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Artificial sweeteners are used as calorie-free sugar substitutes in many food products
and their consumption has increased substantially over the past years'. Although
generally regarded as safe, some concerns have been raised about the long-term safety
of the consumption of certain sweeteners®>. In this study, we show that the intake of
high doses of sucralose in mice results inimmunomodulatory effects by limiting T cell
proliferation and T cell differentiation. Mechanistically, sucralose affects the membrane
order of T cells, accompanied by a reduced efficiency of T cell receptor signalling and

intracellular calcium mobilization. Mice given sucralose show decreased CD8" T cell
antigen-specific responses in subcutaneous cancer models and bacterial infection
models, and reduced T cell function in models of T cell-mediated autoimmunity.
Overall, these findings suggest that a high intake of sucralose can dampen T cell-
mediated responses, an effect that could be used in therapy to mitigate T cell-
dependent autoimmune disorders.

Sucralose is acommonly used, calorie-free sweetener that is about
600 times sweeter than sucrose®. Despite its limited absorption’,
circulating sucralose can be detected in humans following consump-
tion of sucralose-containing food or drinks®, with consumption of
250 mg sucralose resulting in plasma sucralose levels of around 1 pM
within 90-120 min (ref.®). The maximum acceptable daily intake (ADI)
of sucralose for humans has been established as 15 mg per kg (body
weight) by the European Food Safety Authority (EFSA) or 5 mg per kg
(body weight) by the US Food and Drug Administration (FDA). Allo-
metric scaling on the basis of body surface area (BSA) equivalents can
be used to convert human doses of drugs to mouse doses by adjusting
for the increased metabolic rate in mice’. By allowing mice ad libitum
access towater containing 0.72 mg ml” or 0.17 mg ml™ of sucralose, we
calculated—using BSA equivalents—that the consumption of sucralose
over 10 weeks was near the equivalent of the ADI recommended by
either EFSA (atthe 0.72 mg ml™ dose) or FDA (at the 0.17 mg mI™ dose)
(Fig.1a). As expected, we were able to detect increasing amounts of
circulating sucralose corresponding with increased consumption in
mice (Fig.1b and Extended DataFig. 1a), reaching a plasma concentra-
tion of around 1 uM at the highest dose of sucralose, consistent with
the levels that can be achieved in humans®,

Effect on T cell proliferation and differentiation

Previous reports using different models have suggested that high doses
of sucralose can have either pro-inflammatory or anti-inflammatory

activities”™. To test a possible effect of sucralose on the immune
system, we profiled variousimmune compartments inmice given 0.17
or0.72 mg ml™sucralose or the chemically unrelated sweetener sodium
saccharin (NaS). In these studies, neither dose of sucralose or NaS had
any detectable effect on the homeostatic levels of CD11b* myeloid cells
(including monocytes and neutrophils), B220" B cells, CD8' T cellsand
CD4" T cells (including T regulatory (T,,) cells), natural killer cells and
dendriticcells (Extended DataFig. 1b). To assess the effect of sucralose
onimmune responses, we challenged mice given 0.72 mg ml™ sucra-
lose or water with sheep red blood cells (SRBCs) to activate a germinal
centre B cellresponse or with lipopolysaccharide (LPS) or interleukin-4
(IL-4) complex to activate amyeloid response. Sucralose did not change
the number of splenocytes or B220" B cells or affect germinal centre B
cellformation (Extended Data Fig.1c-f). Similarly, bone marrow-derived
macrophages cultured in sucralose containing media did not display
altered IL-1B, IL-6 or IL-12p70 production upon LPS stimulation, nor
were there differences in LPS-induced IL-1B production in plasma of
mice given sucralose compared with controls (Extended DataFig.1g,h).
Finally, we did not observe any effect on the alternative activation or
expansion of macrophages elicited by IL-4 complex in mice exposed
to sucralose (Extended Data Fig. 1i,j). To examine the effect of sucra-
lose on T cell proliferation, we measured the homeostatic expansion
of donor T cells in sucralose-treated Rag2™ recipient mice (Fig. 1c).
Both CD8"and CD4" T cells showed reduced homeostatic prolifera-
tioninsucralose-treated mice at both doses (Fig.1d and Extended Data
Fig. 1k). To evaluate whether sucralose has a direct effect on T cells,
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Fig.1|Sucralose impairs T cell proliferation and differentiation. a, Sucralose
(Scrl) intake in mice given 0.72 mg ml™ (blue; n = 6) or 0.17 mg ml™ (aquamarine;
n=6)Scrl.Inbox plots, whiskers show the minimum and maximum values,
boxmarginsrepresent the firstand third quartile and the central line is

the median value. Dashed lines indicate the BSA-adjusted EFSA (black) and
FDA (purple) maximum ADI. Scrl concentrations are indicated in mg ml™
throughout.b, Circulating Scrllevels in mice given water containing different
Scrlconcentrations for 2 weeks. n =4 individual mice per condition. ¢, Schematic
of the experimental design. CFSE, carboxyfluorescein succinimidyl ester.

d, Homeostatic proliferation of CD8"and CD4* donor T cellsin individual Rag2 ™~

recipient mice given plain water (n = 6) or Scrl (n =5). e, Histograms of CD8"
Tcell proliferationin the presence of Scrl, AceK, NaS or control medium (Ctrl).
f,Human CD8" T cell proliferationin the presence of Scrl, AceK, NaS or control
medium. g, Paired comparison of the percentage of proliferated CD8" T cells in
f.n=3independentdonors.h, Representative flow cytometry plotofin vitro
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polarized CD4* Tyl cells expressing IFNy and TBET (also known as TBX21).

i, The percentage of T 1cellsinh.n=3technical replicates per condition.
Jj,Representative flow cytometry plot of CD8" T cells expressing CD8 and IFNy.
k, Quantification of CD8'IFNy* cellsinj.n=3 (Ctrl) orn=4(Scrl, AceK and NaS)
technical replicates per condition.l,m, Mice were given plain water (n=9)
or0.72mg ml* of either Scrl (n=12) or NaS (n=11).1, Body composition

(lean versus fat mass). m, Average energy expenditure measured continuously
during night (grey area) and day (white area). n, Multidimensional scaling of the
faecal gut microbiome frommice given water (n=5),0.72mgml*Scrl(n=5),
0.17 mg ml™ Scrl (n=5) or 10% (w/v) glucose (n = 5) for 2 (left) or 12 (right) weeks.
Dataaremean ts.d. (b,i k) or mean +s.e.m.(d,I,m). Significance was tested
using unpaired (d) or paired (g) two-tailed Student’s t-test; one-way ANOVA
with Tukey’s (i,k) or Dunnet’s multiple comparison test for lean and fat mass
independently (I) or two-way ANOVA (m). Data are representative of two (d) or
three (e,h-k) independent experiments.



we performed in vitro T cell proliferation assays in the presence of
increasing doses of sucralose or two chemically unrelated sweeteners:
acesulfame potassium (AceK) and NasS. Sucralose alone showed a
dose-dependent ability to inhibit the proliferation of CD8" and CD4*
T cells (Fig.1e and Extended Data Fig. 2a). This negative effecton T cell
proliferation was observed following both high- and low-dose activa-
tion with anti-CD3 antibody, even in the presence of co-stimulation
(combined anti-CD3 and anti-CD28) (anti-CD3/CD28) (Extended Data
Fig. 2b). Similarly, sucralose, but not NaS or Acek, inhibited the pro-
liferation of human CD8" T cells and the human T cell leukaemia cell
line, Jurkat (Fig. 1f,g and Extended Data Fig. 2c). However, none of the
sweeteners affected CD8" or CD4" T cell viability (Extended Data Fig. 2d).
T cell differentiation and effector function also have a critical role in
determining T cell responses. We found that the polarization of CD4*
and CD8' T cells towards interferon-y (IFNy)-producing lineages—CD4 " T
helper 1(T,1) cells and CD8" effector T (T.) cells, respectively—was
significantly decreased in the presence of sucralose but not with the
other sweeteners (Fig.1h-k). Together, these results indicate that high
sucralose exposure decreases T cell proliferation and differentiation.

Systemic effects of sucralose

Dietary intake of sucralose has the potential to affect food intake and
metabolic parametersin mice. However, we found that up to 12 weeks of
exposure to either dose of sucralose or NaS did not affect food intake or
body weightin mice (Extended DataFig.3a,b). Asexpected, the average
intake of liquid was higher in mice given water containing sweetener
(Extended DataFig.3c), and the consumption remained consistent over
the12-week period (Extended Data Fig. 3d). Sucralose did not alter the
lean or fat mass of the mice (Fig. 11) and did not significantly affect fast-
inginsulinlevels or glucose tolerance (Extended Data Fig. 3e-g). Finally,
we detected no major sucralose-related effect on energy expenditure
(Fig.1m), respiratory exchange ratio or locomotor activity (Extended
Data Fig. 3h,i). Sucralose has previously been shown to affect the gut
microbiota in some'®" but not all” studies. We found no consistent
shiftinthe bacterial species detected in the stool of sucralose-treated
mice (Fig. In). Furthermore, the weight and length of the caecum did
not change, and we did not detect signs of diarrhoea (such as pale
watery stool) in sucralose-treated mice (Extended Data Fig. 4a,b).
Closer analysis of the bacterial composition revealed larger changes
inglucose-treated mice, but only minor differencesin sucralose-treated
mice, compared with mice given water (Extended Data Fig. 4c-g).

No clear role for the sweet taste receptor

Our in vitro studies suggested that sucralose has a direct effect on
T cells, modulating their proliferation and differentiation. The estab-
lished function of sucralose is to activate the canonical sweet taste
receptor (STR), a G-protein-coupled receptor that is responsible for
the perception of sweet taste. The STR is amember of the type 1 taste
receptors (T1Rs) and is a heterodimer comprising the TIR2 and TIR3
subunits®. Other members of this family include the umamireceptor™*
(aT1R1-T1R3 heterodimer) and possibly TIR3 homodimers®. In addition
tothetaste buds, the subunits of these receptors are expressed in several
different cell types, including cells in the gastrointestinal tract', pan-
creas”, brain'® and adipose tissue?, although analysis of published RNA
expression datasuggests that their expressionin T cellsis low?. There
isalsoevidence thatthe STR canhave aroleinregulatinginnateimmu-
nity®. Sucralose, AceK and Na$S have been reported to bind to different
regions of TIR2 and TIR3 (ref. %) and activate downstream signalling
from the canonical STR (T1IR2-T1R3) and possibly the TIR3 homodi-
mer??, Thisbinding resultsinincreased intracellular calcium levels*?,
whichwedid not detect whenwe treated Jurkat T cells with sucralosein
theabsence of T cell receptor (TCR) stimulation (Extended Data Fig. 4h).
Furthermore, even at high concentrations (2 mM), NaS and AceK did not

evoke the same effect as sucralose on primary T cell responses (Fig. 1e
and Extended DataFig. 2a). Together, our data suggest that activation
of the STRis unlikely to mediate the sucralose phenotypein T cells,
leading us to explore alternative mechanisms to explain this effect.

Sucralose impairs TCR-dependent proliferation

Sucralose could potentially affect T cell metabolism, but we found no
difference in glucose uptake between sucralose and control treated
cells (Extended DataFig. 5a) and no change in glucose metabolism, as
measured by the conversion of labelled [®CJglucose into pyruvate,
lactate or malatein either CD4" or CD8" T cells (Extended DataFig. 5b,c).
Taking an unbiased approach, we carried out RNA-sequencing analysis
(RNA-seq) on activated T cells exposed to sucralose, NaS or control
medium for 24 and 48 h. Principal component analysis (PCA) showed
that T cells activated in the presence of sucralose displayed a unique
expression profile compared with control cells or cells treated with
NaS (Extended Data Fig. 5d). Enrichment analysis identified several
pathways affected by sucralose, including those associated with pro-
liferation, as expected (Extended Data Fig. 5e). As these T cells were
activated through their TCR with anti-CD3, we tested whether the
effect of sucralose was specific to TCR-dependent proliferation using
ahigh concentration (100 ng mI™) of IL-2 to induce TCR-independent
proliferation®. CD8" T cell expansion induced by this approach was
not reduced by sucralose (Extended Data Fig. 5f), suggesting that
sucralose specifically impedes TCR-dependent proliferation. Upon
activation, T cells upregulate migratory receptors, cytokine recep-
tors and costimulatory and inhibitory molecules?. Sucralose had no
significant effect on the expression of CD44, CD69 or PD1 activation
markers (Extended Data Fig. 5g,h), and despite lower CD25 expression,
itsdownstream targets—STAT5 phosphorylationand IL-2 levels—were
not modified by sucralose (Extended Data Fig. 5i,j). Furthermore, IL-2
supplementation did not rescue TCR-mediated proliferation in the
presence of sucralose (Extended Data Fig. 5k). These results indicate
that sucralose does not affect all aspects of T cell activation.

