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Executive summary 

This project was commissioned by Skinwiser to examine whether probiotics can have a positive effect 

on the skin. We assessed if topical application of probiotics can improve healthy or affected skin. The 

skin conditions included are rosacea, acne and atopic dermatitis. First, literature about healthy skin, 

skin conditions and (gut) probiotics was studied. Based on that, we pinpointed mechanisms in 

healthy and affected skin that could be targeted using probiotics. Next, we looked for bacterial 

strains that could tackle the selected mechanisms. Simultaneously, we performed a short market 

study on (non-oral) probiotics. 

We conclude that healthy skin could be best targeted by improving skin barrier function using 

sphingomyelinase-producing Streptococcus thermophilus, thereby increasing ceramide levels in the 

skin. No suitable strains were found for improving rosacea. In acne, Propionibacterium acnes 

overgrowth could be tackled by inhibiting this bacterium using Staphylococcus epidermidis.  

Atopic dermatitis could be improved using sphingomyelinase-producing Streptococcus thermophilus. 

Furthermore, inhibiting Staphylococcus aureus using Esp-secreting Staphylococcus epidermidis could 

improve atopic dermatitis symptoms. Moreover, clinical studies using Vitreoscilla filiformis lysate 

showed promise in improving atopic dermatitis, potentially by improving immune tolerance. 

We also conclude that the market study showed that most available products were intended for 

disease prevention, healthy skin or skin cleaning. Information about specific strains included was 

rarely disclosed and claimed working mechanisms were mostly competitive exclusion of pathogens 

and strengthening of the skin.  

In our opinion probiotics can have a positive effect on the skin. However, more research is needed to 

verify the efficacy of the strains found. We recommend further research into the previously 

mentioned strains for the development of probiotics–containing skin care products. Oral probiotics 

are more promising to target rosacea than topical probiotics based on current research. 

A combination of pre- and probiotics could be used to increase their effect, while a combination of 

pro- and postbiotics could include products of pathogenic bacteria.  Inclusion of spores from spore-

forming bacteria can be a promising approach to store microorganisms in a product.   

We advice Skinwiser to research (some or all of) the selected strains. Recommendations for further 

research are included to help in this process.   
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1. INTRODUCTION 

1.1 Introduction to the report 

This report presents the outcomes of the consultancy project ‘Probiotics in dermatology – from 

theory to enterprise’. This project was commissioned by the Skinwiser foundation to examine 

whether probiotics can have a positive effect on the skin. We assessed if topical application of 

probiotics can improve healthy or affected skin. The skin conditions included are rosacea, acne and 

atopic dermatitis. 

1.1.1 Scope  

Problem description 

The development of new skin care products containing only ingredients that are scientifically proven 

to be effective is one of the main goals of the Skinwiser foundation and associated organizations 

(Uncover Skincare and Sunwiser). As defined by the World Health Organization, probiotics are “live 

microorganisms which when administered in adequate amounts confer a health benefit on the host” 

(FAO/WHO, 2001). Research has shown that probiotics have beneficial effects on certain intestinal 

diseases by influencing the gut microbiome (see section 1.2.4 Probiotics, prebiotics and postbiotics). 

The skin has its own microbiome, hence the use of probiotics in dermatology also seems promising. 

Skinwiser is interested in knowing whether probiotics can have a positive effect on the skin. The 

foundation is especially interested in the effects of topically applied probiotics on commonly 

occurring skin conditions such as rosacea, acne and atopic dermatitis, as well as their general 

preventative effects on healthy skin.  

 

An imbalance in the skin microbiome, called dysbiosis, has been observed in various conditions, 

including atopic dermatitis (Sanford and Gallo, 2013). Although it is not entirely clear in these cases 

whether the pathology caused the dysbiosis, or dysbiosis the pathology (Sanford and Gallo, 2013), 

resolving or improving dysbiosis in skin conditions could improve symptoms. Similarly, maintaining a 

balanced skin microbiome using probiotics could make the microbiome more resilient to for instance 

infections or improve skin barrier function. 

                                                                                                                                                                                      

Currently, antibiotic drugs are frequently used to treat acne, rosacea and atopic dermatitis. 

Antibiotics likely have a large influence on the microbes living on our skin, as they are often 

nonspecific and kill not only pathogenic microorganisms, but also non-pathogenic ones, thereby 

greatly disrupting the skin microbiome (Reid et al., 2011). Probiotics could be a milder, less 

aggressive alternative to antibiotics for restoring homeostasis of the skin microbiome (Reid et al., 

2011).  
 

Probiotics can either be applied topically or ingested orally. Skinwiser intends to develop their own 

probiotics-containing skin care products, as part of Uncover Skincare. Therefore, our focus is on 

topical application of probiotics and probiotic products.  
 

Purpose 

The purpose of this project is to inform and advise the Skinwiser foundation on the use of probiotics 

in skin care, as well as on if and how to proceed with further research. Research questions that will 

be answered by a first literature review include:  
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 Which mechanisms are responsible for the effects of probiotics in the gut? 

 What is the core microbial composition of healthy human skin?  

 What is the pathophysiology of rosacea? 

 What is the pathophysiology of acne? 

 What is the pathophysiology of atopic dermatitis? 

Questions that will be answered by a short market study are: 

 Which products containing probiotics are currently available on the international market? 

 What are the (active) probiotic ingredients in these products, if known? 

 How effective are these probiotic ingredients, if known?  

Based on the answers to the previous questions, we will identify mechanisms important in the 

maintenance of healthy skin and in the pathophysiology of the skin conditions. For the selected 

mechanisms, we will carry out a second literature search on microorganisms influencing these 

mechanisms. The outcome of this search is the basis for our advice on whether or not probiotics 

could be used in dermatology.  

Background and philosophy Skinwiser foundation and associated organizations 

The Skinwiser foundation is a skin research institute established by Dr. Jetske Ultee, who is a 

research physician in cosmetic dermatology and is especially interested in the skin. Research topics 

of Skinwiser include the stability of antioxidants in cosmetics and the effectivity of oral and topical 

use of botanicals in protection against the sun. Via her blog, www.jetskeultee.nl in Dutch and 

www.jetskeultee.com in English, Jetske Ultee wants to share her knowledge about skin care with the 

public. Furthermore, she founded the Sunwiser foundation, a non-profit organization that researches 

sunbathing habits and aims to educate people about safety in the sun. Sunwiser has also developed a 

safe and effective sunscreen. This sunscreen is part of a line of products produced by Uncover 

Skincare developed by Jetske Ultee. Besides this sunscreen, Uncover Skincare also sells other skin 

care products, e.g. moisturizers, cleansers and toners. The products of Uncover Skincare contain only 

ingredients that have been proven to be effective, at optimal concentrations and are free from 

irritants.   

Goals 

The goal of this project is to improve commonly occurring skin conditions and healthy skin. The aim 

of this project is to advise Skinwiser on whether or not probiotics can be used to improve symptoms 

of common skin conditions and prevent complaints in healthy skin. This will be based on current 

scientific knowledge. In addition, we describe which probiotics are currently the most promising for 

treating skin diseases and healthy skin.  

1.1.2 Organization of the report 

The organization of the report is as follows: 

 Background 

 Methodology 

 Results 

o Healthy skin and skin microbiome 

o Pathophysiology of rosacea, acne and atopic dermatitis 
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o Market study 

 Discussion 

o Target mechanisms 

o Market study 

 Conclusions and advice 

 Reccomendations for further research 

 

1.2 Background 

1.2.1 Overview of the immune system 

The immune system plays a central role in the effect of probiotics on human health. Therefore we 

include a brief overview of the main aspects of the immune system here, to refer back to when 

reading this report.  

The immune system eradicates pathogens and tries to prevent disease. It consists of the innate 

immune system and the adaptive immune system. The innate immune system detects infection and 

determines the nature of infection; it is the first line of defence and is the initiator of the adaptive 

immune response (Medzhitov, 2001). The adaptive immune system recognizes specific protein 

sequences and has a specific response.  

The innate immune system 

The innate immune system consists of several immune cells (see Figure 1). These immune cells 

recognize microbe associated molecular patterns (MAMPs) that are present on almost every 

bacterium, virus or yeast. MAMPs are essential for the survival of microbes and therefore cannot 

afford to mutate. In this way, MAMPs are conserved among microbes. These MAMPs are recognized 

by pattern recognition receptors (PRRs) which are present on cells and inside of cells. These 

receptors cannot distinguish between pathogenic and commensal microbes.  
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Figure 1. The immune cells in innate and adaptive immune system. Source: Dranoff, 2004. 

There are extracellular and intracellular PRRs e.g. Toll-like receptors (TLRs) (Medzhitov, 2001), Nod-

like receptors (NLRs) and Rig-like receptors (RLRs) (Abbas et al., 2012). In Figure 2 an overview of the 

mammalian TLRs and their ligands is given. TLR3, TLR7, TLR8 and TLR9 are intracellular receptors 

which recognize viruses and intracellular bacteria and parasites. TLR1, TLR2, TLR4, TLR5, TLR6 and 

TLR11 are extracellular receptors and recognize extracellular bacteria and parasites. When a TLR 

receptor is bound, a signalling cascade results in the induction of inflammatory cytokines (e.g. 

interleukins) and chemokines, antimicrobial peptides and other molecules that act against the 

invading pathogens. The TLRs activate distinct but also overlapping cellular pathways (Janeway and 

Medzhitov, 2002). 

 
Figure 2. TLRs and their ligands. Source: Kaufmann, 2007. 

The skin is lined by a continuous layer of epithelia and forms a barrier against microbes that try to 

enter the body (Abbas et al., 2012). When microbes enter, they encounter cells of the innate immune 
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system. A process called inflammation occurs: the recruitment of leukocytes and plasma proteins 

from the blood into the tissue. Leukocytes are white blood cells e.g. neutrophils and macrophages. 

Many cytokines and chemokines are involved in inflammation. Immune cells are made of two 

different lineages: the lymphoid lineage and the myeloid lineage (see Figure 3). The innate immune 

cells (see Figure 1) are derived from the myeloid lineage and consist of e.g. monocytes 

(macrophages), neutrophils, eosinophils, dendritic cells. 

Figure 3. The cells of the immune system and their lineage. NK: natural killer cell; T: T-cell; B: B-cell; Th: T-
helper cell; IgE, IgM, IgA, IgG: antibodies; mϕ: macrophage; DC: dendritic cell. Source: modified from Male et 
al., 2012. 

Monocytes travel in the blood until they interact with specific chemokines that attracts them to the 

tissue (Abbas et al., 2012). The monocytes then migrate into the tissue and become macrophages. 

Macrophages engulf microbes and kill them using ROS (reactive oxygen species) and nitric oxide. 

They also secrete cytokines that instruct other cells what to do. Furthermore, they are antigen 

presenting cells (APCs) that present antigens to T-lymphocytes thereby activating these T-cells. 

Antigens are specific parts of the microbe, usually a protein sequence, against which an adaptive 

immune response can be formed (Abbas et al., 2012).  

Neutrophils are the most abundant white blood cells in the body and are present in early 

inflammation (Abbas et al., 2012). They contain two types of granules. These granules contain 

substances that kill microorganisms. One type of granule contains enzymes like elastase, collagenase 

and lysozyme, the other type contains cathelicidins and defensins. The neutrophils only circulate in 

the blood for 6 hours. If they do not migrate to a site of infection during that time, they go into 

apoptosis (programmed cell death) (Abbas et al., 2012). 
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Mast cells are present in the skin and contain granules filled with histamine and other inflammatory 

and antimicrobial factors (Abbas et al., 2012). They have IgE and IgG receptors on their cell surface. 

When these receptors are bound by e.g. allergens, the granules release their content into the 

extracellular space. This process causes inflammation (Abbas et al.,2012).  

Eosinophils have granules that contain enzymes harmful for both host tissue and cell walls of 

parasites and bacteria. Some eosinophils are present in mucosal linings of the body, but the amount 

can increase when there is inflammation (Abbas et al., 2012). 

Dendritic cells (DCs) are the most important immune cells because they connect the innate and 

adaptive immune system. When activated by microbes, they are APCs and activate T-cells (Abbas et 

al., 2012). 

The adaptive immune system 

The adaptive immune system can distinguish between different microbial molecules (antigens). It has 

a memory and therefore responds faster and stronger upon repeated exposure to the same antigen 

(Abbas et al., 2012). The adaptive immune system comprises different cells (see Figure 1) that are 

derived from the lymphoid lineage (see Figure 3).  

CD4+ helper T-cells (Th-cells) are one subset of T-cellzs (Abbas et al., 2012). DCs present antigens to 

naive T-cells and this results in the development of effector T-cells like Th-cells. A DC will direct T-cell 

differentiation into different types of Th-cells(e.g. Th1, Th2) depending on the type of microbe it 

encountered. Figure 4 depicts how different cytokines induce naive T-cells to develop into different 

types of Th-cells, the cytokines that the Th-cells secrete and how in turn these cytokines influence T-

cell differentiation.  

When DCs secrete interleukin-12 (IL-12) and interferon γ (IFNγ), naive T-cells differentiate into Th1 

cells. IFNγ induces DCs to produce more IL-12. Furthermore, Th1 cells produce IFNγ and thus amplify 

this reaction. In addition, IFNγ inhibits the differentiation of naive cells into Th2 and Th17 cells (see 

Figure 4). IFNγ produced by the Th1 cells activate macrophages (Abbas et al., 2012).  

When IL-4 is secreted by mast cells and/or other cell populations, Th2 cells develop from naive T-cells 

(see Figure 4). These T-cells are produced in response to allergens and helminths. Th2 cells produce 

IL-4 themselves, so this reaction also amplifies itself. Furthermore, IL-4 inhibits the differentiation of 

T-cells into Th1 cells and Th17 cells. Th2 cells secrete IL-4, which stimulates IgE production by B-cells, 

IL-5, which stimulates eosinophils, and IL-13. Mast cells are activated by IgE coated antibodies. IL-4 

and IL-13 activate alternative macrophages that contribute to tissue remodelling and fibrosis (Abbas 

et al., 2012).  

Naive CD4+ T-cells can also differentiate into regulatory T-cells (T-regs, see Figure 4). T-regs are 

formed by the presence of IL-2 and transforming growth factor β (TGFβ). They can bind to APCs and 

thereby inhibit the APC stimulation of T-cells. T-regs produce TGFβ and IL-10, which inhibit the 

immune response. TGFβ inhibits the activation of macrophages, Th1 and Th2 cells and, in 

combination with IL-1 and IL-6, promotes the development of Th17 cells. IL-10 inhibits T-cell 

activation and the production of IL-12 by macrophages and DCs (Abbas et al., 2012). In conclusion, T-

regs inhibit the immune response by inhibiting Th1 cells, Th2 cells, macrophages and DCs. When 

there is a lack of T-regs, systemic inflammation or autoimmune diseases can occur (Abbas et al., 
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2012). Some T-cells also develop into memory T-cells so the reaction in the next encounter with the 

same antigen will be faster and better. In normal human skin there is an abundant population of T-

cells in the dermis, 95% of which are memory T-cells. 

 
Figure 4. Naive T-cells differentiate into Th-cells according to the type of cytokine Source: modified from 
Maniati et al., 2010. Different interleukins (IL) and transforming growth factor β (TGFβ) induce several 
differentiations of T-cells. Th1 cells produce interferon γ (IFNγ), Th2 cells produce IL-4, IL-5 and Il-13 and T-
regs produce IL-10 and TGFβ. IFNγ inhibits the differentiation of T-cells into Th2 and Th17 cells while IL-4 
inhibits the differentiation of T-cells into Th1 and Th17 cells. TGFβ inhibits the differentiation of T-cells into 
Th1 and Th2 cells and therefore maintains a balance in the immune response. 

B-cells turn into plasma cells or memory B cells when antigens bind to the B-cell receptors. B-cells are 

stimulated by receptors of Th-cells and cytokines produced by Th-cells. Plasma cells (called after the 

bloodplasma in which they reside) produce antibodies: this is called the humoral immune response. 

The type of antibody e.g. IgE, IgM and IgG is dependent on the type of microbe encountered and thus 

the type of Th cell developed. It also depends on whether it has been encountered before (memory 

or not) and the anatomical location where it is encountered (e.g. in the gut IgA is produced and in the 

blood IgM and IgG are produced) (Abbas et al., 2012). 

Skin immune system 

The skin epidermis (outer layer) forms a physical barrier to microbes and is the site of many immune 

responses. Keratinocytes are skin cells that respond to pathogens (which are bound on their TLRs) 

and injury by producing antimicrobial peptides like cathelicidins and cytokines like IL-6, IL-18, IL-1, IL-

10, GM-CSF (granulocyte-macrophage colony-stimulating factor) and TNFα (tumour necrosis factor α) 

(Abbas et al., 2012). GM-CSF activates and differentiates DCs into skin-specific DCs. IL-6, IL-18, IL-1 

and TNFα promote inflammation and IL-10 controls immune responses. Furthermore, keratinocytes 

can produce chemokines that recruit lymphocytes (Abbas et al., 2012).  

Langerhans cells (LC) are a type of dendritic cells present in the skin. They form a regular and almost 

closed network in the epidermis. There are more than 109 cells present in the skin and they act like 

APCs (Bos and Kapsenberg, 1986). In normal intact skin, LCs support proliferation and activation of 
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resident T-regs. This provides a brake on an inappropriate immune response of foreign antigens and 

auto-antigens. When the skin barrier is disrupted and pathogens enter the body, the innate immune 

system provides danger signals (cytokines). With these cytokines, LCs are capable of presenting 

antigens to T-cells and activate them (Seneschal et al., 2012). 

1.2.2 Host-microbe interactions 

 

Interactions between organisms 

Interactions between different species can have a positive or negative effect or have no impact on an 

involved organism. Different combinations of these outcomes can be classified into different 

interaction types (see Figure 5). A general term for these types of interactions is symbiosis, although 

this term is also often used to describe a situation in which both species benefit. However, this is 

formally  called mutualism. The opposite of mutualism is competition: one species competes with the 

other species for resources. If one species benefits, but the other is unaffected, this is called 

commensalism. Parasitism occurs when one species benefits while the other is harmed. Similar is 

predation, in which one species preys on another species. Amenalism occurs when one species is 

harmed without any advantage to the other (Cogen et al., 2008; Faust and Raes, 2012). Finally, when 

there is no net effect on either partner this is called neutralism (Bronstein, 1994). 

 

 
Figure 5. Summary of interactions between members of different species. The effect for each interaction 
partner can be either positive (+), negative (-) or neutral (0). Terms are further explained in the text. Source: 
Faust and Raes, 2012. 

In real life however, it is not always as clear-cut as this. Most microorganisms colonizing the skin are 

harmless or even beneficial (Grice and Segre, 2011). Moreover, the same microbe may take on 

different roles at different times (Cogen et al., 2008). Often the distinction between what is 

considered a harmless microorganism and pathogenic one depends on the skin’s capacity to resist 

infection and not necessarily on the inherent properties of the microbe (Cogen et al., 2008). Many 

different complementary systems determine the host cutaneous defence. This includes the physical 

skin barrier, a hostile surface pH and the production of host defence molecules like antimicrobial 

peptides, proteases, lysozymes, cytokines and chemokines. Cytokines and chemokines play an 

important role in activating the cellular and adaptive immune responses (Cogen et al., 2008).   
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It is very likely that microbes and their hosts, in this case us, have co-evolved. Microbes profit from 

their hosts through nutrients and a stable ecological niche (Schommer and Gallo, 2013), whereas the 

host can profit for instance from the capacity of gut microbes to break down (for the host ) 

indigestible food components, thereby increasing the energy uptake (Lin et al., 2014). 

Resident versus transient microbes on the skin 
The skin microbiome can be divided into two groups: resident and transient microbes. Resident 

microbes are a relatively fixed group that are routinely found on the skin and that re-establish 

themselves after perturbations. Often these microorganisms are considered commensal. Transient 

microbes arise from the environment and persist for hours to days, but do not establish themselves 

permanently on the surface (Kong and Segre, 2012). The dominant types of bacteria residing at 

specific sites on the skin of an individual seem to be quite stable over time, while the rare and less 

abundant types are more transient and differ from day to day (Grice et al., 2009; Grice, 2014).  

Under normal circumstances, neither resident nor transient microbes are pathogenic. These normal 

circumstances are proper hygiene,  normal resident flora, controlled immune response and an intact 

skin barrier function. However, resident and/or transient microbes can colonize, proliferate and 

cause diseases if perturbations occur (Kong and Segre, 2012). For example, the skin commensal 

Staphylococcus epidermidis can act as an opportunistic pathogen (Otto, 2009).  

1.2.3 Gut microbiome 
The main focus of this report is on probiotics applied to the skin. However, most research concerning 

probiotics has been on the gut microbiome. Knowledge of the gut microbiome could provide us with 

important clues to the effects and interactions of the skin microbiome. Therefore, we include a 

summary of current knowledge about the gut microbiome, interactions between the gut microbiome 

and host and mechanisms of restoration of the gut microbiome.  

Human gut microbiome 

The human gastrointestinal tract is inhabited by nearly 100 trillion (1014) microorganisms (Tojo et al., 

2014). The diversity and the number of microorganisms changes considerably from the mouth to the 

large intestine. This is influenced by environmental conditions like pH, transit time and nutrient 

availability (Lin et al., 2014). The gut microbiome consist of beneficial (mutualistic), commensal and 

harmful microorganisms. When the beneficial species are predominant, the gut is in a state of 

normobiosis which means that there is a healthy gut composition. If the harmful species are 

predominant, the gut is in a state of dysbiosis, which means an unhealthy gut microbial composition 

for the host. The diversity and composition of the microbiome is affected by several factors which 

include type of feeding in early infancy, diet, medication, and other lifestyle factors of the host (Tojo 

et al., 2014). This means that the microbe composition differs among individuals. However, certain 

species are found consistently in all people, such as Faecalibacterium prausnitzii, Roseburia 

intestinalis, Bacteroides uniformis, several bifidobacteria and lactobacilli (Tojo et al., 2014). The 

microorganisms inhabit the human gut from birth and their numbers reach the maximum levels in 

the early adulthood, after which they decrease with age (Vos et al., 2012).     

The human gut microbiome interacts with the host through the immune system, intestinal cells and 

mucus (Vos et al., 2012). The most important functions of the human gut microbiome are divided in 

metabolic, protective and structural functions (see Figure 6) (Grenham et al., 2011).  
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Figure 6. Functions of the gut microbiome. Source: Grenham et al., 2011. 

Metabolic functions  

The interaction of the gut microbiome with the host in relation to food are depicted in Figure 7. Part 

of the ingested food is digested and taken up directly by the host. Indigestible food components, like 

indigestible carbohydrates, are fermented by bacteria in the large intestine. The main metabolites 

produced are short chain fatty acids (SCFAs), which can be absorbed by the host. Bacteria that are 

frequently involved in SCFA production are for example Ruminococcus, Lactobacillus, Bifidobacterium 

and Clostridium. In order to do this, these bacteria possess a large diversity of enzymes e.g. 

sulfatases, galactosidases and glucuronidases. Beside SCFAs other metabolites are also produced e.g. 

formic acid, acetic acid, phenol, CO2 and many sulfur containing compounds (Lin et al., 2014).  

Depending on the fermentation type and products, the microbiome can promote healthy or impaired 

gut functions. An example of a healthy gut function is the fermentation of carbohydrates, which is 

beneficial for the host. The main products of carbohydrate fermentation are the SCFAs acetate, 

propionate and butyrate. These SCFAs have nutritional, regulatory and immune-modulatory 

properties (Lin et al., 2014). An example of impaired gut function caused by microorganisms is the 

production of trimethylamine and trimethylamine-N-oxide by bacteria that ferment the remainders 

of red meat. These compounds are linked to cardiovascular disease. Additionally, the bacterial 

fermentation of red meat can cause colorectal cancer. This is due to the fermentation of undigested 

proteins and the production of bacterial metabolites, which affect the function and renewal of the 

epithelial cells (Lin et al., 2014). 
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Figure 7. Interactions of the intestinal microbiome (microbiota) with the human host. Source: Vos et al., 
2012. 

Protective functions 

Intestinal antimicrobial proteins (AMPs), like certain members of the α- and β-defensins, are natural 

antibiotic proteins produced by and to protect the epithelial cellular surfaces such as the intestine, 

skin, respiratory tract and reproductive tract. These natural antibiotics are absent from the luminal 

content of the intestine but are located in the mucus layer. Some AMPs require bacterial molecular 

patterns for their expression. In the same way, Toll-like receptors (TLRs) present in the cells of innate 

immune system respond to certain patterns of ligands from commensal bacteria like polysaccharide 

A, lipopolysaccharide and lipoteichoic acid. This  starts a signalling cascade that increases cytokine 

production and T-cell activation.  This makes the buffering function of the mucus layer a chemical 

barrier against bacteria (Grenham et al., 2011; Gallo and Hooper, 2012). Additionally, beneficial 

microorganisms protect against pathogen colonization by competition for nutrients and co-

aggregation (see section 1.2.4 Probiotics, prebiotics and postbiotics for further details). 

