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SUMMARY:

In this study, we describe a detailed procedure of TNBS-mediated intestinal fibrosis, which
exhibits comparable pathophysiology to Crohn’s fibrosis. We also discuss this approach in light
of rapamycin facilitated inhibitory effects on intestinal fibrosis.

ABSTRACT:

Significant studies have been carried out to understand effective management of intestinal
fibrosis. However, the lack of better knowledge of fibrosis has hindered the development of a
preventative drug. Primarily, finding a suitable animal model is challenging in understanding the
mechanism of Crohn’s-associated intestinal fibrosis pathology. Here, we adopted an effective
method where TNBS chemical exposure to mice rectums produces substantially deep ulceration
and chronic inflammation, and the mice then chronically develop intestinal fibrosis. Also, we
describe a technique where a rapamycin injection shows inhibitory effects on TNBS-mediated
fibrosis in the mouse model. To assess the underlying mechanism of fibrosis, we methodically
discuss a procedure for purifying Cx3Crl+ cells from the lamina propria of TNBS-treated and
control mice. This detailed protocol will be helpful to researchers who are investigating the
mechanism of fibrosis and pave the path to find a better therapeutic invention for Crohn’s-
associated intestinal fibrosis.
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INTRODUCTION:

Dysregulation of immune homeostasis in the gut leads to pathogenic inflammation and has been
widely known to cause inflammatory bowel disease (IBD)Y2. Intestinal fibrosis is a chronic
consequence of inflammatory bowel diseases (IBDs), such as Crohn’s disease (CD)3. The
irreversible pathophysiology of CD includes intestinal stricture or stenosis of fibrosis, which limits
treatment options, and with no medications currently available, the only treatment is surgery.
Ultimately, the development of effective therapies to counter inappropriate inflammation is
much needed to study the mechanism of CD, and this will lead us a step closer to that.

A variety of genetic mouse models are available to study IBD including IL10 KO, SAMP/Yit and
adoptive CD45*RB high cell transfer into SCID mice*>®. Here, we show the procedure for TNBS-
mediated fibrosis in the mouse model of CD, which is comparable to the pathology of human
Crohn's fibrosis. The TNBS-induced model has certain advantages. This model is technically
simple; disease onset is rapid, inexpensive, and could widely be used in different animals (e.g.,
mouse, rat and guinea pig’). Co-administration of ethanol and TNBS (2,4,6-trinitrobenzene
sulfonic acid) abruptly damages the intestinal barrier and exposes colon tissue protein to TNBS
and elicit substantial immunologic responses®®. Repeated exposure of TNBS leads to an
overreactive repair process responding to inflammation and injury, and develops a fibrotic
reaction in the gut. Thus, TNBS-induced fibrosis model serves to be a very compelling model to
study Crohn’s-associated intestinal fibrosis.

Furthermore, mononuclear phagocytes are the primary cells that arbitrate the innate immune
response to pathogenesis and injury in the gut'%!1213 To elucidate the cellular mechanism and
to establish the role of Cx3Cr1* mononuclear phagocytes in the TNBS fibrosis model, we show
the procedure of purifying the mononuclear phagocytes. Analysis of Cx3Cr1* cells is an essential
step in order to assess the inflammatory markers and determine the concomitant mechanism for
intestinal fibrosis. Collectively, this detailed procedure for TNBS fibrosis will be helpful to explain
the cellular mechanisms of intestinal fibrosis.

PROTOCOL:

For this manuscript, all human samples were procured according to the approved protocol by
Institute Review Board (IRB) and by the Committee on Human Research at Albany Medical
College. All research involving animals were strictly followed according to the approved
protocol by the Institutional Animal Care and Use Committee at Albany Medical College as
well as the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

1. Collection of human intestinal specimens

1.1. Collect human tissue samples according to the institution’s research committee protocols.

1.2. Procure intestinal tissue (ileocolonic) of a CD patient diagnosed with fibrosis and control
samples from patients with no history of IBDs.
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1.3. Use part of the intestinal tissue for immunohistology, another part of the tissue for analyzing
mRNA, and a final part for protein expression of fibrotic and cytokine genes/markers.