Effect on cellmembranes and PLCyl activation

To understand at which point sucralose affects TCR signalling, we
activated downstream pathways of the TCR with phorbol 12-myristate
13-acetate (PMA) (toinduce PKC-driven RAS activation) and ionomycin
(toincreaseintracellular calcium). We did not detect any effect of sucra-
lose in response to stimulation with PMA orionomycin (Extended Data
Fig. 6a); we therefore focused on earlier TCR-induced signalling events
(Fig.2a). A key response downstream of TCR stimulationis the phospho-
rylationand activation of PLCy1, which cleaves phosphatidylinositol-4,
5-bisphosphate (PtdInsP,) into inositol-1,4,5-trisphosphate (InsP;) and
diacylglycerol®®?’ (DAG) (Fig. 2a). Sucralose-exposed T cells showed
aclear delay in PLCyl phosphorylation at early timepoints following
TCR activation (Fig. 2b). Similarly, Jurkat T cells cultured in sucralose
showed diminished PLCyl phosphorylation (Extended Data Fig. 6b).In
primarymouse T cells, we detected slightly delayed ERK phosphorylation
(Extended DataFig. 6¢), which recovered within 5 min. We did not observe
differences in early events of TCR signalling, including ZAP70 and LAT
activation, and inimmunoprecipitation experiments, we did not observe
major defectsinthe association of ZAP70 with CD3{inJurkat cells follow-
ing stimulation (Extended Data Fig. 6d,e). The principal effect of sucra-
loseis therefore to limit PLCylactivation without substantially affecting
other early events downstream of the TCR. We next considered mecha-
nisms through which sucralose could impede TCR signalling to PLCy1.
We analysed whole-cell, cytosolic and membrane fractions of Jurkat
Tcellsthathad been exposed to sucralose (Extended Data Fig. 6f), find-
ing that sucralose was associated predominantly with cell membranes
(Fig.2c). Using the mass spectrometry imaging platform cryo-OrbiSIMS,
we examined the spatial distribution of sucralose in activated T cells.
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Fig.2|Sucralose decreasesintracellular calcium flux downstream of the
TCR. a, Schematic ofthe TCRsignalling cascade. ER, endoplasmic reticulum.
b, Westernblot of phosphorylated and total PLCylin anti-CD3-stimulated T cell
lysates. ¢, Liquid chromatography-mass spectrometry (LC-MS) quantification
of Scrlinwhole-cell lysate, cytosolic fractionand membrane fraction of Jurkat
Tcellsexposedto 0.5 mMScrl. Whole-cell lysate of Jurkat T cellsgrownin T cell
medium with (WC Scrl) or without (WC TCM) 0.5 mM Scrl are shown as controls.
n=4independent preparations.d, Cryogenic OrbiSIMS analysis of Scrl-treated
mouse T cells shows the intensity-depth profile above background (grey
shaded area) for Scrl [CCINa,O]" and lipid cell marker [C,;H,;05]" fragments.
Inset, ionintensity map for the [C,HO]" cell marker (m/z=40.99), illustrating
the 8 cells quantified (circled). TIC, totalion count. e, The percentage of CD4"
Tcellswithintermediate (left) and low (right) membrane order activated in the
presence or absence of Scrl. n =17 biological replicates. f, Representative 3D
reconstruction (z-stacks) fromnaive T cells cultured with or without Scrland

Inline with previous work*, depth-profiling dataindicated that sucralose
didnotaccumulate inside the cells (Fig.2d). Furthermore, spectroscopic
dataindicated that sucralose was efficiently washed off the cell surface of
Jurkat T cells, suggesting that it does not interact stably with the cell
membrane (Extended Data Fig. 6g). However, previous studies indi-
cated that sucralose affects lipid packingand membrane fluidity in lipid
membranes®. We found that T cell membranes from sucralose-treated
cells were consistently shifted to a lower order that is associated with
reducedresponses® (Fig.2eand Extended DataFig. 6h,i). These changesin
membraneorder correlated withareductionin PLCyl clusteringand colo-
calization with TCR on the cell surface in response to TCR stimulation
(Fig 2f,g and Extended Data Fig. 6j). PLCyl clustering has been shown to
berequired forsignal transduction®, and this defect in sucralose-treated
cells could explain theirincomplete activation of PLCy1 (Fig 2b).
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activated with anti-CD3. Scale bars, 2 um. g, Average volume of PLCyl
clusters.n=3average volumes of atleast 3 cells perimage in separate fields.

h, Representative flow cytometry plot for calcium flux using INDOLin T cells
activated withanti-CD3 and streptavidin. i, The percentage of T cellsundergoing
calcium flux.j, Representative flow cytometry plot for intracellular calcium
flux with INDOLin the presence of ImMEDTA.k, The percentage of T cells
undergoingintracellular calcium flux. n =3 technical replicates per condition.
I,m, T cellswere activated with anti-CD3/CD28 in the presence of DMSO or
ionomycin (lono) (125 ng mI™) with or without 0.5 mM Scrl. I, The percentage of
proliferating T cells. n =3 technical replicates/condition. m, Intracellular
cytokinestaining for IFNyand TBET. n =5 technical replicates per condition.
Dataaremean +s.e.m.(d) ormean +s.d. (c,g,i,k,I, m).Significance was tested
using unpaired (g,i,k,1) or paired (e) two-tailed Student’s ¢t-test; one-way
ANOVA with Tukey’s multiple comparison test (m). Data are representative of
two (f,g) or three (b,h-m) independent experiments.

Reduced intracellular TCR calcium release

As calcium release from intracellular stores is downstream of PLCy1
activation®, we next examined whether sucralose affected calcium flux
upon TCR engagement. Using flow cytometry, we found that sucralose
reduced TCR-dependent calcium flux in T cells (Fig. 2h,i). Calcium is
firstreleased frominternal storesinto the cytosol, whichis followed by
uptake of extracellular calcium®?. To determine which calcium source
is affected by sucralose, we treated the cells with EDTA to inhibit entry of
extracellular calcium (Extended Data Fig. 7a). Sucralose-treated naive
T cellsretained reduced TCR-dependent calcium flux compared with con-
trol cellsunder these conditions (Fig. 2j, k). These results therefore point
toadefectinthe release ofintracellular calcium stores downstream of
the TCR.
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Fig.3|Sucralose treatmentlimits T cell-specific responsesinvivo.a-c,CD8
antigen-specific responses to subcutaneous EL4-OVA tumour growthin mice
givenwater (n=8)or 0.72 mg ml™Scrl (n=7). a, Quantification of intratumoral
CD8-MHC tetramer (K®)-OVA-specific T cells. b, Representative flow cytometry
plotofintratumoral cells re-stimulated with OVA peptide and analysed for

IFNy and CD44. c, Percentage OVA-specific T cells expressing IFNy.d,e, The
OT-Itumour-rejection model. Mice given water or 0.72 mg ml™ Scrl (n =10 per
condition).d, Schematic overview of the model. e, Volumes of EL4-OVA
tumours. f,g,h, MHC-mismatched tumour model using Kras®?” pancreatic
ductaladenocarcinoma (PDAC) cells in recipient mice given water (n=9) or
0.72mg ml™Scrl (n = 8).f, Schematic overview of the model. g, Tumour growth
in FVBrecipient mice. h, Tumour growthin Rag2” recipient mice. i-k, C57BL/6)
mice givenwater (n=7) or 0.72mg mlScrl (n=7) challenged with LmOVA.

i, The percentage of splenic OVA-specific CD8' T cells. j, Representative flow
cytometry plot of splenocytes re-stimulated with OVA peptide and analysed for

Totest whether sucralose affected the ability of cells to store calcium,
we used thapsigargin to block calcium entry into the endoplasmic
reticulum. T cells treated with thapsigargin exhibited similar cyto-
solic calcium accumulation in the presence or absence of sucralose
and, following the addition of extracellular calcium, elicited similar
calcium mobilization under both conditions (Extended Data Fig. 7b,c).
These results suggested that intracellular calcium stores were unaf-
fected by sucralose; to further verify this observation, we used iono-
mycin in the absence of exogenous calcium to induce the release of
calcium from intracellular stores. Again, we found that under these
conditions, sucralose did not affect intracellular calcium release
(Extended DataFig. 7d,e). Our dataindicate that sucralose affects TCR-
and PLCyl-dependentintracellular calciumrelease without changing
overall intracellular calcium storage. In line with these observations,
we were able to partially rescue proliferation and cytokine production
withionomycin (Fig. 2l,m and Extended Data Fig. 7f,g).

Calcium s an important second messenger in other immune cell
types, such as dendritic cells and B cells, so we assessed whether
sucralose influenced these populations. Sucralose did not impair
calcium flux in in vitro-generated conventional type 1 or type 2 den-
dritic cells (cDC1s, cDC2s) and plasmacytoid dendritic cells (pDCs) in
response to ATP¥ (Extended Data Fig. 7h-j). Similarly, we did not detect

0
Water © 0.72 Scrl O Scrl off

expressionof CD44 and IFNy.k, The percentage of splenic CD8* T cells expressing
IFNy. 1, Representative proliferation of Jurkat T cellsin T cell media (Ctrl) or
exposedtoacute (Scrl), chronic (Scrlon/on) or transient (Scrl on/off) 0.5 mM
Scrl. n=3 per condition. representative of 3independent experiments.

m-p, T cellresponses at day 7 after LmOVA infection. Mice given water (n=7),
0.72 mg ml™ Scrl(n = 6) or 0.72 mg ml™ Scrlfor 2 weeks followed by water for
oneweek (n=7,Scrloff). m, Schematic experimental overview. n, Percentage
of splenic K>~OVA-specific CD8" T cells. 0, The frequency of splenicKi67'CD8"
Tcells.p, The frequency of total IFNy and granzyme B (GZMB) expressionin
splenic CD8 T cells after re-stimulation with OVA peptide. Data are mean +
s.e.m. (a,c,e,g-i,k,I,n-p). Each dotrepresents a biological (a,c,e,g-i,k,n-p) or
technical (I) replicate; data are representative of two (e,g,i,k) or three (I)
independent experiments. Significance was tested using unpaired two-tailed
Student’s t-test (a,c,i k); Brown-Forsythe and Welch ANOVA test with Dunnett’s
T3 comparison (n-p); two-way ANOVA (e,g,h). NS, not significant.

sucralose-dependent changes in calcium responses downstream of
B cell receptor engagement (Extended Data Fig. 7k). Together, these
data are consistent with an ability of sucralose to selectively impair
TCR-mediated intracellular calcium release and proliferation.

In vivo tumour-specific T cell responses

To expand our in vitro observations, we examined the effects of
sucralose on tumour-specific T cell responses in vivo. Using the
model antigen ovalbumin (OVA) to induce a major histocompatibility
complex type | (MHCI)-restricted CD8" T cell response®, we meas-
ured tumour-specific responses against subcutaneous EL4 cancer
cells expressing OVA (EL4-OVA cells). There were variable degrees of
OVA-specific T cell infiltration, but this was consistently lower in the
tumours derived from mice given 0.72 mg ml™ sucralose (Fig. 3a and
Extended DataFig. 8a). Re-stimulation of the tumour infiltrates with an
OVA peptide (SIINFEKL) showed dampened IFNy productionin CD8" T
cells from sucralose-exposed mice (Fig. 3b,c). Although mice treated
with 0.17 mg ml™ sucralose displayed no change in antigen-specific
T cells, we observed a significant, but less pronounced, reductionin
the function of these cells (Extended Data Fig. 8b,c). To further test
antigen-specific CD8" T cell responses, we adoptively transferred
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Fig.4|Sucralose treatment dampensT cell-mediated inflammationin
models of autoimmunity. a,b, NOD/ShilLtJ type 1diabetes model in mice given
water (n=8),0.72mg ml™Scrl (n=9) or 0.17 mg mI™ Scrl (n =9). a, Schematic of
the model. b, Disease-free survival. ¢, Schematic of the T cell-induced colitis
model.d-f,CD45.2 Tcra™ recipient mice treated with (n = 6) or without (n=5)
0.72mg ml™Scrl.d, The percentage of congenic CD45.1'CD4* donor T cells in
the mLN 3 weeks after transplantation. e, Representative flow cytometry plot
of lymphocytes from the mLN that were re-stimulated and analysed for the
expression of IFNyand CD4.f, The percentage of CD4'CD45.1" donor cellsin

CD8" OT-1donor T cells that recognize OVA into recipient mice given
0.72 mg mlsucralose or water followed by EL4-OVA challenge (Fig. 3d).
Consistentwithweakened T cell function, we observedincreased tumour
growth and reduced rejectionin mice treated with sucralose (Fig. 3e).
Furthermore, OT-I cells activated in vitro in the presence of sucralose
displayed decreased cytotoxic activity against EL4-OVA cells (Extended
Data Fig. 8d). In a third model, we extended previous work showing
that the rejection of infrared fluorescent protein (iRFP)-expressing
PdxI-Kras®?" pancreatic tumour cells injected into MHC-mismatched
recipientsis dependent onaT cell response® (Fig. 3f). We observed a
significant delay in tumour rejectionin mice treated with 0.72 mg ml™
sucralose compared with control mice (Fig.3g). This effect of sucralose
was T cell-specific, as pancreatic tumour cells grew at equivalent rates
in T cell-deficient mice given water or sucralose (Fig. 3h).

Effect of sucralose on response to infection

We also assessed the effect of sucralose on CD8" T responses in an
infection model by challenging wild-type mice with Gram-positive
Listeria monocytogenes expressing OVA (LmOVA). Treatment with
0.72 mg ml™ sucralose did not affect splenocyte numbers at day 7
after infection (Extended Data Fig. 8e), but caused a reduction in the
frequency of splenic OVA-specific CD8" T cells (Fig. 3i and Extended Data
Fig. 8f). Furthermore, SIINFEKL re-stimulation of infected splenocytes
from day 7 revealed asignificant decrease in the frequency and number
of CD8' T cells producing IFNy (Fig. 3j,k and Extended Data Fig. 8g,h)
from sucralose-treated mice, suggesting impaired function. In line
withreduced cytokine production, we observed increased bacterial
load in the liver at day 3 after infection, although this was not evident
in the spleen (Extended Data Fig. 8i). To investigate the permanence
of the sucralose effect, we measured the proliferation of Jurkat T cells
pre-culturedinsucralose for 2 weeks. Inthis model, removal of sucralose
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the mLN thatexpress IFNy. g,h, Analysis of mLNs from recipient CD45.2 Tcra™™
mice givenwater (n=_8) or 0.17 mg ml” Scrl (n = 8). g, The total frequency of
CD45.1'CD4" donor T cells. h, The frequency of CD4" donor T cells expressing
Ki67 and IFNy. Dataare mean +s.e.m. (d,f-h). Each dot (d,f-h) represents a
biological replicate; dataarerepresentative of two (d-f) or three (g,h)
independent experiments. Significance was tested using unpaired two-tailed
Student’s t-test (d,f-h) and log rank Mantel-Cox test (b) for either dose of Scrl
versus water.

resulted in the recovery of the normal proliferation rate, suggesting
thattheresponse tosucraloseis reversable (Fig. 31and Extended Data
Fig. 8j). To confirmthis in vivo, we used the LmOVA model to show that
removal of sucralose one week before the challenge (Fig.3m) partially
rescued the development of antigen-specific T cells, their proliferation
and cytotoxic function (Fig. 3n-p and Extended Data Fig. 8k).