Structural functions 

The morphological influences of the microbiome in the gut can be analysed using germ-free (GF) 

animals; these are maintained sterile from the uterine environment by surgical delivery, eliminating 

the birthing and post-natal colonization steps. Studies have shown that an enlarged cecum, reduced 

intestinal surface area and smaller villous areas are some consequences of a lack of microbes 

(Grenham et al., 2011).    

Commensal bacteria can activate intraepithelial cells, which is essential for many functions such as 

epithelial cell proliferation, intestinal barrier integrity (for example the mucus layer separating the 

gut lumen from the endothelial cells), modulation of the innate immunity and the composition and 

maturation of immune cells (Lin et al., 2014; Tojo et al., 2014).  

1.2.4 Probiotics, prebiotics and postbiotics 
 

Mechanisms of gut microbiome restoration   

The human body is sterile before birth (Reid et al., 2011). After birth, the body is colonized by many 

different microorganisms. Some come from the mother and others from the environment. A healthy 

host has a balance between pathogenic and non-pathogenic microorganisms. When the balance is 
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disturbed, an infection or inflammation will be the result. Usually, nonspecific antibiotics are used to 

clear the infection. However, the antibiotics not only kill pathogenic microbes but also commensal 

and mutualistic microbes. Furthermore, a substantial delay in restoration of the healthy microbiome 

can occur after the use of antibiotics. Moreover, in some cases no antibiotics need to be used 

because the body can resolve the infection on its own. This process can be supported by probiotics. 

For example, lactobacilli have several mechanisms by which they affect pathogenic microorganisms. 

These mechanisms are: co-aggregation, production of biosurfactants, bacteriocin and H2O2 

production, signalling to other bacteria, competitive exclusion, immunomodulation and modulation 

of tight junctions (Reid et al. 2011). An overview of these mechanisms is presented in Figure 8, and 

they are further described below. Although the mechanisms are explained for lactobacilli, they are 

also relevant for other (probiotic) bacteria. Moreover, some of these mechanisms, such as co-

aggregation, competitive exclusion and immunomodulation, are also relevant in the restoration and 

maintenance of the skin microbiome. 

Figure 8. The possible mechanisms whereby probiotics can help restore and maintain the gut microbiome. 
Source: Reid et al. 2011. Some of these mechanisms are also relevant to the skin microbiome, such as co-
aggregation, competitive exclusion and immunomodulation. 

Co-aggregation   

The ability of pathogens to infest the host is hindered by co-aggregation (biofilm formation) by 

lactobacilli. This means that lactobacilli and pathogens clump together, which disarms the 

pathogens. When the non-pathogens are killed, for example by the usage of antibiotics, the biofilm 

will be broken which leads to an opportunity for pathogens to infest the host (Alexander et al., 2003) 

 Biosurfactants production  
Lactobacilli can produce biosurfactants. These consist of proteins, lipids and carbohydrates that can 

prevent adhesion of pathogens to the mucosal surface (Banat et al., 2010). 
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 Bacteriocin and H2O2 production  
Lactobacilli can also produce bacteriocins and hydrogen peroxide (H2O2) to inhibit or kill pathogens 

(Reid et al. 2011). Bacteriocins are produced by lactobacilli that selectively target competing bacterial 

strains. They interfere with the cell wall structure by forming pores in the target bacterial membrane 

and render the membrane permeable, thus killing the competing bacteria. The proteins also interfere 

with the biosynthesis of molecules (Hasper et al. 2006). H2O2 is a powerful oxidizing agent. It can kill 

pathogens through formation of free radicals. Free radicals are atoms or molecules that have at least 

one unpaired electron and is therefore unstable and highly reactive. The free radicals react with e.g. 

proteins, nucleic acids (Xu et al., 2008). 

 Signalling effects  
Signalling between lactobacilli and pathogenic bacteria can result in a downregulation of toxin 

production. The reduced toxin production results in a reduction of inflammation and damage in the 

host (Laughton et al., 2006). 

Competitive exclusion  
In order to have a stable microbiome of indigenous bacteria, the commensals must have some 

features that strengthen their ability to colonize the host. For example, lactobacilli produce multiple 

capsular polysaccharides that are essential for colonization in the gut (Liu et al,. 2008). These 

polysaccharides help to exclude pathogens and restore homeostasis. In addition, competition for 

nutrients and surface receptors can exclude non-pathogenic bacteria from host surfaces (Aas et al., 

2003). 

Immunomodulation  

The immune system and the microorganisms can regulate each other via three ways:  

1. Antimicrobial factors, such as defensins, haemocidins and lysozymes, can kill pathogens 

and therefore suppress their growth. This results in the restoration of the microbial 

equilibrium (Pamer et al., 2007). 

2. Alkaline phosphatases can bind to the lipopolysaccharides on the outside of the gram-

negative bacteria. This negates the toxicity of these lipopolysaccharides and reduces the 

immune response (Reid et al. 2011).  

3. Nuclear factor-κB (NF-κB) is a protein complex that controls the transcription of DNA of 

immune related genes. Commensal bacteria can downregulate the immune response 

(Ryu et al., 2008). Lactobacilli could possibly downregulate NF-ĸB and suppress the 

immune system. However this has not yet been confirmed. 

Modulation of tight junction  
The integrity of the epithelial lining in the gut, mouth and vagina plays an important role in 

maintaining health. When the lining is disrupted, microorganisms on the outer surface can enter the 

tissue or bloodstream, which will cause disease. There are two ways in which lactobacilli affect the 

tight junctions: 

1. The tight junction proteins could possibly be upregulated by lactobacilli (Karczewski et al, 

2010).  

2. The lactobacilli can coat the surface of the gut. This coating can protect the tight junctions 

(Reid et al., 2011). 
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If there is damage to the tight junctions a host response is induced. For example a macrophage can 

enter and further induce local damage when attacking the invaded pathogens with antimicrobial 

peptides (Reid et al., 2011).  

The mechanisms described are not only utilized by lactobacilli, but also by other microbes. 

Furthermore, many of the mechanisms described are not only important in the gut, but are likely also 

important in skin microbiome symbiosis.  

Probiotics  

As defined by the World Health Organization, probiotics are “live microorganisms which when 

administered in adequate amounts confer a health benefit on the host” (FAO/WHO, 

2001). Therefore, oral probiotics can be regarded as functional foods: foods that enhance health 

beyond their basic nutritional value. Probiotics mainly modulate the host immune system and this 

research field has recently gained more interest (Soccol et al., 2010). Some other benefits of 

probiotics are the production of vitamins, antioxidants and SCFAs and inhibiting the growth of 

pathogens (Lin et al., 2014), see also section 1.2.3 Gut microbiome.  A list of established and 

proposed health effects of probiotics can be found in Table 1, along with their current state of 

scientific proof, in order of decreasing validity. 

Table 1. Established and proposed oral probiotic health effects (Adapted from Vrese and Schrezenmeir, 
2008). On the left, the established and proposed health effects are displayed, on the right the current state 
of scientific proof, in order of decreasing validity. 

Effect of probiotics Validity of scientific proof 
Prevention and/or reduction of duration and 
complaints of rotavirus-induced diarrhea 

Effect well-established by clinical studies and 
accepted by the scientific community 

Alleviations of complaints due to lactose 
intolerance 

Modulation of the autochtonous (usually 
intestinal) microbiome 

Well-established effect but because of 
methodological difficulties, the correlation 
with true health effects is unclear  Immunomodulation and/or regulation 

Reduction of the concentration of cancer 
promoting enzymes 

Prevention or alleviation of allergies and atopic 
diseases 

Effects are observed in certain target groups. 
However more studies are necessary  

Beneficial effects on microbial aberrancies, for 
instance, Inflammatory diseases of the 
gastrointestinal tract and bacterial overgrowth 

Treatment of urogenital infections 

Prevention of respiratory tract infections 

Cancer prevention Insufficient clinical and epidemiological data 
the effects cannot be considered scientifically 
proven  

Normalizing of passing stool 

Prevention or therapy of ischemic heart diseases 

Hypocholesterolemic effect Reliable effects are not proven at all 
 
 

Improvement of mineral absorption 

Caries prevention 

 

Many probiotic bacteria are lactic acid producing bacteria. Lactic acid producing bacteria are gram-

positive microorganisms that are capable of fermenting carbohydrates and higher alcohols and of 

course produce lactic acid. These bacteria range from strictly anaerobic to aerobic (including 

facultative anaerobic) and do not form spores. They include Actinomycetes (>55% G+C content) and 
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Clostridium (<55% G+C content) and can be divided into homofermentative (lactid acid as primary 

metabolite) and heterofermentative (multiple primary metabolites: lactate, CO2, ethanol, acetate) 

(Stiles and Holzapfel, 1997; Klein et al., 1998; Ying and Demarchi, 2013).  

Some of the genera most commonly used as probiotics are: Lactobacillus, Lactococcus, Enterococcus, 

Streptococcus and Bifidobacterium. From these, Lactobacillus and Bifidobacterium are the most 

commonly used in commercial preparations (Vrese and Schrezenmeir, 2008; Ying and Demarchi, 

2013). However, some other microorganisms like Escherichia coli and certain yeasts can also be used 

as probiotics (Ying and Demarchi, 2013). Lactobacillus is fermentative, acidophilic, and aerotolerant  

or anaerobic. The environment they prefer is rich in carbohydrate containing substrates like in 

mucosal membranes, plants, plant material, sewage, fermented (milk) products or food waste (Vrese 

and Schrezenmeir, 2008). Bifidobacteria are a major part of the normal microbiome of humans. They 

occur soon after birth and their amount decreases with age. These bacteria are strictly anaerobic, do 

not produce gas, are gram positive and are present in dental caries, faeces and the vagina (Vrese and 

Schrezenmeir, 2008; Soccol et al., 2010).  

The microorganisms used for human health usually have the following characteristics: they are bile 

acid tolerant, resistant to low pH, from a human origin, non-pathogenic, have a good survivability 

during processing and a good shelf-life. It is also important that probiotics have evidence of beneficial 

health effects (Ying and Demarchi, 2013). Furthermore, probiotics must be free of a contamination 

with pathogens or toxins. Moreover the bacteria should be able to adhere and survive in the 

intestine for a longer period of time (Vrese and Schrezenmeir, 2008).    

Many studies investigating possible mechanisms by which oral probiotics exert their effects have 

been published in recent years. Table 2 describes a number of these studies, the strains investigated 

and the proposed underlying mechanism. 

 Table 2. Examples of proven effects of probiotics.   

Genus Species Disease/ 
Symptom  

Mechanism  Reference  

Lacto-
bacillus 

Lactobacillus 
rhamnosus GG 
(LGG) 

Diarrhoea Excretion of biosurfactants, including lactic acid, 
bacteriocins, organic acids and hydrogen peroxide to 
limit the pathogen growth. 

Guandalini 
et al., 2000 
 

 LGG Inflammatory 
bowel disease 
(IBD) 

Inhibition of adherence of pathogenic bacteria to 
epithelial receptors in vitro by inducing intestinal 
mucin gene expression; antagonizing pathogens 
through competition for pathogen receptor sites, 
nutrients, or production of antimicrobial 
compounds. 

Mack et al., 
1999 

 Lactobacillus 
casei 
(DN114001) 

Irritable Bowel 
Syndrome (IBS) 

Induction of mucosal immune stimulation, thereby 
reinforcing the non-specific barrier and modulating 
the innate immune response in the gut, maintaining 
intestinal homeostasis. 

Maldonado 
et al., 2009 

 Lactobacillus 
salivarius 

Chronic 
gastritis, peptic 
ulcers, gastric 
cancer 

Inhibition of colonization and release of IL-8 in 
gnotobiotic mice inoculated with H. pylori. 

Kabir et al., 
1997 

 Lactobacillus 
casei  

Influenza virus Stimulate the cell immune response by induction of 
IL-12, IFNγ and TNFα. 

Hori et al., 
2001 
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Bifido- 
bacterium 

Bifidobacterium 
bifidum str. 
BGN4 

Eczema Help creating a more eubiotic state in mother and 
newborn, leading to immune modulation and 
reduced risk of eczema. 

Kim, J. Y. et 
al., 2010 
 

VSL#3
* 

 
 IBD Improving mucosal production of IL-10 and reducing 

secretion of TNFα and IFNγ. 
Gionchetti 
et al., 2003 

  IBS Relief of abdominal pain, bloating, flatulence and 
urgency. Analysis of gastrointestinal transit, 
satisfactory relief and stool and 
symptom scores. 

Kim et al., 
2003 

Saccharo-
myces 

Saccharomyces 
boulardii 

Toxin A 
produced by 
Clostridium 
difficile 

Preventing intestinal injury and inflammation by 
inhibiting the activation of extracellular signal-
regulated ½ (ERK ½) and mitogen activated protein 
(MAP) kinases, thus modulating host signaling 
pathways.  
Increase in specific anti-toxin A levels. 

Chen et al., 
2006 
Qamar et 
al., 2001 
 

* VSL#3 is a potent probiotic medical food that delivers the highest available concentration of beneficial live bacteria of any 

probiotic in the world. It contains 1 strain of Streptococcus, 3 strains of bifidobacterium, and 4 strains of lactobacillus and 

maltose and silicon dioxide. Those specific strains are Streptococcus thermophilus, Bifidobacterium breve, Bifidobacterium 

longum, Bifidobacterium infantis, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus 

delbrueckii subsp. Bulgaricus (Gionchetti et al., 2003). 

The physiological effects of probiotics can differ within closely related strains, therefore proof of 

their beneficial effects is only valid for specific bacterial strains. Other factors influencing the 

physiological effects include the amount and duration of administration, composition (for example, 

the combination of two or more strains) and the type of vehicle in which the bacteria are ingested. 

The effects of probiotics also vary with age, gender, health and diet. These variations make the 

transferability of the results among different groups of people difficult (Vrese and Schrezenmeir, 

2008).  

Prebiotics 

Prebiotics are nutrients, food ingredients or growth substrates that modulate and benefit the 

microbiome already present in the host. These can be used to achieve homeostasis by promoting 

growth of the good bacteria. As Gibson and Roberfroid (1995) stated, a prebiotic is “A non-digestible 

food ingredient that beneficially affects the host by selectively stimulating the growth and activity of 

a limited number of bacteria in the colon, and thus improves host health”. The growth of e.g. 

bifidobacteria and lactobacilli are preferred over potentially pathogenic bacteria (Lin et al., 2014).  

Two main groups of prebiotics according to their chemical structure are: Inulin-type fructants (ITF) 

(fructo-, oligo- and polysaccharides) and galacto-oligosaccharides (GOS). These cannot be digested by 

the host itself and have chains consisting of 3 to 10 monosaccharides. However, they can be 

fermented by specific bacteria. Prebiotics must fulfil the following criteria:  

 Non-digestible or not absorbed by the host and resistant to gastric acid and enzyme 
digestion 

 Fermented by intestinal microbiome  

 Selective stimulation of bacterial growth 
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These can be found in dietary fibres mainly by Bifidobacterium (Vrese & Schrezenmeir, 2008). They 

are metabolized into short chain fatty acids, lactid acid, hydrogen, methane and CO2. These products 

can be taken up by the host and have the following positive effects: 

 Growth promotion of protective bacteria  

 Inhibition of potentially pathogenic microorganisms  

 Stabilization of intestinal environment (lowering pH and release of short chain organic acids 
(Vrese & Schrezenmeir, 2008).  

 
Several studies have investigated the mechanisms by which prebiotics exert their effects. In Table 3 a 

number of prebiotic substances, the disease or symptom they affect and the mechanism by which 

they are proposed to exert their effects are summarized.  

Table 3. Examples of proven effects of prebiotics. 

Disease/ 
Symptom  

Prebiotics  Mechanisms  Reference  

Constipation Lactulose, FOS, 
GOS 

Osmotic effect and modulation of indigenous 
microflora. 

G.R. Gibson et al. 2004 

Hepatic 
encephalopathy 

Lactulose, Lactilol Bacterial incorporation of nitrogen and 
acidification of the colonic environment which in 
turn reduces the breakdown of nitrogen-
containing compounds to ammonia and other 
potential cerebral toxins. 

Delzenne, 2003 
 
Marteau & Boutron-
Ruault, 2002 

 IBD Inuline, FOS, GOS Regulating immune responses to commensal and 
pathogenic bacteria. 

Marteau & Boutron-
Ruault, 2002 
Cherbut et al, 2003 

Cholesterol 
gallstones 
prevention  

FOS, IMO, GOS, 
palatinose 
condensate, 
raffinose  

Stimulating the growth of bifidobacteria in vitro 
and in vivo. 

 Mitsuoka et al., 1987 

Prevention of 
infections of 
intestinal origin 

Oligosaccharides Contributing to a greater resistance to infection. 
Most of Bifidobacterium species have scavenging 
function. 

Kohmoto, et al. 1988 

FOS: fructo-oligosaccharides, GOS: galacto-oligosaccharides, IMO: Isomalto-oligosaccharide 

Postbiotics 

Probiotics produce and secrete molecules that can have beneficial effects on the host. These 

products are called postbiotics and are for example SCFAs, acetic acid and anti-inflammatory 

molecules. Compared to probiotics, postbiotics could be safe alternatives for immunocompromised 

patients and an environment with heavy pro-inflammatory components (Hamer et al., 2008; Tsilingiri 

and Rescigno, 2013; Lin et al., 2014).  
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2. METHODOLOGY 
An overview of the approach we followed during this project is depicted in Figure 9. First, research 

was divided into three parts: i) information from the literature about the main topics involved in 

project, that is, skin conditions, healthy skin and probiotics; ii) pinpointing of potential mechanisms 

that could be targeted by probiotics in both healthy and diseased skin; iii) market study, in which 

current skin care products claiming to contain probiotics are summarized along with a short 

description of their mechanisms (if known) and effects. Secondly, integrating these three parts 

allowed us to have a complete picture of the case; based on this the advice was formulated. The final 

step was decided depending on the advice: if the use of probiotics for topical skin care products was 

recommended, then recommendations for further research were created; if not, alternative 

solutions were proposed. In this way, the outcome of the advice led us to the recommendations for 

further research. The previous steps were performed following a previously designed decision tree 

depicted in Figure 10.        

Figure 9. Research Process and Methodology. The study was divided into three parts: literature overview of 
the main topics, localization of target mechanism and market study; all together this information leads to a 
final advice. If the advice is in favor of probiotics in skin care products, the final step is to write 
recommendations for further research; if the advice is negative, the final step is to look at other options such 
as pre- or postbiotics. The pathway that this project took is indicated with blue arrows.    

i) Literature research main topics 

Each topic from the literature search (skin conditions, healthy skin and probiotics) was further 

divided into subsections. The topic ‘skin conditions’ was limited to acne, rosacea and atopic 

dermatitis. For each of the selected skin conditions at least the symptoms, underlying mechanisms 

and current treatments were described. The topic ‘healthy skin’ was further divided into general 

information about the skin and skin microbiome. Finally, the ‘probiotics’ part was subdivided into gut 

microbiome, host-microbe interactions and general information about probiotics, prebiotics and 

postbiotics. The information on probiotics can be found in section 1 Introduction (see Figure 10).  
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Figure 10. Decision tree. Here it is shown the criteria and steps followed to pinpioint target mechanisms and 
to select promising probiotics species. It is indicates the information included in each part of the report. 

The information about healthy skin and the skin conditions can be found under section 3 Results. All 

information was gathered from the databases PubMed and Google Scholar; the articles were from 

peer-reviewed journals. Combinations of various keywords were used. A list of keywords used can be 

found in the Appendix.       

ii) Pinpointing target mechanisms 

From the information found in part i, we selected mechanisms that seemed most promising to target 

using probiotics in healthy skin and in each skin condition. Potential probiotic or bacterial strains 
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influencing selected mechanisms were discussed. This information can be found under section 4 

Discussion (see also Figure 10).  Literature research was done as described previously.   

iii) Market study 

Skin care products that are currently available on the market and that claim to contain probiotics 

were summarized in a table. For each product the name of the product, the producer, the probiotic 

ingredients (if known), the mechanism of action as claimed by the producer, the mode of application 

and the relevant references were indicated. This was done by two means: 1) internet research 

through the search engine Google, using combinations of the key words (see Appendix) "rosacea", 

"acne", "atopic dermatitis" and "healthy skin" with "probiotics", "treatment", "topical" and related 

words. The search was done in Chinese, English and Dutch. 2) Research directly in health food shops, 

cosmetics and beauty stores and departments as well as pharmacies and general stores found in the 

main street at the centre of Wageningen, The Netherlands. The ingredients according to the 

packages were examined for probiotics and shop staff was asked if they sell "skin creams" or "beauty 

treatments" containing probiotics. This information can be found under section 3 Results. The 

discussion of this part can be found under section 4 Discussion. 

iv) Advice 

An advice was formulated based on the most promising strains that were found. For each skin 

condition and for healthy skin, we advise if using probiotics to treat them is recommended or not. If 

we give a positive advice, we recommend further research that can be done to verify the effects of 

the most promising probiotics. If we give a negative advice, potential alternatives are given. This 

information can be found under section 5 Conclusions and Advice (see Figure 10). 

v) Recommendations for further research  

Recommendations for further research were written for the probiotics that we advise in the previous 

section. Depending on the current state of knowledge of these probiotics, further steps were 

recommended to confirm their supposed effects (see Figure 10). 
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3. RESULTS 

3.1 Healthy skin 

3.1.1 The skin  

The skin is the largest organ of the human body. It provides a physical barrier that protects the body 

from toxic substances and potential assaults by foreign organisms, while keeping moisture and 

nutrients inside the body. Moreover, the skin is an interface with the outside environment and is 

colonized by many different microorganisms as well as mites (Grice and Segre, 2011).  

The skin barrier consists of several layers. The main layer affecting the skin microbiome is the 

epidermis (see Figure 11) (Sanford and Gallo, 2013).  

 
Figure 11. Schematic cross-section of skin histology, including localization of the different types of 
microorganisms, namely viruses, bacteria and fungi, as well as mites. Bacteria are present on the skin surface 
and also reside in the hair and glands. Source: Grice and Segre, 2011. 

The epidermis protects the body from the outside world. The outer layer of the skin is the cornified 

layer, also called the stratum corneum (see Figure 12). The differentiation of the keratinocytes in the 

epidermis needs to be tightly regulated to maintain homeostasis (Candi et al., 2005).  
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Figure 12. A schematic overview of the epidermis. Filaggrin can be found in the outermost layer, the 
cornified layer or stratum corneum, where it is essential for arranging the structure. The cornified layer 
consists of the cornified and lipid envelope. The cornified envelope which is imbedded in the lipid envelope. 
Ceramides can be found in the lipid envelope surrounding the cornified envelope. Source: Candi et al., 2005. 

The cornified layer consists of dead corneocytes and is constantly resupplied with living epidermal 

keratinocytes which terminally differentiate into corneocytes (Reichert et al., 1993). The skin is a 

continuously self-renewing organ, with corneocytes constantly being shed from its surface. The 

migration from the basal layer and differentiation into corneocytes takes approximately 4 weeks 

(Grice and Segre, 2011).  One of the most important parts of this differentiation is the formation of a 

stable protein envelope which is called the cornified envelope (CE) (Reichert et al., 1993). This 

envelope is a 15 nm thick layer of insoluble proteins (Steinert and Marekov, 1995). The CE is essential 

for the water barrier function of the epidermis (Kalinin et al., 2002). The process of forming the CE is 

highly organized in both space and time and begins with the migration of keratinocytes from the 

basal layer all the way to the terminal differentiation in the cornified layer (Candi et al., 2005). A vital 

protein in the formation of the cornified envelope is filaggrin (Palmer et al., 2006). 

The CE is embedded in a lipid envelope. This lipid envelope consists mostly of ceramides, cholesterol, 

cholesterol esters and fatty acids. Basic ceramides are produced by conjugating a sphingoid base and 

a fatty acid via an amide bond. One such sphingoid base is sphingosine (Meckfessel and Brandt, 

2014). The lipid envelope contributes to the flexibility and barrier function of the CE. An important 

factor to keep the cornified layer moisturized is the Natural Moisterizing Factor (NMF), which is 

found exclusively in the cornified layer and can be make up as much as 10% of the dry weight of the 

cells. NMF is a mixture of amino acids, salts and derivatives of amino acids, which can maintain levels 

of moisture when exposed to low humidities. It is retained inside the corneocytes by lipids from the 

lipid envelope (Rawlings et al., 1994). So the lipid envelope is important for the barrier function of 

the CE and reducing the water loss via among others retaining NMF in the corneocytes. 

The skin contains many invaginations, including sweat glands, hair follicles and sebaceous glands. 

