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T

he gut and skin are two seemingly
unrelated organs but are linked by
an unheeded third “organ”; the gut
microbiota. The microbiota is the collection of all microorganisms, including bacteria, viruses and fungi, and different body
sites harbour different spectra of microbiota, with the majority located along the
gastrointestinal tract. The gut microbiota
has multiple roles including digestion,
immunology, endocrine and neuropsychological functions. The gut microbiota
also has a role in the pathogenesis of

various diseases (eg, inflammatory bowel
disease, diabetes and allergic dermatitis),
which is currently being investigated.
Prebiotics are substrates conferring benefit to host microorganisms. Probiotics are
live organisms which may confer health
benefits. Synbiotics are a combination of
prebiotics and probiotics. The potential
role of probiotics in primary prevention
and therapeutic measures for allergic
dermatitis is reviewed. Both atopic
dermatitis and psoriasis are regarded
as systemic diseases, and systemic

corticosteroids / immunosuppressants
serve only as a temporary measure for
conditions refractory to topical treatment.
Biologics, such as monoclonal antibodies,
designed to target specific components
of the immune system have demonstrated good efficacy and shown fewer
adverse effects than systemic immunosuppressants. Agents blocking IL-4/13
and IL-12/17/23 have proven effective in
reducing affected areas and severity with
excellent safety profile for eczema and
psoriasis, respectively.
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Dr Lam Tat Chung, Paul
(林達聰醫生)
FRCP, FRCPsych, FHKAM (Medicine),
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A second important
asclepieion was built on
the Greek Island of Kos, off
the south-western coast of
Turkey.
Asclepieion at Kos
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What is the microbiome?
Over the past decade, large science
consortia in Europe (Metagenomics of
the Human Intestinal Tract; MetaHIT) and
the United States (Human Microbiome
Project; HMP) have started to acquire
big data on the genomic structure and
functional properties of microbial communities in healthy and diseased human
populations.1–3
While ‘microbiome’ refers to the
collective genome of a microbial community, a ‘microbiota’ is a collection of
all microbial agents, including bacteria,
viruses, fungi and archae, that occupy
a particular habitat in the human body.
Bacteria overwhelmingly outnumber
other microorganisms in the human
microbiome by two to three orders of
magnitude. Therefore, the microbiota in

the human body is sometimes operationally described using bacteria alone.
Different body sites, such as the mouth,
oesophagus and reproductive organs,
have distinct microbiota (Figure).3 A
detailed description of the microbiotahost relationship in every body site is
beyond the scope of this article, therefore, it will focus on the gut microbiota.

Gut microbiota – the
neglected organ?
Microorganisms are found everywhere
in and on the human body. Interestingly,
the majority are located throughout the
length of the gastrointestinal tract, from
the mouth to the rectum. Gut microbiota
vary across the anatomical regions of
the gastrointestinal tract, influenced by
multiple physiological factors, including
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pH, digesta flow rates (rapid in the mouth
to slower in the caecum), substrate availability and host secretions. The low pH in
the stomach and rapid transit time with
bile acid secretion in the small intestine
result in a less dense microbiota in these
regions. The large intestine, which is
characterized by slow flow rates and
neutral to mildly acidic pH, harbours up to
99% of the total microbiota with minimal
variations in composition from caecum to
rectum (Table 1).4
Core gut microbiota are shaped in
early life (age 4–36 months) by gut maturation developing from enterotype, birth
gestational age, type of delivery, methods
of milk feeding, weaning period, lifestyle,
and dietary and cultural habits.11 After
about 3 years of age, the gut microbiota
composition remains relatively stable.
DECEMBER 2019

Figure. Bacterial phyla comprising the microbiota of different body sites
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Table 1. Estimated order of magnitude of bacteria number in different body sites4
Typical concentration of bacteria(a)
(number/mL content)

Volume (mL)

Order of magnitude bound for
bacteria number

Colon (large intestine)

1011

400(b)

1014

Dental plaque

1011

<10

1012

Ileum (lower small intestine)

108

400(e)

1011

Saliva

10

<100

1011

<1011 per m2 (c)

1.8 m2 (d)

1011

Stomach

103–104

250(e)–900(f)

107

Duodenum and Jejunum (upper small
intestine)

10 –10

Location

Skin

9

3

4

400

(e)

107

(a) Except for skin, concentrations are based on Berg.5 For the skin, we used bacterial area density and total skin surface to reach an upper bound.
(b) See derivation in section (e) below.
(c) Skin surface bacteria density is taken from Leyden.6
(d) Skin area calculated as inferred from standard formula by DuBois for the body surface area.7
(e) Volume of the organs of the gastrointestinal tract is derived from weights taken from Eve8 by assuming content density of 1.04 g/mL.9
(f) Higher value is given in Schiller.10
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Table 2. Functions of gut microbiota and potential disease associations
Gut Microbiota Functions

Disease Indications

Influences
Immune maturation and
homeostasis
Host cell proliferation
Vascularization
Neurological signalling
Pathogen burden
Intestinal endocrine
functions
Bone density
Energy biogenesis

Neurological
Psychiatric
Respiratory
Cardiovascular
Gastrointestinal
Hepatic
Autoimmune
Metabolic
Oncological

Biosynthesis
Vitamins
Steroid hormones
Neurotransmitters
Metabolism
Branched-chain and
aromatic amino acids
Dietary components
Bile salts
Drugs
Xenobiotics

