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Imbalance of Fecal Microbiota at Newly Diagnosed Type 1
Diabetes in Chinese Children

Cui-Juan Qi, Qian Zhang, Miao Yu, Jian-Ping Xu, Jia Zheng, Tong Wang, Xin-Hua Xiao

Department of Endocrinology, Key Laboratory of Endocrinology, Ministry of Health, Peking Union Medical College Hospital, Diabetes Research Center of Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 100730, China

Background: Recent studies have indicated that an imbalance of gut microbiota is associated with the development of type 1 diabetes
mellitus (T1DM) and there is no literature regarding it in Chinese children yet. The aim of this study was to evaluate the alteration of gut
microbiota between children with newly diagnosed T1DM and healthy controls and to determine if gut microbiota could partly explain
the etiology of this disease.

Methods: A case-control study was carried out with 15 children with TIDM and 15 healthy children. The fecal bacteria composition was
investigated by high-throughput sequencing of the V3—V4 region of the 16S rDNA gene and analyzed by the estimators of community
richness (Chao) indexes.

Results: There was a notable lower richness of fecal bacteria in T1DM group than controls (156.53 +36.96 vs. 130.0 + 32.85, P=0.047).
At the genus level, the composition of Blautia was increased in T1DM group than control group whereas the composition of Haemophilus,
Lachnospira, Dialister, and Acidaminococcus was decreased. In addition, we found that the percentage of Blautia was correlated positively
with HbAlc (p = 0.40, P = 0.031), the numbers of T1DM autoantibodies (p = 0.42, P = 0.023), and the titers of tyrosine phosphatase
autoantibodies (IA-2) (p =0.82, P =0.000) in the study.

Conclusions: This study showed that gut microbiota was associated with the development of T1DM by affecting the autoimmunity, and
the results suggested a potential therapy for TIDM via modulating the gut microbiota.
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microbiota, as another environmental factor currently under
study, might also play a role in TIDM.

INTRODUCTION

Type 1 diabetes mellitus (T1DM), characterized by
beta-cells destruction and insulin deficiency, is one of the
most common autoimmune diseases in childhood that leads

Gut microbiota, habitating in human intestinal tract,
comprises a total genome that is near 150 times more

to significant burden and mental problems.[!! In addition,
the worldwide prevalence of TIDM keeps increasing in
recent years. The overall increase rate in Europe is about
3%—4% per annum, and the incidence is anticipated to
double by 2020.) However, the pathogenesis of TIDM
has not been clearly understood yet. Nowadays, it has been
acknowledged that TIDM is not only caused by genetic
susceptibilities, such as human leukocyte antigen DRB/ and
DQBI alleles, but also more importantly by environmental
factors, because the increasing incidence might not be
explained only by host genetic factors. Reports have
shown that lack of breastfeeding and viral infections would
contribute to the development of TIDM.™! The intestinal
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than the human genome.[®) Recently, it has been proven
that gut microbiota plays an important role in regulating
metabolic functions and is associated with many diseases
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such as obesity, insulin resistance, autoimmune diseases,
and tumor.l”! The study in nonobese diabetic mice and
biobreeding diabetes-prone rats indicated that sterile rats
had a higher incidence of insulitis and worse beta-cell
function®™ while the intervention of antibiotics and
probiotics appeared to have preventive role on the onset of
diabetes.!'"™ Clinical studies found that the gut microbiota
composition was different between TIDM children and
healthy controls, in terms of the ratio of phylum Firmicutes
to Bacteroides decreased.['''? However, there are no such
data in Chinese children with TIDM. The aim of this study
was to investigate whether there is an alteration of structure
of the gut microbiota at newly diagnosed T1DM patients
in Chinese population.

