

Beyond the phylum level, researchers have taken a more in detailed look at differences in the
cutaneous microbiome [Table 1]. At the family level, Drago and colleagues discovered that
psoriasis lesions had a higher relative abundance of Streptococcaceae, Rhodobacteraceae,
Campylobacteraceae, and Moraxellaceae than eczema lesions and control skin. At the genus
level, several studies have suggested an underrepresentation of Propionibacterium,[16, 14,
15] an overabundance of Strepfococcus,[16, 14, 22] and mixed changes in Staphylococcus in
psoriasis lesions compared to healthy skin. The decrease in Propfonibacterium may be
driven in part by significant reductions in the species Propionibacterium acnes. Interestingly,
Gao and colleagues noted that 2 acnes was lowest on lesional skin, intermediate on non-
lesional psoriasis skin, and highest in skin from healthy controls. Changes in Staphylococcus
were less straight forward. For instance, Drago and colleagues observed the lowest levels of
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S. Aureus in psoriasis lesions, intermediate levels in control skin, and highest levels in atopic
dermatitis lesions. Fahlen also noted lower Staphylococcus in lesional skin compared to
control skin at limb sites, but saw no significant increase in the aggregate analysis of all
sites. Similarly, Alekseyenko and colleagues found no significant difference in
Staphylococcus abundance. This is concordant with Gao's study, which observed an increase
in S. aureus in lesional psoriatic skin compared to unaffected and healthy skin. However, the
increase in the combined relative abundance of Corynebacterium, Staphylococcus,
Streptococcus in psoriasis lesions compared to control skin was significant.[22] Other
changes at the genus and OTU level include a decrease in anaerobic species in the lesional
psoriatic microbiome relative to unaffected and control skin.[16] Alekseyenko's study found
significant decreases in Cupriavidus, Flavisolibacter, Methylobacterium, Schlegelella, while
the presence of Acidobacteria positively correlated with PASI.

Although these early studies suggest a potential role for cutaneous dysbiosis in the
development of psoriasis, there are currently no studies of the skin microbiome in psoriatic
arthritis. Further research is needed to determine if patients with psoriatic arthritis have
cutaneous bacteria that differ from those with skin only psoriasis.

Gut microbiome

Microbiome composition—Two studies have looked at the gut microbiome in psoriasis
[Table 2]. In a study by Scher and colleagues, fecal samples revealed decreased alpha
diversity in the gut microbiome of DMARD-naive, recently diagnosed individuals with
psoriatic arthritis (PsA) and skin-limited psoriasis (Pso) compared to healthy controls.[23]
At the phylum level, Scher's study found that PsA individuals had a lower abundance of
Firmicutes, Clostridiales, Verrucomicrobiales and higher Bacteroidetes relative to Pso
patients. Subjects with Pso had lower levels of Actinobacteria compared to controls. In a
separate study using fecal samples from 45 psoriasis patients and 45 controls, Masallat and
colleagues found a decreased abundance of Actinobacteria in psoriasis patients versus
healthy controls. The prevalence of Actinobacteria was negatively correlated with disease
severity, measured by PASI score.[24] Masallat's group also observed an increase in the
Firmicutes/Bacteroidetes ratio in psoriasis subjects which was positively correlated with
PASI score.[24]

At the genus level, Scher and colleagues found a decreased abundance of Akkermansia,
Ruminoccocus, Pseudobutyrivibrio in psoriatic arthritis compared to controls, which was
positively correlated with fecal medium chain fatty acids, heptanoate and hexanoate.[23]
Akkermansiawas also inversely correlated with fecal levels of soluble IgA and the SCFA's,
acetate and butyrate.[23] In addition, compared to Pso subjects, PSA patients had higher
Coprobacillus. Pso patients had lower Parabacteroides and Coprobacillus than healthy
controls.[23] While the effects of Parabacteroides and Coprobacillus on the host are not fully
understood, they may help distinguish psoriatic arthritis from skin only psoriasis and
controls. Further studies must be done to confirm the findings of Scher and colleagues and to
elucidate the role of microbial metabolites in psoriatic disease and its comorbidities.
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The Psoriatic Mycobiome

To date, only one study has investigated the entirety of the mycobiome in psoriatic skin
[Table 1] Takemoto et al. found that psoriatic skin had higher fungal diversity and decreased
abundance of Malassezia compared to controls, although Malassezia was the most abundant
phylum in both groups.[25] In addition, the ratio of M. globosato M. restricta was lower in
psoriatic patients relative to control.[25] Takemoto and colleagues were also able to use
principal coordinate analysis to separate psoriatic and healthy participants based on fungal
species distribution. Other studies have focused solely on cutaneous Malassezia species in
psoriasis [Table 1]. For example, two studies by Paulino et al., found that Ma/assezia
restricta, globosa and sympodialis, in decreasing order of abundance, were not significantly
different between healthy and psoriatic skin[26] and there was no consistent dichotomous
variation between psoriasis and healthy participants.[27] In contrast, Jagielski et al. detected
M. furfur only in psoriatic skin compared to atopic dermatitis (AD) and healthy skin.[28]
Interestingly, M. sympodialis was the predominant species in all patients, but was more
prevalent in AD and normal skin than psoriatic skin.[28] These results reveal potential
differences in Malasezzia species, but more unbiased studies profiling the entirety of the
skin mycobiome are needed to understand the importance of these changes in psoriatic
disease.