The richness and diversity of the gut
microbiota shaped in early life help
characterize a healthy gut microbiota
composition in later life. Throughout life,
individuals with richer and more diverse
microbiota will be better able to withstand
external stress and pathological assaults.
The gut microbiota has been
referred to as a “neglected organ”. The
total number of microbial agents found in
the human body is often quoted as being
10-fold greater than the total number of
human body cells, with 150 times more
genes in the total microbiome than the
human body. Although more recent studies suggest a cell ratio closer to 1:1, the
gut microbiota still plays a significantly
important structural and physiological
role in digestion, nutritional homeostasis
and immunological, endocrine, metabolic and neuropsychological functions
(Table 2).4

How to analyse the gut
microbiome?
For over 100 years, culture-based
techniques were the gold standard for
classifying microbes. However, these
approaches are restricted to the small
subset of microbes that survive isolation
and specific laboratory growth conditions. Contemporary genomic classification approaches offered a solution to the
limitations of culture-based techniques.
Unique to prokaryotic organisms, the 16S
ribosomal RNA (rRNA) gene is a highly
conserved region within the bacterial
genome. Interestingly, within the highly
conserved 16S rRNA gene are nine hypervariable regions with species-specific
signatures. Sequences of the 16S rRNA
gene can therefore be compared with the
“reference library” for taxonomic classification. The 16S rRNA gene is an ideal
and simple tool for profiling gut bacteria.
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Standard human gut microbiome
studies involve the extraction and
sequencing of microbial DNA from a
faecal sample collected in a stool container with DNA stabilizer, followed by
DNA extraction, gene sequencing and
computational bioinformatics analysis.
Early human microbial studies relied
upon fingerprinting techniques or Sanger
sequencing of the amplified 16S rRNA
gene. In the past decade, next-generation
sequencing (NGS) platforms have offered
faster and more efficient sequencing at
much lower cost.
The use of 16S rRNA analysis is
useful for understanding the composition and structural role (anatomy) of
microbes in healthy and disease states.
However, full assessment of microbial
function (physiology) requires other
genomic technologies like metagenomic
shotgun sequencing. Metagenomics
is the analysis of genetic content from
the whole microbial ecosystem, and
the entire “meta” genome of all microorganisms combined is studied. The
term “shotgun sequencing” refers to
the generation of sequencing libraries by
randomly fragmenting DNA templates
of all microbial agents, irrespective of
differences between microbial genomes.
Metagenomic
shotgun
sequencing
could potentially reveal all the functional
genetic content of the microbiota, but
the cost and bioinformatics requirement
are likely to be much higher than for the
usual 16S rRNA analysis. Moreover, if
this strategy is employed, there will be
significant human DNA contamination in
the resulting data. Other ‘omics‘ technologies that could provide insight into the
gene expression and metabolic activities
of the gut microbiota include metatranscriptomics (RNA expression), metaproteomics (protein) and metabolomics
(metabolites). Interestingly, microbial
culture remains relevant as an essential
tool for functional studies of specific species following ‘omics’ analysis.
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What could microbiome
analysis data reveal?
Despite the technological advances, our
knowledge of the exact structure and
function of the human gut microbiome
remains limited. The initial activities of
the HMP and other microbiome consortia
focused on defining the “normal” parameters of the microbial communities in the
human body. It was hoped that defining
what is normal or ‘healthy’ would facilitate identification of deviations (dysbiosis)
from this normal state in various diseases.
A healthy gut microbiota composition is
highly variable depending on age, ethnicity, lifestyle and dietary habits.12 However,
a certain degree of gut microbiota
variation, namely dysbiosis, has implications for intestinal and extra-intestinal
disorders. Dysbiosis is often defined as
an alteration of gut microbiota composition and a cause or a consequence of the
particular disorders. Numerous studies
have attempted to establish the dysbiotic
state by comparing the structure and
function of the microbiome between
healthy and disease states. The potential
dysbiotic features of the gut microbiome
include the beta diversity (bacterial
diversity between two groups of study
population), the alpha diversity (bacteria
diversity in a single individual), and the
status of core essential gut microbiota or
the proportion of individual signature bacteria, such as the Proteobacteria phylum,
Faecalibacterium prausnitzii species or
Akkermansia muciniphila species.
In inflammatory bowel disease
(IBD), for example, differences were
seen between the microbiota of affected
patients and control subjects without IBD
in terms of diversity and proportions of certain signature bacteria, but it was unclear
whether these differences were causative
or secondary to the presence of the disease. As a result, studies have attempted
to characterize the microbiota before the
development of the overt disease. Those
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studies recruited patients at high risk
for a specific disease (eg, IBD or type I
diabetes) and monitored their microbiota
longitudinally, comparing those who subsequently developed disease with those
who did not. Other studies examined the
effects of faecal transplantation therapy
for specific illnesses, such as obesity and
diabetes, in an attempt to establish the
role of the microbiota in the pathogenesis of the disease. For diseases with
well-established animal models, tests of
potential causation have been attempted.
A study in the UK collected stool samples
from four sets of monozygotic twins with
weight discrepancies, with the obese
twin having a body mass index (BMI) >30
kg/m2 and a sustained BMI difference of
≥5.5 kg/m2 with their co-twin. In this twin
cohort study, researchers assumed that
the weight discrepancy was dependent
on environmental factors alone. Faecal
material from “obese” twins and “lean”
twins were transplanted into two groups
of mice through gastric lavage. Despite
consuming the same low-fat low-calorie
diet under the controlled experimental
environment, mice that received faecal
transplants from an “obese” twin became
obese, while mice that received faecal
transplants from a “lean” twin became
lean.13 This study further illustrated the
concept of a causative role for microbiota
in disease manifestation.

