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Abstract

Introduction: Acne vulgaris (AV) is a common skin disease caused by chronic inflammation characterized by overproduction 
of sebum and secretion of inflammatory cytokines in the skin. Recent studies suggest a link between dysbiosis of the gut 
microbiota and the development of inflammatory skin diseases caused by reduced production of immunomodulators. 
Vitamins have been also reported to play an essential role in regulating microbiome dynamics. Therefore, we hypothesized 
that gut microbiota deposition alters short chain fatty acid (SCFAs) production which regulate the permeability of gut barrier. 

Method: In this study, patients between 20-25 years old with or without acne were recruited. Fecal samples were collected 
to analyze the fecal microbiota composition and the concentration of short chain fatty acids (SCFAs) were measured by gas 
chromatography. In addition, blood levels of vitamins including; riboflavin (vitamin B2), and pyridoxine (Vitamin B6) were 
assessed.

Result: At the phylum level, the abundance of Firmicutes was lower, but Bacteroidetes was higher in patients with acne. At 
genus level, Fecalibacterium was distinctly higher in abundance in the AV microbiota. A significant difference (P < 0.05) in 
Vitamin B2 (Riboflavin) was found between the high-level Fecalibacterium and low-level Fecalibacterium groups. Analysis of 
fecal SCFAs showed a significant difference between acetate concentration and AV microbiota. 

Conclusion: Our findings suggest that Vitamin B2 and SCFAs, particularly acetates, are essential in maintaining the balance 
of gut microbiota. Failing to maintain the balance of certain gut microbiota such as Fecalibacterium may result in stimulating 
gut epithelial inflammation and release of harmful substances to reach the skin resulting in further skin irritation and the 
development of acne vulgaris. Further investigations on the relationship between gut microbiota dysbiosis and acne vulgaris 
may provide effective diagnosis and therapy for this disorder. 
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Research Note

Acne vulgaris (AV) is a common skin disease caused by 
chronic inflammation of the pilosebaceous units and often 
affects adolescents, particularly in developed countries. 
Overproduction of sebum, secretion of inflammatory 
cytokines in the skin, and follicular hyperkeratinization of 
pilosebaceous ducts characterize the pathogenesis [1].

Up to 100 trillion microbes, representing more than 1000 
species of intestinal bacteria, coexist in the human intestine, 
and their association with several diseases such as chronic 
diseases including atopic dermatitis (AD), Crohn’s disease 
and obesity has been reported in the human microbiome in a 
non-causal manner [2].

Recent studies suggest a link between dysbiosis of 
the gut microbiota and the development of inflammatory 
skin diseases with dysfunction of the intestinal barrier. For 
instance, acne vulgaris has been reported to be significantly 
linked with irritable bowel syndrome patients suggesting 
an underlying organic pathology [3]. Particularly, a recent 
study has investigated the phenomenon of disordered 
gut microbiota in patients with acne and suggested it as a 
contributor underlining the disease [4].

The alteration in gut microbial environment 
has been reported to cause reduction production of 
immunomodulators, specifically short-chain fatty acids 
(SCFAs), which are known to have anti-inflammatory effects 
that contribute to the maintenance of epithelial barrier 
function [5]. Furthermore, vitamins have been reported to 
play an essential role in regulating microbiome dynamics and 
highlighted studies the importance of vitamin acquisition 
for microbes in the gut environment. Among various 
contributing vitamins; cobalamin (Vitamin B12) is the best-
known example [6].

To date, the evidence supporting the relationship 
between dysbiosis and the pathogenesis of skin disorders 
is insufficient. Thus, to further investigate the hypothesis 
that the imbalance of gut microbiota contributes to the 
pathogenesis of acne vulgaris, here, in this study we analyzed 
the fecal microbiota composition of 20 female Japanese 
patients with AV (AV microbiota) aged between 20 and 
25 years, and compared them with that of age-matched 
healthy controls (non-AV microbiota) using 16S rRNA gene 
sequencing. Next, SCFA concentration in fecal samples 
was measured and comparatively analyzed by using gas 
chromatography–mass spectrometry; the major SCFAs such 
as; acetate, propionate, butyrate, and valerate were selected 
for analysis. In addition, blood levels of vitamins including; 
riboflavin (vitamin B2), and pyridoxine (Vitamin B6) were 
assessed.

None of the subjects received antibiotic treatment within 
6 months before fecal sample collection. The severity of 
acne vulgaris was assessed by the number of inflammatory 
lesions on half of the face, according to the Japanese Acne 
Study Group criteria [7].

The study protocol complied with the World Medical 
Association’s Declaration of Helsinki 1964, and its later 
amendments. Written informed consent was obtained from 
all participants.