The Psoriatic Virome

Viruses have long been implicated in the etiology of cutaneous neoplastic[29-31] and
inflammatory diseases.[32] The role of viruses in psoriasis is more controversial. To date,
there are no studies that have profiled the cutaneous virome in psoriasis as a whole.
However, multiple studies have looked specifically at HPV and have implicated several HPV
subtypes (e.g. HPV5 and HPV38) in psoriasis [Table 1].[33-39]

Conclusions

While data on alpha and beta diversity are conflicting, studies of the cutaneous microbiome
have revealed interesting compositional trends in the microbiome of psoriatic skin.
Decreased relative abundance of Propionibacterium in psoriatic lesional skin was seen in 3
out of 4 studies.[16, 14, 15] Propionibacterium, are a major component of normal skin
microflora[40] as well as prolific producers of the SCFA, propionate, which modulates the
immune system.[41, 42] Loss of Propionibacterium can therefore lead to decreased immune
tolerance and increased propensity for psoriatic inflammation.[16] These studies have also
found higher levels of Streptococcus on psoriasis lesions.[16, 14, 22] The observed increase
in Streptococcus may play a pathogenic role in psoriasis as streptococcal infections have
been associated with the later development of guttate psoriasis and the worsening of chronic
plaque psoriasis.[43] Changes in the abundance of Staphylococcus in psoriatic skin are less
consistent. The differing results may be due to variations in sampling sites since
Staphylococcus is more prevalent in moist areas such as the navel and antecubital fossa.[17]
In addition, Staphylococcus is a diverse genus in which some species, such as S. epidermidis
appear to have a commensal role enhancing the innate immune barrier,[44] while others, like
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S. aureus evoke a pathogenic Th17 response.[45] Consequently, changes in Staphylococcus
may be better understood at the species level.

Despite the interesting differences between psoriatic and healthy skin, none of these studies
address the cutaneous microbiome in psoriatic arthritis and how it may differ from skin
limited psoriasis. This is an important gap in knowledge as 30% of psoriasis patients develop
psoriatic arthritis and 70% of psoriatic arthritis cases psoriasis are preceded by psoriasis.[46]
The potential recognition of a microbiome profile associated with a high risk for developing
psoriatic arthritis may provide a target for the development of preventative measures to
intervene to halt the progression to joint involvement in patients with psoriasis.

Already, the two studies of the psoriatic gut microbiome have suggested shifts in the
microbiome that may herald the development of psoriatic comorbidities. For instance, Scher
et al found that psoriatic arthritis patients had a gut microbiome composition that differed
significantly from that of patients with skin limited disease.[23] Other changes observed in
gut microbiome studies include a decrease in Actinobacteria.[23, 24] This may suggest a
protective role of Actinobacteria, a phylum which includes Bifidobacterium species that
have been shown to reduce intestinal inflammation, suppress autoimmunity, and induce
Tregs.[47, 48] Of interest, Groeger and colleagues were able to demonstrate that oral
administration of Bifidobacteria infantis 35624 for 6-8 weeks in a randomized, double-blind,
placebo-controlled clinical trial reduced plasma CRP and TNF-a in psoriasis patients who
had elevated inflammatory markers at baseline.[49] Perturbations in the balance of
Firmicutes and Bacteroidetes were also observed in psoriasis and psoriatic arthritis.[23, 24]
This has intriguing implications for cardiovascular disease, a major psoriatic comorbidity.
For example, certain bacteria in the gut microbiome are especially prolific converters of
dietary carnitine from red meat and eggs to trimethyl amine (TMA), the precursor of the
proatherosclerotic metabolite trimethylamine-N-oxide (TMAQ).[50] TMAO alters host
cholesterol metabolism and promotes macrophage activation, leading to increased risk of
CVD, myocardial infarction, stroke, and death.[51, 50, 52] A cross over feeding trial in
healthy men found more Firmicutes than Bacteroidetes within the stool of participants who
were high-TMAO producers.[53] Increased levels of Firmicutes with a decrease in
Bacteroidetes has also been associated with a higher body mass index, while successful
weight loss led to a subsequent increase in Bacteroidetes and a reduction in Firmicutes.[54]
At the same time, obesity is a common comorbidity of psoriasis and psoriatic disease
severity has been positively correlated with body mass index and waist to height ratio.[55,
56] Adipocytokines have also been posited to contribute to the systemic inflammation in
psoriasis.[57] Thus, an imbalance in the Firmicutes/Bacteroidetes ratio in the psoriatic gut
microbiome may reflect the relationship between psoriasis and its cardiovascular and
metabolic comorbidities.[58, 59] At the genus level, Scher and colleagues found a decrease
in Akkermansia and Ruminoccocus.[23] Similar changes in the gut microbiome are seen in
inflammatory bowel disease, a known comorbidity of psoriasis.[23, 60] Both Akkermansia
and Ruminoccocus are mucin-degrading bacteria that produce SCFA's and are integral to the
maintenance of the gut mucosal barrier.[23, 61] Loss of their protective effect in PSA may
weaken immune tolerance and serve as a marker of more severe disease. In fact, dysbiosis of
the skin and gut microbiome resulting in an inflammatory response involving the joints has
been proposed as a potential model for the pathogenesis of psoriatic arthritis.[62]
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It is essential to acknowledge some limitations of the microbiome studies discussed in this
review. For example, with the exception of the small study by Drago et al., no other study
accounts for sex, ethnicity, and diet, which have been found to affect human microbiome
composition.[63-66] Thus, differences in patient demographics combined with varied
techniques for sampling and analysis of bacterial DNA can complicate comparisons between
studies and lead to conflicting results.[22, 14, 16] Additionally, the studies reviewed
primarily utilized cross-sectional methodology, which limits our understanding of the
temporal relationship between microbial changes and psoriasis pathogenesis. It remains
unclear whether the observed differences in the microbiota have a causal role in psoriasis or
are a consequence of alterations in the environmental milieu from psoriasis. Further research
involving large-scale, prospective studies in humans and proof-of-concept experiments in
mouse models are needed to validate differences in psoriatic microbiome composition and
reveal the role of these changes in psoriasis.

