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Gut microbiota shifts in p
atients with gastric
cancer in perioperative period
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Abstract
Gastric cancer (GC) is one of the common malignant tumors in China, with a high morbidity and mortality. With the development and
application of high-throughput sequencing technologies and metagenomics, a great quantity of studies have shown that
gastrointestinal microbiota is closely related to digestive system diseases. Although some studies have reported the effect of long-
term follow-up after subtotal gastrectomy on intestinal flora changes in patients with GC. However, the features of gut microbiota and
their shifts in patients with GC in perioperative period remain unclear.
This study was designed to characterize fecal microbiota shifts of the patients with GC before and after the radical distal

gastrectomy (RDG) during their hospital staying periods. Furthermore, fecal microbiota was also compared between the GC patients
and healthy individuals.
Patients who were diagnosed with advanced gastric adenocarcinoma at distal stomach were enrolled in the study. The bacterial

burden within fecal samples was determined using quantitative polymerase chain reaction. To analyze the diversity and composition
of gut microbiota from fecal DNA of 20 GC patients and 22 healthy controls, amplicons of the 16S rRNA gene from all subjects were
pyrosequenced. To study gut microbiota shifts, the fecal microbiota from 6 GC patients before and after RDG was detected and
subsequently analyzed. Short-chain fatty acids were also detected by chromatography spectrometer in these 6 GC patients.
RDG had a moderate effect on bacterial richness and evenness, but had pronounced effects on the composition of postoperative

gut microbiota compared with preoperative group. The relative abundances of genera Akkermansia, Esherichia/Shigella,
Lactobacillus, andDialisterwere significant changed in perioperative period. Remarkably, higher abundances of Escherichia/Shigella,
Veillonella, and Clostridium XVIII and lower abundances of Bacteroides were observed in gut microbiota of overall GC patients
compared to healthy controls.
This study is the first study to characterize the altered gut microbiota within fecal samples from GC patients during perioperative

period, and provide a new insights on such microbial perturbations as a potential effector of perioperative period phenotype. Further
research must validate these discoveries and may evaluate targeted microbiota shifts to improve outcomes in GC patients.

Abbreviations: BII = billroth II anastomosis, FID = flame ionization detector, GC = gastric cancer, GCS = gas chromatography
spectrometer, GI= gastrointestinal, HC= healthy control, LDA= linear discriminant analysis, OTU= operational taxonomic unit, PCR
= polymerase chain reaction, RDG = radical distal gastrectomy, RYGJ = Roux-en-Y gastrojejuno anastomosis, SCFA = short-chain
fatty acids.
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1. Introduction

Gastric cancer (GC) is a global health issue and is the secondmost
common cause of cancer-related deaths in China.[1] Surgical
excision including proximal, distal, and total gastrectomy with
extended lymph node dissection is the leading curative treatment
for GC by now. Radical distal gastrectomy (RDG), a standard
surgical treatment for middle or lower-third GC, was identified to
have better outcomes as compared with total gastretomy.[2]

The human gastrointestinal (GI) tract harbors as many as 1014

microorganisms.[3] These organisms play numerous beneficial
roles, including immune system maturation, protection against
pathogens, the digestion of complex carbohydrates, and the
degradation of toxic substances. As part of the human GI tract,
phyla Proteobacteria, Firmicutes, Bacteroidetes, Fusobacteria,
and Actinobacteria are predominant in gastric microbiota,
although there is considerable variation in the most abundant
bacteria between individuals.[4,5]

Mounting evidence from clinical studies has shown major
changes in human microbiota after cancer surgery,[6–8] while
these shifts were not consistent between studies. This is likely due
to differences in objects and samples. Fecal specimens represent
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an accessible source for investigating the gut microbiota. Culture-
derived based approach fail to identify the majority of microbial
structure and diversity from stool samples.[9] Rapid and reliable
gut microbiome analysis with next generation sequencing has
been allowed by technical progress of the last decades. Studies
based on 16S rRNA gene sequence analysis in stool samples have
revealed enrichment and depletion of certain bacterial taxa after
surgery in patients with colorectal cancer.[8,10]