Future direction
Enhancements in the big data available
on the structure and function of the gut
microbiome in healthy and diseased populations will improve our understanding of
the role of the gut microbiome in disease
genesis and its potential role in therapeutic intervention. For conditions shown to
be associated with changes in the microbiota, such as IBD, allergies, obesity and
depression, more research is needed to
elucidate whether such changes are causative. How can we move from detecting

altered microbial community structure to
elucidating altered community function?
Is there a way to influence the balance
of our microbiota, either during its initial
establishment in infancy or once it has
been established? To date, research has
largely focused on bacterial inhabitants of
the microbiome. What roles do viruses,
fungi and other eukaryotic microbes
(such as helminths) play in human health
and disease? Can the gut microbiota be
manipulated and leveraged for precision
medicine? Hopefully, with the collaborative efforts of experts from different
specialties, the puzzle of this “neglected
organ” will be solved in the near future.
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Charles V in the House of Anton Fugger (1535)
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T

he Holy Roman Empire was a
loose complex of kingdoms and
states in Western and Central
Europe. It lasted from the coronation of
the Frankish King Charlemagne by Pope
Leo III in the year 800 to the forced
abdication of its last emperor Francis II in
1806, being replaced by the Confederation
of the Rhine created by Napoleon. The
Empire consisted of the Kingdoms of
Germany, Italy, Burgundy (Eastern part
of France) and Bohemia (Western part

of the Czech Republic). In its heyday, it
included, at various times, Switzerland,
Austria and the Low Countries (Benelux).
Charles V also inherited from his mother
(Joanna the Mad) Castile, Aragon and the
newly discovered lands in the Americas.
Although Charles was the Emperor,
he had little power to levy direct taxation
on his subjects, who were controlled by
local kings and lords. He had to pay for his
Court and many wars, and was in a state
of perpetual bankruptcy. He often had
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to borrow money from rich German and
Italian merchants. In this picture, Charles,
seated in the middle, was the guest at
the house of his debtor, Anton Fugger.
To please the Emperor, the financier was
seen burning a pile of debt papers in the
fireplace to relieve Charles of his debt.
Charles suffered from severe gout,
so wherever he went, he would rest his
foot on a stool to soothe his pain.
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Introduction
Atopic dermatitis (AD) is a common
chronic inflammatory skin disease with
a worldwide prevalence of approximately
10–20% in children and 2–5% in adults.
This distressing “itching disease” can
have tremendous physical and quality-oflife impacts on both the patients and their
family members. The incidence of atopic
diseases has increased over the last few
decades, especially in industrialized countries, suggesting that a modern lifestyle
is one of the major contributing factors to
this global epidemic.1
There has been progress in understanding the basic pathogenesis of AD,
with factors such as epidermal barrier
dysfunction, aberrant T helper 2 (Th2) type
immune responses and common environmental allergens now known to be central
DECEMBER 2019

to disease development. Dysbiosis in the
skin microbiota, including an increase
in Staphylococcus aureus colonization
and a decrease in the overall diversity
of the cutaneous microbial community,
has been observed in skin microbiota
studies in AD.2 The Hygiene Hypothesis,
proposed three decades ago, stated that
reduced exposure to microbes in early
childhood affects the natural development of the immune system or immune
tolerance, resulting in increased susceptibility to allergic diseases. In recent
years, there has been increasing interest
in the role of the intestinal microbiota in
the disease development of AD. The gut
microbiota is involved in regulating a wide
range of physiological processes, such as
metabolic-endocrine functions, immunological development and regulation,
and biosynthesis of various compounds
including short-chain fatty acid (SCFA) and
neuromediators. Dysbiosis of the human
gut microbiota during early childhood has
been shown to be a risk factor for a wide
range of chronic diseases, including allergies, autoimmune diseases, metabolic

diseases, neuropsychiatric disorders,
irritable bowel syndrome and inflammatory bowel disease.3

Association of gut
microbiota dysbiosis
with atopic dermatitis
Epidemiological studies have suggested
the significance of gut microbiota dysbiosis in patients with AD. The studies
found that reduced diversity in the gut
microbiota and the abundance or depletion of certain signature bacterial genera
and species were associated with the
occurrence of AD.
Patients with AD had low relative
abundance of Bifidobacterium species,
a common beneficial microbe found in
fermented foods. They are involved in
important physiological functions such
as vitamin production, immune system
regulation, inhibition of potentially pathogenic bacteria and enhancement of food
digestion. An abundance of bifidobacteria
has the potential to reduce inflammation
by inducing the production of anti-inflammatory cytokines, suppressing the Th2
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immune response and reducing immunoglobulin E (IgE) production. Also, low
levels of Faecalibacterium, in particular
F. prausnitzii, have been associated with
AD.4 Due to its anti-inflammatory effects,
the level of the Faecalibacterium genus
is an indicator of the health status of
the gut. Moreover, patients with AD had
lower levels of certain SCFA-producing
bacteria, such as Bifidobacterium,
Blautia, Coprococcus, Eubacterium and
Propionibacterium. SCFAs are important
because they may exert anti-inflammatory
effects by regulating intestinal mucus and
intercellular tight junctions, which maintains the integrity of the intestinal barrier.
The resulting low production of SCFAs
may lead to intestinal barrier dysfunction,
increased intestinal permeability and
inflammation. Conversely, Bacteroides
species are common inhabitants of the
human gut; however, their increased
abundance has been associated with
food allergy and AD. Indeed, higher levels
of Bacteroides in atopy could lead to the
continuous production of lipopolysaccharides in the gut, which could trigger
an inflammatory response. Among the
Proteobacteria phyla that are sometimes
known as “bad” bacteria, Sutterella levels
were increased in children with AD. This
genus has also been associated with
other inflammatory diseases such as
Crohn’s disease and ulcerative colitis.
Although there is growing evidence
of intestinal microbial dysbiosis in AD,
the exact role of the gut microbiota,
particularly its causative role and impact
on disease severity, remains unclear.
Moreover, observational studies have
reported conflicting results, with some
studies finding no significant differences
in certain reported bacterial signatures
of dysbiosis in the gut microbiota. These
conflicting results may be explained by
methodological differences, difficulties
with identification of gut bacterial species
using previous-generation technology,
and the complexity of the interactions
between the gut microbiota and external factors. Methods for detection of

