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 A B S T R A C T  

Microbiome studies have shown alterations in bacterial communities 
in the state of many diseases, including inflammatory bowel disease, 
metabolic disorders, autoimmune diseases, neurodegenerative 
diseases, and cancer. Chronic inflammation is a common promoter of 
many of these pathological processes. Shifting in the microbial diversity 
is also known as dysbiosis. Dysbiosis, increased detrimental bacterial 
products, decreased favorable microbial metabolites, interrupted tissue 
barriers, and bacterial translocation cause excessive immune response 
and inflammation. Several mechanisms play a role to maintain intestinal 
homeostasis by limiting bacterial translocation from the intestinal lumen 
into the lamina propria. Among these mechanisms, most importantly, the 
mucosal barrier that consists of the antimicrobial peptides, mucus, and 
immunoglobulin A is fundamental to protect epithelial barrier integrity 
to reduce the excessive immune response. Moreover, recognizing 
bacteria and metabolites through receptors results in T cell regulation 
and immune modulation, which is the keystone of the controlled 
immune response. This review summarizes the anti-inflammatory and 
pro-inflammatory mechanisms driven by gastrointestinal microbiota, 
and it also highlights the recent approaches, including epigenetics and 
precision medicine.

Keywords: Gastrointestinal microbiome; host microbial interactions; 
inflammation; immune system; precision medicine.

The Inflammatory Processes Driven by Gut Microbiota

INTRODUCTION

Human microbiota include a diverse microbial 
community that is composed of archaea, viruses, 
fungi, protozoa but also mainly bacteria [1]. As a 
great number and variety of bacteria inhabiting 
the human gastrointestinal tract through a lifetime, 
gut microbiota may be counted as such a chronic 
environmental factor on human health. Due to the 
fact that intestinal microbiota experiments have 
been gaining attention over the years, specifically 
with the developments in Metagenomics, such as 
the advancement of next-generation sequencing 
(NGS) technologies, including 16S ribosomal RNA 
(16S rRNA) sequencing, supported researchers 
with the ability to investigate the structure of 
diverse microbial species and characterize their 
composition to understand the complex microbial 
ecology of intestinal tract [2,3]. In parallel, the 

Human Microbiome Project was initiated by the 
United States National Institutes of Health to 
classify and describe human microbial flora [4]. 

Microbiome experiments are not only designed to 
detect the taxonomic diversity of the microbiome, 
but also to consider their different effects on the 
host physiology and pathology of different diseases 
[4]. Since a large number of studies have shown 
substantial connections between various microbes 
and a variety of diseases, including inflammatory 
bowel disease (IBD), metabolic disorders, 
autoimmune diseases, neurodegenerative 
diseases, and cancer, a large number of review 
articles investigate the relationship between gut 
microbiota and these diseases [5-9]. These findings 
suggest that chronic inflammation is a promoter of 
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many of these diseases, although inflammation is a 
natural physiological response of the body to the 
infiltration of foreign pathogens, and it provides 
the required defensive response and facilitates the 
healing process for injured tissue [10,11].

It is stated that Firmicutes, Bacteroidetes, 
Proteobacteria, and Actinobacteria are the major 
bacterial phyla in the human intestine. Firmicutes 
and Actinobacteria phyla are gram-positive 
bacterias that include, respectively, lactic acid 
bacteria and Bifidobacteria, which are known as 
probiotics. On the other hand, Bacteroidetes and 
Proteobacteria phyla are Gram-negative bacteria 
that are pathogenic with lipopolysaccharides (LPS) 
on their outer membrane, therefore, they can play 
a role in infection and inflammatory processes 
[12,13]. Due to the gain or loss of certain bacteria 
or changes in the relative abundance of microbes, 
there can be an imbalance in the gut microbial 
community, which is defined as dysbiosis. Dysbiosis 
is not only shifting in the composition of microbiota, 
but also an alteration in their functions [14]. The 
occurrence of dysbiosis can lead to increased 
barrier permeability and increased inflammatory 
cytokines resulting in inflammation [15].