Although effects of gastrectomy (mainly bariatric surgery) on
gut microbiota,[11,12] and gastric microbiota alteration in GC
patients after subtotal gastrectomy with long-term follow-up
were reported.[7] However, gut microbiota changes in patients
with GC in perioperative period are not completely understood.
The clinic exposure, including antibiotics, dietary, anxiety, and
nosocomial pathogens may influence the gut microbiota during
perioperative period. In the case of GC patients, the gut
microbiota may be further impacted by digestive reconstruction
and tumor burden reduction.
The perioperative timeframe is regarded as a window of

opportunity for determining long term cancer outcomes. Gut
microbiota is related not only to the carcinogenesis of GI tract
cancer but also to chemotherapeutic responsiveness postopera-
tive outcomes.[8,13] Moreover, tissue samples are generally
inaccessible after surgery in short term. Thus, whether noninva-
sive fecal samples can be a “barometer” for the gut microbiota of
GC patients during perioperative period?
The major aim of this study was designed to characterize the

gut microbiota shifts of the GC patients undergoing RDG. In an
attempt to provide a normative reference, composition and
diversity of gut microbiota were also compared between the GC
patients and healthy controls (HCs). Confirming past studies,[14]

Short-chain fatty acids (SCFAs) are key end-productions of
bacterial fermentation and serve as a primary metabolic substrate
for colonocytes. In order to understand how the microbiome
shifts may affect nutrition, SCFA was also assessed before and
after RDG. This study may provide clues for further strategies to
improve postoperative outcomes, may include interventions
to modify the microbiota, dietary modification or fecal
transplantation.
2. Materials and methods

2.1. Study population

The study was carried out on fecal samples collected from 20 GC
patients. The average age of the patients was 52.3±11.2 years.
All participants were selected from among those who underwent
endoscopy in our hospital from September 2017 to July 2018. A
written informed consent was obtained from all the participants
and the study protocol was approved by the Ethical Committee of
the First Affiliated Hospital of Zhejiang University (Zhejiang
China). Tominimize the potential influence on the microbiota, all
patients enrolled had not received antibiotics, H2 receptor
antagonists, proton pump inhibitors and probiotics 1 month
before sample collection. Patients who had received radiothera-
py, chemotherapy, or/and prior surgery were excluded. Those
with endoscopic findings of peptic ulcer, tumor rupture, and
hemorrhage, or pyloric obstruction were excluded from this
study. For the enrollment of patients with GC, only those with an
endoscopic finding of noncardia cancer were included. Histolog-
ically, these 20 GC cases consisted of 13 intestinal-type and 7
diffuse-type cancer.
2

22 HCs with a mean age of 53.4 years were recruited from the
Department of Health Examination Center, First Affiliated
Hospital of Zhejiang University. These participants were enrolled
as HCs and received no antibiotics for 4 weeks before the study.
After having written informed consent, HCs were asked to
provide fecal samples to us. Moreover, GC patients and HCs
were of Chinese origin.
2.2. Stool sample collection

TwentyGCpatients and22HCsparticipated in the studyprovided
stool samples at the last week before the operation in hospital.
Postoperatively, stoolswere collected immediately after evacuation
beginning 7 days or more. At the end of collection, a total of 48
fecal samples (22 from HCs, 20 from GC patients before surgery,
and 6 from GC patients after surgery) were harvested from GC
patients and HCs. Fecal samples were collected in sterile bowls, 1
spoon of stool specimen was transferred to the container, and
immediately taken to laboratory, followed by immediate freezing
at �80°C until DNA extraction.
2.3. DNA extraction

Totally, fecal samples, consisting of 200mg, were collected from
all subjects. Microbial DNA from the fecal samples was extracted
by E.Z.N.A Stool DNA Kit (Omega, Norcross, GA) according to
the manufacturer’s instruction. Briefly, the fecal pellets were first
homogenized in lysis buffer and nucleic acids were precipitated
with isopropanol. The extracted DNA was quantified by the
NanoDrop 2000UV-vis spectrophotometer (Thermo Scientific,
Wilmington), and the integrity of the extracted DNA from fecal
samples was checked using agarose gel electrophoresis. The
extracted DNA was stored at �20°C.