MetHops
Study participants

In this case-control study, a total of 15 patients with
T1DM (aged 11.4 £ 3.0 years) were enrolled from Peking
Union Medical College Hospital between September
2014 to June 2015. TIDM cases were newly diagnosed
(<6 months), according to the criteria of the American
Diabetes Association!'! and the presence of at least one of
the persistent, confirmed anti-islet autoantibodies including
insulin (IAA), islet cell autoantibodies (ICA), glutamic
acid decarboxylase autoantibodies (GAD), and tyrosine
phosphatase autoantibodies (IA-2). In addition, 15 healthy
controls were tested all T1DM autoantibody-negative, and
they were matched to T1DM patients with age, gender, race,
mode of delivery, and duration of breastfeeding. The study
participants were excluded if they had one of the following
conditions: acute or chronic inflammatory diseases or
infectious diseases, chronic gastrointestinal disease
such as diarrhea and constipation, receiving antibiotic
treatment within 3 months before enrollment or receiving
other treatments including probiotics and prebiotics. The
parents of the patients and healthy controls were required
to complete a questionnaire containing the following data:
health status, lifestyle aspects (such as living environment
and physical activity), and dietary habit. Informed written
consent was obtained from all participants and their
guardians, and the sampling and experimental processes
were performed with the approval of the Institutional
Review Board and Ethics Committee of Peking Union
Medical College Hospital.

Anthropometric measurement and laboratory
measurements

Body weight and height were measured according to
standardized procedures. Serum glucose, cholesterol, and
triglycerides were measured using a standard enzymatic
method (Randox Laboratories Ltd., Antrim, UK). HbAlc
was measured using high-pressure liquid ion-exchange
chromatography. The quantitative detection of autoantibodies
to islet cell antigens was performed using the Elisa kit
(Biomerica, USA).

Microbial diversity analysis

DNA extraction and polymerase chain reaction
amplification

Fresh fecal samples were immediately frozen at —80°C
after collection and kept until use. Microbial DNA was
extracted from stool samples using the E.Z.N.A.*"DNA
Kit (Omega Bio-Tek, Norcross, GA, USA) according
to the manufacturer’s protocols. The V3—V4 region of
the bacteria 16S ribosomal RNA gene was amplified by
polymerase chain reaction (PCR) (95°C for 2 min, followed
by 25 cycles at 95°C for 30 s, 55°C for 30 s, and 72°C
for 30 s and a final extension at 72°C for 5 min) using
primers 515F (5’-GTGCCAGCMGCCGCGG-3’) and
907R (5’-CCGTCAATTCMTTTRAGTTT-3). A unique
8 bp barcode sequence was attached to each sample.
PCR reactions were performed in triplicate 20 pl mixture
containing 4 wl of 5 x Fast-Pfu buffer, 2 ul of 2.5 mmol/L
dNTPs, 0.8 ul of each primer (5 umol/L), 0.4 pl of Fast-Pfu
polymerase, and 10 ng of template DNA.

lllumina MiSeq sequencing

Amplification products were extracted from 2%
agarose gels and purified using the AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City, CA,
USA) according to the manufacturer’s instructions
and quantified using QuantiFluor™ ST (Promega,
USA). Purified products were pooled in equimolar and
paired-end sequenced (2 x 250) on an Illumina MiSeq
platform (Illumina Inc., USA) according to the standard
protocols.

Bioinformatic analysis

All raw reads were screened according to barcode and
primer sequences, using Quantitative Insights Into
Microbial Ecology (QIIME, version 1.17). The 250 bp
reads were truncated at any site receiving an average
quality score <20 over a 10 bp sliding window, abandon
the truncated reads that were shorter than 50 bp. Sequences
shorter than 10 bp, containing ambiguous characters,
or containing more than two nucleotide mismatches in
primer matching were removed. Operational taxonomic
units (OTUs) were clustered with 97% similarity cutoff
using UPARSE (version 7.1; http://driveS.com/uparse/),
and chimeric sequences were identified and removed using
UCHIME. The phylogenetic affiliation of each 16S rRNA
gene sequence was analyzed by RDP Classifier (http://
rdp.cme.msu.edu/) against the silva (SSU117) 16S rRNA
database using confidence threshold of 70%.!3) Unweighted
UniFrac distance metrics analysis was performed using
OTUs for each sample, and principal component (PC)
analysis and principal coordinates analysis (PCoA) were
conducted according to the matrix of distance.l'¥ Linear
discriminant analysis (LDA) effect size (LEfSe) was used
to elucidate the differences of bacterial taxa. The LDA
score >2 was considered to be important contributors to
the model,!™ and LEfSe was used online in the Galaxy
workflow framework (http://huttenhower.sph.harvard.edu/
galaxy/root?tool id = lefse_upload).
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Statistical analysis

The data were expressed as mean * standard
deviation (SD). The statistical analysis was performed
with SPSS 17.0 (SPSS Inc., Chicago, IL, USA). Statistical
analyses of anthropometric measurements and biochemical
variables were performed with Student’s #-test. The Mann-
Whitney U-test was used to check changes in bacterial
composition between the two groups. The Spearman’s
correlation coefficient was calculated to estimate the linear
correlations between variables. Statistical significance was
setat P <0.05.

