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Abstract

Purpose There are conflicting reports regarding the abundance of short-chain fatty acids producing bacteria in the gut
microbiota in patients with type 1 and type 2 diabetes. We aimed to determine the amount of Akkermansia muciniphila,
Anaerobutyricum hallii, Bifidobacterium adolescentis, Bifidobacterium longum, Collinsella aerofaciens, Faecalibacterium
prausnitzii, Lacticaseibacillus rhamnosus, and Parabacteroides distasonis in the gut microbiota in patients with typel and
type2 diabetes, compared with the healthy controls and analyze the correlation between the gene expression levels of two
short-chain fatty acids receptors GPR41 and GPR43.

Methods Forty type 1, 40 type 2 stool and blood samples of diabetes patients, and 40 healthy control samples were studied.
DNA and RNA were extracted, and bacteria were detected using a Microbial DNA qPCR Assay kit. Gene expressions were
detected with GPR41 and GPR43 primers via in-house qPCR.

Results Compared with healthy controls, B.longum and F.prausnitzii abundance were significantly decreased in patients
with typel and type2 diabetes, 4.hallii abundance was increased in patients with typel and decreased in type2 diabetes
contrarily A.muciniphila abundance was decreased in patients with typel and increased in type2 diabetes. GPR43 gene
expression was upregulated in both patients group, however GPR41 was upregulated only in patients with type2 diabetes.
Conclusions Elevated B. longum and F. prausnitzii abundances were detected in the gut microbiota of patients with typel
and type2 diabetes and compared with healthy controls. B. longum and F.prausnitzii abundances were also correlated with
the GPR43 gene expression level in typel diabetes patients. Extensive studies determining bacteria producing short-chain
fatty acids in gut microbiota, and their contribution in the pathogenesis of diabetes, are needed to understand better the
mechanism of these diseases.
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Introduction create a risk factor for secondary diseases. It is charac-
terized by hyperglycemia in patients [1]. Type 1 diabetes
Diabetes mellitus is a complex metabolic disease that can ~ mellitus (T1D) and Type 2 diabetes mellitus (T2D) are the
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main subtypes of the disease [2]. While T1D is an autoim-
mune disease that develops as a result of an autoimmune
response to pancreatic B cells, T2D is a disease associated
with the defects of insulin secretion or insulin response [3,
4]. The increased prevalence of T1D and T2D are serious
public health problems worldwide and the increase can-
not be explained by the genetic mechanism of the diseases
alone. Environmental factors such as microbiota and diet,
have also been found to be associated with the risk factors
of both T1D and T2D [5]. Short-chain fatty acids (SCFAs)
play an important role in maintaining the metabolic health.
SCFAs, such as acetate, butyrate, and propionate may con-
tribute to mucosal immunity, glucose homeostasis, and
immunomodulation by acting on tissue-specific mecha-
nisms for metabolic health [6]. G protein-coupled recep-
tor 41 (GPR41 or FFAR3: free fatty acid receptor 3) and G
protein-coupled receptor 43 (GPR43 or FFAR?2) have been
known as G protein-coupled receptors (GPCRs) that can be
expressed in different tissues and are activated by SCFAs.
These receptors are involved in the chronic inflammatory
response in many diseases such as obesity or asthma [7, 8].
Bacteria in gut microbiota such as Akkermansia muciniph-
ila, Anaerobutyricum hallii (previously Eubacterium hal-
lii), Bifidobacterium adolescentis, Bifidobacterium longum,
Collinsella aerofaciens, Faecalibacterium prausnitzii,
Lacticaseibacillus rhamnosus (previously Lactobacillus
rhamnosus), and Parabacteroides distasonis have impor-
tant biological effects in the host [9-11]. Lacticaseibacillus
and Bifidobacterium species are known as classical probi-
otics. On the other hand, Akkermansia, Faecalibacterium,
Anaerobutyricum, and Parabacteroides genera can be con-
sidered as food additives or biotherapeutics with their bio-
active metabolites [12]. Changes in the abundances of these
bacteria in the gut microbiota have been reported on many
diseases and recommended to be used as the standard strains
in fecal microbiota transplantation studies. These strains,
that spesifically selected, have been taken into consider-
ation in gut microbiome studies recently in the host due to
their anti-inflammatory properties, probiotic qualities, pro-
biotic potential or metabolite production properties such as
SCFAs.[9—11]. The aim of this study, was to determine the
amount of Akkermansia muciniphila, Anaerobutyricum hal-
lii, Bifidobacterium adolescentis, Bifidobacterium longum,
Collinsella aerofaciens, Faecalibacterium prausnitzii, Lac-
ticaseibacillus rhamnosus, and Parabacteroides distasonis
in the gut microbiota of T1D patients and T2D patients com-
pared to healthy controls (HC). We also aimed to determine
the GPR41 and GPR43 gene expression levels in the blood
samples of our cases and controls and to analyze the correla-
tion the amount of the bacteria that we studied.
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Materials and methods

