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Abstract

Intestinal intraepithelial lymphocytes are considered to be distinct from
thymus-derived cells and are thought to derive locally from cryptopatch (CP)
precursors. Although the development and homing of IELs have been studied
in some details, the factors controlling their homeostasis are incompletely
understood. Here, we demonstrate that FADD, a classic adaptor protein
required for death-receptor-induced apoptosis, is a critical regulator of the
intestinal IEL development. The mice with a dominant negative mutant of
FADD (FADD-DN) display a defective localized intestinal IELs with a marked
defect on CD8aa’TCRyd" T cells. Since Lin~ LPLs have been identified as
precursors CP cells for CD8aa" development, we analyzed lamina propria

lymphocytes (LPLs) and found the massive accumulation of IL-7R’lin” LPLs in
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FADD-DN mice. IL-7 plays a differentiation inducing role in the development of
intestinal IELs and its receptor IL-7R is a transcriptional target of Notchl. The
level of Notchl expression also showed very low in Lin® LPLs cells from
FADD-DN mice compared with normal mice, indicating a possible molecular
mechanism of FADD in the early IEL development. In addition, loss of y®
T-IELs induced by FADD-DN results in a worsening inflammation in murine
DSS-induced colitis model, suggesting a protective role of FADD in the

intestinal homeostasis.

Introduction

Intraepithelial lymphocytes (IELs), which are integral to the intestinal
mucosal associated lymphoid system, play a key role in maintaining immune
homeostasis of intestine. They constitute a constellation of barrier immune
cells and contribute to the intestinal function by developing tolerance to food
and microbial antigens in normal physiological state and controlling insults
from pathogens and deleterious tissue inflammation during mucosal infections
[1, 2]. Studies conducted to date have revealed that these T cells consist of
two main subpopulations. One bears either CD4 or CD8a/f molecules and
TCR-a/p as thymus dependent. The other bears CD8a/a molecules and either
TCR-y/d6 or TCR-a/B present in the absence of a thymus. These
thymus-independent IELs like CD8a/a T cells are located mainly within the gut
epithelium and develop locally [3, 4] The local development may favor the
production of TCR-y/d cells and have a reduced capacity to induce TCR-a/p
rearrangements or pre-Ta chain expression. The pre-Ta chain is an essential
component of the pre-TCR that is responsible for the predominance of
TCR-a/B production by the thymus. Gut intraepithelial CD8 T cells are thought
to derive locally from cryptopatch (CP) precursors. The intermediate stages of
differentiation between CP and mature T-IEL were not clear. There are striking
differences in T cell differentiation process in the gut, when compared with T

cell differentiation in the thymus, but far less is known about the molecules and
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signaling pathways that regulate the differentiation.

Fas-associated protein with death domain (FADD) is an adaptor protein
critical for the death receptors (DRs) apoptotic signaling [5, 6]. When extrinsic
apoptosis triggered, FADD interacts with death receptor (DR) like Fas or
TRAIL, leading to the recruitment of procaspase-8 and its activation, then
consequent apoptosis of the cells [7-11]. Besides being a main death adaptor
molecule, FADD participates in other biological processes, such as
embryogenesis [12], innate immunity [13], T cell activation and proliferation
[14]. FADD deficiency in the immune system leads to inhibition of thymocyte
development in the CD4°'CD8" (DN) stage [15]. In transgenic mice expressing a
dominant negative FADD mutant (FADD-DN) under control of the Ick promoter,
there is also a block at this stage and a defect in the progression of thymocytes
from CD25'CD44 to CD25CD44 phenotype, which is associated with
pre-TCR expression. Several studies on FADD-DN expression have
demonstrated its suppression role on T-cell proliferation and supported an
acknowledgement of the functional FADD signaling essential for normal T cell
development and T cell activation. But all these studies only focused on
TCR-a/B T cells from thymus dependent, this is a meaningful question whether
FADD also affects the development of TCR-y/d T cell as thymus-independent,
such as IELs.

Here we identify a novel role for FADD in the intestinal immune system. In
FADD-DN transgenic mice, a significant decreased subset of CD8'TCRy3'T
cell is observed in intestinal IELs. We provide evidences that FADD-DN
expression inhibits the development of CD8'TCRyd" T through impeding the
IL-7R expression in their precursors. Loss of CD8'TCRy®" T as an impaired
intestinal immunologic barrier, so FADD-DN mice develop more severe

pathological phenotypes in DSS-induced colitis.

