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Human Intestinal
Microbiome
Determines
Individualized
Inflammatory
Response to
Dietary Emulsifier
Carboxymethyl-
cellulose
Consumption
arboxymethylcellulose (CMC)
Cthickener/emulsifier is used
commonly by the food industry to
enhance texture and extend shelf life.1

Preclinical work has shown that its con-
sumption detrimentally impacts the in-
testinal microbiota in a way that
promotes chronic inflammation.2–5 We
recently reported results from the
Functional Research of Emulsifiers in
Humans Corrected (FRESH) study, a
randomized, double-blind, controlled-
feeding assay.6 After a washout period,
half of the healthy recruited participants
were assigned randomly to a CMC-
supplemented diet (Supplementary
Figure 1A). Those subjects showed sig-
nificant alterations in microbiota
composition and fecal metabolome rela-
tive to control subjects.6 However, the
response to CMC was highly heteroge-
nous. Specifically, 2 subjects were highly
CMC sensitive in that they showed stark
alterations in microbiota composition
and developed microbiota encroach-
ment, whereas other subjects were rela-
tively insensitive to CMC (Figure 1A–C).
Such CMC sensitivity was not associated
with overt signs of intestinal inflamma-
tion but nonetheless might mark prone-
ness to chronic inflammation, compelling
us to better understand mechanisms that
mediate CMC sensitivity.

We first hypothesized that, although
healthy, CMC-sensitive subjects might
have genetic polymorphisms associated
with inflammatory bowel disease preva-
lence.7,8 Our probing showed that CMC-
treated participants did not harbor any
NOD2 mutations, whereas ATG16L1 var-
iants were distributed regardless of CMC
sensitivity (Supplementary Figure 1B).
We next considered that basal intestinal
gene expression might determine CMC
sensitivity, and we subjected colonic bi-
opsy specimens to a RNA sequencing
approach. Principal coordinates analysis
and volcano plots showed similar colonic
transcriptomes between CMC-sensitive
and CMC-insensitive participants
(Supplementary Figure 1C and D).
Moreover, the number of differentially
expressed genes discriminating CMC-
sensitive and CMC-insensitive partici-
pants was similar to the number of genes
obtained when comparing randomly
selected participants (Supplementary
Figure 1D and E), suggesting false dis-
coveries. Hence, neither inflammatory
bowel disease–associated mutations nor
basal gene expression are associated
with CMC sensitivity.

We next investigated a potential role
for basal (pre-CMC) microbiota compo-
sition via 16S ribosomal RNA gene
sequencing. Although principal co-
ordinates analysis of Bray–Curtis dis-
tances found no clear difference
between sensitive and insensitive par-
ticipants (Supplementary Figure 1F),
microbiome multivariable association
with linear models analysis identified 11
discriminating Amplicon Sequence Vari-
ants between these 2 groups
(Supplementary Figure 1G). This algo-
rithm did not detect differences between
randomly selected subjects, arguing that
Amplicon Sequence Variants that are
associated with CMC sensitivity were
not false discoveries but rather had
marked, and perhaps contributed to,
CMC sensitivity status.

We next investigated the extent to
which microbiota composition mediates
CMC sensitivity. We selected 2 CMC-
sensitive and 2 CMC-insensitive partici-
pants and transplanted their pre-CMC
fecal samples into germ-free, colitis-
prone, interleukin 10-/- mice
(Supplementary Figure 1H and I). After
microbiota stabilization, mice were
assigned to CMC or water treatment for
16 weeks (Supplementary Figure 2B).
Faithful transfer of donors’ microbiota
into recipient mice was assessed by 16S
ribosomal RNA gene sequencing,
revealing the expected differential clus-
tering between mouse and human sam-
ples.Nonetheless, eachgroupof recipients
was more similar to its own donor
compared with other donors (Figure 1D
and E, Supplementary Figure 2), indi-
cating successful transfer. We observed
significant alterations in microbiota
composition between CMC-treated and
water-treated groups in a way that was
not clearly associated with sensitivity
status (Figure 1F and G, Supplementary
Figures 2 and 3). Analysis of the level of
microbiota-derived proinflammatory
markers importantly revealed that CMC
consumption transiently increased
flagellin levels in both groups of CMC-
sensitive receiving mice (Figure 1H and I
and Supplementary Figure 3C and D).