Probiotics, prebiotics, postbiotics, and parabiotics 
are potential treatment methods in modulation 
microbiota as well as antibiotics. Probiotics are 
living microorganisms, which their administration 
in adequate amounts provides beneficial effects on 
health [16]. Prebiotics, including inulin derivates, 
are nutrients for the probiotics so their role is to 
promote the beneficial bacteria composition. The 
recent approach in microbial therapy focuses on 
postbiotics and parabiotics. While the parabiotics 
are the inactivated cells of probiotics, postbiotics 
are the cell-free supernatants, which include a 
mixture of metabolites secreted by probiotics, 
such as short-chained fatty acids (SCFAs), enzymes, 
secreted proteins, peptides, amino acids, and 
vitamins [17].

Since the inflammatory processes of the host are 
modulated by the gut microbiota and metabolites, 
to understand those interactions is fundamental to 
devise new prevention and treatment approaches. 
In this review, we summarize the mechanisms 
through which the intestinal microbiome plays 
an important role in maintaining homeostasis or 
inducing inflammation.

Intestinal Homeostasis: A Balance Between 
Physiological and Chronic Inflammation 
The intestinal tract is one of the most complex 
areas in the human body in which a great number 
and variety of microorganisms inhabit. For this 
reason, the interactions with the microbiome and 
intestinal epithelial cells are inevitable. Exposure 
of these epithelial cells to a variety of factors, such 
as pathogenic bacteria, several toxic components, 
bacteria-derived metabolites, or other dietary 
antigens, can induce the immune system and 
inflammatory response of the host [18].

As we mentioned above before, inflammation is 
a protective response to tissue injury or infection 
by the immune system. Hence, an appropriate 
inflammatory response to pathogens is necessary 
for neutralizing their detrimental effects. On the 
other hand, this response to commensal bacteria 
should be limited as the chronic inflammation is 
related to several diseases, such as IBD. In other 
words, to establish a tolerance for beneficial 
microbiota and to evoke an immune response to 
gut pathogens is essential [10].

It is the fact that controlled immune responses 
are needed to maintain this critical balance 
between protective inflammatory and detrimental 
inflammatory processes. Thus, several mechanisms 
play a role to maintain intestinal homeostasis, which 
enables the control of inflammation by limiting 
bacterial translocation from the intestinal lumen 
into the lamina propria and other extraintestinal 
sites through the mucosal and epithelial barriers. 
Other immune components and signaling 
pathways will be explained in further sections. 
The intestinal environment during homeostasis is 
illustrated in Figure 1. 

Importance of the Mucosal and Epithelial 
Barriers to Maintain Intestinal Homeostasis
Luminal gut microbiota and intraintestinal 
immune compartments are segregated by 
intestinal epithelial cells, which provide a physical 
barrier. There is also a mucosal layer that ensures 
a biochemical barrier. Initially, the mucus layer 
provides protection for host tissue from microbiota 
by restricting the contact, limiting bacterial 
exposure, and then reducing the inflammatory 
response [19].
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Various studies using animal models have clearly 
shown that disruption of epithelial or mucosal 
barriers and then bacterial translocalization are 
keystones in the pathogenesis of inflammation in 
the gut [19,20].

Intestinal mucosa consists of the antimicrobial 
peptides, mucus, and immunoglobulin A (IgA) 
secreted or produced by goblet cells, epithelial 
cell lineages, and dendritic cells, respectively. 
Antimicrobial peptides, such as α-defensin and 
Reg3γ, are not only a component of the mucosal 
layer but also modulators to shape the composition 
of the microbiota. For example, α-defensin has 
antimicrobial properties like disrupting bacterial 
cell walls or the inner membrane by enzymatic 
attack. Secreted IgA also modulates the bacterial 
composition as well as antimicrobial peptides [21]. 

Similar to antimicrobial peptides secreted by 
host cells, some bacterial strains are also capable 
of producing antimicrobial peptides, such as 
bacteriosins [22]. Due to their antimicrobial 
properties, they ensure resistance to pathogen 
invasion to the mucus and epithelial layer.

Moreover, SCFA have also a major role in maintaining 
the integrity of the mucus layer, because of its 
properties, such as being a significant energy 
source for the colonic epithelium and maintaining 
tissue integrity [23].

How to Recognize the Bacteria and Their 
Metabolites in the Intestine
The host requires defense mechanisms to protect 
itself from pathogenic bacteria. Initially, pattern 
recognition receptors (PRR) act as a detector of 
certain molecules that are related to pathogenic 
bacteria. These molecules are referred to as 
pathogen-associated molecular patterns (PAMPs) 
that contain bacterial peptides, such as flagellin, 
bacterial nucleic acids, peptidoglycans, and 
bacterial carbohydrates, especially (LPS). Second, 
PRRs not only recognize these PAMPs, but also 
initiate the immune response and mediate cytokine 
release [24].