ResuLts

Clinical characteristics and anthropometric
measurements

The clinical characteristics and anthropometric measurements
are shown in Table 1. There were 11 children with more than
two positive autoantibodies in the TIDM group whereas
there was no positive autoantibody in healthy controls.
The levels of glucose and HbA 1c were significantly higher
in children with TIDM than healthy controls. No other
significant differences were found between the two groups
in the anthropometric and biochemical variables. In addition,
the subjects of the two groups showed similar pattern in the
breastfeeding time and delivery mode.

Characteristics of sequencing results

A total of 402,857 high-quality sequences were produced
in this study, with an average of 13,428 sequences per
sample [Table 2]. The good’s coverage of each group was
over 97%, indicating that the 16S rDNA sequences identified
in the groups represented the majority of bacteria appeared
in the samples of this study. The OTUs, the estimators
of community richness (Chao) and diversity (Shannon),
are shown in Table 2. There was a statistically significant
difference of Chao indexes (156.53 +36.96 vs. 130.00+32.85,
P =0.047) between healthy controls and T1DM patients,

demonstrating that the notably lower richness of gut
microbiota found in TIDM children.

Principal coordinates analysis between two groups

To compare the overall microbiota structure of the two groups,
the unweighted UniFrac distance matrix was calculated
based on the OTUs of each sample. The PCoA plots based
on distance revealed a significant separate clustering in
microbiota structure between two groups. The results were
demonstrated by the first PC1 and the third PC3, accounting
for 43.11% and 10.18% of total variations [Figure 1].

Microbial structures and the differences of phyla
between two groups

The major taxa explaining the alteration of microbiota
structure were not reflected at the phyla but at the genus
and species level. Dominant phyla were Bacteroidetes and
Firmicutes, followed by Proteobacteria and Actinobacteria,
with no differences between groups (P > 0.05), and the
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Figure 1: Principal coordinate analysis plots based on unweighted
UniFrac metrics in controls (C) and type 1 diabetes mellitus (D)
children (7 = 15 in each group).

Table 1: Clinical characteristics and anthropometric measurements of all participants in this study

Items Controls (n = 15) T1DM group (n = 15) t P
Age (years), mean + SD 10.5+1.5 11.4+£3.0 —-1.153 0.259
Male/female, n 8/7 8/7 -
Cesarean section/vaginal delivery, n 5/10 6/9 -
BMI (kg/m?), mean + SD 17.57 +£2.96 17.82+3.07 —0.236 0.815
Birth weight (kg), mean + SD 3.50 +0.43 3.60 +0.61 —0.598 0.555
Age of onset (years), mean + SD - 10.93 +3.03 -
Glucose (mmol/L), mean = SD 4.65+0.50 8.82 £2.61 —6.604 0.000
HbAlc (%), mean + SD 5.25+0.28 9.58 £1.78 —9.279 0.000
Triglycerides (mmol/L), mean + SD 0.87 £0.60 0.65+0.23 1.309 0.201
Cholesterol (mmol/L), mean £+ SD 3.71 £0.46 4.13+£0.85 -1.716 0.097
Breast feeding (months), mean + SD 7.60 +3.26 7.87+2.39 —0.255 0.800
Numbers of autoantibodies, n
One — 4 -
Two — 4 -
Three — 5 -
Four - 2 -

T1DM: Type 1 diabetes mellitus; SD:

Standard deviation; BMI: Body mass index; —: Not applicable; HbAlc: Glycated hemoglobin.
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ratio of Bacteroidetes/Firmicutes was not significantly
different between the two groups [Figure 2]. A cladogram
representation of the microbiota structure of the two
groups and their predominant bacteria was performed by
LEfSe [Figure 3], showing significantly higher level of
Blautia in TIDM group, whereas the levels of Haemophilus,
Lachnospira, Intestinimonas, Dialister, Micrococcales,
Pasteurellaceae, and Caulobacterales were remarkable
lower than those in control group. The specific phyla
differences are shown in Figure 3b and Table 3.