microbes have evolved through the years
and are now much more sensitive with
advances in next-generation sequencing
technology and bioinformatics platforms.
Furthermore, with the use of metagenomic shotgun sequencing, the relationship between microbiota function and
AD will likely be further explored in the
future.5

Gut microbiota dysbiosis
precedes onset of atopic
dermatitis
An association of risk factors does not
indicate causation: instead, causation
would be more likely if the risk factors
precede the onset of the disease.
Lack of microbial exposure during infancy, proposed by The Hygiene
Hypothesis, has been suggested to be
responsible for the allergy epidemic in
Westernized populations. Evidence from
experimental models demonstrated
the importance of the gut microbiota in
shaping the development of the immune
system. A number of human studies
have also shown differences in the early
colonization patterns of gut microbiota in
infants who develop allergic disease.
Various birth cohort microbiome
studies have collected serial stool samples
from infants in their early development
and observed the incidence of atopic diseases longitudinally. Birth cohort studies
from Europe, East Asia and a local Hong
Kong cohort study have suggested that
dysbiosis in certain gut bacterial species
preceded the development of AD. Also,
reduced diversity of the gut microbiota
and delayed Bacteroidetes colonization
in 1-month-old infants have been associated with subsequent AD. Apart from the
reduction in diversity, differences in gut
microbiota composition in early infancy
are associated with subsequent manifestation of atopic disease. The presence
of Escherichia coli was associated with a
higher risk of developing AD. Colonization
with Clostridium difficile in early infancy
was associated with an increased risk
of all atopic outcomes, independent of
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its concentration. Interestingly, gut colonization by S. aureus strains carrying a
certain combination of superantigen and
adhesin genes was negatively associated
with subsequent development of AD.
Such strains may stimulate and promote
maturation of the infant immune system
against pathogenic S. aureus. A Japanese
birth cohort study found that infants with
higher risk of AD and asthma had lower
levels of Akkermansia, Bifidobacterium
and Faecalibacterium, and high counts of
Candida and Rhodotorula.
It has been suggested that exposure to a diverse environment of commensal microbes in early life is crucial
in gut microbiota colonization and the
subsequent development of allergic
diseases. Microbes start to colonize the
neonatal gut at birth and could be affected
by various factors like genetics, mode of
delivery, feeding methods and early perinatal use of antibiotics. The microbiota
continues to evolve in species abundance
until the infant is around 3 years of age.
Bacterial colonization of the intestines
and establishment of gut microbes in
infancy are closely linked with immune
system development (Figure 1). The
transformation of naive T cells into different types of T helper cells, such as Th1,
Th2, Th17 and regulatory T (Treg) cells, is
thought to be controlled in the thymus
but, surprisingly, has been found to be
dependent on the status of the gut microbiota. Treg cells play an important role in
shaping the normal immune response
including the suppression of aberrant IgE
production. Future longitudinal studies of
gut microbiota will provide further insight
into the important role of early life gut
microbiota in the evolution of various
chronic diseases in adulthood like allergic,
metabolic, gastrointestinal, neuropsychiatric and autoimmune disorders.

Therapeutic role of the
gut microbiota in the
management of AD
There is growing evidence suggesting that the gut microbiota plays an
DECEMBER 2019

important, if not causative, role in the
development of AD. Therapies targeting
the gut microbiota could be invaluable
therapeutic tools in the management of
AD. Even before the modern “microbiota
era”, various measures were used to try
to modulate the gut microbiota through
prebiotics and probiotics supplementation, although with inconsistent results.
However, each individual with AD could
have a unique gut microbiota dysbiosis,
so a one-treatment-fits-all approach may
not work for every patient. The following
section will briefly discuss the evidence
and future direction of using prebiotics
and probiotics in the management of AD.