The two major PPRs subgroups receptor for 
recognizing the bacteria in the intestine are Toll-
like receptors (TLRs) that are membrane-bound 
and NOD-like receptors (NLRs), which take place in 
the cytoplasm. NLRs lead to the formation of multi-
protein complexes that are called inflammasomes. 

When inflammasomes are induced by bacterial 
pathogens, they activate caspase-1, and then 
it results in the secretion of proinflammatory 
cytokines, such as interleukin-1β (IL-1β) [25]. 
Besides, to recognize pathogens, inflammasomes 
also have the ability to sense commensal bacteria 
and their metabolites, thus emphasizing the 
active role of inflammasomes in host-microbiota 
interactions by sensing and responding to 
commensal and pathogenic bacteria [25].

Immune Modulation and Maintaining the 
Homeostasis Through Intestinal Microbiota
Many studies with germ-free mice provide a 
striking illustration of how microbiota can have 
an important effect on the immune modulation. 
As no microbial community inhabiting their 
intestine, a number of studies reveal that the 
T-cell differentiation is impaired in the germ-free 
mice intestine, which causes several immune 
defects [26]. Hapfelmeier et al. demonstrate that 
IgA production is decreased in these mice [27]. 
Interestingly, recolonization of these mice via the 
administration of fecal microbiota can reverse 
many of these disruptions [28,29].

IgA secretion is one of the keystones in intestinal 
homeostasis. When the bacteria sensed through 
TLRs and NLRs, it results in the production of IgA-
secreting B cell and Treg differentiation in healthy 
subjects, so IgA can neutralize the pathogenic 
bacteria. Wilmore et al. demonstrate that naive 
mice in which Proteobacteria transferred, represent 
an increase in IgA levels in their serum, so that 
highlights the composition of intestinal microbiota 
and selected bacteria are involved in the serum IgA 
concentration. Besides, following intestinal barrier 
dysfunction, serum IgA protects against lethal 
sepsis [21].

Another mechanism that inhibits intestinal 
inflammation is IL-10 production. IL-10 is an 
immunosuppressive cytokine, which is able to 
inhibits microbiota-driven proinflammatory 
cytokine release. Wu et al. showed that IL-
10 producing B cells in the intestine suppress 
excessive immune responses and sustain mucosal 
homeostasis [30]. Most studies underline that 
Treg-cells (Th1) which subsets of CD4+ T cell, 
produces IL-10 and provides mucosal homeostasis 
[31]. Several studies present that the regulation of 
intestinal homeostasis via IL-10 plays a significant 
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role in IBD prevention [31]. It is also known that 
resident intestinal microbiota enhances IL-10 
production by an increase in IL-10 producing B 
cells and subsets of CD4+ T cells [32]. All these 
studies demonstrated that IL-10 is one of the most 
important anti-inflammatory cytokines and its 
production is inducible by commensal bacteria. 
The anti-inflammatory processes thus far are 
summarized in Figure 1.

Figure 1. Overview of intestinal homeostasis: The 
mucus layer contains antimicrobial peptides and 
protects the epithelial cells from bacterial translocation. 
The CD4+ regulatory T cells (Treg) and B cells prevent 
inflammation through the release of anti-inflammatory 
cytokine IL-10 and IgA, respectively, via TLR and NLR 
signaling.

It is the fact that an enormous quantity of 
molecules is produced by intestinal microbiota 
in interaction with the host. Various studies have 
shown that many bacterial species have protective 
properties against inflammation through the 
variety of metabolites they produce. The most well-
known beneficial bacterial metabolites are SCFAs, 
such as butyrate, acetate, propionate, produced by 
bacterial fermentation of dietary fiber and resistant 
to starch [23]. Faecalibacterium prausnitzii from the 
phylum Firmicutes and Clostridium leptum from 
the family Ruminococcaceae are the most known 
member of the butyrate-producing bacteria. 
Similarly, Bifidobacterium species from the phylum 
Actinobacteria produce acetate and lactate via 
carbohydrate fermentation [23].

