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Abstract 

Background:  Breast cancer is the most common malignancy and one of the leading causes of cancer-linked deaths 
in women. The development of the mammary gland is regulated by oestrogen whose activities have also been linked 
with various diseases including breast cancer. Research has shown that host–microbiota relationship plays a role in 
human health and disease, so we investigated the association between breast microbiota and breast cancer. A search 
of the literature was conducted using search tools such as Google Scholar, PubMed, EBSCO and Cochrane library 
with the terms breast cancer, breast microbiota, microbiome and dysbiosis. A further search included Sphingomonas, 
Sphingobium yanoikuyae and oestrogen. The search terms were combined in original forms to get relevant stud‑
ies related to the subject under review. All articles written in English were included and publication dates were not 
limited.

Conclusion:  Taken together, the studies show that Sphingobium yanoikuyae might have a protective role in breast 
cancer, especially oestrogen positive, and highlights the need for further investigation into the use of the bacteria for 
prevention and possibly management of breast cancer.
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Background
Breast carcinoma embraces a group of diseases with defi-
nite clinical, molecular and histopathologic properties. 
It is the most common malignancy in females and is one 
of the leading causes of cancer-related deaths. It has also 
been is described on the molecular level as a heterogene-
ous disease (Harbeck 2020).

The human breast is characterised by connective, fat 
and glandular tissues separated into lobes with a web of 
ducts spreading to the nipples from the lobes. The mam-
mary glands develops in three stages, it starts during 
puberty and development continues during lactation, 
and finally in pregnancy. The process is regulated by the 
autogenous hormone oestrogen which is produced by the 
ovaries; therefore, the mammary glands create a system 

to understand oestrogen receptor signalling (Korach 
et al. 2019).

There are two main types of breast cancer: in  situ 
and invasive carcinoma. In  situ breast carcinoma ema-
nates from either the lobular or ductal epithelium and 
is restricted to these spaces without invading the mam-
mary basement membrane, which makes up the bound-
aries. When the malignancy extends from the lobes or 
ducts past the basement membrane, such malignancy is 
referred to as invasive carcinoma. The principal cause of 
death from breast cancer is mainly because of the metas-
tasis of invasive disease (Richie and Swanson 2003).

Breast cancer is further divided into molecular sub-
types: luminal A and luminal B, triple-negative/basal-like 
breast cancer, HER2-enriched breast cancer and normal-
like breast cancer. Breast tumours that express either ER 
and or progesterone receptor (PR) and HER2 are consid-
ered as hormone receptor-positive, while tumours that 
do not express any of the receptors are known as triple-
negative breast cancers (TNBC) (Harbeck 2020).
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Oestrogen has several physiological roles in the body 
and not limited to maintaining the female reproductive 
organs. The hormone also initiates and exacerbate sev-
eral disease conditions including gastrointestinal can-
cers such as gastric cancer, colon cancer, oesophageal 
cancer (Chen et al. 2019) and breast cancer (Platet et al. 
2004). The effect of oestrogen is exerted in a classical and 
non-classical manner, the classical action of oestrogen is 
orchestrated through the protein receptors isoform (ERα 
and ERβ), and transcription factors are involved in the 
non-classical pathway (Thomas and Potter 2013).

These receptors are naturally present and expressed in 
the mammary gland but have been reported to mediate 
oestrogen signalling in hormone-dependent breast can-
cer. ERα is a predictive indicator in breast cancer, but 
the prognostic role of ERβ in breast cancer is less clear 
(Burns and Korach 2012). It is documented that approxi-
mately 70% of primary breast malignancies are oestrogen 
receptor-positive, and even though the use of targeted 
hormonal and biological treatments have increased sur-
vival rates, metastasis remains a significant clinical prob-
lem (Zhang et al. 2013).

The binding of oestrogen to the receptors encourages 
an upsurge in DNA replication and cell division with 
increased replication errors. Accumulation of mutated 
DNA upsets the regular cell processes such as DNA 
repair and apoptosis and encourages the proliferation of 
mammary cells (Deroo and Korach 2006).

Oestrogen circulates in the bloodstream as free mol-
ecules or bound to proteins for entry into target tissues. 
It is eliminated from the body by conjugation through 
glucuronidation, sulfonation or methylation (Plottel and 
Blaser 2011). Conjugation is a detoxification mechanism 
by which hormones are made water-soluble and excreted 
in the urine or faeces, or turned into a more lipophilic 
moiety (fats, oils, lipids, and non-polar solvents) with ele-
vated half-lives (Lakhani et al. 2003).

