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INTRODUCTION: Familial adenomatous polyposis (FAP) is a condition caused by a constitutional pathogenic variant of the

adenomatous polyposis coli gene that results in intestinal adenoma formation and colorectal cancer,

necessitating pre-emptive colectomy. We sought to examine interaction between the mucosal immune

systemandcommensalbacteria inFAP to test for immunedysfunction thatmight accelerate tumorigenesis.

METHODS: Colonic biopsies were obtained from macroscopically normal mucosal tissue from 14 healthy donors

and 13 patients with FAP during endoscopy or from surgical specimens. Intraepithelial and lamina

propria lymphocytes were phenotyped. Intraepithelial microbes were labeled with anti-IgA/IgG and

analyzed by flow cytometry.

RESULTS: Proportions of resident memory CD103-expressing CD81 and gd T-cell receptor1

intraepithelial lymphocytes were dramatically reduced in both the left and right colon of patients with

FAP compared with healthy controls. In lamina propria, T cells expressed less CD103, and CD41

CD1031 cells expressed less CD73ectonucleotidase. IgA coating of epithelia-associated bacteria, IgA1

peripheral B cells, and CD4 T-cell memory responses to commensal bacteria were increased in FAP.

DISCUSSION: Loss of resident memory T cells and gd T cells in mucosal tissue of patients with FAP accompanies

intestinal microbial dysbiosis previously reported in this precancerous state and suggests impaired

cellular immunity and tumor surveillance. This may lead to barrier dysfunction, possible loss of

regulatory T-cell function, and excess IgA antibody secretion. Our data are the first to implicatemucosal

immune dysfunction as a contributing factor in this genetically driven disease and identify potentially

critical pathways in the etiology of CRC.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A777, http://links.lww.com/CTG/A778, and http://links.lww.com/CTG/A779.
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INTRODUCTION
The intestinal microbiota is altered (dysbiosis) in patients with
colorectal cancer (CRC) (1,2), but how this might contribute to
tumor formation, through interactionswith the epitheliumand the
large numbers of lymphocytes resident in mucosal tissue, is un-
known. CRC is accompanied by parainflammation (3), whichmay
be driven by enhanced exposure of the immune system to micro-
biota constituents. Our laboratory recently demonstrated a loss of
resident memory T cells (Trm) and gamma delta T cells (gd T) in
the extratumoral tissue of patients with CRC, accompanied by
altered immunity to commensal intestinal bacteria and a B-cell
activation signature in peripheral blood (4). Whether these factors

have a direct causative role in tumor initiation is unclear, but this
could be elucidated through studies of precancerous states.

Familial adenomatous polyposis (FAP) is a condition caused
by a constitutional pathogenic variant in adenomatous polyposis
coli (APC), which predisposes individuals to intestinal adenoma
formation and CRC (5). It affects around 1 in 7,000 people (6),
who develop up to hundreds or thousands of adenomas in the
large bowel, leading almost invariably to CRC by their fourth to
fifth decade, unless prophylactic surgery is performed (7). The
location of the constitutionalAPC pathogenic variant can predict
the colorectal phenotype with a pathogenic variant in the muta-
tion cluster region (codon 1,250 to 1,450) predicting higher
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adenoma number compared with those at the 39 or 59 of the APC
gene.APC acts as a tumor suppressor gene and is involved inWnt
signaling, cytoskeleton organization, and T-cell immune synapse
formation (8,9), which controls T-cell cytokine production and
development of regulatory T cells (10). Development of intestinal
tumors in APC mutant mice is accompanied by inflammation
(11) and impaired production of the regulatory cytokine IL-10 in
intestinal lamina propria T cells (10).