1.4. For immunohistology analysis, first fix the human tissue sample in 4% paraformaldehyde for
at least 48 h and then transfer it into a tube containing 70% ethanol for at least 16 h. Use this
fixed tissue for making a paraffin-embedded block and cut 5 um thick tissue sections by using a
tissue-microtome.

1.5. Using a brush, gently spread out each cut section on a glass slide for staining.
1.6. Stain tissue section slide with trichrome stain to detect collagen deposition, and with aSMA
stain to detect myofibroblasts (See section 3 for detailed information about trichrome and aSMA

staining). Examine the stained sections under a light microscope.

1.7. Process another part of the obtained human tissue sample to make protein lysate to detect
aSMA via western blot (see section 7 for detailed information about western blot analysis).

1.8. Obtain RNA from the final part of human tissue sample using an extraction reagent (Table
of Materials) and convert mRNA into cDNA via RT-PCR.

1.9. Analyze fibrotic and cytokine genes by qPCR (see section 6 for detailed information about
MRNA preparation).

2. Induction of TNBS fibrosis and rapamycin treatment in mice

2.1. Carry out animal research according to the animal research protocols approved by the
institution.

2.2. Shave adult mice around the neck area in order to pre-sensitize to TNBS via dermal exposure.
Soak TNBS in a cotton swab and then apply TNBS to the shaved area of the mouse neck.

NOTE: Pre-sensitization is a very important step since it improves delayed hypersensitivity
response to initiate TNBS-mediated inflammation.

2.3. Eight days post pre-sensitization, induce colitis by intra-rectal administration once a week
for six weeks. Apply four mg of TNBS (in 25% ethanol) using a 100 pL enema via a 1 mL syringe
attached to a 3.5 French polyurethane catheter and give control mice 100 uL of 25% ethanol only.

2.3.1. Anesthetize mice with pentobarbital (25 mg/kg intraperitoneal) or expose them to 2.5%
isoflurane along with 1 L/min of oxygen during TNBS administration. Confirm anesthetization by

gently pinching toes and looking for an absence of reflex.

2.4. Use veterinary ointment on eyes to prevent dryness while mice are under anesthesia.
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2.5. Inject rapamycin at 2 mg/kg/day or vehicle (5% Tween-20 and 4% ethanol) every weekday
for 3—6 weeks, intraperitoneal, to both control and TNBS-treated mice.

2.6. Use 6-week TNBS post-treated mice intestine for analyzing the extracellular assays including
histology, flow cytometry, western blotting and RNA extraction. To harvest organs, euthanize
mice using CO; inhalation and confirm euthanasia with cervical dislocation.

2.6.1. After euthanasia, longitudinally open the mouse on its ventral side using surgical grade
scissors and forceps. Remove the entire colon from the rectum to the terminal ilium area. Quickly

transfer the colon to ice-cold 1x HBSS and wash the colon using the same buffer.

2.6.2. Measure and compare the colon lengths of the control and TNBS-treated mice. Do this step
as fast as possible to avoid drying out of the colons in order to avoid cell deaths.

2.6.3. Cut the colon into small pieces and keep at -80 °C for storage for future purposes
(RNA/western blot analysis). Use another piece of the colon for FACS analysis.

2.6.4. Be sure to cut and collect colonic tissue samples from similar regions of the colon of both
control and TNBS-treated animals.

NOTE: A 10%-20% mortality is expected with TNBS inoculation although with experience, the
mortality rate can be significantly reduced.

3. Immuno-histopathologic assessment of gut fibrosis

3.1. Fixhuman and/or mice tissues in 4% paraformaldehyde for 48 h, and then transfer to 70%
ethanol for 16 h.

NOTE: Paraformaldehyde is a neurotoxic chemical so avoid inhaling; use a face mask while
using it.

