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Ketogenic diet suppresses colorectal cancer
through the gut microbiome long chain fatty
acid stearate
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Colorectal cancer (CRC) patients have been shown to possess an altered gut
microbiome. Diet is a well-established modulator of the microbiome, and thus,
dietary interventions might have a beneficial effect on CRC. An attenuating
effect of the ketogenic diet (KD) on CRC cell growth has been previously
observed, however the role of the gut microbiome in driving this effect
remains unknown. Here, we describe a reduced colonic tumor burden upon
KD consumption in a CRC mouse model with a humanized microbiome.
Importantly, we demonstrate a causal relationship through microbiome
transplantation into germ-free mice, whereby alterations in the gut microbiota
were maintained in the absence of continued selective pressure from the KD.
Specifically, we identify a shift toward bacterial species that produce stearic
acid in ketogenic conditions, whereas consumers were depleted, resulting in
elevated levels of free stearate in the gut lumen. This microbial product
demonstrates tumor-suppressing properties by inducing apoptosis in cancer
cells and decreasing colonic Th17 immune cell populations. Taken together,
the beneficial effects of the KD are mediated through alterations in the gut
microbiome, including, among others, increased stearic acid production,
which in turn significantly reduces intestinal tumor growth.

Worldwide, colorectal cancer (CRC) is the third most prevalent cancer, CRCincidence in persons aged 50 years and under, further underlining
with over 1.9 million new cases recorded in 2020". CRC incidence and  the importance of studying these factors®. The ketogenic diet (KD) has
mortality rates have been associated with various lifestyle-related risk ~ been shown to possess anti-cancer properties in the context of CRC,
factors, in particular dietary habits. Recent years have seen a rise in  and several studies have focused on the importance of the restriction
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of energy intake to slow the growth of rapidly proliferating cells, as
well as on anti-cancer signaling through ketone bodies’. One recently
published study investigated the effects of the KD on CRC develop-
ment and described a mechanism through which KD exerts its anti-
cancer effects, namely through the ketone body [-hydro-
xybutyrate acting on the surface receptor Hcar2, inducing the tran-
scriptional regulator Hopx, thus altering gene expression and
inhibiting cell proliferation*. These studies often focus on the effects of
KD on the cancer cells themselves, and rarely on other cells of the
tumor microenvironment, such as immune cells** and cancer-
associated fibroblasts’, or on external factors, such as the gut micro-
biome. Specifically in CRC, cancer progression is accompanied by a
state of dysbiosis of the gut microbiome®™. The study of the role of
the different bacteria in CRC is of particular interest, considering the
affected tissue type is in contact with the gut microbiome. Until
recently, few studies had investigated the effects of the KD on the gut
microbiome in health and disease”, but this has now changed, with a
number of new studies published over the last three years®®. These
studies remain largely descriptive regarding dietary-induced gut
microbiome changes. However, the role of the gut microbiome in
maintaining the reported anti-cancer effects of the KD in the context of
CRC has not yet been investigated. Therefore, we set out to investigate
the importance of the gut microbiome in the context of KD con-
sumption in CRC. We first generated a humanized gut microbiome
mouse model of CRC, through the transplantation of stool samples
from five healthy human donors. We then combined this model with a
therapeutically administered KD and were able to confirm the cancer-
suppressing properties of the KD. Most importantly, we could
demonstrate, for the very first time, the causal role of the gut
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microbiome in maintaining this effect, through transplantation of the
microbial community. We report long-lasting alterations in gut
microbiome function in the absence of maintained selective pressure
by the KD. In our experiments, fecal free stearic acid levels were
increased not only upon KD consumption, but also upon cecal trans-
plantation, suggesting that the shift in the microbial community con-
tributes to the changes in the fatty acid pool. Importantly, stearate-
producing members were enriched in ketogenic conditions, whereas
consumers were depleted and supplementation of stearic acid
reduced tumor burden in vivo.