Results
Lack of y& T cells in FADD-DN transgenic mice
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To test the role of FADD in the development of murine intestinal IEL, the
transgenic mice expressing a dominant negative mutant of FADD/MORTL1
(FADD-DN) under control of the mouse Ick proximal promoter was used in the
study. FADD-DN lacks the death effector domain which is required for
recruiting and activating caspase-8 during apoptosis (Fig. 1A). 16 kDa
FADD-DN protein was detected by western blotting in the T-cell specific
expression (Fig. 1B).

Murine intestinal T-IELs develop by thymic and extrathymic pathways.
About half derive from the peripheral lymphoid organs to the gut (TCRaB"),
and the other half differs from peripheral T cells, most expressing TCRyd" [16].
The local development may favor the production of TCRyd" cells. Analysis of
IELs in total number showed no obvious differences in matched adult control
and FADD-DN mice (Fig. 1C). When the IEL subsets were examined, TCRy&"
cells was missing in FADD-DN mice (Fig. 1D and 1E). By immunofluorescence
in histological sections of the small intestines, the decreased yd T-IELs were

more easier and direct to be observed. (Fig. 1F).

A selective deficiency of CD8aa yd T cells caused by FADD-DN
expression

T-IELs consist mainly of two populations of CD8" T cells. One bears
CD8aB'TCRap"; the other bears homodimeric a/a CD8 chains, and is mostly
TCRyd" or TCRap", it is thymo-independent [17]. Two subgroups of CD8aa”
and CD8aB" were isolated for further testing the proportion changes of TCRyd"
or TCRaB" (Fig. 2A). In CD8aa” subset, over 40% of CD8aa™ T expressing
TCRyd were observed in normal mice, but few yd T cells in FADD-DN mice
(Fig. 2B). No significant difference in the subset of CD8aB" ap T was shown in
both mice (Fig. 2C). By comparison of quantitative statistics, the effect of
FADD-DN is mainly on the defect of CD8aa” yd T (Fig. 2D). The properties of
the IEL compartment are known to change with age. Analysis of a group of

aged (3 to 8 weeks old) FADD-DN and littermate control mice showed that
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CD8aa” yd T cells always maintained low number along the time-span in
FADD-DN mice, while two groups had a similar kinetic on CD8aa"TCRap*
cells (Fig. 2E and 2F). These results suggest that FADD-DN expression
inhibits the development of CD8aa” y3 T cells.

The effect of FADD-DN on intestinal IEL development is
thymo-independent.

T-IEL may originate from both thymus and extrathymus [4]. To distinguish
the pathway for FADD-DN to regulate the development of yd T cells, we firstly
examined the percentage of CD4'CD8yd" T cells in the thymus by FACS. In
FADD-DN mice, CD4CD8 yo T cells from thymus show normal compared to
the wild type mice (Fig. 3A, 3B and 3C), indicating an intact development of yd
T cells in the thymus.

In euthymic mice, competition for some local cytokines exists between a T
cells of thymic origin and extrathymic T cell progenitors, and the extrathymic
development of T-IEL is severely repressed [18]. In the athymic mice, the
extrathymic lymphopoiesis emerges with a priority toward yd T cells and with a
paucity of af T cells [19], which will populate mainly in the intestinal mucosal
leading to the accumulation of T-IELs, especially y& T cells [20].To confirm the
effect of FADD-DN on locally developmental IELs, the thymectomy was
performed on both wild type and FADD-DN mice. After 4 weeks, analysis of
total IELs in thymectomized mice showed a marked reduction (6-fold) in
FADD-DN mice (Fig. 3D), indicating there is an impaired local development of
intestinal IELs. Compared with the proportion of CD8a'TCRyd" T cells,
thymectomized FADD-DN mice also showed missing similar to previous data
(Fig. 3E). By quantifying the relative the percentage, CD8a'TCRyd" T showed
further reduced in FADD-DN mice with thymectomy (Fig. 3F). Thus, it is
reasonable to speculate that the few intestinal yd IEL-T cells in FADD-DN mice
seem to derive from thymus originally, while the local intestinal-derived yd

IEL-T cells are deficient. Taken together, the deficiency of yd IEL-T cells
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caused by FADD-DN expression might be stunting locally development.

