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ABSTRACT

Objective: The composition of microbiota which correlates with infiltrating immune cells

and clinical signatures is not clarified in CRC.
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Methods: We applied 4 kinds of bioinformatic tools GSVA (version: 1.42.0), ESTIMATE (ver-

sion: 1.0.13), CIBERSORT (version: 2.0), and immune-related genes.
Results: We found that a total of 8 types of microbiotas appeared in the three immune
correlation analyses. Among these microbiotas, significant enrichments in relative abundan-
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ces associated with immune cell infiltration can be found for the dominant phyla
Proteobacteria, Firmicutes, and Actinobacteria. Moreover, there existed correlations between

some of the 8 microbiotas and clinical-related indicators.

Conclusion: We identified some novel microbiotas involved in immune regulation in CRC.

Introduction

Colorectal cancer (CRC) is one of the major rea-
sons of cancer death in the world (1). The com-
mon occurrence of CRC is associated with western
food (2). Therefore, in this context, the environ-
ment of intestinal microbiota, especially its micro-
biome composition modified by food behaviors,
plays an important role in CRC initiation and pro-
gression (3). Inequality of microbial community
composition triggers dysbiosis, which involves the
increase of pathobionts and the decrease of probi-
otics in the development of CRC. For instance,
pathobionts contain Escherichia coli, Bacteroides
fragilis, etc., whereas probiotics comprise butyrate-
generating bacteria such as Faecalibacterium (4).

In the development of CRC, dysbiosis often
leads to inflammation and tumor immune
response. Detailed examples are as follows (5).
Helicobacter hepaticus can induce activation of
macrophages and neutrophils, thus releasing

cytokines such as TNF-u, stimulating the NF-xB
signal transduction, and promoting the occurrence
of CRC. Bacteroides fragilis actuates Th17 cells
secreting IL-17 and promotes CRC tumorigenesis.
Fusobacterium nucleatum enhances MDSC and
inhibits T cells, thereby linking to CRC progres-
sion. On the other hand, Lactobacillus plantarum
activates NK cells to produce IL-22, so as to boost
the anti-tumor immune response in CRC. With
the imbalance of the overall proportion of intestinal
microbiota in tumor microenvironment (TME), the
particular microbiota in intestinal microecology
affects CRC through immunization. For instance,
Clostridium butyricum and Bacillus subtilis both
restrained the expansion of CRC through a
molecular mechanism of modified immune homeo-
stasis (6).

Therefore, we made an assumption that differ-
ent kinds of microbiota were related to different
types of immune cells infiltrating into CRC
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tissues. In addition, diverse microbiota, in this
TME, are also associated with different clinical
signatures. To confirm this hypothesis, we used 4
kinds of analysis tools: GSVA (version: 1.42.0),
ESTIMATE (version: 1.0.13), CIBERSORT (ver-
sion: 2.0) as well as immune-related genes to
identify the relationships between microbiota and
infiltrated immune cells, as well as relationships
between microbiota and clinically related indexes.

Methods
Dataset

On June 6, 2022, we conducted a search in the Gene
Expression Omnibus (GEO) database using the key-
words ‘colorectal cancer, microbiome, transcrip-
tomic, and Homo sapiens’. However, we found only
one dataset, GSE165255, available in the GEO data-
base. GSE165255 data set in GEO database includes
83 samples of expression data and 89 samples of 16S
sequencing microbiota data. The data sequencing
platforms are Illumina hiseq 2500 and Illumina
miseq. Salmon (version 0.10.2) was used to process
RNA-seq data. Human genome assembly GRCh37
was used as reference. After alignment, DEseq2 (ver-
sion: 1.31.2) was used to concatenate all individual
samples and run comparative analysis. For 16S
rRNA data, llumina Miseq paired-end reads were
aligned to human reference genome hgl9 with
Bowtie2 (version: 2.4.3). SINA/SILVA (version:
1.7.2) classifier was wused for classification.
Operational taxonomic units (OTUs) were produced
by binning sequences with identical taxonomic
assignments. Of these 83 samples, 34 were tumor
samples without antibiotics. We based our analysis
on the RNA expression data and microbial OTU
data after normalization in the GSE165255 dataset.
Corresponding clinical data for the 34 samples are
shown in Supplementary Table 1.