Study desing and participants.

Forty patients with T1D, 40 patients with T2D, and 40
HC were included to this observational case-control study.
T1D and T2D cohorts were diagnosed according to Ameri-
can Diabetes Association (ADA) criteria [13]. Criteria for
the diagnosis of T1D and T2D were used the fasting blood
sugar (FBS) levels (= 126 mg/dL) after the not eat anything
for at least 8 h, HbAlc rate (%) (26.5%), and 2 h plasma
glucose levels during 75-gr oral glucose tolerance test
(2200 mg/dL), human anti glutamic acid decarboxylase
antibodies on the ELISA results (MyBioSource, San Diego,
CA, USA). It has been used for the diagnosis of T1D in
clinical information such as age at diagnosis (<35 years),
lower BMI (<25 kg/m2), unintentional weight loss and
ketoacidosis [13]. T2D patients consisted of newly diag-
nosed patients who had not started drug therapy yet. Ethical
approvals were obtained from the Clinical Research Ethical
Committee of Istanbul University-Cerrahpasa, Cerrahpasa
Medical Faculty (Approval numbers: 83,045,809/60,401
and 83,045,809/30,339). To prevent bias, after the patient
groups were determined, age- and sex-matched healthy con-
trols were included to our study by the matching method.
While designing the groups, individuals were checked for
the following inclusion criteria; (I) Being an adult (age > 18
years), (II) Not to have used any antibiotics and probiotics
in last one month, (III) To not have any disease other than
T1D and T2D for the patient groups, (IV) To not have any
active infection, (V) To not have any allergy history. Recent
probiotic and antibiotic use, active infection and presence
of other diseases were determined as an exclusion criteria.
The patient and control groups were selected from individu-
als with similar nutritional habits and similar economic lev-
els. Individuals with different eating habits such as being a
vegan, vegetarian or following a specific diet program such
as the dukan diet were not included to the study.

Sample collection and storage.

Stool and whole blood samples were collected from
individuals of patients and control groups admitted to the
endocrinology clinic of Istanbul University-Cerrahpasa,
Cerrahpasa Medical Faculty between January 2014 and
April 2017. All stool samples were classified to use Bristol
Stool Form Scale (BSFS) and found as Type 3—5 [14]. Stool
samples were stored in the Stool Transport and Recovery
solution (S.T.A.R. buffer) (Roche Diagnostics, Mannheim,
Germany), and whole blood samples were stored in the
PAXgene blood RNA tube (Becton-Dickinson, Franklin
Lakes, NJ) at —80 °C until the DNA and RNA extraction
respectively [15].

DNA and RNA extraction from the stool and whole blood
samples.
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DNA and RNA extraction was performed with the
Magna Pure 96 DNA/Viral NA Small volume kit and
MagNA Pure 96 Cellular RNA Large Volume Kit (Roche
Diagnostics GmBH, Mannheim, Germany) respectively
using the MagNA Pure 96 (Roche Diagnostics, Mannheim,
Germany) system according to the manufacturer’s instruc-
tions [15]. Quantitative polymerase chain reaction (QPCR or
real-time PCR) reactions for bacterial quantification and for
the detection of GPR41 and GPR43 gene expression levels
were performed in the Medical Microbiology Department
of Kirklareli University School of Medicine.

