Microbial short-chain fatty acids modulate CD8* T cell responses and
improve adoptive immunotherapy for cancer
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Supplementary Figure 1. Influence of commensal-derived supernatants on TNF-a
secretion and HDAC activity. a, The secretion of TNF-o from murine CTLs was measured
by ELISA after three days of stimulation with supernatants of indicated bacteria (n = 4 mice,
1:20 supernatant-to-cell media ratio for all examined bacteria, two-tailed unpaired Student’s t-
test was performed; results are shown as mean + s.e.m). b, HDAC inhibition of recombinant
class I and class Il HDAC isoforms by cell-free supernatants derived from 16 members of
human commensal community. Significance was tested against YCFA medium. One of three
similar experiments is shown. Source data are provided as a Source Data file.
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Supplementary Figure 2. Impact of SCFAs on the apoptosis and cytokine production in
CTLs. a,b, Murine CD8" T cells were polarized under CTL-inducing conditions for three days
in the presence of indicated SCFA concentrations. Representative histogram plots show the
frequency of Annexin V* cells (a). The bar graphs (b) show the quantification of apoptosis in
CTLs treated with SCFAs (n = 3 independent experiments). ¢, Murine CTLs were cultured
under suboptimal conditions and treated with increasing conentrations of butyrate and
pentanoate, respectively. The representative histograms (left) show the expression of TNF-a
and IFN-y, measured by flow cytometry. The bar graphs (right) display the mean fluorescence
intensity (MFI) values of TNF-a and IFN-y (n = 3 independent experiments). Results in b, ¢
are shown as mean + s.e.m. Source data are provided as a Source Data file.
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Supplementary Figure 3. Pentanoate induces the expression of CTL-associated molecules
via HDAC-inhibitory activity. a-e, CD8" T cells were polarized under suboptimal CTL-
inducing conditions in absence or presence of pentanoate (2.5 mM), valproate (VPA, 0.5 mM)
or TSA (10 nM) for three days. In (a), representative contour plots and bar graphs show the
frequency of IFN-y" and granzyme B" cells (n = 3 independent experiments). The contour plots
and bar graphs indicate the percentage of IFN-y*"TNF-a* (b,c) or T-bet"Eomes™ (d,e) cells (in
¢, n = 3 independent experiments; in e, n = 4 independent experiments). Statistical analysis was
performed by two-tailed unpaired Student’s t-test; results are shown as mean +s.e.m. Source
data are provided as a Source Data file.
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Supplementary Figure 4. Pentanoate enhances the mTOR activity in CTLs. a, Murine
CD8* T cells were polarized under suboptimal CTL-inducing conditions for three days. Cells
were polarized in presence or absence of 2-DG (1 mM) or rapamycin (100 nM), respectively.
Representative contour plots indicate the frequency of granzyme B* and IFN-y* cells (n = 3
independent experiments). b, Measurement of extracellular acidification rate (ECAR) for in
vitro generated murine CTLs cultured with or without 2.5 mM pentanoate for three days. ECAR
was measured under basal conditions and in response to glucose (10 mM), oligomycin (2 uM),
and 2-deoxy-glucose (2-DG, 100 mM). Quantification of glycolysis, glycolytic capacity and
glycolytic reserve combined from three experiments is shown (right). ¢, CD8" T cells were
polarized under suboptimal CTL-inducing conditions for three days. Cells were treated with
pentanoate in presence or absence of rapamycin or left untreated. Representative contour plots
and bar graphs indicate the frequency of TNF-a™ and IFN-y* cells (n = 3 independent
experiments, n.s. = not significant). Statistical analysis was performed by two-tailed unpaired
Student’s t-test; results are shown as mean + s.e.m. Source data are provided as a Source Data
file.
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Supplementary Figure 5. Impact of SCFA-receptors GPR41 and GPR43 on the
pentanoate-mediated modulation of CTLs. a,b, Following the treatment of Ffar2” Ffar3™”
(deficient for GPR41 and GPR43) and WT CTLs with 2.5 mM pentanoate for three days, the
percentage of IFN-y"CD8* T cells was measured by FACS analysis. Three independent
experiments were performed. Results (b) are expressed as mean + SEM (n. s. = not significant).
¢, The fluorogenic HDAC activity assay was carried out to measure the HDAC activity in CTL-
derived cell lysates obtained after three days of the cell culture. The assay was performed in the
presence or absence of 5 mM pentanoate. The HDAC activity measured for untreated CTL-
derived cell lysates was arbitrary set at 100 percent (n = 3 independent experiments). Statistical
analysis was performed by two-tailed unpaired Student’s t-test; results are shown as
mean + s.e.m. Source data are provided as a Source Data file.
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Supplementary Figure 6. Pentanoate promotes persistence of antigen-specific CTLs. a,b,
After three days of pretreatment with pentanoate, CD45.1" OVA-specific CTLs were
transferred intraperitoneally (i.p.) into CD45.2* animals bearing 5-days old PancOVA tumors.