Data processing and analysis methods

ESTIMATE algorithm: the immune score in the
groups with high or low expression of CD58 was
calculated by using ESTIMATE package (version
1.0.13 under R 4.1.3); ssGSEA algorithm: gsva
software package(version 1.42.0 under R 4.1.3)
was used to obtain the socres of 28 kinds of
immune cells; CIBERSORT algorithm: by using

CIBERSORT (https://github.com/jason-weirather/
CIBERSORT), the proportion of 22 immune cell
types in the Im22 matrix was evaluated. The soft-
ware of R language (Windows version No. 4.1.3)
was used for statistical analysis, and the differ-
ence (P <0.05) was statistically significant. Non
paired t-test was used for normal distribution
data, and Mann Whitney U-test was used for
non-normal distribution data.

Results
Analysis of GSVA

Intestinal microbiota plays a role in recruiting
immune cells in CRC. To explain this issue, we first
analyzed immune cells infiltration in different sam-
ples of CRC by GSVA (version: 1.42.0). 34 samples
were divided into high microbiota group (high) and
low microbiota group (low) by taking the median
value of each OTU (Operational taxonomic units) of
each sample as the dividing point. Corresponding to
two groups, there are differences in different immune
cells infiltration. The relationship between micro-
biota and immune cells was drawn as ‘Figure S1,
GSVA_16s_plot and Figure 1, Top 50 abundances of
microbiotas for GSVA’. In this heatmap, the abscissa
represents microbiota and the ordinate represents
difference of immune cells infiltration between high
and low microbiota group. If the difference is posi-
tive, it will be red, otherwise it will be blue. If no dif-
ference exists, it is yellow. As for a microbiota with
consistently different median value of each OTU, dif-
ference of recruited immune cells infiltration is
largely consistent. But difference of one immune cells
infiltration recruited by different microbiota with
consistently different median value of each OTU is
largely inconsistent.

Estimate analysis

Score from the estimation algorithm reflect the infil-
tration degree of stromal cells and immune cells in
CRC and the purity of tumor. All these factors are
also associated with regulation of intestinal micro-
biota in CRC. According to the median value of each
OTU (Operational taxonomic units), CRC samples
could be divided into two groups. The differences of
three indexes (StromalScore, ImmuneScore, and
ESTIMATEScore) between the 2 groups were
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Figure 1. Top 50 abundances of microbiotas for GSVA. The GSVA analysis (Gene Set Variant Analysis) for the relationship between
microbiota and immune cells. The abscissa represents top 50 abundances of microbiotas and the ordinate represents difference of
immune cells infiltration between high and low microbiota group. If the difference is positive, it will be red, otherwise it will be

blue. If no difference exists, it is yellow.

analyzed. A total of 16 kinds of microbiota were
screened out by difference analysis.

CIBERSORT analysis

CIBERSORT (version: 2.0) tool can also reflect
the infiltration degree of immune cells and its
relationship with regulation of intestinal micro-
biota in CRC. According to the median value of
microbiota content, CRC samples could be div-
ided into two groups. The differences of immune
cells infiltration between the high microbiota and
low microbiota obtained by CIBERSORT algo-
rithm were analyzed. In total, 180 microbiota
groups were differentially expressed. The relation-
ship between microbiota and immune cells is
plotted as ‘Figure S2, CIB_ 16s. pdf and Figure 2,
Top 50 abundances of microbiotas for CIB’.

Analysis of immune related gene

Next, we evaluated the relationship between
immune-related genes and intestinal microbiota
of CRC. Immune-related genes were derived
from literature ‘the immune landscape of cancer’,
as shown in the Table 1. Only 61 reference genes
were obtained from GSE165255 dataset.
According to the median value of each OTU
(Operational taxonomic units), CRC samples
could be divided into two groups. 60 of the 61
genes are different between these two groups.

‘The relationship between microbiota and
immune genes was drawn as “Figure S3, immu-
ne_l16s.pdf and Figure 3, Top 50 abundances of

»>

microbiotas for immune™.

Intersection of four immune correlation analyses

Microbiota groups that appeared simultaneously
in the four analyses did not exist, and a total of 8
microbiota groups appeared in the three analyses.
Venn analysis figure and list was drawn as
‘Figure 4, jVenn_chart.png’.