Results

KD leads to reduced colonic tumor burden and immune
inflammatory response in CRC

To study the relevance of the gut microbiome in CRC development ina
model relevant to human disease, we first established a representative
healthy human microbiome by mixing fecal samples from five healthy
donors (5HD; Supplementary Fig. 1a for patient metadata). The
achieved 5HD mix recapitulated the compositions of the individual
donor samples, as evidenced by family, genus and species level ana-
lysis of whole genome shotgun sequencing (WGS, Supplementary
Fig. 1b-d, respectively), while fecal metabolite levels varied across
samples (Supplementary Fig. le). We performed fecal microbial
transplantation (FMT) of the 5HD mix into germ-free (GF) and
antibiotic-treated specific-pathogen-free (SPF) mice in an AOM/DSS
CRC model (Fig. 1a, b, details can be found in the Methods section)
followed by a switch from standard to ketogenic diet after the last
cycle of DSS. We utilized both GF and SPF mice to leverage the fully
functional immune system of SPF mice to study immune responses in
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Fig. 1| Ketogenic diet leads to lower colonic tumor incidence and smaller
tumor size in an inflammatory model of CRC. a Schematic representation of the
dietary AOM/DSS experimental setup in the GF (top) and SPF (bottom) facilities
(Created in BioRender. Rodriguez, F. (2024) BioRender.com/w69g496).

b Compositions of the KD and SD, with % of calories from the indicated source.

¢ Colonic tumor burden in GF KD- and SD-fed mice. d-f Colonic tumor burden (d),
normalized average colonic tumor surface area per mouse (e) and tumor surface
area distribution (small=first tertile, medium=second tertile, big=third tertile; one-
sided right-tailed Chi-squared test x2 (2, N=87) =3.4, p=0.184; f) in SPF KD- and
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SD-fed mice. g Representative images of colons from one KD- and one SD-fed
mouse in the SPF facility. Scale bar =1 mm. Data is shown as mean +SD in (c), (d)
and (e). Datain (c) shows n = 6 mice per condition from one experiment. Data in (d),
(e) and (f) shows n =8 and 9 mice in the KD-fed condition and the SD-fed conditions
respectively, pooled from two independent experiments in the SPF facility. Analysis
of deviance of a negative-binomial generalized linear model regressing the number
of tumors against treatment in (c), (d). Two-sided Mann-Whitney U test in (e).
Source data are provided as a Source Data file.
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CRC and the unique advantage of GF mice allowing engraftment of a
human microbiome into mice in the absence of competition with a
resident mouse microbiome. Antibiotic-treated SPF mice were sub-
jected to bi-weekly FMT during the induction of CRC to maintain
enrichment of the donor fecal microbiome in relation to the residual
host mouse microbiome. FMT was ceased at diet change to allow for a
natural evolution of the gut microbiome in response to the diet and
CRC progression. No significant difference in body weight between the
standard diet (SD) and ketogenic diet (KD) groups was observed
throughout the experiments, although dips in mouse body weight
were observed following the antibiotic treatment and following each
cycle of DSS (Supplementary Fig. 2a (GF) and 2b (SPF)). There was no
difference in colon length between groups (Supplementary Fig. 2c,
GF). KD-fed mice exhibited a lower colonic tumor burden (Fig. 1c (GF)
and Fig. 1d (SPF)) and a smaller tumor size (Fig. 1e, f and g (SPF)) than
SD-fed mice.