Bacterial quantification by qPCR.

The Microbial DNA gPCR assay kit (Qiagen GmbH,
Hilden, Germany) for Akkermansia muciniphila (Gene-
Globe ID: BBID00026A), Anaerobutyricum hallii (previ-
ously Eubacterium hallii) (BBID00147A), Bifidobacterium
adolescentis (BBID00063A), Bifidobacterium longum
(BBID00067A), Collinsella aerofaciens (BBID0O0118A),
Faecalibacterium prausnitzii (BBID00154A), Lactica-
seibacillus rhamnosus (previously Lactobacillus rham-
nosus) (BBID00195A), and Parabacteroides distasonis
(BBID00257A) were utilized to detect specific gut bacteria
on LightCycler 480 II system (Roche Diagnostics GmBH,
Mannheim, Germany) according to the manufacturer’s
instructions. qPCR reactions were performed in triplicate in
three different runs. Absolute quantification was done via
gPCR protocols and the amount of bacteria in the gut micro-
biota was presented as log;,copy/gr [10].

GPR41 and GPR43 gene expression levels by qPCR.

Transcriptor First Strand cDNA synthesis kit (Roche
Diagnostics, Mannheim, Germany) was used for comple-
mentary DNA (cDNA) synthesis from 50 ng of template
RNA [15]. GPR41 (Forw: GTT GGC ATC CTG GCT GTT
and Rev: CCT CTT CTT CAC CAC CGT CTA), GPR43
(Forw: CGC TAC CTG GGA GTG GCT T and Rev: CGG
CCT TCT GGG TTG AGT T) and GAPDH (Forw: TTT
GCG TCA GTG TCA TCG and Rev: TGC TCT GCC TTG
GGT AAT) primers were used to detect GPR4/ and GPR43
[16]. GAPDH gene was used as a housekeeping gene for
normalization of gene expression results of GPR4/ and
GPR43. FastStart Essential DNA Green Master kit (Roche
Diagnostics, Mannheim, Germany) was used for gPCR runs

Table 1 Demographic characteristics of studied cohorts

according to the manufacturer’s instructions. qPCR reac-
tions were performed in triplicate in three different runs.
The relative quantification analysis was used to detect
GPR41 and GPR43 gene expression levels and analyzed
by Livak and Schmittgen’s 2 2A€T (delta-delta Ct) method.
Relative ratio values were presented as GPR41 and GPR43
gene expressions [17].

Statistical analysis

Variables data were presented as mean * standard deviation.
Mann-Whitney U test and Spearman Correlation analysis
were used to perform statistical analysis using IBM SPSS
version 20.0 software (SPSS Inc., Chicago, IL). p values
below 0.05 (p<0.05) were considered statistically signifi-
cant. For Spearman’s correlation value (r,), r, < 0.25 was
evaluated as not statistically correlated, r, = 0.25-0.5 was
evaluated as a weak correlation, r, = 0.5-0.75 was evalu-
ated as a moderate correlation, r, = 0.76-0.85 was evalu-
ated as a strong correlation and r, > 0.85 was evaluated as
a very strong correlation. Only significant correlation links
(r-values) were shown.

Results

This study was conducted with 120 individuals including
40 T1D patients (20 male, 20 female), 40 T2D patients (20
male, 20 female), and 40 HC (20 male, 20 female). The mean
age of the TID, T2D, and HC groups were 31.23+£5.12,
31.83+3.53, and 31.05+4.86 years respectively and a sta-
tistically significant difference was not found between the
groups in terms of the mean age (p >0.05). The mean body
mass index (BMI) values, the mean fasting blood sugar
(FBS) levels, and the mean HbAlc rate (%) were signifi-
cantly different between the groups (Table 1). The mean
age of the male cohorts of T1D, T2D, and HC groups were
30.63+5.19, 31.77+3.65, and 30.52+4.46 years respec-
tively and the mean age of female cohorts of T1D, T2D, and
HC groups were 32.13+5.03, 31.85+3.54, and 32.15+5.64
years respectively.