CRC is associatedwith intestinalmicrobial dysbiosis (1), believed
to drive chronic low level or parainflammation. Maintenance of the
barrier between intestinal microbiota and the systemic immune
system involves tissue-resident lymphocytes including CD41 and
CD81 Trm and gd T cells (12). The presence of high numbers of
Trm in a variety of tumor tissues is associated with a good prognosis
(13), and induction of Trmbymucosal vaccines ismore successful at
tumor control in animal models (14). Thus, Trm seem to suppress
both tumor development and inflammation, whereas gd T cells
possess unique function in early tumor surveillance. Intestinal bar-
rier function in patients with FAP is reported to be compromised,
with biofilms including Escherichia coli and Bacteroides fragilis
penetrating themucousbarrier (15). Therefore, by studying immune
system: microbiota interaction in human precancerous tissue, we
sought to shed light on the factors that increase susceptibility toCRC
and for the first time define an immune signature in FAP.

MATERIALS AND METHODS

Study design

Donors (age 16–80 years) were recruited fromSt.Mark’sHospital
Polyposis Registry and included those with a diagnosis of FAP
(with a confirmed APC pathogenic variant) without previous

Table 1. Demographic data on study participants

Group Healthy FAP

Tissue/blood donors, n 14 13

Male/female 11/3 4/9

Mean age (95% CI) at sampling 51.3 (43.2–59.3) 25.7 (18.3–33.1)

Biopsy procedure

Endoscopy 14 7

Surgery tissue 0 6

CI, confidence interval; FAP, familial adenomatous polyposis.

Figure1.Deficiency of residentmemoryTcells andgdTcells in FAP IEL. (a) Comparison of IEL stainingprofiles from representative healthy control (left) and
FAP (right) colonic biopsies, reflecting loss of CD103but not CD39expression onCD81 IEL (upper panels) andgdTcells (lower panels). Similar resultswere
obtained from the left and right colon. (b) Pooled data from all donors showing percentages of CD81 gd TCR2 and total gd Tcells as a proportion of total IEL,
in the left colon (LC) and right colon (RC). (c) Pooled data from all donors showing percentages of CD81 gd TCR2CD1031 Trm and gd TCR1 CD1031 cells
as a proportion of total IEL, in the left colon (LC) and right colon (RC). (d) Proportions of cells expressing CD103 within gated CD8 and gd Tcells, as in (b).
Median values695%confidence intervals are shown; statistically significant differences between groups (Mann-Whitney tests) are indicated. FAP, familial
adenomatous polyposis; IEL, intraepithelial lymphocytes; IEM, intraepithelial microbe; Trm, resident memory T cells.
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surgery, undergoing colonic surveillance or surgery to remove the
large intestine. Healthy donors were undergoing investigative
endoscopy because of a change in bowel habit or family history of
CRC, with no abnormalities observed. Patients were recruited
betweenMarch 2018 and October 2019; no data were excluded at
the end of the study. Clinical and demographic patient charac-
teristics are shown in Table 1. Surgical tissue from the left and
right colon and/or 20-mL peripheral blood was obtained from all
participants. Ethical approval was obtained from the Health Re-
search Authority UK and London-Harrow Research Ethics
Committee (study ref 17/LO/1636). Written informed consent
was received from participants before inclusion in the study.

Colonic intraepithelial lymphocytes, lamina propria

lymphocytes, and intraepithelial microbe isolation

For most tissue donors, 5 left colon and 5 right colon biopsies
were obtained from mucosa with macroscopically normal ap-
pearance during routine colonoscopy. Control colonic biopsies (5
left colon and 5 right colon) were obtained from healthy indi-
viduals undergoing investigative endoscopy. For 6 patients with
FAP, 5 left and 5 right colonmucosal biopsies (10-mg tissue each)
were obtained frommacroscopically normal (nonadenomatous)-
appearing mucosa from fresh surgical specimens obtained im-
mediately after surgery. Surgical tissue biopsies were taken by
forceps in a manner as comparable as possible to biopsy at en-
doscopy. Patients undergoing surgery were treated with antibi-
otics and mechanical bowel preparation (laxatives), as part of

routine bowel preparation within the 24-hour period before
surgery. Individuals undergoing endoscopy received mechanical
bowel preparation only.