The development of IELs is arrested at stage of Lin” LPLs in FADD-DN
mice

Murine intestinal IEL originate from their own pre-existing stem cells present
in the intestinal (i.e. cryptopatches) [4, 21, 22] and appendix [23]. Intestinal T
cell precursors have specific phenotype: lineage markers negative (Lin)
Thy'c-kit'IL-7R*CD44°CD25" [4]. To determine at which point the
differentiation of murine intestinal IELs is plagued by FADD-DN, we examined
the Lin" cell types prepared from IELs and lamina propria lymphocytes (LPLS).

By flow cytometry analysis with lineage markers, the number of Lin" IELs
from FADD-DN showed double (Fig. 4A). Gating on Lin" IELs for further CD8a
expression, compared with wild type mice, the IELs subgroup of CD8'Lin’
was deficient in FADD-DN mice (Fig. 4B), suggesting the differentiation of IELs
was blocked in Lin"CD8'". For a better understanding of IEL maturation in earlier
events, we examined Lin" LPLs which have been proved equal to precursors
Lin" CP. Notably, a massive accumulation of Lin" LPLs was observed in
FADD-DN mice, an clear hint on the attested stage in the development (Fig.
4C). Our previous research found that FADD regulates thymocyte
development at the B-selection checkpoint by modulating Notch signaling [7].
Notchl is essential for T differentiation and specifying the cell fate, so the
Notchl transcription in progenitor Lin" LPLs was detected. Excitedly, there are
two groups in normal Lin" LPLs with different forms of Notch expression: high
expression and low expression, but in FADD-DN Lin" LPLs, the group with high
expression of Notch is obviously missing (Fig. 4D). Notchl controls T-cell
development in part by regulating the stage- and lineage-specific expression of
IL-7R which is a transcriptional target of Notchl. C-Kit is a tyrosine kinase
receptor and extrathymus-derived IELs normally seen in older mice were
c-Kit-dependent and represented a distinct lineage of T cells with unique

developmental and functional attributes. Then two crucial markers: CD117
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(c-kit) and CD127 (IL-7R) were checked by FACS. By comparisons of the Lin
LPL subsets divided with c-kit and IL-7R, a clear distinct difference in IL-7R
expression (CD127) was observed (Fig. 4E). There is no expression of IL-7R
in Lin" LPL cells from FADD-DN mice, which is well consistent with the low
expression of Notchl. The enterocyte-produced IL-7 plays a differentiation
inducing role in the development of intestinal IELs [24, 25]. In order to fully
development, the thymic-independent TCRyd" IELs in an immature state
localized in the intestine must interact with their appropriate ligands in situ, so
lack of IL-7R in Lin" LPL cells from FADD-DN mice might provides a novel role

for FADD function in early T cell development.

The role of FADD-DN in intestinal immunoregulation

As the first-line defense against infectious agents, yd T-IELs are involved in
intestinal immunoregulation [26]. Depletion or deficiency in yd T cells
aggravates intestinal inflammation in almost every investigated model,
especially DSS-induced colitis [27]. Our finding about loss of yd T-IELs in
FADD-DN mice draws substantial experimental interest on its responses in
pathological condition. DSS-induced colitis model was established in both wild
type and FADD-DN mice. Severe illness, which was characterized by diarrhea,
intestinal bleeding, body weight loss and shortened colon length, was
observed at about 4 days after DSS administration. Compared with wild type
group, FADD-DN mice exhibited severe colitis with substantial reduction in
colon length (Fig. 5A and 5B). From 3 days to 7 days of DSS administration,
FADD-DN mice showed significant loss of body weight compared to the wild
type group (Fig. 5C), and its disease activity index (DAI) also increased more
dramatically (Fig. 5D). The histological results demonstrated more severe
pathological changes, including loss of goblet cells, distortion of crypts, and
mucosal damage and necrosis in the colon specimens in DSS-treated
FADD-DN mice, with evidently higher scores than wild type mice (Fig. 5E and
5F). Consistent with these phenotypes, higher levels of TNF-a, IFN-y and IL-6


https://doi.org/10.1101/313742

bioRxiv preprint doi: https://doi.org/10.1101/313742; this version posted May 3, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

were detected in the serum of FADD-DN mice, while no significant differences
in IL-12p40 and IL-1B (Fig. 5G). It is worth mentioning that FADD-DN sham
control group with no colitis, also exhibited a higher level of some cytokines
than wild type sham group (TNF-a, IL-12p40, and IL-1B), sugguesting
FADD-DN expression might affect the gut immunity under physiological

conditions.