Variation in the microbiota associated with clinical
parameters and autoimmunity

Correlation analyses between relative abundance (%) of
Blautia sequences and HbAlc, the numbers of TIDM
autoantibodies, and the titers of IA-2 were performed using
Spearman’s correlation coefficient analysis. It is indicated
that the percentage of Blautia were positively associated
with HbAlc [p =0.40, P = 0.031; Figure 4], as well as
had a positive correlation with the numbers of TIDM
autoantibodies [p =0.42, P =0.023; Figure 5] and the titers
of IA-2 [p =0.82, P =0.000; Figure 6].

Discussion

In recent years, increasing evidence indicated that the gut
microbiota, as an environmental factor, plays an important

Table 2: Summary of pyrosequencing data in this study,
mean += SD

ltems Controls T1DM group t P
(n =15) (n =15)

Sequences 13,566 £2369 13,291 +2253 0306  0.762

OTUs 132.60£32.29  121.53+£36.06  0.885  0.383

Chao 156.53+36.96  130.00+32.85  2.078  0.047

Shannon 2.68+0.73 2.81+0.72 -0.515  0.610

Chao represents the richness, and Shannon represents diversity of
microbiome. SD: Standard deviation; TIDM: Type 1 diabetes mellitus;
OTU: Operational taxonomic unit.
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Figure 2: Relative abundance (%) of fecal microbiota in each sample
at the phylum level (n = 15 in each group). C: Controls; D: Type 1
diabetes mellitus children.
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role in the development of T1DM. The intestinal microbiota,
which was regarded as a vital human organ, is affected by
various factors in the forming process.!'®!” The mode of
delivery at birth, the duration of breastfeeding, and early
feeding in infancy with complex dietary proteins such as
cow’s milk proteins can participate in the development of
gut microbiota and beta-cell autoimmunity.l'*'”] To better
understand the relationship between gut microbiota and
T1DM, we excluded the potential interference factors such
as delivery mode and breastfeeding duration, and matched
patients and controls with age, gender, race, and dietary
habits.

Our results showed that the richness of gut microbiota
was significantly lower in TIDM children than that in
healthy controls. Giongo et al.?® reported that children
with autoimmune disorders possessed microbiota with
lower diversity and stability. The microbiota structure was
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Figure 3: (a) Taxonomic representation of statistically and biologically
consistent differences between control and type 1 diabetes mellitus
(T1DM) groups. Differences are represented by the color of the most
abundant class (red: T1IDM group; yellow: nonsignificant; and green:
control group). The diameter of each circle is proportional to the taxon’s
abundance. (b) Histogram of the linear discriminant analysis scores
for differentially abundant genera. Linear discriminant analysis scores
were calculated by linear discriminant analysis effect size, which is a
metagenome analysis approach, using the linear discriminant analysis
to assess effect size of each differentially abundant taxon or operational
taxonomic unit. Moreover, before this, the differentially abundant taxons
were found out by the Mann-Whitney U-test; the cladogram is displayed
according to effect size.

.Chinese Medical Journal | June 5,2016 | Volume 129 | Issue 11

1301




c L L] L] ] |}
S & & & & 8

Blautia (%)

Figure 4: Correlation analyses between relative abundance (%)
of Blautia sequences and HbA1c, using Spearman’s correlation
analyses (n = 30). HbA1c: Glycated hemoglobin.

Table 3: The phylotypes with significant different
between control and TIDM groups (%)

Taxonomic rank  Control group T1DM group z P

(n = 15) (n = 15)
Order
Pasteurellales 0.479 0.175 -2.616 0.009
Caulobacterales 0.019 0.002 —2.506 0.012
Family
Pasteurellaceae 0.471 0.173 -2.616 0.010
Micrococcales 0.007 0.006 -1.211 0.026
Genus
Blautia 0.843 2.270 1.776  0.043
Haemophilus 0.479 0.175 —2.616 0.009
Lachnospira 0.761 0.300 —2.511 0.012
Dialister 0.772 0.063 -2.617 0.009
Acidaminococcus 0.000 0.071 —2.015 0.035
Species
Intestinimonas 0.019 0.004 —1.666 0.048

Statistical analysis was performed by Mann-Whitney U-test. The data in
two groups were relative abundance (%) of all sequences. TIDM: Type 1
diabetes mellitus.

