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Abstract

Objectives: The aim of this study was to identify the microbiota whose decrease in tumor area was associ-
ated with the metastatic process of distal colorectal cancer (CRC).

Methods: Twenty-eight consecutive patients with distal CRC undergoing surgical resection in our hospital
were enrolled. Microbiota in 28 specimens from surgically resected colorectal cancers were analyzed using
16S ribosomal ribonucleic acid gene amplicon sequencing and the relative abundance (RA) of microbiota
was evaluated. The densities of tumor-infiltrating lymphocytes (TIL) and tumor associated macrophages
(TAM) in the colorectal cancers were immunohistochemically evaluated.

Results: Phocaeicola was the most abundant microbiota in normal mucosa. The RA of Phocaeicola in tu-
mor tissues tended to be lower than that in normal mucosa although the difference was not significant (p=
0.0732). The RA of Phocaeicola at tumor sites did not correlate either with depth of tumor invasion (pT-
stage) or tumor size, however they were significantly reduced in patients with nodal metastases (p<0.05)
and those with distant metastases (p<0.001). The RA of Phocaeicola at tumor sites showed positive correla-
tion with the densities of CD3(+) or CD8(+) TIL. Since P. vulgatus was the most dominant species (47%)
of the Phocaeicola, the RA of P. vulgatus and CRC metastasis and its association with TIL and TAM were
also investigated. P. vulgatus showed a similar trend to genus Phocaeicola but was not statistically signifi-
cant.

Conclusions: A relative reduction of Phocaeicola attenuates the local anti-tumor immune response in distal
CRC, which may facilitate metastatic spread.
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Introduction

Research on the association between dysbiosis and col-
orectal cancer (CRC) has focused on intestinal microbiota

that increase in fecal samples of CRC patients or mucosal
samples of the tumor surface. Increased abundance of Fuso-
bacterium nucleatum[1-5], Parvimonas micra[3,4,6] and
some species of Peptostreptococcus[2-6], Streptpcoccus[5,7]
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were reported. We also reported significant increase of Fu-
sobacterium and Streptococcus in the mucosal samples of
tumor from CRC patients[8]. Therefore, it is speculated that
microbiota listed above are involved in colon carcinogenesis.
On the other hand, it has been reported that Phocaeicola
vulgatus and Phocaeicola dorei (changed from Bacteriodes
vulgatus and dorei in 2019[9]) in fecal samples decreased in
patients with coronary artery disease compared to healthy
subjects[10,11]. The mechanism by which P. vulgatus pre-
vents coronary artery disease is also under investigation[11].
Therefore, when studying dysbiosis even in patients with
colorectal cancer, it may be useful to focus on decreased in-
testinal microbiota in the tumor area and analyze its rela-
tionship with tumor development and progression, as this
may lead to new findings.

It has also been reported that local immune responses
around tumors are involved in the development and progres-
sion of solid tumors. Recent studies have shown that the de-
gree of infiltration of different types of immune cells and
their distribution patterns are significantly associated with
tumor progression[12,13] and clinical outcomes, especially
patients treated with immunotherapy[14,15]. In general, in-
filtration of CD3(+) T lymphocytes (tumor-infiltrating lym-
phocytes: TIL), especially CD8(+) cytotoxic T cells, into
solid tumors is associated with a good prognosis for patients
with various types of cancer including CRC[14-17]. Another
important cell type infiltrating tumor tissue is the macro-
phage. Tumor-associated macrophages (TAM) are known to
be generally polarized to the immunosuppressive M2 pheno-
type and facilitate a protumorigenic function by producing
anti-inflammatory cytokines or angiogenic factors[13,18].
However, the relationship between immune cells infiltrating
the tumor and the microbiome in CRC is not clearly under-
stood.

In the present study, we reanalyzed the relative abundance
(RA) of gut microbiome from CRC patients previously re-
ported by us[8] to search for intestinal microbiota whose de-
crease in the tumor area was associated with metastasis.
Then, the correlation between the RA of microbiota in tu-
mors with tumor immune cell populations detected by im-
munohistochemistry (IHC) was examined to gain insight
into the mechanism of the involvement of microbiota in the
metastatic spread of CRC. As stated in the previous paper,
there are many biological differences between proximal and
distal CRCs and the incidence of CRC in the distal large in-
testine is higher than that in the proximal large intestine.
Therefore, we focused on distal CRC in this study.