Discussion

To date, a plethora of reports has clearly identified FADD as an essential
adaptor between death receptors and caspase-8 [28, 29]. Non-apoptotic
functions of FADD have been implicated in T lymphocyte development and
function, mostly in thymic ap T cells. To clarify the role of FADD in the
development of TCRy®" T cells, FADD-DN mice provided a useful tool to
dissect T cell development in the mucosa for thymic and extrathymic pathways.
Based on our findings, FADD play an important role for IELs development,
especially for yd* T-IELs which are thought to develop locally and largely via an
extrathymic pathway.

T-IEL play a critical role in regulating intestinal mucosal immune responses.
yd IEL is a crucial protective T cell subset against colitis, which has been
proved in Cd" mice [30]. Loss of yd IEL in FADD-DN mice is a main phenotype.
The decreased CD8a"TCRyd" T will take responsibility for the reduced
homeostasis, so FADD-DN mice showed severe inflammation in DSS-induced
colitis model (Fig. 5). To track the differentiation of CD8a*TCRy&" T cells, we
prepared intestinal T cell precursors referring to Lambolez’ paper published on
J. Exp. Med. The Lin" LPLs cells (or namely Lin" WL) isolated by their method
had been fully demonstrated to be in fact cryptopatch (CP) precursors. They all
have specific phenotype: (Lin") Thy'c-kit'IL-7R*CD44"CD25". Analysis of Lin’
IELs and Lin" LPLs from FADD-DN mice revealed an arrest for CD8a"TCRy&"
T development at stage of IL-7Rc-kit'lin" LPLs.The IL-7 receptor is expressed

on lymphoid T and B precursors, and innate lymphoid cells. At physiological


https://doi.org/10.1101/313742

bioRxiv preprint doi: https://doi.org/10.1101/313742; this version posted May 3, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

levels, IL-7 is integral to T and B cell development in primary lymphoid organs
and plays an essential role in supporting normal T cell development and
homeostasis. The loss of IL-7R expression in gut precursors might be
responsible for the defects on IEL development in FADD-DN mice because the
localized development of IEL is IL-7-dependent. The possible molecular
mechanism is the deficiency of IL-7R expression in c-kit'lin” LPLs due to the
Notchl expression suppressed by FADD-DN (Fig.4).

We previously reported that FADD regulates thymocyte development at the
B-selection checkpoint by modulating Notch signaling. Notchl mRNA
increases from early thymocyte progenitor to the DN3a stage and markedly
decreases at the DN3b stage commensurate with pre-TCR signaling.
Differential expression of Notch represents a distinct lineage of T cells with
unique developmental and functional attributes. In normal mice, we also detect
two states of Notchl expression in gut T cell precursors, but this regulation is
destroyed by FADD-DN expression (Fig. 4). The effect of FADD-DN on the
intestinal IELs reveals the critical nature of FADD. A Notchl transcriptional
repressor NKAP was previously identified by us to associate with FADD,
suggesting a potential role of FADD in maintaining the stabilization of NKAP to
inhibit Notch on transcriptional level. Besides being cytoplasmic, the FADD
protein is also expressed in the nucleus of many types of cells and nuclear
FADD is implicated to be involved in a functional transcription factor complex
to modulate Notch expression. The regulation of FADD on Notch in the
intestine IELs is under investigating, which will give a comprehensive
understanding of FADD function in the physiology of immune system.

In summary, the present study demonstrates an novel function of FADD in
protective T cell subset against colitis. This knowledge will enable further
investigation of the role of FADD in the IELs development in order to develop

novel therapeutic strategies.

Materials and methods
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Mice

Female wild-type mice and FADD DN mice (6-8weeks) were provided by the
laboratory of Aster Winoto at the University of California, Berkeley and
maintained in pathogen-free conditions.

Isolation of intraepithelial lymphocytes

Islation of intestinal Intraepithelial lymphocytes (IEL) was performed as
described previously [3]. After washing the small intestine to remove fecal
content, Peyer's patches and fat tissue were extirpated. The small intestine
was opened longitudinally, cut into small pieces, and washed with PBS
containing 0.1% BSA, 100 U/ml penicillin and 100 pg/ml streptomycin three
times. The intestines were then shaken with pre-warmed DMEM containing
penicillin, streptomycin, and 5% FCS for 30 min at 225 rpm, 37 C. After
filtrating the supernatants through a nylon mesh, IELs were collected by a
44-67% Percoll density gradient (Solarbio, Beijing, China) and the cells that
layered between the 44-67%. After washed by PBS, cells were counted and
used for the following assays.