Sucralose mitigates autoimmune T cell responses

Our observations that sucralose can dampen T cell responses in vitro
andinvivo prompted us to determine whether sucralose could also have
therapeutic value by limiting T cell-mediated autoimmunity. Female
NOD/ShilLt) mice provide aspontaneous model of type1diabetes char-
acterized by hyperglycaemia and insulitis between 12 and 30 weeks of
age, whichis caused by T cell-mediated destruction of the pancreatic
islets***'. Mice given either sucralose dose showed lower frequencies
of hyperglycaemia and delayed development of type 1 diabetes, an
effect that wasindependent of weight gain (Fig.4a,b and Extended Data
Fig.9a,b). Asasecond model of T cell-mediated autoimmunity, we meas-
ured T cell-induced colitis by adoptively transferringimmunodeficient
CD45.2 Tcra”” mice with congenic CD45.1 naive CD4* T cells* (Fig. 4c).In
mice treated with 0.72 mg ml™” sucralose, we observed reduced frequen-
ciesand numbers of donor CD45.1°CD4" T cells, with no effect on total
mesenteric lymph node (mLN) leukocytes (Fig. 4d and Extended Data
Fig.9c-e).Re-stimulation of the mLN at day 21 showed lower frequen-
cies and reduced total numbers of pro-inflammatory IFNy-producing
CD4" T cells in sucralose-treated mice (Fig. 4e,f and Extended Data
Fig.9f,g). Lowering the dose of sucralose led to areductionin proliferat-
ing IFNy-producing CD4" T cells, without affecting the frequencies of
donor CD4" T cells and colon length at day 21 (Fig.4g,h and Extended
DataFig.9h,i). These data suggest that supplementation with sucralose
mitigates T cell-mediated autoimmune responses.



In sum, this work has revealed an unexpected role for high doses of
sucralose in modulating immunity by affecting T cell proliferation and
effector function. Notably, although the doses of sucralose used in this
study are clearly higher than those resulting from normal humandietary
consumption of sucralose-sweetened drinks and foods, they are relevant
tothe ADIrecommendation when BSA-adjusted for mice. Our findings do
not, therefore, provide evidence that normal sucralose intake isimmuno-
suppressive, but they do demonstrate thatat high (butachievable) doses,
sucralose has an unexpected effecton T cell responses and functionsin
autoimmune, infectionand tumour models. Our observation that sucra-
lose lowers membrane order and reduces calcium fluxis consistent with
previous studies*®, suggesting that the sucralose effect on the plasma
membrane could drive the defectin PLCyl activation and calciumrelease.
However, the precise mechanistic details of how sucralose affects TCR
signalling remainto be determined. Further experiments using primary
T cells and super high-resolution microscopy are necessary to better
evaluate the nanocluster formation upon TCR engagement, assess the
recruitment of LAT in the presence of sucralose and establish a causal
link between these observations. Although our results supportadirect
effect of sucralose on TCR signalling, we cannot exclude the possibility
that sucralose may also affect T cells through additional mechanisms,
suchas epigenetic changes inresponse tolong-termsucralose exposure
or an ability to modulate taste receptors that are not shared with other
sweeteners. Furthermore, although we did not observe major changes
inthe microbiome, such alterations have been noted previously" and are
likely to contribute to the overall response to sucralose intake. Surpris-
ingly, our data suggest that sucralose does notimpede calciumssignalling
inotherimmune celltypes suchasB cells or dendritic cells. It is possible
thatthe membrane composition of T cells makes them particularly sen-
sitive to sucralose and it remains to be determined whether sucralose
affects other cell types, including other immune cells, in conditions
not tested in this study. In conclusion, our study adds to the evidence
that sucralose is not an inert molecule and may affect human health. If
translatable, our work suggests that treatment with doses of sucralose
similar to those used in this study may be beneficial for various condi-
tions arising from unrestrained T cell activity.
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Methods

Antibodies used in this study are listed in the Supplementary Infor-
mation.

Mice and in vivo models
For allmouse experiments, at least four mice per group were used. For
more complex models, we used more animals to compensate for the
increased expected variability. Mice were randomly assigned to a treat-
ment group. For metabolic phenotyping mice were divided in groups
after measuring starting body weight to have weight-matched cohorts.
C57BL/6),FVB/N), Tcra”",and Rag2™", Rag2”~ OT-land B6.SJL-Ptprc®
Pepc’/BoyCrl mice were bred and housed at the Francis Crick Insti-
tute animal facility. NOD/ShiLt) mice were purchased from Charles
River Laboratory. Animal experiments were subject to ethical review
by the Francis Crick Animal Welfare and Ethical Review Body and reg-
ulation by the UK Home Office project licence P319AE968. All mice
were housed under conditionsin line with the UK Home Office guide-
lines. Mice were kept in a12-h day:night cycle starting at 07:00 until
19:00. Food and water were available ad libitum and rooms were kept
at 21°C at 55% humidity. For sucralose treatment, sucralose (Merck)
was dissolved in drinking water at the final concentration of 0.72 or
0.17 mg ml™ as indicated. The sucralose solution was filtered through
a0.2 uMfilter before being added to drinking bottles. Sucralose solu-
tions were replaced once or twice a week and sucralose consump-
tion was measured by the change in weight of the drinking bottles.
A similar procedure was followed to prepare any solution that was
given to mice. All procedures were performed following the Animals
(scientific procedures) Act 1986 and the EU Directive 2010.

Physiological measures
Food intake, solution intake and body weight.

Individually caged male C57BL/6) 7-8-week-old littermates were used
for measurements of body weight, food intake and solution intake.
Body weight and food intake were measured weekly. Solution intake
was measured twice weekly by measuring the weight of the solutions.
Freshsolutions were provided after every measurement every 3-4 days.

Metabolic phenotyping

Male mice wereindividually housed in metabolic cages of acombined
indirect calorimetry system (TSE PhenoMaster, TSE systems), and
after a48 hacclimatization period, we continually measured O, con-
sumption, CO, production, respiratory exchange ratio (RER), energy
expenditure, and locomotor activity (that is, horizontal and vertical
beam breaks) of individual micein15-minintervals for atotal of 108 h.
Body composition was measured using Echo-MRI device (Echo-MRI).
This animal study was approved by the Animal Ethics Committee of
the government of Upper Bavaria (Germany).

Glucose tolerance test

Individually housed male C57BL/6) mice aged 7-8 weeks were given
either water or the different sweeteners as indicated for more than 12
weeks. Mice were food deprived for 6 h beforereceiving an oral gavage
of 2 mg kg™ of glucose (Merck, 158968). Blood glucose was measured
using a glucometer (Accu-CHEK) before the oral gavage and every
30 min up to 120 min post gavage.

Gut microbiome analysis

Faecal samples were freshly collected from individually caged litter-
mates C57BL/6) male mice aged 8 weeks exposed to the different drink-
ing solutions asindicated. Samples were collected after 2and 12 weeks
oftreatment. At least two faecal pellets were collected for each mouse,
snap frozeninliquid nitrogen and stored at—80 °C until extraction. Fae-
cal DNA was isolated using QIAamp PowerFecal DNAKIT (Qiagen, 12830-
50). The16S amplicons were prepared for sequencing by indexing PCR

by areduced-volume reactionbased on the llluminal6S Metagenomics
Sequencing Protocol (15044223 Rev. B). In brief, 2 pl of each sample
was combined with 3.25 pl H,0, 6.25 pl 2x NEB Q5 High-Fidelity DNA
Polymerase Master Mix (M0492L) and 1 pl of aunique 10 uM UDI primer
from the set Nextera IDT-8nt (384 Indexes). Samples were incubated
at 95 °C for 3 min, followed by 10 cycles of 95 °C for 30 s, 55 °C for
305,72 °Cfor30s, followed by a final extension at 72 °C for 5 min.
Abead-based clean-up was carried out with Beckman Coulter SPRIse-
lect (B23319) in a 0.8x ratio. The quality of the purified libraries was
assessed usingaD1000 ScreenTape onan Agilent 24200 TapeStation.
Libraries were sequenced on the Illumina MiSeq platform. 2x 300
paired-end reads were produced using the 600 cycle MiSeq Reagent
kit v3. Libraries were loaded at 8 pM concentration with 20% PhiX.
The fastq files were processed using DADA2 (v1.18)*, truncating the
forward (respectively reverse) reads to 280 and 210 bases and trim-
ming them by 17 and 21 bases, respectively, with a maximum of two
expected errors. Taxa and species assignment was carried out using
v132 of the SILVA database. The processed datawere then analysedinR
v4.0.3 (ref. ) with the phyloseq package*® aggregating the count data to
thegenuslevel. DESeq2 (v1.30 (ref.*’)) was used to estimate the log fold
changes and Pvalues between experimental groups whilst accounting
for an observed batch effect that crossed the experimental groups.

Homeostatic proliferation

C57BL/6) Rag2”’~ male and female mice aged 8-10 weeks were provided
either water or sucralose (0.72 mg ml™ or 0.17 mg ml™) ad libitum for
2 weeks. CFSE-stained lymphocytes from C57BL/6J donors (stained
according to manufacturer’s instructions, BioLegend) were then
injected intravenously at 1 x 10° cells per mouse in PBS. At day 3 post
injection spleens were assessed for CFSE dilution of donor T cells by
flow cytometry.

Tumour challenge and rejection models

Mice were exposed to either water or sucralose (0.72 mg ml™) in the
drinking water ad libitum 2 weeks before tumour challenge and exposed
to solutions until the end of the experiment.

PdxI-cre; Kras®?” PDAC cells expressing iRFP* were subcutaneously
injectedinto the left flank of FVB/NJ or C57BL/6] Rag2” miceat1x10°
cells per mouse in PBS. Growth was monitored by in vivoimaging and
mice were taken at a humane endpoint as dictated by the UK Home
Office and the animal license. Humane endpoints were maximum
tumour size of 1.2 cm, tumour ulceration or 10% weight loss, as author-
ized in the UK Home Office project licence P319AE968. None of these
limits were exceeded.

For in vivo imaging, iRFP fluorescence was measured (excitation:
685 nm and emission: 730 nm) using the LiICOR Odyssey Pearl Imager
and analysed with Image Studio v5 (LiCOR).

EL4-OVA cells (1 x 10 cells per mouse) resuspended in PBS were sub-
cutaneouslyinjected into the left flank of C57BL/6) recipient mice either
exposed to water or sucralose (0.72 mg ml™ or 0.17 mg ml™) 2 weeks
before challenge and until the end of the experiment, 10 days post
injection. Tumours were digested and analysed for OVA-specific CD8"
T cellsand IFNy production in response to SIINFEKL peptide stimula-
tion, followed by intracellular cytokine staining. Samples were acquired
onthe BD LSR Fortessa and on the BD FACSymphony. Flow cytometry
data were analysed using FlowJo v10 (TreeStar).

The OT-I tumour-rejection assay was performed by exposing
C57BL/6) recipients to either water or sucralose (0.72 mg ml™) for 2
weeks, followed by intravenous injection of 0.3 x 10° TCR-transgenic
OT-I T cells from Rag2”~ OT-1 donor mice. The next day mice were
injected subcutaneously in the left flank with EL4-OVA cancers cells
(1x10¢ cells per mouse). Growth was monitored by calliper measure-
ments and mice were taken atahumane endpoint as dictated by the UK
Home Office and the animal license. Tumour volume was calculated as
volume = (Iength x width?)/2, with the length as the longest diameter
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and width measured as the perpendicular tumour diameter. Humane
endpoints were maximum tumour size of 1.2 cm, tumours ulceration
or10% weight loss, as authorized in the UK Home Office project licence
P319AE968. None of these limits were exceeded.

L. monocytogenesinfection

Male C57BL/6) mice (aged 8-10 weeks) were given either water or
sucralose (0.72 mg ml™) for 2 weeks before infection and remained
on the solutions throughout the experiment. The sucralose washout
experimentinvolved mice exposed to water for 3 weeks, mice exposed
t0 0.72 mg ml™ of sucralose 2 weeks before injection and maintained on
sucralose untilthe end of the experiment, and the washout group, which
was provided sucralose for 2 weeks followed by water for 1 week before
LmOVA challenge (Fig. 3m). In brief, mice were injected intravenously
with asublethal dose of LmOVA (1 x10° colony-forming units per mouse)
and were euthanized 7 days postinfection. Splenocytes were analysed
for the presence of OVA-specific CD8" T cells (using fluorochrome
conjugated MHC tetramer complex, Baylor College of Medicine, USA)
and cytokine productionby CD8" T cells in response SIINFEKL peptide
re-stimulation, followed by intracellular cytokine staining. Samples were
acquired on the BD LSR Fortessa and on the BD FACSymphony. Flow
cytometry data were analysed using FlowJo v10 (TreeStar).

Bacterial load was measured at day 3 post infection. Spleenand liver
were isolated and weighed, followed by tissue disruption. Spleen and
liver homogenates were resuspended in PBS and 1/10 serial dilutions
were performed in PBS. Fifty microlitres of each serial dilution was
plated on brain heart infusion plates and placed into a bacterial incu-
bator at 37 °C overnight. The number of colony-forming units were
counted the following day and normalized to tissue weight.

T cell-induced colitis model

Six-toeight-week-old male C57BL/6) Tcra” mice were given either water
orsucralose (0.72 mg ml™ or 0.17 mg ml™) ad libitum for 2 weeks before
T cell transfer and until the end of the experiment. 0.5 x 10° cells con-
genic CD45.1'CD4'CD45RB’ T cells were injected per mouse. Inflamma-
tion at day 21 was assessed by intracellular cytokine staining followed
by flow cytometric analysis. Humane endpoints were maximumweight
loss 15% and chronic diarrhoea as authorized in the UK Home Office
projectlicence P319AE968. None of these limits were exceeded.

