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Regulatory T Cells
Play a Role in
Determining the
Tumourigenicity of
the Intestinal Stem
Cell Niche

Gheok for
Updaies

ntestinal stem cells (ISCs) are
key players in maintaining the
function of epithelium and barrier
protection. It is now apparent that
endogenous and exogenous influences
impact on ISC number, plasticity, and
behavior to maintain intestinal and
mucosal homeostasis. Immune cells
play a crucial role in this process by
shaping how the ISC niche responds to
such infleunces.! As adaptive cluster of
differentiation (CD) 4 positive (CD4™)
T cells producing the cytokines IFNvy or
IL-13 restrain ISC proliferation whilst
driving differentiation.” Conversely,
IL-10-producing Foxp3™ regulatory T
cells (Treg) maintain ISC renewal in
the stem cell niche by controlling
CD4™T cell activation.” A better under-
standing of this immune: ISC/epithelia
crosstalk is crucial to developing trans-
lational approaches to disease and
healthy aging. As anti-inflammatory
foxp3™ regulatory T cell (Treg) cells
maintain the Lgr5+ ISCs, the cell of
origin for many colorectal cancers
(CRCs).* Tregs may limit CRC risk by
maintaining ISC homeostasis or con-
trolling inflammation or, conversely,
promote disease progression by inhib-
iting anti-tumour specific T cells
(reviewed in*). A greater understand-
ing on the impact of immune perturba-
tions to the ISC population may shed
light on gut health and how CRC risk
may be altered. To better understand
this relationship, we combined mouse
models to examine the impact of Treg
on ISC numbers, tumour initiation
and the T cell response.
To explore at which stage Tregs begin
to exert their influence we used the
Apc+/ min mouse model where, akin to

CRC, tumourigenesis is driven by

spontaneous Apc loss driving progres-
sion from aberrant crypt foci (ACF) to
adenomas. At 60 days, we observed a
significant increase in the density
of Tregs within microadenomas
(Apc™™"T) compared to surrounding
normal tissue (Apc™™"N)(Figure 1A and
Figure A1A and B), supporting what has
previously been demonstrated in
Apc/™n adenomas.” Next to examine the
tumour initiation phase, we used the
conditional Lgr5CreER™Apc™”™ model
to examine Treg cells alongside condi-
tional ISC Apc deletion (Apc™)
(Figure A1C). Fifteen days following
Apc™¢ a significant increase in Tregs
was observed around ACF in small in-
testine and large intestine (LI) compared
to control mice (Figure 1A-C &
Figure A2A) and overall FoxP3 expres-
sion (Figure 1D). A significant increase in
the proportion and number of Treg cells
was observed in the small intestine
intraepithelial layer and lamina propria
layers, LI intraepithelial layer, spleen, and
mesenteric lymph nodes indicating local
and systemic Treg expansion following
Apc®®¢  loss  (Figure 1E-G and
Figure A3A-C). This data raised the pos-
sibility that Tregs are actively involved
during the tumour establishment period.

To test this, the LgrSCreERTZApcﬂx/ﬂx
mice were crossed with FoxP3”™ mice
to examine Treg cell depletion,
following diphtheria toxin injection
(Treg®®h), alongside Apc?B¢
(Figure A1C). At day 15, Apc*™“Treg"®?
mice had on average fewer ACF in the
intestine that was significant in the LI
(Figure 2A), supporting a role for Tregs
in promoting ISC tumourgenicity. A
more detailed immune cell analysis
demonstrated that Treg”"" resulted in a
significant increase in CD4" and CD8"
T cells; however, this was not
augmented in Apc‘”SCTregDEP mice
(Figure 2B-C). Further in-depth im-
mune analysis indicated that the sig-
nificant elevation of CD4"granzymeB™,
CD4"IFNy" and CD8'IFNy™ observed
in Treg”®® mice was significantly
reduced in the Apc?™¢ Treg®® setting
(Figure A4A-C, other nonsignificant
data not shown). To determine whether

Treg depletion unleashes an anti-
tumour immune response to Apc‘”sc,
through induction of IFNy-producing,
Granzyme B + T cells capable of killing
ISCs”® we administered CD4 or CD8
depleting  antibodies.  Surprisingly,
quantification of ACF established that
both CD4" and CD8" depletion signifi-
cantly reduced ACF number in Apc?™¢
mice and failed to rescue this pheno-
type in the Apc®*“Treg®™® mice
(Figure 2D). This decrease in ACF due
to CD4+ cell neutralisation is in keep-
ing with an ISC homeostasis role for the
CD4+ Treg cells.” While the impact of
CD8 neutralisation may reflect the loss
of CD8+«aEB7+ T-cells, as «E(7 allows
them to bind E-cadherin (to remain within
the intestinal epithelium), down regulate
Wnt activity and direct ISC fate via integ-
rin signalling.’ Thus, it appears that CD8"
and possibly Foxp3'CD4" T cells may also
promote ISC tumourigenicity. The data
does, however, indicate that any pro-
tumorigenic effect of Tregs following Apc
deletion in the ISC is unlikely to be due to
their role in suppressing anti-tumour
CD4" or CD8" T-cells.

