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ABSTRACT

Lymphoid tissue-resident commensal bacteria (LRC), a subtype of gut microbiota essential for
inflammation-associated carcinogenesis, predominantly attribute to colorectal cancer(CRC),
whereas its role was largely unknown. Herein, we found Alcaligenes faecalis (A. faecalis), the main
LRC embedded in Peyer's patches, was abundantly enriched in colitis, adenoma, and stage-
dependently observed in CRC tissues. Interestingly, A. faecalis alone can not affect intestinal
homeostasis, while during colitis, A. faecalis significantly translocated from Peyer’s patches to
colon, remarkably attenuated immune response abilities of B cells, T cells, and DC cells in PPs,
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consequently impeded IgA+ B cells homing. Meanwhile, during colitis, the ectopia of A. faecalis in -cancer transition
colon tissues, promoted vinculin acetylation by A. faecalis—derived metabolite acetic acid, which
impeded intestinal barrier via hindering the binding of vinculin to 3-catenin. Our study revealed
A. faecalis not only suppress mucosal immune responses via reducing IgA+ B cells in Peyer’s
patches but also disrupt intestinal barrier via increasing vinculin acetylation, ultimately promoting

inflammation-to-cancer transition in CRC.
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Introduction : . . .
Given the crucial role of gut microbiota on colon
Approximately 3.8 x 10" gut microbiota' epithelial cells and innate immune system, over-

whelming evidence demonstrated that the dysbio-
sis of gut microbiota formed a pro-carcinogenic
microenvironment that is direct, central, and

embedded in human gastrointestinal tract, played
important roles in maintaining structural,
immune, and metabolic homeostasis in gut.
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essential for colorectal cancer(CRC). Especially for
patients bearing inflammatory bowel diseases
(IBD), such as ulcerative colitis and crohn’s disease,
gut microbiota initially involved in the early stages
of tumorigenesis triggered by long-lasting chronic
inflammation.* Dysbiosis of gut microbiota signif-
icantly aggravated inflammation by promoting
pro-inflammatory cytokines, altering immune cell
functional response, and disrupting intestinal bar-
rier integrity, which could ultimately facilitate CRC
progression by causing DNA damage and genomic
instability.” However, the precise mechanisms by
which gut microbiota influences inflammation-to-
cancer transition in CRC remain unclear.

Gut microbiota can be classified into four cate-
gories according to their locations: luminal com-
mensal bacteria, mucosal-resident bacteria,
epithelial-resident bacteria, and lymphatic-
resident bacteria.” Numerous of evidence suggested
that the first three categories of gut microbiota
attributed to CRC progression by influencing
both innate and adaptive immunity,” while innate
immunity was considered as the key determinant
in their impacts on CRC.” Meanwhile, unlike adap-
tive immunity, gut microbiota-triggered innate
immunity occurred more rapidly and persisted
consistently, from initiation of inflammation to
malignant transformation.® Innate immune cells,
such as dendritic cells (DCs), macrophages, and
neutrophils, are predominantly located within
four key gut-associated lymphoid tissues
(GALTs): Peyer’s patches, isolated lymphoid folli-
cles (ILFs), mesenteric lymph nodes (MLNSs), and
intestinal lamina propria (ILP).° Peyer’s patches are
primary site for lymphatic-resident bacteria.”
However, the molecular mechanisms by which
lymphatic-resident bacteria in Peyer’s patches
influence the inflammation-to-cancer transition
are not yet fully understood.

In Peyer’s patches, Alcaligenes spp. constitute
72% of bacterial population, while in MLNs,
Alcaligenes spp. represent only 4%.'0 Alcaligenes
faecalis (A. faecalis), the main stain in Alcaligenes
spp., might exert controversial effects on maintain-
ing gut homeostasis. Previous results demonstrated
that A. faecalis stimulated DCs to produce cyto-
kines such as TGF-B, BAFF, and IL-6, which
enhanced IgA generation and maintain mucosal
immunity.'® Meanwhile, A. faecalis-derived LPS,

acted as TLR4 agonist, could promote IL-6 produc-
tion without inducing excessive inflammation."!
On the contrary, recent studies revealed that
A. faecalis can translocate to blood and respiratory
tract, disrupt immune homeostasis'> and exacer-
bate inflammation progression.'” In agreement, the
ectopic localization of commensal bacteria played
crucial role in CRC development. For instance,
opportunistic pathobionts, such as streptococcus
bovis, normally found in gastrointestinal tract, can
invade and translocate into epithelial and endothe-
lial cells, promoting CRC tumorigenesis.'*
However, the specific mechanisms by which
A. faecalis influence inflammation-to-cancer tran-
sition remains unknown.

To explore the role of A. faecalis in inflamma-
tion-to-cancer transition, DSS-induced colitis
model, Apc™™* spontaneous adenoma model,
and antibiotic clearance (ABX) model were uti-
lized. We found that: i) A. faecalis could act as
conditional pathogen to exacerbate colitis-
associated carcinogenesis while exert no effect on
normal intestinal homeostasis; ii) during colitis, the
entry of A. faecalis into Peyer’s patches was signifi-
cantly reduced, leading to dramatic decrease in
IgA™ B cell and suppressed immune surveillance;
iii) A. faecalis significantly increased acetylation of
vinculin, which subsequently inhibited the binding
ability of vinculin to -catenin, ultimately impeded
intestinal barrier integrity. In summary, our study
revealed that during colitis, A. faecalis not only
suppressed intestinal immune response by inhibit-
ing IgA generation in Peyer’s patches but also dis-
rupted intestinal barrier via increasing vinculin
acetylation, which simultaneously exacerbated
inflammation-to-cancer transition. By revealing
the first clue for understanding the critical role of
A. faecalis in inflammation-to-cancer transition
and dural role of A. faecalis in maintaining intest-
inal homeostasis, our study provided new insights
into prevention of CRC in patients with IBDs.