As well as SCFAs have been an important energy 
source for epithelial cells to maintain barrier 

integrity, they are also considered as significant 
anti-inflammatory bacterial products, since many 
studies reveal that regulatory T-cell proliferation 
is stimulated by SCFAs directly. In addition to the 
regulation of T-cell differentiation, SCFAs promotes 
the IgA-producing B-cells by activating G protein-
coupled receptor 43 (GPR43) [33]. Another 
inflammation suppressor property of SCFAs is 
promoting IL-10 production in the gut [34].

As mentioned formerly, the production of the 
antimicrobial peptide is a significant part of 
maintaining homeostasis by facilitating the mucus 
and epithelial barrier function. Zhao et al. indicate 
that in Gpr43 Knockout Mouse has impaired AMPs 
like RegIIIγ and β-defensins expression. On the 
other hand, the activation of Gpr43 by microbiota-
produced butyrate induces AMP production in 
both in vitro and in vivo models [33].

Microbiota-produced metabolites, such as 
polysaccharide A (PSA), which produced by 
Bacteroides Fragilis, have also been caused an 
increase of IL-10-producing CD4+ T cells and 
Treg cell accumulation that result in resistance 
to pathogenic bacterial colonization [35]. Hence, 
PSA expression is crucial to suppress excessive IL-
17 production and for anti-inflammatory defense 
[32,34].

Moreover, an anti-inflammatory protein, the 
microbial anti-inflammatory molecule (MAM), 
is derived from the commensal bacteria 
Faecalibacterium prausnitzii [36]. The MAM protein 
has been shown to prevent dinitrobenzene sulfonic 
acid-induced colitis in mice by inhibition of the NF-
κB pathway in epithelial cells [37]. Recently, Xu et 
al. demonstrated that MAM protein can restore 
the intestinal barrier function by regulating the 
tight junction pathways in the diabetic intestinal 
epithelial cells line [38].

Dysbiosis and Chronic Inflammation
As we mentioned before, the dominant gut 
bacterial composition of healthy individuals 
consists of Firmicutes and Bacteroidetes, followed 
by Proteobacteria and Actinobacteria [39]. Several 
clinical trials have shown that changes in bacterial 
variation, especially alteration in the ratio of 
Firmicutes to Bacteroidetes, enable to trigger 
inflammation [40]. These studies emphasize the 
balance among bacterial species is critical for 
regulating inflammation and disease progression.
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Those alterations in microbial diversity and their 
consequences as an imbalance among the microbial 
species is referred to as dysbiosis, which takes a role 
in disrupting host-microbiota homeostasis [40]. 
In healthy individuals, intestinal bacteria exhibit 
homeostatic balance in both commensal and 
potential pathogens, which prevents pathogenic 
bacterial overgrowth via colonization resistance. 
Once microbiota is altered, certain pathogens can 
take advantage, furthermore, even they can cause 
dysbiosis themselves [40].

Dysbiosis occurs due to the loss of beneficial 
bacteria, excessive growth of pathogenic bacteria, 
loss in total diversity of bacteria or, a combination 
of these phenomena [41]. There are several factors 
that have been shown in various studies that can 
cause dysbiosis, including both environmental 
factors and (epi)genetic factors [42]. Diet and 
especially the use of medications, such as 
antibiotics, participate in the onset of dysbiosis, 
just as it is caused by stress and infections [42,43]. 
Drivers of dysbiosis are illustrated in Figure 2.

Figure 2. Overview of dysbiosis drivers: Both 
environmental and genetic factors display in the 
pathology of dysbiosis.

Dysfunction in the regulation of host-intestinal 
microbiota homeostasis, that is caused by dysbiosis, 
can result in an excessive immune response to 
the intestinal microbiota, which results in chronic 
inflammation. This mechanism participates in both 
the initiation and progression of IBD, and it is also 
essential in the prognosis of this disease [44]. A 
large number of studies highlight that an intact 
epithelial barrier is vital to preserve the homeostatic 
tolerance, as the breakdown of the mucosal and 
epithelial layers of organs is the common aspect 
of microbiota-driven inflammatory diseases 
[45]. The entry of bacteria and their metabolites 

to compartments, via depleted mucus layer 
and disrupted epithelial cells, induce a chronic 
inflammatory response as resident immune cells 
are exposed to a large number of bacterial antigens. 
The overall excessive inflammatory response due 
to dysbiosis is schematized in Figure 3.