The frequencies (a) and total cell numbers (b) of CD45.1" tumor-specific CTLs were measured
by FACS analysis in draining LNs (iLNs) and spleens on day 23 post tumor inoculation (n = 6
mice/group combined from 2 independent experiments, the groups were analysed by two-tailed
unpaired Student’s t-test, results are shown as mean +s.e.m.). Source data are provided as a
Source Data file.
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Supplementary Figure 7. Combination of pentanoate and anti-PD-1 does not enhance the
efficacy of immune checkpoint inhibition. a,b, 8- to 12-week-old C57BL/6N female mice
were inoculated subcutaneously with 1 x 10% B16F10 tumor cells at the right flank. Mice were
I.p. treated with 10 mg/kg anti-PD-1 antibody (clone J43) on days 6, 9 and 12. Two groups of
mice were additionally treated with pentanoate by i.p. injection every other day at 500 mg per
kg body weight. One of two independent experiments is displayed (n = 4 mice per group/
experiment, n.s. = not significant). Representative tumor growth curves (a) and tumor weight
on day 13 after inocculation of tumor cells (b) are shown. Statistical analysis was performed by
two-tailed unpaired Student’s t-test; results are shown as mean=+s.e.m. Source data are
provided as a Source Data file.
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Supplementary Figure 8. Pentanoate enhances expression of CD25 and IL-2in CTLs. a,b,
Experimental design for the analysis of in vivo persistence of CTLs pretreated with pentanoate
(CD8" T cellpent) in the absence of antigen. c,d, The frequency (c) and total cell numbers (d) of
transferred T cells (WT CD45.1* CTLs, WT CD45.2" pentanoate-treated CTLs and
Foxp3"CD45.2" Tregs from FIR x tiger mice) in Ragl-deficient mice on days 15 and 30 after
the adoptive transfer. The co-transferred Foxp3"CD4" cells were excluded from the gate (b,c).
e, CFSE staining for pentanoate-pretreated CTLs on day 15 after adoptive transfer into Rag-1
deficient mice. On the right side, the proliferation index (the total number of divisions divided
by the number of CTLs that went into division) is shown. f, g, Frequencies and cell numbers of
CD25"CD8" T cells were analyzed by flow cytometry on day 15 after transfer of control CTLs
(CD45.1%) and pentanoate-treated CTLs (CD45.2%) into Rag1-deficient mice (the experimental
setting is described in a,b). Data (d-g) were analyzed by two-tailed unpaired Student’s t-test
(mean +s.e.m, N = 6 mice combined from 2 independent experiments). h, The percentage of
murine CD25"IFN-y*CTLs treated with pentanoate (2.5 mM), or pentanoate (2.5 mM) + 2-DG
(1 mM) for three days (n = 3 mice, analysed by two-tailed unpaired Student’s t-test; data are
shown as mean +s.e.m). i, Murine CD8" T cells were differentiated into CTLs in the presence
or absence of pentanoate for 3 day, then washed and rested for 4 hours. Subsequently, cells
were treated with IL-2 (50 U/ml) for indicated time points. The phosphorylated (p)-STAT5
levels were analyzed by flow cytometry (n = 5 mice, data are mean + s.e.m, two-tailed unpaired
Student’s t-test. j, The secretion of IL-2 in pentanoate-treated CTLs cultured for indicated time
points was measured by ELISA (n =4 mice, two-tailed unpaired Student’s t-test was performed,;
results are shown as mean + s.e.m). Source data are provided as a Source Data file.
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Supplementary Figure 9. SCFAs pentanoate and butyrate enhance the activity of mMTOR
in human CD8* T cells. a, Human CD8"* T cells were cultured for three days under CTL-
conditions in the presence of increassing butyrate or pentanoate concentrations. The percentage
of Annexin V* cells was measured by flow cytometry. Three independent experiments were
performed (n.s. = not significant; two-tailed Student’s t-test was performed; results are shown
as mean=+s.e.m). b,c, CD8" T cells isolated from peripheral blood of healthy donors were
differentiated into CTLs in presence or absence of indicated HDACI (2.5 uM TMP-195, 300
nM mocetinostat, 4 mM pentanoate, 1 mM butyrate). Representative histogram plots and bar
graphs indicate the phoshorylated levels of mTOR (b) and S6 ribosomal protein (c) (n = 4
donors, the groups were compared by two-tailed Student’s t-test; data are shown as
mean * s.e.m, n.S. = not siginficant). Source data are provided as a Source Data file.
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Supplementary Figure 10. Gating strategies for FACS analysis of T cells. a-c, Different
gating strategies (including control stainings for FACS analysis of effector cytokines) for CD8"
T cells and Tregs are shown. d, Gating strategy for the flow cytometry analysis of CD19"* CAR
T cells recognizing RORL1.
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Supplementary Figure 11. Human CAR construct. A cartoon illustrating the design and
structure of the human CAR construct used in this study.