Typeldiabetes model

Female NOD/ShiLt) were purchased from Charles River laboratory.
Starting from 8 weeks of age, age-matched and weight-matched
mice were given either water or sucralose (either 0.72 mg ml™ or
0.17 mg mI™). To monitor the development of type 1 diabetes, blood
glucose was monitored once aweek using aglucometer (Accu-CHEK).
Mice witha non-fasting glucose level exceeding 13.9 mmol I were meas-
ured asecond time the following day and mice with consecutive blood
glucose exceeding 13.9 mmol I were considered diabetic. Humane
endpoints were defined as consecutive non-fasting blood glucose
measurements exceeding 13.9 mmol I as authorized in the UK Home
Office projectlicence P319AE968. None of these limits were exceeded.

LPS-induced systemic inflammation model

Male C57BL/6) mice aged 8-10 weeks were randomly assigned either to
water or sucralose (0.72 mg ml™) for 2weeks before LPS challenge and
until the end of the experiment. Mice were injected intraperitoneally
with LPS from Escherichia coli (0111:B4 Sigma L4391) at a dose of
0.1mg kg™. Mice were euthanized 3 h after challenge and blood was
collected by cardiac puncture in EDTA-coated tubes.

Invivo proliferation of peritoneal macrophages

C57BL/6) mice (one cohort of male mice aged 8-10 weeks and one
cohort of female mice aged 8-10 weeks) were given sucralose
(0.72 mg ml™) or water ad libitum for 2 weeks and until the end of the

experiment. Mice were theninjected intraperitoneally with long-lasting
IL-4 complex (5 pg IL-4 (Peprotech): 25 pg ml™ anti-IL-4 monoclonal
antibody, clone 11B11; BioXcell) or PBS (control) every second day. Mice
were sacrificed after the second injection. Peritoneal macrophages
were collected by injecting 5 ml of PBS into the peritoneal cavity. The
exudate was collected and stained for flow cytometry. Samples were
acquired onthe BD LSR Fortessa. Flow cytometry data were analysed
using FlowJo v10 (TreeStar).

SRBC cellimmunization

Female C57BL/6) mice (aged 8-10 weeks) were randomly assigned to
2 groups: water treatment or sucralose treatment (0.72 mg ml™). Mice
were exposed to sucralose for 2 weeks before immunization and until
the end of the experiment. sRBCs (Antibodies Online, cat. ABIN770402)
were prepared in HBSS and mice were intraperitoneally immunized
with 2 x10° sSRBC in PBS. Germinal centre B cells were analysed in the
spleen at day 7 post immunization by cell surface staining of B220
(clone RA3-6B2), GL-7 (clone GL7),and CD95 (clone SA367H8).Samples
were acquired on the BD LSR Fortessa and on the BD FACSymphony.
Flow cytometry data were analysed using FlowJo v10 (TreeStar).

Human CDS8' T cellisolation and culture
Human peripheral blood was collected from healthy, non-fasted indi-
viduals into heparinized Vacuettes (Greiner Bio-One). Mononuclear
cells were isolated by layering whole blood (1:1) onto Lymphoprep
(StemCell Technologies) and centrifuged at 805g for 20 min at room
temperature. Human CD8" T cells were isolated downstream using
magnetic microbeads (Miltenyi Biotec; cat. 130-096-495). Isolated
CDS8" T cells (1.0 x 10° mlI™) were stained with CFSE (BioLegend) and
activated with plate-bound anti-CD3 (2 pg ml™; HIT3a, BioLegend)
and free anti-CD28 (20 pg ml™; CD28.2, BioLegend) in the presence or
absence of NaS, AceK and sucralose (0.5 mM) in IMDM (Gibco) at 37 °C
in5% CO,-in-air for 3 days. After 3 hthe media was supplemented with
10% hyclone fetal calf serum. After 72 h, cells were collected and stained
with viability dye DRAQ?7 (BioStatus). Cells were acquired (Novocyte,
Agilent) and analysis performed using FlowJo version 10 (TreeStar).
Participants wererecruited from the staffand student populations at
Swansea University, Wales UK. Potential participants responded to ethics
committee approved advertising by contacting thelocal clinical research
facility. The clinical research facility oversaw recruitment through
informed written consentinresponsetoanethically approved participant
informationsheet that explained the study. Participant recruitment was
conducted by theJoint Clinical Research Facility at Swansea University
with no selection bias. Informed written consent and ethical approval
was obtained from Wales Research Ethics Committee 6 (13/WA/0190).

MurineT cellisolation and cell culture

CD8' T cellsand CD4" T cells were isolated from spleens and periph-
eral lymph nodes, prepared into single-cell suspensions, and lysed
for red blood cells (10x RBC lysis buffer, Biolegend). T cells were iso-
lated by negative isolation kits (StemCell Technologies) and following
manufacturer’s protocol. T cells were then activated and cultured as
previously described*® using plate-bound anti-CD3 and anti-CD28 anti-
bodiesin T cell medium (TCM) (IMDM, 10% fetal bovine serum (FBS),
1% penicillin-streptomycin and 50 pM B-mercaptoethanol).

Mouse Pdx1-Kras®?? pancreatic cancer cell line was derived from
the primary pancreatic tumours from the PdxI-cre pancreatic cancer
model. Cells were maintained in culture in DMEM, 10% FBS, and 1%
penicillin-streptomycin. The EL4-OVA thymoma cell line was main-
tained in TCM with 0.4 mg mI™ of G418 (Roche Diagnostic GmbH). All
cellswere incubated at 37 °C and 5% CO, humidified incubators.

T cell functional assays
T cell proliferation assay. Isolated naive T cells were stained with CFSE
from BioLegend or with the VPD450 dye (BD Horizon) following the
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manufacturer’s protocol. T cells were then activated with anti-CD3 clone
145-2¢11(2 pg ml™) and anti-CD28 clone 37.51 (1 ug ml™), unless otherwise
specified, withor without the indicated sweeteners for 3 daysina37 °C,
5% CO,humidifiedincubatorfollowed by flow cytometryanalysis. ForIL-2
(Peprotech) supplementation, IL-2 at 20 ng ml” was added to selected
wells in the presence of anti-CD3/CD28. lonomycin-rescue experi-
ments were conducted by adding an additional 125 pg mI™ ofionomycin
(Sigma) in the presence of anti-CD3/CD28. All functional grade anti-
bodies were purchased from eBioscience, Thermo Fisher Scientific.

TCR-independent proliferation was achieved either by supplement-
ing the media with 100 ng ml™ of IL-2 or with a high dose combination
of PMA (10 ng mI™) and ionomycin (500 ng ml™) or low dose of PMA
(1ng ml™) and ionomycin (50 ng mlI™). T cells were allowed to prolifer-
ate for 3-4 days.

T cell differentiation assays. T,1 cells. Naive CD4" T cells were iso-
lated using the manufacturer’s instructions and activated by seeding
2 x10°cells per wellina 24-well tissue culture plate coated with anti-CD3
(5 pg mI™) and anti-CD28 (2 pg mlI™). TCM was supplemented with IL-2
(20 ng ml™, Peptrotech), IL-12 (40 ng ml™, Peptrotech), and anti-IL-4
(BioLegend, clone11B11,504102). CD4" T cells were re-stimulated with
PMA-ionomycin-GolgiStop cocktail followed by surface and intracel-
lular cytokine staining for IFNy (clone XMG1.2) and TBET (clone 4B10)
3 days post differentiation.

CDS8" T cells. Naive CD8" T cells were isolated using the manufac-
turer’s protocol and activated using 250,000 cells per well of a 96-well
plate coated with anti-CD3 (5 pg ml™) and anti-CD28 (2 pg ml™). TCM
was supplemented withIL-2 (20 ng mI™).CD8* T cells were re-stimulated,
followed by surface staining and intracellular cytokine staining for IFNy
expression.

Cytotoxic T cell assay. OVA-specific CD8"* T, cells from Rag2™”’"
TCR-transgenic OT-I mice were expanded in vitro with the SIINFEKL
peptide (10 pg mI™) in TCM with or without 0.5 mM sucralose for 3
days. Live lymphocytes were selected using the Lympholyte M cell
separation density gradient centrifugation method (CEDARLANE
LABS) and then cocultured with EL4-OVA cells stained with VPD450
(BD Biosciences) starting at a 1:1 ratio and serially diluted to 32:1
(EL4-OVA:OT-I). Percentage of dead EL4-OVA cells was assessed by
annexin V and propidium iodide (Invitrogen, eBioscience) staining
as per the manufacturer’sinstructions. Samples were acquired on the
BD LSR Fortessa. Flow cytometry data was analysed using FlowJo v10
(TreeStar).

Immunofluorescence and 3D reconstruction

13 mm borosilicate glass coverslips (thickness 1.5 mm, VWR) were
placed in a 24-well plate and coated with 50 mg ml™ of poly-p-lysine
(Sigma) for 30 min at room temperature, followed by one water wash,
and allowed to air dry. Two million naive T cells were gently placed over
the coated slides and allowed to attach in a humidified 37 °C incuba-
tor for 30 min. T cells were activated with anti-CD3-biotin (5 mg ml™)
and streptavidin (20 mg ml™) for 10 min at 37 °C. Unattached cells
were aspirated and 4% PFA was added, and cells fixed for 10 min at
room temperature, followed by one PBS wash and aspiration. Samples
were blocked with 0.4% Triton X-100/PBS/10% bovine serum albumin
solution. Primary antibody for PLCy1 (Santa Cruz, clone E-2,sc7290)
was diluted at 1:300 in the staining buffer (0.4% Triton X-100/PBS/2%
bovine serumalbumin) andincubatedin the dark at room temperature
for 1 h. After a PBS wash, fluorescent secondary antibody (Alexa488
Goat primary antibody to mouse IgG, Abcam 150113) was diluted at
1:500 in staining buffer and incubated in the dark at room tempera-
ture for a further 1 h. After a PBS wash, samples were incubated with
DAPIsolution (1:10,000 dilution in PBS; BD Pharmingen) for 5 min at
room temperature. Slides were washed once with PBS, inverted and
placed on antifade mounting media (VECTASHIELD) on superfrost

microscope slides (Thermo Scientific, 12372098). Slides were sealed
with CoverGrip coverslip sealant. Images were taken on a Zeiss Upright
710 using the ZEN (v2.3) program with a 63x oil objective and 1.4 NA.
The 488 and 405 nm lasers were used for excitation and z-stacks
were collected as 16 bits per pixel (average size of 240 x 240 pixels).
Data were analysed using Imaris v9.5.1 software using the volume
application.

Bone marrow-derived macrophages and LPS stimulation in vitro
Bone marrow-derived macrophages were generated from femurs
flushed with PBS. Red blood cells were lysed using 10x RBC lysis
buffer (BioLegend), and remaining cells were plated on petri dishes
at 5 x10° cells per 10 cm dish in IMDM supplemented with 10% FBS,
1% pen/strep, 50 uM B-mercaptoethanol and 25 ng ml™ of M-CSF (Pep-
rotech). Five days after differentiation, sweeteners were added for an
additional 2 days at final concentration of 0.5 mM. LPS (Sigma £. coli
O111:B4 LPS25) was added at day 7 post differentiation at afinal concen-
tration of 1 ng ml™ and BD GolgiStop (1:1340 dilution) for 4 h followed
by surface andintracellular cytokine staining for tumour necrosis factor
(TNF) (clone MP6-XT22) and IL-1B-pro (clone NJTEN3). Samples were
acquired on the BD LSR Fortessa and on the BD FACSymphony. Flow
cytometry data was analysed using FlowJo v10 (TreeStar).

Flow cytometry

Single-cell suspensions were stained for surface markers in PBS for
20 min at 4°C. Intracellular proteins (cytokines) were assessed using
the FOXP3/Transcription staining buffer set (Invitrogen, eBioscience)
following the manufacturer’s instructions. Cells were permeabilized
for 30 min and stained for intracellular proteins for aminimumof1h
at4 °C.Fluorochromes were purchased from BioLegend, eBioscience
(ThermoFischer Scientific), BD Pharmigen, or TONBO Scientific.
All surface flurorescent antibodies were used at a dilution of 1:300.
Re-stimulation was performed using PMA (Sigma-Aldrich),ionomycin
(Sigma-Aldrich) and GolgiStop (BD Biosciences) for 4 h as previously
described®. For antigen-specific response using ovalbumin, SHINFEKL
(OVA,s,_,6: produced by the Peptide Chemistry Facility, Francis Crick
Institute) peptide was used for re-stimulation of single-cell suspen-
sions (10 pg ml™ with GolgiStop (BD Biosciences)) for 6 h followed by
surface staining and intracellular cytokine staining. All intracellular
antibodies were used at a dilution of 1:250. OVA-specific CD8" T cells
were distinguished using the K’~OVA-PE staining (Baylor College of
Medicine, USA) and surface markers for 30 min, followed by immediate
acquisition. Dead cells were distinguished using the fixable viability
dye efluor780 from Invitrogen, eBioscience. Single-cell suspensions
were fixed and permeabilized using the FOXP3 Transcription staining
buffer set (Invitrogen, eBioscience). Samples were acquired on the BD
LSR Fortessaand onthe BD FACSymphony. Flow cytometry datawere
analysed using FlowJo (TreeStar).

Calcium flux assays
Calcium flux assay were performed using either INDO-1AM or Fluo-3am
asprobe, asindicated.