Methods

Patients

In total, 28 consecutive patients with distal CRC and his-
236

dx.doi.org/10.23922/jarc.2024-014

tologically confirmed adenocarcinoma undergoing surgical
resection at the Department of Surgery of Jichi Medical
University between June 2018 and April 2019 were re-
cruited. Patients with colorectal tumors other than adenocar-
cinoma, who had adenocarcinoma in the cecum, ascending
colon, transverse colon, or descending colon, who received
preoperative chemotherapy or radiotherapy, who received an-
tibiotics before operation, or who had comorbid malignan-
cies associated with other organs were excluded. This study
was approved by the Institutional Review Board of Jichi
Medical University Hospital (approval number: A17-083)
and was conducted in accordance with the guiding princi-
ples of the Declaration of Helsinki, and written informed
consent was obtained from each patient before inclusion in
the study.

Sample collection, DNA extraction, data analysis and tax-
onomy assignment

In this study, the RA of the microbiota in the tumor and
the RA in normal mucosa 6 cm away from the tumor in the
previous study[8] were used for analysis, which also de-
scribes the methods of sample collection, DNA extraction
and data analysis, and taxonomy assignment. In brief, tissue
samples were collected from resected specimens in the oper-
ating room. After removal of the sigmoid colon or rectum,
the intestine was cut longitudinally and opened on a clean
bench. The mucosal surface of the intestine was gently
washed with sterile saline and any residual feces on the mu-
cosal surface removed. Tissue samples measuring 3x3 mm
were collected from the tumor as well as normal mucosa. To
avoid contamination, one sterile knife and forceps were used
to harvest one sample. Each sample was placed in RNAlater
(Life Technologies, Tokyo, Japan) separately at 4°C for
24hrs and then stored at -80°C until processing. Genomic
DNA was isolated from the samples using the QuickGene
DNA tissue kit (KURABO, Osaka, Japan) as previously de-
scribed[19]. Library preparation including amplification by
PCR of the V3-V4 region of the 16S rRNA gene was car-
ried out exactly as previously described[20]. Deep sequenc-
ing was conducted using a MiSeq System (Illumina, Tokyo,
Japan). Generation of the amplicon sequence variant (ASV)
table, including quality filtering and chimeric variant filter-
ing was performed using Quantitative Insights Into Micro-
bial Ecology 2 (QIIME2) version 2023.2 and the DADA2
plugin of QIIME2[21,22]. The taxonomy of each ASV was
assigned by the Sklearn classifier algorithm against Green-
genes2 database[23]. The ASVs classified into mitochondria
and ASVs of phyla not assigned were removed to avoid
contamination of host DNA.

Antibodies and reagents

Monoclonal antibodies (mAbs) to CD3 (60347-1-1g, clone
2E9G7) and CD8a. (66868-1-lg, clone 1G2B10) were pur-
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Table 1. Characteristics of Patients with Distal Colorectal Cancers (n=28).
Age (years) Mean (range) 67 (42-85)
Gender Male 21

Female 7
Tumor location Sigmoid colon 9
Rectum 19
Tumor size median (range) 31.5 mm (15-135)
Depth of tumor invasion T1 8
T2 4
T3 13
T4 3
Venous invasion Negative 9
Positive 19
Lymphatic invasion Negative 19
Positive 9
Histological type Well 7
Moderately 21
Nodal metastases NO 20
N1 5
N2 3
Distant metastases MO 25
Ml 3
Tumor stage 1 11
11 9
1 5
v 3

T1: Tumor is confined to the submucosa; T2: Tumor is confined to the muscularis propria;

T3: Tumor invades beyond the muscularis propria; T4: Tumor invades or perforates the se-

rosa or directly invades other organs or structures, Well: Well differentiated adenocarcino-

ma; Moderately: Moderately differentiated adenocarcinoma

chased from Proteintech Group (Rosemont, USA), and to
CD68 (ab955, clone KP1) and CD163 (ab156769, clone
OTI2G12) from Abcam (Cambridge, MA). Signal enhancer
HIKARI for Immunostain Solution B, antibody dilution
buffer, HistoVT One (10x, pH 7.0, 06380-05) and blocking
solution One Histo (06349-64) were purchased from Nacalai
Tesuque (Kyoto, Japan).