Characterization of full-length lamina propria (LP), mesenteric
lymph node (MLN) and spleen immune cell profiles (Supplementary
Fig. 2d (GF) and 2e (SPF)) showed a reduction in LP CD4" T cell
populations in KD-fed mice. We particularly observed a decrease in
IL17-producing T cells (CD4" IL17°) (Supplementary Fig. 2f), a patho-
genic subpopulation of CD4" T cells known to play a critical role in CRC
development as evidenced by reduced expression of IL-6, STAT3, IFNy,
and TNFq, leading to fewer and smaller tumors in IL-17A-deficient
mice™. Only LP natural killer T cells and type 3 innate lymphoid cells
(GF LP) were increased - both have been associated to gut homeostasis
and health™. The expression of colonic S100A8, a subunit of calpro-
tectin (a biomarker of inflammation used in inflammatory bowel
disease'), as well as fecal lipocalin-2 were however unchanged in KD-
fed mice, suggesting an overall similar inflammatory milieu of the gut
lumen (Supplementary Fig. 2g (GF), h and i (SPF)). Thus, it remains
unclear whether the observed reduction in immune cell populations is
aresult mediated by the KD or if it is a direct consequence of decreased
tumor development. Conducting time-course analyzes at various
stages of the AOM/DSS-induced carcinogenic process would be
essential to elucidate the temporal sequence of events leading to the
observed reduction in colonic tumor burden.

To further assess the importance of KD in modulating inflamma-
tion in CRC, we employed a low-grade inflammatory model, in which
mice received four doses of AOM and were randomized into two
subgroups - GF and SHD mix FMT, each with a KD and SD branch
(Supplementary Fig. 3a, b). We did not observe any significant differ-
ences in colonic tumor burden between groups (Supplementary
Fig. 3¢), nor in immune cell profiles (Supplementary Fig. 3d), sug-
gesting that the KD specifically exerted its anti-cancer effect in an
inflammatory setting. The differences in immune populations between
the KD and SD in the AOM/DSS model, which are absent in this low-
grade inflammatory model, may be due to the lack of damage-
associated molecular patterns (DAMPs) from DSS-induced epithelial
damage. This suggests that the KD attenuates chronic inflammation
activated by such damage, potentially leading to a reduced tumor
burden in this inflammation-driven CRC model. Of note, long-term KD
feeding induced fatty liver and fibrosis in all sub-groups (Supplemen-
tary Fig. 3e), as previously reported for long-term KD consumption®.

KD induces a distinct host metabolic profile

Ordination analyzes based on the underlying B-diversity among host
plasma samples collected from animals undergoing ketogenic dietary
intervention in the AOM/DSS inflammatory model of CRC, revealed
clustering based on dietary condition (Supplementary Fig. 4a (GF) and
Supplementary Fig. 4b (SPF)). B-hydroxybutyrate plasma levels were
elevated in KD-fed mice (Supplementary Fig. 4c (GF) and 4d (SPF)),
confirming ketosis. KD-fed mice presented altered amino acid, fatty
acid, sugar, carbohydrate, vitamin, and bile acid metabolism (Supp.
Data File 1 and Supplementary Fig. 4e (GF), Supp. Data File 2 and Supp

Fig. 4f (SPF)). Furthermore, mannose was increased in KD-fed mice
(Supp. Data Files 1 (GF) and 2 (SPF)). Interestingly, mannose has been
reported to possess antitumor properties’®, impairing tumor cell
growth in vitro and in vivo”, and targeting tumor-associated
macrophages’. While treatment with B-hydroxybutyrate showed no
effect, treatment with the ketone bodies acetone and sodium acet-
oacetate tended to reduce the differentiation of naive T cells into Th17
cells (Supplementary Fig. 4g and h), which play an important role in the
modulation of colorectal tumorigenesis" and are affected by KD in a
dose-dependent manner®. Treatment with a commercially available
lipid mixture mimicking KD (containing arachidonic, linoleic, linolenic,
myristic, oleic, palmitic and stearic acid) led to a dose-dependent
reduction in Th17 differentiation (Supplementary Fig. 4i), suggesting
that Th17 cells are susceptible to fatty acid modulation. Collectively,
these data indicate that KD induces systemic functional metabolic
changes in the host, which are not limited to the induction of ketosis.

