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Ulcerative Colitis Crohn’s Disease

Restricted to Rectum/Colon Whole GIT can be affected

Primary manifestation: rectum Primary manifestation: 
Ileum/Caecum

Continuous spread Discontinuous spread

Inflammation is restricted to 
mucosa/submucosa

Transmural inflammation 

Rarely stenosis Stenosis 

Rarely Fistula Fistula 



Inflammatory Bowel Disease

4

• Considered multifactorial diseases (non-dietaray and dietary 

risk factors) 

• Characterized by chronic intestinal inflammation 

• Prevalence of IBD is highest in the second to third decade of

life

• clinical characteristics of IBD are

-hemorrhagic diarrhea - abdominal pain

-tenesmus -weight loss, anorexia

• Extraintestinal manifestations involve: Arthritis, uveitis, 

fever, erythema nodosum



Inflammatory Bowel Disease
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• IBD is an immune-mediated disease

• The food and microbial flora within the intestine represent a 

enormous antigenic load

• Normal flora influences the maintenance of intestinal 

immunological homeostasis

• Microbial flora affects immune processes

- secretion of antimicrobial peptides

- regulatory and effector immune cells

• An altered balance of commensal pathogenic microbiota

could lead to a pro-inflammatory milieu that exacerbates

intestinal inflammation



Immunological Basis of IBD
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Figure 1: Intestinal epithelial barrier and the immune system in inflammatory bowel disease. Ag: antigen; APC: antigen presenting cells;
IL: interleukin; IFN-!: interferon gamma; IgA: immunoglobulin A; M cell: microfold cell; TGF-": transforming growth factor beta; TGF-#:
transforming growth factor-alpha;Th: T helper cell; Treg: regulatory T cells; TNF: tumor necrosis factor.

outer is inhabited by commensal bacteria that consume the
nutrients in the mucin glycan [9].

The intestinal epithelium is the next barrier and it is
considered the second line of defense against bacterial inva-
sion. It comprises enterocytes and specialized epithelial cells
called Goblet and Paneth cells [9]. Intestinal epithelial cells
(IECs) play a key role in the mucosal barrier, as they prevent
the influx of antigens and the invasion by both pathogens
and commensal microorganisms [8].They play a pivotal role
in the maintenance of tolerance toward alimentary antigens
and commensal microbiota and also activate both innate and
adaptive immune responses [10] (Figure 1).

To protect the mucosal barrier, the IECs present tight
junctions and producemucins and defensins (#-defensins are
produced by Paneth cells and "-defensins are produced by
most of the IECs). IECs also express toll-like receptors (TLR)
and nucleotide oligomerization domain receptors (NOD),
which are pathogen-sensitive innate immune receptors. IECs
then produce chemokines and cytokines to recruit immune
cells [8]. Therefore, TLR signaling pathways produce proin-
flammatory cytokines, such as interleukin- (IL-) 12 and IL-
6 by IECs, besides helping to keep the epithelial barrier

intact [8, 11]. An impaired epithelial barrier leads to an
increased intestinal permeability, which has been observed
in CD and also in UC [12]. Some Genome-Wide Association
Study (GWAS) suggests that it might represent a primary
pathogenetic mechanism in IBD [9]. TLRs belong to the
class of transmembrane receptors, called pattern recogni-
tion receptors (PRRs), acting as a pro/anti-inflammatory
gene activation inducers and control the adaptive immune
responses [13, 14]. The TLR family comprises ten different
transmembrane receptors thatmay be found in two locations:
in the cell membranes, as is the case with TLR1, TLR2, TLR4,
TLR5, and TLR6; into intracellular compartments, such as
TLR3, TLR7, TLR8, and TLR9.These genes can be expressed
constitutively or inductively along the gastrointestinal tract
and in various cell types including enterocytes, Paneth
cells, enteroendocrine cells, Goblet cells, myofibroblasts, and
subepithelial cells of the intestine immune system, such as
monocytes, macrophages, dendritic cells (DC), and CD4 +
[15, 16]. In healthy individuals, TLR2 and TLR4 receptors are
expressed in smaller amount compared to CD patients, as
what triggers a faulty recognition. Environmental, genetic,
and immunological factors may alter those receptors [15].