remarkably different between the two groups, especially the
Blautia had an obvious increasing in the TIDM children,
whereas the proportion of Haemophilus, Lachnospira,
Pasteurellales, Pasteurellaceae, Intestinimonas,
Micrococcales, Dialister, and Caulobacterales was
decreased. As we know, the phylum Firmicutes is the
dominant phyla of intestinal microbiota in healthy people.
In the previous studies, the level of Firmicutes and the
ratio of Firmicutes to Bacteroidetes were decreased in
T1DM children.['>?11 Although no significant difference
was found in the phylum level in this study, some
phyla belonging to the Firmicutes such as Lachnospira,
Dialister, Intestinimonas, and Caulobacterales in the
genus or species level were reduced apparently, indicating
that the alterations of Firmicutes were involved in the

p =042
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Figure 5: Correlation analyses between relative abundance (%) of
Blautia sequences and the number of type 1 diabetes mellitus (T1DM)
autoantibodies, using Spearman’s correlation analyses (7 = 30).

development of TIDM. In addition, Intestinimonas, a
newly isolated Gram-positive and anaerobic bacteria,
which mainly transforms undigested carbohydrates into
butyrate in intestine,??! was decreased dramatically in
the present study. It was reported that butyrate plays
a vital role in maintaining intestinal mucosa integrity
and intestinal epithelial cell growth.?3! The reduction
of butyrate might contribute to TIDM development by
thinning the mucus layer, affecting the tight junction, and
consequently increasing gut permeability and exacerbating
inflammation. Therefore, the decrease of Intestinimonas
might be an indication of the potential impairment of
intestinal hemostasis and the autoimmune imbalance
preceding to TIDM.

In addition, we found that the relative abundance of Blautia
was positively correlated with HbA 1c, as well as the number
of TIDM autoantibodies and the titers of 1A-2. Blautia,
belongs to the order Clostridiales and phylum Firmicutes, had
the function of transforming the undigested carbohydrates and
proteins into acetic acid, which could produce energy for the
human body.¥ It has no harmful effects on normal abundance
of Blautia in human. However, lots of studies showed that the
abundance of Blautia was increased in many diseases such as
irritable bowel syndrome, nonalcoholic fatty liver diseases,
and Crohn’s disease. In particular, Kostic et al.*! reported
that the abundance of Blautia was positively associated with
serum lipid and glucose in the TIDM infants, which was in
consistent with our present study. Several studies showed
that some phyla of microbiota may involve in regulating the
immune responses, leading to the imbalance of autoreactive
effector T-cells (Teffs) and regular T-cells (Tregs), which
might be the main mechanism in the autoimmunity of
T1DM. Ather et al.? reported that segmented filamentous
bacteria can promote the differentiation of Th17, resulting
in the increase of immune response. However, Bacteroides
fragilis and Bifidobacterium might induce the development
of Tregs, which could suppress immune response by means
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Figure 6: Correlation analyses between relative abundance (%) of
Blautia sequences and the titers of IA-2, using Spearman’s correlation
analyses (7 = 15). IA-2: Tyrosine phosphatase autoantibodies.

of secreting cytokines interleukin-10.2" These studies
suggested that gut microbiota has a potency of regulating
T-cell differentiation. Therefore, we inferred that Blautia
might influence the development of TIDM by means of
regulating the autoimmunity.

The results of this study showed that there was a significant
imbalance of gut microbiota at the newly diagnosed
T1DM children in Chinese population and the variation
of microbiota was correlated with the autoimmunity of
T1DM. However, there were some limitations in our study.
First, because China is a vast country, the pattern of gut
microbiota in Chinese population might vary a lot due to
different geographic factors. The result of our study, in
which the participants were all from northern areas, could
not reflect the whole picture of gut microbiota all over China.
It should be confirmed by larger sample and multicenter
cohort studies in future. Second, stool samples were not
collected within one season, the climatic variation could
have an effect on analyzing the results. Third, the alteration
in amount and/or function of T-cell subsets needs further
investigation to confirm the relationship between imbalance
of immune activities and gut microbiota changes. Despite
these limitations, our present study was very meaningful to
explore the potential mechanism of gut microbiota in the
development of TIDM. Our following work is to enlarge
the sample pool and determine whether T-cells are regulated
by gut microbiota in TIDM patients.

In summary, our study showed that gut microbiota was
associated with the development of TIDM by affecting the
autoimmunity, and the result suggested a potential therapy
for TIDM via modulating the gut microbiota.
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