Type 1 Diabetes (T1D) Type 2 Diabetes Healthy Controls p*
(T2D) (HC)

Mean SD Mean SD Mean SD T1D vs. HC T2D vs. HC T1D vs. T2D
Gender (F/M) 20/20 20/20 20/20 1,000 1,000 1,000
Age 31.23 5.12 31.83 3.53 31.05 4.86 0.996 0.448 0.451
BMI (kg/m2) 21.84 2.36 28.17 429 20.86 1.64 0.020 0.001 0.001
FBS (mg/dL) 125.03 39.63 141.43 31.55 96.88 7.66 0.001 0.001 0.001
HbAlc (%) 7.72 0.84 8.55 1.35 4.68 0.53 0.001 0.001 0.009

*Calculated with Mann Whitney U
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In the gut microbiota, the amount of A.muciniphila,
B.longum, F.prausnitzii, and P.distasonis were significantly
reduced and the amounts of C.aerofaciens and A.hallii were
significantly increased in T1D patients compared to HC.
There was no significant change in the amount of B. ado-
lescentis and L. rhamnosus in the gut microbiota of T1D
patients compared to HC (p>0.05). In the mean time, a sig-
nificant upregulation was found in the circulating GPR43
gene expression level of T1D patients compared to HC
(p<0.05). Comparing the gut microbiota of T2D patients
with HC, the amount of A.muciniphila was significantly
increased and contrarily the amount of B. adolescentis,
B. longum, (4) hallii, and Fprausnitzii were significantly
reduced (p<0.05). There was no significant change in the
amount of Pdistasonis and C.aerofaciens. Both GPR41

and GPR43 gene expression levels were significantly
upregulated in the blood of T2D patients compared to HC
(p>0.05). The amount of (B) adolescentis, A. hallii, and L.
rhamnosus were significantly increased and the amount of
A. muciniphila, F.prausnitzii, and P. distasonis were signifi-
cantly reduced in the gut microbiota of T1D patients com-
pared to T2D patients (p<0.05). In addition, GPR41 and
GPR43 gene expression levels were significantly down-
regulated in the blood of T1D patients compared to T2D
patients (p <0.05) (Table 2). The distribution of the amount
of gut bacteria and GPR gene expression levels between the
groups were shown in Figs. 1 and 2 respectively.

In T1D patients, a statistically weak positive correlation
was found between, B. adolescentis and B. longum amounts
in the gut microbiota and blood GPR4] gene expression

Table 2 Comparison of gut bacteria amount and gene expression levels between studied cohorts

Type 1 Diabetes  Type 2 Diabetes ~ Healthy Controls  p*

(T1D) (T2D) (HC)

Mean SD Mean SD Mean SD TiIDvs. HC T2Dvs.HC TI1D vs. T2D
Akkermansia muciniphila** 3.66 0.56 4.33 0.57 4.00 0.45 0.007 0.009 0.001
Anaerobutyricum hallii** 491 033 3.78 025 447 0.31  0.001 0.000 0.000
Bifidobacterium adolescentis ** 4.87 0.26  4.69 0.23 4.88 0.36  0.675 0.012 0.001
Bifidobacterium longum** 4.53 0.54 4.59 0.44 4.89 0.49  0.003 0.006 0.541
Collinsella aerofaciens** 5.38 0.77 5.27 0.72 5.08 0.71  0.047 0.186 0.551
Faecalibacterium prausnitzii** 4.51 043 4.76 0.51 5.15 0.79  0.001 0.009 0.039
Lacticaseibacillus rhamnosus **  4.99 0.20 4.81 0.23 498 0.36  0.535 0.085 0.003
Parabacteroides distasonis** 3.91 0.58 4.30 0.75 4.07 0.62  0.225 0.211 0.038
GPR41*** 1.25 025 1.53 031 1.15 023  0.087 0.000 0.001
GPR43*** 1.55 031 242 089 1.14 0.25  0.001 0.001 0.001