Francesca A. et al. The Immunological Basis of Inflammatory Bowel Disease, Gastroenterology Research and
Practic , 2016



Materials and Methods
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• Chronic dextran sodium sulfate (DSS)-induced mouse
model

• C57BL/6J (8 weeks old)

• 1DSS cycle = 5 consecutive days of 2% w/w Dextran sulfate

sodium salt followed by 9 days of purified water

• After 33 days random-assignement to experimental groups
à single-housing for the remainder of the experiment

- two 2-day water only fasts or two 4-day FMD fasting cycles

• After the respective fasting cycles mice were fed with
standard rodent chow



Disease Acticity Index (DAI) Scoring
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Score Body weight 
loss

Stool consistency Rectal bleeding (Hemoccult)

0 no weight loss solid pellets No sign 

1 1%–5% soft but adherent in pellet 
shape

Hemoccult positive

2 5%–10%; loose stool but with some
solidity

Hemocult positive with visible pellet 
bleeding

3 10%–20% loose stool with signs of liquid 
consistency

Hemoccult positive with visual pellet 
and rectal bleeding

4 greater than 20% diarrhea Hemocult positive with gross visual
pellet and rectal bleeding



Mouse fasting mimicking diet
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• first day of FMD, mice consumed 50% of their normal caloric

intake (8.08 kJ/g; 0.56 kJ fat, 0.68 kJ carbohydrates, 0.11 kJ 

protein)

• From the second through fourth days of FMD, mice

consumed 10% of their normal caloric intake (1.10 kJ/g; 0.27 

kJ carbohydrates) 

• flavored broth mixes, extra virgin olive oil (EVOO), essential 

fatty acids, vegetable powders vitamins, and minerals were

thoroughly mixed and bound together with heated hydrogel



Fecal transplant and Lactobacillus transplant 
models

10

• ceca contents were removed from naive and chronic DSS-

induced mice (with or without FMD treatment) 

à aseptically flushed into a sterile 50% glycerol/PBS solution

• Lactobacillus rhamnosus GG 5x107 cfu/mouse/day



Human FMD Trial 
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• 100 participants (generally healthy adult volunteers and 18 to
70 years of age; BMI, 18.5 and up) without a diagnosed medical

condition in the previous 6 months were enrolled

• Instructed to consume the FMD for 5 continuous days and to
return to their normal diet until the next cycle that was initiated

approximately 25 days later

• Participants completed three cycles of this 5-day FMD

• Blood drawn at baseline (A), end of the first FMD (B) and after 5 

to 7 days of normal caloric intake after the third FMD cycle (C) 

• WBC and lymphocyte data was stratified post hoc with C-

reactive protein levels < 1 mg/L (normal risk group) versus 
subjects with > 1 mg/L CRP (elevated risk group) at baseline. 



Further Examinations
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• Colon Inflammation scoring in H&E tissue sections

• Immunohistochemystry, Immunofluorescence

• FITC Dextran permeability 

• FACS analyses for different immune cell populations

• Cytokines profiling

Serum, colonic supernatant, and colonic tissue homogenate

• Microbiome sequencing 



Results
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• FMD Cycles Ameliorate IBD-Associated Phenotypes

• FMD Cycles Alter Immune Cell Profile to Reduce Intestinal 

Inflammation 

• FMD Stimulates an Increase in Microbial Strains Known to be

Associated with T-Cell Regulation and Gut Regeneration 

• Fecal Transplant from FMD-Treated Mice Promotes Positive 
Changes in IBD-Associated Symptoms

• FMD Cycles Reduce IBD-Associated Inflammation in Humans

and Mice, in Part, by Modulating White Blood Cell Counts



FMD Cycles Ameliorate IBD-Associated 
Phenotypes I
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Figure 1. FMD Cycles Ameliorate IBD-Associated Disease Phenotypes and Increase Colon and Small Intestine Lengths
(A) Experimental scheme outlining the water schedule and duration of DSS, DSS+FMD, and DSS+WF diets.