Histopathology and immunohistochemistry

Surgically resected specimens were fixed in formalin, em-
bedded in paraffin, cut into 4-um thick sections, and used
for immunohistochemistry (IHC) analysis as well as hema-
toxylin & eosin staining. IHC staining was performed using
the DAKO REAL™ Envision™ Detection system (Glostrup,
Denmark). Briefly, after deparaffinization in xylene and re-
hydration in a graded series of ethanol baths, sections were
washed with distilled water for 10 min. For antigen retrieval,
the sections were processed by heating at 90°C in HistoVT
One for 30 min. Endogenous peroxidases were blocked us-
ing 0.3% hydrogen peroxide for 30 min. After washing in

phosphate-buffered saline (PBS), a nonspecific staining
blocking agent (Blocking One Histo) was used to prevent
nonspecific binding for 10 min. Sections were then incu-
bated with primary antibodies to CD3 (1:100 dilution), CD8
o (1:4000), CD20 (1:1000), CD68 (1:200), and CD163 (1:
300) for 60 min at room temperature. Sections were then
thoroughly washed with PBS and incubated with DAKO
REAL™ Envision™/HRP, Rabbit/Mouse (code K5007, Da-
koCytomation, Denmark), and primary antibody binding
visualized using the DAKO Envision kit according to the
manufacturer’s instructions and counterstained with Meyer’s
hematoxylin.

To evaluate the density of immune cells, positive cells
were counted in four randomly selected low magnification
fields at the invasive front area under x400 magnification in
a light microscope. Analyses were blindly performed with
respect to clinical outcomes by 2 investigators.

Statistical analysis

The RA of bacteria in the microbiota between groups was
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A: Principal coordinate analysis (PCoA) of microbiota variation in samples from tumor and normal mucosa in 28 pa-

tients with CRC based on unweighted UniFrac distances metrics. B: PCoA of microbiota variation in same samples based on

weighted UniFrac distances metrics.

Table 2. Alpha-Diversity Indices.

Tumor Normal mucosa  p value
Chao 1 index 84.50 67.67 p>0.1
median (min-max)  (15.00-240.75)  (15.00-236.00)
Shannon index 3.408 3.084 p>0.1

median (min-max)  (1.503-4.476) (2.200-4.307)

min: minimum, max: maximum

statistically compared by Mann-Whitney’s U-test and the re-
lationship between the RA of each microbe was analyzed
using Spearman’s correlation. The alpha-diversity indices
(Chao 1 and Shannon phylogenetic diversity indices) were
calculated by phyloseq package for R software and analyzed
using Mann-Whitney’s U-test. The beta-diversity based on
the UniFrac distance was estimated by QIIME2 to calculate
the distances between the samples and visualized by princi-
pal coordinate analysis (PCoA), and statistically examined
using permutational multivariate analysis of variance (PER-
MANOVA). Statistical differences in clinical and pathologi-
cal factors were evaluated with the Mann-Whitney’s U-test
and Kruskal-Wallis rank sum analysis. Correlations between
immune cell densities and the RA of bacteria were analyzed
with Spearman’s rank correlation coefficients. Differences
were considered significant when p<0.05.
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Results

Reduced RA of Phocaeicola correlated with metastases in
CRC

The characteristics of the 28 patients with CRC are shown
in Table 1. Initially, the overall structure of the gut micro-
biome in samples from tumor and normal mucosa in these
patients was calculated for unweighted and weighted Uni-
Frac distances (Figure 1A, B). PCoA revealed that there
were not microbial structural differences between tumor and
normal mucosa in unweighted (PERMANOVA, p>0.05) and
weighted (PERMANOVA, p>0.05) distances. The diversity
of gut microbiota was evaluated using different alpha-
diversity indices: the Chao 1 index and the Shannon index
(Table 2). These alpha-diversity indices showed no statisti-
cally significant differences between tumor and normal mu-
cosa.