Isolation of lamina propria lymphocytes (LPL)

After IEL isolation, tissues were digested in RPMI1640 supplemented with
0.5 mg/ml collagenase type VIII (Sigma, USA), 0.1 mg/ml DNase | (Sigma,
USA), and 10% FCS at 200 rpm, 37 °Cfor 30 min. Lamina propria lymphocytes
(LPL) were released and then subjected to Percoll fractionation as described
above for isolation of IEL.

Dextran Sodium Sulfate(DSS)-induced colitis

FADD DN or wild-type mice were fed with water charged with 3.0% (W/V)
DSS S (dextran sulfate sodium salt, 36-50 kDa, 0216011080, MP Biomeicals)
for 5 days and then with normal drinking water for 2 days till sacrificed. Mice
given normal water served as control. Body weight of mice was recorded daily.
Mice were sacrificed 7 days after DSS exposure. The length of the colons for
each group were measured. After washing by PBS, colons tissue were cut and

fixed in 4% (v/v) formaldehyde for histological analysis.
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Evaluation of disease activity

During the experiment, body weight of mice for each group was recorded
daily and feces were collected. Disease activity index (DAI) was determined by
loss of weight, stool consistency and fecal blood. The calculation of DAI was
performed as previously [20].
Histological analysis

The colons were fixed in formaldehyde, embedded in paraffin and cut into
serial sections of 3-pym-thick for histological analysis. Stained with
haematoxylin and eosin (H&E), tissues were analyzed by histological grading
according to the criteria described previously [21].
Immunofluorescence assay

The deparaffinized colon tissues underwent antigen retrieval and were
blocked with 10% goat serum. Sections were incubated with anti-mouse
TCR-apf and TCR-yd primary antibodies (1:50, Cell Signaling Technology
(CST), Danvers, MA, USA) overnight at 4°C After washing with PBS three
times for 5 minutes, sections were incubated with secondary antibodies
anti-mouse HRP (1:100) and anti-rabbit HRP (1:100) at room temperature for
30 minutes. Following washed with PBS three times for 5 minutes, slides were
counterstained with DAPI (invitrogen). All images of the slides were visualized
and captured by fluorescence microscope.
Western Blotting Assay
The total proteins of splenocytes were prepared by using RIPA buffer. Samples
of protein lysates were separated by 10% SDS-PAGE and electro-transferred
to PVDF membrane. After blocking with 5% non-fat milk for 2 h at room
temperature, membranes were incubated with against mouse FADD (1 : 1000;
catalogue number ab124812; Abcam, Cambridge, UK), human FADD
C-terminus (1 : 1000; 610399; BD Pharmingen, Franklin Lake, NJ, USA),
B-actin (1 : 1000; AM1021B; Abgent, San Diego, CA, USA) followed by
suitable secondary antibody conjugated with horseradish peroxidase (1 : 2000;

Jackson Immunoresearch Laboratories, West Grove, PA, USA). Reactive
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bands were detected with by enhanced chemiluminescence (Tanon, Shanghai,
China) and visualized with an imaging program (Tanon, Shanghai, China). The
intensities of the scanned bands were normalized to the B-actin signal.
Anti-mouse FADD (ab124812; Abcam) was used to detect the endogenous
murine FADD, while anti-human FADD C-terminus (610399; BD Pharmingen)
was used to detect FADD-DN.
Cytokine measurement

Cytokines in serum samples including TNF-a, IL-6, IL-17, IL-1B3,IL-12 were
measured using ELISA kits (R&D Systems, US) according to the
manufacturer’s instructions.
Flow cytometry analysis
Cells were stained using standard procedures for surface markers. The
following monoclonal antibodies were used for flow cytometry: anti-CD3
(145-2C11), anti-CD19 (1D3), anti-TCRap (H57-597), anti-TCRyS (GL3),
anti-erythroid cells (TER-119), anti-GR1 (8C5), anti-CD11b (M170), anti-IgM
(LL41), and anti-CD8b (eBioH35-17.2). All the antibodies were purchased from
BD Pharmingen (San Diego, CA). CD8aa cells were gated as CD8a*CD8".
Thymectomy