We next considered that the impact
of Treg”® on the emergence of ACF
may reflect their role in maintaining
the normal ISC pool, as Treg depletion
began 3 days prior to Apc?®¢
(Figure A1C). Expression analysis in
mice at day 5 indicated a significant
decrease in expression of the ISC genes
Lgr5 and Ascl2 in the Apc?™“Treg’c?
mice and number compared to con-
trols (Figure 2E-G and Figure A2B). To
confirm a reduction in functional ISC
numbers we performed ex vivo orga-
noid culture wusing crypts from
Apc‘”SCTregDEP mice utilising R-spon-
din (Rspo1l; essential for Apc™" orga-
noids) to distinguish between WT and
mutant ISCs. Quantification demon-
strated a significant reduction in total
(+Rspol - Apc™" & Apc?™€) and
Apc*3¢ (-Rspo1) organoids because of
Treg depletion (Figure 2H). This ISC
reduction due to Treg loss is in keeping
with previously published data.” With
our new data demonstrating that Treg
support of ISCs increases the number
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Figure 1. Tregs accumulate around intestinal tumours within 15 days of Apc ISC loss. (A) Density of Treg cells in area sur-
rounding intestinal tumour tissue (as identified by nuclear §-catenin staining; N > 4 animals). (B) small and (C) large intestine
IHC image showing Treg cells (Green - CD3+FoxP3+) surrounding unrecombined WT crypts or Wnt driven Apc#5¢ ACF
(purple — nuclear g-catenin+) 15 days following Apc deletion (scale bar 20um). (D) Increased relative gene expression of FoxP3

in Sl. (E-G) Flow cytometry quantification demonstrating compartment specific Apc

4ISC changes of CD4+ and CD4+Foxp3+

populations (Mann-Whitney U test; P *<0.05, **<0.01, ***<0.001 or ****<0.0001). ACF, aberrant crypt foci; CD, cluster of
differentiation; ISCs, intestinal stem cells; SI, small intestine; Treg, foxp3™ regulatory T cell.

of cells capable of initiating a tumour
following an Apc mutation. Evidence
that CD8+ and Foxp3'CD4+ T cells
also influence tumorigenesis suggests
that the pro-tumourigenic effects of
Tregs may extend to their indirect ef-
fects on the behaviour of these T cells.

Collectively these data highlight a
previously unappreciated association

between Treg and altered CRC risk.
Intestinal cellular homeostasis is
maintained by the ISCs, which can
either expand in presence of Tregs or
diminish in their absence. This cross-
talk may facilitate a rapid response to
inflammation or injury to ensure
epithelial integrity. These findings
demonstrate that the role of Tregs in
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maintaining tissue homeostasis and
responding to environmental changes
is a major influence on the risk of
cancer development. New therapeutic
approaches that aim to reduce Treg
cells to promote anti-tumour immune
CRC responses'” should also consider
the impact on the CRC stem cells and
normal ISC population.



2025 Tregs with gut stem cells determine cancer risk 3
e
A sl u B LIIEL LI LPL C um LiLPL D .
3 - : 15 . :
» 151 . Kk 40 0 HORRK KKK KKK KKK _*;ﬁ_ :
b4 H N T .
Qo : + . + 804 : @ e :
e e m: < 30 : X P o X & : :
S 104 "N Q T a * * H % 5 101 {. :
= : O : &_) 60+ a4 A = . ®e: _?
£ . _I_ ézo-. : * 8 40 ; ‘ g 5 oot
g s A o : v 0 ® 2 0 1 T,
< " Ra 2101 .A§f i * s 20 : 3 ie © o0
) : e ° $ ry ° : fe i
o . v 0 ® , 0 : - H .
T T T T T T T T T T T T T T T T T T T T v T T T 1 1
< =] =] o O O O
g ¥ 3 8 $2%938%® LA SR AN IR
< & < F F<F F<F F<EFE F<F %o 8 %o 2
@ @ %, & %, & R, o % @ g ¢ 8 °
< < = =] < R <«
Iy P2y Q qc Q qt.a Q © Q. © o o
S S < 3 < S < s < S 8 o
< < < < < < % %L
o o
< <
* %k
— Repor
* %k * *kk
— | * %k
5— % %k k L3 80 100 Rk
2.5 s
2.0 % g 7 *
& ® ’ E 60+ 5
C o a o 60
® S 1.5 5 I
5 £ @ 40 3
3 o 1.0 & S 40-
O 5 = ©
w w 8 2
0.5 0 204 O 204 l
= >
~
0.0 0 =t P
B <@ (@ W <@ <E &L <& S o 3 @
s s'\ &N ¥ E}“\ b\eo‘\‘ LA < F < ¥
< Q © ® ®
* W ™ W W % %
Lgrs Ascl2 < <