2.4. High-throughput sequencing and bioinformatics
analyses

The extracted microbial DNA was processed through polymerase
chain reaction (PCR) amplification, purification, and recovery,
then quantified by the Qubit 2.0 DNA Assay Kit (Thermo
Scientific), followed the same volume of 1:1 mixed for sequencing.
The original image file from IlluminaMiseqwas converted into the
original reads byCASAVAbase-recognition analysis. Each sample
was identified and distinguished according to the barcode-labelled
sequence. During the PCR reaction, some chimeras were basically
generated due to incomplete extension and also produced some
non-specific amplification. Hence, USEARCH Version 8.1 (http://
www.drive5.com/) was used to remove non-amplified sequences,
followed by error correction, whereas UCHIME Version 4.2
(http://www.drive5.com/) was used to detect chimeras.[15] Subse-
quently, the chimera-deleted sequences were basic local alignment
search tool aligned with representative sequences form database.
The sequences based on the distance had a clustering structure, so
they could be divided into an operational taxonomic unit (OTU)
according to the 97% similarities. According to Bergey’s
taxonomy, the result was performed with USEARCH into an
OUT table, which was used for downstream analysis.[16]
2.5. Determination of SCFA in stool

SCFAs concentration in stool was measured by gas chromatog-
raphy spectrometer (GCS) (7890B Plus GC System, Agilent,
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California). Briefly, 100mg of dry fecal sample was put in a 10
mL centrifuge tube and gently suspended in 1.6mL deionized
water. 0.4mL 50% H2SO4 and 2mL diethyl ether were then
mixed with an orbital shaker for 45minutes before centrifuging
at 3000rpm for 5minutes at room temperature. 10mg anhydrous
CaCl2 was added to remove residual water for collecting
supernatant. Finally, 2mL supernatant was analyzed by injection
in the GCS. Gas chromatography analysis was carried out using
Agilent 7890B GCS fitted with a flame ionization detector (FID).
GCS column (ZB-FFAP, Phenomenex, California) of 30m�0.32
mm�0.25mmwas used. Nitrogen was supplied as the carrier gas
at a flow rate of 1.69mL/min in non-split mode (injector
temperature at 250°C). The initial oven temperature was 100°C
for 2minutes, and then rose at a rate of 8°C/min to 240°C before
upholding there for 10minutes. The temperatures of the FID and
injection port were 350°C. SCFAs was quantified by an external
standard method using the mix standard solution of acetic,
propionic, butyric, and valeric acids.
2.6. Statistical analysis

Gut microbiota community diversity and richness were analyzed
using the R Microbiome Package and R 3.4 software (https://
www.r-project.org/),[17] including abundance-based coverage
estimator (ACE), Chao1 estimator, Shannon, and Simpson
indices. Beta diversity was estimated and visualized by principal
component analysis (PCA) plots by QIIME Version 1.8 (http://
qiime.org/install/index.html).[18] Linear discriminant analysis
(LDA) effect size (LEfSe, with a=0.05, Kruskal–Wallis and
Wilcoxon tests; http://huttenhower.sph.harvard.edu/galaxy) was
used to identify significant differences in relative abundances of
gut microbiota. The LDA value threshold was set at 3.5. SPSS
Version 21.0 (IBM, New York) and Prism Version 6.0 (Graph-
Pad Software) was used for statistical analyses and graph
production. The categorical data were compared by the Chi-
square or Fisher exact test, and the continuous data were
analyzed by Student t test or nonparametric rank test. The P-
value of less than .05 was considered to be significant.
3. Results