Material and methods
Clinical samples

Colon cancer clinical tissue samples were provided
by the Department of Anorectal Surgery, the First
Affiliated Hospital of Guangzhou University of



Traditional Chinese Medicine. All patients had
a histological diagnosis of colon cancer and had
not received any previous treatment. Clinical and
Pathologic Characteristics of Patients were shown
Supplementary Table sl. Clinical trials were con-
ducted after obtaining informed consent from the
patients in accordance with the management regu-
lations and requirements of Guangzhou University
of Chinese Medicine (Ethics number: K-2023-010).

Animal experiments

To explore the effect of A. faecalis on colitis/
carcinoma, we constructed a DSS-induced coli-
tis model and an Apc™™* mouse colon cancer
model. 5-6 weeks old and male C57BL/6] mice
(n=40, 8/Group) were treated with
a quadruple antibiotic (0.2 g/L ampicillin, neo-
mycin and metronidazole and 0.1 g/L vancomy-
cin) via drinking water for 3 days and then
A. faecalis (1x10° CFU/mouse) was orally
administered, and E.Coli was wused as
a negative control. Finally, the mouse colitis
model was constructed by freely drinking 3%
DSS for 8 days. 5-6 weeks old Apc™™* mice (n
=28, 7/Group) and wild-type cagemates were
obtained through self-propagation in the
laboratory. Identification of mouse genotype
was determined by agarose electrophoresis
separation after specific PCR amplification
and Genotype sequencing (Supplementary
Figure S1I-J). 5-6 weeks old and male Apc™™
" mice were treated with a quadruple antibiotic
(0.2 g/L ampicillin, neomycin, and metronida-
zole and 0.1 g/L vancomycin) via drinking
water for 3 days, and then A. faecalis (1 x 10’
CFU/mouse) was orally administered, and E.
Coli was used as a negative control, and the
bacteria were administered continuously for
10 weeks. Peyer’s patches and colon tissue
were harvested for subsequent experiments.
All animal experiments were conducted in
accordance with the Guangdong Provincial
Laboratory Animal Management Guidelines
and approved by the Animal Experiment
Committee of the International Institute of
Translational =~ Medicine of  Guangzhou
University of Chinese Medicine (Permit num-
ber: SYXK(Guangdong)2019-0144).
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RNA-seq

Different groups of Peyer’s patches and colon tissues
were collected. Total RNA was extracted for mRNA
enrichment, then reverse transcribed into cDNA for
library detection, and finally sequenced using
[lumina PE150. Differential genes were screened
out through gene expression levels, GO/KEGG
enrichment, and transcription factor annotation.
And immune cell typing was analyzed by Timer
database.

Whole staining of Peyer’s patches

FITC-D-Lys-labeled A. faecalis was injected into
the ligated ileum containing single Peyer’s
patches, and after incubating for 1 h, the
Peyer’s patches tissue was removed and stained.
FITC-D-Lys-labeled A. faecalis (Green), Gp2-
labeled M cells (Red), DAPI-labeled Nuclei
(Blue). Observed and photographed using
FV1200MPE multicolor two-photon confocal
microscope.

RNA FISH

Designed Cy3-labeled A. faecalis-specific probe
(CTGCAGATACCGTCAGCAGT). First, paraf-
fin sections with a thickness of 5uL were pre-
pared, followed by dewaxing, proteinase
K digestion, and denaturation. Then placed
them in a 37°C incubator to incubate the
A. faecalis-specific probe for 12-16h. Finally,
incubated WGA (labeled Epithelial cells) and
DAPI (labeled Nuclei) at room temperature in
the dark. Observed and photographed using
Leica TCS SP8 confocal microscope.

Statistical analysis

GraphPad Prism 8.0 software and SPSS 22 soft-
ware were used, respectively, for graphing and
statistical analysis. The normality of experimen-
tal data was tested using the Shapiro-Wilk
method. One-way analysis of variance and
Kruskal-Wallis H analysis were used for data
that were normally distributed and those that
were not normally distributed, respectively.
Data in the legend represented mean+SEM.
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The significance standards: *p <0.05, **p < 0.01,
©p < 0.001.

Additional methods were provided in the
Supplementary Materials.

Results

A. faecalis abundance and localization correlate
with inflammation-to-cancer transition in colorectal
cancer

The role of A. faecalis in intestine remains highly
controversial due to the conflicting evidence on its
dual effects, either inhibitory or promotive in
inflammation. More importantly, few studies
addressed the effects of A. faecalis on inflamma-
tion-cancer transition in colon carcinogenesis.
Hence, we utilized DSS-induced mouse model to
simulate colitis, AOM/DSS model, and Apc™™*
spontaneous intestinal adenoma model to mimic
inflammation-mediated precancerous lesions.
Additionally, 22 pairs of clinical samples were col-
lected from CRC patients at stages I-IV
(Supplementary Table S1). Using RNA FISH, the
differences in abundance and localization of
A. faecalis were determined in colon tissues during
inflammation-to-cancer transition.

Compared to control, significant increase of
A. faecalis abundance was observed in colon tissues
of DSS-induced colitis, AOM/DSS, and more pro-
nounced increase of A. faecalis were observed in
ApcM™* mice with intestinal adenomas.
Unexpectedly, unlike in control where A. faecalis
was sparsely attached to the apical side of intestinal
villi, in DSS-induced colitis tissues, A. faecalis not
only adhered to villi but also invaded into crypts.
Moreover, as the pathological scenario progressed
to pre-cancerous stage, A. faecalis was predomi-
nantly concentrated at the apical of villi (Figure 1
(a)). These data suggested that the translocation
and increased abundance of A. faecalis closely
linked to inflammation-to-cancer transition
in CRC.