INDO-1AM. Lymph nodes were made into single-cell suspensions and
FLT3L-generated dendritic cells were incubated in 2 pM final concentra-
tion of INDO-1AM (BD Biosciences) in RPMI supplemented with 50 pM
B-mercaptoethanol, and 1% FBS for 30 minin a 37 °C, 5% CO, humidi-
fied incubator. Lymphocytes were washed and spun at 1,300 rpm for
5 min followed by cell surface staining for CD4" (clone GK1.5), CD8"
(clone2.43),B220 (clone RA3-6B2; Invitrogen eBioscience) and viable
cells were distinguished using the Fixable Viability Dye 780 (Invitrogen,
eBioscience) for 15 min. Cell suspensions were spun and resuspend in
the aforementioned media at 3 x 10 cells per ml and kept onice. cDC
cultures were stained for CD11c (clone N418), B220 (clone RA3-6B2),
MHCII (clone AF700), SIRPAL1 (clone p84) and XCRI1 (clone ZET). Cells
were heated to 37 °C for 5 min before acquisition on the LSR Fortessa



(BD Biosciences). Anti-CD3-biotin (5 pg ml™) (clone 145-2C11; Invitro-
gen eBioscience) was added during baseline reading for 1-2 min, fol-
lowed by 20 pg ml™ of streptavidin (Invitrogen). For B cells, 20 pg ml™
anti-IgM (Jackson ImmunoResearch, 115-006-020) was injected into the
tube after baseline reading. Dendritic cell samples were injected with
1mM ATP after baseline reading. Calcium flux was determined by the
ratiobetween 400 nm (bound) to 500 nm (free) readings. Samples were
acquired on the BD LSR Fortessa. Flow cytometry data was analysed
using FlowJo v10 (TreeStar). To quantify the percentage of responders,
cells were gated after the addition of streptavidin for 250 s.

FLUO-3AM.Single-cell suspensions were obtained from lymph nodes.
Cells were loaded with the calcium indicator Fluo-3AM (Abcam) as
follows: cells resuspended in TCM in presence or absence of sucra-
lose were incubated for 30 min with 5 uM Fluo-3 AM diluted 1:1 (v/v)
in 20% (w/v) Pluorinic F-127 acid (Merck, P2443) at 37 °C followed by
afurtherincubation of 15 min at room temperature. Excess Fluo-3AM
was removed by two consecutive washes with cold calcium-free PBS.
Cellswere finally resuspended in calcium-free PBS supplemented with
10 mM glucose, 2 mM glutamine and 50 uM -mercaptoethanol and
kept onice. Cells were warmed to 37 °C for 5 min before acquisition
using the LSR Fortessa. Baseline reading were recorded for 1-2 min
followed by stimulation ofintracellular calcium release with either 1 pM
thapsigargin (Merck) or 100 ng ml™ ionomycin (Merck). For quantifica-
tion, Fluo3 intensity was plotted against time using FlowJo (TreeStar)
kinetic option with the mean value and Gaussian smoothing. A range
of the same length of time was then selected for both basal and treat-
ment (thapsigargin or ionomycin) condition and the area under the
curve was obtained.

Jurkat T cell proliferation and sucralose wash-offin vitro
experiment

Jurkat T Cells were cultured in RPMI supplemented with10% FBS, 50 pM
B-mercaptoethanol and 1% penicillin-streptomycin. Proliferation was
measured by counting cells with a CASY counter in presence of the
different sweeteners as indicated.

Sucralose wash-off in vitro experiment. For acute sucralose exposure,
Jurkat T cells were cultured in presence or absence of 0.5 mM sucralose
for 5 days. For chronic exposure: sucralose on/on and sucralose on/
off Jurkat T cells were pre-exposed to 0.5 mM sucralose for 2 weeks
before sucralose removal (sucralose on/off) or continuous sucralose
exposure (sucralose on/on).

Membrane order measurement

Tcellsisolated from C57BL/6) male mice aged between 6 and 10 weeks—
were activated with anti-CD3 (2 pg ml™) and anti-CD28 (1 ug mlI™) for 3
days. Cells were then stained for protein surface markers and viability
dye before being loaded with the phase sensitive membrane probe
2 uM Di-4-ANEPPDHQ (ANEq, Thermo Fisher, D36802) in RPMI in the
presence of 0.02% Pluronic F-127 (Merck, P2443). The loading was per-
formed for 30 min at 37 °C followed by 15 min at room temperature.
Cells were kept at 37 °C and protected from light before acquisition.
ANEq fluorescence emission was measured at 570 nm (high order) and
610 nm (low order) using a BD LSR Fortessa. Flow cytometry data was
analysed using FlowJo v10 (TreeStar).

Immunoblotting

Cells were lysed using RIPA buffer (Millipore) supplemented with 1%
SDS and phosphatase and protease inhibitor cocktail (LaRoche), dena-
tured at 95 °C, and resolved on NuPAGE polyacrylamide pre-cast gels
(Invitrogen, Thermo Fisher Scientific). Gels were transferred onto
nitrocellulose membranes (GE Healthcare). T cell or Jurkat T cell lysates
were probed as indicated in the manuscript. Working dilution of pri-
mary and secondary antibodies are listed in the antibodies section.
Alluncropped and unprocessed scans and images are in the Source
Data files.

Immunoprecipitation

Jurkat T cells were cultured in RPMIsupplemented with 10% FBS, 50 uM
B-mercaptoethanol and 1% penicillin-streptomycin in the presence
or absence of 0.5 mM sucralose for 48 h. Cells were washed once
with PBS and resuspended at the concentration of 30 x 10° cells mI™
in DPBS containing 1% FBS, 5 mM glucose, 2 mM glutamine, 50 pM
B-mercaptoethanol and 1% penicillin-streptomycinin the presence or
absence of 0.5 mM sucralose.

Cells were kept on ice and activated with 5 pg ml™ anti-CD3 (OKT3)
at 37 °C as indicated. The reaction was stopped by adding ice-cold
PBS. Proteins were extracted using immunoprecipitation lysis buffer
containing 0.2% Triton X-100, 50 mM Tris-HCI pH 7.5, 150 mM NaCl,
proteaseinhibitor cocktail (Thermo Scientific) and phosphatase inhibi-
tor cocktail (Cell Signaling) at 4 °C for 30 min. Total protein content
was quantified using a BCA assay. CD3{ was immunoprecipitated from
1.5 mg total protein using an anti-CD3{ antibody (Santa Cruz), using
4 pg antibody per 0.5 mg total protein and Protein A/G plus Agarose
(Thermo Fisher) for 2 hat 4 °C. Immunoprecipitated proteins were
washed three times withimmunoprecipitation lysis buffer and western
blots were performed as indicated.

Tumour digestion and plasma collection

Tumours. Excized tumours were keptinice-cold medium until process-
ing. Tumours were chopped into 1-mm pieces and digested in diges-
tion buffer containing 0.012% collagenase, 0.012% dispase, 0.1 mg ml™
DNasel, 1% FBS in Krebs Ringer bicarbonate buffer (KRB) for 45-60 min
at37 °Cwithgentle oscillation. Cold DMEM supplemented with 10% FBS
(10 ml) was used to neutralize the digestion. Single cells were filtered
through 100-pm cell strainer and collected by centrifugation at 300g
for 5 min.

Plasma. Blood was collected by cardiac puncture into EDTA-coated
tubes. Blood was spunin 1.5 ml Eppendorf tubes at 2,000g for 15 min
at4 °C. The supernatant (plasma) was collected and stored at —80 °C.

Enzyme linked immunosorbent assay

ELISAs were performed on T cell supernatants for IL-2 (Invitrogen,
eBioscience) and serum from LPS-challenged mice was assessed for
circulating IL-1f levels (Sigma). ELISAs were performed following the
manufacturer’s procedures.

Insulin. Blood was collected by cardiac puncture in EDTA-coated tubes.
Samples were then centrifuged at2,000g for 15 min toremove red blood
cells and plasmainsulin was measured using Insulin ELISAKIT (Alpco,
80-INSMS-EQ1) per the manufacturer’sinstructions.

RNAisolation and RNA-seq
CD4" T cells were isolated from lymph nodes and spleen from male
C57BL/6) mice using CD4" T cell negative isolation kits (StemCell
Technologies) according to the manufacturer’s protocol. 2 x 10° CD4"
T cells per well were plated in 24-well plates precoated overnight with
5 pg ml™Manti-CD3 and 2 ug mianti-CD28 treated with various sweet-
eners (0.5 mM of sweetener). T cellswere collected 24 hand 48 h after
plating and total RNA was isolated using TriPure Isolation Reagent
(Merck) according to manufacturer’sinstructions. RNA was quantified
using a nanodrop (deNovix).

mRNA capture and library preparation were performed by the
Advanced Sequencing Facility at the Francis Crick Institute using the
KAPA mRNA HyperPrep Kit (Roche). Technical triplicate libraries were
sequenced onanllluminaHiSeq4000 platformto generate on average
50 million 101-bp single-end reads per sample.

Raw reads were quality and adapter trimmed using cutadapt (ver-
sion 2.10) before alignment®. Reads were mapped and subsequent
gene-level counted using RSEM 1.3.1 (ref. ) and STAR 2.7.6 (ref. %)



Article

against the mouse genome GRCm38 using annotation release 95,
both from Ensembl. Normalization of raw count data and differential
expression analysis was performed with the DESeq2 package (version
1.30.1)* within the R programming environment (v4.0.3)*. The follow-
ing pairwise comparisons were performed: sucralose 24 hand TCM
24 h; sucralose 48 hand TCM 48 h; saccharin 24 hand TCM 24 h; sac-
charin48 hand TCM 48 h; sucralose 24 hand saccharin 24 h; sucralose
48 h and saccharin 48 h; sucralose 48 h and sucralose 24 h; saccharin
48 h and saccharin 24 h; TCM 48 h and TCM 24 h, with the contrast
function, from which genes differentially expressed (adjusted Pvalue
being less than 0.01) between different conditions were determined.
Genelists were used to look for pathways and molecular functions with
over-representation analysis using DAVID>>*,

Sucralose quantification and stable isotope tracing by LC-MS
Stable isotope tracing of U-[*C]glucose (Cambridge Isotopes) was
performed in glucose-free IMDM (The Francis Crick Media Services)
supplemented with10% dFBS. CD4"and CD8" T cells were activated with
anti-CD3 (5 mg ml™) and anti-CD28 (2 mg mlI™) for 48 hinthe presence
and absence of 0.5 mM sucralose. T cells were counted, washed, and
replaced with the 10 mM U-[2C]glucose solution at a concentration of
2 x10° cells ml™ followed by a 4 h pulse. Cells were washed twice with
ice cold PBS and metabolites were extracted using extraction buffer
containing 50% methanol, 30% acetonitrile and 20% water for 10 min
at4°C.Forsucralose detectionin]Jurkat T cells, cells were exposed to
0.5 mM sucralose for 48 h unless otherwise indicated, and washed 2
times withice cold PBS. Metabolites were extracted as described above
using 1 mlof extraction buffer for 3.5 x10° cells. For sucralose detection
in plasma, the extraction procedure was adapted from ref. . In brief,
metabolites were extracted as follows: plasma samples were allowed
to thaw onice for 30-60 min. Ice-cold methanol was subsequently
addedto 50 plof plasmainaratio3:1(v/v). Afterashort vortex step, the
mixture was incubated on ice for 5 min. Centrifugation (13,000 rpm,
10 min, 4 °C) was used to pellet the protein. The supernatant was trans-
ferredto an Eppendorftube and dried inarotary vacuum concentrator.
Polar metabolites were phase-partitioned from apolar metabolites by
addition of 350 pl chloroform:methanol:water (1:3:3 v/v/v, contain-
ing 0.375 mol of [®*C]valine as an internal standard). The phases were
separated by centrifugation (13,000 rpm, 10 min, 4 °C). The polar phase
was transferred into aLC-MS vial equipped with aninsertand driedina
rotary vacuum concentrator. Finally, 75 pl of amixture of H,0:methanol
(1:1) were added to the dried extract. The samples were subsequently
analysed by LC-MS. For the preparation of the sucralose calibration
curve, 50 pl of plasma was spiked with various concentrations of the
standard. The extraction and sample preparation were then performed
asdescribed above.

Metabolitesandsucralose wereanalysed by LC-MSusingaQ-EXACTIVE
Plus (Orbitrap) mass spectrometer from Thermo Fisher Scientific
coupled with a Vanquish UHPLC system from Thermo Fisher Scien-
tific. The chromatographic separation was performed on a SeQuant
ZicpHILIC (Merck Millipore) column (5 um particle size, polymeric,
150 x 4.6 mm). The injection volume was 5 pl, the oven temperature
was maintained at 25 °C, and the autosampler tray temperature was
maintained at 4 °C. Chromatographic separation was achieved using
agradient program at a constant flow rate of 300 pl min™ over a total
runtime of 25 min. The elution gradient was programmed as decreasing
percentage of Bfrom 80% to 5% for17 min, holding at 5% of B for 3 min
and finally re-equilibrating the column at 80% of B for 4 min. Solvent
A was 20 mM ammonium carbonate solution in water supplemented
by 1.4 ml 1™ of a solution of ammonium hydroxide at 35% in water and
solvent B was acetonitrile. Mass spectrometry was performed with
positive/negative polarity switching using a Q-EXACTIVE Plus Orbitrap
(Thermo Scientific) with a HESI Il probe. Mass spectrometry parameters
were as follows: spray voltage 3.5 and 3.2 kV for positive and negative
modes, respectively; probe temperature 320 °C; sheath and auxiliary

gases were 30 and 5 arbitrary units, respectively; and full scan range:
70-1,050 m/z with settings of AGC target and resolution as balanced
and high (3 x10°and 70,000), respectively. Data were recorded using
Xcalibur 4.2.47 software (Thermo Scientific). Mass calibration was
performed for both ESI polarities before analysis using the standard
Thermo Scientific Calmix solution. To enhance calibration stability,
lock-mass correction was also applied to each analytical run using
ubiquitous low-mass contaminants. Parallel reaction monitoring (PRM)
acquisition parameters were the following: resolution17,500; collision
energies were setindividuallyin HCD (high-energy collisional dissocia-
tion) mode. Metabolites were identified and quantified by accurate
mass and retention time and by comparison to the retention times,
mass spectra, and responses of known amounts of authentic standards
using TraceFinder 4.1 EFS software (Thermo Fisher Scientific). Absolute
quantification of sucralose was achieved with the use of a calibration
curve built with the responses of known amounts of standard spiked
insucralose-free plasma.