Figure 3. Overview of inflammatory response 
in the intestine: Macrophages, dendritic cells, and 
epithelial cells interact with altered microbiota and their 
metabolites via TLR and NLR signaling. The consequence 
of the depleted mucus layer and damaged epithelial 
cells by dysbiosis is the differentiation of type ILC3s, 
Th17 cells, and Th1 cells, which participate in excessive 
secretion of proinflammatory cytokines and sustain 
inflammation.

The excessive immune response via Th1 and Th17 
cells against certain bacteria has been remarked 
in a dysbiotic state. Th1 and Th17 cells are able 
to produce pro-inflammatory cytokines, such as 
tumor necrosis factor (TNF), so that they lead to 
tissue injury and then exacerbate the exposure 
to bacterial compounds by TLRs. The role of TNF 
as a proinflammatory cytokine is to stimulate the 
secretion of other proinflammatory cytokines, 
including IL-2 and IL-6, which promote chronic 
inflammation [46,47]. 

Another important cytokine is IL-6, which is capable 
of the feature proinflammatory properties and 
contributes to T cell survival. Jeon et al. reported 
that IL-6 gene expression in basophils is stimulated 
by bacterial protein flagellin through TLR5 [48]. 
Bacterial flagellin is not only a ligand for TLR5, but 
also triggers the NLRC4 inflammasome, which 
results in the activation of caspase-1 and then 
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persistent IL-1β cytokine secretion [49]. Shikama 
et al. revealed that IL-1β activation in tissues can 
be triggered by Muramyl dipeptide (MDP), which 
is a compound of the bacterial cell wall and is 
mentioned as a PAMP recognized through PRRs 
[50]. Therefore, excessive IL-1β secretion induces 
other proinflammatory cytokines, such as IL-17, by 
promoting Th17 cell differentiation [51,52].

Group 3 innate lymphoid cells (ILC3) secrete 
cytokines as a response to inflammation and 
microbial infections, such as caused by Citrobacter 
rodentium [53]. Although the ILC3s participate 
in intestinal homeostasis under physiological 
conditions, the dysregulation of them leads to 
excessive inflammatory cytokines expression, such 
as IL-17. Overexpression of these cytokines brings 
along the disruption of E-cadherin and epithelial 
cell junction, which results in increased epithelial 
cell permeability [54]. Due to the increased 
epithelial cell permeability, bacteria associated 
molecules infiltrate into the circulation, that 
means microbiota not only participates in local 
inflammation, but also able to induce inflammation 
in distant sites. Correspondingly, the LPS, which is a 
significant fragment of the Gram-negative bacterial 
cell wall, has been shown with high serum levels in 
several studies on adipose tissue inflammation [55].

Taken together, the overall knowledge has 
represented that dysbiosis, increased detrimental 
bacterial products, decreased favorable microbial 
metabolites, interrupted tissue barriers, and 
bacterial translocation cause excessive immune 
response and inflammation.

Microbiota-related Inflammation in IBD
Many various studies have reported alterations 
in the composition of gut microbiota in addition 
to increased gut permeability in IBD. Those 
alterations reveal a decrease in the number of anti-
inflammatory bacteria [56]. The changes in the 
bacterial composition in patients with IBD shown 
in Figure 4.

Macrophages, dendritic cells, and epithelial 
cells interact with altered microbiota and their 
metabolites via TLR and NLR signaling. The 
depleted mucus layer and damaged epithelial 
cells by dysbiosis, leads to differentiation of type 
ILC3s, Th17 cells, and Th1 cells, which participate in 
excessive secretion of proinflammatory cytokines 
and sustain inflammation.

Regarding to this statement, Zhu et al. remark 
the editing of the microbiota composition by 
various treatments improves the adverse effects 
of dysbiosis in a state of intestinal inflammation 
[57]. However, it is still unclear whether microbiota 
alterations in IBD are the cause or the result [58].