Ultimately, a better understanding of the psoriatic microbiome can lead to the development
of new therapeutic modalities that target the shifting microbiota. These can include
antibiotics, prebiotics, probiotics, and fecal transplant therapy. Antibiotics alter the
composition of the microbiome by reducing susceptible bacterial species and allowing
others to take their place. Randomized controlled studies have found improvement in
rheumatoid arthritis patients following antibiotic monotherapy and therapy with concomitant
antibiotic use,[67, 68] suggesting a possible role for antibiotics in the management of
autoimmune disease. Interestingly, large prospective study found a decrease in TMAQ
following antibiotic administration and a return to baseline following antibiotic cessation.
[52] Thus, antibiotics also have the potential to reduce the risk of cardiometabolics
comorbidities in patients with psoriasis. In contrast to therapies aimed at directly reducing
certain bacterial species, other therapies aim to alter the microbiome through the growth of
specific taxa. Probiotic and prebiotic therapies are commonly used to promote specific
bacteria, the former through direct colonization and the latter through nutrient formulations
aimed to promote the survival and proliferation of specific bacterial species. Limiting factors
in the use of probiotics and prebiotics lies in the poor understanding of effective dose,
duration, and interaction with dietary intake. As future studies elucidate the role of the
microbiome in psoriasis and psoriatic arthritis, more effective probiotic and prebiotic
therapies can be developed. A recent approach to intestinal microbiota modulation includes
fecal microbiota transplantation where successful results have been observed in Clostridium
difficile.[69] The success of this therapy may be extended to other inflammatory conditions;
however implementation may be challenged by cost, transporting logistics, and measures to
prevent infection. An alternative approach involves targeting pathogenic bacterial
metabolites or microbial pathways through diet modification or pharmacologic inhibitors.
For example, oral administration of dimethylbutanol (DMB) suppressed TMAOQ production
in mice.[50] A Mediterranean diet, which is low in carnitine-containing red meat, has also
been found to reduce the risk of cardiovascular events.[70] Such diet-based and nutraceutical
approaches to targeting the microbiome may produce a milder side effect profile than current
systemic medications.[71] Thus, interventions aimed at the microbiome may be a valuable
adjunct for preventing or managing psoriatic disease and its comorbidities. These novel
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therapeutic approaches demonstrate that although the psoriatic microbiome is still a nascent
field, it has the potential to yield important insights into disease pathogenesis and treatment.

Acknowledg

Th

ments

is study was supported in part by grants to Wilson Liao (NIH R01 AR065174, NIH U01 Al119125, National

Psoriasis Foundation Translational Research Award). Dr. Liao is also grateful for charitable support from the
Dinsmore family. Di Yan acknowledges support from a National Psoriasis Foundation Fellowship.

References
1.

10

11.

12.

13.

14.

15.

16.

Clements SJ, Carding SR. Diet, the intestinal microbiota and immune health in ageing. Critical
reviews in food science and nutrition. 2016; :0.doi: 10.1080/10408398.2016.1211086

. Cheng J, Palva AM, de Vos WM, et al. Contribution of the intestinal microbiota to human health:

from birth to 100 years of age. Current topics in microbiology and immunology. 2013; 358:323-46.
DOI: 10.1007/82_2011_189 [PubMed: 22094893]

. Scher JU, Littman DR, Abramson SB. Microbiome in Inflammatory Arthritis and Human

Rheumatic Diseases. Arthritis & rheumatology (Hoboken, NJ). 2016; 68(1):35-45. DOI: 10.1002/
art.39259

. Cho 1, Blaser MJ. The human microbiome: at the interface of health and disease. Nature reviews

Genetics. 2012; 13(4):260-70. DOI: 10.1038/nrg3182

. David LA, Materna AC, Friedman J, et al. Host lifestyle affects human microbiota on daily

timescales. Genome biology. 2014; 15(7):R89.doi: 10.1186/gb-2014-15-7-r89 [PubMed: 25146375]

. Salim SY, Kaplan GG, Madsen KL. Air pollution effects on the gut microbiota: a link between

exposure and inflammatory disease. Gut microbes. 2014; 5(2):215-9. DOI: 10.4161/gmic.27251
[PubMed: 24637593]

. Yeoh N, Burton JP, Suppiah P, et al. The role of the microbiome in rheumatic diseases. Current

rheumatology reports. 2013; 15(3):314.doi: 10.1007/s11926-012-0314-y [PubMed: 23378145]