To further verify whether A. faecalis can be
enriched in tumor tissues and influence CRC pro-
gression, the abundance of A. faecalis was evaluated
in CRC clinical tissues. A. faecalis could be detected
either in tumor tissues or in the adjacent normal
tissues, which included 5 cases with low A. faecalis
expression and 17 cases with high A. faecalis

expression (Figure 1(b)). And approximately
54.5% of tumor tissues harbored extremely higher
levels of A. faecalis compared to the adjacent nor-
mal tissues (p <0.05, Figure 1(b)). Furthermore,
according RNA fluorescence shown in Figure 1
(c), we found that abundance of A. faecalis gradi-
ently increased with tumor stage progressed, which
implied that A. faecalis may play a significant role
in tumor progression, with its abundance positively
correlating with tumor malignancy.
Simultaneously, according RNA fluorescence
shown in Figure 1(d), we found that abundance
of A. faecalis gradiently increased during inflam-
mation-to-cancer transition.

A. faecalis alone has no impact on physiological
intestinal homeostasis, while during colitis,

A. faecalis simultaneously suppressed intestinal
immune response and disrupted intestinal barrier,
which ultimately exacerbated colitis progression

To further confirm the impact of A. faecalis on
colon tissues either in physiological or inflamma-
tory circumstances, antibiotics clearance (ABX)
animal model and DSS-induced colitis model
were combined (Figure 2(a)). Compared to control,
A. faecalis alone (CA. faecalis), without colitis, did
not significantly affect the disease activity index
(DAI, Figure 2(b)), colon length (Figure 2(c)), or
colon appearance (Supplementary Figure S1F).
When A. faecalis were given to mice bearing colitis
simultaneously (MA. faecalis), A. faecalis could
remarkably increase DAI by 1.5-fold (p <0.001,
Figure 2(b)), and dramatically shorten the colon
length by 18.6% (p <0.001, Figure 2(c,d)) com-
pared to model. To further confirm how much
does a single strain of A. faecalis contribute to
inflammation, two models of DSS-induced colitis,
with or without ABX, were constructed
(Supplementary Figure S1A-1E). When most of
gut microbiota was eliminated by antibiotics cock-
tail, A. faecalis could significantly enhance inflam-
mation during colitis (Figure 2(b)). However, when
other gut microbiota was present, the pro-
inflammatory effect of A. faecalis was correspond-
ingly reduced (Supplementary Figure S1C).

To further confirm the impact of A. faecalis on
intestinal barrier function, the amount of high-
molecular-weight FITC-dextran invade from
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Figure 1. In inflammation, precancerous lesions, and CRC tumor tissues, the abundance of A. faecalis consistently increases, with
a notable shift in their localization as well. (@) The abundance of A. faecalis in different stages during inflammation-to-cancer transition,
ranging from physiological state (Control), inflammation (DSS-induced colitis), inflammation-to-cancer transition (AOM/DSS), and
precancerous adenoma (Apc™™*) were detected by RNA FISH. A. faecalis was labeled in red, dapi-labeled nuclei in blue. Scale bar:
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intestine into blood was measured. As shown in
Figure 2(e,f), CA. faecalis did not significantly
affect intestinal barrier, whereas MA. faecalis
turther aggravated barrier dysfunction induced by
colitis. AB-PAS staining revealed that in
MA. faecalis, the structure of colon epithelial cells
was extensively disrupted, and mucus content in
glandular lumen was significantly decreased
(Figure 2(g)). Compared to model, the number of
Peyer’s patches was significantly reduced in
MA. faecalis (Figure 2(h)). Furthermore, during
colitis, a near-complete loss of GC area in Peyer’s
patches was found in MA. faecalis (Figure 2(i),
supplementary figure S1G-H and Figure 2(i)
Control as an example to show the structure of
mouse Peyer’s patches).

To examine the effect of A. faecalis on inflam-
mation-to-cancer  transition, inflammation-
involved Apc™™* mice model was applied
(Figure 2(j) and supplementary figure S1I-1]).
Compared to model, A. faecalis significantly
increased tumor size (p<0.05, Figure 2(k-1)).
Additionally, the structural integrity of Peyer’s
patches, especially for SED and GC area, was
almost destroyed after exposed to A. faecalis
(Figure 2(m) and supplementary figure S1K), and
AB-PAS staining also showed that mucous layer
was markedly disrupted in MA. faecalis (Figure 2
(n)). Furthermore, to further determine the effect
of A. faecalis on cancer progression, HCT116 xeno-
graft model and orthotopic colon cancer model
were also utilized. As shown in supplementary
figure S2, A. faecalis also remarkably promoted
tumor growth (p < 0.05).

A. Faecalis exacerbated the progression of colitis to
carcinoma by translocating from Peyer’s patches in
intestine to colon epithelium

By labeling A. faecalis with fluorescent dye
FITC-D-Lys and tracked its real-time

fluorescence, the differences of A. faecalis entry
into Peyer’s patches via M cells, either in the
presence or absence of colitis, were determined
(Figures 3(a,b)). We found that the green fluor-
escent A. faecalis co-localized with the red-
labeled M cells (Figures 3(c,d)), indicating that
A. faecalis indeed entered Peyer’s patches via
M cells. Compared to control, A. faecalis alone
(CA. faecalis) did not significantly affect the
distributed abundance of M cells in Peyer’s
patches. In contrast, during colitis, A. faecalis
remarkably reduced the green fluorescence of
M cells in MA. faecalis compared to that in
model (Figure 3(e)). Additionally, in situ hybri-
dization for A. faecalis revealed that most of
A. faecalis, upon entering Peyer’s patches, abun-
dantly accumulated in secondary lymphoid fol-
licle, which are main areas for dendritic cells
(DCs). These results suggested that under phy-
siological conditions, A. faecalis might enter
Peyer’s patches via M cells and reside within
DCs to maintain intestinal immune homeosta-
sis. However, during colitis, the entry ability
and resident abundance of A. faecalis in
Peyer’s patches were decreased, leading to dys-
functional immune response (Figure 3(e)).