Conjugated oestrogen is a target for the gene products 
of the estrobolome, which is a collection of gene prod-
ucts from enteric bacteria with the capability of digest-
ing oestrogen. This activity by the estrobolome influences 
the level of circulating oestrogen in the bloodstream. A 
reduction of circulating oestrogen by the estrobolome 
will have resultant physiologic effects. An estrobolome 
that favours oestrogen deconjugation encourages the 
reabsorption of free oestrogen, therefore contributing to 
the host oestrogen levels. Some factors have been found 
to affect the distribution of the estrobolome and include 
both environmental and host-specific elements (Plottel 
and Blaser 2011).

There has been an advance in microbiome researches 
over the years which is helping cancer scientist to re-
inform and increase the knowledge of human biology. 

Research has shown that bacteria species possessing 
the enzymes β-glucuronides and β-glucuronidases are 
involved in oestrogen conjugation and deconjugation 
(Plottel and Blaser 2011). We conducted a scoping review 
designed at summarising and analysing published scien-
tific articles regarding breast cancer and breast micro-
biota. This review is aimed at identifying microbial 
specie(s) that could have a protective role against breast 
cancer.

Method
Study design
The review was designed by identifying a distinct 
research objective and search strategy by finding relevant 
articles, extracting, analysing, discussing and report-
ing the results. We designed the review process (Fig.  1) 
according to the framework designed by Arksey and 
O’Malley (2005). We searched online literature articles 
in the databases of EBSCO (Medline), Google Scholar, 
PubMed and Cochrane. We made use of the search terms 
breast cancer, breast microbiota or breast microbolome 
and Sphingobium yanoikuyae. Also, we included all the 
appropriate scientific articles involving human subjects 
written in English in the review.

Main text
Breast microbiota
The human microbiota is diverse with the human intes-
tinal tract, a rich environment bustling with trillions of 
microbes. The colon is home to microbiota with con-
centrations of 1011–1012 cells/ml, which is the highest 
recorded for any microorganism habitat (Ley et al. 2006).

The microbiota of the breast differs from other body 
sites and research shows it contains both pathogenic and 
non-pathogenic bacteria (Urbaniak et al. 2012). Bacteria 
have been isolated from the lobules ducts and fatty tis-
sues, and scientists have proposed that the breast micro-
biome could be beneficial because they contribute to 
maintaining a healthy breast tissue (Xuan et al. 2014).

The researchers showed that bacteria have been iso-
lated from both lactating and non-lactating breast 
(Urbaniak et  al. 2016). Major phyla identified by 16S 
pyrosequencing are Proteobacteria, Actinobacteria, Ver-
rucomicrobia, Deinococcus-Thermu, Firmicutes, Bacte-
roidetes and Fusobacteria. The most abundant phyla in 
breast tissue were Proteobacteria followed by Firmicutes 
as shown in Fig. 2 (Xuan et al. 2014; Urbaniak et al. 2016).

The maintenance of an equilibrium between the micro-
biota and host is delicate and a change in this balance 
could have a negative effect on the individuals’ health 
leading to several disease conditions including cancer 
(Plottel and Blaser 2011).
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Dysbiosis is a phenomenon that refers to the irregular 
distribution or dysfunction of the microbe community 
in a part of an organism. It occurs when the distribu-
tion of certain microbial species changes within the 
community and this hamper symbiotic relationships in 
the microbial community (Jones 2018).

Dysbiosis upsets the microbiome equilibrium and 
such disruption might encourage the deconjugation 
and re-utilising of oestrogen with a resultant upsurge of 
the individual’s oestrogen levels. This will contribute to 
an increased risk of oestrogen facilitated cancer includ-
ing breast cancer (Belkaid and Hand 2014). Dysbiosis 
has also been involved in increases in inflammation and 
inflammatory cytokines which is an indication of can-
cer (Shapira et al. 2013).

A comparison was made between the breast micro-
biota of tissues from ER + ve breast cancer subjects and 
healthy controls using 16S pyrosequencing technique. 
Out of the 1614 operational taxonomic units (OTS) 
identified, there was no significant variation in rich-
ness between the number of (OTUs) in both groups 
but there was a significant difference between the even-
ness of the microbiota community. Out of 1614, OTS 
detected, 11 were abundant in healthy breast tissues 
and three in breast tumour tissue. Bacteria belonging to 
the genus Sphingomonas and the specie Sphingomonas 
yanoikuyae was more abundant in the healthy breast 
tissues while in the breast tumour tissues, bacteria in 

the genus Methylobacterium was more abundant (Xuan 
et al. 2014).

Nipple aspirate fluid from breast cancer patients and 
healthy control subjects revealed differences between the 
OTUs between the two groups. Bacteria belonging to, the 
genus Alistipes was found only in breast cancer patients 
while the genus Sphingomonadaceae was more abun-
dant in the healthy control than the breast cancer needle 
aspirate samples. Sequencing identified the specie to be 
Sphingobium yanoikuyae (Chen et al. 2019).