Analysis of other clinically related indexes

For identified 8 kinds of microbiota, there were
no differences in the indicators of sex, race, eth-
nicity and colonic_ NEOPLASIA_ AFFECTION_
STATUS, LATERALITY, DIABETES_ STATUS,
SMOKING_ status, age, but there were significant
differences among the four indicators—-CRC_ Stage,
FAMILY_ HISTORY_ CRC,2 types of BMI_ Group.
‘Bacteria/Proteobacteria/Alphaproteobacteria/Rhodo-
spirillales/Rhodospirillaceae/Magnetospirillum’ mainly
appears in stage II with family inheritance. ‘Bacteria/
Actinobacteria/Coriobacteriia/Coriobacteriales/Corio-
bacteriaceae’ is more common in samples without
family genetic history. Bacteria/Actinomycetota/
Coriobacteriia/Eggerthellales/Eggerthellaceae/Eggerth-
ella’ is more abundant in people with higher BMI,
whereas  ‘Bacteria/actinobacteria/Actinomycetota/
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Figure 2. Top 50 abundances of microbiotas for CIB. The CIBERSORT analysis for the relationship between microbiota and immune
cells. The abscissa represents top 50 abundances of microbiotas and the ordinate represents immune cells. If the difference
between microbiota and immune cells is positive, it will be red, otherwise it will be blue. If no difference exists, it is yellow.
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Figure 3. Top 50 abundances of microbiotas
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genes. The abscissa represents top 50 abundances of microbiotas and the ordinate represents immune genes. If the difference
between microbiota and immune genes is positive, it will be red, otherwise it will be blue. If no difference exists, it is yellow.

Actinomycetes/Actinomycetales/Actinomycetaceae/
Varibaculum’ is higher in people with lower BMIL
‘Results” figure were drawn as ‘Figure 5, CRC_
STAGE.pdf (only stage II has microbiota content),
‘Figure 6, FAMILY_HISTORY_CRC_Magneto-
spirillum.pdf, ‘Figure 7, BMI_Varibaculum.pdf,
and ‘Figure 8, BMI_Eggerthella.pdf.

Discussion

The microbiota is a neglected part of the body,
which reflects the closely interconnected ecosys-
tem between the body and the environment. The
accurate balance of microbiota plays a crucial
role in health status and the prevention of many
chronic diseases (7). If this balance is thrown off



Table 1. Immune-related genes.

Gene

ADORA2A
ARG1

BTLA

BTN3A1
BTN3A2

CCL5 (RANTES)
CD27 (TNFRSF7)
CD274 (PD-L1)
CD276 (B7-H3)
D28

CD40

CD40LG

cDb70

CD80 (B7-1)
CTLA4

CX3CL1
CXCL10 (IP-10)
CXCLo

EDNRB
ENTPD1

GZMA
HAVCR2 (TIM-3)
HLA-A

HLA-B

HLA-C
HLA-DPA1
HLA-DPB1
HLA-DQA1
HLA-DQA2
HLA-DQB1
HLA-DQB2
HLA-DRA
HLA-DRB1
HLA-DRB3
HLA-DRB4
HLA-DRB5
HMGB1

ICAM1

1COS

ICOSLG (B7-H2)
IDO1

IFNA1

IFNA2

IFNG

IL10

IL12

IL13

IL1A

IL1B

L2

IL2RA (CD122)
L4

ITGB2 (LFAT)
KIR2DL1
KIR2DL2
KIR2DL3

LAG3

MICA

MICB

PDCD1 (PD-1)

PDCD1LG2 (PD-L2, CD273, B7-DC)

PRF1

SELP

SLAMF7

TGFB1

TIGIT

TLR4

TNFA

TNFRSF14 (HVEM)
TNFRSF18 (CD357, GITR)
TNFRSF4 (CD134, 0X40)
TNFRSF9 (CD137, 4-1BB)
TNFSF4 (OX40L)

TNFSF9 (CD137L, 4-1BB-L)
VEGFA

VEGFB

VISTA (B7-H5)