As showed previously, the entry of A. faecalis
into Peyer’s patches was reduced significantly,
where did the translocated A. faecalis colonize
in intestinal lumen? To determine the destina-
tion of A. faecalis, colon tissues, located at bot-
tom of small intestine, were collected and co-
localized of A. faecalis and epithelial cells
labeled by WGA. As showed in Figure 3(f),
A. faecalis significantly implanted and accumu-
lated in colon epithelium. In model with colitis,
the disrupted intestinal barrier allowed more
A. faecalis to infiltrate colon epithelium, parti-
cularly colonized in crypts (Figure 3(f)).
Furthermore, in Apc™™* adenoma mice
model, we also found notable reduction of

25 um. (b) The abundance of A. faecalis in 22 pairs of clinical CRC tissues were measured by qPCR, and clinical samples are sorted by
tumor stage. (c) The abundance of A. faecalis in different stages of CRC (stage I, TINOMO; stage II, T3NOMO; stage Ill, T4aN2aMo; stage
IV: T4bN1bM1) was analyzed by RNA FISH. A. faecalis was labeled showed in red, dapi-labeled nuclei in blue. Scale bar: 200 um. *p <
0.05, **p < 0.01, ***p < 0.001: the significance of CRC tumor tissues vs the adjacent normal tissues. (d) The abundance of A. faecalis in
different stages during inflammation-to-cancer transition, ranging from clinicopathological (Normal), inflammation (IBD), inflamma-
tion-to-cancer transition (CAC), and adenoma (CRC) were detected by RNA FISH. A. faecalis was labeled in red, dapi-labeled nuclei in

blue. Scale bar: 200 pm.



GUT MICROBES (&) 7

DSS model

Cecal nod Anus
a “ —b 47 - Control ¢ d 1 Leagth —»
CSTBLIGS |\ ibtotic -m CA. faecalis Control
cocktail Water+PBS Hih E
Control Fa Modsl <
Ty : i pucats
CA. faecalis z + E.Coli §
: e— -
Model wxx|sss § Model
3% DSS+ A. faecalis (1x10° CFU) 3
M.A. faecalis
MA. fae:alix' - N
2 14 16 1cm
Day -3 Days E.Coli % —
Control CA. faecalis Model MA. faecalis E.Coli
y \ - 2 3
e f Colon | F—-—-O e Vo T S o8 \*Ex,.u-.._. -
- B—— - - ..7.——-‘ e
small (. ' SRS cxy—
intestine (Lop g X ) D———) ey
- & = __. =)
0.0
FITC-dextran <L Q\&\ y\\"" \“b‘\ v.}\\" Q»-""‘\\
60mg/100g SN N
13; & 200 pm
FITC-Dextran
&
h 10 v 1 Control CA. faecalis Model MUA. faecalis E.Coli
E 8 - - b
) -
5 6 % - * -
é -  oam W e
S 4 L) LI S
E - - e
Z 2 o
A w
T T T T T
> o > © &
& R
o go‘"'“ Xt \°a~° o
Colon cancer model ’ , s == Wild type s Model
i pmmmm—m————————————— b l > 27 mm M. faecalis wem E.Coli
: Four groups (6 weeks-old): ‘I 2
“ | Wild type: CS7BL/G mice fed with PBS 1 8
Apouws | Modelz Ape¥* mice fed with PBS ! Model ‘E
VML fuccalis: Ape™* mice fed with AF (1x10° CFU)! g
CSTBL/6 | 1 S 1
E-Coliz Apc™™* mice fed with E.Coli (1x10° CFU) 4 £
__________________ - M. faecalis B :
Start °
Daily treatment Sacrifice 4
t 2
Weeks et 1 1 1 I 1 1 1 1] E.Coli E .
afterborn® 7 8 9 10 11 12 13 14 15 16 z
<lmm 1-3mm >3mm
Wild type MA. faecalis E.Coli
m P n Model MA. fa
s 2\ ._.:',: e e o]
G ? 500 izl i dididt 4 oo
5T i R =