Subcellular fractionation

Cell fractions were obtained as described previously* with minor modi-
fications as reported below.

Metabolomics. Jurkat T cells were cultured with or without 0.5 mM
sucralose for 48 h.Intotal, 3.5 x 10° cells were washed twice withice-cold
PBS thendigested with1 mIPBS containing 0.5 mg ml™ digitonin (Bio-
Vision) to release cytoplasmic content, followed by centrifugation
for10 s at13,500g. Two-hundred microlitres of the supernatant, con-
taining the cytoplasmic fraction, was collected in a new, pre-chilled
tube containing 800 pl of ice-cold extraction buffer. The pellet was
resuspended in 100 pl of ice-cold extraction buffer. The metabolites
were extracted and processed as described above. For whole cells
controls, cells (3.5 x 10°) cultured in presence or absence of 0.5 mM
sucralose were washed twice with ice-cold PBS and extracted in 1 ml
ice-cold extraction buffer.

Western blot. Jurkat T cells were cultured with or without 0.5 mM
sucralose for 48 h. Cells (3.5 x 10°) were washed once with ice-cold PBS
then digested with 1 mIPBS containing 0.5 mg ml™ digitonin to release
cytoplasmic content followed by centrifugation for10 sat13,500g. The
supernatant containing the cytoplasmic fraction was collected in anew,
pre-chilled tube. The pellet was resuspended in1 mlice-cold PBS. Cells
(3.5 x10°) untreated with digitonin were used as whole-cell controls.
All the samples were stored at —80 °C for at least 12 h and sonicated 3
times for10 sonice. The purity of the fraction was tested using specific
antibodies as indicated.

Sucralose localization by cryo-OrbiSIMS

Primary orJurkat T cells were treated for 48 hwith 0.5 mM deuterium-
labelled sucralose (SCBT). Sucralose localization was performed
by cryo-OrbiSIMS analysis using a Hybrid-SIMS instrument
(IONTOF GmbH, Thermo Fisher Scientific) at the National Physical
Laboratory incorporating an Orbitrap Q-Exactive HF analyser and a
time of flight (ToF) analyser®”. T cells were deposited onto silicon
wafers coated with 50 nm gold, excess media removed, and frozen by
plunging into liquid nitrogen. The samples were transported under
liquid nitrogen and mounted on a custom Leica sample holder under
liquid nitrogeninaLeica VCM and transferred into the OrbiSIMS onto
a sample stage pre-cooled to —160 °C. For charge compensation, a
21 eV electron flood gun was used with a current of -21 pA, and argon
gasfloodinginthe analysis chamberwithapressure of 9.7 x 107 mbar.
All acquisitions were performed in positive polarity with an extrac-
tion voltage of 2 kV and a sample potential of ~—80 V. 3D analysis was
performed using the ToF analyser with a cycle time of 200 ps. A30 keV
Bi" liquid metal ion gun (LMIG) with a spot size of ~500 nm was used
as the analysis beam with a current of 1.74 pA, and a 10 keV Ar?*"* gas



cluster ion beam (GCIB) was used as the sputter beam with a current
of 0.618 nA. The 3D image was acquired using 10 shots per pixel per
frame and 3 frames per scan with afield of view of 200 pm x 200 pmin
sawtoothraster mode, withnon-interlaced sputtering of 440 sbetween
frameswitha crater size of 500 pm x 500 um. Analysis was performed at
atemperature of -—160 °C throughout. The instrument liquid nitrogen
dewars were loosely covered with polyethylene bags to prevent exces-
siveice formation. The m/zscale of the mass spectrumwas calibrated
using the following peaks: CH*, CH**, CH**and Na". Sucralose peaks were
identified compared with analysis of a pure standard and confirmed by
isotope cluster distribution. Spectral analysis was performed using the
Orbitrap analyser withacycle time of 200 ps. A 20 keV Ar¥°°* GCIB was
used as the analysis beam with a current of 172 pA, a duty cycle of 30%
and aspotsize of 20 pm. The analysis was performed using a 40 pm x
40 pmfield of view and a 20 pm pixel size with randomraster mode. The
collisional cooling He pressure was 3.9 x 10~ mbar. The mass range was
150-600 m/zand the injection time was 2,000 ms at a mass resolution
0f240,000 Am/mwith a transient time of 512 ms. Mass calibration was
performed using silver clusters generated from a silver sample. Data
were acquired and analysed using SurfaceLab 7.3 (IONTOF GmbH). For
the depth profile showninFig. 2d, relative increasing depthisindicated
by consecutive data points. After each data point, the GCIB sputter
removes material. The grey regionin Fig.2d indicates the region below
which the ion signal is considered to be noise, this value is calculated
from an untreated control sample. The data represents the mean and
s.e.m. of eight separate cells located within the same field of view nor-
malized to total ion count. The cell regions of interest were selected
using theion [C,HO]" as a cell-specific marker.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The dataset generated for the gut microbiome and T cell RNA-seq are
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Extended DataFig.1|See next page for caption.



Extended DataFig.1|Sucralose detectioninmice andits effecton
macrophage, Bcelland T cellresponses. a). Sucralose peak detection by
LC-MSinthe plasma of mice fed with water or 0.72 mgml™ of sucralose for 2 weeks.
b) Box plots of frequencies of B220* B cells, CD8" T cells, CD4" T cells,
CD4'FOXP3' T cells (T,.,), CD11b* pan myeloid population, CD11b*NK1.1" cells
(NK cells), CD11c"* dendritic cells (DCs), monocytes (CD11b*Ly6C'") and neutrophils
(CD11b'Ly6G") within mesenteric lymph nodes, peripheral lymph nodes, and
the spleen of mice fed with water), 0.17 mgml™Scrl, 0.72 mg ml™Scrl, and
0.72mg ml™sodium saccharin (NaS) (n = 6 per treatment) for over 12 weeks.

As assessed by flow cytometry. Min-max box plot: centre lines show median,
box limitsare1*and 3™ quartiles, with whiskers indicating the min and max
value. (c-f) C57BL/6) mice fed with water (n =10) or 0.72 mg mI™ Scrl (n=8) and
immunized with sheep red blood cells (sSRBC). Each dot represents abiological
replicate. c) Total splenocyte numbers at day 7 post sSRBC immunization.

d) Percentage of splenic B220" B cells 7 days post SRBC immunization.

e) Representative density plot of gated B220" B cells and the frequency of
germinal centre (GC) B cells (GL7*CD95%) at day 7 postimmunization.

f) Quantification of the percentage of GC B cells as depicted in Extended Data
Fig.1le, of the splenic B220" B cell population (left) and as a percentage of total

splenocytes (right). g) Pairwise comparison of pro-ILIB*TNF* (n = 7/condition),
TNF'IL6" (n =4/condition) and TNF'IL12p70* (n =3/condition) production
assessed by flow cytometryinbone marrow derived macrophages (BMDMs)
stimulated with lipopolysaccharide (LPS) either in control mediaorin presence
of 0.5 mM of Scrl. Paired dots indicate biologically independent samples.

h) IL1B plasma concentration from water (n=7) or 0.72 mg ml™ sucralose
(n=7) fed C57BL/6) mice for 2 weeks prior to LPS challenge (0.1 mgkg™).

(i-j) Generation of alternatively activated macrophages (CD11b‘F4/80°CD301"
CD206%) in C57BL/6) mice intraperitoneally injected with IL4 complex (IL4c)

or PBS fed water (or 0.72mgmlScrl.Each dot represents asingle mouse.

N =5biological replicates per group. i) Frequencies.j) Absolute numbers.

k) Homeostatic proliferation at day 3 of naive CFSE-loaded CD8" and CD4"

T cellsinjected to Rag2” recipients fed water (n = 6) or 0.17 mgmI™Scrl (n=5)
for two weeks and until the end of the experiment. Means represent +s.e.m for
biologicalreplicates(c,d, f, g, h,i,j, k). Statistical significance was determined
using 2-tailed unpaired (c, d, f, h, k) or paired (g) Student’s t test; one-way
ANOVA with Tukey’s multiple comparisontest (i, j), or ordinary one-way ANOVA
foridenticalimmune populations/condition (b). Dataare representative of

2 (h-i)or 3 (c-f, k) independent experiments.
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Extended DataFig.2|Sucraloselimits T cell proliferation without affecting
viability. a) CD4" T cell proliferation assay performed with «CD3 (5 pg ml™) and
«CD28 (1pug ml™) for 3 daysinthe presence of serial dilutions of the indicated
sweeteners. b) Proliferation of CFSE stained CD8" T cells exposed to 0.5 mM of
theindicated sweeteners and activated with a high dose of aCD3 (5 pg ml™) or
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c)Jurkat T cell proliferationin control media or media supplemented with the
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Dunnet’s (d) multiple comparison test. Dataare representative of 3
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Extended DataFig. 3 |Sucralose does not affect whole body mouse

Time (hours)

thetrapezoid method for the GTT. h-i) C57BL/6) mice fed for over 8 weeks

metabolism. (a-g) Individually caged C57BL/6) mice fed water, 0.17 mgml™
Scrl, 0.72mgml™Scrl) or 0.72 mg ml™ sodium saccharin (NaS) for12 weeks.N=6
per treatment. a) Average cumulative food intake. b) Average body weight.

c) Average solutionintake. d) Weekly solutionintake. e) Fasting plasmainsulin
levels. (f-g) Glucose tolerance test (GTT) of mice receiving an oral bolus of
2mgkg™glucose. f) Blood glucose. g) Areaunder the curve calculated using

withwater (n =8 for RERand 9 for locomotor activity), 0.72 mgml™ Scrl (n=12)
or0.72mgml™NaS (n=11). h) Respiratory Exchange Ratio (RER). i) Locomotor
activity. Dataare displayed asmean ts.d.(d) +s.e.m.(a,b, c, e, f, g, h,i). Each
dotrepresentsasingle mouse. Statistical significance was determined using
one-way Anovawith Tukey’s (a, b, ¢) or Dunnet’s (e, g) multiple comparison test.
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Extended DataFig. 4 |See next page for caption.



Extended DataFig. 4 |Microbiome analysis of mice treated withsweeteners
and sucralose effect on calcium flux. (a-b) C57BL/6) mice fed water,

0.17 mgml™Scrl, 0.72 mgml™Scrlor 0.72 mg ml™ NaS for 12 weeks. Each dot
represents anindividualmouse.N=6 per treatment.a) Caecum weight.

b) Caecumlength. (c-g) Gut microbiome analysis of mice fed for2and 12 weeks
withwater), 0.17 mgml™Scrl, 0.72 mg ml™ Scrlor 10% w/v glucose.N=5per
treatment. c) Heatmaps showingalterationinabundance datain mice exposed
to different drinking solutions asindicated compared to time-matched
samples obtained from water-fed mice. Top graphs:samples collected after

12 weeks exposure; lower graphs samples collected after 2 weeks exposure.
Thevariation of abundance is shown at Phylum, Class, Order, Family and
Genuslevel. (d-f) Volcano plots of regulated generainsamples collected after
12 weeks of treatment. Water-treated animals were used as control. The fold
changes were estimated using a negative binomial model from the DESeq2
packageinRusingits defaultsettings for accounting for differentlibrary sizes
betweensamples. Ageneralized linear model accounted for batch along with

theinteraction of treatmentand time, to provide estimates of time effects within
treatment (and vice versa). P-values were calculated using a Wald testand then
adjusted using the Benjamini-Hochberg method to control for false discovery
rate. Comparisons: d) 10% glucose vs water, e) 0.17 mg ml™” Scrlvs water and

f) 0.72mgml ™ Scrlvs water. Generawith alogarithmic fold change > 0.6 and an
adjusted P-value < 0.05are considered upregulated; Generawithalogarithmic
fold change <0.6 and an adjusted P-value < 0.05are considered downregulated.
g) Listofupregulated (red) or downregulated (blue) generain the different
comparisonasindicatedin (d, e, f). h) Representative kinetics diagram (left)

of FLUO-3AM calcium fluxinresponse to 0.5 mM Scrland corresponding
quantification (right) of FLUO-3AM intensityinJurkat T cells.N = 4 technical
replicates. Dataarerepresentative of 3independent experiments. The means
represents +s.e.m.forbiological replicates (a, b), one-way ANOVA with Dunnet’s
multiple comparisontest (a, b), and 2-tailed paired Student’s t test (h) were used
for statistical analysis.
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Extended DataFig. 5|See next page for caption.