The anti-cancer effects of the KD are mediated by the gut
microbiome

The gut microbiome may affect CRC development either by directly
interacting with host cells (attachment, invasion and translocation), or
indirectly, through bacterial metabolism (genotoxins, SCFAs and
others)®™. We first excluded bacterial translocation as a primary factor
in the KD-mediated phenotype, as mucus layer thickness (Supple-
mentary Fig. 5a, b (GF)), LPS levels in plasma (Supplementary Fig. 5¢
(GF) and 5 d (SPF)), and occludin expression (Supplementary Fig. Se, f
(SPF)) remained unaltered upon KD consumption, in line with Ang
et al.’. We next performed cecal microbial transplantation (CMT) of
samples collected from the SPF diet mice (Fig. 1d) into a next gen-
eration of SD-fed GF mice undergoing the same cancer model (Fig. 2a,
Supplementary Fig. 6a). We did not observe a statistically significant
difference in colonic occludin expression in ketogenic cecal recipient
mice (KC, Supplementary Fig. 6b and c) when compared to standard
cecal recipients (SC), however we did detect a decrease in SIO08A
levels (Supplementary Fig. 6d). Strikingly, KC mice exhibited a lower
colonic tumor burden than SC mice (Fig. 2b). Average colonic tumor
size per mouse did not differ between groups (Fig. 2c), however, KC
mice exhibited a smaller proportion of large tumors (Fig. 2d, e). Fur-
thermore, colonic mRNA IL17 levels were decreased in KC mice com-
pared to SC mice (Supplementary Fig. 6e), in line with the decreased
number of IL17-producing T cells in the lamina propria of KD-fed mice
(Supplementary Fig. 2f). Altogether, our results demonstrate the cau-
sal role of the gut microbiome in mediating the previously observed
KD-driven anticancer effect.

KD induces a distinct fecal microbial profile

Ordination analyzes based on the underlying B-diversity among fecal
samples collected from KD- and SD-fed AOM/DSS mice revealed
clustering of SHD mix used for FMT with the individual healthy donor
stool samples and with the murine stool samples collected three days
after FMT (TG, Fig. 3a (GF) and 3b (SPF)), confirming the validity of the
SHD mix used for transplant and its engraftment. Furthermore, we
observed increasing differences between KD and SD samples over time
(Fig. 3c (GF) and 3d (SPF)). Early time points cluster together (TO,
collected at diet change), while later time points diverge (T1-T4). Dif-
ferential analysis revealed Phocea spp., Faecalitalea spp. (Fig. 3e (GF),
Supp. Data Files 3 (GF) and 4 (SPF)) and Akkermansia spp., Intestimonas
spp., Lachnoclostridium spp., Bilophila spp. and others (Fig. 3f (SPF)),
to be more abundant in KD, while Barnesiella spp., Eisenbergiella spp.,
Ruminococcus 1 and 2 spp. (GF), and Bifidobacterium spp., Turicibacter
spp. (SPF), and others were depleted. Furthermore, the differential
abundance of various members of Barnesiellaceae spp., Erysipelo-
trichaceae spp., Lachnospiraceae spp. and Ruminococcaceae spp. sug-
gested that dietary composition affects bacterial members of the same
families in different manners.
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Fig. 2 | The tumor-inhibitory effect of ketogenic diet is mediated by the gut
microbiome. a Schematic representation of the cecal microbial transfer experi-
mental setup in the GF facility (Created in BioRender. Rodriguez, F. (2024) BioR-
ender.com/w69g496). b-e Colonic tumor burden (b), average colonic tumor
surface area per mouse (in pixels) (c) and tumor surface area distribution
(small=first tertile, medium=second tertile, big=third tertile; one-sided right-tailed
Chi-squared test 2 (2, N=384) =10.3, p=0.00586; d in KC and SC recipient mice.

n=16 KC recipient mice and n =13 SC recipient mice. Cecal matter fromn=8
different donor mice per condition was used for CMT. Data shown as mean + SD in
(b) and (c). Analysis of deviance of a negative-binomial generalized linear model
regressing the number of tumors against treatment in (b). Two-sided Mann Whit-
ney U test in (c). e Representative images of the distal portion of the colon from one
KC and SC recipient mouse. Scale bar =1 mm. Source data are provided as a Source
Data file.