200 pm

Figure 2. A. faecalis alone exerted no effects on intestinal homeostasis under physiological conditions while aggravated DSS-induced
colitis and inflammation-to-cancer transition via disrupting intestinal barrier and suppressing immune response in Peyer’s patches. (a)
Schematic diagram of DSS-induced colitis mice model. A. faecalis was administrated without or with colitis, which refers to control
combined with A. faecalis (CA. faecalis) and model combined with A. faecalis (MA. faecalis), respectively. (b) Disease activity index
during DSS-induced colitis. (c) Statistical analysis of colon length. (d) Representative images for colon appearance. (e) FITC-D levels in
serum. (f) Representative images of small intestine and colon by fluorescence imaging. (g) Representative images of colon AB-PAS
staining, scale bar: 200 um. (h) The numbers of Peyer's patches (Peyer's patches) in mice intestine. (i) Representative HE staining
images of Peyer's patches, follicle associated epithelium (FAE), sub-epithelial dome (SED), interfollicular region (IF), and germinal
center (GC). Scale bar: 500 um. (j) Schematic diagram of Apc™™* colon adenoma model. (k) Representative images of colon tumors in
Apc™™* mice. (1) The numbers and sizes of colon tumors in Apc™™* mice, compared to model, *p < 0.05, **p <0.01. (m)
Representative HE staining images of Peyer’s patches. Scale bar: 500 um. (n) Representative images of colon AB-PAS staining, scale
bar: 200 um. Statistical significance: control vs model: **p < 0.01, ***p < 0.001. CA. faecalis vs model: *p < 0.05, **¥p < 0.001.
MA. faecalis vs model: *p < 0.05, #p < 0.001.
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Figure 3. The amount of A. faecalis was decreased in Peyer’s patches of intestine while increased in colon both in DSS-induced colitis
and Apc™™* adenoma mice model. (a) FITC-D-Lys-labeled A. faecalis in vitro. (b) Ligated loop of intestine containing Peyer’s patches
model. (c-d) three-dimensional images of multicolor two-photon confocal microscopy showing FITC-D-Lys-labeled A. faecalis (green),
Gp2-labeled M cells (red), and dapi-labeled nuclei (blue). Scale bar: 50 um. (e) Representative images of A. faecalis RNA FISH in Peyer’s



A. faecalis in Peyer’s patches, and significant
increase of A. faecalis at colon segment in
MA. faecalis (Figure 3(g,h)).

A. faecalis reduced B cells function in Peyer’s
patches and inhibited IgA+ B cells homing to the
intestine

Peyer’s patches are essential follicular structures
that mediate intestinal mucosal immunity. Our
previous data demonstrated a significant reduction
in the entry of A. faecalis into Peyer’s patches dur-
ing colitis; therefore, RNA sequencing (RNA-seq)
and immunofluorescence co-localization were uti-
lized to elucidate the correlation between A. faecalis
presence in Peyer’s patches and the immune
response. In the DSS-induced colitis, dramatic
reduction in B cells and significant increase in
other immune cells were observed, indicating that
colitis progression might be closely associated with
B cell depletion in Peyer’s patches. During colitis,
the diminished entry of A. faecalis into Peyer’s
patches further decreased B cells, downregulated
DCs, and inversely increased macrophages.
Additionally, A. faecalis-associated colitis pro-
moted the migration of neutrophils to Peyer’s
patches from intestinal lumen, further contributing
to the inflammatory response (Figure 4(b)).
Compared to DSS-induced colitis model,
A. faecalis-mediated colitis (MA. faecalis) signifi-
cantly impaired the function of most immune cells.
This impairment was most pronounced in DCs,
B cells, and T cells, with an average reduction in
functional markers exceeding 80% in the context of
A. faecalis-mediated colitis (Figures 4(a)).

The co-localization of A. faecalis and CD11c"
DCs suggested that A. faecalis could reside within
DCs after entering Peyer’s patches (Figure 4(d) and
Figure 3(g) Wild type as an example to show that
A. faecalis was taken up by DCs). Compared to
model, significant reduction in DCs was observed
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in A. faecalis-mediated colitis (MA. faecalis)
(Figure 4(e)). A. faecalis alone (CA. faecalis) sig-
nificantly triggered the proliferation of IgA+
B cells, while in the context of colitis, IgA+ B cells
were markedly diminished in MA. faecalis
(Figure 4(f)). Immunofluorescence results also
revealed that during colitis, A. faecalis decreased
the intensity of B220" memory B lymphocytes and
increased that of CDI138" plasma cells
(Supplementary figure S3A). Moreover, the expres-
sions of gut-homing receptors, such as integrin
a4pB7, CCRY, and CCR10, were determined in
Peyer’s patches and mesenteric lymph nodes
(MLNs), two critical sites in gut-associated lym-
phoid tissue, respectively. Compared to model,
MA. faecalis exhibited reduced intensity of integrin
a4p7, CCR9, and CCR10 (Figure 4(g)).
Consistently, the number of IgA+ B cells migrating
to colon tissues was significantly reduced in
MA. faecalis compared to model (Figure 4(h)).
Meanwhile, A. faecalis markedly reduced intensity
of CD4" T cells and enhanced that of CD8" T cells
compared to model (Supplementary figure S3B).

A. Faecalis obstruction in Peyer’s patches led to IgA
reduction in colon and microbial dysbiosis,
promoting intestinal inflammation

Secretory IgA could adhere to intestinal pathogens
and maintain intestinal homeostasis, and our pre-
vious findings revealed A. faecalis significantly sup-
pressed IgA+ B cells in Peyer’s patches, the
proportion of IgA in colon segment was also
decreased in MA. faecalis (Figure 5(a,b)). Since
A. faecalis could translocated from Peyer’s patches
to colon, how did A. faecalis impact gut microbiota
in colon? Using 16S rDNA sequencing, we examined
the changes in microbial diversity within colon dur-
ing colitis. As showed in Figure 5(c), the profile of
gut microbiota was diverse between model and
MA. faecalis, especially in reduced Chaol

patches of DSS model showing A. faecalis (red), Gp2-labeled M cells (green), and dapi-labeled nuclei (blue). Scale bar: 100 um. (f)
Representative images of A. faecalis RNA FISH in the colon of DSS model showing A. faecalis (red), wga-labeled epithelial cells (green),

and dapi-labeled nuclei (blue). Scale bar: 50 um. (g) Representative images of A. faecalis RNA FISH in Peyer’s patches of Apc