3.1. Collection of 16S results

After quality control, an average 7892 sequences per barcoded
sample was recovered for downstream analysis. The unique
number of OTUs for samples from GC patients (GC group, n=
20) was 215, and 193 OTUs for HCs (HC group=22). As shown
in the rarefraction curves in Supplementary Figure S1A, http://
links.lww.com/MD/D193, the numbers of OTUs in the plot
increased with the numbers of sequences with tends to reach the
platform stage. This means that sequencing quantity for each
sample was sufficient and reliable. The OTUs analysis showed a
long tail in the rank abundance curves, indicating that the
majority of OTUs were at low abundance, and all the OTUs were
evenly distributed (Supplementary Fig. S1B, http://links.lww.
com/MD/D193).
3.2. Comparison of GC group with the HCs
3.2.1. Richness and diversity. Our study compared the gut
microbiota richness and diversity between the GC group and HC
group, and the ACE, Chao1 was significantly higher in GC group
(Chao1, P= .0002; ACE, P= .002). Moreover, the Shannon and
3

Simpson were calculated to estimate the ecological diversity from
each groups (Fig. 1). The GC group had significantly lower
Shannon index, in comparison with control group (P= .04).
Compared with HC group, the Simpson index in the GC group
showed a tendency to increase (P= .057).

3.2.2. Phylum level. A taxonomy-based comparison was
performed to determine the differences between the gut micro-
biota of GC group and HC group. At the phylum level, the
intestinal micobiota was dominated by Proteobacteria, Firmi-
cutes, Actinobacteria, Bacteroidetes, and Verrucomicrobia
(Fig. 2A). Compared with HCs, GC group had mainly increased
Proteobacteria and reduced Bacteroidetes (Proteobacteria for
GC vs HC: 68.06% vs 20.18%, P< .05; Bacteroidetes: 0.24% vs
41.88%, P< .05).

3.2.3. Class level. The gut microbiota class from 2 groups were
separated into 9 known dominant classes including Bacteroidia,
Clostridia, Gammaproteobacteria, Negativicutes, Actinobacte-
ria, Bacilli, Erysipelotrichia, Betaproteobacteria, and Verruco-
microbiae (Supplementary Fig. S2A, http://links.lww.com/MD/
D193). The bacterial class Gammaproteobacteria, belonging to
Proteobacteria, was significantly higher in the GC group
compared with HC group (GC vs HC: 67.67% vs 18.97%,
P< .05). Moreover, compared with HC group, the bacterial class
Bacteroidia, was significantly lower in GC group (GC vs HC:
0.17% vs 41.82%, P< .05).

3.2.4. Order level. At the order level, the relative abundance of
main gut microbiota in HC group and GC group is shown in
Supplementary Figure S2B, http://links.lww.com/MD/D193. A
total of 12 dominant orders were observed in all samples. Among
the abundant orders, Enterobacteriales was increased in the GC
group, whereas Bacteroidales was decreased significantly in this
group.

3.2.5. Family level. Bacterial communities were also compared
at the family level. The abundances of Enterobaeteriaceae were
found significantly higher in GC group than in controls. Bacteria
belonging to family Bacteroidaceae were significantly lower in
the group of GC group than in HC group. Relative abundance of
major bacterial families in 2 groups is shown in Figure 2B.

3.2.6. Genus level. At the taxonomic level of genus, we found
that GC group was markedly enriched with sequences from the
genera Escherichia/Shigella, Veillonella, and Clostridium XVIII
(Fig. 2C). Samples from HCs contained a higher abundance of
Bacteroides than GC patients. (GC vs HC: 0.11% vs 34.88%,
P< .05). It should be noted that the bacterial genus Helicobacter
had extremely low abundance (<1%) in 2 groups (Fig. 2C
and D).
3.3. Alterations of gut microbiota in perioperative period
3.3.1. Clinical intervention. Six distal GC patients (character-
istics of the patients are shown in Table 1) underwent RDG,
which was defined as the surgical excision of the distal 50% to
60% stomach, then followed by reconstruction of digestive
continuity. (Billroth II anastomosis, [BII] or Roux-en-Y gastro-
jejuno anastomosis [RYGJ]) GC patients received a clear-liquid
diet for 1 or 2 days and broad-spectrum prophylactic antibiotics
(most commonly Cefmetazole) before surgery and for 0 to 2 days
postoperatively. Patients were allowed to resume their diet until 5
days after surgery.
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Figure 1. Richness and diversity of gut microbiota between GC patients and HCs. Richness and diversity calculated using phylotype relative abundance
measurements between groups at the genus level.