Then, the difference in the gut microbial structure in tu-
mor and normal mucosa were evaluated at the phylum level
(Figure 2A). RAs of Bacteroidota were lower in tumor than
normal mucosa. RA of Fusobacteriota were higher in tumor
than normal mucosa. At the genus level (Figure 2B), Bacter-
oides were most abundant microbiota in tumor and Phocaei-
cola in normal mucosa. RA of Fusobacterium, Streptococ-
cus, and Peptostreptococcus were higher in tumors than in
normal tissues as shown in a previous report[8]. On the
other hands, the RA of Phocacicola tended to be lower in
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Figure 2. A: Average of Relative abundance (RA) of microbiome genes at the phylum level in surgical specimens derived from

tumor and corresponding normal mucosa in 28 patients with CRC. B: Average of RA of microbiome genes at the genus level in

same specimens. C: The RA of genus Phocaeicola in tumor and normal mucosa in each patient. P-value was evaluated using the

Mann-Whitney U-test.

tumor tissues although the difference was not significant (p=
0.0732) (Figure 2C).

As shown in Figure 3A, B, the RAs of Phocaeicola in tu-
mor sites were not affected either by depth of tumor inva-
sion (pT-stage) or length of tumor major axis (mm). How-
ever, the RAs of Phocaeicola were significantly lower in pa-
tients with nodal involvement than those without nodal me-
tastases (p=0.0114) and significantly lower in tumors with
distant metastases (p=0.0098, Figure 3C, D). On the other
hand, the association between the RA and pathological fac-
tors such as tumor grade (Figure 3E), budding (Figure 3F),
lymphatic invasion (Figure 3G), and venous invasion (Figure
3H) was not statistically significant, although it was lower in
tumors with high tumor grade or budding grade, tumors
with lymphatic invasion, and tumors with venous invasion.

Densities of TIL and TAM correlated with nodal and dis-
tant metastases from CRC

We next examined the phenotypes of T cells (TILs) and
macrophages (TAM) infiltrating resected CRC tumors using
IHC with specific mAbs to CD3, CD8 and CD68, CD163,
respectively (Figure 4A, B). As shown in Figure 5A-a, d,
the densities of CD3(+) TILs were significantly less in CRC
with nodal (p=0.002) or distant metastases (p=0.006) than
those without metastases. The densities of CD8(+) TILs
were reduced more prominently (p<0.001, p=0.002 in Figure
5A-b, e), and CD8/CD3 ratios were decreased in tissue from
patients with metastatic CRC (p=0.004, p=0.04 in Figure 5
A-c, f). The densities of CD68(+) TAMs in CRC did not
differ in tissue from patients with metastatic and non-
metastatic tumors (Figure 5B-a, d). However, CDI163(+)
TAMs with M2 phenotype were significantly increased (p=

0.011) and the ratios against CD68(+) total macrophages
were higher (p<0.001) in tumors from patients with lymph
node metastases (Figure 5B-b, c). Similar trends were ob-
served in tissue from patients with distant metastases, al-
though the difference was not statistically significant (p=
0.090, p=0.13 in Figure 5B-e, f).

RAs of Phocaeicola correlated with the densities of TILs

As shown in Figure 6A, B, the densities of CD3(+) and
CD8(+) TILs had positive correlations with the RAs of Pho-
caeicola (CD3 r=0.4987, p=0.0069; CD8 r=0.5116, p=
0.0054). However, CD8/CD3 ratios did not correlate with
the RAs of Phocacicola (Figure 6C). On the other hand,
there were no correlations between the RAs of Phocacicola
and the densities of CD68(+) TAMs, CD163(+) TAMs, or
CD163/CD68 ratios (Figure 6D, E, F).

Species-level analysis of the genus Phocaeicola

Next, the nearest known species of ASVs belonging to
genus Phocaeicola were identified. In total, 123 ASVs be-
longed to the Phocaeicola. Fifty-eight of the 123 ASVs
(47%) showed the highest similarity to P. vulgatus, 19 ASVs
to P. dorei, 19 ASVs to P. massiliensis, 14 ASVs to P. ple-
beius, 7 ASVs to P. coprocola, 2 ASVs to P. coprophilus, 1
ASVs to P. sartorii, and 3 ASVs could not be classified to a
specific species. Since P. vulgatus was the most dominant
species, the RA of P. vulgatus and CRC metastasis and its
association with TIL and TAM were investigated. P. vulga-
tus showed a similar trend to genus Phocaeicola but was not
statistically significant (Supplementary Figure S1).
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Figure 3. Correlations of relative abundance (RA) of Phocaeicola with pT stage (A), tumor diameter (B), pN stage (C), pM