Microbiota-induced Inflammation as a Cancer 
Driver
Pathogens also play a crucial role in the 
pathology of several diseases by inducing 
chronic inflammation, in addition to alterations 
in the variety of commensal bacteria. As chronic 
inflammation is one of the ultimate drivers of 
certain cancers, especially colorectal cancer (CRC), 
a variety of pathogenic bacteria takes a role in 
promoting tumorigenesis in CRC. Specifically, the 
bacteria that have the ability to attach epithelial 
cells, such as Helicobacter pylori, Enterococcus spp, 
few members of the Enterobacteriaceae family, and 
some strains of Escherichia coli like Streptococcus 
bovis. All of these bacteria can trigger epithelial cell 
proliferation directly, which results in hyperplasia. 
Due to the toxins they produce, they can distort the 
epithelial barrier integrity, then cause cell damage 
and induce inflammation [44]. 

Grivennikov et al. indicated that decreased mucin 
secretion and suppressed E-cadherin expression 
cause damaged epithelial cell integrity in CRC. 
This leads to excessive Th17 cell immune response, 
which also triggers IL-23 secretion. Its secretion 
will be followed by IL-6, IL-17, and IL-22 cytokine 
production that result in aggravating both tumor 
initiation and progression [59]. Altogether, this data 
displays the crucial role of microbiota in stimulating 
pro-tumorigenic inflammation.

Figure 4. The overall alterations of bacterial composition 
in patients with IBD.
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Inflammation and Possible Role of Epigenetic 
Alterations by Microbiota
The relationship between epigenetic marks 
(DNA methylation and histone modification) 
and the gut microbial community has not been 
clarified completely thus far. Nevertheless, recent 
perspectives have proposed that epigenetic 
regulation by gut microbiota may participate in 
inflammatory processes. This notion is based on 
the mechanism that microbial metabolites are 
able to affect the activity of the enzymes, which 
regulate DNA methylation and histone acetylation 
or deacetylation [60].

Recently, Corte et al. indicated that microbiota 
derived SCFAs, butyrate and propionate, contribute 
to regulating several epigenetic enzymes in 
chromatin model alteration, such as histone 
acetylation. Moreover, it is shown that both 
butyrate and propionate reduce IL-1β secretion 
by inhibiting the transcription of the IL1β gene in 
macrophages [61]. 

Consequently, histone deacetylase (HDAC) 
inhibition by SCFAs is highlighted as the major 
component in the regulation of inflammation 
through many epigenetic studies [40]. Yet, this area 
is elusive and still unilluminated enough; therefore, 
epigenetic mechanisms need to be extensively 
studied on the basis of host-microbiota interaction.

CONCLUSION

This review covers the overall knowledge about 
intestinal microbiota associated with inflammatory 
mechanisms. These mechanisms are maintaining 
intestinal homeostasis, recognizing bacteria 
and bacteria-derived molecules, responding to 
those bacteria associated molecules, and anti-
inflammatory & pro-inflammatory processes 
subsequently, thus far.

Thanks to the advance of novel methods, especially 
NGS/16S rRNA sequencing, enables us to probe 
the bacterial diversity in the gut. In this review, 
we demonstrate that there are various microbial 

alterations occur in several inflammatory diseases, 
such as IBD, autoimmune diseases, cancer, 
metabolic diseases, and neurological disorders. 
These alterations in the microbial community 
of these diseases, include both the increase in 
pathogen bacteria and decrease in beneficial 
bacteria (e.g., butyrate-producing bacteria). 
Understanding the underlying mechanisms of 
inflammation related to microbiota alterations has 
become essential to reveal the pathophysiology 
of these complex inflammatory diseases and their 
precise treatment with anti/pro/para/postbiotics 
or fecal transplantation to maintain intestinal 
homeostasis.

Although several anti-inflammatory and pro-
inflammatory mechanisms between the host and 
microbiota are enlightened by current data, there 
is still unmet need for comprehensive research to 
clarify the exact cause and effect relationship in 
complicated inflammatory processes. Inducing 
inflammation may be both beneficial and 
detrimental due to the precise balance between 
necessary or excessive inflammatory responses, and 
vital in the personalized treatment of inflammatory 
diseases.

Therefore, these treatment methods by using 
microbiota modulation still do not have consistent 
results due to the complex intestinal environment, 
in which various microbial metabolites, genomes, 
and the variants of genomes exist together. 
Treating patients with inflammatory and metabolic 
diseases must be personalized. To discover all these 
inflammation related interactions and microbiota-
associated pathways, such as the epigenetic 
modulation mechanisms, and considering them 
in the same context together, will enable us to 
understand and devise novel treatment methods as 
well as the diagnostic and preventive approaches 
to these inflammatory and metabolic diseases. 
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