. Longman RS, Littman DR. The functional impact of the intestinal microbiome on mucosal

immunity and systemic autoimmunity. Current opinion in rheumatology. 2015; 27(4):381-7. DOI:
10.1097/bor.0000000000000190 [PubMed: 26002030]

. Costello EK, Lauber CL, Hamady M, et al. Bacterial community variation in human body habitats

across space and time. Science (New York, NY). 2009; 326(5960):1694—7. DOI: 10.1126/science.
1177486

. Grice EA, Kong HH, Renaud G, et al. A diversity profile of the human skin microbiota. Genome
research. 2008; 18(7):1043-50. DOI: 10.1101/gr.075549.107 [PubMed: 18502944]

Ravel J, Gajer P, Abdo Z, et al. Vaginal microbiome of reproductive-age women. Proceedings of
the National Academy of Sciences of the United States of America. 2011; 108(Suppl 1):4680-7.
DOI: 10.1073/pnas.1002611107 [PubMed: 20534435]

Peterson J, Garges S, Giovanni M, et al. The NIH Human Microbiome Project. Genome research.
2009; 19(12):2317-23. DOI: 10.1101/gr.096651.109 [PubMed: 19819907]

Aagaard K, Petrosino J, Keitel W, et al. The Human Microbiome Project strategy for
comprehensive sampling of the human microbiome and why it matters. FASEB journal : official
publication of the Federation of American Societies for Experimental Biology. 2013; 27(3):1012—
22. DOI: 10.1096/fj.12-220806 [PubMed: 23165986]

Fahlen A, Engstrand L, Baker BS, et al. Comparison of bacterial microbiota in skin biopsies from
normal and psoriatic skin. Archives of dermatological research. 2012; 304(1):15-22. DOI:
10.1007/s00403-011-1189-x [PubMed: 22065152]

Drago L, De Grandi R, Altomare G, et al. Skin microbiota of first cousins affected by psoriasis and
atopic dermatitis. Clinical and molecular allergy : CMA. 2016; 14:2.doi: 10.1186/
512948-016-0038-z [PubMed: 26811697]

Gao Z, Tseng CH, Strober BE, et al. Substantial alterations of the cutaneous bacterial biota in
psoriatic lesions. PloS one. 2008; 3(7):e2719.doi: 10.1371/journal.pone.0002719 [PubMed:
18648509]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yan et al.

Page 10

17. Grice EA, Segre JA. The skin microbiome. Nature reviews Microbiology. 2011; 9(4):244-53. DOI:
10.1038/nrmicro2537 [PubMed: 21407241]

18. Jovel J, Patterson J, Wang W, et al. Characterization of the Gut Microbiome Using 16S or Shotgun
Metagenomics. Frontiers in microbiology. 2016; 7:459.doi: 10.3389/fmich.2016.00459 [PubMed:
27148170]

19. Meisel JS, Hannigan GD, Tyldsley AS, et al. Skin Microbiome Surveys Are Strongly Influenced by
Experimental Design. The Journal of investigative dermatology. 2016; 136(5):947-56. DOI:
10.1016/j.jid.2016.01.016 [PubMed: 26829039]

20. Zakostelska Z, Malkova J, Klimesova K, et al. Intestinal Microbiota Promotes Psoriasis-Like Skin
Inflammation by Enhancing Th17 Response. PloS one. 2016; 11(7):e0159539.doi: 10.1371/
journal.pone.0159539 [PubMed: 27434104]

21. Horton DB, Scott FI, Haynes K, et al. Antibiotic Exposure, Infection, and the Development of
Pediatric Psoriasis: A Nested Case-Control Study. JAMA dermatology. 2016; 152(2):191-9. DOI:
10.1001/jamadermatol.2015.3650 [PubMed: 26560335]
22¢. Alekseyenko AV, Perez-Perez GI, De Souza A, et al. q:ommunity differentiation of the cutaneous
microbiota in psoriasis. Microbiome. 2013; 1(1):31. ' doi: 10.1186/2049-2618-1-31 [PubMed:
24451201]

23e+. Scher JU, Ubeda C, Artacho A, et al. Decreased bacterial diversity characterizes the altered gut
microbiota in patients with psoriatic arthritis, resembling dysbiosis in inflammatory bowel
disease. Arthritis & rheumatology (Hoboken, NJ). 2015; 67(1):128-39. ~ DOI: 10.1002/art.
38892

24. Masallat DM, D, State AF. Gut bacterial microbiota in psoriasis: A case control study. African
Journal of Microbiology Research. 2016; 10(33):1337-43. DOI: 10.5897/AJMR2016.8046

25. Takemoto A, Cho O, Morohoshi Y, et al. Molecular characterization of the skin fungal microbiome
in patients with psoriasis. The Journal of dermatology. 2015; 42(2):166-70. DOI:
10.1111/1346-8138.12739 [PubMed: 25510344]

26. Paulino LC, Tseng CH, Strober BE, et al. Molecular analysis of fungal microbiota in samples from
healthy human skin and psoriatic lesions. Journal of clinical microbiology. 2006; 44(8):2933-41.
DOI: 10.1128/jcm.00785-06 [PubMed: 16891514]