∗
indicates P< .05 when compared with the HCs group.

∗∗
indicates P< .01.

∗∗∗
indicates P< .001. GC=gastric

cancer patients group, HC=healthy controls group.
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3.3.2. Taxonomy composition of the samples. The intestinal
microbiome from 6 GC patients has considerable individual
variability before surgery (data not shown). In 2 groups, (GC
group, preoperative samples from GC patients; HGC group,
postoperative samples from GC patients) the microbial commu-
nity fell into 6 bacterial phyla (Fig. 3A). Proteobacteria,
Firmicutes, Verrucomicrobia, and Bacteroidetes were the most
abundant phyla, and accounted for more than 95% of the fecal
organisms. Three of the top 6 high abundance phyla were
diminished in HGC group, including Proteobacteria (from 47%
to 39.95%), Firmicutes (from 38.48% to 31.61%), and Actino-
bacteria (from 3.69% to 0.95%) (Fig. 3A). Three other phyla
were increasing: Bacteroidetes (from 8.42% to 9.25%),
Fusobacteria (from 0.17% to 2.78%), and Verrucomicrobia
(from 2.15% to 15.37%) (Fig. 3A).
At genus taxonomy level of 13 high-abundance genus,

Escherichia/Shigella, Akkermansia, Dialister, and Prevotella
revealed a strong tendency to increase (Fig. 3B). For another,
Klebsiella, Streptococcus, Phascolarctobacteium, and Bifidobac-
terium showed a clear trends to decrease (Fig. 3B).

3.3.3. Effect of RDG on gut microbiota. To estimate the overall
difference in fecal microbiota between GC group and HGC
group, the alpha diversity and beta diversity were calculated.
Compared with GC group, the richness and diversity index of
HGC group demonstrated no statistically differences (Chao1,
P= .87; ACE, P= .84; Shannon, P=0.28; Simpson, P=0.27)
(Fig. 4A). However, the richness in HGC group was slightly
higher than that in GC group. Samples from the HGC group
4

revealed trends toward decreased Shannon index compared to
the GC group (Fig. 4A). One unweighted UniFrac distances PCA
plot (Fig. 4B) based on the relative genus-level abundance could
not distinguish samples of HGC group from GC group
significantly (P= .37). Notably, the gut microbiota from HGC
samples tended to cluster together, whereas samples from GC
group were scattered.
The LEfSe with default parameters was used to identify the key

phylotypes from phylum to genus responsible for the differences
between the GC group and HGC group. LEfSe analysis further
illustrated enrichment levels and variations (Fig. 5A and B). The
HGC group were significantly enriched for phylum Verrucomi-
crobiae (genus Akkermansia) and genus Escherichia/Shigella,
Lactobacillus, andDialister. Whereas the GC group enriched for
genus Klebsiella (belong to Proteobacteria).

3.3.4. Alterations of fecal SCFAs. In our study, a significant
decreased concentration of Valerate in the HGC group was
observed (Fig. 6D) (P< .05). Although not significant, it is a
remarkable fact that analogous trends in other beneficial SCFAs
(ie, Acetate, Propionate, Butyrate) were also showed in Figure 6.

4. Discussions

Most studies of stomach microbiota were based on gastric
mucosal samples, which were obtained by surgical excision or
biopsy.[4,5] These studies placed emphasis on differences and
changes in gastric bacterial community. However, information of
gut microbiota fromGC patients was sparse. In present study, we
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Figure 2. Comparision of gut microbiota between GC patients and HCs. Relative abundance of the compositional difference of dominant bacteria in GC patients
and HCs at the phylum (A), family (B), and genus (C and D) level.
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indicates P< .05 when compared with the normal group.

∗∗
indicates P< .01.

∗∗∗
indicates

P< .001. GC=gastric cancer patients group, HC=healthy controls group.

Table 1

Clinicopathological characteristics of the 6 patients.