VTCN1 (B7-H4)
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(a dysbiosis), it can lead to CRCs. Dysbiosis is
mainly manifested in two aspects: a lack of probiot-
ics and an abundance of pathobionts. Microbiota-
mediated carcinogenesis has been extensively
studied. However, the mechanisms of microbiota-
induced cancer development, especially relation-
ships between microbiota and infiltrated immune
cells, remain unclear. Therefore, it is very impor-
tant to identify the unique microbiota and under-
stand the immune cell infiltration mediated by
microbiome for defeating dysbiosis-induced CRC.
In this research, GSVA, ESTIMATE,
CIBERSORT and immune-related genes were
used to study the correlation between microbiota
and immune cells infiltration. We did not find
the genes that appeared simultaneously in the
four analyses. However, we found that a total of
8 microbiota appeared in the three analyses.
Among these 8 microbiotas, the relative abun-
dances associated with immune cell infiltration is
significantly enriched in Proteobacteria, Firmicutes,
and Actinobacteria, which are dominant phyla. As
an intestinal symbiote, Proteobacteria has patho-
genic properties. A dysbiosis associated with meta-
bolic disorders, such as obesity caused by diet,
obesity caused by genetic factors, diabetes caused
by genetic factors, efc., may all cause the growth
and multiply of Proteobacteria (8,9). According to
a recent study, there is a great difference in the
abundance of Proteobacteria in mucosa-related
microbiome samples from the ileum and the rectal
between patients with Crohn’s disease and control
subjects (10). It has been reported that modifica-
tion of intestinal Proteobacterial community appear
in CRC associated with human colitis (11). Stefano
M. et al. (12) reported that Magnetospirillum spp.,
acting as living iron chelators, could potentially
affect tumor growth and progression by competing
for nutrients. Repeated stress-related diarrhea could
lead to significant changes in the relative abun-
dance of 28 bacterial species, including Pelomonas
between intestinal contents and mucosa (13).
Rhodoplanes and Rhodospirillales were correlated
with colorectal cancer (CRC) due to their role in
enhancing CD8+ T-cell infiltration (14), and
Rhodospirillales could also be associated with switch
B cells and memory/effector CD4+ and CD8+
cells (15). Some Proteobacteria have been associated
with chronic inflammation in the colon, which is a
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EST Immuegene

Size of each list

300

150

GSVA Immuegene
EST CIBERSORT

Number of elements: specific (1) or shared by 2, 3, ... lists

I 197 293

T T T
3(8) 1

Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillaceae;Magnetospirillun

Bacteria;Proteobacteria;Betaproteobacteria;Burkholderiales;Comamonadaceae;Pelomonas

Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Hyphomicrobiaceae;Rhodoplanes

Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;I-10

Bacteria;Proteobacteria;Betaproteobacteria;Burkholderiales;Comamonadaceae;Comamonas

Bacteria;Actinobacteria;Coriobacteriia;Coriobacteriales;Coriobacteriaceae;Eggerthella

Bacteria;Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae;Granulicatella

Bacteria;Actinobacteria;Actinobacteria;Actinomycetales;Actinomycetaceae;Varibaculum

Figure 4. The Venn diagram and list of overlapping microbiota groups appeared in the four analyses. Microbiota groups that
appeared simultaneously in the four analyses did not exist, and a total of 8 microbiota groups appeared in the three analyses.

CRC STAGE
0.0003 . stage I
¢ stage I
v stage I
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0.0002 p=0.38
E p=0.06
E p=0.0048
Y
o 0.0001
-
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(=]
[} ’—I
E *
0.0000 +—o- T
-0.0001

1 1 1 1
stage I stage I stage I stage IV

Figure 5. Expression analysis of microbial populations accord-
ing to clinical parameter (CRC_STAGE) were performed by
using ANOVA.

known risk factor for colorectal cancer (16).
Chronic inflammation can create a pro-tumorigenic
microenvironment by releasing cytokines and
growth factors that promote cell proliferation and
survival.