There are two types of sweat glands: eccrine and apocrine. Eccrine sweat glands are distributed 

across almost the entire skin surface and are crucial in thermoregulation. They secrete sweat that is 

mainly composed of water and salt. Evaporation of the water allows the body to cool, whereas the 

salt helps acidify the skin, thereby limiting the colonization and growth of microorganisms. (Grice and 

Segre, 2011; Sanford and Gallo, 2013) In addition, eccrine sweat glands constitutively excrete several 

antimicrobial peptides (Sanford and Gallo, 2013). Apocrine sweat glands are found primarily in the 

arm pit (axillary vault), nipple and genitoanal region. They are already present at birth, but become 
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active during puberty. In response to adrenaline, these glands produce milky, oily, odourless 

mixtures of proteins, lipids and steroids. Degradation of apocrine gland secretions by bacteria is 

responsible for the characteristic smell of sweat. (Grice and Segre, 2011; Sanford and Gallo, 2013) 

Another type of gland found in the skin is the sebaceous gland. Sebaceous glands are connected to 

hair follicles and together form the pilosebaceous unit. These glands secrete sebum: a hydrophobic 

coating that protects and lubricates skin and hair and provides an antimicrobial shield. (Grice and 

Segre, 2011; Sanford and Gallo, 2013)   

3.1.2 Microbiome on the skin 

Our skin is colonized by a large number of microorganisms: 1 cm2 of skin is estimated to contain 1 

million bacteria, from the surface down to the appendages like hair follicles and glands (Grice et al., 

2008). In general, the skin is dry, cool and acidic. (Grice and Segre, 2011) 

The skin spans an area of 1.8 m2 and with its many folds, invaginations (infolding of one part within 

another part of a structure) and specialized niches, it supports a wide range of microorganisms. The 

different chemical and physical properties of different skin areas select for unique groups of 

microorganisms adapted to the niche they inhabit. Thus, the composition of the skin flora is not 

uniform: different regions of the skin support distinct groups of microorganisms, see Figure 13. This 

is due to differences in skin topography (see also Figure 14), host factors and environmental factors 

(Grice and Segre, 2011). 



26 
 

 
Figure 13. Topographical distribution of bacterial phyla (bold) and families on skin sites. The areas are 
subdivided into sebaceous (blue circle), moist (green circle) and dry (red circle) areas. Source: Grice and 
Segre, 2011. 

3.1.3 Photoprotection by oral probiotics 
A few clinical studies and one in vitro and animal study have investigated the effects of probiotics on 

photoprotection. However, these all used oral as opposed to topical probiotics. Therefore, they are 

not discussed in section 4 Discussion. 

A study by a group of researchers from L’Oréal and Nestlé, Guéniche et al. (2009) conducted a 

randomized double-blind placebo-controlled clinical trial to investigate the effect of Lactobacillus 

johnsonii NCC 533 (La1) intake on the skin immune system after UV exposure. They found that UV 

exposure to twice 1.5 minimal erythemal dose (MED), the minimal dose that may produce sunburn, 

led to an earlier recovery of epidermal cells allostimulatory function. This means that intake of this 

probiotic led to quicker recovery from sunburn. 
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Bouilly-Gauthier et al. (2010) conducted clinical trials with healthy adult women (with skin type II-IV), 

in which they assessed the effects of a dietary supplement containing Lactobacillus johnsonii (La1) 

and carotenoids on UV protection. In the first clinical trial, subjects were exposed to nonextreme UV 

with a high UVA irradiance (UV daylight). Early markers for UV-induced skin damage were 

investigated through histology and immunohistochemistry. In the second clinical trial extreme solar 

radiation (UV-SSR) was used, and the MED was determined through clinical evaluation and 

chromametry. In the third clinical trial natural sunlight was used and dermatologists assessed the 

skin before and after exposure. The researchers found that a 10 week supplementation with La1 and 

carotenoids reduced early UV-induced skin damage. 

A study by Kim et al. (2014) investigated the effect of oral administration of the probiotic 

Lactobacillus plantarum HY7714 on UVB-induced photoaging in human dermal fibroblasts (Hs68 cell 

line) and hairless mice. Photoaging is a type of skin damage that includes coarse and fine wrinkles, 

dryness, laxity (looseness), pigmentation and increased skin thickness. The collagen-degrading MMP-

1 (matrix metalloproteinase-1) is induced by UVB and leads to collagen loss. The researchers found 

that treatment with this probiotic rescued procollagen expression by inhibiting UVB-induced MMP-1 

expression in the Hs68 cells. Moreover, L. plantarum HY7714 clearly inhibited the number, depth and 

area of wrinkles in hairless mice, and decreased UVB-induced epidermal thickness.  

Factors determining the skin microbiome 

Skin topography greatly varies across the human body (see Figure 14). Some regions of the skin are 

partially occluded, for example between the toes or behind the ears, causing a higher temperature 

and humidity. This encourages the growth of microorganisms thriving in moist conditions like 

Staphylococcus spp. and Corynebacterium spp. (Grice, 2014). On the other hand, areas of the skin 

containing a relatively high density of sebaceous glands, such as the face, chest and back, will 

encourage growth of lipophilic microorganisms, e.g. Propionibacterium spp. and the fungal 

Malassezia spp. (Grice, 2014), as well as Corynebacterium spp. (Scharschmidt and Fischbach, 2013). 

Sebaceous areas tend to have a low diversity and are relatively stable over time compared to moist 

and dry skin sites (Grice, 2014). Furthermore, these sites also support colonization by the Demodex 

skin mites (Grice, 2014). Dry areas of the skin generally carry a greater microbial diversity and lesser 

bacterial load than sebaceous and moist areas (Grice, 2014). There seems to be less of a selective 

force at these sites, and they contain greater amounts of bacteria from the phyla Proteobacteria and 

Bacteroidetes compared to moist and sebaceous areas (Grice, 2014).  

 

 
Figure 14. Representative illustrations of the three major categories of skin environments. Source: Sanford 
and Gallo, 2013. 
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Host factors such as genetic makeup, age, location, immune reactivity and sex also contribute to the 

skin microbiome (Grice and Segre, 2011; Kong and Segre, 2012). Furthermore, environmental factors 

like occupation, clothing choice, climate and antibiotic usage may modulate microbial colonization of 

the skin. The use of cosmetics, soaps, hygienic products and moisturizers may also contribute to 

variations in the skin microbiome (Grice and Segre, 2011; Kong and Segre, 2012). 

 

The sweat and sebaceous glands are likely associated with their own unique microbiome (Kong and 

Segre, 2012). Because sebaceous glands are lipid-rich and relatively anoxic, they support the growth 

of facultative anaerobes such as Propionibacterium acnes, which is a common skin commensal. (Grice 

and Segre, 2011; Sanford and Gallo, 2013) 

 

Common microbes on human skin 

A study by Grice et al. (2009) investigated the topographical and temporal diversity of the human 

skin microbiome by characterizing samples taken from 20 different skin sites on 10 healthy 

volunteers. They found 19 different bacterial phyla, of which the four dominant phyla were 

Actinobacteria (51.8%), Firmicutes (24.4%), Proteobacteria (16.5%) and Bacteroidetes (6.3%). From 

the more than 200 identified sequences, Corynebacteria (Actinobacteria, 22.8%), Propionibacteria 

(Actinobacteria, 23.0%) and Staphylococci (Firmicutes; 16.8%) comprised the majority (Grice et al., 

2009). Most other species make up less than 1% of the total skin microbiota in a particular habitat. 

Many of these species have not been well studied, but could nonetheless be important parts of the 

skin flora (Chen and Tsao, 2013). However, as mentioned in Factors determining the skin microbiome, 

the abundance of each group of bacteria strongly depends on the characteristics of the skin area.  

 

Below, a more detailed description is given on some types of microbes that commonly occur on 

healthy human skin and have been extensively researched.  

 

Corynebacteria are gram-positive aerobes or facultative anaerobes that belong to the Actinobacteria. 

They are mainly found at moist or sebaceous skin sites. Members that are most found on the skin are 

C. accolens, C. jeikeium, C. urealyticum, C. amycolatum, C. minutissimum and C. striatum. 

Corynebacteria are lipophilic bacteria, and are actually lipid auxotrophs: they cannot produce their 

own lipids and are therefore dependent on lipids from the environment. They can utilize lipids as 

nutrients and to generate corynomycolic acids to coat their cell surface. Furthermore, they are 

halotolerant, which means that they can survive in high salt concentrations. This explains their ability 

to colonize skin sites high in eccrine sweat glands. Some Corynebacteria even rely on vitamins from 

sweat for survival (Scharschmidt and Fischbach, 2013). Corynebacteria are the main microorganisms 

that process the odourless eccrine, apocrine and sebaceous gland secretions, thereby producing 

volatile organic fatty acids and thioalcohols that are responsible for the bad odour of sweat from the 

axilla (armpit) (James et al., 2012).  

 

Propionibacteria are gram-positive anaerobic bacilli. Propionibacteria are mostly found in hair 

follicles, but can also be found on the skin surface (Scharschmidt and Fischbach, 2013). 

Propionibacteria hydrolyze triglycerides from the sebum into free fatty acids, which then acidify and 

soften the skin (Grice, 2014). The most well-known strain is P. acnes. This strain and P. granulosum 

live on sebaceous skin sites, while P. avidum is found in regions high in eccrine sweat. P. acnes 

possesses multiple lipases, which it probably uses to acquire nutrients from sebum, and proteases 
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that are capable of liberating arginine from skin proteins and is an important carbon and energy 

source. P. acnes also produces large amounts of porphyrins, but their function remains unclear 

(Scharschmidt and Fischbach, 2013). P. acnes will be discussed in further detail in the chapter about 

acne.  

 

Staphylococci are gram-positive aerobes or facultative anaerobes that belong to the Firmicutes. The 

most prevalent strain is the commensal S. epidermidis, but other strains found on the skin include S. 

hominis, S. capitis, S. saprophyticus. Staphylococci are highly adaptable and are found mainly in moist 

areas, but also on dry, exposed skin sites like the palm and volar (on the side of the palm) forearm. 

Some facultative anaerobic Staphylococcus strains can survive in low oxygen habitats such as hair 

follicles besides the skin surface. Staphylococci use several strategies to survive on the skin. Firstly, 

they are halotolerant, just as Corynebacteria. They may even use the urea present in sweat as a 

carbon source. Secondly, they possess several adhesins, which may facilitate attachment to the skin, 

as well as proteases, which may help remodel the stratum corneum and liberate additional nutrients 

(Scharschmidt and Fischbach, 2013). Thirdly, sebaceous glands in the skin secrete several bactericidal 

factors, some of which are lipids. Many S. epidermidis strains produce an enzyme that inactivates 

these bactericidal lipids by esterifying them into cholesterol, thereby protecting the bacteria from 

the effects of the bactericidal lipids (Chamberlain and Brueggemann, 1997; Scharschmidt and 

Fischbach, 2013). Another member of the Staphylococci is S. aureus. S. aureus is a pathogen that can 

cause a wide variety of conditions. The appearance of drug-resistant S. aureus strains, such as 

methicillin-resistant S. aureus (MRSA), has made treatment of S. aureus infections difficult (Iwase et 

al., 2010). Certain strains of S. epidermidis have been found to produce an extracellular serine 

protease called Esp (Dubin et al., 2001). Esp inhibits biofilm formation, destroys pre-existing S. aureus 

biofilms and inhibits colonization by S. aureus in the anterior nares (external part of the nostrils) 

(Iwase et al., 2010). Thus, S. epidermidis can inhibit S. aureus colonization. 

 

Pseudomonas auruginosa is another commensal, aerobic bacterial species. It is gram-negative and 

has flexible, non-stringent metabolic requirements, allowing it to occupy a variety of habitats. It is 

commonly considered a commensal bacterial strain, but can be an opportunistic pathogen in 

immunocompromised patients because their immune system is weakened, although disease related 

to P. aeruginosa is rare. On the other hand, P. aeruginosa can protect their human host from other 

pathogens. Some of its by-products, e.g. pseudomonic acid A (mupirocin) and PsVP-10, are so potent 

that they have been turned into commercial medications. P. aeruginosa is able to fully or partially 

inhibit not only Staphylococci  and Streptococci, but also certain fungi, including many strains of 

Candida. Thus, P. aeruginosa can be considered a mutualistic bacterium (Cogen et al., 2008). 

 

The skin flora is not only composed of bacteria, although the great majority of skin microbiome 

research is focused on them, it also contains fungi. The most commonly found genus on the skin is 

Malassezia (Findley et al., 2013), species globosa, restricta and sympodialis. Others that have been 

characterized include Penicillium (species chrysogenum and lanosum), Aspergillus (species candidus, 

terreus and versicolor), and a few Alternaria, Candida, Chaetomium, Chrysosporium, Cladosporium, 

Mucor, Rhodotorula and Trichophyton strains (Findley et al., 2013).  
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3.2 Rosacea 

 

3.2.1 Symptoms 

Rosacea is a chronic skin condition that primarily affects the face. It starts with flushing, followed by 

telangiectatic vessels (spider veins) and persistent erythema (redness). In the progressive stage, 

inflammatory papules and pustules appear on the central facial area and hypertrophy (enlargement) 

of the sebaceous glands (secretion of oily or waxy matter) of the nose with rhynophyma (fibrosis). 

Patients may have increased sensitivity of the facial skin and may have dry, flaking facial dermatitis 

(Fimmel et al., 2008). A classical staging of rosacea has been proposed by Plewig and Kligman (see 

Table 4). It can be described for long-term effects of rosacea patients (Jemec , 2010). 

Table 4. Classical staging rosacea Plewig and Kligman. Source: modified from Plewig and Kligman, 2000. 

Stage Description 

I Prolonged erythema/cyanosis 

  Teleangiectases 

  Sensitive skin (stinging) 

II Appearance of inflammatory papules/pustules 

  Oedematous papules 

  Prominent pores 

  More frequent attacks of inflammatory papules/pustules 

  Involvement of larger areas of the face 

III Appearance of large inflammatory nodules (furunculoid elements) 

  Tissue hyperplasia 

  Oedema 

  Phymata 

 

Rosacea can also be divided into subtypes (see Table 5). The erythematotelangiectatic type (ETR) 

represents prolonged flushing caused by e.g. embarrassment, exercise or hot environments. It mostly 

occurs at the central part of the face but it may also involve the peripheral part of the face, ears, neck 

or the upper part of the chest. Patients with ETR can experience a stinging and burning sensation 

which can be quite severe. They have a lower threshold for irritation from topically applied 

substances which may exacerbate the stinging and burning. Papulopustular rosacea (PPR) patients 

often have a striking red central part on the facial skin. In addition, they have persistent or episodic 

inflammation characterized by small papules. The episodic inflammation may result in chronic 

edema. Phymatous rosacea portrays skin thickening and an irregular skin surface on e.g. nose, chin 

or forehead. This type of rosacea occurs mostly in men. Phymatous rosacea is not supposed to be 

vascular based or sun-induced like the other rosacea manifestations. Ocular rosacea represents 

mostly blepharitis (inflamed eyelids) and conjunctivitis (inflamed conjunctiva). Burning, stinging and 

light sensitivity occur (Crawford et al., 2004). Sensory rosacea has not been recognized as a subtype 

by the National Rosacea Society Expert Committee (NRSEC). This type of rosacea can be cause by 

heat radiation or barrier disruption of the skin (Dahl, 2010).  
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Table 5. Rosacea subtypes and their clinical features. Source: Plewig and Kligman, 2000. 

Subtype Clinical features 

Erythematotelangiectatic Transient facial erythema (flushing and blushing) 

Persistent erythema (Erythema congestivum) 

Telangiectasias 

Edema 

Dermatitis 

Papulopustular (i.e., 

inflammatory) 

Persistent erythema (Erythema congestivum) 

Papules and pustules 

Plaques (cellulitis) 

Telangiectasias 

Demodex folliculitis 

Phymatous  Localized skin tissue hypertrophy (inflamed or not inflamed) 

Sebaceous gland hyperplasia +/− fibrosis 

Hyperplastic phymas: rhinophyma (nose), chin (gnathophyma), forehead 

(metophyma), ears (otophyma), and/or eyelids (blepharophyma) 

Mucinous phymas 

Pseudorhinophyma 

Ocular  Conjunctival hyperemia: Telangiectasia of conjunctiva and lid margin 

Corneal injury: Sensation of foreign body in the eye—Corneal 

complication (punctate keratitis, marginal keratitis, infiltrates, ulcers) 

Blepharitis 

Chalazion or hordeolum 

Sensory  Pain (burning and stinging), pruritus, sensation of dryness, light sensitivity 

 

3.2.2 Quality of life patients  

Rosacea has a great psychological impact. Nicholson et al. (2007) tried to develop a validated, 

reliable rosacea-specific instrument to indicate the quality of life of a rosacea patient. In Table 6 an 

overview is presented of a few questions that were asked to rosacea patients (Nicholson et al., 

2007). The scores range from 1 (nothing) to 4 (severe) and the percentage of patients that indicate 

the specific (highest) score are given. Patients avoid certain environments, need medication for side 

effects, avoid certain food or drinks and some are bothered with their eyes. This means they may not 

be able to live life to the fullest and cannot do everything they want to. Furthermore, rosacea 

patients are self-conscious, worried, frustrated and annoyed. Some patients are even depressed like 

in other skin diseases (Chosidow and Cribier, 2011). Therefore it is important that these patients 

receive treatment to reduce the symptoms found in rosacea.  
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Table 6. Rosacea patients' impact scores. Source: Nicholson et al., 2007. 

 

3.2.3 Risk factors 

The cause of rosacea is still unknown but several factors are suspected to contribute to disease.  

Familial cases of rosacea have been reported which indicates a genetic background. Recently, also 

sun damage, mites, bacteria, stress and other factors are suspected to contribute to disease 

(McAleer and Powell, 2010).  

Family history 

Patients with rosacea have a significantly greater chance of having other family members affected by 

rosacea compared to non-rosacea controls. This is caused by either genetic factors or common 

environmental factors.  One underlying genetic mechanism could be a polymorphism (mutation) in 

glutathione S-transferases (GSTs). These GSTs encode enzymes that catalyze detoxification of UV 

induced oxidative stress like ROS. If these enzymes do not work correctly due to a polymorphism, less 

ROS detoxification occurs. This may explain the correlation of UV (ultraviolet) exposure and rosacea 

on a genetic basis. GSTM1 and GSTT1 are polymorphisms that are associated with a higher risk of 

rosacea. However, also environmental factors play a role in the occurrence of rosacea by the 

observation that rosacea only affected one of a pair of monozygotic (identical) twins (Tan and Berg, 

2013). 

Age, gender and skin type 

Rosacea is the most prevalent in adults over the age of thirty. However, this may be biased because 

studies have only been conducted in adults. The distribution of the disease between genders is 

almost equal with slightly more prevalence in females. Most of the time women have 

erythematotelangiectatic, papulopustular or ocular rosacea while phymatous rosacea mostly occurs 

in men. Rosacea is more prevalent in lighter skin (Tan and Berg, 2013). Caucasians with skin type I 
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and II have an increased sensitivity and an abnormal barrier function of the skin which facilitates a 

high population of Demodex mites (Lacey and Powell, 2010). 

Sun damage 

Sun damage is an inflammatory process that can cause telangiectasia (spider veins) and erythema. 

Therefore, sun-exposed sites like the face, neck and upper part of the chest are frequently affected 

(Crawford et al., 2004). UV radiation is a factor that contributes to the development of inflammatory 

lesions in rosacea. However, some studies failed to show acute effects of UV radiation on the skin. 

UVB radiation down regulates thrombospondin-1 (inhibits angiogenesis) and up regulates the 

vascular endothelial growth factor (promotes angiogenesis) which results in angiogenesis (formation 

of new blood vessels). These new blood vessels facilitate the movement of inflammatory cells, like 

neutrophils and macrophages, into the dermal tissue which causes damage of the derma. Vascular 

endothelial growth factor was found in infiltrating cells and epithelial cells of rosacea patients. UV 

light targets Langerhans cells (LC) and keratinocytes. UV radiation inhibits the antigen presentation of 

LC and thereby inhibits the capacity to stimulate T-cells. When keratinocytes are targeted by UV light 

they produce and release multiple immunosuppressive factors like IL-10 (Fimmel et al., 2010). The 

adaptive immune response is inhibited by UV light. However, UV light does result in an innate 

immune response and angiogenesis in the skin which causes inflammation. 

Staphylococcus epidermidis 

Staphylococcus epidermidis is a bacterium that normally inhabits the human skin and is an 

opportunistic pathogen (Otto, 2009). This means it only causes disease when the host is weakened. 

Often, the papules and pustules of rosacea patients disappear when they receive an antibiotics 

treatment. This indicates that bacteria cause the inflammation and these papules and pustules. The 

temperature of the facial skin of rosacea patients is increased compared to healthy individuals  (Dahl 

et al., 2004). The higher temperature is a result of the consistent erythema and higher blood flow. 

Importantly, bacteria behave differently at higher temperatures and growth rates are higher. 

Bacteria, such as S. epidermidis, produce and secrete more proteins at a higher temperature. These 

proteins can cause activation of PRRs and cause inflammation. In addition, the staphylococci found 

on the skin of rosacea patients were consistently β-haemolytic (have the ability to rupture red blood 

cells) whereas those of the control subjects were non-haemolytic (Dahl et al., 2004). However, the 

growth rate and density of S. epidermidis was the same in both patients and control subjects. One 

protein which is upregulated at higher temperatures is a lipase which indicates that S. epidermidis is 

more virulent or secretes more virulent factors in skin of rosacea patients. It is not certain whether S. 

epidermidis is linked to rosacea but it is likely that the higher facial temperature affects the 

microflora on the skin. It is found that the microbial composition of the skin follicles and the skin 

surface is different compared to control patients (Dahl et al., 2004).  

Demodex folliculorum 

In humans only two species of mites have been identified: Demodex folliculorum and D. brevis. D. 

folliculorum mites are found in the infundibular (cavity) portion of hair follicles, while D. brevis 

burrows deeper into the sebaceous glands and ducts. D. folliculorum is a mite that is present in the 

skin of adult humans. The role of mites in rosacea is controversial. Some studies have shown that 

there is a higher number of mites in rosacea patients compared to controls patients (Erbagči and 

Özgöztaşi, 1998). Sebum, made by sebaceous glands, is proposed to be the main food source of the 

mite. There are specialized piercing mouth parts present in the mouth of the mite. This could indicate  
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feeding on epithelial cells and disruption of the cell walls. D. folliculorum has a life cycle of around 14 

days. Mites are probably transmitted through contact of adults with children and are mostly found in 

areas rich in sebaceous glands. D. folliculorum is regarded as a commensal organism and in most 

humans they do not initiate inflammation. However, their mode of action has not been investigated 

yet (Lacey and Powell, 2010). 

 

The increase in D. folliculorum numbers in the spring and summer is parallel to the increase of 

rosacea in these months. There are also studies showing an increase in Demodex mites in patients 

with a supressed immune system due to chemotherapy, HIV infection or chronic dialysis. Mites may 

mechanically block hair follicles and sebaceous ducts by either increased numbers or hyper 

keratinization and hyperplasia of epithelial cells. This could promote bacterial overgrowth of e.g. S. 

epidermidis and induce inflammatory lesions. Papulopustular rosacea patients have an increased skin 

pH (more alkaline), reduced skin hydration levels and an altered fatty acid profile (Raghallaigh and 

Powell, 2009; as cited in Lacey and Powell, 2010). This could be caused by D. folliculorum, which 

feeds on sebum. When D. folliculorum numbers increase they may rupture epithelial cells with their 

specialized mouth parts. The mites or their related antigens will then penetrate the dermis or 

epithelial surface and initiate an immune response (Lacey and Powell, 2010).  It is not clear which 

kind of immune reaction takes place. Some studies demonstrate a CD4+ Th-cell increase in the derma 

(Georgala et al., 2001) and others indicate a humoral (antibody) response from B-cells. Because the 

life cycle of a mite is short, large numbers of dying and dead mites are present. These could release 

their waste products into a damaged follicular canal, which promotes inflammation. In addition, 

inflammation can occur due to their chitinous exoskeleton (Lacey and Powell, 2010). Some similar 

inflammatory reactions are also seen in asthma patients against house dust mites (Nathan et al., 

2009). Furthermore, the enzymes released by the mites, like lipases or proteases, can cause an 

immune reaction. Some Demodex mites are also covered by alpha-1-antitrypsin and alpha-1- 

antichymotrypsin, which are serum protease inhibitors and protect the host. Mites have symbiotic 

endobacteria which, when released from dead mites into follicles, can cause inflammation (Lacey and 

Powell, 2010). In one study, it was found that Bacillus oleronius, isolated from Demodex mites, 

induces mononuclear cells (macrophages and lymphocytes) in rosacea patients (Lacey et al., 2007). 