*Calculated with Mann Whitney U. **log,,copy/gr. ***relative ratio
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Fig. 1 The distribution of the amounts of gut bacteria between the groups
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Fig. 2 The distribution of GPR41 and GPR43 gene expression levels between the groups

levels (r=0.314, r,=0.319 respectively), also between the
amount of Fprausnitzii in the gut microbiota and the blood
GRP43 gene expression levels (1,=0.324).

A statistically weak positive link was also found between
GPR41 and GPR43 gene expression in the blood (r,=0.336)
and between the amount of B. adolescentis and B. longum
in the gut microbiota of T1D patients (r,=0.296). There was
a statistically weak negative correlation between the amount
of B. adolescentis and A.hallii (r=-0.286), B. longum and
P distasonis (1=-0,316), C.aerofaciens and F.prausnitzii
(r,=-0.319), C.aerofaciens and L. rhamnosus (r;=-0.299) in
the gut microbiota of T1D patients (Fig. 3). There was also
a statistically weak positive correlation between the FBS
and GPR43 gene expression (r,=0.266) in the blood of T1D
patients.

For T2D patients, there was a statistically weak nega-
tive correlation between the amount of C. aerofaciens in
the gut microbiota and both GPR41 (r,=-0.258) and GPR43
gene expressions (r,=-0.321) in the blood samples of T2D
patients. A statistically weak positive correlation was also
found between the amount of C. aerofaciens and the amount
of L. rhamnosus in the gut microbiota (r,=-0.375) (Fig. 4).
There was also a statistically weak positive correlation
between the FBS and GPR43 gene expression (r,=0.385),
BMI and GPR43 gene expression (1,=0.279) in the blood of
T2D patients.

Discussion

Diabetes mellitus is an important health problem. It is esti-
mated the number of cases will increase over the years
worldwide [18]. The pathogenesis of diabetes is still com-
plex and unresolved. In addition to host genetics, many fac-
tors including microorganisms, diet, and immune system
problems, have been reported to play a role in the patho-
genesis of diabetes [19]. It has been reported that specific
composition changes in the gut microbiota affect specific
mechanisms in the metabolic pathways and immune sys-
tem that may cause the development of T1D and T2D [20].
SCFAs are microbiota-derived metabolites and circulating
SCFAs are known to affect glucose metabolism in critical
tissues of diabetes patients [21]. Therefore, in our study, we
focused on the amounts of some critical SCFA-producing
bacteria in the gut microbiota of T1D and T2D cohorts and
the determination of SCFAs receptor gene expression levels
in the blood of these patients.

Leiva-Gea et al. [22] reported that the abundance of Bifi-
dobacterium and Faecalibacterium genera in the gut micro-
biota of patients with T1D decreased compared to HC. In
this study, decreases in these strains were negatively cor-
related with serum IL-1f levels. Similarly, in our study,
we found a significant decrease in these bacterial strains.
Matos et al. [23] reported that Pdistasonis was detected
only in T1D patients gut microbiota, but not detected in

@ Springer
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Akkermansia muciniphila
Anaerobutyricum hallii

Bifidobacterinum adolescenfis

Akkermansia muciniphila
Anaerobutyricum halli
Bifidobacterium adolescentis
Bifidobacterinm longrum
Collinsella aerofaciens
Faecalibacterinm pransnit;i
Lacticaseibacillus rhammnosus
Parabacteroides distasonis
GPR41
GPR43