Firmicutes and actinobacteria, as the major
microbiota community of intestinal tract, have

FAMILY_HISTORY _CRC_Magnetospirillum

0.0003
+ No
* Yes
*
£ 0.0002 Wilcoxon
5 p=0.0016
z
@
3 0.0001
o
@
c
o
© |—|
E *
0.0000 -
-0.0001 I ]
No Yes
Group

Figure 6. Expression analysis of microbial populations according
to clinical parameter (FAMILY_HISTORY_CRC_Magnetospirillum)
were performed by using Mann-Whitney U test.

several potentials of antitumour activity. Many
food components have a direct impact on the
kinds of intestinal microflora: in the Western
food mode (high-fat, red meat), the ratio of con-
ditional pathogens in the gut microbiota enhan-
ces, the ratio of commensal bacteria declines, and



BMI_Varibaculum

0.00015+

high
Wilcoxon . * low
p=0.01
0.00010
*
£
=2
S
& 0.00005- .
o
= o
g .
| * |
0.00000+— \ag
-0.00005 . .
high low
Group

Figure 7. Expression analysis of microbial populations accord-
ing to clinical parameter (BMI_Varibaculum) were performed
by using Mann-Whitney U test.

BMI_Eggerthella

0.015— )
high

Wilcoxon
p=0.028

0.010

0.005

Eggerthella

foevtee] ity
0.000 +0—242424, "0

-0.005

1
high low
Group
Figure 8. Expression analysis of microbial populations accord-

ing to clinical parameter (BMI_Eggerthella) were performed by
using Mann-Whitney U test.

the happening of colorectal cancer is boosted. On
the contrary, food rich in fiber can enhance the
amount of Firmicutes and decrease the amount of
Bacteroides, thus increasing the levels of short-
chain fatty acids (SCFAs) in the intestine, and
inhibiting the colorectal carcinogenesis (17).
Eggerthella is linked to drug metabolism, the
processing of dietary phytochemicals, and bile
acid metabolism with various intestinal disease
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(18). Varibaculum and Granulicatella show clos-
est connectivity with rectal neuroendocrine
tumors, which indicates a tight interaction of gut
microbial species with metabolites (19). Many
Firmicutes bacteria are involved in the fermenta-
tion of dietary fiber and produce short-chain
fatty acids (SCFAs) such as butyrate. Butyrate is
known to have anti-inflammatory and anti-
tumorigenic properties. It can promote apoptosis
(cell death) in cancer cells and enhance the bar-
rier function of the intestinal epithelium, which
can help prevent the infiltration of harmful sub-
stances into the mucosa. Some Actinobacteria can
have immunomodulatory effects. They can influ-
ence the activity of immune cells in the gut,
potentially impacting the immune response to
colorectal cancer. Modulating the immune
response within the TME can be both pro-
tumorigenic or anti-tumorigenic, depending on
the specific interactions and context. It’s impor-
tant to note that the microbiome is highly diverse
and can vary from person to person. The com-
position of these bacterial phyla within the gut
microbiome can be influenced by various factors,
including diet, genetics, and lifestyle. Moreover,
the specific strains of bacteria within these phyla
can have different effects on the TME.

Another critical feature of this study is that we
found that the signature of CRC regulated by
microbiota are related to different clinically rele-
vant indexes. Our results demonstrated that the
phyla Proteobacteria may be associated with stage
II and family inheritance, whereas the phyla
Actinobacteria is more common in samples with-
out family genetic history, which may be associ-
ated with different levels of BMI. These results
indicated that Proteobacteria may be triggers of
genetic factors in CRC, and Actinobacteria may
be related to the metabolic mechanisms in the
pathogenesis of CRC.

To summary, based on the analysis of GEO
datasets, this research established relationships
networks including microbiota of probiotics and
pathobionts and infiltrating immune cells in colo-
rectal carcinogenesis and development. It supplies
a thorough analysis of the microbiota regulatory
mechanism in CRC. Furthermore, these novel
microbiotas could be participants of diagnosis,
therapy as well as prognosis in CRC. This is
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meaningful for future studies in the diagnosis,
therapy as well as prognosis in CRC. Limitations
of this study are based on an analysis of public
datasets and short of validation at experimental
and clinical level. Limited datasets hinder our
ability to explore colorectal cancer development
and gut microecology more extensively and com-
prehensively. Furthermore, as the study of CRC
continues to increase and our knowledge expends
regarding the intricate interplay between the
intestinal microbiome, transcriptome,
microenvironment, and immune infiltration, we
are poised to unlock deeper insights into CRC
tumorigenesis and prognosis.
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