Colonic intraepithelial lymphocytes (IEL) and intraepithelial
microbes (IEM) were released from biopsies using dithiothreitol/
ethylenediaminetetraacetic acid (DTT/EDTA) and harvested by
centrifugation at 300g (5 minutes). IEM were obtained by cen-
trifugation of resulting supernatants at 4,500g (20 minutes).
Lamina propria lymphocytes (LPL) were obtained by digestion
with collagenase/liberase of remaining tissue.All cellswerewashed,
then phenotyped, and counted by flow cytometry. Cells were first
stained for viability using LIVE/DEAD fixable-near-IR stain
(Thermo Fisher, Waltham, MA) before addition of surface-
staining antibodies in fetal calf serum. Cells were stained with
antibodies to gd TcR, CD4, CD8, CD103, CD39, and CD73 (see
Supplementary Table 1, http://links.lww.com/CTG/A779). All
samples were acquired on a BD Biosciences FACS Canto II flow
cytometer and data analyzed by FlowJo software (Tree Star).

Commensal-specific T- and B-cell memory

proliferative responses

CD4/CD8 T-cell and B-cell proliferative responses were mea-
sured in PBMC in response to the following 9 species: Bacillus
licheniformis, Bacteroides ovatus, Bifidobacterium pseudocate-
nulatum, Clostridium paraputrificum, E. coli, Hafnia paralvei,
Schaalia turicensis, Staphylococcus epidermidis, and Veillonella
atypica. The species were selected from an initial panel of 19 on

Figure2.ReducedCD103andCD73expression on laminapropria Tcells in FAP. (a) Comparison of LPL stainingprofiles from representative healthy control
(upper panels) and FAP (lower panels) colonic biopsies, reflecting loss of CD103 on CD41 and CD81 Tcells and CD73 expression on CD41 Tcells (lower
panels). (b) Percentages of CD81 (upper panels) andCD41 (lower panels) CD1031Trm, as proportions of total LPL (left) in the left and right colon of healthy
vs FAP donors. Right-hand graphs show proportions expressing CD103 within gated T-cell fractions. (c) Expression of regulatory T-cell markers CD39 and
CD73 on CD4 and CD8 Trm in LPL. Median values 6 95% confidence intervals are shown; statistically significant differences between groups (Mann-
Whitney tests) are indicated. FAP, familial adenomatous polyposis; LPL, lamina propria lymphocytes; Trm, resident memory T cells.

American College of Gastroenterology Clinical and Translational Gastroenterology

FU
N
C
TI
O
N
A
L
G
I
D
IS
O
R
D
ER

S

Altered Mucosal Immune-Microbiota Interactions 3

http://links.lww.com/CTG/A779


the basis of their relatively high immunogenicity (16). They were
isolated from the cecum of healthy donors (17,18) and grown
anaerobically in Hungate tubes containing Wilkins-Chalgren
broth (37 °C for 24 hours). Aliquots (1 mL) were centrifuged at
13,000 rpm for 10 minutes, supernatants removed, and cell pellets
snap-frozen with dry ice before storage at 280 °C. PBMC were
obtained over Ficoll gradients and labeled with CellTrace Violet
(1mM, Thermo Fisher) according to manufacturer’s instructions
and then cultured at 4 3 106/mL in XVIVO15 serum-free me-
dium (Lonza, 1 50-mg/mL gentamycin (Sigma) and penicillin/
streptomycin (Thermo Fisher, 1/100). Killed bacteria (2 3 105),
enumerated by SYBR Green staining and flow cytometry) were
added to 0.2-mL PBMC cultures and microbe-specific pro-
liferation in gated populations determined after 7 days of culture.
Cultured cells were analyzed by staining with LIVE/DEAD stain
and CD4/CD8/CD19 antibodies (see Supplementary Table 1,
http://links.lww.com/CTG/A779). Positive responses were
classed as those showing.2% divided cells and at least twice the
unstimulated control level.