Investigation of the engrafted gut microbial communities at
experimental endpoint revealed distinct KD- and SD-associated
microbiomes (Fig. 3g, h), as well as KC- and SC-associated micro-
biomes (Fig. 3g, h). Although a selective pressure of the KD was
observed, gut microbial composition differed between cecal donor
and recipient mice, likely due to the absence of continued selective
pressure from the KD, or loss of more sensitive and hard-to-engraft
bacteria (Fig. 3g). Metagenome-assembled genomes (MAGs), repre-
senting abundant members of the microbial community, allowed us to
achieve species-level resolution. Noteworthy, some MAGs annotated
as CRC-associated bacteria, such as Rikenellaceae spp. (light blue) and
Muribaculaceae spp. (dark blue, Fig. 3i), were detected in standard but
not in ketogenic conditions. Interestingly, various Alistipes spp. were
differentially abundant in all experiments. However, the genus Alistipes
was only recently described, and although the genus has since then
been linked to various diseases, including colitis and CRC, the role of
Alistipes in disease is still unclear”. Two MAGs (Alistipes and COE spe-
cies) were only identified in KC, while 12 MAGs were only identified in
SC, among which CAG-873, CAG-48 and Parabacteroides distasonis
(Fig. 3i), also identified in the donor SPF dietary experiment.

Distinct fecal microbial functional profiles are maintained
upon FMT

As microbiome-mediated effects are based on the functional and
metabolic capacities of different microbes, we investigated the fecal
metabolic profiles of KD- versus SD-fed and KC versus SC mice, con-
sidering these profiles as a direct indicator of changes in the functional
capacity of the different microbial communities. Analysis of fecal
metabolites revealed distinct clustering of samples by condition in
both the SPF dietary and CMT experiments (Fig. 4a, b, respectively).
Mice in the ketogenic conditions presented altered amino acid, fatty
acid, carbohydrate and SCFA profiles (Supp. Data Files 5 and 6), albeit

to a lesser extent in the CMT experiment. A single detected long-chain
fatty acid (LCFA), namely free stearic acid (C18:0, also known as
octadecanoic acid or stearate), was elevated in KD (Fig. 4c and Sup-
plementary Fig. 7a for absolute quantities) and KC (Fig. 4d) mice.
Strikingly, free stearic acid levels correlated with colonic tumor burden
in the SPF dietary experiment (Fig. 4e), with a similar trend observed in
the CMT experiment (Fig. 4e), suggesting a functional relevance of
LCFA metabolism in CRC.

KD induces a shift toward stearic acid production, which is
maintained upon FMT

To assess whether and how the microbiome contributes to shaping the
LCFA pool, specifically stearic acid, we focused on microbial LCFA
metabolism. Most bacteria can produce LCFAs, which are essential
bacterial membrane components and signaling molecules. LCFAs are
produced in a multistep process by enzymes that are highly conserved
among bacteria (Fig. 5a)”. Nevertheless, membrane LCFA profiles
differ between microbial taxa, varying for instance in chain length and
degree of saturation®. To investigate how the shift in the microbial
communities reported in Fig. 3 affected the intestinal LCFA pool in KD-
fed and KC mice, we first mapped our metagenomic sequences against
the Kyoto Encyclopedia of Genes and Genomes (KEGG) database to
obtain a list of contigs carrying LCFA metabolism-associated KEGG
orthologs. These contigs were further annotated at the taxonomic
level using Kraken2 to estimate the contribution of different microbial
classes to LCFA metabolism in the different dietary conditions. Con-
sistent with the taxonomic shift reported in Fig. 3i, the relative con-
tribution of bacteria from the class Clostridia was higher in the KD
groups, while members of the class Bacteroides were diminished
resulting in less LCFA metabolism-associated contigs assigned to this
class (Supplementary Fig. 7b). Specifically, contigs carrying the
microbial acyl-CoA thioesterases TesA and FatA (Fig. 5b)—enzymes