Potential mechanism of
action – prebiotics and
probiotics
According to the United Nations Food
and Agriculture Organization and World
Health Organization, the term ‘prebiotics’
generally refers to substrates that are
selectively used by host microorganisms
conferring a health benefit. Prebiotics
are typically comprised of nondigestible carbohydrates but can also include
noncarbohydrates such as fatty acids,
phenolics and phytochemicals. Probiotics
are defined as live microorganisms
which, when administered in adequate
amounts, confer a health benefit on the
host. Synbiotics are a combination of preand probiotics.
Prebiotic carbohydrates are a major
substrate for bacterial growth, selectively
stimulating the growth and activity of
beneficial members of the gut microbiota. Thus, prebiotics can potentially have
global effects on microbial composition.
A second, more direct immune effect
appears to be mediated by the fermentation products of prebiotics. Gut microbes
ferment prebiotics to produce SCFAs that
have direct anti-inflammatory effects.
SCFAs also promote intestinal integrity
through effects on epithelial cell proliferation and differentiation.
Probiotics may directly alter
gut microbial composition or may act
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Figure 1. Gut dysbiosis and immune dysregulation in atopic dermatitis
Adapted from Kim5
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indirectly through effects on microbial
products, host products or food components, or by modulation of the host's
immune system. Commensal gut bacteria can decrease local inflammation and
may stabilize intestinal barrier integrity,
potentially reducing systemic antigen
load. Certain strains of Lactobacilli and
Bifidobacterium may influence immune
function via actions on enterocytes and
immune cells. However, it is uncertain
how these observations translate into
clinically relevant effects. In addition, it
is also not known whether the effects of
one bacterial strain are similar to those of
other strains, even of the same species.
Finally, the in vitro immune-stimulating
activities of probiotics can diverge from
those observed in vivo. Further studies
are needed to clarify these issues.

Probiotics as primary
prevention and treatment
of AD
Several meta-analyses have revealed
that probiotic treatment is effective for
primary prevention of AD in both general
and high-risk populations for AD. A metaanalysis in 2012 included 13 prevention
studies and demonstrated that giving
probiotic supplementation to pregnant
women with personal or family history
of atopy and high-risk infants reduced
the incidence of AD by 21%, from
approximately 37% in the placebo group
to 30% in the probiotic group.6 However,
this effect was seen only in the first 2
years of life and was lost by 4 years of
age. Studies were reported to be fairly
homogenous, and no clear difference
emerged across various strata. Another
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meta-analysis in 2015 that included
17 prevention studies reported similar
findings. The majority of studies have
selectively recruited infants at high risk of
allergic disease. The allergic phenotype is
often expressed within the first months
of life. Thus, prevention strategies are
focused on pregnancy and the immediate
postnatal period. Preventive measures
may address the general population or
target infants at high risk of developing
allergic disease, characterized by a positive immediate family history of allergic
disease. Some of the negative studies in
the meta-analyses showed no significant
reduction in the development of AD, even
when the same probiotic strain and a
similar protocol were used. Nonetheless,
the World Allergy Organization suggests
using prebiotics in infants who are not
exclusively breastfed and using probiotics
in pregnant and lactating women and
infants at high risk of allergy.
Probiotics have also been used
as therapeutic measures in established
AD with varying success. Lactobacillus
rhamnosus GG is the most extensively
studied strain to date in the prevention
and treatment of AD, with both positive
and negative results. Some probiotic
strains, including L. acidophilus, L.
fermentum, L. paracasei, L. plantarum
and Bifidobacterium lactis, have reduced
SCORing AD (SCORAD) scores significantly in some smaller clinical trials.
There are a number of meta-analyses
investigating the therapeutic efficacy of
probiotics for treating AD and most have
concluded that results are conflicting
and there is inconsistent evidence of
the effectiveness of probiotics for AD.
Furthermore, there are problems with the
quality of the clinical studies evaluated. In
addition, the high degree of heterogeneity, which includes marked differences in
probiotic preparations, study populations
and outcome measures, hampers direct
comparison of studies. More importantly,
with increasing understanding of the gut
microbiota in AD patients, researchers
now appreciate that the microbiota status

Figure 2. Mechanism of actions of pre/probiotics in atopic dermatitis
Adapted from Kim5
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of every patient is unique. Single probiotics strains or combinations are unlikely to
be effective in such a heterogenous group
of patients. Besides, clinical efficacy will
only be attained when the therapy reaches
meaningful treatment endpoints, such as
the balance of certain dysbiosis features.
Unfortunately, previous probiotics studies
did not address these important issues.7–9

Choosing the appropriate strain of probiotic and assessing treatment adequacy
with high-throughput gut microbiome
testing are other challenges. Hopefully,
with the advancement of microbiome
technology platforms, researchers can
generate effective and evidence-based
gut microbiome therapeutics for future
management of AD.

Future direction
Success in the management of AD
can only be achieved by targeting the
multiple elements of its underlying
pathophysiology, including epidermal
barrier dysfunction, aberrant Th2 immune
activation, cutaneous dysbiosis and the
gut microbiota. Research to elucidate the
exact role of the gut microbiota in AD is
ongoing. Gut microbiome-based therapeutics will become an important part of
AD disease management. The challenge
is identifying which patient will benefit
best from gut microbiota manipulation
and personalizing the treatment regimen.
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Interleukin-23: A Newer Target for Treating
Patients with Moderate-to-Severe Psoriasis
moderate-to-severe cases, specialists
should be involved to prescribe systemic
therapy.2 Systemic conventional treatments for moderate-to-severe psoriasis,
including methotrexate and cyclosporin,
can be considered, but their use can be
limited by the potential systemic side
effects.
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銀屑病); Biologic therapy (生物療法)