Min/+ model

showing A. faecalis (red), Gp2-labeled M cells (green), and dapi-labeled nuclei (blue). Scale bar: 50 um. (h) Representative images of
A. faecalis RNA FISH in the colon of Apc™™* model showing A. faecalis (red), wga-labeled epithelial cells (green), and dapi-labeled

nuclei (blue). Scale bar: 50 pm.
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Figure 4. A. faecalis altered immune cell dynamics in Peyer’s patches and exacerbated colitis. (a) Differentially expressed immune
cytokines and chemokines in Peyer's patches. (b) Analysis of the proportion of immune cells in Peyer’s patches using the timer
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(cyan), dapi-labeled nuclei (blue), scale bar, 100 um. (e) Representative images of DC immunofluorescence in Peyer’'s patches. CD11c-




(Figures 5d) and Shannon index (Figures 5e).
Consequently, A. faecalis translocation significantly
decreased the abundance of Bacteroidetes and
increased that of Proteobacteria. Notably, compared
to model, MA. faecalis showed a reduced abundance
of probiotic Muribaculaceae and an increased abun-
dance of pathogens such as Staphylococcus,
Escherichia-Shigella, and Corynebacterium
(Figures 5(f-g)). A. faecalis translocation led to sub-
stantial shifts in the bacterial community composi-
tion, resulting in dysbiosis. KEGG pathway
enrichment analysis revealed that A. faecalis trans-
location primarily invades intestinal epithelial cells
and was associated with immune system-related dis-
eases (Figures 5(h,i)).

A. faecalis enriched in colon increased vinculin
acetylation and promoted inflammation-to-
carcinoma transition

By using UPLC-TQMS, A. faecalis-associated
metabolites enriched in colon tissues were exam-
ined. As showed in Figure 6(a), the specific differ-
ential metabolites in MA. faecalis were primarily
enriched in SCFAs (66.67%), followed by organic
acids (26.67%) and fatty acids (6.67%). Acetic acid
level in CA. faecalis was comparable to control,
while when subjected to A. faecalis-associated coli-
tis, acetic acid level in MA. faecalis was significantly
higher compared to model (Figure 6(b)).

Previous study indicated that gut microbiota
generated SCFAs, which extensively participated
in post-translational modifications (PTMs) of
intestinal epithelial cells, directly influencing can-
cer process.'”> Compared to model, significant
increase in acetylation (Kac) level was observed
in MA. faecalis (Figure 6(c) and supplementary
Figure S4A-4B). Furthermore, Kac levels were
found extremely high either in DSS-induced coli-
tis mice, Apc™™* mice model or in six pairs of
CRC clinical tissues (Figure 6(c)). Subsequently,
differentially modified protein peptides were
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identified using 4D-label free quantitative acetyl-
proteomics. Among 65 significantly downregu-
lated peptides (FC < 0.5, p < 0.05) and 27 upregu-
lated peptides (FC>2.0, p<0.05), the most
significantly upregulated peptide belong to vincu-
lin (Figure 6(d)). In pan-cancer tissues, the
expression of vinculin remarkably decreased in
tumors compared to normal tissues (Figures 6
(e)). In CRC tissues, vinculin was significantly
downregulated at both gene and protein levels
(Figure 6(f,g)). In A. faecalis-associated colitis
and adenoma tissues, the expression of vinculin
was decreased while Kac level was increased in
MA. faecalis compared to model (Figure 6(h-j)
and supplementary figure S4D-4E). Whereas,
under physical conditions, vinculin protein and
Kac levels were unaffected in CA. faecalis com-
pared to control (Figure 6(h)).

Additionally, the protein expression of tight
junction proteins ZO1 and Claudinl, as well as
adhesion proteins E-cadherin were significantly
reduced in A. faecalis-associated DSS-induced
colitis model and Apc™™* spontaneous adenoma
model, suggesting A. faecalis could disrupt tight
junctions, exacerbate intestinal barrier damage to
participate in inflammation-to-cancer transition
(Figure 6(I-k)). Immunofluorescence revealed an
inverse relationship between vinculin and f-
catenin in MA. faecalis, as well as decreased
cytoplasmic P-catenin and increased nuclear (-
catenin in MA. faecalis (Figure 6(l1-n)). Ki67
staining indicated increased cell proliferation in
MA. faecalis compared to model (Figure 6(m-o0)),
suggesting that nuclear translocation of p-catenin
promoted tumor development. In conclusion, our
findings suggested that when A. faecalis translo-
cated from Peyer’s patches to colon tissues, the
vinculin acetylation in colon epithelial cells were
increased, which may disrupt tight and adhesion
junctions embedded in intestinal barriers, ulti-
mately promote inflammation-to-cancer
transition.

labeled DCs (red), dapi-labeled nuclei (blue), scale bar, 50 um. (f) Representative images of IgA and B220 immunofluorescence in
Peyer's patches. IgA (green), B220-labeled B cells (cyan), dapi-labeled nuclei (blue), scale bar, 100 um. (g) Representative images of
intestinal homing receptors a4B7, CCR9, and CCR10 immunofluorescence in Peyer's patches and MLNs. a4f7 (green), CCRY (red),
CCR10 (cyan), dapi-labeled nuclei (blue), scale bar, 50 um. (h) Representative images of IgA and CD138 immunofluorescence in Peyer’s
patches. IgA (green), CD138-labeled effector B cells (red), dapi-labeled nuclei (blue), scale bar, 50 um.
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Figure 5. A. faecalis induced gut microbiota disorder, decreasing beneficial bacteria and increasing harmful bacteria. (a-b) IgA levels in
colon contents measured by flow cytometry, with CD138-labeled plasma cells. (c) PCA analysis of gut microbiota. (d) Chao1 diversity
index. (e) Shannon diversity index. (f) Taxonomic analysis of microbiota at the phylum, family, genus, and species levels. (g) Circos
visualization diagram of microbiota at the genus level. (h-i) KEGG pathway analysis.
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A. faecalis-derived acetate increased vinculin
acetylation to promote colorectal carcinogenesis