3.2. Paraffin embed the fixed colon tissues, slice to a 5 um thickness, and directly put the
tissues on glass slides for histology.

3.3. Perform H&E and Trichrome Blue staining according to manufacturer’s instructions to
detect collagen.

3.3.1. Briefly, first deparaffinize sections by submerging the slide containing sections in two
chambers of xylene for 5 min in each chamber.

3.3.2. Rinse slides with 100% alcohol for 1 min; repeat this step three times. Rinse again with tap
water for 1 min.
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3.3.3. After that, immerse slides in preheated Bouin’s solution at 56 °C for 60 min. Bouin’s
solution is yellow in appearance; wash after taking out the slides from Bouin’s solution in tap
water for 3 min or until slides became colorless.

3.3.4. Immerse slides in Modified Mayer’s Hematoxylin solution for 7 min at room temperature.

3.3.5. Stain slides by immersing in Trichrome stain for 5-8 min. Immediately, rinse slides in
running water for 5-10 s to remove excess Trichrome stain.

3.3.6. Dehydrate slides with 100% alcohol for 1 min. Repeat this procedure three times.
3.3.7. Clear slides with xylene for 1 min and repeat the step 3x.
3.3.8. Mount slides with mounting media (Table of Materials).

3.4. Carefully hold coverslip at one end with forceps and let it cover the entire section without
having any bubbles. If there are some bubbles, quickly remove bubbles by tapping the coverslip.

3.5. Use immunostaining to detect aSMA.

3.5.1. Block colon sections in blocking buffer (0.2% Triton X-100 and 5% normal goat serum in
1x PBS) for 1 h at room temperature.

3.5.2. Incubate with 100 pL of diluted primary antibody for aSMA (Table of Materials) on the
slide solution (0.2% Triton X-100 and 3% normal goat serum in 1x PBS; anti-aSMA 1:200) at 4
°C overnight.

3.5.3. Wash the sections three times with 1x PBS.

3.5.4. Use goat anti-mouse IgG (H + L) conjugated with Alexa Fluor 488 (Table of Materials) as
a secondary antibody for 2 h at room temperature.

3.5.5. Wash the sections three times with 1x PBS.
3.5.6. Use DAPI to counterstain the nucleus for 5 min.
3.5.7. Wash the sections three times with 1x PBS.

3.5.8. Mount slides with fluorescent mounting media (Table of Materials), and seal with a
coverslip using nail polish.

3.6. Acquire images by using LSM 880 confocal microscope and process images using
microscope software.
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3.7. Quantify images by taking an average of multiple selected areas in the same section with
Imagel.

4. Isolation of intestinal lamina propria and purification of Cx3Cr1* mononuclear phagocytes

4.1. Longitudinally open the colon in ice-cold Hank’s Balanced Salt Solution (HBSS; Table of
Materials) and wash the colon with the same buffer.

4.2. Cut approximately 5 cm small pieces of colon tissues using sterile scissors in HBSS.

4.3. Transfer small colon tissue pieces in a 50 mL conical tube containing 10 mL of pre-digestion
buffer (1x HBSS with 5% FBS, 5 mM EDTA and 1 mM DTT), and shake for 20 min at 100 rpm in a
37 °Cincubator®l.

NOTE: Incubation of colonic tissue in 37 °C at 100 rpm shaking condition allows for efficient
collagenase tissue digestion and high yield of viable cells.

4.4. Discard detached colonic epithelium by passing through a 40 um cell strainer.

4.5. Collect the remaining tissue from the strainer and further digest them in digestion buffer
containing Collagenase type IV and DNase | (Table of Materials) in 1x HBSS with 5% FBS for 20
min at 37 °C at 100 rpm.

4.6. Vortex the digested tissues for approximately 20 s and pass through a 40 um cell strainer to
obtain lamina propria fractions.