Introduction
Psoriasis is a chronic systemic immunemediated inflammatory disease with
predominant skin involvement. Typical
skin lesions, characterized by silver scaly
plaques, occur over the scalp, lower back
and extensor surfaces of limbs. Some
patients may suffer from clinical subtypes
of psoriasis such as generalized pustular
psoriasis (GPP) and erythrodermic
psoriasis (EP). The itchy disfiguring rash
has tremendous impact on the patient’s
quality of life. Besides skin involvement,
comorbidities, including arthritis and
depression, and an increased risk of
cardiovascular disease have widened
the scope of care for optimal patient
management.1
The management of psoriasis
depends on clinical severity and the
presence comorbidities, like arthritis.
Topical agents, including steroids and
vitamin D analogues, can be used in
mild cases with limited skin lesions. For
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Biologic therapy for
moderate-to-severe
psoriasis
As understanding of the pathogenesis
of psoriasis has evolved, biologic agents
have been developed to target specific
immune pathogenic components (Table).
Compared with conventional non-specific
treatment modalities, biologics have
achieved better clinical efficacy as well
as fewer serious systemic side effects.3
Early biologics targeted products of
T helper 1 cells, like tumour necrosis
factor-α (TNF-α). Subsequently, more
downstream components, like interleukin
(IL) 12/23 and IL-17A, were identified. The
IL-12/23 inhibitor, ustekinumab, is well
tolerated in long-term use.4 Patients with
plaque psoriasis or psoriatic arthopathy
had impressive clinical improvement with
IL-17A inhibitors (including secukinumab,
ixekizumab) or an IL-17A receptor
blocker (brodalumab).5 In the CLEAR
trial, which compared secukinumab with
ustekinumab, 79% of patients in the
secukinumab group achieved at least
a 90% reduction in the Psoriasis Area
and Severity Index (PASI 90) at week 16
compared with 58% of patients in the
ustekinumab group.6 The risk of tuberculosis reactivation is low with secukinumab
use.7 However, risks of mucocutaneous
infection and inflammatory bowel disease were raised with the use of IL-17A
blockers.8–10 Subsequently, IL-23, but not

IL-12, was found to be responsible for
maintaining the pathogenic lineage of T
helper 17 cells. At the same time, IL-23
inhibition does not completely eliminate
IL-17A since there are other sources that
are independent of IL-23 stimulation.
Therefore, immunity to mucocutaneous infection is maintained during IL-23
inhibition.11
Currently in Hong Kong, guselkumab is the only registered IL-23
inhibitor available for psoriasis treatment;
risankizumab will be available in the near
future. Guselkumab is a fully humanized
monoclonal immunoglobulin antibody
that inhibits the p19 unit of IL-23. A
large-scale phase III study, VOYAGE-1,
compared guselkumab with adalimumab:
73.3% of patients achieved PASI 90 with
guselkumab compared with 2.9% and
49.7% in the placebo and adalimumab
groups, respectively, while adverse event
rates were similar for all three groups.12 In
VOYAGE-2, adalimumab non-responders
were switched to guselkumab at week
28. The proportion of adalimumab nonresponders achieving a PASI 90 response
with guselkumab was 66.1%, while
28.6% achieved a PASI 100 response.13
It is also interesting to note that 37% of
patients in the guselkumab withdrawal
arm maintained a PASI 90 response at
week 48 (28 weeks after the last dose of
guselkumab).13
Guselkumab demonstrated better
clinical efficacy than ustekinumab in
the NAVIGATE study, which involved
871 patients who were treated with
ustekinumab and reviewed at week 16.
Ustekinumab non-responders (defined by
investigator’s global assessment [IGA] ≥2)
at week 16 were randomized to receive
guselkumab or to continue ustekinumab.
Patients in the guselkumab group took
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fewer follow-up visits to achieve IGA 0/1
and were also more likely to achieve a
two-grade improvement in IGA at week
28 and week 52 (Figure).14
A head-to-head multicentre study,
ECLIPSE, compared the clinical efficacy
of guselkumab with secukinumab. This
double-blinded, randomized, comparatorcontrolled study enrolled 1,048 patients
with moderate-to-severe plaque psoriasis. The PASI 90 response rate at week
48 was greater in the guselkumab group
(84%) than the secukinumab group
(70%). The safety profiles were similar
between the two groups.15
The effects of an IL-23 inhibitor on
GPP and EP were studied in Japan. Ten

patients with GPP and 11 patients with
EP were given a standard dose of guselkumab. At week 16, the proportions of
GPP and EP patients achieving treatment
success (ie, Clinical Global Impression
score of “very much improved”, “much
improved” or “minimally improved”)
were 77.8% and 90.9%, respectively.16
This study provides positive evidence
supporting the use of IL-23 inhibition in
other clinical subtypes of psoriasis, in
contrast to findings from most other
studies of patients with plaque psoriasis.

Future treatment goals
The emergence of IL-17A and IL-23
inhibitors has set a very high bar for the

treatment goals in psoriasis, which is
now a difficult target for previous treatment options. Achieving PASI 90 or above
improves patient quality of life.17 IL-17A
inhibitors may provide a faster response
but concerns over inflammatory bowel
disease and mucocutaneous fungal infections may limit their use in susceptible
patients.11
Despite the advancement in
treatment options, there are still unmet
needs related to effective management
of comorbidities and effective treatment
options for the various clinical subtypes
and difficult-to-treat areas. More research
in this area is needed.