Measurement of antibody-bound microbes

IEM were labeled with SYBR Green DNA stain (Thermo Fisher,
1/100,000), anti-IgA-APC/anti-IgG-APC/Cy7, and analyzed by
flow cytometry to determine proportions (%) of bacteria coated
with antibodies in the gut. Intact microbes were gated according
to SYBRGreen staining and total proportions of bacteria staining
positive for IgA and IgG determined.

Analysis of circulating B-cell subsets

We examined naive vs memory and effector memory B-cell
subsets, along with IgA- and IgG-switched B cells, plasmablasts,
and transitional B cells (T1 and T2), in live PBMC using anti-
bodies listed in Supplementary File 1 (see Supplementary Table 1,

http://links.lww.com/CTG/A779). We previously published an
example of the gating strategy used (4). CD191 B cells were
classified intomemory (CD271 IgD2), effectormemory (CD272

IgD2), plasmablast (CD27hi CD38hi), T1 transitional (CD24hi

CD38hi) within the naive (CD272 IgD1), and T2 transitional
(CD24lo CD38lo within naive) subpopulations, expressed as
percentages of the total B-cell fraction. B cells expressing surface
IgA and IgG were also analyzed (see Supplementary Figures 1
and 2, http://links.lww.com/CTG/A777, http://links.lww.com/
CTG/A778).

Statistical analysis

GraphPad Prism 9 software (GraphPad, San Diego, CA) was
used to plot and analyze the data, using Mann-Whitney non-
parametric tests to compare groups. P values less than 0.05 were
considered significant and indicated by: *P , 0.05; **P , 0.01;
***P, 0.001; ****P , 0.0001.

RESULTS
gd T cells with residence markers and CD81 Trm are deficient in

FAP IEL

IEL consisted of gd T cells and CD81 T cells. In healthy controls,
themajority of these expressed CD103 and were therefore classed
as tissue resident in phenotype or Trm. In FAP samples, pro-
portions of gd T cells and CD81 T cells as well as their levels of
CD103 expression were greatly reduced (Figure 1a–d). The re-
duction in the proportion of CD103-expressing cells (of total live
cells) was 94%–97% for CD8 T cells and 90%–93% for gd T cells
(Figure 1d). This loss of CD103 expression wasmore pronounced
than the depletion of total T cells (79%–82% for gd and 60%–73%
for CD81 T cells, Figure 1b), which barely reached statistical
significance in the case of CD81 T cells.

Figure 3. Increased IgA response to intraepithelial colonicmicrobes in FAP. (a) Representative flow cytometry profiles showing identification of IEMbyDNA
staining, followedby analysis of IgA and IgGantibodycoating of bacteria, in ahealthy control (left) andanFAPdonor (right). (b) Pooleddata fromall donor left
and right colon samples, showing proportions of IEMcoatedwith IgA and IgG.Median values6 95%confidence intervals are shown; statistically significant
differences between groups (Mann-Whitney tests) are indicated. FAP, familial adenomatous polyposis; IEL, intraepithelial lymphocytes; IEM, intraepithelial
microbe.
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CD41 and CD81 Trm are deficient in FAP LPL, and CD4 Trm lose

CD73 expression

We performed a similar analysis of T cells in LPL but examined
CD41 and CD81 ab T cells because CD4 T cells are largely absent
from IEL and gd T cells rare in LPL. The results indicated further
significant reductions in Trm inmucosa, with 83%–85% reduction
inCD8Trm and 74%–77% fewerCD4Trm,with significant loss of
CD103 expressiononbothpopulations in the left colon (Figure 2a).
There was no significant depletion of the total T-cell populations
(not shown). Because of the higher yield of LPL vs IEL, we were
able to accurately assess both CD39 and CD73 expression on CD4
and CD8 T cells in LPL. Consistent with our previous study (16),
CD1031 T cells preferentially expressed CD39, a regulatory
T-cell–associated ectonucleotidase not present on circulating
T cells. Expression of this marker was not lost on T cells in FAP,
although there was a trend toward reduced expression in CD8
T cells. By contrast, CD73 expression was significantly down-
regulated on CD4 T cells but not CD8 T cells in both the left and
right colon (Figure 2b). Thiswas unexpectedbecauseCD39but not
CD73 is preferentially expressed on CD103-expressing T cells in
the colon, with CD73 being generally highly expressed.