(B) The modified disease activity index (DAI) scores (with body weight loss removed) of the Naive (n = 15), DSS control diet (DSS; n = 19), DSS control diet plus 2

cycles of FMD (DSS+FMD; n = 18), and DSS control diet plus 2 cycles of water-only fasting (DSS+WF; n = 11) groups starting after the third DSS cycle.

(C) The body weight loss variable of the DAI scores of the Naive (n = 15), DSS (n = 19), DSS+FMD (n = 18), and (DSS+WF; n = 11) groups starting after the third DSS

cycle.

(D) The stool consistency variable of the DAI scores of the Naive (n = 15), DSS (n = 19), DSS+FMD (n = 18), and DSS+WF (n = 11) groups starting after the third DSS

cycle.

(legend continued on next page)
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FMD Cycles Ameliorate IBD-Associated Phenotypes II
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Figure 1. FMD Cycles Ameliorate IBD-Associated Disease Phenotypes and Increase Colon and Small Intestine Lengths
(A) Experimental scheme outlining the water schedule and duration of DSS, DSS+FMD, and DSS+WF diets.

(B) The modified disease activity index (DAI) scores (with body weight loss removed) of the Naive (n = 15), DSS control diet (DSS; n = 19), DSS control diet plus 2

cycles of FMD (DSS+FMD; n = 18), and DSS control diet plus 2 cycles of water-only fasting (DSS+WF; n = 11) groups starting after the third DSS cycle.

(C) The body weight loss variable of the DAI scores of the Naive (n = 15), DSS (n = 19), DSS+FMD (n = 18), and (DSS+WF; n = 11) groups starting after the third DSS

cycle.

(D) The stool consistency variable of the DAI scores of the Naive (n = 15), DSS (n = 19), DSS+FMD (n = 18), and DSS+WF (n = 11) groups starting after the third DSS

cycle.

(legend continued on next page)
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FMD Cycles Alter Immune Cell Profile to
Reduce Intestinal Inflammation 
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Figure 2. FMD Cycles Alter Immune Cell Profile to Reduce Intestinal Inflammation
(A) CD4+ T cells (CD3+CD4+) in splenocytes of Naive (n = 11), DSS (n = 11), and DSS+FMD (n = 13) groups.

(B) CD45+ leukocytes in splenocytes of Naive (n = 13), DSS (n = 13), and DSS+FMD (n = 15) groups.

(C) B Cells (CD45+CD19+) in splenocytes of Naive (n = 13), DSS (n = 15), and DSS+FMD (n = 17) groups.

(D) Colonic crypt number changes in Naive (n = 8), DSS (n = 9), and DSS+FMD (n = 10) groups.

(legend continued on next page)
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FMD Promotes Intestinal Regeneration I
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Figure 3. FMD Promotes Intestinal Regeneration
(A) Immunohistochemistry (IHC) for BrdU+ cells in small intestine crypts of Naive, DSS, and DSS+FMD groups.

(B) BrdU+ cells per small intestinal crypts in Naive (n = 10), DSS (n = 8), and DSS+FMD (n = 8) groups.

(C) Immunofluorescent (IF) staining for Lgr5+ and Sox9+ cells in the small intestine of Naive, DSS, and DSS+FMD groups.

(D) Lgr5+ cells per small intestinal crypt in Naive (n = 10), DSS (n = 9), and DSS+FMD (n = 10) groups.

(legend continued on next page)
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FMD Promotes Intestinal Regeneration II
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Figure 3. FMD Promotes Intestinal Regeneration
(A) Immunohistochemistry (IHC) for BrdU+ cells in small intestine crypts of Naive, DSS, and DSS+FMD groups.

(B) BrdU+ cells per small intestinal crypts in Naive (n = 10), DSS (n = 8), and DSS+FMD (n = 8) groups.

(C) Immunofluorescent (IF) staining for Lgr5+ and Sox9+ cells in the small intestine of Naive, DSS, and DSS+FMD groups.

(D) Lgr5+ cells per small intestinal crypt in Naive (n = 10), DSS (n = 9), and DSS+FMD (n = 10) groups.