Moreover, various bacteria adhere to the chitinous skeleton of mites which could also initiate 

inflammation. The different consequences of the presence of D. folliculorum on the skin are 

summarized in Table 7.  

 

Helicobacter pylori 

Helicobacter pylori is a gram negative bacterium that colonizes the gastric mucosa and when 

cytotoxic substances are released it induces inflammation. The presence of the bacterium is 

associated with gastritis, ulcers and gastric cancers. H. pylori produces toxins and enzymes that cause 

mucosal inflammation of the stomach and duodenum. Patients with a H. pylori infection in the 

gastric mucosa have elevated levels of TNFα, IL-1b, and IL-8 (Tüzün et al., 2010). A first association 

with rosacea was made when the rosacea skin symptoms disappeared when patients were treated 

for their gastritis with metronidazole (Utaş et al., 1999). However, the disappearance might be 

explained by the antioxidant effects of metronidazole (Abram et al., 2010). In one study a 

significantly higher number of H. pylori were present in rosacea patients compared to controls. 

Furthermore, in 62% of rosacea patients with H. pylori gastritis was confirmed (Argenziano et al., 

2003). However, the effect of H. pylori on rosacea is unknown. It is thought that H. pylori causes the 



35 
 

production of ROS, pro-inflammatory cytokines and nitric oxide. Nitric oxide is a vasodilator and 

causes an increased blood flow and therefore rosacea. In patients with gastritis specific IgA and IgG 

antibodies were found against H. pylori. Rosacea patients with gastritis also had anti-CagA antibodies 

(Argenziano et al., 2003). CagA antibodies stimulate the production of the inflammatory cytokines IL-

8 and macrophage inflammatory protein 1α and 1β (MIP-1α and 1β) by the epithelium. These 

cytokines attract T-lymphocytes, neutrophils, macrophages, eosinophils, basophils and neutrophils. It 

is possible that the toxins produced by H. pylori can enter the circulation and end up in the 

endothelium and cause inflammation at other sites in the body. Furthermore, IL-8, and interleukins 

produced due to the immune response against H. pylori, TNFα and IFNγ also enter the circulation and 

could also be a cause of rosacea (Tüzün et al., 2010).  

Table 7. Possible actions and consequences of mites on the skin. Source: Lacey and Powell, 2010.

 

Psychological stress 

Psychological stress, such as anxiety or depression, alone or in combination with processed food 

without fibres, can lead to increased intestinal permeability. Systemic inflammation and substance P 

(SP) levels are increased while insulin sensitivity is decreased (Bowe and Logan, 2011). Substance P is 

a peptide released by sensory nerve cells that causes the release of inflammatory substances (see 

also the Molecular Mechanisms part about neuropeptides) (Powell et al., 1993).  In patients who are 

already sensitive to developing rosacea due to their genes, this cascade is believed to exacerbate the 

condition (Bowe and Logan, 2011).  
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Oxidative stress 

When a cell is under stress, ROS are produced. The involvement of ROS in rosacea is demonstrated 

by the decrease of symptoms when treated with compounds that have an antioxidant effect e.g. 

tetracycline, azelaic acid and azithromycin (Yamasaki and Gallo, 2009). A study also confirmed a 

higher ROS activity in skin lesions of rosacea patients compared to healthy skin (Peus et al., 1999). 

ROS can cause oxidative damage to nucleic acids, sugars, proteins and lipids which can eventually 

lead to protein degradation and apoptosis. The skin has a mechanism that produces anti-oxidants for 

protection against ROS. In the skin, more damage is caused by ROS compared to other body parts 

because the skin is exposed to two important factors, UV radiation and oxygen, are present in the 

skin. UV light causes depletion of anti-oxidants and SOD (superoxide dismutases; anti-oxidant 

enzymes). The results are DNA damage, activation of the neuro-endocrine system and increased 

production of pro-inflammatory molecules. This leads to more neutrophils and phagocytes in the skin 

(Narayanan et al., 2007). Severe rosacea can be caused by a defective antioxidant system in the skin 

(Öztas et al., 2003). The higher levels of ROS in the skin of rosacea patients can be a result from 

overproduction or inadequate removal of ROS or both. The suspected mechanism in the skin of 

rosacea patients is that ROS damages the skin and causes inflammation (Narayanan et al., 2007).  

Problems in the small intestine  

Rosacea patients have a higher frequency of bacterial overgrowth in the small intestine (SIBO) 

compared to healthy individuals (Whitehead, 2009). When the affected patients are treated for SIBO, 

the rosacea decreases (Parodi et al., 2008 as cited in Whitehead, 2009). SIBO is associated with 

several neurological symptoms and diseases which decrease when treated for SIBO (Pimentel et al., 

2001; Finegold et al., 2002). Therefore, a treatment for SIBO could reduce vasodilatation and other 

neuropeptide-involved rosacea symptoms.  

Intestinal alkaline phosphatase (IAP) is an enzyme expressed on surface epithelial cells in the gut. 

They detoxify LPS or endotoxins from gram-negative bacteria. This inhibits inflammation, since the 

immune system does not get to recognize these MAMPs. If these IAPs are not produced, pro-

inflammatory cytokines, like TNFα, are produced in response to LPS (Whitehead, 2009). TNFα can 

induce a local but also a systemic immune response (Bates et al., 2007). One third of rosacea patients 

has abnormal small intestinal tissue (Watson et al., 1965). It could be that they have less IAPs 

compared to healthy individuals. In addition, when rosacea patients received oral administration of 

IAPs, their symptoms reduced (Whitehead, 2009). 

The optimal pH of IAP is around 9.5. However, it also works efficiently at a pH of 7.5 in the small 

intestine using LPS as a substrate (Poelstra et al., 1997). Since the western diet is more acidic, the 

IAPs can work less efficiently and therefore can cause rosacea. An alkaline diet might improve the 

symptoms of rosacea (Whitehead, 2009). The IAPs are also influenced by phytates (Bitar and 

Reinhold, 1972), which are found in grains and legumes, and phenylalanine, an amino acid part of the 

artificial sweetener aspartame (Whitehead, 2009). Wheat bran worsens rosacea symptoms and 

avoiding it results in improvement of symptoms (Kendall, 2004). SCFAs like butyrate and dietary fish 

oil increase IAP activity. Furthermore, dietary zinc and vitamin A activate IAPs (Whitehead, 2009).  

3.2.4 Molecular mechanisms 
The mechanisms that cause rosacea are poorly understood. Chronic inflammation and vascular 

changes are believed to be factors underlying this disease.  
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Increased levels of cathelicidin 

The positive correlation between specific bacteria or mites and rosacea indicate that the external 

environment affects rosacea. These environmental factors are recognized by specific intrinsic factors 

of the host. The clinical manifestations of rosacea patients can be explained by an inappropriate 

response of the innate immune system. In innate immunity, pattern recognition receptors (PRR) 

respond to specific global patterns on microbes, UV light and trauma. This leads to an increase of 

chemokines, cytokines and antimicrobial molecules.  

One of these antimicrobial molecules is cathelicidin. This molecule is hardly detectable in normal skin 

but, when the skin is wounded, production of cathelicidin is induced. Cathelicidin has different forms, 

these different forms can be both vasoactive and pro-inflammatory (Yamasaki and Gallo, 2011). 

Cathelicidins are produced by keratinocytes and neutrophils. Cathelicidin levels in rosacea patients 

are increased and the forms in present rosacea patients affect both vasoactive and pro-inflammatory 

properties. These forms do this via the promotion and regulation of leukocyte chemotaxis and 

angiogenesis. This means the movement of leukocytes to certain tissues and the formation of new 

blood vessels is affected. 

The cathelicidin LL-37 is the most commonly found cathelicidin form in rosacea patients and is 

typically present in neutrophils in the injured or infected skin (Yamasaki et al., 2007). Cathelicidin LL-

37 promotes angiogenesis via epidermal growth factor which induces vascular endothelial growth 

factor in keratinocytes. 

The increased level of cathelicidin is due to an increase in the amount of TLR2 receptors present on 

the skin of rosacea patients. The TLR2 receptor is more expressed on the cell surface in rosacea 

patients compared to healthy individuals. The increased amount of TLR2 receptors leads to an 

increase in activation by specific stimulators. This sets off a cascade of reactions which results in an 

increased level of cathelicidins (Yamasaki et al., 2010).  

Patients with rosacea do not only have an increased cathelicidin level but also a higher level of serine 

protease activity. This protease cleaves cathelicidin into the active form (Yamasaki et al., 2007). One 

of the serine proteases which is upregulated is Kallikrein 5 (KLK5). (Yamasaki et al., 2007). Matrix 

metalloproteinases (MMPs) turn the inactive KLK preproenzymes into active KLKs (Kanada et al., 

2012). This KLK5 processes a precursor of cathelicidin into cathelicidin (Yamasaki and Gallo, 2011).  

TLR2 activation activates vitamin D into active vitamin D. Active vitamin D increases cathelicidin 

production by keratinocytes. This is done by amplifying the pathway from TLR2 activation to 

cathelicidin production (Schauber et al., 2006).  

The endobacterium B. oleronius, which resides inside D. folliculorum, secretes heat-shock proteins 

and a lipoprotein (Lacey et al., 2007). It is known that these proteins stimulate TLR2 (Costa et al., 

2002) and therefore can cause inflammation.  

Neuropeptides  

Stress, UV light or microbes can stimulate the release of specific neuropeptides (see Figure 15). This 

can contribute to the symptoms like flushing and erythema. Dilated vessels cause an increased blood 

flow and leak fluid and pro-inflammatory molecules. The results are pustules, papules and flushing. 

Some patients also have symptoms like itching and burning. This suggests that the cutaneous 
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neurovascular system plays a role. Several cutaneous neuropeptides have been studied (see Table 8) 

that are produced in dorsal root ganglia (part of the spinal nerve cells) (Slominski and Wortsman, 

2000).  

 

Figure 15. Inflammation in the skin caused by external or internal factors. Soucre: Parnham, 2011. 

Table 8. Overview of cutaneous neuropeptides potentially involved in rosacea. Source: McAleer and Powell, 
2010. 
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Substance P (SP) is a peptide released by sensory nerve cells that causes the release of inflammatory 

substances. This results in release of TNFα and histamine. SP also upregulates cytokines production, 

releases chemokines and recruits neutrophils and eosinophils. In addition, the neurons in rosacea 

patients were more reactive towards SP. Rosacea patients have an increased level of SP in their skin 

compared to healthy individuals (Powell et al., 1993). 

Vasoactive Intestinal Peptide (VIP) is a peptide which is present in gastrointestinal and neural tissue. 

The peptide regulates vasodilatation by inducing the synthesis of nitric oxide (McAleer and Powell, 

2010). In phymatous rosacea patients there is more VIP present in the skin compared to healthy 

individuals (Wollina, 1996). 

Calcitonin gene related peptide (CGRP) is a neuropeptide which is expressed in the central nervous 

system, neurons near blood vessels and in nerves ending in the skin. Furthermore, it is found in 

smooth muscle and blood vessels. CGRP has a mostly anti-inflammatory effect but can be pro-

inflammatory in the early stages of inflammation. CGRP has an effect on small and large blood 

vessels, causes permeability of the vessels and acts on endothelial cells. The endothelial cells react 

with the release of nitric oxide. This causes vasodilatation and flushing, the symptoms seen in 

rosacea patients. Some rosacea patients have elevated CGRP levels compared to healthy individuals.  

Somatostatin (SST) is found in Merkel cells and is associated with e.g. LC, keratinocytes and neurons 

(McAleer and Powell, 2010). SST causes inflammation in rosacea patients. 

Corticotropin releasing hormone (CRH) is a peptide that is released in response to chronic stress, UV 

light and cytokines. It has both pro- and anti-inflammatory effects. CRH degranulates mast cells, 

which contain histamine, and thereby increase vascular permeability and induce keratinocyte 

differentiation (McAleer and Powell, 2010). UVB radiation increases CRH in keratinocytes and 

fibroblasts while it decreases CRH in endothelial cells (Fimmel et al., 2005).  In rosacea patients, CRH 

can contribute to vasodilatation and flushing. 

3.2.5 Interactions between the possible risk factors and molecular mechanisms 

In rosacea TLR2 receptors are more expressed on the cell surface of amongst others skin cells, 

compared to healthy individuals (Yamasaki et al., 2010). TLR2 receptors recognize many different 

MAMPs like lipoproteins, lipoteichoic acid, peptidoglycans, phenol-soluble modulin, zymosan and LPS 

forms. These LPS forms are present on non-enterobacteria like H. pylori (Takeda and Akira, 2005). In 

rosacea patients, the facial skin temperature is higher compared to controls. S. epidermidis produces 

and secretes more proteins at a higher temperature (Dahl et al., 2004). One factor that is secreted is 

phenol-soluble modulin. This factor acts as a ligand for TLR2 (Hajjar et al., 2001). When TLR2 

receptors get activated, a signalling cascade leads to the activation of NFκB, JNK and p38 (see Figure 

16). JNK and P38 are both involved in inflammation. NFκB is a transcription factor that is essential for 

the transcription of several immune system related genes. These include adhesion molecules that 

regulate the recruitment of immune cells to the site of infection and pro-inflammatory cytokines like 

IL1 and TNFα (Medzhitov, 2001). NFκB also regulates the transcription of iNOS (Zhang and Ghosh, 

2001). iNOS (inducible nitric oxide synthesis) is an enzyme that produces nitric oxide in response to 

cytokines or bacterial products (Aktan, 2004).  
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Figure 16: Signalling pathway of TLR2 (Medzhitov, 2001). 

Neutrophils are immune cells with respiratory bursts that contain ROS. These ROS act against 

pathogens but can induce damage to the tissue of the host (Nathan, 2006). In rosacea the ROS levels 

are increased (Peus et al., 1999). Neutrophils have TLR2 receptors that, when activated, initiate the 

production of cathelicidins, nitric oxide and ROS (Nathan, 2006). In rosacea patients these three 

substances have elevated levels compared to healthy individuals (Peus et al., 1999; Yamasaki et al., 

2007; McAleer and Powell, 2010). The cathelicidin LL37 is important in protection against skin 

infections caused by Streptococcus bacteria (Nizet et al., 2001).  

S. epidermidis forms a biofilm which is a multicellular agglomeration. A biofilm has a characteristic 

physiology and architecture that confers resistance to many antibiotics and host defence 

mechanisms (Otto, 2009). In this way, S. epidermidis is resistant to cathelicidins like LL37. Rosacea 

patients have more active S. epidermidis on their skin (Dahl et al., 2004) and therefore more TLR2 

receptors are activated (Hajjar et al., 2001). If in some way S. epidermidis is inhibited or if the 

bacterium has competition, the symptoms of rosacea might be less severe. Heparin, an anti-

coagulant produced by mast cells and basophils, interferes with  S. epidermidis anchorage to the 

surface (Arciola et al., 2003).  

3.2.6. Treatments  

Currently, there is no treatment available to cure rosacea. The treatments developed are to control 

the symptoms. There are topical and oral treatments possible. The treatments used are summarized 

in Tables 9 and 10.  

Topical 

In Table 9 there is a short summary of topical treatments currently used for rosacea. The Food and 

Drug Administration (FDA) approved four topical treatments for rosacea including metronidazole and 

azelaic acid. Metronidazole has anti-oxidant, anti-inflammatory and antimicrobial effects (Narayanan 

et al., 2007). It is used to treat erythema and inflammatory lesions (Veldman et al., 2014). The 

mechanism of action is believed to be a decrease of ROS in neutrophils (Narayanan et al., 2007). 
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Azelaic acid also has anti-oxidant, anti-inflammatory and antimicrobial effects. It is used to treat 

papules and pustules of mild and moderate rosacea (Veldman et al., 2014). The mechanism of action 

may be through anti-inflammatory and anti-keratinization effects (Mayer-da-Silva et al., 1988). 

Furthermore, azelaic acid downregulates KLK5 and therefore downregulates cathelicidins (Coda et 

al., 2013). 

Laser and light therapies are currently used as a treatment for rosacea. Telangiectasia, remodelling of 

the connective tissue and strengthening of the skin barrier are the targets of laser and light 

therapies. There are a few ways in which lasers could have an effect on the skin: cell proliferation and 

cytokine, growth factor and heat shock protein activation by endothelial disruption. Two types of 

therapies are used for rosacea: vascular lasers and intense pulsed light. Vascular lasers emit light that 

is absorbed by oxyhemoglobin and results in vessel destruction. No collateral damage is found 

because of a principle called ‘selective photothermolysis’. With shorter wavelengths the superficial 

red vessels, which cause persistent erythema, are targeted (Pelle et al., 2004). Pulsed dye laser 

reduced erythema and tangiectasia in patients with rosacea. In addition, patients who used 

antibiotics could reduce the dosage when treated with pulsed dye laser (Lowe et al., 1991). However, 

hyperpigmentation occurs with pulsed dye laser. Intense pulsed light is a multichromatic light with 

multiple wavelengths. This goes deeper into the skin than light from a vascular laser and has multiple 

targets like melanin and hemoglobin (Pelle et al., 2004). It is used for the treatment of vascular 

lesions, unwanted hair and photoaging. It may induce facial rejuvenation by inducing cytokines and 

growth factors which contribute to tissue remodelling (Weiss et al., 2002). Side effects like edema, 

hypopigmentation and bruising occurs (Angermeier, 1999). Since it improves vascular lesions and 

contributes to tissue remoddeling, intense pulsed light laser improves the symptoms seen in rosacea. 

Some possible topical treatments for rosacea are still in development e.g. cyclosporin A, 

nicotinamide. Cyclosporin A could be an effective treatment for ocular rosacea. It has anti-

inflammatory properties by inhibiting NFkB activation by lipopolysaccharides (innate immunity) and 

by inhibiting proteasome (for degradation proteins) activity (Wollina, 2014). 

In rosacea hydration levels of the skin are lower compared to healthy skin. The dry skin in rosacea 

patients indicate a disruption of the skin barrier and the associated fatty acids (Ní Raghallaigh and 

Powell, 2014). A treatment that could reduce symptoms in rosacea by improvement of the barrier 

function of the skin is nicotinamide. Nicotinamide is a B vitamin (vitamin B3) that increases the 

synthesis of ceramides and other lipids that are present in the skin. Ceramides are lipids that 

contribute to the skin barrier. In addition, topical treatment also increases free fatty acids and 

cholesterol in the skin (Tanno et al., 2000). Nicotinamide is already used for a few skin conditions and 

could also be used for other inflammatory skin diseases. Furthermore, there is evidence it works 

against aging of the skin and it may be a potential chemo preventive agent against skin cancer (Chen 

and Damian, 2014). 

A topical minocycline treatment could complement an oral treatment (see below). The dry skin in 

rosacea patients indicate a disruption of the skin barrier and the associated fatty acids. The skin of 

some rosacea patients is more alkaline than healthy skin (Ní Raghallaigh and Powell, 2014). Some 

enzymes of the skin function best in a more acidic environment (Hachem et al., 2003). In rosacea 

patients these enzymes do not have an optimal environment. Furthermore, protease enzymes from 

microbes work best in a more alkaline environment (Hachem et al., 2005). These two result in a 
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disrupted skin barrier in rosacea patients. A topical treatment with minocycline reduces the pH so 

the enzymes of the skin work better and the enzymes of the microbes work less. Therefore a topical 

use of  complements an oral use of minocycline (Ní Raghallaigh and Powell, 2014). 

Oral 

In Table 10 there is a short summary of oral treatments currently used for rosacea. Tetracyclines are 

a class of antibiotics most commonly used in rosacea treatment. It is believed they have an effect on 

angiogenesis, cell proliferation and inflammation. They also modulate the immune system (Sloan and 

Scheinfeld, 2008). The reduction of inflammation may be because of the reduction of pro-

inflammatory cytokines (Weinberg, 2005). Doxycycline and minocycline are from the antibiotics class 

of tetracyclines. Doxycycline is the most used antibiotic for rosacea, is anti-inflammatory and reduces 

lesions in rosacea patients (Veldman et al., 2014). Matrix metalloproteinases (MMPs) are zinc 

enzymes that are responsible for degradation of the extracellular matrix components like collagen, 

which is a structural protein in connective tissue in the skin (Woessner, 1991). One mechanism by 

which doxycycline may reduce symptoms in rosacea patients is inhibition of KLK activity and the LL-

37 peptide by inhibiting the MMPs in keratinocytes (Kanada et al., 2012). New blood vessels 

(angiogenesis) have to be formed out of existing ones. This happens by removal and remodelling of 

the vascular membrane by MMPs (Rundhaug, 2005). Therefore, inhibiting MMPs also results in less 

angiogenesis and less flushing in rosacea patients. 

Several oral treatments for rosacea are still in development. One treatment that could possibly 

reduce rosacea symptoms is minocycline. Minocycline treatment reduces the erythema, papules and 

pustules of PPR patients. In addition, the skin hydration levels improved significantly after topical 

treatment with minocycline (Ní Raghallaigh and Powell, 2014) (see topical treatments).  
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Table 9. Topical treatments in different types of rosacea.  Table 10. Oral (systemic) treatments in different 
Source: Dahl, 2010.      types of rosacea. Source: Dahl, 2010. 
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3.2.7 Summary rosacea 

 Rosacea is a chronic skin condition mainly affecting the face 

 Symptoms include flushing, redness and sometimes papules and pustules 

 Risk factors include family history, age, gender, skin type, exposure to UV radiation, 

psychological stress and oxidative stress 

 The presence of Demodex mites and Helicobacter pylori may also contribute 

 Staphylococcus epidermidis is more active in rosacea due to increased skin temperature 

 Mechanisms underlying rosacea are poorly understood 

 Potential underlying mechanisms include increased cathelicidin (e.g. LL-37) levels and 

increased release of specific neuropeptides (e.g. substance P) 

 No cure, but symptom management using topical and oral treatments 

 Often treated with antibiotics 
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3.3 Acne 

Acne (vulgaris) is a common disease that mainly affects teenagers. About 80% of the people acquire 

acne in their adolescence (Cunliffe and Gollnick, 2001). People can experience acne symptoms for 

decades; nearly 50% of these people suffer from acne in their 20s (Al Robaee, 2005; Galobardes et 

al., 2005). By the age of 40, 1% of men and 5% of women still have acne lesions (Goulden, 1999). 

3.3.1 Symptoms 
The typical clinic appearance of acne can be non-inflammatory or inflammatory. Non-inflammatory 

acne lesions include open (blackhead) and closed (whitehead) comedones. Inflammatory acne 

lesions include papules, pustules, nodules and cysts; their characteristics are further listed in Table 

11.  

Table 11. Characteristics of acne lesions.  

 Acne lesion Description References  
Comedone Clogged hair follicle, can be open or closed  Cunliffe and Gollnick, 

2001 

Papule  Solid elevation of skin, with no visible fluid, less than either 5 or 
10 mm at the widest point 

Fitzpatrick et al.,2005 
James et al., 2006 

Pustule Small elevation of the skin containing cloudy or purulent 
material  

Callen et al., 2000 
James et al., 2006 

Nodule Morphologically similar to a papule, greater than either 5 or 10 
mm in both width and depth 

Callen et al., 2000 
James et al., 2006 

Cyst Epithelial-lined cavity containing liquid, semi-solid, or solid 
material  

Fitzpatrick et al.,2005 

 

Both non-inflammatory and inflammatory acne lesions originate from the microcomedone. The 

microcomedone is the initial acne lesion caused by the hyperproliferation of the keratinocytes in the 

pilosebaceous unit (see Figure 17 for structure of pilosebaceous unit). Keratinocytes form the lining 

of normal sebaceous follicle and the outmost surface of skin (Gollnick, 1991). Acne lesions are mainly 

present on the face, neck, chest, or back where the pilosebaceous units are most dense (Brown and 

Shalita, 1998). 

 

Figure 17. The pilosebaceous unit consists of the hair follicle, hair shaft and sebaceous gland. Source: Singh et 
al., 2000. 

Acne is broadly classified into mild, moderate and severe. Patients with mild acne only have less than 

20 comedones and a few papules/pustules. Patients with moderate acne have 10-40 comedones and 

an equal amount of papules/pustules. Patients with severe acne have more than 40 comedones and 
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papules/pustules; they also suffer from the presence of nodules and cysts. Moderate and severe 

acne can cause scars (Andreas, 2010).  