Thymectomy was performed on 8-wk-old mice as described before [22]. A
ventilator was used to keep mice breathing during the operation.
Completeness of thymectomy was confirmed by visual inspection, both directly
after removal of the organ and at the end of the experiment. Only fully
thymectomized animals were included in this study.
Statistical analysis

The experimental data were presented as mean £ SEM. The statistical
significance of the differences between groups was evaluated by One-way

ANOVA and Student’s t test (P< 0.05).
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Legend:

Figure 1. Loss of y® T cells in FADD-DN transgenic mice.

A. The three-dimensional structures of FADD [Protein Data Bank (PDB);
accession number: 2GF5] and FADD-DN (death domain of FADD).

B. Western blot analysis of FADD expression in wildtype (WT) and FADD-DN
mice.

C. Total IEL numbers of wild type and FADD-DN mice.

D. FACS analysis ofyd IELs recovered from intestines of wild type and
FADD-DN mice.

E. Immunofluorescent staining of yd and ap IELs in intestinals from wild type

and FADD-DN mice.

Figure 2. A selective deficiency of CD8aa" yd T cells in FADD-DN mice.
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A. FACS analysis of CD8aa” and CD8aB" subsets in the IELs from wild type
and FADD-DN mice.

B. FACS analysis of TCRaB" and TCRy®" subsets in the CD8aa" cells of IELs
from wild type and FADD-DN mice. Left: wild type; Right: FADD-DN.

C. FACS analysis of TCRap" and TCRyd" subsets in the CD8ap" cells of IELs
from wild type and FADD-DN mice. Left: wild type; Right: FADD-DN.

D. Percentages of indicatedsubsets among total IELs from wild type and
FADD-DN mice.

E. Time-dependent changes of CD8aa*TCRyd subset in the IELs from wild
type and FADD-DN mice analyzed by FACS.

F. Time-dependent changes of CD8aa'TCRB subset in the IELs from wild type
and FADD-DN mice analyzed by FACS. * P < 0.05.

Figure 3. The effect of FADD-DN on intestinal IEL development.

A. FACS analysis of CD4" and CD8" subsets in thymus from wild type and
FADD-DN mice.

B. FACS analysis of CD4CD8 yd T cells in thymus from wild type and
FADD-DN mice.

C. Percentages of CD4'CD8 yd T cells in thymus from wild type and FADD-DN
mice.

D. The changes of total IEL numbers from thymecomized wild type and
FADD-DN mice.

E. FACS analysis of CD8" yd T cells in IELs from wild type and FADD-DN mice
4 weeks after thymectomy.

F. The analysis of percentages of CD8a'TCRyd" subset among total IELs from
thymectomized wild type and FADD-DN mice. * P < 0.05; ** P < 0.01.

Figure 4. The development of IELs arrested by FADD-DN in lin" LPLs with
IL-7R deficiency.

A. FACS analysis of lin" IELs recovered from indicated groups. IELs recovered
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from wild type and FADD-DN mice were stained with antibodies against
lineage markers (lin).

B. FACS analysis of CD8a" subset in the lin" IELs from indicated groups.

C. FACS analysis of lin" LPLs recovered from indicated groups. LPLs
recovered from wild type and FADD-DN mice were also stained with antibodies
against lineage markers.

D. FACS analysis of CD117°CD127" subset in the lin® LPLs from indicated
groups.

E. FACS analysis of Notchl expression in the LPLs from indicated groups.

Figure 5. More severe DSS-induced colitis in FADD-DN mice.

Mice were given 3% DSS in theirdrinking waterfor 5 days and then provided
with water for another 2 days before being sacrificed.

A, B. (A) Macroscopic appearances and (B) colon lengths of the mice were
measured.

C. Changes in the body weights of mice in each group during the experiment
(n=6 per group).

D. Disease activity index (DAI) was calculated (n=6 per group).

E. Colon sections of indicated groups were stained with H&E. The original
amplification was 100x.

F. Histological scores of colon sections from different groups were calculated
as described in the Materials and methods.

G. Serum levels of indicated cytokines in different groups detected by ELISA.
Datashown here are from a representative experiment repeated three times

with similar results.*P<0.05,**P<0.01, ***P<0.001 vs DSS-treated vehicle

group.
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