4.7. Centrifuge the lamina propria fractions to pellet down the cells at 700 x g in 4 °C
4.8. To exclude dead cells from the lamina propria use a density gradient (Table of Materials).

NOTE: The density gradient media used here (Table of Materials) may cause loss of mononuclear
cells; however, it greatly removes dead cells from the preparation, which overall increases the
purity.

4.8.1. Make 100 mL each of 30% and 70% density gradient media solutions. Resuspend the
obtained cells in 10 mL of the 30% solution and overlay on top of 5 mL of the 70% solution in a
15 mL tube.

4.8.2. Centrifuge the gradient in a brake-free condition at 1,000 x g and room temperature.
Collect the white ring phase containing lamina propria lymphocytes, which will be between the
30% and 70% gradient layers.
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4.9. Wash the obtained cells by re-suspending in ice-cold HBSS and centrifuge at 500 x g, 20 °C,
for 10 min. Re-suspend cells in FACS (fluorescence-activated cell sorting) buffer (PBS, pH 7.4, with
1% BSA and 2 mM EDTA).

4.10. Purify mononuclear phagocytes from the collected cells purification using magnetic beads
and/or FACS sorting.

4.10.1. Magnetic purification

4.10.1.1. Prior to staining with antibodies, first block cell surface of lamina propria cells by
incubating with anti-mouse CD16/CD32 Fc blocker for 15 min on ice.

4.10.1.2. Incubate cells with anti-Cx3Cr1-PE (phycoerythrin) antibodies along with anti-PE
microbeads (Table of Materials) for 30 min on ice, to capture the bound cells. Wash cells with
FACS buffer.

4.10.1.3. Pass the antibody/bead bound cells through a magnetic-activated cell-sorting column
in a magnetic field to remove unbound cells. Wash three times with FACS buffer. Remove the
column from the magnetic field and push plunger in the column to yield bead bound cells.

4.10.2. FACS sorting

NOTE: FACS sorting can be used in lieu of magnetic purification. Even though magnetic
purification is an easy and cost-effective method, it is limited to only purifying single cells, not for
subpopulations of cells. Therefore, to isolate subpopulations of cells, the FACS sorting method is
an effective method of sorting single cells as well as subpopulations of cells.

4.10.2.1. Block lamina propria cells with anti-mouse CD16/CD32 Fc blocker (Table of Materials).

4.10.2.2. Stain cells by incubating with anti-CD64, CD11c, CD11b, Cx3Crl, Ly6C, and MHCII
antibodies.

4.10.2.3. Sort using a FACS flow cytometer, gating for CD11c-CD64 * CD11b* Cx3Cr1* Ly6C cells
to purify the CX3Cr1 (P3 + P4) population.

4.11. Lyse sorted cells for total RNA preparation and detect cytokine and fibrotic markers (see
section 6 for RNA and cDNA preparation).

4.12. Analyze mRNA expression of fibrotic markers and inflammatory cytokine analysis from
isolated single-cell suspensions from magnetic purification.

4.13. For FACS analysis, block cells with anti-mouse CD16/CD32 Fc blocker (Table of Materials)
prior to staining with antibodies against surface or intracellular markers.
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5. Flow cytometry analysis
5.1. Cell-surface staining and analysis

5.1.1. Resuspend 5-10 x 10° isolated lamina propria cells in 50 mL of FACS buffer (1% BSA, 2 mM
EDTA in PBS, pH 7.4).

5.1.2. Incubate cells with anti-mouse CD16/CD32 (Table of Materials) at a 1:50 dilution to block
Fc receptors on ice for 10 min.

5.1.3. Wash cells with 500 pL of ice-cold FACS buffer to remove unbound anti-CD16/CD32 prior
to cell-surface staining.

5.1.4. Surface stain colonic single-cell suspensions (108 cells/50 mL) with fluorescent-labelled
antibody at 1:100 dilution on ice for 30 min to evaluate colonic lamina propria.