3.3.2 Quality of life patients 

The psychological aspect of acne should not be neglected (Koo, 1995). Patients often suffer from 

emotional impairment due to the disfigurement caused by acne regardless of the severity, although 

there is no significant difference in personal character between affected and healthy individuals 

(Kenyon, 1966; Picardi et al., 2000). Just as well, scarring can have a profound psychosocial influence 

on the patient’s life (Andreas, 2010). Maisonneuve et al. (1987) interviewed 4,597 acne patients and 

they found that nearly 70% of them reported psychosocial rejection. This is not only a perspective 

the patients have. It is reported that 18-30 year old acne patients are more frequently unemployed 

than individuals with healthy skin (Cunliffe, 1986). Mallon et al. (1999) interviewed 111 acne patients 

on their quality of life with a questionnaire. They reported the same level of social, psychological and 

emotional problems as patients with chronic disabling asthma, epilepsy, diabetes, back pain or 

arthritis. This is remarkable because acne patients do not think they are ill. However, their emotional 

and social problems level with that of patient with serious illnesses. Affected individuals have less 

depression as compared with depressive disorder patients (Niemeier et al., 1998), but they are as 

depressed as hospitalized psoriasis patients (Gupta and Gupta, 1998). Gupta and Gupta (1998) 

studied the psychiatric comorbidities of acne patients in 2001 and suggested that it is necessary to 

assess them for suicide risk.  

3.3.3 Causes  

The factors that trigger acne are: follicular hyperkeratinisation, Propionibacterium acnes, increased 

seborrhoea and inflammation. 

Follicular hyperkeratinization 

Keratinocytes are normally shed as single cells and removed with the sebum (Cunliffe and Gollnick, 

2001; Gollnick, 1991). Hyperproliferation and reduced shedding of keratinocytes can block the sebum 

flow and lead to the comedone formation (Cunliffe et al., 2000; Gollnick et al., 2003). Several factors 

may contribute to comedone formation, including local androgens, retinoids, local cytokines, 

changes in sebaceous lipids composition and comedone cycling (Dessinioti, 2010). Comedones 

undergo cycling comparable to the hair follicle: growth, regression, resting, shedding and growth 

again (Stenn and Paus, 2001).  

Keratinocytes lining the sebaceous follicle express a higher level of 5α-reductase than epidermal 

keratinocytes. The enzyme 5α-reductase converts testosterone to the more potent androgen 

dihydrotestosterone (DHT). High levels of DHT can influence comedone formation (Thiboutot et al. 

1997; Thiboutot, 2002).  

Comedones can resolve spontaneously. Aldana et al. (1998) found that proliferation and cell cycle 

markers are expressed differently in comedones compared to sebaceous follicles. This suggests that 

comedone cycling has an important role in the development and resolution of comedones. 

Propionibacterium acnes 

P. acnes is a lipophilic and anaerobic bacteria that belongs to the normal skin flora (Lovejoy, 1911). It 

only proliferates on sebum-rich and low-oxygen area, in this way, blocked sebaceous follicle with 
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increased sebum secretion provides a perfect environment for its proliferation (Farrar and Bojar, 

2010).  

P. acnes contributes to the initiation of inflammation in acne, however its presence is not necessary. 

Leeming (1988) found this bacteria in 68% of one-day-old acne lesions and in 78% of three-day-old 

lesions. Application of this bacteria to the unaffected skin of acne patients led to inflammation and 

pustule formation (Strauss and Kligman, 1960; Fleming, 1909). Now it is known that P. acnes 

produces a number of metabolites that induce the innate immune response by activating the TLR2 

receptor on keratinocyte, leading to the release of pro-inflammatory cytokines like IL-8 (Pivarcsi et 

al., 2003). In addition, it produces various exogenous proteases which can interact with protease-

activated receptor-2 (PAR-2) on keratinocytes thereby the secretion of pro-inflammatory cytokines 

increases and leads to inflammatory acne lesions (Lee et al., 2010). On the other hand, Shaheen and 

Gonzalez found that 10% of one-day old pustules were sterile, while all the 3-day old pustules were 

colonized, suggesting that microbe colonization is not required for initiation of inflammation 

(Shaheen and Gonzalez, 2011). Moreover, Leyden et al. (1975) found no correlation between P. 

acnes density and severity of inflammation, and Leeming et al. (1988) were not able to correlate P. 

acnes density to the progression of inflammatory lesions.  

A role for P. acnes is also suggested in comedogenesis. Farrar and Bojar (2010) found that co-culture 

of human keratinocytes with P. acnes increased keratinocyte IL-1 production in sebaceous follicles, 

thus inducing comedogenesis.  

Increased seborrhoea  

Increased seborrhoea means excess secretion of sebum. Acne patients have much higher sebum 

secretion than healthy individuals and its accumulation is a prerequisite for acne development 

(Nikkari, 1974; Downing et al. 1987). In addition, the sebum composition of acne patient is altered: 

more free fatty acids, less linoleic acid and the presence of lipoperoxides, such as squalene 

peroxides, are some of the hall markers of acne (Wertz et al., 1985; Downing et al., 1986; Ottaviani et 

al., 2006). The changes in sebum lipid composition may initiate a previously undiscovered 

inflammatory cascade early in the development of acne lesions. 

Diet may have an influence on sebaceous lipogenesis. The linoleic acid level is low in comedones, 

which may be associated with comedogenesis (Zouboulis, 2010). Since our body cannot synthesise 

linoleic acid, diet is the only source. Downing (1972) and Pochi (1970) observed that low glycaemic 

load diets and extreme caloric restriction can reduce sebum excretion rate; this effect was reversed 

when normal diet was resumed. 

Lipoperoxides, mainly peroxides of squalene (which is a characteristic component of skin sebum) can 

alter the proliferation and differentiation of keratinocyte thus causing comedone formation 

(Ottaviani et al., 2006). 

Sebum production is hormone dependent (Pochi et al., 1965; Pochi et al., 1974). Adrenal androgens, 

such as dehydroepiandrosterone (DHEA), have been shown to be the major factor that determines 

sebum generation and production during the pre-pubertal period (Lucky, 1988; Stewart et al., 1992). 

In a study by Stewart et al. (1992), pre-pubertal girls with acne showed higher levels of DHEA than 

the control group. DHEA can be converted to the more potent androgens testosterone and 

dihydrotestosterone (DHT), which interact with the nuclear androgen receptors in the sebaceous 
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follicle (Hay and Hodgins, 1974; Hay and Hodgins, 1978); however, it is not clear how exactly 

androgens act on sebocyte lipogenesis (Cunliffe and Shuster, 1969).  

Retinoic acids like 13-cis retinoic acid, 9-cis retinoic acid and all trans-retinoic acids are able couple to 

their receptors expressed in human sebocytes. This inhibits the sebocyte differentiation and lipid 

synthesis and shows an anti-proliferative effect (Zouboulis, 1991; Tsukada et al., 2000).  

Inflammation 

The inflammatory stage is given a lot of attention as the lesions (papule and pustule) may be painful 

and lead to scarring (Cunliffe, 1998). Recent studies have shown that early inflammatory response is 

present at the very beginning of the acne lesion development, thus, efforts have been made to 

reclassify acne as chronic inflammatory disease (Tanghetti, 2013). Norris and Cunliffe (1988) 

examined early acne lesions and found that lymphoid perivascular infiltration was one of the earliest 

histological changes occurring its formation. In a study by Jeremy et al. (2003) the unaffected skin of 

acne patients was compared with the skin of healthy individuals. It was found that the unaffected 

follicle of acne patient is surrounded by large numbers of CD4+ cells and microphages, whereas 

neutrophiles had totally disappeared, suggesting an initiation of an antigen-specific immune 

response. 

Pro-inflammatory cytokines promote comedogenesis 
Pro-inflammatory cytokines promote comedogenesis by inducing the remodelation of pilosebaceous 

units (Guy et al., 1996a; Guy et al., 1996b). Interleukin 1 (IL-1) is a pro-inflammatory cytokine that 

plays a central role in regulating the immune response: skin (hair folicle, sebaceous gland and 

keratinocyte) can produce IL-1 and serves as a pool for releasing it when needed (Anttila, et al., 1992; 

Boehm et al., 1995; Ingham et al., 1998), therfore induces inflammation. The expression and 

secretion of IL-1 significantly increases during the early acne lesion development (Ingham, 1992). Guy 

et al. (1996a) cultured pilosebaceous units with IL-1, which resulted in hyperkeratinization of the 

follicle. This is very similar to what is observed in the comedogenesis and it can be counter-acted by 

IL-1 receptor blocker. In another study, Guy et al. (1996b) found that applying epidermal growth 

factor beta (EGFβ) to cultured pilosebaceous units disrupted the organization of keratinocytes in the 

infundibulum causing a rupture that it similar to that seen in more severe acne. This suggests EGF 

may play a role in the process. 

IL-8 significantly induced in inflammatory lesion 
Trivedi et al. (2006) compared the gene expression profile of inflammatory lesions to that of 

uninvolved skin from the same patients and healthy individuals. They found 211 upregulated genes, 

most of them involved in matrix remodelling and inflammation. Among the upregulated genes, IL-8 

gene expression was increased 52-fold. IL-8 plays an important role in promoting innate immune 

response in the inflammation site, namely pilosebaceous units (Trivedi et al., 2006). One possible 

cause of the high IL-8 expression may be P. acnes, which activates TLR2 and TLR4 (Nagy et al., 2006). 

Studies have recognized other inflammatory factors, i.e. pro-inflammatory peptidases, and 

neuropeptides, as well as the emerging role of neuropeptides and sebaceous lipids in inducing 

inflammation. These are further explained below. 

Proinflammatory peptidases in the sebaceous gland apparatus 
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Pro-inflammatory peptidases may contribute to inflammation in acne. These are ubiquitously 

expressed enzymes. Beyond their proteolytic function, they also affect many essential biological 

processes like growth, differentiation, apoptosis, adhesion, motility, and cell to cell interaction. 

Dipeptidyl peptidase IV (DP-IV) and amino-peptidase N (APN) influence growth, cytokine production 

and T-cell function; they are both expressed in sebocytes and keratinocytes and are upregulated in 

hyperproliferative skin disorders (Thielitz et al., 2006). 

Thielitz et al. (2006) investigated the expression and functional relevance of DP-IV and APN in the 

peripheral blood mononuclear cells (PBMCs) and keratinocytes which show an altered phenotype in 

early acne lesions. Their results demonstrated that the inhibition of DP-IV and APN can suppress 

proliferation, enhance terminal differentiation of sebocytes, upregulate the expression of IL-1 

receptor antagonist in sebocytes and keratinocytes. Furthermore, the inhibitor turned the P. acnes-

stimulated T-cells to an anti-inflammatory phenotype by enhancing the expression of the 

immunosuppressive cytokine TGF-B1 ex vivo. 

Neuropeptides  
Neurogenic inflammation is caused by the local release of inflammatory mediators, such as 

neuropeptides, from the peripheral terminal of sensory neurons (Geppetti, 2008). Changes in the 

expression of neuropeptides have been identified during the early stages of acne. Corticotropin-

releasing hormone (CRH) is involved in stress response and is also an inflammation mediator. It 

enhances IL-6 and IL-8 production in cultured sebocytes (Ganceviciene et al., 2009a) and its 

expression is increased in the sebocytes of acne-involved skin (Toyoda, 2002a; Ganceviciene et al., 

2009b). Immunoreactive nerve fibers produce SP. SP expression is upregulated in the sebaceous 

glands of acne patient. This is rarely seen in the healthy skin (Toyoda, 2002b). SP is thought to be 

involved in local neurogenic inflammation. It may play a central role in the pathogenesis of stress-

related acne (Toyoda, 2002b; Lee et al., 2008).  

Sebaceous gland lipids can have pro-inflammatory effects 
Acne patients produce more sebum than individuals with healthy skin. Recent studies indicated the 

tight association of increased sebum secretion and the induction of inflammation, which may be 

responsible for the initiation of the acne lesion (Zouboulis et al., 2005). Besides the increased sebum 

production, the altered sebum composition may also lead to pro-inflammatory cytokine production 

in the sebocytes and keratinocytes (Kurokawa et al., 2009). The decreased level of linoleic acid in 

acne patient may lead to increased permeability of comedonal wall (the wall of comedonal hair 

follicle) to pro-inflammatory substances (Letawe et al., 1998; Picardo et al., 2009). 

Lipid peroxides may be responsible for inflammatory changes in comedones 
Acne patients are thought to be under increased oxidative stress, both at the cutaneous level and 

systemically, compared to healthy individuals (Bowe and Logan, 2010). They also have significantly 

higher peroxidation levels of sebum, which is able to induce inflammation in acne (Ottaviani, 2006). 

Squalene is a characteristic human sebaceous lipid that can be easily oxidated. The mono-

peroxidation product is primary squalene peroxide on human skin (Bowe and Logan, 2010; Ottaviani 

et al., 2010). An in vitro experiment demonstrated that sqaulene peroxide, beyond its role in 

keratinocyte proliferation, may present pro-inflammatory activity by inducing the expression and 

secretion of cytokine IL-6 from keratinocytes (Ottaviani et al., 2010).         
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3.3.4 Treatments 

Only about 17 to 22% of acne patients used medical therapy (Korczak, 1989; Poli et al., 2001). 

Recently, Nijsten et al. (2007) examined 594 adolescents for acne in Netherlands: 13% used topical 

treatment and 5% used systemic drugs; mainly women and patients with more lesions tend to use 

acne therapy (Nijsten et al., 2007). An earlier study found that 86% of the patients think that face 

washing with soap is enough to cure acne. Smithard et al. (2001) interviewed 317 pupils in UK and 

reported that the most popular way of dealing with skin problem is increased cleansing (82%) and 

increased water intake (50%); only 9% had used over-the-counter skin care products and only 3% had 

used prescribed drugs.   

Topical 

Several topical acne treatment are available. Topical treatment of acne using retinoids has become 

more and more popular, as retinoids can suppress comedone formation and lead to comedolysis 

(dissolution of pore impaction). It also regulates the immune response (Bikowski, 2004; Ramanathan 

and Hebert, 2011). Retinoids are used as a basic treatment for all types of acne: mild, moderate and 

severe (Gollnick et al., 2003; Strauss et al., 2007). Several types of topical retinoids are used including 

tretinoin (all trans-retinoid acids), isotretinoin (13-cis retinoid acid, not allowed the United States), 

adapalene, and tazarotene (not available in the United Kingdom) (Thielitz and Gollnick, 2008). Local 

side effects of these compounds are skin irritation including erythema, scaling, burning, and dryness 

(Chivot, 2005; Thielitz, 2008; Thielitz and Gollnick, 2008; Ramanathan and Hebert, 2011). 

Furthermore, retinoic acid play an important role in embryonic development, thus, administration of 

retinoid at a high dose is teratogenic. For this reazon the use of retinoids is contraindicated during 

pregnancy and breastfeeding (Thielitz, 2008). Women of child bearing age using topical retinoids 

should be aware of the need for contraception (Williams et al., 2012). 

Three main types of antibiotics are used to treat acne topically: clindamycin, erythromycin and 

cyclines. among these, clindamycin and erythromycin are the most popular (Tan, 2004). Antibiotics 

are not very suitable for resolving the comedone. The main target of topical antibiotics are 

inflammatory lesions and they are used for mild to moderate acne. (Abad‐Casintahan, 2011). 

Bacterial resistance due to antibiotic use has become a growing concern (Thiboutot, 2009). Several 

studies found that the increasing antibiotic resistance of P. acnes correlates with the increasing use 

of antibiotics (Purdy, 2006; Leyden et al., 2009; Thiboutot, 2009). Erythromycin is the most effective 

topical antibiotic on inflammatory lesion (Dreno, 2010). The efficacy of this antibiotic has significantly 

dropped over years from 1980 to 2000 (Simonart and Dramaix, 2005). This means that it is not 

recommended to use as monotherapy. Topical antibiotics should be used in combination with 

retinoic acid or benzoyl peroxide to shorten the duration of treatment and avoid bacterial resistance 

(Dawson and Dellavalle, 2013). 

Benzoyl peroxide is used as a treatment for mild to moderate inflammatory acne. It is a non-

antibiotic bactericide that kills bacteria by producing free radicals in the hair follicles (Gamble et al., 

2012). It can be used in combination with antibiotics as combined treatment to minimize bacterial 

resistance (Elston, 2009). Benzoyl peroxide also has anti-inflammatory properties: it inhibits the 

release of ROS from neutrophils, thus inhibiting the inflammatory response (Hegemann, 1994). Dose-

dependent irritating effects on benzoyl peroxide treated skin include redness, desquamation and 

burning sensations (Mills, 1986). Benzoyl peroxide can cause allergic contact dermatitis in rare cases 

(about 1:500). Furthermore, it is highly oxidative so patients using it should be counselled about its 



51 
 

abilities of bleaching brilliant or dark coloured clothing, bedding and even hair colour (Gamble et al., 

2012). 

Oral 

Systemic agents are used for moderate to severe acne that does not respond adequately to topical 

treatment. Hormonal therapy is recommended only for (non-pregnant) female patients (it cannot be 

applied to men, since it can cause feminization) with moderate to severe acne and 

hyperandrogenism (Katsambas, 2010). The hormonal therapy can be very effective regardless of the 

serum androgen level (George, 2008). High levels of androgens can increase the secretion of sebum, 

which cause comedogenesis (Zouboulis, 2004). Hormonal agents work as androgen receptor blocking 

or suppressing the androgen production by the ovary or adrenal gland (anti-androgen) thereby 

opposing the effect of androgens on hair follicle (Dessinioti and Zouboulis, 2010). 

Systemic antibiotics can be used to treat moderate to severe acne (Gollnick, 2003). Only antibiotics 

that can reach the follicular duct of the sebaceous follicles colonized by P. acnes can be used in oral 

antibiotic treatment. Besides the antibiotic effects, their anti-inflammatory effects also play an 

important role in the acne treatment (Skidmore, 2003). One of the major drawbacks of oral antibiotic 

is bacterial resistance. Antibiotic treatment failure is strongly associated with the presence of P. 

acnes resistance. Combined therapy (e.g. with topical retinoids) should be used to minimize the 

resistance and improve efficacy (Eady, 2003). Several adverse effects of antibiotics are found. 

Gastrointestinal disturbances and vaginal candidiasis are the two most common side effects shared 

by all oral antibiotics against acne (Ochsendorf, 2010).      

The retinoid isotretinoin is notably efficient for severe acne; it is thought to target all four underlying 

factors of acne by exerting anti-inflammatory effects, decreasing sebum production, normalizing 

follicular desquamation, and suppressing the hyper colonization of P. acnes (Dawson, 2013). 

Pregnant women should not use isotretinoin because of its teratogenic effects. Careful consideration 

should be given to teenagers from 12-17 on the use of isotretinoin, especially for those have 

metabolic diseases or bone diseases (Jonathan Wilkin, 2010). Other adverse effects of isotretinoin 

include dry eyes, chapped skin, myalgias, epistaxis, and changes in transaminase concentrations and 

serum lipid, most of which disappear after stop using isotretinoin (Dawson, 2013). 

3.3.5 Summary acne 

 Acne is a common skin condition that mainly affects teenagers 

 Non-inflammatory acne lesions include open and closed comedones; Inflammatory acne 

lesions include papules, pustules, nodules and cysts 

 Factors that trigger acne are follicular hyperkeratinisation, Propionibacterium acnes, 

increased seborrhoea and inflammation 

 P. acnes only proliferates on sebum-rich and low-oxygen areas; blocked sebaceous follicles 

with increased sebum secretion provide a perfect environment for its proliferation 

 P. acnes produces a number of metabolites that induce innate immune response 

 Changes in sebum lipid composition may initiate inflammatory cascade in the early 

development of acne lesions 

 Topical treatments include retinoids, antibiotics and benzoyl peroxide. Oral treatments 

include hormonal therapies, oral antibiotics and isotretinoin 
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3.4 Atopic dermatitis 

3.4.1 Symptoms 
Atopic dermatitis (AD), also called eczema, is a common skin disease. It affects roughly 6% of the 

population in the United States (Hanifin and Reed, 2007) and is on the rise in developing countries 

(Williams et al., 2008). It is often associated with other atopic disorders such as asthma and allergic 

rhinitis (hay fever). Children with AD showed a 25.1% prevalence to develop asthma compared to 

12.3% in children without AD in the United States (Hanifin and Reed, 2007). AD is caused by a 

dysfunctional skin barrier function and an imbalanced immune system (Bieber, 2008). These factors 

are influenced by genetics (Morar et al.,2006; Palmer et al., 2006), the environment (Silverberg et al., 

2013) and the mental health of the patients (Schmid-Ott et al., 2001a; Schmid-Ott et al., 2001b). The 

disease changes with age. The general symptoms per age group are as follows: 

 Infants (0-2 years): Red papules and vesicles on the cheeks, scalp or forehead. These bumps 

are extremely pruritic, which means they are very itchy.  

 Children (2 years to puberty): Papules and plaques that are lichenified, which means the 

epidermis is significantly thickened and has highlighted skin lesions. These papules and 

plaques are also highly pruritic and can be found on the wrists, ankles, feet, hands, frontal 

side of the elbow and the back of the knees. 

 Adults (puberty and up): Bigger lichenified plaques and papules that are red due to 

increased blood flow and are highly pruritic. The lichenified plaques grew by the chronic 

damage to the skin. The affected zone grows what is seen in the children stage to include 

the face, neck, upper arms, back, fingers and toes (Akdis et al., 2006). 

The pruritic properties of the affected skin continues through the day and increases at night, which 

can cause loss of sleep. Combined with the visibility of the disease, this can dramatically impact the 

quality of life of the patient (Bieber, 2008). 

Atopic dermatitis has three stages (see Figure 18): non-atopic dermatitis, “True” atopic dermatitis 

and autoallergic atopic dermatitis (Bieber, 2008). Non-atopic dermatitis is a non-IgE associated form 

of AD. However, it can transform into “true” atopic dermatitis due to the development of 

sensitization of the skin to IgE. “True” atopic dermatitis can develop into autoallergic atopic 

dermatitis by scratching. Scratching damages the skin cells, which releases auto antigens. These 

autoantigens induce IgE autoantibodies which make the inflammatory response worse (Altrichter et 

al., 2008). 
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Figure 18. Schematic overview of the development of non-atopic dermatitis into “true” atopic dermatitis and 
finally autoallergic dermatitis, indicating several environmental and genetic factors contributing to these 
processes. Source: Bieber, 2008. 

3.4.2 Treatments 
AD is a multifactorial disease which cannot be treated with only one treatment; multiple treatments 

are needed to relieve the symptoms. The most important feature of AD is the dry skin, which results 

from increased water loss from the skin. This means an important part of treating AD is applying a 

fatty cream to the skin and avoiding degreasing soaps. Irritants like alcohol, chemicals, smoke and 

dust mite should also be avoided when possible (Leung and Bieber, 2003). Besides protecting the skin 

and avoiding irritants, AD can also be treated by influencing the immune system.  

Treatments with corticosteroids have proven to be effective, but when used in the long term patients 

can suffer from side effects like skin atrophy (Van der Meer et al., 1999). The corticosteroids 

suppress the inflammatory reaction, e.g. reducing eosinophils and their products (Beltrani, 1999). 

Another treatment that affects the immune system is the use of calcineurin inhibitors. These work as 

immunosuppressors and decrease inflammation. They also decrease the antigen presentation of 

Langerhans cells and inflammatory dendritic epidermal cells (Wollenberg et al., 2001). However, 

because the skin is damaged at AD plaques, the side effect is that the inhibitors can enter the blood 

stream and cause a systemic effect. Long term use of these inhibitors increases the chance of a viral 

skin infection or skin cancer (Wollenberg et al., 2001).  

Emotional stress has a different effect in the skin of AD patients compared to healthy controls. Upon 

emotional stress, the immune response in AD patients is significantly higher (Schmid-Ott et al., 

2001a, Schmid-Ott et al., 2001b). 

3.4.3 Genetics and environment 

Genetic 

Genetic factors are very important in developing atopic dermatitis. In a study of Danish children, 

monozygotic twins  showed a 77% concordance rate, while among dizygotic twins this was only 15% 
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(Schultz and Holm, 1986 as cited in Strachan et al., 2001). A study in England showed a concordance 

rate of 49% in monozygotic twins against 24% in dizygotic twins (Strachan et al., 2001).  

Impairment of the skin can have a significant effect on the development of AD, and genes are an 

important factor in developing this impaired skin. (Irvine and McLean, 2006; Palmer et al., 2006). 

Certain genes have been found to be linked to the allergy aspect of AD. Young et al. (2000) reported 

there is significant evidence to link a locus, which is on chromosome 3q21, to allergic sensitization. 

Linkage was also found with chromosomes 1q21, 17q25 and 20p. These loci are associated with 

dermal inflammation and immunity (Cookson et al., 2001). These studies indicate that a 

predisposition towards allergic sensitization is a genetic factor that can influence the development of 

AD. 

Environment 

The impact of the environment was shown in a study by Matsuda et al. (1997). NC/Nga mice, which 

histologically and clinically have very similar skin lesions compared to humans, showed AD like 

lesions after 8 weeks in a normal non-sterile environment. NC/Nga mice that were placed in a 

specific pathogen-free environment did not develop these lesions.  