Nature Communications | (2025)16:1792


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-56678-0

a c
@ Healthy Donor @ 5HD mix @ TG
0.4
X 02
™
©
3 00
x
<
)
-0.2
o}
-03 00 0.3 0.0 05
Axis.1 [6.6%] Axis.1 [37.2%)]
b d
@ Healthy Donor @ 5HD mix @ TG
_ 0.4+ 04
3 X
o 02 ©
o o 007 %
@ 0.0+ 1]
< 2
-0.2 -0.4 ( L
'S J
-0.4+ : } ; ;
_025 000 025 050 -0.25 0.00 0.25 0.50
Axis. 1 [7.2%] Axis.1 [29.3%]
g h
50
+ LA
N
g o °"fj 8
= N c
B ©
z a 2> 2
3
-50 8§ 1.00
3
-50 0 50 100
NMDS1

e
75 Barnesiella Eisenbergiella Faecalitalea
. 6 R
Condition (Time point) 50 I i I 501 F 'l 4 I\N
- 2 '
Standard diet (T0) g 25 25 K‘/
Standard diet (T1) e i 0
®  Standard diet (T2) §oo 1|00 ., ——
@ Standard diet (T3) s ST T2 T3 T )T T2 13 T ToT1 T2 13 T
®  Standard diet (T4) 3 TO T1 T2 T3 T4 TO T1 T2 T3 T4 0TI T2 T3 T4
Ketogenic diet (T0) < Phocea \ \Ruminococcus 1 \ Ruminococcus 2
Ketogenic diet (T1) 6 .
@ Ketogenic diet (T2) 4 5.0 Pl o4
®  Ketogenic diet (T3) e o (1
@ Ketogenic diet (T4) 2 2.57 2
0 ]\/{ 0.0- 0 N
-2
TO T1 T2 T3 T4 TOTI T2 T3 T4 TOTI T2 T3 T4
f
Akkermansia ‘ Bifidobacterium ‘ ‘ Bilophila ‘
Condition (Time point) 75 ;
. |50 I—I\g 5.0 1’"’/:
Standard diet (T0) 5.0 T b
Standard diet (T1) 25 25 * 25
Standard diet (T2) )
Standard diet (T3) 0.0 0.0 A\
Standard diet (T4) (3 PR 4 B 3
Ketogenic diet (T0) TO T2 T3 T4 T T0O T2 T3 T4 TO T2 T3 T4

Ketogenic diet (T1)
Ketogenic diet (T2)
Ketogenic diet (T3)
Ketogenic diet (T4) 5.0

Abundance

Intestinimonas Lachnoclostridium |

®0000000

\ Turicibacter

T 5.0- W
3 o
Experiment 25 25 257

® Experiment 1 0.0 0.0 0.01
A Experiment 2 H

.XEr

R 1 25—
TO T2 T3 T4 TO T2 T3 T4 ST T2 T T4
Standard Ketogenic
i stipes sp!
family "Bilophila ]
. RC9 spOO ] 1
[ Akkermansiaceae stir 358415 1
N Akkermansla mu g il p—
[l Bacteroidaceae COET spoowus 5
y Mugispirlum schaedleri ===
Muribaculaceae ‘ G55, 2 species
[l odori UB‘A119'40s ccies

Tannere“aceae CAG-873 sp002490635

_ l—l . Clostridiaceae

Parabacteroides dlstasorgg

Lachnospiraceae
.Osclllosplraceae

. Burkholc
[ Enterobacteriaceae
other

[¢]sD [e]kD [=IsC [ KC

Fig. 3 | Ketogenic diet alters gut microbiome composition. a-f 3-diversity as
assessed by PCoA (% confidence interval = 95) of Bray-Curtis distance in five indi-
vidual healthy donor stool samples, in a mix of the five healthy donor stool samples
(S5HD mix) and in murine fecal samples three days after gavage (TG, a and b); 3-
diversity as assessed by PCoA (% confidence interval = 95) of Bray-Curtis distance in
murine fecal samples collected over time after diet change (c and d); Abundance of
selected genera which are differentially abundant at at least one time point (using a
generalized linear model on CLR, e and f data is shown as mean + SEM) in fecal
samples collected over time after diet change from SD- and KD-fed mice in the GF
(a, cand e) and SPF (b, d, and f) dietary experiments (TO at diet change, T1-T4 weeks
after diet change), as analyzed by 16S rRNA sequencing. g-i -diversity as assessed
by NMDS (% confidence interval = 95) based on an Aitchison distance matrix (g),