27. Paulino LC, Tseng CH, Blaser MJ. Analysis of Malassezia microbiota in healthy superficial human
skin and in psoriatic lesions by multiplex real-time PCR. FEMS yeast research. 2008; 8(3):460-71.
DOI: 10.1111/j.1567-1364.2008.00359.x [PubMed: 18294199]

28. Jagielski T, Rup E, Ziolkowska A, et al. Distribution of Malassezia species on the skin of patients
with atopic dermatitis, psoriasis, and healthy volunteers assessed by conventional and molecular
identification methods. BMC dermatology. 2014; 14:3.doi: 10.1186/1471-5945-14-3 [PubMed:
24602368]

29. Harwood CA, Surentheran T, McGregor JM, et al. Human papillomavirus infection and non-
melanoma skin cancer in immunosuppressed and immunocompetent individuals. Journal of
medical virology. 2000; 61(3):289-97. [PubMed: 10861635]

30. Struijk L, Bouwes Bavinck JN, Wanningen P, et al. Presence of human papillomavirus DNA in
plucked eyebrow hairs is associated with a history of cutaneous squamous cell carcinoma. The
Journal of investigative dermatology. 2003; 121(6):1531-5. DOI: 10.1046/j.
1523-1747.2003.12632.x [PubMed: 14675206]

31. Majewski S, Jablonska S. Do epidermodysplasia verruciformis human papillomaviruses contribute
to malignant and benign epidermal proliferations? Archives of dermatology. 2002; 138(5):649-54.
[PubMed: 12020228]

32. Sahebjamiee M, Sand L, Karimi S, et al. Prevalence of human papillomavirus in oral lichen planus
in an Iranian cohort. Journal of oral and maxillofacial pathology : JOMFP. 2015; 19(2):170-4.
DOI: 10.4103/0973-029x.164528 [PubMed: 26604492]

Here Alekseyenko et al. report the results of the largest study profiling the cutaneous microbiome in psoriasis to date. This study is also the

. only one to profile changes in the cutaneous microbiome after treatment for psoriasis.

IThe study by Scher et al., is the only comprehensive, genus-level, profiling study of the gut microbiome in psoriatic disease to date. This
study is also significant in that it correlates fecal metabolites with shifts in gut microbiome composition, providing the foundation for a
mechanistic understanding of how bacteria can influence the host.

Curr Dermatol Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yan et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 11

Wolf P, Seidl H, Back B, et al. Increased prevalence of human papillomavirus in hairs plucked from
patients with psoriasis treated with psoralen-UV-A. Archives of dermatology. 2004; 140(3):317-
24. DOI: 10.1001/archderm.140.3.317 [PubMed: 15023775]

Simeone P, Teson M, Latini A, et al. Human papillomavirus type 5 in primary keratinocytes from
psoriatic skin. Experimental dermatology. 2005; 14(11):824-9. DOI: 10.1111/j.
1600-0625.2005.00358.x [PubMed: 16232304]

Cronin JG, Mesher D, Purdie K, et al. Beta-papillomaviruses and psoriasis: an intra-patient
comparison of human papillomavirus carriage in skin and hair. The British journal of dermatology.
2008; 159(1):113-9. DOI: 10.1111/.1365-2133.2008.08627.x [PubMed: 18510676]

Salem SA, Zuel-Fakkar NM, Fathi G, et al. Comparative study of human papilloma virus in
untreated and ultraviolet-treated psoriatic patients. Photodermatology, photoimmunology &
photomedicine. 2010; 26(2):78-82. DOI: 10.1111/j.1600-0781.2010.00492.x

de Koning MN, Polderman MC, Waterboer T, et al. Marked differences in Betapapillomavirus
DNA and antibody prevalence between patients with psoriasis and those with atopic dermatitis.
The British journal of dermatology. 2011; 164(4):771-5. DOI: 10.1111/j.1365-2133.2010.10182.x
[PubMed: 21155755]

Bellaud G, Gheit T, Pugin A, et al. Prevalence of human Papillomavirus DNA in eyebrow hairs
plucked from patients with psoriasis treated with TNF inhibitors. Journal of the European
Academy of Dermatology and Venereology : JEADV. 2014; 28(12):1816-20. DOI: 10.1111/jdv.
12308 [PubMed: 24206262]

Prignano G, Ferraro C, Mussi A, et al. Prevalence of human papilloma virus type 5 DNA in
lesional and non-lesional skin scales of Italian plaque-type psoriatic patients: association with
disease severity. Clinical microbiology and infection : the official publication of the European
Society of Clinical Microbiology and Infectious Diseases. 2005; 11(1):47-51. DOI: 10.1111/j.
1469-0691.2004.01040.x

Dekio I, Hayashi H, Sakamoto M, et al. Detection of potentially novel bacterial components of the
human skin microbiota using culture-independent molecular profiling. Journal of medical
microbiology. 2005; 54(Pt 12):1231-8. DOI: 10.1099/jmm.0.46075-0 [PubMed: 16278439]
Smith PM, Howitt MR, Panikov N, et al. The microbial metabolites, short-chain fatty acids,
regulate colonic Treg cell homeostasis. Science (New York, NY). 2013; 341(6145):569-73. DOI:
10.1126/science.1241165

Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune responses during health
and disease. Nature reviews Immunology. 2009; 9(5):313-23. DOI: 10.1038/nri2515