Population based studies show that children in smaller families are more prone to develop AD. AD is 

mostly prevalent in the Western developed countries, especially in urban areas (Taylor et al., 1984; 

Leung and Bieber, 2003). However, the occurrence of AD is rising in developing countries, in 

particular in young children (Williams et al., 2008). This phenomenon was explained with the hygiene 

hypothesis. The hygiene hypothesis states that if there is not enough exposure to pathogens, the 

balance between Th1 and Th2 would be more Th2 favoured. This imbalance would predispose 

children to a Th2 allergic response (Leung and Bieber, 2003). However this hypothesis oversimplifies 

the complex origin of the imbalance. New studies show that it is more probable that non-pathogenic 

microbial stimuli of a recurrent nature are the cause of the imbalance. In other words: the 

microbiome that the child comes into contact with does not have to be pathogenic, but does have to 

occur frequently. This would explain the higher risk of AD in children that were given antibiotics. 

These children had their microbiome disrupted and decreased the exposure to non-pathogenic 

bacteria. A few smaller studies have show the potential of probiotics in preventing AD. This also fits 

with the newly stated hypothesis (Flohr et al., 2005). 

3.4.4 Important factors in atopic dermatitis 

Skin barrier 

A major cause of AD is a dysfunctional skin barrier (Bieber, 2008). As described in 3.1.1 The skin, the 

outer layer of the skin is the cornified layer. The differentiation of keratinocytes into corneocytes is 

closely regulated to meet the shedding of the corneocytes to keep homeostasis (Candi et al., 2005). 

Because this complex process requires the expression of certain genes at certain moments and is so 

tightly regulated, it can be easily disrupted by gene mutations. A vital protein in the formation of the 

cornified envelope is filaggrin (see also Figure 12). Two independent loss-of-function genetic 

mutations in the filaggrin (FLG) gene have been found to be strong predisposing factors for 

developing AD (Palmer et al., 2006). In a study with Irish childhood eczema at least 47% of the 

individuals carried one or more null FLG mutations (Sandilands et al., 2009). Profilaggrin is cleaved 

into filaggrin proteins which is critically for arranging the CE structure. The malfunctioning of filaggrin 
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is detrimental for the water holding capacity of the skin (Candi et al., 2005). These findings indicate 

that a dysfunctional filaggrin gene can have severe consequences for the skin barrier. 

A major cause of AD is a dysfunctional skin barrier (Bieber, 2008). As described in 3.1.1 The skin, the 

outer layer of the skin is the cornified layer. The differentiation of keratinocytes into corneocytes is 

closely regulated to meet the shedding of the corneocytes to keep homeostasis (Candi et al., 2005). 

Because this complex process requires the expression of certain genes at certain moments and is so 

tightly regulated, it can be easily disrupted by gene mutations.  

A vital protein in the formation of the cornified envelope is filaggrin (see also Figure 11). Two 

independent loss-of-function genetic mutations in the filaggrin (FLG) gene have been found to be 

strong predisposing factors for developing AD (Palmer et al., 2006). In a study with Irish childhood 

eczema at least 47% of the individuals carried one or more null FLG mutations (Sandilands et al., 

2009). Profilaggrin is cleaved into filaggrin proteins which is critically for arranging the CE structure. 

The malfunctioning of filaggrin is detrimental for the water holding capacity of the skin (Candi et al., 

2005). These findings indicate that a dysfunctional filaggrin gene can have severe consequences for 

the skin barrier. Another important part of the skin barrier is the lipid envelope. The lipid envelope is 

important for reducing water loss by amongst others retaining NMF in the corneocytes. Decreased 

levels of NMF are a feature of moderate to severe AD. Filaggrin is the most important modifier of 

NMF but severe AD can also affect NMF (Kezic et al., 2011).  

Ceramides are important structural components of the lipid envelope. Ceramide metabolism is 

altered in AD patients (Meckfessel and Brandt., 2014). For instance, in AD patients there is a 

significant reduced amount of ceramide 1 (Yamamoto et al., 1991).  Basic ceramides are produced by 

conjugating a sphingoid base and a fatty acid via an amide bond. One such sphingoid base is 

sphingosine (Meckfessel and Brandt, 2014). Sphingosine has a strong antimicrobial effect on S. 

aureus. S. aureus also plays an important role in worsening symptoms of AD, as is explained later. In 

AD patients, sphingosine levels were significantly downregulated in the upper stratum corneum, this 

is not only the case in involved skin (AD lesions) but also in uninvolved skin (Arikawa et al., 2002). A 

decreased level of sphingosine may therefore be important in colonization resistance against S. 

aureus. A possible underlying mechanism for the decrease in sphingosine levels may be reduced 

activity of acid ceramidase. Ceramidases break down ceramides, thereby generating sphingosine 

(Arikawa et al., 2002).  

Another indication that the cornified layer is different in AD patients was shown by Tabata et al. 

(1998). They showed that an anionic soap had an disruptive effect on the cornified layer. The soap 

caused increased amounts of transepidermal water loss in AD patients compared to healthy patients. 

There was also an increase in the reaction of the immune system, eosinophils were found in the 

perivascular liquid of AD patients but not in the healthy patients. This shows that the skin of people 

with atopic dermatitis is more vulnerable to the use of soap.  

TRPV1 

The TRPV1 (transient receptor potential vanilloid subfamily member 1) receptor is highly expressed 

in epidermal keratinocytes and nerve fibres in the skin (Inoue et al., 2002). The receptor is activated 

by acid heat and capsaicin, an ingredient found in hot peppers (Suh and Oh, 2005). A study by Denda 

et al., (2006) showed that TRPV1 activation delayed skin barrier recovery. Inhibition of TRPV1 

resulted in a quicker recovery of the skin in hairless mice and humans compared to skin which was 
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not treated with a TRPV1 inhibitor. TRPV1 is upregulated in the lesions of AD patients. (Yun et al., 

2011) A potent TRPV1 antagonist is PAC-14028. In a study by Yun et al. (2011) with AD mouse 

models, PAC-14028 significantly recovered the loss of intercellular lipids in the lipid envelope, which 

in turn reduces transepidermal water loss. PAC-14028 also restored the balance in the position 

where loricrin and filaggrin are expressed in the epidermis. These changes repaired the skin and 

therefore impaired the potential of allergens to penetrate the skin to feed the inflammation. This 

resulted in a decrease in IgE expression and degranulation of the mast cells compared to AD mouse 

models which did not receive the TRPV1 inhibitor. Besides its skin restoring effect PAC-14028 

reduced scratching behaviour in the AD mouse model, which could be linked to the role TRPV1 plays 

in the itch signal (Yun et al., 2011). 

Immune system 

The exact onset of AD is unknown, because it can have multiple causes. The initial inflammation can 

be caused by scratching, which releases pro-inflammatory cytokines, by an IgE mediated allergic 

reaction to food or aeroallergens or by a non-IgE allergic reaction (Bieber, 2008). The IgE mediated 

allergic reaction becomes more stronger every time it is induced (Spergel et al., 1998). This means 

that the patients become sensitized to an allergic reaction (see Figure 19). 

 

Figure 19. The figure shows the beginning of an allergic reaction to allergens causing sensitizing of the 
immune system to the same allergen. The allergen is able to pass through the dysfunctional skin barrier and 
activates the dendritic cells. The dendritic cells in turn activate the Th2 cells. This causes an allergic reaction. 
If the same allergen reaction is induced multiple times, sensitization occurs and the allergic reaction will 
become stronger. Source: Bieber, 2008. 

There are two populations of epidermal dendritic cells: Langerhans cells and inflammatory dendritic 

epidermal cells (IDECs). These cells both express the IgE high affinity receptor FcERI (Bieber et al., 

1992). IgE binds to these receptors and causes the dendritic cells to take up and present allergens to 

the Th cells. The Langerhans cells activate Th2 cells, whereas the inflammatory dendritic epidermal 

cells are recruited in reaction to the inflammation caused by the allergens and activate the Th1 cells. 
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The inflammatory dendritic epidermal cells migrate to the inflammation site within 72 hours 

(Kerschenlohr et al., 2003).  

The inflammation in AD takes place in two phases (see Figure 20). It starts with the binding of IgE 

with allergens to the Langerhans cell. This cell activates Th2 cells and produce IL-16 and MCP-1 

(monocyte chemotactic protein 1). The Th2 cells begin to produce IL-4, IL-5, IL-13 and IL-31. These 

interleukins initiate the allergic reaction. After this initial stage the MCP-1 and IL-16 attract 

monocytes to migrate into the skin tissue. The IDECs secrete IL-12 and IL-18 which changes the type 

of inflammation from a Th2 dominant inflammation to a Th1 dominant inflammation (Bieber, 2008). 

The IFNy produced by Th1 cells in the second phase of inflammation has been suggested to cause 

apoptosis in keratinocytes, further disturbing the skin barrier (Trautmann et al., 2000). Tregs which 

normally inhibit the immune response are absent from AD lesions (Verhagen et al., 2006). 

Eosinophilia is seen as a hallmark of atopic diseases (Beltrani, 1999). In AD there is an increased 

amount of eosinophils in AD lesions (Leung, 2000). These eosinophils produce ROS intermediates and 

release toxic granule proteins (Gleich, 2000), thereby further compromising the skin. Eosinophils that 

are activated by IL-4 and IL-5 produce IL-12, which promotes the switch from the Th2 dominant 

inflammation to the Th1 dominant inflammation (Grewe et al., 1998).  

 

Figure 20. Langerhans cells present the antigens to Th2 cells starting the Acute atopic dermatitis stage. The 
Th2 cells produce IL-4, IL-5, IL-13 and IL-31. Besides activating the Th2 cells the Langerhans cells also produce 
IL-16 and MCP-1 which attracts monocytes to enter the inflammatory reaction. The IDECs secrete IL-12 and 
IL-18 which turns the Th2 dominant inflammation into an Th1 dominant inflammation. This Th1 dominated 
inflammation is the Chronic atopic dermatitis stage. In which Th1 cells produce IFNy, IL-5 and IL-31. Source: 
Bieber, 2008. 

The innate immune system of AD patients also differs from healthy persons: AD patients have 

significantly less anti-microbial peptides, which increases the chance of getting a bacterial infection 

(Ong et al., 2002).  

Itching 

The high pruritic properties of AD can affect the quality of life of the patients significantly. In a study 

by Yosipovitch et al. (2002) which followed 100 patients with AD, pruritus appeared in 87% of 
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patients on a daily basis. The most itchy body parts were the back of the knees (83%), the front of the 

elbows (76%) and the neck (65%). This corresponds with the areas were the symptoms of AD appear 

in adults. Daily factors that increase the intensity of pruritus were sweat (96%), physical effort (73%), 

dryness of the skin (71%) and stress (71%). These factors match the results of a study done with 

psoriasis patients. Daily factors that increased pruritus in psoriasis patients were skin dryness (80%), 

ambient heat (81%), sweating (65%) and stress (55%) (Yosipovitch et al., 2000). To indicate the 

intensity of the pruritus they compared it to the moment when a mosquito bite is at its strongest. In 

the most intense moment of pruritus in AD the intensity was almost twice as high as the mosquito 

bite (Yosipovitch et al., 2002).  

The itchiness increases at night and can cause sleep disturbances. In a study by Bender et al. (2003) 

measured with actigraphs, the time in bed between patients and control was no different. However, 

AD patients awoke more often and when they woke up it took them longer to fall back asleep. This 

results in an lower sleep efficiency than healthy people. This matches the sleep diaries the groups 

had to make, the AD patients reported lower sleep quality and more awakening.  

Although the exact mechanisms by which the intensity of pruritus increases during the night are 

unknown, certain factors that play a role in this process have been revealed (Patel et al., 2007). An 

increase in body temperature may be a factor, because increased ambient temperature is associated 

with increased pruritus while a cold ambient temperature is found to reduce the intensity of pruritus 

(Yosipovitch et al., 2002). The skin is more permeable in the evening and night than in the morning. 

This resulting increase in transepidermal water loss causes the skin to be drier, which increases 

pruritus (Yosipovitch et al., 1998). 

Although itching is a symptom of AD and not its cause, effective prevention of scratching can greatly 

reduce the symptoms of AD and help in controlling the lesions. Scratching disturbs the skin, S. aureus 

can better adhere to scratched skin, scratching causes water loss which makes the skin dry, makes it 

possible to go from atopic dermatitis to autoallergic atopic dermatitis and can greatly influence the 

quality of life of the patient. Thus, preventing itching can be great for improving AD.  

Reducing itching 

As mentioned previously, TRPV1 is involved in the itch response (see Figure 21). The itch response 

induced by histamine was reduced by knocking out the TRPV1 gene. The itching effect of two other 

important pruritogens, namely serotonin and ET-1, was absent when the TRPV1+ neurons were 

knocked out (Imamachi et al., 2009). This indicates that TRPV1 is directly involved in the pathway 

leading in scratching behaviour when triggered by histamine and is present in the neurons that relay 

the itching signal caused by serotonin and ET-1. Currently PAC-14028 is undergoing clinical trials, 

because of the accelerated skin repair and anti-pruritic capacities of the TRPV1 inhibitor (Lim and 

Park, 2011).  
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Figure 21. TRPV1 is very important for the itch reaction. The pruritogen histamine triggers TRPV1 which 
results in the itch response. The pruritogens serotonin and ET-1 do not activate the itch response via TRPV1 
but through another system. The exact mechanism is unknown. However TRPV1 is located on the membrane 
of the cells which induce the itch reaction, indicating that the neurons which express TRPV1 are crucial in the 
itch response. Source: Imamachi et al., 2009. 

Stress 

The mental state of patients can greatly affect the symptoms of AD. A study by Gil et al. (1987) 

showed a significant correlation between Problem total (Stressful life events and everyday problems) 

and AD distress. A cause for the increased symptoms is that stress-induced immunomodulation is 

altered in patients with AD. When patients were subjected to a stress test there was a significant 

increase in lymphocytes, neutrophils, basophils and monocytes in the blood compared to healthy 

people (Buske-Kirschbaum et al., 2002). The significant increase in leukocyte numbers can affect the 

symptoms of AD. Another study found the same result: after a stress test there was an increase in 

CD8+ cells and eosinophils (Schmid-Ott et al., 2001a). As previously mentioned, eosinophils play an 

important role in chronic allergic inflammation and increased numbers are often found in AD 

patients (Leung, 2000). The stress also induced a significant increase in IL-5 producing CD4+ cells 

(Schmid-Ott et al., 2001b). IgE was also significantly increased after the exposure to the stress test. 

This antibody is also an important factor in the overreaction of the immune system. Besides these 

Th2 associated increases, there was an increase in IFNy levels, which activate the Th1 balance (Buske-

Kirschbaum et al., 2002; Schmid-Ott et al., 2001b). This indicates that in existing lesions where there 

is already a Th1 dominance the symptoms could worsen as IFNy has a variety of effects that enhance 

the inflammatory reaction. The increased levels of eosinophils and IgE could predispose non-lesion 

spots to a stronger reaction to allergens. 

These studies show that the immune system of patients with AD reacts different to stress than that 

of healthy persons. A group of young children with AD had a relaxing massage for 20 minutes every 

day for 1 month combined with standard topical care. This group was compared to a group of 

children which received the same topical care but no massage. There was a significant difference 

between the groups; the massaged children seemed less anxious and the symptoms of AD reduced 

more than those of the non-massaged group (Schachner et al., 1998). Although it was a small study 

and it did not test for long-term effects it suggests that the mental state of the patient affects the 

severity of the symptoms. 
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Staphylococcus aureus 

Staphylococcus aureus is found in 90% of AD lesions (Leyden et al., 1974). An indication in why S. 

aureus is so frequently found in AD patients comes from a study by Kisich et al. (2008). They showed 

that AD patients have lower levels of human β-defensin-3 (hBD3) compared to healthy individuals. 

hBD3 is an anti-microbial peptide produced by the keratinocytes which kills S. aureus (Kisich et al., 

2007). The down-regulation of hBD3 is due to inhibition by IL-4 and IL-13. These are the Th2 

cytokines indicating that an allergic reaction to allergens predisposes the skin to invasion by S. 

aureus. 

Scratching is an important factor in disrupting the skin barrier and enhancing  the binding of S. aureus 

to the skin. S. aureus produces enterotoxin A and B or toxin 1 (Leung, 2003). These substances are 

called superantigens and amongst others induce IgE-mediated basophil histamine release (Leung et 

al., 1993). The superantigens amplify the allergic inflammatory skin immune response (Bunikowski et 

al., 1999). The effects of S. aureus could also lead to glucocorticoid insensitivity (Hauk and Leung, 

2001 as cited in Novak et al., 2003). 

 

3.4.5 Summary atopic dermatitis 

 Atopic dermatitis is a common skin disease, affecting: infants, children and adults 

 Three stage of the disease: Non-atopic dermatitis, atopic dermatitis and auto-allergic atopic 

dermatitis 

 Symptoms depend on age, however the affected skin is highly pruritic 

 Genetic predisposition for AD can be found in, an altered immune system or an impaired skin 

barrier 

 Environmental factors can influence the chance of developing AD, e.g. exposure to non-

pathogenic bacteria and exposure to allergens 

 AD patients have an impaired skin barrier, important factor is mutation in expression of 

filaggrin or ceramides 

 Immune system is altered in AD patients, more prone to inflammation 

 TRPV1 is important in skin restoration and itching response 

 Itching is a daily factor in the lives of AD patients and can worsen the lesions 

 AD patients have a different immune response to stress 

 S. aureus is found in 90% of the AD lesions and worsens the symptoms by secreting 

superantigens. 
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3.5 Market study 

Since some pre-, pro- and postbiotics-containing skin care-related products exist currently in the 

market, we searched information about them on the Internet and directly in shops. By both means 

we were able to find several products containing pre- and postbiotics and only very few or none 

containing probiotics. Information found on the internet about products containing probiotics is 

summarized in Table 12; here only one product containing prebiotics was included as an example. In 

the shops we were not able to find data about products containing probiotics. However, some of the 

skin care products available indicated the presence of prebiotics and/or postbiotics. These products 

are not further reported or discussed here since they are not our main focus.    

Table 12. Existing (non-oral) probiotic products for the international market. 

Name Company Ingredients  Claimed mechanism Applicatio
n  

Reference 

TS7
® 

(Liquid, Lotion, 
cream, mask) 

Tensall Bio-
tech  
(Taiwan) 

Seven probiotic strains 
 

Promoting skin cell and 
collagen proliferation. 
Whitening and moisturizing 
skin 

Skin  Retrieved December 
1, 2014 from 
http://www.tensall.c
om/en/material.php 

RAD-
III

®
(Liquid, Lotion, 

cream, mask) 

Tensall Bio-
tech  
(Taiwan) 

Three probiotic strains  Moisturizing sensitive skin 
and relief skin itching. 
Providing skin natural 
essence, protection and 
repair. 

Skin (atopic 
dermatitis) 

Retrieved December 
1, 2014 from 
http://www.tensall.c
om/en/material.php 

HOFF
©

(Liquid, 
Essence, Lotion, 
cream) 

Tensall Bio-
tech  
(Taiwan) 

Two strains of human 
gastrointestinal 
probiotics 
 

Helps recovering normal skin 
flora, moisturizing and 
softening dry and hardened 
skin. 

Skin 
 

Retrieved December 
1, 2014 from 
http://www.tensall.c
om/en/material.php 

Sesative
©

(Liquid, 
Essence, Lotion, 
Cream, Mask) 

Tensall Bio-
tech  
(Taiwan) 

Probiotic strains on 
Sesame seeds.  

Utilizes the essence of 
sesame seeds for a functional 
healthy drink and skincare 
applications.  

Skin 
 

Retrieved December 
1, 2014 from 
http://www.tensall.c
om/en/material.php 

Clear skin probiotic 
moisturizer 

Eminence 
(USA) 

Cucumber juice, willow 
bark extract, yogurt, tea 
tree oil, calendula oil, 
shea butter, Bio-
Complex(antioxidants, 
vitamins, Alpha Lipoic 
Acid) 

Cucumber and tea tree help 
prevent the appearance of 
blemishes and reduce the 
appearance of inflammation 
while probiotics exfoliate and 
soothe the complexion.  

Skin Retrieved December 
1, 2014 from 
https://eminenceorga
nics.com/us/product/
clear-skin-probiotic-
moisturizer 

Unstress line Christina 
Cosmetics 
(USA) 

Lactobacillus Competition with pathogenic 
bacteria and enhance the 
natural immune system 

Skin  Retrieved December 
1, 2014 from 
http://www.christina-
cosmeceuticals.com/
products/unstress/sci
ence-behind/  

Magoroku Skin 
Care Lotion 

Dr. Ohhira 
Probiotics 
(Japan) 

14 Wild Plants, the 
probiotic Enterococcus 
faecalis TH10, Aloe Vera, 
Peach Leaf, Loquat Leaf 

It replaces the old oxygen for 
new oxygen to prevent 
oxidation and damage to the 
skin. Inhibits growth of 
pathogens and breaks down 
fatty acids 

Skin Retrieved December 
1, 2014 from 
http://drohhiraprobio
tics.com/dr_ohirra_pr
obiotic_magoroku_ski
n_lotion.php 

NaturXtra 
Homecare 

Chrisal 
(Belgium) 

Bacillus species Competition with pathogenic 
bacteria due to direct 
competition and quorum 
sensing to inhibit the growth 
of pathogens 

Cleaning  Retrieved December 
1, 2014 from 
http://www.chrisal.co
m/test-reports.html 

Sanamedi allergen 
spray 

Sanamedi 
(The 
Netherland

Probiotics Removes the allergens via 
probiotics 

Homeware, 
e.g. 
matrasses, 

Retrieved December 
1, 2014 from 
http://www.sanamed
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s) carpet i.nl/sanamedi-
spray/allergeen-spray 

Miracle Mask and  
Purify cleansing 
wash 

Nude (USA 
& Canada) 

Prebiotics (α-Glucan 
Oligosaccharide) 

This prebiotic supports and 
protects the skin's delicate 
balance of microflora. It can 
also help skin against external 
stressors. 

Skin Retrieved December 
1, 2014 from 
http://www.nudeskin
care.com/ingredients
/glossary 

Advance renewal 
overnight repair 
mask 

Nude (USA 
& Canada) 

Probiotics Probiotics help stabilize 
microflora on the skin and 
protect skin from 
environmental stressors, 
soothes skin. 

Skin Retrieved December 
1, 2014 from 
http://www.nudeskin
care.com/ingredients
/glossary 

 

3.5.1 Skin treatment 

Tensall bio-tech is a company based in Taiwan and released several products for skin care in 

liquid, lotion, cream and mask forms. The line RAD-III® contains a combination of three probiotics 

species for preventing atopic dermatitis on various parts of human skin. The symptoms can be 

remitted through moisturizing the sensitive and itching skin. The bacteria contained in this products 

are Lactobacillus paracasei, Lactobacillus casei and Lactobacillus rhamnosus GG. (Retrieved 

December 1, 2014, from http://www.tensall.com.tw/big5/material.php?as=28). 

The line TS7®, which belongs to Tensall bio-tech, comprises products in liquid, lotion, cream, and mask 

forms. The formulations contain metabolized derivatives from seven strains of probiotics that 

enhance the skin cells regeneration and proliferation. They also promote collagen production, 

whitening and the moisturizing processes. The seven species contained in the TS7® products are 

Lactobacillus acidophilus, Bifidobacterium bifidum, Bifidobacterium longum, Lactobacillus casei, 

Lactococcus lactis, Streptococcus thermophilus, and Lactobacillus bulgaricus. (Retrieved December 1, 

2014, from http://www.tensall.com.tw/big5/material.php?as=28). 

Another line from Tensall bio-tech is Sesative®, which contains metabolized derivatives of several 

probiotic strains on Sesame seeds (postbiotics). Consumers can consume the essence of the Sesame 

seeds as a drink or use it for topical application. More information about the mechanism could not 

be found, but the claims by the company are promising for the postbiotic components found on 

sesame seeds (Tensall Bio-Tech, n.d.). 