Table. Currently available biologics for plaque psoriasis in Hong Kong
Mechanism of action Medication

Route and dosing

Frequency

Remarks

Adalimumab

Subcutaneous
80 mg 1st week, then
40 mg 2nd week

Every 2 weeks

Safe and effective for ages
4 years and above18

Infliximab

Intravenous
5 mg/kg

Weeks 0, 2 and 6, then every 8 weeks

Presence of murine sequence
can lead to higher anti-drug
antibody19

Certolizumab

Subcutaneous
400 mg

Weeks 0, 2 and 4, then every 2 weeks
(for body weight <90 kg:
200 mg every 2 weeks after loading)

Less placental / breast milk
transfer20,21

Etanercept

Subcutaneous
50 mg (0.8 mg/kg,
max 50 mg)

First 12 weeks: twice a week
Then once a week

Safe and effective for ages
4 years and above22

IL-12/23 inhibition

Ustekinumab

Subcutaneous
45 mg for <100 kg
90 mg for >100 kg

Weeks 0 and 4, then every 12 weeks

Long dosing interval, high
tolerability4

IL-17A inhibition

Secukinumab

Subcutaneous
300 mg

Weeks 0, 1, 2, 3 and 4, then every 4
weeks

High rates of skin clearance
and joint improvements,5,23
good improvement in quality
of life4

Ixekizumab

Subcutaneous
80 mg

First dose 160 mg, then 80 mg every
2 weeks for first 12 weeks, then every
4 weeks

Good skin clearance and joint
improvements4,24

Brodalumab

Subcutaneous
210 mg

Weeks 0, 1 and 2, then every 2 weeks

High rates of skin clearance,
possibility of suicidal ideation
or behaviour23,25

Guselkumab

Subcutaneous
100 mg

Weeks 0 and 4, then every 8 weeks

Long-term superiority to
secukinumab15

TNF-α inhibition

IL-23 inhibition
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Figure. Clinical images of a 62-year-old patient: A) right elbow showing plaque psoriasis during treatment with methotrexate
15 mg/week, before commencement of guselkumab; B) right elbow 3 months after commencement of guselkumab (ie, after
two doses)

A
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Cases of adult-onset AD, as well as
childhood AD that persists into adulthood,
are increasing.3 The prevalence of AD is
around 4%–7% in the adult population
and 15%–20% of children are affected by
AD.4,5 The management goal is to reduce
disease exacerbations and ensure patient
comfort. While use of moisturiser and
topical anti-inflammatory therapies with
corticosteroids and calcineurin inhibitors are the mainstay of therapy for the
majority of patients with AD of mild-tomoderate severity, 20% of these patients
are not adequately controlled with topical
first-line treatments.3,6 About 10% of
adult patients with refractory disease
that does not respond adequately to such
treatments require phototherapy or oral
immunosuppressants.2,7

Treatment gaps
Introduction
Atopic dermatitis (AD) is one of the most
common dermatological conditions seen
in clinical practice. It is a chronic relapsing
inflammatory skin disease associated
with immune dysregulation and altered
epidermal barrier function. AD shares
a constellation of clinical features of
eczema, depending on the stage of the
disease, with consistent features of
pruritus, dryness and eczematous lesions
of epidermal spongiosis and perivascular
lymphocytic infiltrate in histology. It runs
a recurrent course, often lasting years,
with a significant impact on the quality
of life of affected children and adults.1 AD
can be considered a systemic disease
with comorbid conditions such as food
allergy, asthma, allergic rhinitis and allergic conjunctivitis in up to 60% of affected
patients.2
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The existing treatment options for
patients with moderate-to-severe AD are
limited. Moderate-to-severe AD imposes
a significant impact on quality of life,
with irritating pruritus, sleep disturbance,
adverse psychosocial outcomes and
impaired performance in school, study
and work.1,7 Use of topical corticosteroids
may not be practical for extensive disease
and prolonged use to achieve control
may lead to local and systemic adverse
effects, such as skin atrophy and skin barrier dysfunction. Systemic corticosteroids
for continuous or chronic intermittent use
are not advised due to the associated
risk of adrenal suppression, hypertension, hyperglycaemia, osteoporosis,
avascular necrosis of bone, cataracts and
glaucoma and the risk of rebound.1,2 Thus,
systemic corticosteroids are to be used
only as a temporary measure for flares
or bridging therapy in severe, unstable
disease.6 Phototherapy is not readily

available in many clinic settings and there
is a strict time constraint for patients to
attend treatments regularly for months.
Systemic immunosuppressants such as
cyclosporine A, mycophenolate mofetil,
azathioprine and methotrexate are associated with a number of potentially serious
adverse effects such as bone marrow
suppression, organ toxicity and increased
risk of infections.7,8
Before the era of biologics, oral
corticosteroids were the only systemic
treatment for AD approved by the US
Food and Drug Administration, and the
majority of clinicians now concur that
systemic corticosteroids should not be
the mainstay of treatment for moderateto-severe AD.2 While oral cyclosporine
is approved for moderate-to-severe AD
in the European Union (EU), the safety
profile with potential adverse effects,
including hypertension, renal toxicity,
immunosuppression and long-term risk
of malignancy, limits its use to no more
than 12 months in general.7 As moderateto-severe AD is a chronic relapsing inflammatory skin disease imposing significant
suffering and impacting daily quality of
life, an effective treatment modality with
an excellent safety profile is desperately
needed.