relative abundance of bacterial families based on Kraken2 IMP output (h), and
highly characteristic bacterial MAGs (detected in at least six mice in one condition
but not more than three mice in the other (diet experiment); detected in at least
four mice in one condition but not more than three mice in the other (CMT
experiment)), detected in KD, SD, KC and SC murine fecal samples at endpoint, as
analyzed by WGS (i). In (i) Rikenellaceae are highlighted in light blue and Mur-
ibaculaceae in dark blue. Data shows n =1 5HD mix, n = 5 individual human donor
samples in (a) and (b), n =15 humanized mouse samples in (a) and n =17 humanized
mouse samples in (b), n = 6 mice per condition in (c) and (e), n = 8 SPF KD-fed mice
and n =9 SPF SD-fed mice, pooled from two independent experiments in (b), (d),
(), (g), (h) and (i), and n=8 KC and n =8 SC mice from one experiment in (g), (h)
and (i). Source data are provided as a Source Data file.

required for the release of free LCFAs, such as stearic acid, from the
acyl-carrier**—were more frequently assigned to species from the class
Clostridia in the KD groups compared to the SD groups. This suggests
that in the KD groups, members of the class Clostridia may have
contributed more significantly to the intestinal free LCFA pool (Sup-
plementary Fig. 7b). To investigate whether stearic acid is produced by
Clostridia, we analyzed a dataset published by Han et al.”>, who recently
profiled the metabolome of bacterial culture supernatants. Visualiza-
tion of log2 fold changes in stearic acid levels in these supernatants
revealed that Bacteroidaceae and Tannerellaceae—two families within
the class Bacteroidia—predominantly consume stearic acid in vitro. In
contrast, families form the class Clostridia, such as Lachnospiraceae

and Ruminococcaceae, release stearic acid into the culture super-
natants (Fig. 5c). Notably, these families, although not necessarily
predominant in the communities, were consistently depleted or enri-
ched across experiments in KD and KC mice, respectively (Fig. 5d).
Furthermore, the analysis of two other abundant LCFAs, palmitic and
oleic acid, showed that palmitic acid was consumed by most bacteria,
with the exception of some Clostridiaceae, while oleic acid was
released by all bacteria. This finding suggest that stearic acid is a
family-specific LCFA among the three analyzed LCFAs (Supplementary
Fig. 7c). To further confirm that the source of elevated free stearic acid
in the mouse fecal samples was not coming from pre-existing differ-
ences in stearic acid levels in the diets themselves, we profiled LCFA
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Fig. 4 | Ketogenic diet alters metabolic profiles, leading to elevated levels of and SC recipient mice (dotted line). Two-sided Pearson correlation testing was
fecal stearate. a, b PCA (% confidence interval = 95) of identified metabolites from  used. Data shown in (a), (c), and (e, dashed line) are from n=9 SPF SD-fed and n=8
fecal samples from SPF KD- and SD-fed mice (a) and from KC and SC recipient mice ~ SPF KD-fed mice, pooled from two independent experiments. Data shown in (b), (d)
(b), as analyzed by united GC-MS and LC-MS. ¢, d Scaled free stearic acid levels and (e, dotted line) are from n =8 mice per condition. Data shown as mean + SD,
detected in fecal samples from SPF KD- and SD-fed mice (c) and from KC and SC two-sided Mann-Whitney U test in (c) and (d). Source data are provided as a Source
recipient mice (d) by LC-MS (polar phase). e Correlation of colonic tumor burden  Data file.
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