(legend continued on next page)
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FMD Stimulates an Increase in Microbial Strains known to be
Associated with T-Cell Regulation and Gut Regeneration 
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(legend on next page)
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DSS+FMDcompared toDSSgroup.Bifidobacteriaceae, amicro-
bial family that has been shown to ameliorate symptoms in DSS-
colitis models (Srutkova et al., 2015), was found to be uniquely
enriched in the DSS+FMD group (0.034% to 2.67% ± 3.56%;
Table 1). We also observed a significant increase in the relative
abundance of Erysipelotrichaceae (10.5% ± 5.71%; Table 1) in
the DSS+FMD group, although the role of this family in the
context of IBD is still not clear (Kaakoush, 2015). Of this family,
the genus Allobaculum was enriched in the DSS+FMD group
(data not shown). Allobaculum has been associated with protec-
tion from obesity and insulin resistance, with one study finding its
relative abundance to be increased alongside Bifidobacterium in
mice with a lean phenotype (Everard et al., 2014; Raza et al.,
2017). After the 2nd water-only fast and 2 days of re-feeding,
the DSS+WF group had a small increase in Lactobacillaceae
(25.8% ± 3.97%; Table 1; Figure 4B); however, Bifidobacteria-
ceae was undetectable (Table 1). Paraprevotellaceae was de-
tected only in the DSS+WF group (6.13% ± 0.148%; Table 1).
The Naive, DSS, DSS+FMD, and DSS+WF groups separated
according to group and time point (Table S6; Figure S7A,
p = 0.001; Figure S7D, p = 0.001; Figure S7E, p = 0.014).

We also compared the composition of the most abundant
families between the groups at different time points (Figure S3A;
Table S1). Two days after the 4th cycle of DSS and one day
before the 2nd FMD cycle, the DSS and DSS+FMD groups did
not display major changes in microbiota composition (Fig-
ure S3B; Table S2). When we compared the DSS+FMD group
one day before the 2nd FMD cycle versus on the last day of the
2nd FMD cycle, we observed a reduction in the relative abun-
dance of S24-7 and an increase in Erysipelotrichaceae, and a

significant decrease in Lactobacillaceae abundance (Figure S3C;
Table S3). Despite the temporary reduction at the end of the FMD
cycle, the Lactobacillaceae levels increased approximately
45-fold after 2 days of re-feeding with the normal diet after the
2nd FMD cycle (Figure S3E; Table 1; Table S3), indicating that
the major microbiota changes require both the FMD and several
days of re-feeding with a normal diet.
The abundance of Erysipelotrichaceae was approximately

4-fold lower between the mice on the last day of the 2nd water-
only fast and those on the last day of the 2nd FMD cycle (23%
to 6.16% ± 4.83%; Table S4; Figure S3Dd). A striking difference
between the microbiomes of these groups was also the pres-
ence of Paraprevotellaceae, which was more abundant than
Lactobacillaceae in the water-only fasting group compared
to the FMD group (12.9% ± 3.41% versus 5.77% ± 1.18%;
Table S4; Figure S3D). On the last day of the 2nd water-only fast-
ing and FMDcycles, samples separated at a significant p value in
the weighted ordination (p = 0.033; Table S6; Figure S7F). The
samples of the DSS and DSS+FMD groups, 2 days after the
4th DSS cycle and 1 day before the 2nd FMD cycle, did not sepa-
rate at a significant value (p = 0.579; Table S6; Figure S7B).When
two time points of the DSS+FMD group were compared, 1 day
before the 2nd FMD cycle and on the last day of the 2nd FMD
cycle, samples did not separate at a significant p value in the
weighted ordination (p = 0.265; Table S6; Figure S7c).
These results indicate that FMD cycles increase the abun-

dance of protective microbial families, such as Lactobacillaceae
and Bifidobacteriaceae, while also altering the abundance of
other microbial strains to restore a protective gut microbiome
in DSS-treated mice.

Figure 4. FMD Stimulates an Increase in Microbial Strains Known to be Associated with T Cell Regulation and Gut Regeneration
(A) Fecal samples were collected from the Naive, DSS, DSS+FMD, and DSS+WF groups after 4 cycles of DSS and 2 cycles of FMD or 2 cycles of water-only

fasting.