Gudjonsson JE, Thorarinsson AM, Sigurgeirsson B, et al. Streptococcal throat infections and
exacerbation of chronic plaque psoriasis: a prospective study. The British journal of dermatology.
2003; 149(3):530—4. [PubMed: 14510985]

Naik S, Bouladoux N, Linehan JL, et al. Commensal-dendritic-cell interaction specifies a unique
protective skin immune signature. Nature. 2015; 520(7545):104-8. DOI: 10.1038/nature14052
[PubMed: 25539086]

Schirmer M, Smeekens SP, Vlamakis H, et al. Linking the Human Gut Microbiome to
Inflammatory Cytokine Production Capacity. Cell. 2016; 167(4):1125-36.e8. DOI: 10.1016/j.cell.
2016.10.020 [PubMed: 27814509]

Cantini F, Niccoli L, Nannini C, et al. Psoriatic arthritis: a systematic review. International journal
of rheumatic diseases. 2010; 13(4):300-17. DOI: 10.1111/j.1756-185X.2010.01540.x [PubMed:
21199465]

Calcinaro F, Dionisi S, Marinaro M, et al. Oral probiotic administration induces interleukin-10
production and prevents spontaneous autoimmune diabetes in the non-obese diabetic mouse.
Diabetologia. 2005; 48(8):1565-75. DOI: 10.1007/s00125-005-1831-2 [PubMed: 15986236]
Lavasani S, Dzhambazov B, Nouri M, et al. A novel probiotic mixture exerts a therapeutic effect
on experimental autoimmune encephalomyelitis mediated by IL-10 producing regulatory T cells.
PloS one. 2010; 5(2):€9009.doi: 10.1371/journal.pone.0009009 [PubMed: 20126401]

Groeger D, O'Mahony L, Murphy EF, et al. Bifidobacterium infantis 35624 modulates host
inflammatory processes beyond the gut. Gut microbes. 2013; 4(4):325-39. DOI: 10.4161/gmic.
25487 [PubMed: 23842110]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yan et al.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 12

Wang Z, Klipfell E, Bennett BJ, et al. Gut flora metabolism of phosphatidylcholine promotes
cardiovascular disease. Nature. 2011; 472(7341):57-63. DOI: 10.1038/nature09922 [PubMed:
21475195]

Koeth RA, Wang Z, Levison BS, et al. Intestinal microbiota metabolism of L-carnitine, a nutrient
in red meat, promotes atherosclerosis. Nature medicine. 2013; 19(5):576-85. DOI: 10.1038/nm.
3145

Tang WH, Wang Z, Levison BS, et al. Intestinal microbial metabolism of phosphatidylcholine and
cardiovascular risk. The New England journal of medicine. 2013; 368(17):1575-84. DOI:
10.1056/NEJM0a1109400 [PubMed: 23614584]

Cho CE, Taesuwan S, Malysheva QV, et al. Trimethylamine-N-oxide (TMAOQ) response to animal
source foods varies among healthy young men and is influenced by their gut microbiota
composition: A randomized controlled trial. Molecular nutrition & food research. 2016; doi:
10.1002/mnfr.201600324

Ley RE, Turnbaugh PJ, Klein S, et al. Microbial ecology: human gut microbes associated with
obesity. Nature. 2006; 444(7122):1022-3. DOI: 10.1038/4441022a [PubMed: 17183309]

Duarte GV, Silva LP. Correlation between psoriasis' severity and waist-to-height ratio. Anais
brasileiros de dermatologia. 2014; 89(5):846—7. [PubMed: 25184937]

Armstrong AW, Harskamp CT, Armstrong EJ. The association between psoriasis and obesity: a
systematic review and meta-analysis of observational studies. Nutrition & diabetes. 2012;
2:e54.doi: 10.1038/nutd.2012.26 [PubMed: 23208415]

Toussirot E, Aubin F, Dumoulin G. Relationships between Adipose Tissue and Psoriasis, with or
without Arthritis. Frontiers in immunology. 2014; 5:368.doi: 10.3389/fimmu.2014.00368
[PubMed: 25161652]

Abuabara K, Azfar RS, Shin DB, et al. Cause-specific mortality in patients with severe psoriasis: a
population-based cohort study in the U.K. The British journal of dermatology. 2010; 163(3):586—
92. DOI: 10.1111/j.1365-2133.2010.09941.x [PubMed: 20633008]

Gelfand JM, Yeung H. Metabolic syndrome in patients with psoriatic disease. The Journal of
rheumatology Supplement. 2012; 89:24-8. DOI: 10.3899/jrheum.120237 [PubMed: 22751586]

De Preter V, Machiels K, Joossens M, et al. Faecal metabolite profiling identifies medium-chain
fatty acids as discriminating compounds in IBD. Gut. 2015; 64(3):447-58. DOI: 10.1136/
gutjnl-2013-306423 [PubMed: 24811995]

Kostic AD, Xavier RJ, Gevers D. The microbiome in inflammatory bowel disease: current status
and the future ahead. Gastroenterology. 2014; 146(6):1489-99. DOI: 10.1053/j.gastro.2014.02.009
[PubMed: 24560869]

Eppinga H, Konstantinov SR, Peppelenbosch MP, et al. The microbiome and psoriatic arthritis.
Current rheumatology reports. 2014; 16(3):407.doi: 10.1007/s11926-013-0407-2 [PubMed:
24474190]