IgA response to intestinal microbiota is enhanced in FAP

Because antibody responses to intestinal microbes are partly
T-cell–dependent, we examined IgA/IgG responses to intestinal mi-
crobes to determine whether there was altered immunity in FAP
donors. IEMs were released from colonic biopsies and assessed for
coatingwith IgA and IgG. The data revealed significantly higher levels
of IgA coating in IEM from the right colon of patients with FAP
compared with healthy controls (Figure 3), a finding not seen in CRC
(4). A similar trend was apparent in the left colon but did not reach
statistical significance. The IgG levels present on thesemicrobes varied
greatly from individual to individual in both groups, but there was no
significant difference betweenhealthy controls andpatientswith FAP.

Enhanced levels of IgA-switched B cells and T1 transitional

B cells in blood of patients with FAP

Because mucosal antibody production to the microbiota seemed
raised in FAP, and we had observed signs of B-cell activation in
blood fromCRCpatients in a previous study (4), we performedB-
cell subset analysis on PBMC from both groups. The data
(Figure 4) showed a similar but weaker pattern to CRC, with
significantly more T1 transitional B cells than healthy controls,

Figure 4. Increase in circulating IgA-switched B cells and T1 transitional cells in FAP. (a) Representative stains of different maturational stages of B cells
within total circulating CD191 cells in healthy control and FAP blood. Cells were gated as described in Materials and Methods. (b) Pooled data of B-cell
subset staining as in (a). (c) Proportions of IgA- and IgG-switched B cells in blood, as a proportion of the total CD191 population, determined as in
(a). Median values 6 95% confidence intervals are shown; statistically significant differences between groups (Mann-Whitney tests) are indicated. FAP,
familial adenomatous polyposis.
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but, unlike CRC (4), no significant change in effector memory
B cells or plasmablasts. Consistent with the data on IEM
coating, IgA1 and not IgG1 B cells were increased in blood of
FAP patients, in contrast to CRC where neither subset was
altered (4).

CD4 T-cell memory to commensal bacteria is enhanced in FAP

Because IgA responses to the microbiota were enhanced
in FAP compared with controls, we analyzed T- and B-cell
memory to a panel of commensal intestinal bacteria to de-
termine whether specific species were involved in the disease
process. As we observed in previous studies (4,16), pro-
liferative responses were observed in CD4, CD8, and CD19
populations in all donors, with highly individual patterns of
specificity and strongest memory apparent in CD4 T cells (not
shown). The strongest CD4 T-cell memory responses in pa-
tients with FAP were to H. paralvei and C. paraputrificum,
whereas the weakest CD4 memory was to S. epidermidis and E.
coli. The magnitude of the proliferative responses could not be
compared between healthy controls and patients with FAP
because there was a significant age difference between the 2
groups (Table 1), and magnitude of response correlated neg-
atively with age. Therefore, we compared the numbers of
positive responses (Figure 5) seen to the panel of bacteria,
which did not correlate with age. Furthermore, no age corre-
lationwas seen in any other data presented in Figures 1–4. Only
CD4 T-cell responses showed a statistically significant differ-
ence, with patients with FAP having more memory responses
than healthy controls.