stage (D), tumor grade (E), tumor budding (F), lymphatic invasion (G), and venous invasion (H). Differences among pT stage were

analyzed using the Kruskal-Wallis test and between pN, pM stages, tumor grade, tumor budding, lymphatic invasion, and venous

invasion using the Mann-Whitney U-test. N: lymph node metastases, M: distant metastases, G1: papillary adenocarcinoma and

well-differentiated tubular adenocarcinoma, G2: moderately differentiated adenocarcinoma, G3: poorly differentiated adenocarci-

noma, mucinous adenocarcinoma, or signet ring cell carcinoma. Tumor budding was defined as a cancer cell nest consisting of 1

or <5 cells that infiltrated the interstitium at the invasive margin of the cancer and was graded according to its number in a micro-
scopic field with a 20X objective lens (.785 mm?) in the hotspot. Tumor budding was graded based on the number of buds as BD1
(<5), BD2 (5-9), or BD3 (>10). Correlations with tumor size were evaluated with Spearman’s rank correlation coefficients tests. *:

p<0.05, **: p<0.01.

Discussion

Phocacicola, a genus of Gram-negative, are abundant eve-
rywhere in the human gut. In this study, the RAs of Pho-
caeicola were relatively low in tumor tissue compared with
normal counterparts. The decrease of Phocaeicola in the tu-
mor area may simply be a relative change due to an increase
of CRC-linked microbiota such as Fusobacterium, Strepto-
coccus, and Peptostreptococcus. However, the RA of Pho-
caeicola in CRC tissues was significantly reduced in tumors
from patients with nodal metastases, and those with distant
metastases. Therefore, the decrease of Phocaeicola in the tu-
mor area was assumed to be related to the metastasis of co-
lon cancer.

The results of IHC showed that TILs which associate with
a good prognosis had low infiltration in patients with lymph
node metastases or distant metastases; conversely, M2-type

240

macrophages which has immunosuppressive function had
high infiltration in patients with lymph node metastases or
distant metastases (Figure 5). These results were mostly
consistent  with  the from previous stud-
ies[14,16,24,25].

The densities of CD3(+) and CD8(+) TILs had positive
correlations with the RAs of Phocaeicola (Figure 6). A
similar trend was observed for CD8/CD3, but not signifi-
cant. Therefore, the RA of Phocaeicola seems to influence
the degree of TIL infiltration into the tumor. On the other
hand, there were no correlations between the RAs of Pho-
caeicola and the densities of CD68(+) TAMs, CD163(+)
TAMs, or CD163/CD68 ratios. Therefore, the RA of Pho-
caeicola did not appear to affect infiltration of TAMs. These
results showed that reduced RA of Phocacicola, one of the
most predominant anaerobes in the gut, was significantly as-

results

sociated with infiltration of TIL as well as metastatic status.
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Figure 4. A: Immunostaining of tumor-infiltrating lymphocytes (TIL) at the invasive front area
in colorectal tumor tissue of 2 representative patients with high (47.1%) and low (7.2%) relative
abundance of Phocaeicola. Black bars show 100 um. B: Immunostaining of tumor-associated mac-
rophages (TAM) at the invasive front area in colorectal tumor tissue of 2 representative patients
with high (58.8%) and low (12.4%) relative abundance of Phocaeicola. Black bars show 100 pm.

It has been reported that increased TIL in the tumor mi-
croenvironment, especially CD8(+) TILs, was associated
with suppression of metastasis[26,27]. It is suggested that
mechanisms via TIL infiltration may be involved in the RA
of Phocaeicola being associated only with metastasis.

The mechanism of how Phocaeicola affects lymphocytes
and macrophages remains unclear. Tryptophan metabolites
derived from intestinal microbiota have been reported to in-
duce immunosuppression by activating the aryl hydrocarbon
receptor (AhR)[28]. It was also reported that AhR regulated
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Figure 5. A: The densities of CD3(+) (a, d) and CD8(+) (b, e) tumor infiltrating lymphocytes
(TIL) and CD8/CD3 ratios (c, f) in 28 colorectal cancers (CRC) with or without nodal (upper
panel) or distant (lower panel) metastases. N: lymph node metastases, M: distant metastases.