Mueller S, Saunier K, Hanisch C, et al. Differences in fecal microbiota in different European study
populations in relation to age, gender, and country: a cross-sectional study. Applied and
environmental microbiology. 2006; 72(2):1027-33. DOI: 10.1128/aem.72.2.1027-1033.2006
[PubMed: 16461645]

Markle JG, Frank DN, Adeli K, et al. Microbiome manipulation modifies sex-specific risk for
autoimmunity. Gut microbes. 2014; 5(4):485-93. DOI: 10.4161/gmic.29795 [PubMed: 25007153]
David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters the human gut
microbiome. Nature. 2014; 505(7484):559-63. DOI: 10.1038/nature12820 [PubMed: 24336217]
Structure, function and diversity of the healthy human microbiome. Nature. 2012; 486(7402):207—
14. DOI: 10.1038/nature11234 [PubMed: 22699609]

O'Dell JR, Elliott JR, Mallek JA, et al. Treatment of early seropositive rheumatoid arthritis:
doxycycline plus methotrexate versus methotrexate alone. Arthritis and rheumatism. 2006; 54(2):
621-7. DOI: 10.1002/art.21620 [PubMed: 16447240]

Tilley BC, Alarcon GS, Heyse SP, et al. Minocycline in rheumatoid arthritis. A 48-week, double-
blind, placebo-controlled trial. MIRA Trial Group. Annals of internal medicine. 1995; 122(2):81-
9. [PubMed: 7993000]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Yan et al. Page 13

69. Lee CH, Steiner T, Petrof EO, et al. Frozen vs Fresh Fecal Microbiota Transplantation and Clinical
Resolution of Diarrhea in Patients With Recurrent Clostridium difficile Infection: A Randomized
Clinical Trial. Jama. 2016; 315(2):142-9. DOI: 10.1001/jama.2015.18098 [PubMed: 26757463]

70. Estruch R, Ros E, Salas-Salvado J, et al. Primary prevention of cardiovascular disease with a
Mediterranean diet. The New England journal of medicine. 2013; 368(14):1279-90. DOI:
10.1056/NEJM0a1200303 [PubMed: 23432189]

71. Wang X, Thijssen B, Yu H. Target essentiality and centrality characterize drug side effects. PLoS
computational biology. 2013; 9(7):1003119.doi: 10.1371/journal.pchi.1003119 [PubMed:
23874169]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Yan et al.

Table 1

Page 14

Summary of studies of the skin microbiome, mycobiome, and viromein psoriatic disease

Bacteria

Study

Study Design

Methods

Major findings

Alekseyenko et al.

Cross-sectional

-75Pso, 124 C

- Site matched skin swabs of L, NL,
C from dry or sebaceous cutaneous
areas from extremities, trunk, head
Longitudinal

- 17 Pso, 15 age, gender, ethnicity
matched C

-Skin swabs at baseline, 12 wks, 36
wks after treatment

Cross-sectional

165 rRNA (V1-V3)
Longitudinal

16s rRNA (V1-V3),
parallel analysis using
V3-V5

Alpha diversity: L Pso < NL Pso and C

Beta diversity: C<NL Pso <L Pso

Phyla

C more likely to be cutaneotype 1 (dominated by
Proteobacteria), Pso L more likely to be
cutaneotype 2 (dominated by Actinobacteria,
Firmicutes)

Genera

T Combined relative abundance of
Corynebacterium, Staphylococcus, Streptococcus
inPsoLvs.C

Species

Presence of Acidobacteria, Schlegelella strongly
associated with Pso

Acidobacteria positively correlated with PASI

V' Cupriavidus, Flavisolibacter, Methylobacterium,
Schiegelellain Pso vs. C

Pso, 12 C at unmatched, non-
flexural sites

- Pso off topicals for 2 wks, light
and systemic therapies for 4 wks
- C skin from terminal end of
elliptical wide excisions of skin
lesions

Drago et al. - 3 adult first cousins- 1 AD, 1 Pso, 16s rRNA (V2, V3) Alpha diversity: N/A
1 C on Mediterranean diet for 1 mo, Beta diversity: N/A (only 1 per group)
living in same neighborhood, all Phyla
vaginally delivered \ Firmicutes, * Proteobacteriain L Pso vs. L AD
- Skin samples by curette from L, and C
NL in AD, Psoand NL inC Family
1t Streptococcaceae, Rhodobacteraceae,
Campylobacteraceae, Moraxellaceaein L Pso vs. L
ADand C
I Staphylococcaceae, Propionibacteriaceae in L Pso
vs.LAD, C
Species
V" Propionibacterium acnes in L skin of Pso vs. AD
and C
V' S. aureus L skin of Pso < C< L in AD, no
difference in NL
No difference in NL skin of Pso, AD vs. C
Gao et al. Skin swabs of multiple sites on 6 C 16s rRNA (nearly full | Alpha diversity: L Pso >NL Pso and C
(from prior study) and multiple sites | length) Beta diversity: L Pso > C
on NL and L skin of 6 Pso not on Phyla
systemic or topical treatment ™ Firmicutes Pso L vs. Pso NL, C
\ Actinobacteria, Proteobacteriain Pso L vs. Pso
NL, C
Genera
V' Propionibacteriumin Pso L vs. Pso NL, C
1t Streptococcusin Pso L vs. Pso NL, C
Species
V" Propionibacterium acnes in L skin of Pso vs. Pso
NL and C
I Anaerobic species in L Pso vs. Pso NL and C
Fahlen et al. - Skin biopsies from L skin in 10 16s rRNA (V3, V4) Alpha diversity: No difference in Shannon Index