Magoroku Skin Care Lotion, which belongs to the company Dr. Ohhira, is a skin care product that 

combines 14 wild plants, Enterococcus faecalis strain TH10, aloe vera, peach leaf and loquat leaf. It is 

mainly used to treat diaper rash and other conditions that cause mild or severe reddening of infant 

skin.  The product claims to work with new oxygen emanating from the ingredients to replace the old 

oxygen in the skin pores. This helps preventing further oxidation and damage of skin cells. At the 

same time, Enterococcus faecalis inhibits the growth of harmful bacteria that cause infections, thus 

preventing inflammation and skin disorders. Fatty acids essential for cell rejuvenation, such as 

linolenic acids, are broken down into simpler forms for easier absorption by the skin cells, this 

ultimately restores the healthy skin (Retrieved December 1, 2014, from 

http://drohhiraprobiotics.com/dr_ohirra_probiotic_magoroku_skin_lotion.php). The company claims 

that there has been done research on this lotion but no reference to the study can be found on the 

site. 

http://www.tensall.com.tw/big5/material.php?as=28
http://www.tensall.com.tw/big5/material.php?as=28
http://drohhiraprobiotics.com/dr_ohirra_probiotic_magoroku_skin_lotion.php
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The line Unstress from Christina Company claims to relief stress skin resulted from sun exposure, 

pollution, hormonal imbalance and other factors by "boosting the body's natural immune system and 

cell defense mechanisms" (Retrieved December 1, 2014, from http://www.christina-

cosmeceuticals.com/products/unstress/) Irritation, itching, inflammation, edema, excess sebum and 

premature aging are some of the symptoms for which this treatment is indicated. It offers long 

lasting protection. The key active ingredients in this line are quintescine, venuceane, ceramides, 

collaxyl, hyaluronic acid, frangipani milk and probiotics; this latter is composed by the genus 

Lactobacillus. According to the website, the mechanism of action of this bacteria is competition as it 

"crowds out pathogenic organisms" (Retrieved December 1, 2014, from http://www.christina-

cosmeceuticals.com/products/unstress/science-behind/). The products that contain probiotics are: 

Step 3 - Pro-Biotic Peel, Step 9 - Pro-Biotic Moisturizer, Pro-Biotic Day cream SPF 12 and Pro-Biotic 

Eye & Neck Day cream SPF 12 (Retrieved December 1, 2014, from http://www.christina-

cosmeceuticals.com/products/unstress/salon-products/) Christina Company is a US based company 

that develops skincare products for healthy but also diseased skin. Each line targets both biological 

and environmental causes and symptoms for a specific skin condition as well as healthy skin. 

Christina company has a R&D facility where the products are manufactured, tested and clinically 

proven. Though, no references to scientific articles were found. Currently there are no distributors in 

The Netherlands, but the products can be found in nearby countries like Belgium and Germany.  

3.5.2 Cleaning products 
NaturXtra has a line of products in bodycare and homecare containing probiotics. The body care line 

consists of hand soap, skin and hygiene spray, mouth hygiene toothpaste, feet spray, bath foam, 

deodorant for men and women, douche gel and hand gel (Retrieved December 1, 2014, from 

http://www.naturxtra.nl/probiotic-bodycare.html). The homecare line comprises detergent, all 

purpose cleaner, floor cleaner, textile spray and laundry detergent (Retrieved December 1, 2014, 

from http://www.naturxtra.nl/probiotic-homecare.html). NaturXtra is a local distributor for Chrisal, 

the main company located in Lommel, Belgium. The bacteria they use for their homecare product 

line are from the bacillus species (spore forming and gram-positive) (Verstraete et al., 2007). These 

species are granted the GRAS (generally recognized as safe) label by the Food and Drug 

Administration indicating they can be used for human purposes without any hazard.  

The company claims they have developed a certain technique in which the probiotics produce spores 

that are only activated when released from the bottle, in this way they able to survive for a couple of 

years in the product. The patented SPF (Stabilized Probiotic Ferment) logo on the package 

guarantees that the product contains the same cleaning potential for 2 years minimum. This is 

accompanied by the 50 Million Probiotics Per mL logo, which ensures the presence of minimum 50 

million microorganisms per millilitre in the product that will last for at least two years after its 

purchase (Retrieved December 1, 2014, from http://bi-safe.be/site/node/15). If this technique is 

available and actually working, it might be a convenient way to pack and store the probiotics in skin 

care products. 

Chrisal has connections with the University of Gent and Dr Robin Temmerman, formerly part of the 

university, is currently working in the company as CEO. The company published a study in 

cooperation with the University of Gent and the Lokeren General Hospital. The study showed that 

cleaning with their probiotic infused products decreased the amount of harmful hospital bacteria 

compared to the normal cleaning regime with disinfectants. The products claim to work via the 

http://www.christina-cosmeceuticals.com/products/unstress/
http://www.christina-cosmeceuticals.com/products/unstress/
http://www.christina-cosmeceuticals.com/products/unstress/science-behind/
http://www.christina-cosmeceuticals.com/products/unstress/science-behind/
http://www.christina-cosmeceuticals.com/products/unstress/salon-products/
http://www.christina-cosmeceuticals.com/products/unstress/salon-products/
http://www.naturxtra.nl/probiotic-bodycare.html
http://www.naturxtra.nl/probiotic-homecare.html
http://bi-safe.be/site/node/15
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mechanisms of competitive exclusion and quorum sensing. “The idea behind Competitive Exclusion is 

that during the cleaning procedure a layer of probiotic bacteria is placed on the treated surface, 

therefore immediately occupying the ‘field’, the area treated, with beneficial (good) bacteria.” 

(Verstraete et al., 2007). Quorum sensing is the communication of bacteria via signal molecules 

related to population density. The probiotics communicate to the pathogens that the population 

density is high, this causes the harmful bacteria to go into an inactive metabolic state and wait for a 

better moment to grow. The hospital study showed that the technique of using probiotics instead of 

disinfectants to combat the hospital pathogenic bacteria works and has a stable result. However, the 

study was not published in a peer reviewed journal. This could indicate that the study was not 

completely objective or that the company did not want to reveal the specific bacteria strain they use 

for their products. This creates doubts about the actual effectiveness of the product and further 

research to confirm these claims should be performed.   

3.5.3 Allergen removing spray 

Sanamedi developed a 100% natural allergen removing spray which works via probiotics and is viable 

for 2-4 years. The website claims that the spray removes allergens with the use of probiotics, 

however there was no research to support this claim on the website (Retrieved December 1, 2014, 

from http://www.sanamedi.nl/sanamedi-spray/allergeen-spray). The company was contacted to ask 

for further explanation of the product but did not gave more information because it would reveal the 

“tricks of the trade”. 

 

  

http://www.sanamedi.nl/sanamedi-spray/allergeen-spray
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4. DISCUSSION 
Based on the information found in the literature about the mechanisms of maintenance of healthy 

skin and the pathophysiology of rosacea, acne and atopic dermatitis, we selected mechanisms that 

we believe could potentially be targeted using probiotics. We attempted to focus mainly on bacteria 

that normally reside on the skin, as these have a higher chance of survival on the skin. We also 

examined the current state of probiotics on the market, especially in skin care, to evaluate their 

feasibility in skin care and the best way to implement them.  

Probiotics could work by competition of space or nutrition. It could prevent colonization of 

pathogenic bacteria. Probiotics can be a protective shield against pathogenic bacteria. However, the 

bacterial strain used has to be capable of surviving on epithelial cells on the skin. The bacterial strains 

selected for the gut may not survive on the skin because of different environments e.g. pH, aerobic 

versus anaerobic. Secondly, probiotics also produce some anti-microbial substances. If these do not 

induce resistant bacteria they are more desirable to use than anti-biotics. Lastly, probiotics or 

postbiotics can inhibit inflammatory pathways in epithelial cells. Since inflammation is involved in 

skin conditions, probiotics could reduce the symptoms (Bowe, 2013). 

4.1 Targeting healthy skin 

Mechanisms that could be targeted to maintain or improve healthy skin are: 

 Bacterial production of beneficial compounds 

 Improving skin barrier function 

4.1.1 Bacterial production of beneficial compounds  

Several compounds that are known to be beneficial to the skin and are commonly used in cosmetics 

are also produced by bacteria, including hyaluronic acid, sphingomyelinase, lipoteichoic acid, 

peptidoglycan, lactic acid, acetic acid and diacetyl (Lew and Liong, 2013). Due to time constraints, we 

only looked further into hyaluronic acid for healthy skin. Lactic acid producing Lactobacillus is 

discussed further in Targeting rosacea. Sphingomyelinase is discussed in Targeting atopic dermatitis. 

Hyaluronic acid is widely used in dermatology because it can improve skin hydration and elasticity, 

improve wound healing, regulate the production of pro-inflammatory cytokines and increase 

epithelial defence (Lew and Liong, 2013). Bacteria identified so far that are able to produce 

hyaluronic acid include Pasteurella multocida (Rosner et al., 1992), and group A and group C 

streptococci such as Streptococcus zooepidemicus (Armstrong and Johns, 1997). However, these 

strains are potentially unsafe for application to the skin. Both P. multocida and S. zooepidemicus are 

animal-associated pathogens and can occasionally cause infections in humans as well (Wilson and 

Ho, 2013; Eyre et al., 2010).  Other bacterial strains are genetically modified to produce hyaluronic 

acid, such as Bacillus subtilis 168 (Widner et al., 2005) and Lactococcus lactis LL-NAB (Chien and Lee, 

2007). The use of genetically modified bacteria in skin care may be prohibited or restricted by law. 

Furthermore, Lactobacillus rhamnosus FTDC 8313 and Lactobacillus gasseri FTDC 8131 have been 

shown to produce hyaluronic acid when cultivated in milk (Lew  et al., 2012), but it is unknown 

whether these bacteria normally reside on the skin. They are both commonly used as probiotics for 

the gut. Therefore, it is not known if these bacteria could survive on the skin and have the right 

substrates to produce hyaluronic acid, and it is not certain that application of these probiotics will 
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result in a lasting effect on the skin. Thus, bacteria producing beneficial compounds for the skin could 

be a promising topical skin treatment. However, more literature research needs to be done to 

identify bacteria producing these compounds.  

4.1.2 Improving skin barrier function 

Probiotics could be used to improve skin barrier function. One enzyme that could help improve the 

skin barrier is sphingomyelinase. This enzyme generates a number of ceramides and 

phosphorylcholine from glucosylceramide and sphingomyelin precursors. Ceramides are important 

for the development of extracellular lipid bilayers in the stratum corneum (Lew and Liong, 2013). 

Mammals also produce sphingomyelinase, but in mammalian cells this enzyme is bound to the 

membrane, whereas bacterial sphingomyelinase is secreted from the cells into the media (Lew and 

Liong, 2013). Therefore, bacterial sphingomyelinase could increase ceramide production if applied to 

the skin. One bacterium producing sphingomyelinase that is generally considered safe is the lactic 

acid bacterium Streptococcus thermophilus (Di Marzio et al., 1999). Topical application of a cream 

containing sonicated (lysated using sound waves) S. thermophilus in healthy volunteers increased the 

amount of ceramides in the stratum corneum of the skin (Di Marzio et al., 1999). The researchers 

indicated that this could be due to the presence of bacterial sphingomyelinase. This bacterium could 

also be promising in the treatment of AD (see also 4.4.2 Targeting atopic dermatitis - Decreased 

ceramide levels). There may be other safe bacteria that produce adequate levels of 

sphingomyelinase. However, the only one that has been investigated in relation to the skin so far is S. 

thermophilus.  

4.1.3 Summary and recommendation healthy skin 

In summary, healthy skin might be maintained or improved using probiotics by adding bacteria that 

can produce beneficial compounds for the skin to the skin microbiome and by improving skin barrier 

function. A more specific literature search is needed to find out if there are other bacteria producing 

these kinds of compounds, that are also safe to apply to the skin and able to survive. Keep in mind 

that a bacterial lysate of such a bacterium may not be any more advantageous to the skin than just 

applying the beneficial compounds themselves. Therefore we think it is more promising to aim for 

improvement of the skin barrier by applying for instance the sphingomyelinase-producing 

Streptococcus thermophilus to the skin. It is unknown whether this bacterium is normally resident on 

the skin, but this strain is generally regarded as safe. S. thermophilus was also found during the 

market study in TS7® produced by  Tensall Bio-tech (Taiwan), along with six other probiotic strains. 

This means that this probiotic is safe for use. 

4.2 Targeting rosacea 

The mechanisms we selected that are expected to underlie rosacea are:  

 Overexpression of NFκB 

 Increased neutrophil activity 

 Increased activity of Staphylococcus epidermidis and TLR2 on the skin 

 Increased pH 

Interaction between different mechanisms 

In rosacea patients S. epidermidis may activate TLR2 receptors (Hajjar et al., 2001) on keratinocytes 

which eventually results in the production of inflammatory cytokines and chemokines (via NFkB) 
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(Medzhitov, 2001). The NFκB pathway could be targeted to reduce the symptoms in rosacea. The 

chemokines attract neutrophils to the site of keratinocyte activation. Neutrophils are more active in 

rosacea patients when the patients are genetically predisposed. They have TLR2 receptors that, when 

activated, initiate the production of cathelicidins, nitric oxide and ROS (Nathan, 2006). In rosacea 

patients these three substances have elevated levels compared to healthy individuals (Peus et al., 

1999; Yamasaki et al., 2007; McAleer and Powell, 2010). Neutrophil (activity) reduction could be a 

target to reduce the symptoms in rosacea. Rosacea patients have more active S. epidermidis on their 

skin (Dahl et al., 2004) and therefore more TLR2 receptors are activated (Hajjar et al., 2001). If in 

some way S. epidermidis is inhibited or if the bacterium has competition, the symptoms of rosacea 

might be less severe. In one study it was found that formation of a biofilm of the yeast Candida 

albicans promoted the growth of S. epidermidis (El‐Azizi et al., 2004). C. albicans on the skin can be 

targeted to reduce the amount of S. epidermidis. These mechanisms are all connected with each 

other. A few other bacteria, like B. oleronius and H. pylori, are suspected to cause disease in rosacea 

patients. Competition for nutrition or space with other commensal skin bacteria could reduce the 

symptoms in rosacea. 

4.2.1 Overexpression of NFκB 

Yersinia enterocolitica is a bacterium that induces IL-10 production in macrophages and inhibits NFκB 

with YopP (Yersinia outer protein P). IL-10 suppresses pro-inflammatory cytokine production by other 

immune cells (Hornef et al., 2002). This bacterium species contains many strains which are 

pathogenic to humans (Bottone, 1997). Furthermore, since most of the strains reside in the gut, the 

bacterium itself might not be able to survive on the skin. These two factors indicate that the 

bacterium Y.enterocolita is not suitable for application on the skin. However, the YopP protein could 

be used as a postbiotic in a cream or spray to target the inflammation in rosacea. The skin in rosacea 

patients is probably inflamed due to the activation of the NFκB pathway (Medzhitov, 2001) and this 

could be inhibited by the YopP protein.  

4.2.2 Increased ROS levels 

Salmonella is a bacteria with some alterations in the LPS structure which decreases the innate 

immune response of the host. In a study by Eriksson et al. (2000) several mutants of S. typhimurium 

were tested for the downregulation of nitric oxide expression in macrophage-like cells. They found 

that S. typhimurium secretes effector proteins that interfere with iNOS and therefore the expression 

of nitric oxide inside immune cells. Furthermore, S. typhimurium, like many other bacteria, is able to 

detoxify ROS enzymatically (Hornef et al., 2002). Elevated ROS (Peus et al., 1999) and nitric oxide 

(McAleer and Powell, 2010) levels are associated with rosacea and therefore S. typhimurium could 

reduce rosacea symptoms. The bacterium S. typhimurium is pathogenic, so the bacterium itself 

cannot be used for application on the skin (Altekruse et al., 1997) However, the bacterial products 

could be a possible postbiotic for rosacea. Since the specific effector proteins of S. typhimurium are 

not known, this needs to be investigated first in order to produce a safe product.  

4.2.3 Increased neutrophil activity 

Mycobacteria can induce the production of anti-inflammatory cytokines. When macrophages are 

infected by pathogenic Mycobacteria they produce IL-6, TGFβ and IL-10. IL-10 inhibits ROS 

production and suppresses pro-inflammatory cytokine production by other immune cells (Hornef et 

al., 2002). TGFβ inhibits the activation of some T-cells. Since T-cells stimulate neutrophils by secreting 
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TNF, TGFβ indirectly inhibits neutrophils (Abbas et al., 2012). Macrophages normally produce less 

TNF when invaded by Mycobacteria. This reduces the activity of neutrophils (Abbas et al., 2012). The 

altered interleukin secretion may induce regulatory T-cells, which down regulate the immune system 

by the down regulation of cytokines e.g. IFNγ via TGFβ (Hornef et al., 2002). M. smegmatis and M. 

phlei, both members of the phylum Mycobacteria, are non-pathogenic bacteria that can inhabit the 

skin surface (Beltan et al., 2000). When these strains have the same beneficial properties of the 

pathogenic Mycobacteria, they are promising for further research. In rosacea, the skin is inflamed 

and this can be inhibited by Mycobacteria. Therefore these bacteria could work as probiotic.  

4.2.4 Increased activity of Staphylococcus epidermidis and TLR2 on the skin 

The activity of S. epidermidis is higher in the skin of rosacea patients due to a higher skin 

temperature compared to controls (Dahl et al., 2004). The phenol-soluble modulin is a factor that is 

secreted by S. epidermidis and acts as a ligand for TLR2 (Hajjar et al., 2001). Since the TLR2 receptor is 

over activated in the skin of rosacea patients, it is important to reduce the number of S. epidermidis 

on the skin. Pseudomonas aeruginosa is a commensal skin bacterium that produces several 

antibiotics. In a healthy host, commensal skin bacteria do not cause disease. P. aeruginosa inhibits 

the growth of the yeast Candida (Kerr, 1994) which promotes the growth of S. epidermidis. Therefore 

P. aeruginosa can indirectly inhibit the growth of S. epidermidis (El‐Azizi et al., 2004). Pseudomonas 

species produce and secrete an antibiotic called pseudomonic acid A (also called mupirocin). S. 

epidermidis, several other staphylococci and streptococci are susceptible against this antibiotic 

(Sutherland et al., 1985). P. aeruginosa is a gram negative bacterium (Beveridge, 1999) this causes it 

to activate TLR4 instead of TLR2. P. aeruginosa could be a potent probiotic to reduce the symptoms 

in rosacea patients by inhibiting the growth of S. epidermis. However, P. aeruginosa can act as an 

opportunistic pathogen and cause skin infections in a weakened host (Andonova and Urumova, 

2013). Therefore, the use of this bacterium should be done with caution. 

Corynebacteria are mostly commensal skin bacteria that grow in moist areas. They inhabit a large 

part of the face (Grice and Segre, 2011). However, some of the Corynebacterium species are 

pathogenic (Guarino et al., 1987; Lee et al., 2005). C. xerosis, C. minutissimum, and C. striatus are 

non-pathogenic bacteria that grow in areas rich in lipids and sebum; hence they like to colonize the 

facial skin. They do not produce toxins and are not motile (Chiller et al., 2001). These Corynebacteria 

are gram-positive and have a peptidoglycan layer that could be recognized by TLR2 and make rosacea 

worse. However, they also have a top layer with free polysaccharides, glycolipids and proteins which 

are not recognized by TLR2 (Burkovski, 2013) and therefore do not initiate the production of pro-

inflammatory cytokines. These Corynebacteria could compete with S. epidermidis and activate less 

TLR2 receptors. Therefore, these bacteria could be suitable for topical treatment of rosacea.  

4.2.5 Increased pH 

Lactobacilli are lactic acid bacteria that can be recognized by TLR2 because of the lipoteichoic acid 

that is present on the cell wall (Matsuguchi et al., 2003). The lactic acid that Lactobacilli produce is an 

acidic substance and could decrease the pH of the skin. In rosacea patients the pH is increased 

(Raghallaigh and Powell, 2009; as cited in Lacey and Powell, 2010). Therefore, Lactobacilli may be 

used in the treatment of rosacea. However, Lactobacilli could induce a strong TLR2 response. 

Therefore, only the lactic acid could be used as a postbiotic to decrease the pH of the skin. In this 

way the skin barrier can improve and the host enzymes will work better for combatting pathogens. 

Other lactic acid producing bacteria could also be used to reduce symptoms in rosacea.  
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4.2.6 Summary and recommendation rosacea 

In summary, mechanisms potentially underlying rosacea that could be targeted include the 

overactivity of TLR2 receptors, increased neutrophil activity, increased abundance of S. epidermidis 

and increased pH. No bacteria we found were particularly promising for rosacea. We think that the 

most promising way to target rosacea using probiotics would be by using the bacteria found as 

normal commensal residents on the skin. These would have the highest chances of survival on the 

skin, as well as likely being safe to apply. The bacteria meeting this criterion for rosacea are M. 

smegmatis, M. phlei, Corynebacteria and Pseudomonas aeruginosa. However, based on the literature 

available at this moment, we would not yet recommend treating rosacea using probiotics. For 

Corynebacteria, more information is needed on which specific strains might be beneficial, while for 

Pseudomonas aeruginosa more information is needed on substrains that are safe and unlikely to act 

as opportunistic pathogens.  

An alternative for topical probiotics could be the use of oral probiotics. Oral probiotics can influence 

the ‘gut-brain-skin’ axis. Probiotics and their secreted substances can interact with the lymphoid 

tissue in the gut which is almost 70% of the whole immune system (Bowe, 2013). Oral probiotics can 

regulate the release of cytokines by inducing regulatory T-cells and effector T-cells (Hacini-Rachinel et 

al., 2009). Furthermore, when oral probiotics eradicate the bacterial overgrowth in the intestines of 

rosacea patients, the skin improves too (Parodi et al., 2008 as cited in Lazaridou et al, 2011; 

Whitehead, 2009). Therefore, for some rosacea patients an oral (probiotic) treatment may be best in 

the near future. This shows that the intestine and skin are interconnected.  

4.3 Targeting acne vulgaris 

Mechanisms underlying acne that we selected to target:  

 Inflammation 

 Propionibacterium acnes overgrowth 

4.3.1 Inflammation  

We found two bacterial strains that could potentially suppress inflammation in acne by counteracting 

pro-inflammatory factors. Mikelsaar and Zilmer (2009) describe a probiotic strain that showed both 

antimicrobial and antioxidative effects when fed to mice, namely Lactobacillus fermentum ME-3 

DSM-14241. These properties may be useful when taken orally. Unfortunately no research could be 

found for testing topical application of this probiotic. 

As described previously, substance P may be involved in the pathogenesis of acne, especially in the 

induction of inflammation (Lee et al. 2008). An in vitro and ex vivo study by Guéniche et al. (2010) 

investigated the reactive skin and used substance P to induce inflammation ex vivo in a human 

abdominal plastic skin explant. Their results indicated that Lactobacillus paracasei CNCM I-2116 

(ST11) lysate was able to reduce TNFα release, vasodilation, oedema and mast cell degranulation 

which were increased by substance P compared to control. It is possible that ST11 has the same 

effect in skin cells, although further research is needed to confirm this (Guéniche et al., 2010).  

4.3.2 Propionibacterium acnes overgrowth 
The overgrowth of P. acnes has been associated with the development of inflammation in acne. We 

found several bacterial strains that are capable of inhibiting P. acnes.  
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Kang et al. (2009) isolated a lactic acid bacterium from a human faecal sample, namely Enterococcus 

faecalis SL-5, that showed a particularly high antimicrobial activity against P. acnes. This effect of E. 

faecalis SL-5 was mainly due to its secretion of the bacteriocin ESL5. A clinical trial in which patients 

with mild to moderate acne applied a lotion containing concentrated ESL5 for 8 weeks showed a 

significant reduction in inflammatory lesions in these patients (Kang et al., 2009). Similarly, Bowe et 

al. (2006) found that 5 of 33 Streptococcus salivarius strains they isolated from tongue were able to 

inhibit P. acnes. Wang et al. (2014) co-cultured skin microorganisms from human fingerprints with P. 

acnes (ATCC6919) on agar plates under anaerobic conditions. The researchers identified several 

colonies of skin microorganisms that were able to inhibit the growth of P. acnes. The 16S rRNA of 9 of 

these colonies was analysed to determine the species responsible for this inhibition. One of the 16S 

rRNA genes shared 96% homology with the 16S RNA of Paenibacillus sp. Y412MC10, whereas the  

other 8 shared 97-99% homology with S. epidermidis ATCC12228 or RP62A (Wang et al., 2014). 

Interestingly, this inhibitory effect was only seen in the presence of glycerol. This suggests that S. 

epidermidis may mainly inhibit P. acnes via glycerol fermentation but not by antibiotic protein or 

peptide. Therefore, the researchers also checked the glycerol fermentation products of the inhibiting 

skin microorganisms. Four SCFAs were detected, namely acetic acid, butyric acid, lactic acid and 

succinic acid. From these, succinic acid had the strongest inhibitory effect on P. acnes survival. 

Succinic acid can passively diffuse through the cell wall of microorganisms, thereby decreasing 

intracellular pH and killing the bacteria. The researchers suggest that live S. epidermidis can 

potentially be used as a bacteriotherapy in acne.  

4.3.3 Summary and recommendation acne 
Mechanisms underlying acne that we selected as the most promising to target are inflammation and 

the overabundance of P. acnes. Little research has been done on bacteria that could potentially 

reduce the inflammation observed in acne. In our view, a more promising approach would be the use 

of topical probiotics inhibiting P. acnes. Several strains capable of doing this have been identified, the 

most promising of which is S. epidermidis. This commensal bacterium is a normal resident on the 

skin, and therefore is likely safe. It also showed clear inhibitory effects on P. acnes. However, most 

studies were performed in vitro, or when clinical studies were performed, the bacterial lysate (lysed 

cells, so dead bacteria) was used. More research is needed on which specific substrains may be the 

most suitable and their efficacy in humans should be assessed in clinical trials.   