5.1.5. Wash labeled cells with 500 pL of ice-cold FACS buffer twice to remove unbound
antibodies.

5.1.6. Analyze labeled mononuclear cells by flow cytometry. Gate for Live, then for FSC*SSC*
followed by CD11b* Cx3Crl*, and then analyze other macrophage activation markers including
MHCII, CD80, CD86 and CD40.

5.2. Intracellular cytokine staining and analysis

5.2.1. For intracellular cytokine staining, fix and permeabilize the surface-stained cells using a
Fixation/Permeabilization Solution Kit (Table of Materials); please follow the manufacturer’s
instructions for detailed steps.

5.2.2. Gate lamina propria cells for Live, then for FSC*SSC* followed by CD11b* Cx3Cr1*IL23* to
detect intracellular level of IL23 cytokine and CD11b* Cx3Cr1*IL1B* to detect intracellular level of
IL1B cytokine.

5.3. aSMA staining and analysis

5.3.1. Wash cells with FACS buffer twice by centrifuging at 200 x g and 4 °C for 5 min to remove
excess fixative buffer.

5.3.2. To determine the aSMA level, permeabilize cells with a Fixation/Permeabilization Solution
Kit (Table of Materials).

5.3.3. Incubate cells with anti-aSMA-AF488 antibody (Table of Materials) using 1:1,000 dilution
on ice for 30 min.
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5.3.4. Wash cells twice and then do FACS analysis. Gate for Live, FSC*SSC* followed by detection
of aSMA* cells in colonic cells.

6. RNA isolation, RT-PCR, real-time PCR

6.1. Isolate RNA from MACS or FACS purified cells or colon excised tissue by homogenizing them
in extraction reagent (Table of Materials).

NOTE: Use safety goggles and other lab protective gear when working with this reagent asitis a
lung and skin irritant. Work safely in a hood.

6.2. Add 0.5 pL of RNase-free glycogen from 20 pg/mL glycogen stock solution (Table of
Materials) to improve the recovery of total RNA prior to precipitating RNA with isopropanol.

6.3. Resuspend the RNA pellet in 50 uL of RNase free water (Table of Materials) and incubate at
55 °C for 5 min to dissolve the RNA palate completely.

6.4. Read RNA concentrations using a spectrophotometer at 260 nm.

6.5. Synthesize cDNA using 1 pg of total RNA and a reverse transcription synthesis kit (Table of
Materials).

6.6. Analyze gene expression using 2 pL of cDNA as templates via real-time PCR. Use a 96-well
PCR plate gPCR Master Mix kit (Table of Materials). Use CT values to calculate the fold change of
RNA abundance after normalizing the GAPDH/HPRT values.

7. Western blotting

7.1. Lyse colon tissue by using RIPA lysis buffer (1% NP40).

7.2. Resolve protein lysate in an 8% bis-Tris gel at a constant voltage of 80 V.

7.3. Transfer gel-protein to nitrocellulose membrane(s) in cold transfer buffer running at a
constant current of 50 mA for 2 h at 4 °C.

7.4. Block non-specific regions on the protein transferred membrane using 5% non-fat milk in
TBST (25 mM Tris—HCI, pH 7.4, 1.5 M NaCl, 0.05% Tween-20) for at least 1 h at room temperature.

7.5. To detect aSMA levels, incubate membrane(s) with aSMA primary detection antibody at 4
°C overnight.

7.6. Wash membranes 3—4 times using TBST in 15 min intervals.

7.7. Incubate with HRP-conjugated secondary antibody (1:10,000) in 5% non-fat milk in TBST.
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7.8. Develop membranes using an ECL developing kit.

7.9. Normalize protein signal intensities with GAPDH as a loading control for densitometry
analysis.

8. Statistical analysis

8.1. Analyze the data using data analysis software of choice by comparing between wild type
and KO animals.

8.2. Consider P-value of <0.05 to be significant (*P < 0.05; **P < 0.01; ***P <0.001).

8.3. Use Student’s t-test to test the differences between two groups and ANOVA test for
analysis between more than two groups.