DISCUSSION
Patients with FAP showed a marked deficiency in CD8 and CD4
Trm in colonic tissue populations that promote barrier immunity
and have regulatory functions. The deficiency seemed to be
mainly due to loss of CD103 expression rather than depletion of
total T cells in the tissue, although both were apparent in the
epithelium. CD103 is a defining marker of Trm because it me-
diates tethering of T cells to epithelium (19), promoting long-
term residence in the mucosa and tumor tissue (20). Thus, loss of
CD103 could lead to reduction of total T-cell populations,
whereas the altered microbiota reported in FAP could also result
in depletion by reducing signals for recruitment of T cells from
the circulation into the intestinal mucosa. Although we used
CD103 as a marker for Trm in this study, it should be noted this
may not have identified all resident cells, especially in LPL. Our
findings are consistent with a study of APC mutant mice, which
found lowered proportions of CD81 T cells in small intestine
lamina propria and lower CD8 T-cell IFN-g production from
Peyer’s patches (21). Interestingly, FAP tissue has been shown to
have altered retinoic acidmetabolism,with reduced RALDH1A1/
2 expression in adenomatous epithelia relative to healthy tissue
and increased CYP26A1 in diseased crypts of patients with FAP
(22). Retinoic acid is critical for induction of CD103 and gut
homing of T cells (23).

Because Trm represent a large fraction of the immune system
andmaintain barrier immunity against the intestinal microbiota,
the loss of such cells is likely to contribute to the inflammatory
events that precede carcinogenesis. Furthermore, patients with
FAP showed amarked deficiency in gd T cells in epithelial tissue-
cells with a unique ability to kill tumor cells (24,25). Increased IgA

Figure 5. Increased CD4 T-cell memory to commensal bacteria in FAP.
Proliferative responses of gated CD41, CD81, and CD191 T/B cells in
PBMC were determined in response to a panel of 9 commensal bacterial
species (listed in Materials and Methods). Numbers of positive responses
within the panelwere definedas thosewith.2%cell division and.2 times
background proliferation. Median values 6 95% confidence intervals are
shown; statistically significant differences between groups (Mann-Whitney
tests) are indicated. The magnitude of proliferation to each species is not
included because the data were biased by donor age difference between
groups. FAP, familial adenomatous polyposis.
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but not IgG responses to epithelial microbes were observed,
suggesting increased bacterial translocation into colonic tissue
driving mucosal antibody secretion through germinal center
formation. This could be a direct result of weakened immune
barrier function (as seen in inflammatory bowel disease) or sec-
ondary to B-cell dysfunction. Although our study is observational
in nature, overall, it supports the hypothesis that poor retention of
tissue residence and altered immunity to commensal bacteria
may contribute to dysbiosis and result in poor immune surveil-
lance for tumor cells, exacerbating the extremely highCRC risk in
FAP. This is consistent with the lack of observed ileal adenomas
or ileal cancer in FAP, given that this tissue has a lower bacte-
rial load than the colon and higher lymphoid infiltration. It is
likely that medications may have altered the microbiota in some
patients. However, presurgical antibiotics were administered
within the 24 hours before surgery, so it may not have impacted
mucosal populations, and those FAP patients undergoing en-
doscopy were not treated with antibiotics.

Catabolism of extracellular adenosine triphosphate (ATP)
is a key pathway in immune regulation, which controls the
activation of dendritic cells, the inducers of acquired immunity
in the intestine after sampling of luminal contents or infection
(26,27). CD39 and CD73 are ectonucleotidases key to ATP
catabolism to adenosine diphosphate (ADP) and adenosine,
respectively. Both markers are highly expressed on Foxp3-
expressing regulatory T cells and also on human Trm (16,28).
ATP released bymicrobes and activated T cells (29,30) needs to
be broken down by ectonucleotidases, or it will activate den-
dritic cells (31). The loss of CD73 expression on CD4 Trm in
FAP colonic tissue is a novel finding but is consistent with
animal model data implicating the APC gene in T-cell function
(32). Murine studies often focus on the role of intestinal
Foxp31 CD4 regulatory T cells (10), but these represent a
smaller proportion of human lamina propria T cells (16).
Whether CD4 Trm from human FAP colonic mucosa have
altered regulatory T-cell function, as a result of reduced CD73
expression, should be a topic for further research because our
conclusions are currently speculative. Trm also have proin-
flammatory functions, so it would be pertinent to examine the
production of proinflammatory cytokines in FAP and their
cellular sources.