(B) Plot summarizing the composition of most abundant microbial families in fecal samples from the Naive (n = 5), DSS (n = 5), DSS+FMD (n = 5), and DSS+WF

(n = 3) groups.

Data were compiled by Second Genome Solutions using the 16S V4 rRNA gene sequencing on the Illumina MiSeq platform.

Related to Figures S3 and S7 and Tables S1–S4 and S6.

Table 1. Top 8 Most Abundant Families among the Naive, DSS, DSS+FMD, and DSS+WF Groups

Family Naive Mean (SD) DSS Mean (SD) DSS+FMD Mean (SD) DSS+WF Mean (SD)

S24-7 51.6 (9.08) 64.6 (9.46) 27.5 (7.9) 34.5 (6.72)

Lactobacillaceae 17.8 (14.2) 15.5 (8.36) 45.2 (4.2) 25.8 (3.97)

Erysipelotrichaceae 1.87 (2.41) 0.565 (0.226) 10.5 (5.71) 0.286 (0.184)

Turicibacteraeae 1.25 (2.78) 4.1 (4.83) 2.84 (3.63) 2.17 (2.59)

Verrucomicrobiaceae 5.65 (9.98) 1.57 (1.37) 3.65 (2.88) 3.5 (1.05)

Lachnospiraceae 2.18 (0.801) 2.83 (1.96) 1.16 (0.756) 5.42 (3.32)

Ruminococcaceae 2.09 (1.97) 2.36 (0.783) 0.568 (0.308) 4.81 (3.09)

Bacteroidaceaea 0.409 (0.257) – – –

Bifidobacteriaceaeb – 0.0346 (0.0384) 2.67 (3.56) –

[Paraprevotellaceae]c – – – 6.13 (0.148)

Related to Figures 4 and S3 and Tables S1–S6.
aNot ranked in top 8 most abundant families for DSS, DSS+FMD, and DSS+WF groups.
bNot ranked in top 8 most abundant families for Naive and DSS+WF group.
cNot ranked in top 8 most abundant families for Naive, DSS, and DSS+FMD groups.
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Fecal Transplant from FMD-Treated Mice
Improves IBD-Associated Phenotypes
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(legend on next page)
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Fecal Transplant from FMD-Treated Mice Alters Immune Cell Profile 
and stimulates Regeneration in the Colon I

(legend on next page)
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(legend on next page)
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Fecal Transplant from FMD-Treated Mice Alters Immune 
Cell Profile and stimulates Regeneration in the Colon II

(legend on next page)
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White Blood Cell (WBC) and Lymphocyte Counts 
in Humans and Mice with Systemic Inflammation
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ingredients used in the FMD human clinical trials (Wei et al.,
2017), such as oligofructoses, fructo-oligosacharides, and gal-
actomannan, derived from vegetables that can support the
growth of beneficial probiotic strains (Gibson et al., 2017; Marko-
wiak and !Sli _zewska, 2017).

Short, water-only fasting has been shown to prevent and help
treat intestinal inflammation in acute DSS models (a single,
5-day DSS treatment) (Sävendahl et al., 1997; Okada et al.,
2017). Our study, using the chronic DSS model that more
closely reflects the symptoms and pathology associated with
IBD, indicates that fasting alone is not sufficient to reverse the
pathology associated with IBD, but it is its combination with
certain ingredients that is effective. Also, the FMD treatment
in the current study lasts 4 days and is repeated multiple times,
compared to the single, water-only fasting lasting between
36–48 hours in previous studies. Notably, Paraprevotellaceae,
associated with water-only fasting but not FMD treatment,
has been previously regarded as pro-inflammatory in the
context of IBD, with one study finding it to be especially en-
riched in mice with severe colitis (Roy et al., 2017). Another
study also found Paraprevotellaceae abundance increased
in rats with increased pro-inflammatory cytokines, such as
IL-13, in colonic tissue (Shatzkes et al., 2017).