Collinsella aerofaciens
GPR41
GPR43

Parabacteroides distasonis

Bifidobacterinm longum
Lacticaseibacillus riiammnosus

Faecalibacterinm prausnityi

Fig. 3 Correlations between SCFAs receptor genes expressions and the amount of gut bacteria in T1D patients (Only significant correlation links
(rs-values) are shown. r: Spearman correlation value. r, < 0.25 was evaluated as not statistically correlated, r, = 0.25-0.5 was evaluated as a weak
correlation, ry = 0.5-0.75 was evaluated as a moderate correlation, r, = 0.76-0.85 was evaluated as a strong correlation and r, > 0.85 was evaluated
as a very strong correlation. Yellow color: Positive weak correlation; Pink color: Negative weak correlation)

healthy controls. Additionally, researchers did not detect
any changes in the abundance of Bifidobacterium spp. in the
gut microbiota of patients with TID compared to healthy
controls, however they mentioned a significant decrease
in Lactobacillus spp. They also reported that Lactobacil-
lus spp. inhibited the invasion ability of Pdistasonis. In
our study, contradictory data was obtained compared to the
study. We found no significant change between P.distasonis
and L. rhamnosus abundance in T1D patients compared to
HC. In the correlation analysis, we did not detect any rela-
tionship between Pdistasonis and L. rhamnosus amounts.
On the other hand, in our study, a significant negative cor-
relation was found between the amounts of P.distasonis and
B. longum in the gut microbiota of the patients with T1D. It
was thought that, the difference between the results might
be about the study was conducted in pediatric patients and
the number of patients was low. Liu et al. [24] reported that

@ Springer

C.aerofaciens and A.hallii were significantly enriched but
Pdistasonis amount was significantly decreased in the gut
microbiota of T1D patients compared to HC. In this study,
the correlation between the amounts of 4. hallii and FBS was
also determined. In our study, similar results were found on
the amounts of bacteria other than Pdistasonis in the gut
microbiota of T1D patients compared to HC patients. We
also found a decrease in the amount of Pdistasonis, but this
decrease was not significant. The difference was thought to
be due to the age and BMI differences of the study groups.
Groele et al. [25] reported that no significant effect on the
beta cells (B-cells) function was observed in children newly
diagnosed with T1D and receiving L. rhamnosus. Similarly,
in the gut microbiota, no significant difference was found on
the abundance of L. rhamnosus of T1D patients compared
to HC. Bell et al. [26] reported that B. adolescentis and B.
longum amounts were correlated with HbAlc reduction in
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AEkkermansia muciniphila
Anaerobutyricum hallii

Bifidobacterinum adolescentis

Anaerobutyricrum hallii
Akkermansia muciniphila
Bifidobacterium adolescentis
Bifidobacterinm longum
Collinsella aerofuciens
Faecalibacterinm prausnityi
Lacticaseibacillis rhamnosus
Parabacteroides distasonis
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Parabacteroides distasonis
GPR41
GPR43

Fig.4 Correlations between SCFAs receptor genes expressions in blood and the amount of gut bacteria of T2D patients (Only significant correla-
tion links (rs-values) are shown. r: Spearman correlation value. r, < 0.25 was evaluated as not statistically correlated, r, = 0.25-0.5 was evaluated
as a weak correlation, ry = 0.5-0.75 was evaluated as a moderate correlation, r, = 0.76-0.85 was evaluated as a strong correlation and r, > 0.85 was
evaluated as a very strong correlation. Pink color: Negative weak correlation)

adult patients with T1D who were followed up with SCFAs
supplementation. We did not find a similar correlation for
these bacteria in our study; the fact that we couldn’t fol-
low the patients prospectively may have caused this dif-
ferent result. Similar to our results, Talukdar et al. [27]
reported elevated abundance on C.aerofaciens amounts in
the gut microbiota of patients with T1D. However, in con-
trast to our results, they reported an increased abundance on
B. longum amounts. This difference may due to the small
number of patients used in their study when compared to
our patient numbers. Fassatoui et al. [28] reported a signifi-
cantly decreased F. prausnitzii and A.muciniphila amounts
and no significantly decreased abundance of B. longum in
the gut microbiota of T1D and T2D patients compared to
HC. Similar results were seen on our study for F.prausnitzii
and A.muciniphila amounts in the gut microbiota of T2D
patients compared to the HC. However we also found a