Positive cells were counted at 4 randomly selected fields in the invasive front area. B: The den-

sities of tumor associated macrophages (TAM) in 28 colorectal cancers (CRC) with or without
nodal (upper panel) or distant (lower panel) metastases. N: lymph node metastases, M: distant
metastases. The whole TAM (a, d) and M2 type TAM (b, e) were determined as CD68(+) and
CD163(+) cells, respectively, and counted at 4 randomly selected fields in the invasive front

area. HPF= High power field, Differences were evaluated with the Mann-Whitney U-test.
*: p<0.05, **: p<0.01, ***: p<0.001.
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ficient. HPF= High power field

T-cell differentiation, or AhR altered macrophage polariza-
tion[29]. The extent to which Phocaeicola is involved in
Tryptophan metabolism is unclear in this study, but analysis
of amino acid metabolites may be useful to investigate its
effects on immune cells around tumors. It also remains un-
clear why the RA of Phocacicola was significantly lower in
patients with nodal involvement than those without nodal
metastases and significantly lower in tumors with distant
metastases. It may be a passive phenomenon caused by tu-
mor progression. However, this seems somewhat unlikely
because the RAs of Phocaeicola did not have an association
with tumor size or depth of invasion. Environmental changes
around tumor due to dietary components or metabolites of
intestinal bacteria could be affecting the phenomenon.
Recent taxonomic changes have resulted in some of the
genus Bacteroides being placed in the genus Phocaeicola[9].
Among them P. vulgatus and P. dorei and others were previ-
ously classified as Bacteroides. In patients with coronary ar-
tery disease, significantly lower levels of P. vulgatus and P.
dorei were detected[10,11]. It has also been shown that P.
vulgatus may help prevent coronary artery disease by reduc-

ing gut microbial lipopolysaccharide[11]. Thus, it is becom-
ing clear that P. vulgatus plays an important role in disease
control. With respect to CRC, an increase in Proteus
mirabilis and a decrease in P. vulgatus plays an important
role in liver metastasis in CRC, which may be related to a
decrease in Kupffer Cells in the liver[30]. Moreover, it is re-
cently reported that P vulgatus produces an Alpha-
galactosylceramide (0iGal-Cer) structure that can activate in-
variant natural killer T cells (iNKT) and the presence of P.
vulgatus correlates with improved survival[31]. These facts
raise a possibility that P. vulgatus may locally evoke cell-
mediated immunity and suppress the progression of CRC.
Although the species-level analysis in this study did not
show significant differences due to the small number of
samples, P. vulgatus shows a similar trend to Phocaeicola
genus and may be one of the species to watch in the future
(Supplementary Figure S1).

To the best of our knowledge, this is the first report to
show an association between the abundance of Phocaeicola
and metastatic status of CRC and suggests that Phocaeicola
may affect the immune cell composition infiltrating CRC
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tissue. The present study is limited by the small sample size
of distal CRC. Therefore, the observed association may be a
passive phenomenon caused by tumor progression. However,
this seems somewhat unlikely because the RAs of Phocaei-
cola did not have an association with tumor size or depth of
invasion. Taken together, the relative reduction of Phocaei-
cola in tumor tissue may lead to an immune microenviron-
ment preferable for the development of tumor metastases.
Mucosa associated microbiota may constitute an immune
microenvironment which is critically related to tumor pro-
gression in CRC. Additional studies with a larger cohort are
warranted.
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Supplementary Files

Supplementary Figure S1. A Correlations of relative abundance (RA)
of Phocaeicola vulgatus with pT stage (a), tumor diameter (b), pN stage (c),
and pM stage (d). Differences among pT stage were analyzed using the
Kruskal-Wallis test and between pN and pM stages using the Mann-Whitney
U-test. N: lymph node metastases, M: distant metastases. Correlations with
tumor size was evaluated with Spearman’s rank correlation coefficients tests.
B Correlations of between relative abundance (RA) of Phocaceicola vulgatus
and densities of tumor infiltrating lymphocytes (TIL) (a, b), tumor associated
macrophages (TAM) (d, e) as well as the ratios of CD8(+)/CD3(+) (c) and
CD163(+)/CD68(+) (f). Correlation coefficients (r) and p-values were calcu-
lated using Spearman’s rank correlation coefficient. HPF= High power field
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