4.4 Targeting atopic dermatitis 

The mechanisms involved in AD that we selected for targeting:  

 Staphylococcus aureus infection 

 Decreased ceramide levels 

 Decreased immune tolerance 

4.4.1 Staphylococcus aureus infection 

Staphylococcus aureus infection can be targeted in two ways: firstly, by inhibiting S. aureus using S. 

epidermidis or other bacterial strains and secondly by increasing the activity of host defensins.  

Several studies have investigated the ability of certain strains of Staphylococcus epidermidis to inhibit 

colonization by the pathogen S. aureus. Competition between different bacteria in the nose had been 

established previously, indicating a negative correlation between S. aureus colonization and S. 
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epidermidis as well as Corynebacterium spp. (Lina et al., 2003). Most research on this topic has 

focused on the nasal cavity, as this is the main reservoir for S. aureus; the dominant commensal 

bacterium there is S. epidermidis. The inhibitory effect of some S. epidermidis strains is likely due to 

the serine protease Esp, which can only be secreted by a subset of S. epidermidis (Iwase et al., 2010). 

Iwase et al. (2010) found that the presence of Esp-secreting S. epidermidis in human volunteers 

correlated with the absence of S. aureus. Purified Esp inhibits S. aureus biofilm formation, destroys 

pre-existing S. aureus biofilms and increases the susceptibility of S. aureus in biofilms to immune 

system components (Iwase et al., 2010). In human volunteers carrying S. aureus, purified Esp as well 

as Esp-secreting S. epidermidis eliminated S. aureus colonization (Iwase et al., 2010). As to the 

mechanisms of action of Esp, it has proteolytic activity and degrades specific proteins involved in 

biofilm formation and proteins associated with colonization. Furthermore, Esp selectively degraded 

several proteins from the host, such as extracellular matrix (ECM) proteins, which serve as 

attachment sites for S. aureus colonization and infection (Sugimoto et al., 2013). Another study 

found that Esp cleaves autolysin and thereby prevents the release of S. aureus DNA, which works as 

extracellular matrix in biofilms (Chen et al., 2013). 

Subsequent studies have found contradicting results considering Esp and inhibition of S. aureus. On 

the one hand, Park et al. (2011) found that mice pre-colonized with Esp-secreting S. epidermidis were 

more resistant to colonization by methicillin-resistant Staphylococcus aureus (MRSA). On the other 

hand, a study by Fredheim et al. (2014) found no correlation between Esp expression and S. aureus 

biofilm inhibitory activity. It should be noted that it is unknown whether Esp has an effect on other 

microbes.  

Some other bacterial strains that may inhibit S. aureus were investigated in a study by Prince et al. 

(2012). They investigated the effects of three probiotic bacterial strains, namely Lactobacillus reuteri 

ATCC 55730, L. rhamnosus AC413, and L. salivarius UCC118, on inhibition of Staphylococcus aureus. 

Using an in vitro primary human keratinocyte model, they showed that L. reuteri and L. rhamnosus 

could significantly inhibit S. aureus-induced keratinocyte cell death, with L. reuteri showed the most 

pronounced effect. Notably, this was only the case when the probiotics were applied before or 

simultaneously with infection with S. aureus, but not after infection had started. L. reuteri inhibited S. 

aureus by competitive exclusion, not by directly inhibiting growth of S. aureus.  

Besides its inhibitory effect on S. aureus, Esp also greatly potentiates the effect of the antimicrobial 

host protein hBD2 towards S. aureus in biofilms (Iwase et al., 2010). Furthermore, S. epidermidis also 

produces another small molecule that influences host defensins. This molecule increases mRNA 

expression of the antimicrobial peptides human β-defensin-2 (hBD2) and hBD3. This increased 

inhibition of S. aureus and group A Streptococcus growth in cultured undifferentiated human 

keratinocytes (Lai et al., 2010). S. epidermidis cultured media also decreased susceptibility to 

infection by group A Streptococcus in mice. Activation of TLR2 was shown to be crucial to these 

processes (Lai et al., 2010). 

4.4.2 Decreased ceramide levels 

As mentioned earlier, ceramide metabolism is altered in AD (Meckfessel and Brandt, 2014). This 

results in impaired skin barrier function. As explained in the part about Targeting healthy skin, 

Streptococcus thermophilus is able to produce sphingomyelinase, thereby increasing ceramide levels 

and improving skin barrier function. One study in AD patients showed that application of a cream 
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containing sonicated (lysated) Streptococcus thermophilus for 2 weeks led to a significant increase in 

skin ceramide levels and improvement of AD symptoms (Di Marzio, 2003). 

4.4.3 Decreased immune tolerance 

AD patients react stronger to allergens than healthy individuals and thus have decreased immune 

tolerance (Leung and Bieber, 2003). To reduce the sensitivity of the immune system Vitreoscilla 

filiformis could be helpful. 

One mechanism proposed to account for the effects of V. filiformis in AD is the induction of 

manganese superoxide dismutase (MnSOD or SOD2) mRNA expression. MnSOD is an enzyme that is 

important in the protection against ROS (Mahé et al., 2006). Interestingly, the authors of this study 

also showed that V. filiformis extract could protect against sunburn (Mahé et al., 2006). Another 

mechanism thought to contribute to the effects of V. filiformis lysate is the induction of IL-10-

producing dendritic cells and regulatory T-cells. IL-10 is an anti-inflammatory cytokine and regulatory 

T-cells are important in immune tolerance (Volz et al., 2014). Thus, V. filiformis seems to have an 

immunomodulatory effect that leads to reduced severity of AD symptoms. Another study showed 

that V. filiformis extract combined with LRP spa water may induce the TLR2/PKCz pathway (Mahé et 

al., 2013). 

Several clinical studies have investigated the effect of V. filiformis on atopic dermatitis. Vitreoscilla 

filiformis is a filamentous bacterium that is found in sodium-rich spa waters (Guéniche et al., 2008a). 

The first published study tested an ointment containing 5% V. filiformis extract on thirteen patients in 

a randomised, double-blind, vehicle-controlled trial (Guéniche et al., 2006). Patients applied the 

treatment and vehicle (ointment without V. filiformis) on symmetrical AD lesions (left vs. right side of 

body) twice a day for 4 weeks. After 28 days of treatment, AD lesion symptoms were significantly 

improved at the side treated with V. filiformis extract compared to vehicle, as measured using the 

modified eczema area severity index (mEASI). The mild side effects reported were most likely caused 

by the vehicle and not by the bacterial lysate (Guéniche et al., 2006). The same research group also 

tested a combination of V. filiformis with La Roche Posay (LRP) spa water, which has long been used 

to treat inflammatory skin disorders. They conducted a mono-centre study with ten participants, in 

which symmetrical AD lesions were treated with a cream containing 5% LRP with V. filiformis or 

control (vehicle with LRP water but no V. filiformis) twice daily for 4 weeks. The cream containing V. 

filiformis improved the symptoms to a greater extent than the control (Guéniche et al., 2008a). 

Another study by Guéniche et al. (2008b) was a prospective, randomized, double-blind, placebo-

controlled clinical trial with 75 participants who had mild AD. Subjects received either cream with 5% 

V. filiformis lysate or vehicle and applied this daily for 30 days. The researchers found that V. 

filiformis lysate decreased SCORAD levels, pruritus and sleep loss compared to control. Furthermore, 

in patients colonized with S. aureus, colonization by this pathogen decreased. Transepidermal water 

loss (a measure for skin barrier function) was not different between cream containing V. filiformis 

lysate and vehicle (Guéniche et al., 2008b). A paper commenting on this study however, posed that 

the statistical analysis performed in this clinical trial may not have been sufficient, especially relating 

to sample size calculation (La Colla et al., 2009). 
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4.4.4 Summary and recommendation AD  

We selected Staphylococcus aureus infection and decreased ceramide levels as the most promising 

mechanisms to target in AD. Furthermore, we found a series of promising clinical studies 

investigating the effect of V. filiformis lysate on AD. The best researched strategy for improving AD is 

treatment with V. filiformis lysate. However, the clinical trials were performed with heat-killed 

bacteria. As the effect of living bacteria may be different, studies should be performed testing the 

effects of this bacterial strain while alive. Notably, the majority of these studies were performed by a 

research group that is part of L’Oréal. Promising alternatives are inhibition of S. aureus using Esp-

secreting S. epidermidis strains and improvement of skin barrier function using Streptococcus 

thermophilus. Keep in mind that it is unknown whether Esp affects other microorganisms. 

4.5 Market study 

The market study resulted from the internet search showed that the majority of probiotics products 

are for prevention, healthy skin and skin cleaning while very few of them are for the treatment of a 

skin disease. The detailed mechanisms are not available on the Internet, however, certain 

mechanisms are mentioned which indicate the way the products work. The main mechanisms are: 

bacterial displacement (Magoroku Skin Lotion, products from the Unstress line and the cleaning 

products from Chrisal) and strengthening of the skin with the help of probiotics (products from the 

Unstress line and the products from Tensall Bio-tech). This indicates that these mechanisms could be 

used in the treatment of a disease.  

If the allergen removing spray really works it may be a possible to test this for human use. In allergic 

mediated diseases, like atopic dermatitis the prevention of allergens to reach the immune system 

could greatly decrease the skin’s inflammatory reaction.  

The cleaning products of Chrisal show that the issue of packaging of live bacteria can be solved via 

the spore forming mechanism. Spore formation could therefore be a very important factor in 

selecting the strain because keeping the probiotics alive in a product for an extended amount of time 

is a significant challenge in designing the product. Magoroku skin lotion uses a different mechanism 

to package the probiotics. Through fermentation processes, in which a specific temperature is used 

for each component, the final product is stable. They claim that this process ensures that there is no 

need for special storage conditions. Another way to circumvent the shelf life problem is to use 

prebiotics (Nude Miracle mask) or postbiotics (TS7©, RADIII©, HOFF© and Sesative©). Since pre- and 

postbiotics are not alive it is less difficult to store the product for a longer time.  

The possible presence of allergens in the product is an important aspect to think about. Some of 

them, such as milk or soy, cause trouble for certain people. However, certain products circumvent 

this problem by fermentation such as Magoroku skin lotion. The long fermentation process causes 

allergy-causing proteins to be broken down into a substance that is no longer recognized by the 

immune system as allergic (Magoroku Skin Lotion). This indicates that allergenic substances can be 

used in long-term fermentation processes which pre-digest and structurally modify the allergic 

proteins to eliminate an allergic reaction. 

The absence of skin care products containing probiotics in stores indicates that this is a rather new 

concept with great market opportunities. However, we cannot conclude anything yet since the 
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sample size was very small: the amount of stores available in Wageningen is limited, so a more wide 

study is needed.    

One remark on these results is the fact that the bacteria used for the skin products are mostly gut 

probiotic bacteria, like Lactobacillus and E. faecalis. Therefore, these bacteria might not survive on 

the skin because of the different environment and exert no effect. 

4.6 Overall discussion 

For healthy skin and atopic dermatitis research has already been done using bacterial lysate in clinical 

trials. For acne only in vitro studies have been performed with potential probiotic strains. For rosacea 

no promising probiotics were found yet. More research needs to be done to find topical probiotic 

treatments for rosacea. However, for some rosacea patients an oral probiotic treatment may be best 

in the near future.  

In our research, we mainly focused on bacteria that are known to occur on human skin, as the skin is 

quite a harsh environment for microorganisms to survive (Krutmann, 2009). Bacteria that normally 

occur on the skin are likely to survive on it and potentially colonize the skin. 

All of the clinical trials we found used bacterial lysate or heat-killed bacteria. These could have 

profoundly different effects than living bacteria. However, bacterial lysate or heat-killed bacteria 

might be more convenient to process into a topically applied product than living bacteria, as the 

product would probably be more stable and there is no risk of pathogenicity. Products found in the 

market study also often used bacterial lysate, although some contained bacterial spores, which also 

remain stable over time.  

An important consideration in the development of probiotic products is their storage. The probiotics 

need to remain viable and stable during storage. When stored the product should also remain free of 

contamination.  

The combination of probiotics with prebiotics could be an effective way to make sure the probiotics 

survive longer and thus increase the chances of their colonization. However, if you would put live 

probiotics together with prebiotics, the probiotics would already consume the prebiotics before the 

product is used. Therefore, it may be a good idea to use a two-component system, in which they are 

combined just before application. This same system could also be used when using freeze-dried 

bacteria (de Valdez et al., 1985), so liquid is added and bacteria are activated only immediately 

before application. Using freeze-dried bacteria would ensure that the population remains stable. 

Another way to store probiotics is to use spores from spore-forming bacteria. These spores can 

survive in a hostile environment for a prolonged period of time, making it suitable for long-term 

storage. 

Combining pro- and postbiotics could be useful for example if you want to combine the effects of 

multiple bacteria, but one is potentially pathogenic. In this case, you could use the (safe) postbiotics 

produced by that bacterium and add it to the probiotics. Another idea to increase the lifespan of the 

bacteria is to encapsulate them in vesicles (Cook et al., 2012; Govender et al., 2014).  

Other things that need to be kept in mind in the development of probiotics containing products for 

the skin are safety of selected probiotic strain and European legislation.  



75 
 

5. CONCLUSIONS AND ADVICE 
Healthy skin 

Healthy skin could be improved using sphingomyelinase-producing Streptococcus thermophilus. 

Sphingomyelinase catalyses the hydrolysis of sphingomyelins into ceramides. Ceramides are 

important components of the stratum corneum and are crucial in maintaining skin barrier function. 

Therefore, increasing the amount of ceramides by increasing the amount of sphingomyelinase could 

improve skin barrier function. Lysated S. thermophilus has already been shown to increase ceramide 

levels in the stratum corneum of the skin. S. thermophilus is a safe probiotic strain that is commonly 

used in oral probiotic formulations such as VSL#3. As regulations for the use of bacteria as oral 

probiotics are very strict and the strain is safe for consumption, it is probably also safe for use on the 

skin. We advise Skinwiser to test living S. thermophilus bacteria that produce adequate amounts of 

sphingomyelinase on healthy skin of volunteers.   

Rosacea 

No bacterial strains were found that were promising for topical treatment of rosacea. The only 

bacterial species we found that might have a beneficial effect on rosacea was Pseudomonas 

auruginosa, but we do not think this is a safe choice. As rosacea is more prevalent in lighter skin and 

UV radiation contributes to development of inflammatory lesions in rosacea, protection against sun 

damage may improve rosacea. During the market study, we found that the Unstress line from the 

Christina Company claims to relieve stressed skin resulting from amongst others sun exposure. This 

product line contains Lactobacilli. The company claims to have performed research and that their 

products are clinically proven, although no references to scientific articles were found. Furthermore, 

we found studies indicating that oral probiotics can improve protection against and recovery from 

sun damage (see section 3.1.3 Photoprotection by oral probiotics). The bacterial strains used in these 

studies were Lactobacillus johnsonii NCC 533 and L. plantarum HY7714. Thus, these Lactobacillus 

strains could improve rosacea symptoms when used orally. Lactobacilli may also have a beneficial 

effect through their production of lactic acid, thereby increasing the pH of the skin. 

Furthermore, rosacea patients have a higher prevalence of SIBO. When rosacea patients were 

treated for SIBO, their rosacea symptoms decreased. A promising way to treat SIBO could be by using 

oral probiotics. Thus, the use of oral probiotics in rosacea patients with SIBO could improve their 

rosacea symptoms. Literature study was not performed to find specific strains that could be used for 

this.  

Another possibility for treating rosacea is targeting IAPs, which are enzymes that suppress the 

production of pro-inflammatory cytokines upon LPS recognition. For example, oral administration of 

IAPs can reduce rosacea symptoms. Reduced amounts or activity of IAPs may underlie rosacea, as 

discussed in section 3.2.3 Risk factors. Additionally, a potential target that Skinwiser could look 

further into is Demodex mites, because they may be more prevalent in rosacea patients. Lastly, 

Skinwiser could look into the diet of rosacea patients, since certain foods seem to worsen rosacea 

symptoms while others seem to relieve them. 

We advise Skinwiser not to test topical probiotics to improve rosacea. Instead, we advise Skinwiser 

to focus on oral probiotics for rosacea. 
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Acne 

Acne could be improved using certain Staphylococcus epidermidis substrains to inhibit 

Propionibacterium acnes. P. acnes overgrowth has been associated with the development of 

inflammation in acne. Three strains capable of inhibiting P. acnes are Enterococcus faecalis SL-5,  

Streptococcus salivarius and Staphylococcus epidermidis. From these, S. epidermidis is most likely to 

survive on the skin, as it is a common skin commensal. IL-8 plays an important role in inflammation in 

acne. The probiotic Lactobacillus salivarius was shown to inhibit IL-8 release when taken orally by 

mice inoculated with Helicobacter pylori. The microbiome of these mice was controlled by the 

researchers. However, L. salivarius is unlikely to survive long on the skin. We advise Skinwiser to 

ascertain the safety of P. acnes-inhibiting S. epidermidis and if it is safe, to test topical application 

of S. epidermidis on the skin of acne patients. 

Atopic dermatitis 

Atopic dermatitis could be improved in several ways. During the literature study, we found several 

promising bacterial strains. First of all, Vitreoscilla filiformis can be used to improve AD symptoms. 

This bacterium likely works by increasing ROS protection, reducing inflammation and improving 

immune tolerance. Several clinical studies using V. filiformis lysate have already shown the 

therapeutic potential of this bacterium. No information could be found on the safety of these 

bacteria. If it is safe, we advise Skinwiser to test topical application of living V. filiformis in patients 

with atopic dermatitis.  

Secondly, sphingomyelinase-producing Streptococcus thermophilus can be used to improve atopic 

dermatitis. The skin barrier is often disrupted in AD patients. As described previously, 

sphingomyelinase-producing Streptococcus thermophilus could improve the skin barrier by increasing 

the amount of ceramides in the stratum corneum. We advise Skinwiser to test living S. thermophilus 

bacteria that produce adequate amounts of sphingomyelinase on skin of patients with atopic 

dermatitis.  

Thirdly, Esp-secreting S. epidermidis can be used to improve atopic dermatitis by combatting S. 

aureus infection. S. aureus is found in 90% of AD lesions and worsens the symptoms of AD. Esp 

secreted by S. epidermidis can inhibit S. aureus and potentiate the effects of hBD2 produced by the 

host. Keep in mind that the effect of Esp on other microorganisms should be tested before 

proceeding with clinical studies. Another molecule secreted by S. epidermidis  increases hBD2 and 

hBD3 expression. Thus, S. epidermidis inhibits S. aureus in multiple ways. As S. epidermidis is a 

commensal bacterium normally residing on the skin, it is likely safe for application on the skin. We 

advise Skinwiser to ascertain the safety of Esp-secreting S. epidermidis and if it is safe, to test 

topical application of Esp-secreting S. epidermidis on the skin of atopic dermatitis patients. 

During the market study, we found one probiotics-containing skin care line aimed at preventing 

atopic dermatitis, namely RAD-III from Tensall bio-tech. This product line contained Lactobacillus 

paracasei, L. casei and L. rhamnosus GG. The mechanisms by which these bacteria are supposed to 

work were not found. It is claimed to work by moisturizing sensitive skin and relieving skin itching, as 

well as providing skin protection and repair. Thus, Skinwiser could also test these probiotics on the 

skin of AD patients. However, the bacteria found in the literature study may be more promising, as 

Lactobacilli are unlikely to survive long on the skin.  
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Another option for treating atopic dermatitis is using oral probiotics. We came across many studies 

investigating the use of oral probiotics in atopic dermatitis. However, our focus was on topical 

probiotics so we did not further investigate oral probiotics.  

Remark 

An important consideration when performing clinical studies is the safety of the recommended 

commensal bacteria. They may be common residents in the skin microbiome of healthy individuals, 

but the virulence of the bacteria may be influenced by the health state of the host. For example, the 

commensal S. epidermidis can act as an opportunistic pathogen in vulnerable people. Another 

important consideration when using bacteria is that the effects of bacterial species can differ from 

strain to strain. Thus, the efficacy of the strain needs to be verified to make sure the bacteria have 

the desired effect.  

General conclusion 

We believe that probiotics could be a promising way to maintain or improve skin health. So far, very 

little research has been done on the use of probiotics on the skin. For some skin conditions like 

rosacea it is still too early to target their symptoms using probiotics, but the use of topical probiotics 

is promising for the improvement of healthy skin, acne and atopic dermatitis. 
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6. RECOMMENDATION FOR FURTHER RESEARCH 
For the next step process, we recommend four bacterial strains for further research before 

development of skin care products. In Table 13 the recommended strains, their target, mechanisms, 

assumed safety, test level and level of testing on the skin are depicted. It is important to keep in 

mind that different substrains of a species could have different properties. For example, some 

substrains of S. epidermidis secrete Esp, while others do not.  

 
 Table 13. Overview of the recommended bacterial strains, their target condition, mechanism of action, 
assumed safety, test level and if relevant, how it was tested on the skin.  

 

Several aspects need to be tested for the different bacteria. S. thermophilus and V. filiformis have 

been tested in clinical trials, but only as lysates. As no tests have been done using living bacteria, 

safety of the living bacteria should be tested first. To do this, an ex vivo test using an organ culture of 

human skin could be appropriate (Varani et al., 2007). This system has been used previously to 

establish toxicity of chemicals to the skin.  

After this, several doses could be checked in humans, starting at a low dosage. Once the safe doses 

have been established, clinical tests assessing its efficacy could be performed with greater numbers 

of participants.  

S. epidermidis for treatment of acne has only been found to inhibit P. acnes in vitro. For a strain 

capable of doing this, safety and efficacy could be tested according to the method mentioned 

previously.  

Probiotics Target Mechanism Safety Test level Test on skin 

S.  thermophilus 

Healthy skin 
 

Improvement 
skin barrier by 

increasing 
ceramides 

Generally 
recognized as  

safe 
Clinical test 

Cream containing 
sonicated (lysated)  

bacteria 

Atopic 
dermatitis 

Improvement 
skin barrier by 

increasing 
ceramides 

Generally 
recognized as  

safe 
Clinical test 

Cream containing 
sonicated (lysated) 

bacteria 

S. epidermidis Acne 
Competition 
with P. acnes 

Skin flora, 
certain strains 

are safe 
In vitro tests - 

V. filiformis 
Atopic 

dermatitis 

Assumed via: 
- Induction of 

ROS protection 
- Anti-

inflammatory 

Unknown, but 
commonly 
occurs in 

sodium-rich spa 
water, so might 

be safe? 

Clinical tests 
Creams containing 

bacterial lysate 

Esp-secreting  S. 
epidermidis 

Atopic 
dermatitis 

Competitive 
exclusion of   S. 

aureus 

Skin flora, 
certain strains 

are safe 

Clinical test, only in nasal 
cavity                

Purified Esp and 
(living) Esp-

secreting               S. 
epidermidis 
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Esp-secreting S. epidermidis for treatment of atopic dermatitis could be tested in a similar way as 

well, but keep in mind that the strain needs to be checked for Esp secretion. This could be done using 

a Western Blot and antibody staining.  

Some rosacea patients suffer from SIBO. For these patients, treatment with oral probiotics containing 

commensal or mutualistic bacteria from the small intestine may improve their symptoms. Rosacea 

patients without SIBO might benefit from topical probiotics. Several bacteria were found that might 

possibly improve rosacea, but little is known about the causes of rosacea, making its targeting very 

difficult.   

Clinical assessment 

Skin barrier function in healthy skin and atopic dermatitis trials could be tested by measuring 

transepidermal water loss (e.g. using TEWA meter). Clinical assessment of acne patients could be 

done using e.g. the Leeds Acne Grading Technique, which is a widely used grading system based on 

photographic standards (Alison, 2010). In addition, sebum levels of the skin surface could be 

measured using sebumetry (e.g. using Sebumeter) and acne lesions and the presence of P. acnes 

could be assessed (e.g. Visiopor).  For atopic dermatitis, SCORing AD (SCORAD) is commonly used to 

evaluate improvement of symptoms (Oranje et al., 2007). In addition, skin hydration could be 

determined using Corneometer and the structure of the skin and dryness using Visioscan. 

Storage 

Storage of products that contain probiotics is an important factor. The probiotics need to remain 

viable and stable and stay free of contamination. We think that the use of prebiotics and probiotics 

together in a product would increase the likelihood of survival. Since the probiotics would already 

consume the prebiotics before the product is used, we recommend research into the use of a two-

component system. Another option to combine prebiotics and probiotics would be the usage of 

freeze-dried bacteria in a product. In addition, this would ensure that the population remains stable. 

If bacteria are used that can form spores, the spores can be used for long-term storage. 
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