Subject GC501 GC502 GC509 GC511 GC515 GC516

Age, yr 52 66 65 60 58 67
Sex Female Male Male Male Female Male
BMI 20.1 23.5 22.1 19.6 18.5 21.4
Alcohol No No No No No No
Smoking No No No No No No
Location Antrum Body Antrum Body Antrum Antrum
Lauren’s Intestinal Intestinal Intestinal Intestinal Diffuse Intestinal
Anastomosis RYGJ RYGJ RYGJ RYGJ RYGJ BII

BMI=body mass index, Lauren’s= Lauren classification, Location=gastric lesion location.
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aim to exploit the more convenient and noninvasive fecal samples
for elucidating gut mcirobota of GC patients under perioperative
conditions. In order to provide a normative reference, composi-
tion and diversity of gut microbiota were also compared between
the GC patients and HCs. We found apparent different of gut
microtiota between GC patients with HCs. Proteobacteria,
Firmicutes,Actinobacteria, Bacteroidetes, and Fusobacteriawere
the major phyla in the gut microbiota of GC patients. This result
is consistent with the previous studies about gastric microbiota
from GC patients.[19,20] Interestingly, our data showed Verru-
comicrobia in stool samples from GC patients, which was not
been observed in gastric mucosal microbiota. A recent study also
found the phylum Verrucomicrobia in stool samples from early
GC patients after subtotal gastrectomy.[21] Several GC-associated
bacteria have been identified, including Escherichia,Clostridium,
Veillonella, and Streptococcus.[19,20] These microbial features
were also prevalent in fecal samples in our study (Fig. 2C and E),
although not all reaching statistical significance. The significant
higher abundance of genus Veillonella was observed in our GC
group thanHC group (Fig. 2C).Veillonella belongs to nitrosating
bacteria and nitrate-reducing bacteria. The bacteria may augment
the production of N-nitroso compounds, which participate in
carcinogenesis.[22] It may be necessary to further investigate these
enriched bacteria in GC, since they may have potential
noninvasive clinical application.
Although the central role of chronic infection by Helicobacter

pylori (Hp) in the pathogenesis of gastric diseases was known,[23]

the impact of colonization ofHp on gastric microbiota remains to
be concerned and controversial. In clinical or preclinical studies,
the composition of gastric microbiota showed no significant
difference between Hp-positive subjects and Hp-negative con-
trols.[4,24] On the contrary, some studies found thatHp infection
is correlated with the component of gastric microbial communi-
ty.[25,26] Despite the Hp infection, previous studies have shown
that the abundance of Hp decreases in gastric microbiota of GC
patients.[27,28] The abundance of genus Helicobacter at a very
low ratio was observed in our GC fecal samples. Recently, few
proportion of genus Helicobacter in fecal samples from actively
Hp infected patients was detected.[29] In this paper, the author
deduced that the intestinal tract environment might not be able to
keep the Hp alive. Unfortunately, the status of Hp infection was
not tested for all individuals participating in present study.
Both Chao1 and ACE are species-number based and show the

richness within a single community. While, Shannon index, a
more comprehensive parameter, is used to describe the richness
and evenness for microbial community. In our study, the gut
microbial communities in GC patients were structurally different
6

fromHCs, with increased richness and decreased Shannon index.
Multiple factors including oxygen concentration, luminal pH,
and drug use may play a role on microbial diversity.[30] In these
factors, gastric acidity could be considered as barrier to bacterial
colonization.[31] Beasley et al[32] have reported that gastric acidity
can sift out a changed microbial community before it stretch into
the intestines. Reduction of gastric acid secretion occurs during
the carcinogenic process,[33] resulting in a moderate acid milieu
that allows for a novel microbial community. The decreased
Shannon index in GC patients could be recognized as a signature
of disease states, in line with previous studies involved in
inflammation and cancer within GI.[20,34] Above all, current
evidence could support the notion that the stool samples can be
used to reveal the gut microbiota from GC patients.
The stable human microbial community can be altered by

factors ranging from diet to disease to therapeutic intervention.
Interestingly, the PCA plot showed the similarity of gut profiles of
the GC patients reached maximum after surgery (Fig. 4B). It may
indicate that environmental factors and surgery reshape the gut
microbiota to more homogeneous in perioperative period. In
addition, the 6 patients with varying bacterial profiles did not
develop severe complications, like infection, anastomotic leak-
age. The contribution for this shifts requires further research.
Distinct gastric microbial community changes in diversity and