To investigate the mechanism of action of A. faecalis-
derived acetate to promote colorectal carcinogenesis,
we first used LC-MS to detect the acetic acid level in
the TSB, A. faecalis, inactivated A. faecalis, A. faecalis
supernatant, and inactivated A. faecalis supernatant.
We found that acetic acid level in inactivated
A. faecalis was significantly higher compared to TSB
(Figure 7(a)). Then, we used CCK8 to examine the
cell viability of acetate on the colon cancer cell line
HCT-116, as showed in Figure 7(b), the IC50 values
were 96.83 mm at 24 h and 33.42 mm at 48 h. Next,
We used IP and WB to examine the effect of acetate
on Vinculin acetylation, and the results showed that
Vinculin Kac level was increased at 33.42 mm of
acetate compared to Control (Figure 7(c)).
Acetylation is produced by KATs (including P300,
GCNS5, PCAF, SCR3, et al.) transferring an acetyl
group from acetyl-CoA to the e-amino side chain of
lysine, and participates in the regulation of important
molecules, thereby regulating the disease process
(Figure 7(d)). Through protein-protein docking, we
found that Vinculin protein and P300 protein could
be very likely to bind (Figure 7(e)). At the same time,
P300 expression level increased and intracellular
acetyl-CoA level increased after acetate treatment
(Figure 7(f-g)).

Furthermore, by analyzing the COAD data, it was
found that the correlation coefficient r between
Vinculin (VCL) and p-catenin (CTNNB1) was 0.28
(p <0.001), indicating that VCL was significantly
related to WNT (Figure 7(h)). In addition, GSEA
enrichment analysis that the transcriptome of VCL
high-expression samples was enriched in intestinal
diseases (Figure 7(i)), and was significantly positively
correlated with the WNT signaling pathway.
(Figure 7(j), NES =1.24, padj < 0.05). To examine
the relationship between Vinculin acetylation and f3-
catenin, we used acetate and IWR-1-endo (f-catenin

inhibitor) to treat the colon cancer cell line HCT-116.
Immunofluorescence results were shown in Figure 7
(k-1), compared with Control, after treatment with
acetate alone, the acetylation level increased signifi-
cantly, and the ratio of nuclear translocation of p-
catenin significantly increased by approximately 40%
(***p <0.001). Compared with IWR-1-endo, after
treatment with acetate and IWR-1-endo together,
the acetylation level was significantly increased, and
the ratio of nuclear translocation of B-catenin slightly
increased by approximately 7% (p>0.05, ns).
Similarly, we also found that, compared with
Control, after treatment with acetate alone, the ratio
of HCT-116 cells migration ability significantly
increased by approximately 50%. Compared with
IWR-1-endo, after treatment with acetate and IWR-
1-endo together, the ratio of HCT-116 cells migration
ability increased by approximately 10% (Figure 7(m,
n)). In general, as acetylation increased, nuclear trans-
location of B-catenin increased, resulting in more cell
migration.However, when B-catenin was inhibited,
although increased acetylation resulted in increased
n nuclear translocation of B-catenin, cells migrated no
more than in the presence of B-catenin. This indi-
cated that cell migration relied on increased acetyla-
tion to promote nuclear translocation of p-catenin to
promote tumor progression.

Discussion

The phenotypic differences and molecular
mechanisms by which intestinal lymphoid tissue-
resident commensal bacteria impact disease pro-
gression remain unclear. Our study identified
A. faecalis, a conditional pathogen residing in
Peyer’s patches, could suppress mucosal immune
responses via reducing IgA* B cells in Peyer’s
patches and disrupt intestinal barrier via increasing
vinculin acetylation in colon epithelial cells, ulti-
mately  promoting  inflammation-to-cancer
transition.

Expression level of vinculin protein in TCGA colon cancer. Normal vs primary tumor, ***p < 0.001. (g) Detection of vinculin protein
expression level in colon cancer clinical samples by Western blotting. (h, j) vinculin protein and kac level by Western blotting in DSS

model and Apc™"™*
model and ApcM™+

model. (i, k) protein levels of ZO1, Claudin1, E-cadherin, and B-catenin in the colon by Western blotting in DSS
model. (I, n) immunofluorescence of vinculin protein and B-catenin protein in DSS model and Apc

Min/+ model. B-

catenin (green), phalloidin-labeled cytoskeleton (red), vinculin (cyan), dapi-labeled nuclei (blue), scale bar, 25um. (m, o)

Representative images of colon Ki67 immunohistochemistry in DSS model and Apc

MIn+ model, scale bar, 25 um.
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Our study demonstrated A. faecalis, acted as

a conditional pathogen, exacerbated colitis and
promoted carcinogenesis under inflammatory
conditions while exert no effects under normal
conditions

Previous study revealed A. faecalis-derived LPS
could serve as a nasal vaccine adjuvant to active
immune response without aggravate
inflammation,''® while other studies suggested
A. faecalis could trigger inflammation. Combining
DSS model with Apc™™* spontaneous adenoma
model, we initially explored the impact of
A. faecalis on inflammation-to-cancer transition.
Interestingly, our findings demonstrated that
A. faecalis alone could effectively maintain physio-
logical intestinal homeostasis via embedding in
Peyer’s patches and activating mucosal immune
surveillance (Figure 2). However, during DSS-
induced colitis, A. faecalis dramatically exacerbated
colitis and promoted adenoma formation in
Apc™™* mice (Figure 2 and supplementary figure
§1). Our findings highlighted the context-
dependent effects of gut microbiota, where the
same bacterial specie could have protective role
under homeostatic condition but become patho-
genic in the context of inflammation.