Free circulating DNA (cfDNA) was examined and com-
pared in plasma samples of three breast cancer patients 
and healthy counterparts. The bacteria species frequently 
found were Acinetobacter and Mycobacterium, but in 
the breast cancer patients, the spp were diverse and more 
probable to present at high levels than the healthy coun-
terparts. One of the breast cancer patients with multiple 
Sphingomonas species infections remains alive, while 
another patient with Pseudomonas mendocina and Pan-
nonibacter phragmitetu passed away. The third breast 
cancer patient who has Acinetobacter johnsonii XBB1 like 
the healthy controls was seen to live a normal life (Huang 
et al. 2018).

Sphingomonas
Members of the Sphingomonadaceae family are known 
for their capacity to degrade aromatic hydrocarbons 
and polycyclic aromatic hydrocarbons (PAH). They are 

Fig. 1  Flow diagram for the review process used for the review
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highly significant environmental pollutants because of 
their carcinogenic properties in the body (Inoue et  al. 
2008). PAHs are present and prevalent in the atmosphere 
mainly because of inadequate combustion of fossil fuels. 
Individuals are exposed to these hydrocarbons from vari-
ous sources, especially environmental such as air pol-
lution (Crouse et al. 2010). PAHs can be ingested orally 
through the consumption of grilled or smoked foods 
such as meat and fish, cigarette and tobacco smoking. 
Also, through the consumption of inadequately washed 
vegetables contaminated with soil (Maanen et  al. 1994; 
Heisterkamp and van Veen 1997; Boström et  al. 2002; 
Gaudet et al. 2013). Paths can get into the body through 
the skin using dermal products containing black rubber 
(Inoue et al. 2008).

PAHs have been established as human carcinogens in 
the lungs and previous research has shown that mam-
mary tumours can be induced by PAH, but knowledge in 
this field is limited regarding its association with females 
(White et al. 2016).

Sphingomonadaceae can be found at several natural 
environment habitats including both aqueous and ter-
restrial habitats such as marine, desert sand, water and 
dumpsite. Its extensive distribution in the environment 
arises from its scope to use varied organic compounds, 
growth and survive under low-nutrient conditions. Char-
acterised by their yellow/orange pigment, they are gram-
negative aerobic, non-sporing bacilli (Feng et al. 2014).

They are chemoheterotrophic and contain gly-
cosphingolipids in their cell envelopes instead of 
lipopolysaccharide. The genus is subdivided into four 
genera: Sphingomonas, Sphingopyxis, Sphingobium and 
Novosphingobium (Balkwill et al. 2003).

Members of the genus sphingomonad can degrade 
a wide variety of PAHs and related compounds. These 
sphingomonads such as Novosphingobium aromati-
civorans strain F199, Sphingobium sp. strain P2 and 
Sphingobium yanoikuyae strain B1 were found to pos-
sess an exceptional set of genes for aromatic hydrocar-
bon degradation. Sphingomonads can degrade both low 
molecular and high molecular weight PAHS and the 
capability to degrade these compounds is thought to be 
related to their physiological characteristic. The unique 
glycosphingolipid cell wall is thought to play a role in 
the degradation of PAHs (Pinyakong et al. 2003).

Conclusion
The diversity of PAHs that S. yanoikuyae can metabolise, 
along with the ability to digest monocyclic compounds 
and degrade oestrogen, puts this specie in a spotlight. It 
will also be a suitable candidate for a detailed analysis 
of the genes and enzymes involved in the metabolism of 
these compounds which might be beneficial for oestro-
gen- related cancers, especially breast cancer.

The results from the studies documented above sug-
gest that Sphingobium yanoikuyae may have a protec-
tive role in breast cancer, especially oestrogen-positive 
breast cancer because of its extra ability to metabolise 
oestrogen. It is fascinating that a microbe, with the 
capability of degrading aromatic hydrocarbons and 
oestrogen, would be relatively increased in the healthy 
control and decreased in the breast cancer patients as 
revealed in previous studies.

Further investigation into this novel area of Sphingob-
ium yanoikuyae and its ‘protective’ role in breast cancer 
will be a timely intervention.

Abbreviations
cfDNA: Free circulating DNA; DNA: Deoxyribonucleic acid; ER: Oestrogen 
receptor; ERβ: Oestrogen receptors beta; HER2: Human epidermal growth fac‑
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TNBC: Triple-negative breast cancers; PAH: Polycyclic aromatic hydrocarbons.

Fig. 2  Bacteria distribution in normal breast tissues and tumour 
tissues. The relative percentage of bacteria distribution at phylum 
level as described by Xuan et al. (2014)
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