significant decreased abundance of B. longum and B. ado-
lescentis. These differences may due to the small number of
patients used in their study. Similar to our findings, Talukdar
et al. [27] showed a decreased abundance of Fprausnitzii
and Wang et al. [29] reported a declined abundance for B.
longum in the gut microbiota of T2D patients compared to
HC. In our study, we also found elevated abundances of
A. hallii in the gut microbiota of T2D patients compared
to HC. However on the literature, a contradictory data to
our study as A. hallii treatment at db mice improved insulin
sensitivity and energy consumption was reported by Uday-
appan et al. [30].

Lé et al. [31] reported significantly increased abundance
of L. rhamnosus amounts and significantly decreased abun-
dance of B. adolescentis amounts in the gut microbiota of
T2D patients. They also showed decreased abundances of
B. longum but it was not significant. Our results for the
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B. adolescentis amounts were similar to that study. It was
thought that the opposite results were due to the patients in
that study were on medication.

GPR41 and GPR43 are known as SCFA receptors
expressed in different tissues and they are activated by
SCFAs [7, 8]. Acetate, butyrate, and propionate are the most
common SCFAs and these are also the most potent effec-
tor against GPR41 and GPR43 [7]. They are important in
the regulation of insulin secretion from pancreatic islet cells
and regulation of metabolic homeostasis [32]. It has been
reported that the GPR43 levels contributes to inflammation
by inducing M1 and M2 macrophages after stimulation by
SCFAs, and the gene expression is upregulated on obesity
and diabetes in adipose tissues. However, it has been stated
that the mechanism of GPR43-related inflammation is com-
plex [33]. Shi et al. [34] reported that GPR43 (FFAR?2) gene
expression levels were upregulated in T1D patients and
this was induced by NF«B activation. Similarly, Fang et al.
[35] showed that GPR41 and GPR43 gene expression lev-
els were increased in T2D as well. In particular, it has been
reported that GPR43 has a critical role in microorganism-
host communication [36]. Lu et al. [37] reported that SCFAs
supplementation upregulated the GPR4/ and GPR43 gene
expressions, and these upregulations were correlated with
some bacteria such as Lactobacillus spp. They also reported
that these receptors are involved in a complex inflammation
mechanism [37]. In vivo and in vitro studies on co-culture
of SCFA-producing bacteria or adding them to the diet show
that SCFA production increases in co-existence [38, 39]. In
accordance with these reports, we found some weak posi-
tive correlations in some SCFA-producing bacteria in the
gut microbiota of T1D and T2D patients in our study.

Our study has also some limitations like the inability
to define the gut microbiota profile with the metagenomic
approach, the gene expression profiles with the transcrip-
tomic approach, and the SCFAs profiles with the metabolo-
mics approach. These methods are expensive and our budget
was not enough. In addition, not measuring the amount of
SCFAs in patient and control groups was a deficiency, but it
was sufficient to show the correlation of GPR4/ and GPR43
levels which were the main SCFAs receptors.

In conclusion, it was determined that there were simi-
lar signatures on the abundance changes of B. longum and
FEprausnitzii strains in the gut microbiota of T1D and T2D
patients. In particular, these compositional changes were
also found to be correlated with the GPR43 gene expression
levels in the blood of T1D patients. The increase abundances
of C.aerofaciens in the gut microbiota of patients with T2D
was correlated with GPR43 gene expression upregulation
in the blood. Diabetes is a complex metabolic disease and it
is clear that this complex mechanism also exists in terms of
the host-microorganism relationship. It has been concluded

@ Springer

that there were changes in the composition of SCFAs-pro-
ducing microorganisms with probiotic properties or probi-
otic potential and these changes also affected the circulating
SCFA receptors and contributed to the inflammation that
causes diabetes. To understand the mechanism of these dis-
eases, it is necessary to carry out comprehensive studies that
determine the contribution of SCFAs-producing microor-
ganisms in the gut microbiota.
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