Our results also indicate that the growth and replacement of
damaged intestinal tissues occur strongly during the re-feeding
post-FMD, although our previous studies in multiple tis-

Figure 6. White Blood Cell (WBC) and
Lymphocyte Counts in Humans and Mice
with Systemic Inflammation
(A) WBC count (103/ml) from patients with low CRP

(< 1 mg/L; n = 36) or higher CRP (>1 mg/L) prior to

dietary intervention (a) (n = 25), at the end of an initial

5-day FMD cycle before resuming normal food

intake (b) (n = 25), and approximately 5 days after

completing 3 FMD cycles and refeeding (c) (n = 25).

(B) Circulating lymphocyte count (103/ml) from

patients with low CRP (<1 mg/L; n = 36) or high

CRP (>1 mg/L) prior to dietary intervention (a)

(n = 25), at the end of an initial 5-day FMD cycle

before resuming normal food intake (b) (n = 25),

and approximately 5 days after completing 3 FMD

cycles and refeeding (c) (n = 25).

(C) WBC counts (103/ml) in untreated, naive mice

(n = 14) or mice that received 4 cycles of DSS (a)

(n = 19), on the last day of 1 cycle of a 4-day FMD

betweenthe3rdand lastDSScycles (b) (n=9), and two

days after 4 DSS cycles and 2 FMDcycles (c) (n = 18).

(D) Circulating lymphocyte counts (103/ml) in un-

treated, naive mice (n = 14) or mice that received 4

cycles of DSS (a) (n = 19), on the last day of 1 cycle

of a 4-day FMD between the 3rd and last DSS cy-

cles (b) (n = 9), and two days after 4 DSS cycles and
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sues indicate that stem and other progen-
itor cells are activated already during
the FMD. This process may help explain
the increased expression of IL-17A in the

FMD group. In fact, the intestinal epithelium damage caused
by the IBD state is thought to trigger higher levels of FGF-2, a
propagator of ISC regeneration, which works with IL-17A to pro-
mote mucosal healing and intestinal epithelial cell proliferation
(Brockmann et al., 2017; Houchen et al., 1999). Also, in clinical
trials and studies with colitis mouse models, anti-IL-17A treat-
ments aggravate IBD-associated symptoms, suggesting that
IL-17A may play a role in reducing intestinal inflammation and
promote gut healing (Whibley and Gaffen, 2015). TNFa has
been previously reported to be chronically elevated in IBD pa-
tients, and TNFa inhibitors, such as infliximab and adalimumab,
have long been established as effective treatments for IBD
patients (Lichtenstein, 2013). One possible interpretation of the
effects of the FMD on increasing TNFa in our study is that
TNFa has both functions that are detrimental and those that
are beneficial. In fact, TNFa is well-established to promote cell
death but also promote wound healing and immune cross-talk
(Leppkes et al., 2014). In agreement with our previous studies,
we hypothesize that FMD cycles can first reduce the inflamma-
tion associated with IBD initiated by DSS treatment and, subse-
quently, promote regeneration during the re-feeding stage. Thus,
the intestinal inflammation leading to crypt hypertrophy with
enhanced epithelial proliferation observed in humans is consis-
tent with our findings and hypothesis that the FMD can turn
this disease-associated inflammatory state into a regenerative
process.
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2 FMD cycles (c) (n = 18). Data are presented as

mean ± SEM; *p < 0.05, **p < 0.01, and ***p < 0.001,

one-way ANOVA, and Bonferroni post test.
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• Dietary interventions have high potential to ameliorate and
possibly reverse CD and ulcerative colitis

• Two cycles of a 4-day FMD followed by a normal diet are

sufficient to mitigate some, and reverse other, IBD-

associated pathologies or symptoms through modulation of

the gut microbiome

• Certain nutrients in the FMD contribute to the microbial and

anti-inflammatory changes necessary to maximize the

effects of the fasting regimen

• fasting alone is not sufficient to reverse the pathology

associated with IBD, but it is its combination with certain
ingredients that is effective
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• growth and replacement of damaged intestinal tissues occur

strongly during the re-feeding post-FMD 

• They hypothesize that FMD cycles can first reduce the

inflammation associated with IBD and subsequently promote 

regeneration during the refeeding stage
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Thank you for your attention 