When we examined peripheral blood, lymphocytes from
patients with FAP demonstrated a CD4 T-cell activation and
IgA signature, whereas CRC shows a strong B-cell activation
signature without IgA (4). It is difficult to speculate on the
reasons for these differences in immune profile because the
CRCs we previously studied were not the result of FAP. How-
ever, development of most colorectal adenomas and carcinomas
does involve somatic mutations of APC (33). The increased T1
transitional B cells in FAP may reflect altered B-cell selection
because they are immature B cells with enhanced autospeci-
ficity. Although FAP is rare compared with CRC, our current
data throw light on immune dysregulation pathways that could
lead to CRC. Interestingly, the increased CD4 response to
commensals in our FAP cohort was not selectively directed to E.
coli, a species reported to invade the mucosa in FAP (15). In-
stead, the responses showed highly varied specificities and
magnitudes in each patient, as observed in healthy control do-
nors. FAP patients had CD4 T-cell memory to more commensal
species than healthy controls, suggesting that poor barrier
function was allowing for increased presentation of commensal

antigens in mucosal-associated lymphoid tissue, which could
directly lead to increased IgA secretion into the lumen. It should
be noted, however, that healthy donors display readily detect-
able CD4 memory to many commensals, and that the apparent
immune tolerance to intestinal microbiota is therefore localized
to the mucosa. The globally altered pattern of immunity in
patients with FAPmight be easily exploited by themore invasive
species identified in the study of Dejea et al. (15), which may be
able to colonize the mucosa without inducing an abnormally
strong response.

Overall, our study has important clinical implications in FAP
and points toward future novel strategies for managing the dis-
ease. For example, stimulation of intestinal retinoic acid pro-
duction might recruit Trm, promoting immune surveillance and
preventing tumor cell invasiveness. Understanding possible al-
terations in ATP catabolism within FAP tissue could also yield
valuable research directions. Immunotherapies that promote
intestinal T-cell regulatory functions and IL-10 production could
be used to control inflammatory pathways leading to CRC. Fi-
nally, altering the microbiota through dietary intervention or
manipulating anticommensal immunity through vaccination
might be capable of correcting immune dysregulation in FAP and
other disease states.

CONFLICTS OF INTEREST

Guarantor of the article: Alistair Noble, PhD
Specific author contributions:A.N. and S.C.K.: designed the studies
and wrote the manuscript. A.N.: performed the experimental work
and analyzed the data. L.D.: and S.M.D.: assisted with experimental
work and data interpretation. I.M., R.M., R.P., T.P., A.L., and S.K.C.:
recruited patients, provided clinical samples, and contributed clinical
insights into the study. L.H.: isolated and characterized the
commensal bacteria. S.R.C.: contributed to study design and
manuscript preparation. All authors provided input on the
manuscript.
Financial support:We acknowledge the support of the
Biotechnology and Biological Sciences Research Council (BBSRC);
this research was funded by the Quadram Institute BBSRC Institute
Strategic Program Gut Microbes and Health BB/R012490/1 and its
constituent projects BBS/E/F/000PR10353 and BBS/E/F/
000PR10356. Funding for A.N. and S.C.K. was from London North
West University Healthcare NHS Trust R&D.
Potential competing interests: The authors declare that no
competing interests exist.

Study Highlights

WHAT IS KNOWN

3 Familial adenomatous polyposis (FAP) is caused by a
pathogenic variant of the adenomatous polyposis coli gene
and is associated with altered intestinal microbiota.

WHAT IS NEW HERE

3 Patients with FAP have many fewer resident memory T cells
and gamma delta Tcells in left and right colonicmucosa, with
some alterations in T-cell phenotype.

3 FAP is associated with altered immunity to commensal
bacteria.
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