Figure 2. Reduction in intestinal tumourigenesis due to Treg depletion is due to altered immune:ISC crosstalk rather than
immune elimination. (A) Quantification of ACF 15 days following ISC Apc loss and/or Treg depletion. (B and C) Cell quanti-
fication demonstrating Apc?*“Tregt"” specific immune changes in LI IEL (left) & LI LPL (right). (D) Quantification of ACF
following neutralization of CD4+ or CD8+ cells. (E-G) Downregulation of ISC markers in Lgr5 & Ascl2 due to Treg depletion.
(H) Quantification of organoids derived ex vivo from Apc#/*“TregP=" intestinal crypts at day 5 indicating loss of functional ISCs.
(Mann-Whitney U test; P: 1-tailed *<0.05; 2-tailed *<0.05, **<0.01, **<0.001 or ****<0.0001). IEL, intraepithelial layer; ACF,
aberrant crypt foci; CD, cluster of differentiation; ISCs, intestinal stem cells; LI, large intestine; LPL, lamina propria; Treg,

foxp3™* regulatory T cell.

ANA PADILHA’
EMMA JONES®
SCOTT CUTTING?
ANDREW GODKIN®
AWEN GALLIMORE®
LEE PARRY!

'European Cancer Stem Cell Research Institute,
School of Biosciences, Cardiff University, Cardiff, UK
2Systems Immunity University Research Institute/
Division of Infection and Immunity, School of Medi-
cine, Cardiff, UK

Correspondence:

Address correspondence to: Lee Parry, European
Cancer Stem Cell Research Institute, School of Bio-
sciences, Cardiff University, Hadyn Ellis Building,
Maindy Rd, Cardiff CF24 4HQ, UK. e-mail: parryl3@

cardiffac.uk. Awen Gallimore, Infection and Immu-
nity, Henry Wellcome Building, University Hospital of
Wales, Heath Park CF14 4XN, UK e-mail:
gallimoream@cardiff.ac.uk.

Supplementary Materials

Material associated with this article can
be found in the online version at https://
doi.org/10.1016/j.gastha.2024.09.014.

References

1. Choi J, et al. Exp Mol Med 2024;
56:495-500.

2. Biton M, et al
175:1307-1320.e22.

Cell 2018;

100559

10.

Barker N, et al.
457:608-611.
Olguin JE, et al. Cancers 2020;12:1888.
Akeus P, et al. Cancer Immunol
Immunother 2014;63:807-819.

Nature 2009;

Kim JM, et al. Nat Immunol 2007;
8:191-197.

Takashima S, et al. Sci Immunol
2019;4:eaay8556.

Hoek KL, et al. Mucosal Immunol
2021;14:1088-1099.

Chen S, et al. Cell Res 2021;
31:1291-1307.

Scurr M, et al. JAMA Oncol 2017;3:

e172579.


mailto:parryl3@cardiff.ac.uk
mailto:parryl3@cardiff.ac.uk
mailto:gallimoream@cardiff.ac.uk
http://doi.org/10.1016/j.gastha.2024.09.014
http://doi.org/10.1016/j.gastha.2024.09.014
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref1
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref1
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref1
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref2
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref2
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref2
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref3
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref3
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref3
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref4
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref5
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref5
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref5
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref6
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref6
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref6
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref7
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref7
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref8
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref8
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref8
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref9
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref9
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref9
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref10
http://refhub.elsevier.com/S2772-5723(24)00154-7/sref10

4

Padilha et al

Abbreviations used in this paper: ACF, aber-
rant crypt foci; CRC, colorectal cancerc; IEL,
intra epithelial layer; ISC, intestinal stem cell; LI,
large intestine; Treg, Foxp3™ regulatory T cell
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