Our study revealed that the translocation of

A. faecalis from Peyer’s patches to colon,
significantly reduced IgA+ B cells in Peyer’s patches,
leading to a decrease of IgA in colon tissues, which
ultimately suppressed intestinal mucosal immune
responses

Consistent with previous findings by Obata et al
' we also found A. faecalis could be taken up by
M cells to enter Peyer’s patches (Figure 3). The
absence of mature Gp2* M cells impeded traffick-
ing of antigens, which hindering the initiation of

mucosal immune response.'® We found that dur-
ing colitis, A. faecalis significantly reduced mature
Gp2" M cells, thereby impairing the ability of
M cells to take up antigens, resulting in the
immune cells embedded in Peyer’s patches were
unable to trigger immune response (Figure 3).
Most importantly, since A. faecalis could not
invade into Peyer’s patches, more A. faecalis can
colonize in colon tissues with intestinal movement
(Figure 4). Meanwhile, during colitis, A. faecalis
altered the profile of immune cells in Peyer’s
patches, especially for IgA+ B cells (Figure 4).
Previous studies demonstrated M cells depletion
might significantly attribute to GC diminish and
low level of IgA."” Consistently, IgA+ B cells both
in intestine and colon was reduced after A. faecalis
treatment (Figure 4). Secreted IgA (SIgA) could
bind to commensal microbiota as part of innate
immune surveillance®’, our findings also showed
that reduced IgA levels correlate with increased
microbial dysbiosis (Figure 4). A. faecalis‘s pre-
sence under inflammatory conditions not only exa-
cerbated colitis but also facilitated the migration of
A. faecalis to the colon, where it disrupted the
microbial community.

Our study concluded that A. faecalis significantly
increased vinculin acetylation, which disrupted
intestinal barrier integrity, promoting
inflammation-to-cancer transition

Gut is a unique site of host-microbe interactions,
where microbially-derived small molecules such
as SCFAs are key modulators for maintaining
intestinal homeostasis. Our data revealed that
during colitis, A. faecalis could translocate from
the small intestine to colon, and disrupt micro-
bial homeostasis in colon as well. Does A. faecalis
translocation influence SCFA production and

percentages of viable cells were measured by CCK8 assays. (c) The expression of vinculin-Kac in the HCT-116 with acetate (0, 20,
40 mm) treatment for 48 h. (d) Schematic diagram of the acetylation process. (e) Vinculin protein and P300 protein docking, vinculin
(salmon), P300 (cyan), Protein-Protein interaction sites (greencyan). (f) The expression of P300 protein in the HCT-116 with acetate (0,
20, 40 mm) treatment for 48 h. (g) The intracellular acetyl-CoA level in the HCT-116 with acetate (0, 20, 40 mm) treatment for 48 h.
acetate (0 mm) vs acetate (40 mm): #p < 0.05. (H) The relationship between vinculin (VCL) and B-catenin (CTNNB1) was analyzed by the
COAD data. (i-j) the relationship between vinculin (VCL) and intestinal diseases was analyzed by the GSEA. (k) Immunofluorescence of
Kac, vinculin protein, and B-catenin protein in the HCT-116 with acetate (0, 20, 40 mm) treatment for 48 h. B-catenin (green), Kac (red),
vinculin (cyan), dapi-labeled nuclei (blue), scale bar, 20 um. (I) The ratio of nuclear translocation of B-catenin. (m) Cell migration ability
was measured by transwell assays, scale bar, 500 um. (N) The ratio of cell migration (%/of control).



contribute to colitis-associated cancer progres-
sion? We found among other differentially
enriched SCFAs, acetic acid was the most signifi-
cantly increased metabolites in A. faecalis-
associated colitis. Recent study demonstrated
that SCFAs could influence various PTMs to
participate in cancer progression.21 Our further
study revealed that A. faecalis significantly altered
the PTMs landscape in intestinal epithelial cells.
Most importantly, we found that vinculin acety-
lation was extremely higher. Previous study
revealed that vinculin acetylation could disrupt
the E-cadherin/p-catenin complex, impeded cell-
cell adhesion and hindered intestinal barrier
integrity. The increased A. faecalis-associated vin-
culin acetylation revealed that aberrant SCFAs
derived from translocation of A. faecalis in
colon tissues, could promote inflammation-to-
cancer transition by modulating epithelial barrier
integrity.

Despite the comprehensive insights gained,
our study had several limitations. The focus on
A. faecalis’s impact on Peyer’s patches and coli-
tis in a mouse model may not fully translate to
human disease due to interspecies differences in
immune responses and microbiota composition.
Additionally, while we demonstrated significant
changes in immune cell function and microbial
composition, the precise molecular mechanisms
remained to be elucidated. Further research
should aim to identify specific bacterial metabo-
lites or signaling pathways that mediate these
effects, and longitudinal studies in human sub-
jects could validate the relevance of our
findings.

In conclusion, our study provided compre-
hensive understanding of how A. faecalis regu-
lates intestinal immunity, influences intestinal
barrier, to ultimately promote inflammation-to-
cancer transition. By highlighting the dual role
of A. faecalis in physiological and pathological
conditions, we emphasized the importance of
A. faecalis, opportunistic pathogens in Peyer’s
patches, in maintaining structural and immune
homeostasis in inflammation-associated tumori-
genesis. Our findings open new avenues for
therapeutic intervention targeting A. faecalis-
related microbial dysbiosis to prevent IBD-
involved CRC.
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