Extended DataFig.5|Sucralose does notimpede glucose metabolism,
TCR-independent proliferation, IL2-STATS signalling, and activation
markers, butreduces membrane order. a) Flow cytometry analysis of
2NBDG-glucose uptake of T cells activated for 24 hwith aCD3 and aCD28 in

T cellmedia (TCM) with (Scrl) or without (Ctrl) 0.5mM sucralose. Graph shows
theincreasein meanfluorescenceintensity (MFI) over time.N =3 technical
replicates except forsucralose at 5 minn=2.(b-c) CD4*(b) and CD8" (c) T cells
activated for48 hin control mediaorin presence of 0.5 mM Scrl followed by
stableisotope tracing analysis of U-[*C]-glucose. Mass isotopomer distribution
(MID) of *C4-glucose-derived carboninto pyruvate, lactate, and malate as
indicated.N =4 (Ctrl),n=3(Scrl) for CD4" T cells,and n =5 (Ctrl)and n=4 (Scrl)
for CD8' T cells. Dots represent technical replicates. Values below 10* were
considered zero.d) PCAfromRNAseqof CD4" T cells activated with «CD3 and
aCD28for24 hand 48 hin control medium or medium supplemented with
0.5mM ofeither NaSorScrl. Dots represent technical replicates. e) Top 20
enrichment pathways identified using DAVID. Pathways are ordered by p-values
from most significant (top, dark red) to less significant (bottom, grey).f) IL2

(100 ng/ml)-induced proliferation of VPD450-stained CD8" T cellsin the
presence or absence of 0.5 mM sucralose for 4 days. (g-h) Expression of the
activation markers CD44,CD69,PD1and CD25inCD8' T cells (g) and CD4" T cells (h)
activated for24 hwith aCD3 (2 pgml™) and aCD28 (1 pg ml™) in the presence
orabsence of 0.5mM Scrl.n=3technical replicates. i) Western blot analysis
probing for phospho-STAT5™"*» and STATS as aloading control from protein
lysates of 24 h-activated T cellsin the presence of control media or 0.5 mM Scrl.
Eachlaneisapool of T cells collected from asingle well. j) Concentration of IL2
detected by enzyme linked immunosorbent assay (ELISA) from supernatant of
Tcellsactivated for 24 hwith xCD3/CD28. Each dot represents asingle well of
technicalreplicates (n = 4/condition). k) Cell proliferation histogram overlay of
VPD450-loaded T cells activated with aCD3/CD28, with or without 20 pg-ml™
of -2, and either in control medium (grey) or in presence of 0.5 mM Scrl (blue).
Datapresented withmeanvalue ts.e.m.(a, b, c, g, h) or £s.d. (j) Statistical
significance was tested using, mixed-effects model (REML) with Sidak’s
multiple comparison test (a); 2-way ANOVA (b, c), unpaired (g-j) 2-tailed
student’st-test. Data arerepresentative of 3independent experiments (a, f-k).
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Extended DataFig. 6 |Sucralose reduces membrane order. a) Flow cytometry
histogram overlay of T cellsloaded with VDP450 and activated with either high
concentration of PMA (10 pg mI™) and ionomycin (500 ng miI™) (left) or low
concentration (1ng mlI™ PMA and 50 ng ml” ionomycin) (right), respectively.

b) Western blot analysis of Jurkat T cells cultured with or without 0.5 mM Scrl
and probed for p-PLCyland PLCyl total. (c-d) Western blot analysis of T cells
pre-treated for2 hwith or without 0.5 mMScrland activated withaCD3 (5 ug ml™)
for1,2,and 5 min. Membranes were probed for (c) p-ERK1/2 and total ERK1/2
expression, using 3-Actin asloading control. All proteins detected on the same
membrane. (d) Identical protein lysates were probed for p-ZAP70™"™", ZAP70,
and B-Actinasloading control on one membrane and p-LCK, LCK and vinculin
asloading control were probed on asecond membrane. Second set of protein
lysates were probed for p-LAT, LAT and B-Actin as loading control on the same
membrane. e) Immunoprecipitation (IP) of CD3{ chain from Jurkat T cells
cultured mediain presence orabsence of 0.5 mM Scrl for 2 days. (Left) Cells
were stimulated with 5 pg ml™ aCD3 for 0,2’, 5 min as indicated. (Right)
Westernblot analysis of protein lysates used for IPshowing ZAP70, LCK and
CD3Cexpressionwith B-Actinasloading control. All proteins detected on the
same membrane. f) Western blot analysis of protein lysates from whole cell
fractions, cytoplasmic fractions and membrane fractions were probed for Na-K

ATPase (membrane marker), GAPDH (cytoplasmic marker) and TOM20
(mitochondrial marker). All proteins were detected on the same membrane.

g) Cryogenic Argon GCIB Orbitrap mass spectraacquired through the entire
depth of cellsuntil substrate signal was detected, showing the presence of
fragments of deuterium labelled sucralose (d-Scrl) inasample containing
JurkatT cells treated with 0.5 mM d-Scrlfor 48 h, and subsequent absence of
any sucralose-related ionsinasample containing d-Scrl treated cells which
were subsequently washed with PBS to remove any traces of d-Scrlin the media.
Masses annotated with chemical formulas derive from d-Scrl. Identifications
were performed in comparison withastandard of pure d-Scrl. h) Representative
flow cytometry plot of membrane orders as detected with the Di-4-ANEPPDHQ
dye.Low, intermediate, and high membrane order populations are denoted.

i) Paired analysis of Intermediate and Low membrane order of CD8" T cells
activated with xCD3/CD28 for 3 days with or without 0.5 mM Scrl.n=20
biologically replicates. j) Representative 3D reconstruction (Z-stacks) from
naive T cells pre-treated with or without 0.5 mM Scrl, followed by TCR-
crosslinking. Images show colocalization of TCR (red), PLCyl (green), and
nucleiare stained with DAPI. Bar = 3 pm. Statistical significance was tested
using, paired (i) 2-tailed student’s t-test. Data represent one of 3independent
experiments (a-f, h-j).
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Extended DataFig.7|Sucraloseselectively reduces TCR-induced
intracellular calcium flux. a) Representative intracellular calcium fluxin
naive CD4" T cells activated with CD3-biotin crosslinked by streptavidin with
orwithout1mMEDTA. Intracellular calcium fluxis plotted as INDO1 ratio over
time. b) Representative kinetic plot measuring calcium flux with FLUO-3AM
using thapsigargin1puM (Tg) (firstarrow) followed by 2 mM calcium chloride
(CaCl,) (second arrow) in the presence or absence of 0.5 mM Scrl. Theline
represents mean values with gaussian smoothing. ¢) FLUO-3AM peak intensities
upon Tgand CaCl, treatmentsin CD4" T cellsin medialacking calcium salt.
N=3biologicalreplicates per condition. The statistical significance of Tgand
CacCl,vs Basal was tested using a paired 2-tailed Student’s t test with p values as
reportedinthefigure.2-way anova with Sidak’s multiple comparison test was
used to test the effect of sucralose on the 3 conditions (Basal, Tg, and CaCl,).
Nosignificant effect was discovered. (d-e) Pairwise comparison of changesin
FLUO-3AM peakintensity withionomycin treatmentin CD4" (d) and CD8" (e).
N=3biologicalreplicates per condition. T cells were tested in calcium-free
mediawithorwithout 0.5mM Scrl (blue). Each dot represents abiological
replicate.f) Representative histogram plot of VPD450 dilution of total T cells

activated withaCD3 (2 pg mI™) and aCD28 (1 pg mI™) in the presence of DMSO
or125ngml™ ofionomycinwith or without 0.5 mM Scrl. g) Representative flow
cytometry plot of T cells activated with aCD3 (2 pg ml™) and aCD28 (1 pg mi™)
inthe presence of DMSO or 125 ng mI™ ofionomycin with or without 0.5 mM
Scrland restimulated for ICS. Cytokine productionisidentified as Tbet'IFNy*
populations. (h-j) FLT3-ligand generated conventional DC1(n = 3/condition,
technicalreplicates) (h), cDC2 (n = 3/condition, technical replicates) (i) and
plasmacytoid DCs (n = 3/condition, technical replicates) (j) differentiated in
thepresenceorabsence of 0.5 mMScrl. Graphs on the left show the percentage
of cellsundergoing calcium fluxinresponse tolmM ATP. The representative
flow cytometry plots (right) show the INDOI ratio over time inresponse to ATP.
k) Isolated naive B cells stained with INDO1 and activated with algM (20 pg ml™)
in presence or absence of 0.5 mM Scrl. Graph (left) represents the percentage
of calciumresponding cells downstream of algM stimulation and on the right is
aflowcytometry representative plot. N =5 technical replicates per condition.
Data presentas mean value +s.d. (c) or s.e.m. (h-k). Datarepresentative of
3independent experiments (h-k). Statistical significance was tested using
paired (c-e) or unpaired 2-tailed Student’s t test (h-k).
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Extended DataFig. 8 |Sucralose treatmentin micereduces antigen-specifc
CDS8'Tcellresponses. a) Representative density plot of intratumoral CD8"

T cells recognizing the MHC-peptide tetramer complex (K°-OVA) from EL4°
tumours frommice fed water or 0.72 ug ml™ Scrl 10 days post challenge.

(b, ¢) Mice fed water or 0.17 pg ml™ Scrl. N =8 biological replicates per group
and each dotrepresents anindividual mouseb) Intratumoral frequency of CD8*
T cells recognizing the MHC-peptide tetramer complex (K°-OVA) from EL4°4
tumours. ¢) Intratumoral frequency of CD8'IFNy* T cells from tumour bearing
mice postre-stimulation with the OVA peptide. d) Cytotoxic T cell assay of OT-1
Tcellsactivated with OVA-peptide eitherin TCM with (Scrl) or without (Ctrl)
0.5mM Scrlfollowed by co-culture with EL4°V* cancer cells. N = 5 for technical
replicates. (e-h) Splenocytes from C57BL/6) mice fed water or 0.72 mgml™Scrl
followed by bacterial challenge with LmOVA (10° CFU permouse). N = 7 biological
replicates per group. e) Total splenocyte numbers 7 days postinfection.

f) Representative density plot of OVA-specific CD8' T cells identified by K>-OVA
and CD8" surface staining. g) Frequency of CD8" T cells re-stimulated with

OVA-peptide and analyzed for IFNy expression. h) Absolute numbers of splenic
CD8" Tcellsin Extended DataFig. 8g. i) The bacterial load (colony forming units
per mgoftissue) of the liver (left) and spleen (right) at day 3 post LmOVA

(10° CFU per mouse) infection of mice fed water or 0.72 mg mI™ Scrl; n =6 (spleen)
or 7 (liver) of biological replicates per group. j) Absolute cellnumber of Jurkat
Tcellsgrownin mediawith or withoutScrlasindicated atday 5.N =3 technical
replicates. k) Absolute splenic numbers of CD8" T cells producing IFNy and
Granzyme B (GZMB) inresponse to OVA-peptide re-stimulation of mice infected
with LmOVA (10° CFU per mouse) 7 days post infection. Mice were fed water
(n=7),0.72mgml™ Scrl for2weeks (n = 6) or 0.72mg ml™ Scrl treatment for

2 weeks followed by one-week water washout (n = 7, Scrl off). Data presented as
meanvalue +s.e.m. (b-e, g-k). Each dotrepresents asample derived from an
individual mouse (b, c, e, g, h, i, k). Statistical significance was tested using
single or multiple unpaired 2-tailed Student’s t test (b-e, g-i) or aOne-way
ANOVA with a Tukey’s Multiple Comparison (j, k). Datarepresentative of

2(d, e,i, k)or3(j)independent experiments.
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Extended DataFig.9|Sucralose delays the onset of TID and reduces
inflammatory T cellsina T-cellinduced colitis model in mice. a-b). NOD/
ShiLt) mice fed with either water (n=8),0.17 or 0.72mg ml™Scrl (n =9 for each
dose) . a) Weekly blood glucose measurements. b) Weekly weight measurements.
(c-g) T cell-induced colitis model of CD4*CD45RB*CD45.1* congenic T cells
transferredinto CD45.2 TCRa /" recipients that were fed either water (n=5) or
0.72 mgml™Scrl (n=5). Inflammation was assessed at 21 days post T cell
transfer. ¢) Total numbers of mesenteric lymph node (mLN) leukocytes.

d) Representative density plot of the percentage of CD4* CD45.1" donor cellsin
the mLN of TCRa ™ recipients. e) Total numbers of donor congenic donor T cells
inthe mLN. f) Percentage of congenic CD4" T cells producing IFNy*in the mLN.

g) The absolute number of congenic CD4'IFNy* T cells within the mLN.

(h-i) T-cellinduced colitis model of CD45.1 congenic naive T cells adoptively
transferredinto CD45.2 TCRa ™ recipients that were fed either water or

0.17 mgml?sucralose. h) Colon length at 21 days post transfer (n = 8/group).

i) Frequency of CD45.1CD4+donor T cells producing IFNy in the colonic lamina
propriaat21days post transfer. Water (n=7) versus 0.17 mg ml” sucralose
(n=6).Datapresented as mean value +s.e.m. (a-c, e-i). Each dot represents an
individual mouse (a, c, e-i). Statistical significance was tested using unpaired
2-tailed Student’s t test (c, e-i) and mixed-effects model (REML) (b). Dataare
representative of 2 (c, e-g) or 3 (i, h) individual experiments.
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Data collection Flow cytometry data was collected using the BD FACSDiva software V 8.0.1. Western blot fluorescence analysis was collected using the LiCor
Image Studio Software V 5.2. Absorbency data was collected using Tecan Safire2 (magellan V 7.2). Indirect calorimetry data were collected
using PhenoMaster software (TSE systems)Version: 7.0.7.7250 . body composition was measured using a Echo-MRI device (Echo-MRlI)
E56-073-MTB. Images were taken on a Zeiss Upright 710 using the ZEN (v2.3) program.

Data analysis GraphPad (Prism) V9.4.0, Mass spectrometry data: ChemStation E.02.02.1431, Immunoblot : Fiji Image) V 2.0.1, Flow cytometry data: FlowJo
V 10.8.2, Thermo TraceFinder. RNA-seq analysis; Trimming — cutadapt (version 2.10), Mapping — RSEM (1.3.1) and STAR (2.7.6). Mapped to
gene against the mouse genome GRCm38 using annotation release 95— Differential gene expression — Deseq2 (Bioconductor) within R
programming environment (version 4.0.3). for the gut microbiome analysis The fastq files were processed using DADA2 v 1.18; Taxa and
species assignment was carried out using v132 of the silva database. The processed data were then analysed in R (4.0.334) with the phyloseq
package35 aggregating the count data to the genus level. DESeq2 (v1.30 and 1.30.1) was used to estimate the log-fold changes and p-values
between experimental groups. for the cryo-OrbiSIMS data were analysed using Surfacelab version 7.3 (IONTOF).
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reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

All data are available upon reasonable request and can be found within the manuscript and supplementary information. RNA-seq and gut microbiome data has
been deposited and made publicly available.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

[X] Life sciences [ ] Behavioural & social sciences [ | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No statistical test was used to determine sample size. For standard experimental procedures, sample sizes from our previous experience were
used (Jones et al., 2019, Nat Comms; ). All mouse experiments are performed with more than 3 animals per group. For simpler experiments
like food intake or sucralose consumption the number of animals was generellay limited to 4-6. for more complex models, such as tipe 1
diabetes the number of mice was increased to compensate for increased biological variability.