REPRESENTATIVE RESULTS:

We adopted the TNBS colitis mouse model to study and elucidate the underlying mechanisms of
intestinal fibrosis®. Here, we performed a detailed time course study of TNBS-mediated colitis,
where TNBS was rectally administrated weekly to wild type mice for up to six weeks as
represented schematically (Figure 1A). After six weeks of TNBS treatment, we noticed that
colonic lengths shorten progressively over the course of the TNBS treatment, from an average of
5+ 0.5 cminthe control groupto 3 £ 0.5 cminthe TNBS group; such quantitative analysis of colon
length represents a very apparent reduction in colon length (Figure 1B). To ensure that the TNBS
Crohn's disease model is comparable to the human Crohn’s fibrosis model and was not an artifact
related to the methodology, we analyzed the fibrotic markers at multiple levels in a detailed time
course study for the TNBS injection to the wild type. Accumulation of alpha-smooth muscle actin
(aSMA) positive cells and collagen deposition within submucosal layers have been reported in
most of the fibrosis incidences and is regarded as a hallmark for fibrotic events!4. We found that
the colon sections of TNBS-treated mice that were stained with aSMA showed a 4—6-fold increase
in colonic submucosa layer positively stained with aSMA (Figure 1C). Besides, the Trichrome blue
staining for these sections also showed a 2—4-fold increase, suggesting significant collagen
deposition, which validates severe intestinal fibrosis (Figure 1D). We further assessed the
activation of myofibroblasts by detecting aSMA-positive cells by FACS analysis in TNBS-treated
mice colon and found a significant accumulation of aSMA-positive staining (Figure 1E).
Furthermore, we found substantial induction in the expression of aSMA, Col-I, and Col-lll
measured by gPCR analysis in TNBS-treated mice (Figure 1F). Increased expression of aSMA
protein in western blot analysis revealed increased fibrosis (Figure 1G). Overall, TNBS kinetics
treatment provides an opportunity to access putative immune response in chronic conditions,
which closely mimics the CD chronic phase condition and is essential to fibrosis development.

To compare TNBS fibrosis with Crohn's associated fibrosis, we analyzed the expression of fibrosis
markers and cytokines in fresh tissue biopsy from the ileum of patients with active CD or under
remission. Remarkably, we found marked induction of thickening of aSMA-positive layers and
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increased collagen deposition as detected by trichrome staining in active CD sections (Figure 2A).
We also performed Western blot analysis and confirmed the induction of aSMA expression in
active CD samples (Figure 2B). In addition, we observed significant induction of fibrosis markers
including aSMA, Coll, as detected by qPCR analysis (Figure 2C).

Next, to determine a mechanism to limit TNBS fibrosis we evaluated the effects of rapamycin, a
pharmacological inhibitor of mTOR activity'> ¢, Accordingly, we treated mice with both TNBS and
rapamycin and analyzed aSMA and collagen level in colon histology and have shown quantitative
measurement of aSMA and collagen in densitometry plot (Figure 3A). Our data suggests that
rapamycin reduces the aSMA-positive staining in submucosal layer and lessens the collagen
deposition. To further validate and quantify fibrotic responses, we determined the aSMA,
collagen and TGFB expressions by gPCR, and aSMA expression by flow cytometry in TNBS-treated
colon (Figure 3B, 3C). We have also shown Cx3Crl* mononuclear phagocytes induce an
inflammatory immune response to injury®. Thus, we wanted to see if administration of rapamycin
in TNBS-treated mice could reverse the inflammatory and fibrotic effects. Therefore, we purified
Cx3Cr1* resident mononuclear phagocytes from colonic single cell suspensions by using magnetic
microbeads (Figure 3D). We found an increased level of p-p70 and p-S6 in Cx3Crl1* resident
mononuclear phagocytes by western blot analysis from TNBS-treated mice, and this level was
blocked by rapamycin (Figure 3E). Besides, we found that rapamycin treatment dampens down
the IL-23 and IL-1B in the TNBS-treated group (Figure 3F). Moreover, these findings elucidate the
effective mechanism involved in the induction of TNBS-fibrosis and have shown that rapamycin
attenuates the induction of fibrosis.