Beta diversity: L<C

Phyla

\ Actinobacteriain Pso L skin vs. C

1 Proteobacteriain trunk samples from L Pso vs. C
Genera

Trend towards ¥ Propionibacteriumin Pso L vs. C
from all sites

\ Propionibacteriumin Pso L vs. C at limb sites

| Staphylococcus in Pso L vs. C

1 Streptococcus/Propionibacteria ratio

Fungus

Paulino et al. (2006)

5C, 3Pso
Site: swab of NL forearm, various L
sitess

rRNA clone library

No consistent variation in Pso vs. C
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Bacteria

Study Study Design Methods Major findings

Paulino et al. (2008) 1C,1Pso PCR No consistent variation in Pso vs. C
Site: swabs of NL on forearms,
forehead, scalp, upper back, lower
back; L on elbow, finger

Jagielski et al. (2014) | 6 C, 6 Pso, 6 AD PCR T Malassezia furfur in Pso patients

Site: swabbed scalp, face,
interclavicular region, interscapular
region

Takemoto et al.
(2015)

12 C, 12 Pso

Site: trunk; L scales via tweezers,
and OpSite transparent dressing for
NL/C skin

Pyrosequencing

T Malassezia restricta in Pso patients
T Malssezia globosa in C

Virus

Wolf et al. (2004)

81 Pso total comparing: Group A
(Pso + Hx PUVA + Hx skin cancer),
Group B (Pso + Hx PUVA), Group
C (Pso)

Site: plucked hairs from NL skin

PCR

T HPV (esp. HPV-38) in plucked NL body hairs in
Pso patients with hx PUVA irrespective of skin ca
hx

Simeone et al. (2005)

11 Pso patients
Site: biopsies from L skin

Cultured primary
keratinocytes and
PCR

T HPV-5 in Pso patients

Site: L and NL skin scales

Cronin et al. (2008) 20 Pso patients, 23 C PCR T HPV DNA in Pso patients, but no specific HPV
Site: plucked eyebrow hairs and type predominated
forearm scrapes

Salem et al. (2010) 20 Pso (untreated), 20 Pso (nb- PCR T HPV DNA in Pso patients on PUVA
UVB), 20 Pso (PUVA), 10 C HPV ubiquitous in normal and diseased skin
Site: skin biopsy

de Koning et al. 27 Pso patients, 17 AD PCR T HPV DNA in Pso patients compared to AD

(2011) Site: plucked eyebrow hairs patients

Bellaud et al. (2014) 151 Pso patients (48 anti-TNF-a , PCR High overall of HPV across all Pso patients with no
21 MTX, 82 no treatment) significant difference (genus or subtype level)
Site: plucked eyebrow hairs between treatment groups

Prignano et al. (2005) | 54 Pso patients, 20 C PCR T HPV-5 in Pso patients L and NL skin

Abbreviations: Pso = Psoriasis, PSA = Psoriatic arthritis, C = control, L = lesional, NL = non-lesional, AD = atopic dermatitis, HPV = Human
papillomavirus, PASI = Psoriasis Area Severity Index, PCR = Polymerase chain reaction, MTX = Methotrexate, PUVA = Psoralen and ultraviolet A
radiation; DMARD = Disease-modifying antirheumatic drug
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Table 2
Summary of studies of the gut microbiomein psoriasis
Bacteria
Study Study Design M ethods Major findings
Masallat et al. | - Fecal samples from 45 PsO, 45 age 16s rRNA using 3 sets of | Phyla
and sex matched C specific primers for 3 I Actinobacteria in Pso vs. C, negatively correlated
phyla (Bacteroidetes, with PASI
Firmicutes, and * Firmicutes/Bacteroidetes ratio in Pso vs. C,
Actinobacterial) positively correlated with PASI
Scher et al. - Fecal samples from 17C, 16 PsA, 16 | 16s rRNA (V1, V2) Phyla
Pso who were recently diagnosed and \ Firmicutes, Clostridiales, Verrucomicrobialesin
had never been treated with PsA vs. Pso

DMARD's, oral or systemic therapies
- Secretory Ig A, pro-inflammatory
proteins, fatty-acids from fecal
supernatant and serum

* Bacteroidetes in PsA vs. Pso

\ Actinobacteriain Pso vs. C

Genera

\ Akkermansia, Ruminoccocus, Pseudobutyrivibrio in
PsAvs.C

* Coprobacillus in PsA vs. Pso

\ Parabacteroides and Coprobacillus in Pso vs. C

Abbreviations: Pso = Psoriasis, PSA = Psoriatic arthritis, C = control, L = lesional, NL = non-lesional, AD = atopic dermatitis, HPV = Human
papillomavirus, PASI = Psoriasis Area Severity Index, PCR = Polymerase chain reaction, MTX = Methotrexate, PUVA = Psoralen and ultraviolet A

radiation; DMARD = Disease-modifying antirheumatic drug
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