Biological therapy
Biological therapies, also known as
biologics, represent a novel therapeutic
modality increasingly used to treat inflammatory dermatoses, such as psoriasis,
with established efficacy and safety. They
are bioactive proteins, such as humanized
monoclonal antibodies, manufactured
using biotechnology methods designed
to target specific components of the
immune system that are implicated in
AD pathogenesis. Biologics counteract
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the aberrant immune reaction with
good efficacy in disease control and
with relatively fewer adverse effects
than conventional immunosuppressive
therapy. Previous clinical studies using
omalizumab, a monoclonal antibody
against immunoglobulin E (IgE), failed to
show clinical efficacy in the treatment of
AD, raising doubts about the role of IgE in
AD pathogenesis.9
The understanding of AD pathogenesis has advanced in the past decade,
with the critical role of increased T helper
2 (Th2) responses and the interleukin
4 (IL-4), IL-5 and IL-13 cytokine pathway
mediating skin inflammation in AD now
fully described.10 Specific blockade of the
overexpressed IL-4 and IL-13 cytokines
has proven to be the key step in controlling the orchestra of inflammation in AD.
A number of landmark clinical trials have
proven that blockade of IL-4 and IL-13
effectively reduces signs and symptoms
of AD, especially pruritus, and improves
scores on quality-of-life measures.
Blocking downstream signalling of IL-4
and IL-13 has been shown to alter the AD
transcriptome in a dose-dependent fashion. Dupilumab is the first fully humanized
monoclonal IgG4 antibody against the
α-subunit of IL-4 and IL-13 approved for
the treatment of moderate-to-severe AD,
and it has also shown early promise in the
treatment of allergic asthma with raised
IgE levels.11
Dupilumab has been approved as
the first, and currently only, biologic in
the US (in March 2017) and the EU (in
September 2017) for treatment of adults
with moderate-to-severe AD.2,7 Two
separate randomized, placebo-controlled,
phase III studies (SOLO 1 and SOLO
2) have demonstrated that weekly or
biweekly subcutaneous injection of dupilumab 300 mg after the first loading dose
caused significant reductions in pruritus,
anxiety and depression scores and quality of life index scores over a treatment
period of 16 weeks in adult patients with
moderate-to-severe AD.12 Injection-site
reactions and conjunctivitis were more

frequent in the dupilumab groups than
the placebo groups. In another 12-week
study of moderate-to-severe AD, 85%
of patients receiving dupilumab monotherapy achieved a >50% reduction in
Eczema Area and Severity Index (EASI)
score, compared with 35% of patients
in the placebo group (p<0.001). Forty
percent of the active treatment group
achieved clear or almost clear status,
compared with 7% of the placebo group
(p<0.001).13 Pruritus decreased by 55.7%
in dupilumab-treated patients compared with 15.1% in the placebo group
(p<0.001). There were no significant serious safety concerns identified in phase III
clinical trials (Figure).
Furthermore, the CHRONOS study
combining dupilumab with a topical
steroid demonstrated greater improvement of signs and symptoms of AD
compared with dupilumab alone and also
confirmed its safety up to 52 weeks.14
The clinical data indicated a lack of major
adverse effects apart from injection-site
reactions and conjunctivitis, which were
relatively mild and did not lead to treatment discontinuation in the majority of
the subjects in the clinical trials. Another
phase III randomized trial demonstrated
that dupilumab combined with a topical steroid significantly improved signs
and symptoms of AD and quality of life
in adults with a history of inadequate
response or intolerance to cyclosporine
A, or for whom cyclosporine A treatment
was medically inadvisable.15 Ongoing
clinical studies are being conducted to
evaluate the safety and efficacy of dupilumab in younger patients with moderateto-severe AD (ie, ≥6 years) and results
of further trials, including the long-term
safety profile, are pending. Dupilumab
will likely become the standard of care
for AD against which all future systemic
therapies will be compared.11
In view of its efficacy and safety
profile and the lack of suitable alternatives, dupilumab was recommended in
consensus-based European guidelines
published in 2018 as the first-line systemic
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treatment for inadequately controlled
moderate-to-severe adult AD.16 Due to
its excellent safety profile, no prior investigations or workup are required before
commencement of dupilumab. Topical
steroids can be continued because their
combined use with dupilumab has been
shown to enhance therapeutic efficacy.
The criteria for dupilumab prescription in AD have not been fully established.
Nevertheless, the decision should be
based on disease severity, failure of previous treatment attempts, impact on quality of life, and the patient’s psychosocial
status. Composite scores for measuring
disease severity and clinical outcomes
in clinical trials, such as the EASI, are
impractical for use in routine clinical practice.1,17 There is still no universal standard
suited to daily clinical use that can stratify
patients of various disease severities and
to evaluate treatment response.2 The physician’s global assessment (PGA) score is
relatively easy to perform and it ranges
from 0 (clear) to 4 (severe) to describe
the overall appearance and extent of
the lesions at any time point. Apart from
moderate-to-severe AD not adequately
controlled with topical or systemic
therapies, other eligibility parameters to
consider when deciding whether to use
biologics are pruritus scale, body surface
area involved, PGA score, dermatology
life quality index, socioeconomic considerations and involvement of highly visible
or functional areas such as the face and
hands.7
Several monoclonal antibodies
that target key cytokines involved in
inflammation, such as anti-IL-22 and
anti-IL-31, are being investigated for AD.
Other targeted therapies directed at
small molecules responsible for internal
inflammatory signalling are at various
stages of research and development.18
Examples currently under investigation
for moderate-to-severe AD include the
Janus kinase inhibitor (JAK-I), tofacitinib,
and the phosphodiesterase-4 inhibitor
(PDE4-I), apremilast, which are available
in oral formulations.
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Conclusion
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Figure. Clinical photographs of two patients (A & B) before (left) and after (right) dupilumab therapy

A1: Baseline: BSA 36%, VAS 7/10,
PGA 3, EASI 22.9

A2: Week 10: BSA 9%, VAS 1/10,
PGA1, EASI 1.7

B1: Baseline: BSA 70%, VAS 8/10,
PGA 4, EASI 38.0

B2: Week 8: BSA 10%, VAS 0/10,
PGA 1, EASI 6.7

BSA, body surface area; EASI, Eczema Area and Severity Index; PGA, physician’s global assessment; VAS, visual analogue scale
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