At the phylum level, the abundance of Firmicutes was 
lower, but Bacteroidetes was higher in patients with acne. 
However, no significant difference was observed in the 
microbial (α) diversity of all AV microbiota compared with 
that of all non-AV microbiota. Likewise, the dissimilarity 
in composition between the AV and non-AV microbiota (β 
diversity) was not significant (data not shown). At genus 
level, Fecalibacterium was distinctly higher in abundance 
in the AV microbiota, and thus we further investigated the 
relationship between the disordered Fecalibacterium with 
vitamin levels of the patients. A significant difference (P < 
0.05) in Vitamin B2 (Riboflavin) was found between the high-
level Fecalibacterium and low-level Fecalibacterium groups 
(Figure 1a).

Furthermore, analysis of fecal SCFAs showed a 
significant difference between acetate concentration and AV 
microbiota; there were no significant differences in butyrate, 
propionate, and total lactate levels, or in the ratio of iso- and 
n-butyrate/valerate levels (Figure 1b). Because the total level 
of Fecalibacterium in these samples was much higher than 
the levels of other SCFA-producing bacteria, the SCFA profile 
results could be directly linked to changes in Fecalibacterium 
composition.

In this study, patients with acne had a lower abundance 
of Firmicutes and higher Bacteroidetes when compared with 
healthy controls. This increased ratio of Bacteroidetes to 
Firmicutes has been reported to be associated with some 
inflammatory disorders [4]. In parallel, in a previous in vitro 
study, Fecalibacterium growth was reported to be highly 
stimulated in the presence of acetate [8], which goes in line 
with the present study findings. 

Our study provides a supporting evidence to the 
hypothesis that the gut microbiome influence skin 
microbiome through a diversity of mechanisms; first, SCFAs 
resulting from fiber fermentation in the gut – propionate, 
acetate, and butyrate – may play a pivotal role in determining 
the predominance of certain gut microbiome profiles 
which subsequently influence cutaneous immune defense 
mechanisms [9].
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Figure 1A: Graph representing the analysis of high- and low-level Fecalibacterium groups in association with vitamin B2 
levels. A significant difference *(P < 0.05) in vitamin B2 (Riboflavin) level was found between the high-level and low-level 
Fecalibacterium groups. The high-level group comprised those with values above the mean (> 0.75954), and the low-level 
group comprised those with values below the mean (< 0.75954). 
Figure 1B: Graph representing analyses of SCFAs in fecal samples. Gas chromatography-mass spectrometry quantification of 
selected SCFAs in AV and non-AV fecal samples. *(P < 0.05), the Mann-Whitney U test was used to analyze significance; P < 0.05 
was considered significant.

 

Figure 2: An illustrative graphic demonstrating the proposed pathogenesis in acne vulgaris caused by the lack of Vitamin B2 
and SCFAs, particularly acetates that are essential in maintaining the balance of gut microbiota in the healthy human gut such 
as Fecalibacterium. Thus, resulting in stimulating gut epithelial inflammation and releasing harmful substances to that further 
irritate the skin. 
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Second, studies have suggested that riboflavin 
(vitamin B2) may act as an important factor benefitting 
Faecalibacterium prausnitzii and proposed that a riboflavin-
rich diet may promote the regulation of the adequate 
abundance of Fecalibacteria in the human gut [10].

In this study, we were able to detect specific 
characteristics in gut microbiota diversity in AV patients 
specifically in Fecalibacterium associated with reduced levels 
of Vitamin B2 and increased fecal acetate levels. However, this 
study has several limitations including: the small number of 
the involved patients and the limited locality of the subjects 
thus, the risk of bias may exist among the considered cases; 
and finally, the study only described the phenomenon of 
disordered gut microbiota in patients with acne vulgaris. 
Therefore, further studies are needed to investigate the 
pathogenesis of microbiota underlining acne vulgaris. 

In conclusion, our findings suggest that Vitamin B2 and 
SCFAs, particularly acetates, are essential in maintaining the 
balance of gut microbiota in the healthy human gut. Failing 
to maintain the balance of certain gut microbiota such as 
Fecalibacterium, due to dysregulation of essential cofactors 
may result in stimulating gut epithelial inflammation 
and allowing harmful substances to reach the skin via 
a phenomenon that has been described as “leaky gut 
syndrome” [11], resulting in further skin irritation and 
the development of acne vulgaris as illustrated in (Figure 
2). Further investigations on the relationship between gut 
microbiota dysbiosis and acne vulgaris are warranted, and 
may provide effective diagnosis and therapy for this disorder. 
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