FIGURE AND TABLE LEGENDS:

Figure 1. Successful TNBS administration leads to developing intestinal fibrosis in mice. A.
Schematic diagram representation of weekly TNBS treatment given to wild-type mice. B. Colon
images and measurement of colon lengths from TNBS-treated mice, harvested on weeks 0, 2, 4,
and 6 post-TNSB treatment. C-D. Colon sections’ histological analysis stained with anti-aSMA
antibody for activation of myofibroblasts and trichrome blue staining for collagen; scale bar 100
pum. E. FACS analysis to identify aSMA-positive cells in the colon and quantification of aSMA-
positive cells. F. Fibrotic markers and cytokines detected by gPCR. G. western blot analysis of
aSMA from colon lysate of TNBS-treated and control mice. This modified figure is being reused
with the permission of previous publication® in Mucosal Immunology, 2019 by Mathur et al.

Figure 2. TNBS Fibrosis is comparable to Crohn’s-associated Intestinal fibrosis. A.
Representative images of colon biopsies of control, active CD showing a significant increase of
trichrome blue staining and aSMA-positive staining in submucosal layers, scale bar 50 um. B.
Western blot analysis of aSMA expression and quantification. c. qPCR analysis of fibrotic markers
and cytokines. This modified figure is being reused with the permission of previous publication®
in Mucosal Immunology, 2019 by Mathur et al.

Figure 3. Rapamycin treatment effectively ameliorates TNBS-induced fibrosis. A. Colon
histological analysis - representative images of myofibroblast staining with anti-aSMA antibody
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and collagen staining with Trichrome blue, scale bar 100 um. B. gPCR analysis of aSMA, Collagen
and TGFp expression in Control/TNBS-treated mouse colons. C. FACS analysis of aSMA in single
cell suspension from mouse colon treated with Control/TNBS. D. Schematic for purification of
Cx3Cr1* cells from colonic lamina propria fraction and FACS analysis of purified cells. E. Western
blot analysis of p-p70 and p-S6 levels in purified Cx3Cr1+ mononuclear phagocytes from mice
treated with TNBS and/or rapamycin. F.gPCR analysis of the expression in purified
Cx3Cr1+ mononuclear phagocytes, which produces IL-23 and IL-1B. This modified figure is being
reused with the permission of previous publication® in Mucosal Immunology, 2019 by Mathur et
al.

DISCUSSION:

Wound healing or tissue repair is a tightly regulated biological process?’. During tissue injury with
a chemical, mechanical and infection condition, an inflammatory response triggers the tissue
repair process. However, a dysregulated and pathological inflammatory response leads to
developing scarring or a fibrotic reaction, which could impair the tissue repair function®1819,
Here, we show the procedure for the TNBS-induced fibrosis animal model, which significantly
shares pathophysiology with human Crohn's disease. Successive inoculation of TNBS chemical
exposure to damage the mouse epithelium causes deep ulcerations and induces fibrosis
development. With a reliable, low cost, and rapid induction of disease onset, this method is
widely accepted by multiple research groups involved in studies for tissue injury, transmural
inflammation and the gut-brain axis.

To successfully implement the TNBS fibrosis model, there are several essential steps. For
example, adequate dosage and timing of TNBS administration are very important. A 6-8-week
TNBS inoculation allows deep tissue ulceration and is highly recommended for chronic fibrotic
studies. Outcoming stool from mice and the retrograde reflex of inoculated TNBS are two major
problems, which could result in delivery of variable doses to mice. Gentle pressure near the mice
rectum may help release stools before TNBS administration. Holding the head of the animal down
for a few seconds dramatically helps to stop reverse reflux of TNBS. Keeping the mice in a cage,
placing the cage on a heat pad, and providing the mice with Napa nectar could also be useful
strategies in preventing high mortality.