Data exclusions  No data was excluded.
Replication All experiments were replicated as described in the figure legend.

Randomization  All animals used were aged 6 weeks or older and litter mates were randomly assigned to experimental groups. for studies involving body
weight and body composition, body weight was measured at the beginning of the experiments and randomized to avoid significant difference
in body weight among the different experimental groups. For human experiments no randomization was necessary as isolated T cells were
treated with either control media or media with sweetener.

All metabolic data are assigned a random order before being injected through the LC-MS column.
For other experiments (eg. Western blot, differentiation and proliferation assays) no randomization was possible.

Blinding The investigator organizing the experimental groups and involved in sample collection was not blinded; however, colleagues aiding in data
collection were blinded. For in vitro experiments, the investigators were not blinded for group allocation as the same investigator both
planned and performed the experiment. As the same investigators were involved in planning, processing, and acquiring the samples, the
experiments could not be performed blinded.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChIP-seq
Eukaryotic cell lines |:| Flow cytometry
|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Human research participants

|:| Clinical data
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Antibodies

Antibodies used Cell Signalling
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Antibodies used Phospho-PLC gamma 1 Tyr783 (CST, 14008; clone D6M9S; Lot 4; 1:1000)
Phospho-ZAP70 Tyr319 (CST,2717, clone 65e4; lot:15; 1:500
Phospho-Lck Tyr505 (CST; 2751; Lot 1; 1:1000)

Phospho-LAT Tyr220 (CST; 3584; Lot 1; 1:1000)
Phospho-STAT5(Y694) (CST 4322P; clone D47E7; lot 4; 1:1000)
Phospho-ERK1/2 (p44/42 MAPK) (CST; 9101; Lot 30; 1:1000)
CD3 zeta (CST 88083, Lot;1. 1:1000)

Lck (CST; 2984, Clone CD88; Lot:1, 1:1000)

ZAP70 (CST; 2705, clone 99F2; lot:10, 1:1000)

Anti-rabbit 1gG HRP-Linked (CST 7074 Lot 25; 1:5000)

NaK ATPase (CST; 3010S, lot:5. 1:1000)

Tom20 (CST; 42406s,D8T4N; lot 1; 1:1000)

B-actin (CST 4970; clone I3E5; lot 1:1000)

Abcam
B-actin (Abcam ab8229; lot gr315283-22; 1:1000)
Alexa488 Goat pAb to Ms IgG (Abcam ab150113; GR3353661-2; 1:1000)
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LiCOR

IRDye®800CW Donkey anti-mouse (926-32212, Lot C9110232-09, 1:20000)
IRDye®680CW Donkey anti-mouse (926-68022, Lot D00128-03, 1:20000)
IRDye®680LT Donkey anti-Rabbit (926-68023, Lot D10209-15, 1:20000)
RDye®800CW Donkey anti-Rabbit (926-32213, Lot C90806-09, 1:20000)

Invitrogen (eBioscience)

FITC IL-1b-pro ( eBioscience; 11-7114-82 clone NJTEN3; lot 234982; 1:250)
FITC-CD4 (eBioscience; 11-0042-85; Clone RM4-5; 2057560; 1:300)

FITC MHC Class Il (I-A/I-E) (clone M5/114.15.2; 11-5321-82)

PE-B220 (eBioscience; 12-0452-83; clone RA3-6B2; Lot 4290694; 1:300)
PE-CD44 (eBiosceince; 120441-81; clone IM7; Lot 3389547; 1:300)

PE-Cy7-CD4 (eBioscience; 25-0041-82; clone GK1.5; Lot 1993630; 1:300)
PE-Cy7-Granzyme B (eBioscience; 25-8898-80; clone NGZB; Lot 1986381; 1:250)
PE-Relm alpha 1 (eBioscience; 12-5441-82; clone DSS8RELM; Lot 2356244; 1:300)
PE-FOXP3 (eBioscience; 12-5773-82; clone FJK-16s; Lot 2144983; 1:250)
APC-CD25 (eBiocience; 11-0251-82; clone PC61.5; lot 2018381; 1:300)
APC-NK1.1 (eBioscience; 17-5941-82; clone PK136; lot 1998276; 1:300)
APC-780-CD11b (eBioscience; 47-0112-82; clone M1-70; lot 4290718; 1:300)
eFluor450-TCRb (eBioscience; 48-5961-82; clone H57-597; lot 4335198; 1:300)
eFluor450-CD44 (eBioscience; 48-0441-82; clone IM7; lot 1983649; 1:300)
Biotin-anti-CD3e (eBioscience; 130031-85; clone 145-2C11; )

eFluor450-CD8a (eBioscience; 48-0081-82; clone 53-6.7; lot 2093800; 1:300)
eFluor450-CD11c (eBioscience; 48-0114-80; clone N418; lot 1994180)

anti-Mouse CD28 functional grade (clone 37.51; 16-0281-86; 1:500)
anti-Mouse CD3e functional grade (clone 145-2C11; 16-0031-86; 1:200)

TONBO Bioscience

FITC-IFNg (TONBO; 35-7311; clone XMG1.2; C7311092719353; 1:300)

Violet Fluor450-CD4 (TONBO; 750042; clone RM4-5; C0042081618753; 1:300)
PerCP-cyanine5.5-CD4 (TONBO; 65-0041-u100; clone CK1.5; C0041082619653; 1:300)

BiolLegend

FITC-Annexin

FITC-F4/80 (Biolegend; 123107; clone BM8; LOT B287205; 1:300)
PE-CD4 (Biolegend; 100408; clone GK1.5; LOT B248731; 1:300)
PE-CD8a (Biolegend; 100708; clone 53-6.7; LOT B268831; 1:300)

PE XCR1 (Biolegend; 148203; clone ZET; LOT B)

PE-TCR beta chain (Biolegend; 109207; clone H57-597; LOT B308457)
PerCP-Cy5.5 B220 (clone RA3-6B2; 103236)

PerCP-Cy5.5 Ki67 (Biolegend; 652424; clone16A8; lot b235166; 1:250)
PE-Cy7-Thet (Biolegend; 644824; clone 4B10; lot b255602; 1:250).
PE-Cy7-CD206 (Biolegend; 141719; clone CO68C2; lot b318357; 1:300)
APC-TNF (Biolegend; 506308; clone MP6-XT22; lot b255367; 1:250)
APC-GL7 (Biolegend; 144618; clone GL7; lot b287646; 1:300)
APC-CD45RB (Biolegend; 103319; clone C363-16A; lot 2082880; 1:300)
APC-CD301 (Biolegend; 145707; clone LOM-14; lot b312436; 1:300)
Alexa Fluor 647 Sirp alpha (Biolegend; 144028; clone p84; lot ; 1:300)
BV421-Thet (Biolegend; 644815; clone 4B10; lot b317403; 1:250)
BV605-CD95 (Biolegend; 152612; clone SA367HS; lot b261359; 1:300)
BV650-CD69 (Biolegend; 104541); clone H1.2F3; lot b258598; 1:300)
BV650 CD11c (Biolegend; 117339; clone N418; lot )

Anti-mouse IL4 (clone 11B11; 504102)

FITC-CD8a (Biolegend; 100706; clone53-6.7; lot b298556; 1:300)
BV711-CD4 (Biolegend; 100557; clone RM4-5; lot b35831; 1:300)
FITC-NK1.1 (Biolegend; 108706; clone PK136; lot b236605; 1:300)
BV785-B220 (Biolegend; 103246; clone RA3-6B2; lot b256836; 1:300)
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PeCy7-CD8 alpha (Biolegend; 100722; clone 53-6.7; lot b357207; 1:300)

BD-Pharmigen
PE-Cy7-CD45.1 (BD; 560578; clone A20; LOT 0307154; 1:300)
PE-CD184 (BD; 551955; Lot 1204181; 1:300)

Baylor College of Medicine - MHC Tetramer Facility
PE-Kb/OQVA257 (19027)

Santa Cruz (SC)

PLCg1 (SC; sc7290; clone E-12, lot: H1518; 1:1000)
STATS (SC; sc74442; clone A-9; LOT F1421; 1:1000)
GAPDH (SC; sc-322333, Clone D0722, lot: ; 1:1000)
ZAP70 (SC; sc-32760; clone 1E7.2; LOT D1217; 1:1000)
Lck (SC; sc-433; clone 3A5; LOT €2519; 1:1000)

LAT (SC; sc-53550; clone 11b.12; LOT C1722; 1:500)
ERK1/2 (SC; sc-514302; clone C9; LOT C1722; 1:1000)
CD3 zeta (clone 6B10.2; sc-1239)

Mouse IgG (sc-2025, Lot2721, for IP)
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Invitrogen Thermo Fisher Scientific
Alexa Fluor 546 goat anti-hamster IgG (Invitrogen; A21111; lot 2349086; 1:1000)

Validation All antibodies are commercially available. Antibodies employed here in our manuscript were previously reported and routinely used
for the application used. All companies used report quality control measures to ensure reproducibility. CST adheres to the Hallmarks
of Antibody Validation™, six complementary strategies that can be used to determine the functionality, specificity, and sensitivity of
an antibody in any given assay, which is adapted from Uhlen, et. al., (“A Proposal for Validation of Antibodies.” Nature Methods
(2016). Abcam's validation is application-specific to be effective and information on which applications an antibody has been
validated in can be found in the Tested Applications section on any antibody datasheet.

Eukaryotic cell lines

Policy information about cell lines
Cell line source(s) EG70VA (EL4OVA); KC (pdx1-KrasG12D); Jurkat (cloneE6-1)
Authentication pdx1-KrasG12D cell line was isolated from primary pancreatic tumours from a mouse model of pancreatic cancer and their
background purity where authenticated by SNP analysis. The Eg7ova cell line was authenticated by PCR analysis. Jurkat
(cloneE6-1) was validated by the Francis Crick cell service using STR (Short Tandem Repeat).

Mycoplasma contamination EG70VA, KC (pdx1-KrasG12D) and Jurkat (cloneE6-1) tested negative for mycoplasma contamination.

Commonly misidentified lines No commonly misidentified cell lines were used in the study.
(See ICLAC register)

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals All laboratory animals used were of pure C57/B6J, FVB, or NOD background (as indicated in the figures), female-male mice ages 6-12
weeks. Mice used for the LPS-induced sepsis model were females aged 8-10weeks. Mice used for the EL4 OVA experiments were
older than 6-10 weeks. Female NODShITj mice were purchased at 7 weeks of age. Male FVB (>10 weeks of age) were used for the
MHC-mismatch experiments. Rag2-/- OTl mice used were male aged 6-10 weeks. OT | cells were adoptively transferred into C578l/9)
male recipients aged 6-9 weeks. Rag2-/- mice used in the study were male aged 6-10 weeks of age. TCRa -/- mice were male aged 6-8
weeks. B6.SJL-PtprcaPepcb/BoyCrl congenic mice were male aged 6-10 weeks. Mice allocated for bone marrow derived macrophages
and T cells were mixed sex (male or female) with ages ranging from 8-14 weeks.

Wild animals There were no wild animals used in this study.
Field-collected samples  No field-collected samples were used in this study.

Ethics oversight Animal experiments were subject to ethical review by the Francis Crick Animal Welfare and Ethical Review Body and regulation by the
UK Home Office project licence P319AE968. All mice were housed under conditions in line with the Home Office guidelines (UK).
Metabolic animal studies were approved by the Animal Ethics Committee of the government of Upper Bavaria (Germany). All
procedures were performed following the Animals (scientific procedures) Act 1986 and/or the EU Directive 2010.
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants

Policy information about studies involving human research participants

Population characteristics The study was performed on a population of healthy adults aged 18 - 70 years old and included men and women. Participants




Population characteristics

Recruitment

Ethics oversight

were excluded if they had an immune-mediated disease, cancer in the past 5 years or had current/recent symptoms of viral
or other infection. Participants using medication, such as statins, with immune response modifying effects, were also
excluded. All samples were collected between 0800 and 1200

Participants were recruited from the staff and student populations at Swansea University, Wales UK. Potential participants
responded to ethics committee approved advertising by contacting the local clinical research facility. The clinical research
facility oversaw recruitment through informed written consent in response to an ethically approved participant information
sheet that explained the study. Participant recruitment was conducted by the Joint Clinical Research Facility at Swansea
University with no selection bias.

This project was approved by Wales Research Ethics Committee 6 (approval 13/WA/0190) which is a committee within the
Health Research Authority structure within the UK and equivalent to Institutional Review Board in USA. Peripheral blood was
collected from healthy, non-fasted individuals. Informed written consent and ethical approval was obtained from Wales
Research Ethics Committee 6 (13/WA/0190).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots
Confirm that:

|Z| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|X| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument
Software
Cell population abundance

Gating strategy

Sample preparation of biological sources (human blood, murine bone marrow) is as described in the methods section of the
manuscript . Single cell suspensions from tumours, spleen, and lymph nodes were prepared as described in the methods
section. T cells were isolated and prepared for flow cytometry as described in methods. Macrophages were differentiated,
stimulated, and prepared as written in the methods section.

BD Symphony; BD LSRFortessa .
BD FACSDIVAV 8.0.1
Post sorting CD4+ CD45RB+ cells for the T cell colitis transfer model was >90%.

Live cells were gated using viability exclusion dyes. Lymphocyte populations were identified using FSC-H and SSC-A.
Single cells were identified using the FSC-H v FSC-A gates. Lymphocytes and macrophages were stained with a target of
interest whereby gating was determined using an unstained vs stained sample.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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