composition have been reported in distal GC patients in 2 years
after surgery.[7] In our longitudinal study, gut microbial profiles
showed that the RDG induced mildly effect on microbial
diversity, but a pronounced impact on microbial composition
under treatment. In agreement with above study, the gastrectomy
resulting in increase of Bacteroidetes and decrease of Proteobac-
teria andActinobacteria in our study. Other studies involving GC
patients after surgery showed an increase in some genera
Streptococcus, Escherichia, Prevotella, and Veillonella.[7,21]

Our study indicated the GC patients who underwent gastrectomy
had higher abundance of Escherichia/Shigella, Akkermansia,
Dialister, and Prevotella when comparing with their state before
surgery. Inconsistent results between these studies and ours may
be related to different microbiota type (gut vs stomach) and
postoperative temporal selection (days vs years).
Akkermansia, Escherichia/Shigella, Lactobacillus, and Dia-

listerwere the top genera after surgery. The surgery for distal GC
has similar anatomic change effect with the bariatric bypass
surgery, with the BII or RYGJ as the major reconstruction
method. Specific population of gut microbiota such as Veillo-
nella, Alistipes, Roseburia, Streptococcus, and Akkermansia has
been repeatedly reported riched in gut micobiome after bariatric
subtotal gastrectomy.[11,12] The remarkable increase of phylum
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Figure 4. Overall difference in gut microbiota between GC group and HGC group. Box-plots of alpha diversity, and the line inside the box-plot indicates themedian.
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Figure 5. LEfSe analysis of enriched bacterial taxa in gut microbiota between GC group and HGC group. LEfSe-derived taxonomic cladogram (A); LDA score of
enriched bacterial taxa (LDA >3.5 of LEfSe). Significantly enriched bacterial taxa in fecal samples from GC group and HGC group are indicated by different colors.
Red bars indicate taxa enriched GC group, and green bars indicate taxa enriched HGC group (B). GC = preoperative samples form GC patients, HGC =
postoperative samples from GC patients, LDA = linear discriminant analysis.
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Verrucomicrobia in GC patients after RDG was identified in our
study. As we know, bacteria from Verrucomicrobiawere entirely
composed of bacteria from the genusAkkermansia.Akkermansia
was isolated in 2004 as a new mucus-degrading bacteria from
human stool, which was also found to be increased significantly
after bariatric RYGB.[11,35]Akkermansia was considered can
utilize mucus as a only source of carbon and nitrogen in times of
caloric restriction.[36] Other studies suggested host alter inflam-
mation and insulin sensitivity in response to the increase of
Akkermansia.[37] Given this result, it is possible that Akkerman-
sia may have potential role in regulating host rehabilitation.
SCFAs have an important role to maintain the integrity of the

intestinal mucosa barrier.[14] In our study, a significant decrease
in the concentration of Valerate in the HGC group was observed,
and there were also decreasing trends of acetic acid, propionic
acid, and butyric acid after RDG. Our study suggest that shifts of
gut microbiota in GC patients after operation, along with
concomitant decreases in beneficial SCFAs. Such loss of multiply
SCFAs may further increase the permeability of the intestinal
mucosal barrier after RDG. Therefore, prior targeted clinical
interventions may help improve postoperative outcomes.
The major limitation of our study is small sample size. This

study also was limited to single postoperative timepoint and did
not reflect the nosocomial changes of gut microbiome over time.
9

Moreover, the causal links between the candidate microbiota and
clinic indicators need further investigation.
5. Conclusion

This prospective study demonstrated the richness, diversity and
differential bacteria of gut microbiota between a group of GC
patients and HCs. Using a highly sensitive culture-independent
technique, the gut microbiota shifts in perioperative period were
characterized for the first time in the patients with GC. The
mechanisms shape postoperative gut microbiota are not clear.
We speculate host and environmental factors may influence this
shifts. Study with a larger simple size revealing association from
gut microbiota and surgical interventions is still needed.
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