We next investigated the impact of
CMC consumption on intestinal inflam-
mation. We observed that mice harboring
microbiota from either CMC-insensitive
donor lacked signs of intestinal inflam-
mation after CMC consumption,* while
mice harboring microbiota from either
sensitive donor showed stark intestinal
inflammation after CMC consumption, as
highlighted by a significant decrease in
colon length and an increase in spleen
weight (Figure 2A and B). Furthermore,
although CMC-induced increases in fecal
lipocalin-2 were modest, mice recipients
of either CMC-sensitive microbiota dis-
played amarked CMC-induced increase in
colonic histopathologic inflammatory
score (Figure 2C–E and Supplementary
Figure 4A). This was shown further by
increased colonic CD68þ macrophages
(Figure 2F and Supplementary Figure 4B),
although metabolism markers were not
impacted (Supplementary Figure 4C–G).2

Assessment of microbiota localization
revealed that the extent of CMC-induced
inflammation was paralleled by the de-
gree of microbiota encroachment. More
specifically, CMC consumption had only
modest impacts onmicrobiota-epithelium
distance in mice colonized with CMC-
insensitive microbiotas, although it resul-
ted in stark microbiota encroachment
uponCMCconsumption inmiceharboring
microbiotas from either CMC-sensitive
donor (Figure 2G and H). These indicate
a role for basal microbiotas in influencing
CMC impact on this cardinal feature of
intestinal inflammation and suspected
driver of chronic diseases.2,3,6,9,10

Our findings suggest that the
microbiota participate in the extent to
which an individual harbors proneness
to CMC-induced inflammatory
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Figure 1. Human sensitivity to CMC consumption influences alterations of microbiota composition and function in
recipient interleukin (IL)10-/- mice. (A–C) Functional Research of Emulsifiers in Humans participants were categorized as
CMC-insensitive (N ¼ 5) or CMC-sensitive (N ¼ 2). Microbiota localization in (A) controls and (B) CMC-treated participants
between day 14 (post-CMC) and day 0 (pre-CMC). (C) Evolution of the microbiota composition (Bray–Curtis distance). (D–I)
Germfree IL10-/- mice were transplanted with fecal suspension from CMC-insensitive or CMC-sensitive participants, then
treated with either water or CMC for 16 weeks. (D and E) Principal coordinate analysis of the Bray–Curtis distance matrix from
participants and recipient mice. (F) Bray–Curtis distance, (G) Shannon index, (H) fecal levels of lipopolysaccharide (LPS), and (I)
flagellin over time in transplanted mice. Data were normalized compared with the water-treated group and week 0, both
defined as 1. Data are means ± SEM. N ¼ 3–4. **P < .01, ***P < .001. (A–C) Data from Chassaing et al.6 FMT, fecal microbiota
transplantation.
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Figure 2. Microbiota from CMC-sensitive Functional Research of Emulsifiers in Humans Corrected participants are
sufficient to drive intestinal inflammation and microbiota encroachment. Gnotobiotic mice were killed after 16 weeks of
water or CMC treatment. (A) Colon length and (B) spleen weight. (C) Fecal lipocalin-2 levels over time, normalized compared with
the water-treated group and week 0, both defined as 1. (D and E) Histopathologic scoring, individual subscores are shown in
Supplementary Figure 4A. Scale bars: 300 mm. (F) Quantification of colonic CD68þ cells. (H) Microbiota encroachment and (G)
representative images. Mucus, green; actin, purple; bacteria, red; and DNA, blue. Dashed lines delimit the epithelium; Arrowheads
indicate the mucus layer. Scale bars: 50 mm. Data are means ± SEM. N ¼ 3–4. *P < .05, **P < .01, and ***P < .001.

2024 Microbiota Drive Responsiveness to CMC 317



318 Daniel et al Cellular and Molecular Gastroenterology and Hepatology Vol. 17, Iss. 2
diseases. Accordingly, CMC consump-
tion may be one trigger of chronic
inflammation in genetically prone in-
dividuals colonized with a given mi-
crobial ecosystem. Future work using a
larger number of participants appear
needed to substantiate this observa-
tion and decipher the exact microbiota
contributor(s) driving CMC sensitivity.
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