Here, we also discuss the gut inflammation during TNBS fibrosis and their impact on fibrotic
response. mTOR/autophagy role is broadly implicated on intestinal homeostasis and in IBD
pathogenesis?®?!, We identified that mTOR/autophagy signaling is critical to modulate pro-
inflammatory responses from IL-23 and IL1B cytokines from Cx3Crl* mononuclear phagocytes
that affect pro-fibrotic IL-23/IL-22 axis (Figure 3A)°. Thereby, purifying single Cx3Crl*
mononuclear cells for immunoprofiling and gene expression is a critical step of the model. We
discuss in detail the protocol for isolating lamina propria and provide the purification procedure
for Cx3Cr1* mononuclear cells using magnetic beads.

Collectively, despite the presence of genetic and spontaneous models for Crohn's disease, TNBS-
colitis remains a potent tool to study the immuno-pathogenesis of CD and has the potential to
evaluate the Crohn's fibrosis treatments. The major limitation of using chemically induced fibrosis
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models such as TNBS is the chance of high variability from user to user and the possibility of
outliers in the data. A sample size of 5-8 animals per group along with greater user experience
can increase the consistency of the model. However, finding a suitable genetic model causing
spontaneous Crohn’s fibrosis is and will always be warranted.
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item 2: Please select one of the following items:
IEThe Author is NOT a United States government employee.
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course of his or her duties as a United States government employee,

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video of the Article, and in which the Author may or may not
License Agreement, the following terms shall have the appear.
following meanings: “Agreement” means this Article and 2. Background. The Author, who is the author of the

Video Llicense Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Wark” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommans.org/licenses/by-ne-

nd/3.0/legalcode; “Derivative Wark” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Matetials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the [ast page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and foVE;
“Video” means any video{s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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Article, in order to ensure the dissemination and protection
of the Article, desires to have the JOVE publish the Articte
and create and transmit videos based on the Article, In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3, Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto} license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b} to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (inciuding, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and{c} to license othersto do any
or all of the above. The foregoing rights may be exercised in
allt media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For guestions, please contact us at submissions@jove.com or +1.617.945,9051.



https://www.editorialmanager.com/jove/download.aspx?id=1059252&guid=14a29e5e-766a-4ad9-a143-1a608bc8d78e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1059252&guid=14a29e5e-766a-4ad9-a143-1a608bc8d78e&scheme=1

1 Alewife Cepter 3200
Carnbrilge, MA 02540
tel. 817.945.9051
www. jove.nnm

4 SO
WSUALIZED 5P LE NS

4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shali, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author,

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has heen checked in
item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video, To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video —~ Open Access, This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license {a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form) throughout
the world, (b} to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above In such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. in such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to loVE the
maximum rights permissible within such statute.

8. Protection of the Work, The Author{s) authorize
JoVE to take steps in the Author(s) hame and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author's Article
and/or Video.

9, Likeness, Privacy, Personality, The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof, The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, persenality or similar laws.
10. Author Warranties, The Author represents and
warrants that the Article Is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
heen assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
enteted into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has heen
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party, The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, Including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board,

11. JoVE Discretion. H the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution, If more than one author is listed at the
heginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article untif such time as it has received complete, executed
Article and Video License Agreements from each such
author, JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shalt have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sale discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
tength, quality, content and the like.

12, Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
anhy representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Authaot’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE, The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleaniiness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shali include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in c¢onnection with, acts or omissions of JoVE, its
employees, agents or independent contractaors.,

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
pubiication of the Materials, Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
Incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Editorial comments:

1. | have done my best to clean it up and consolidate it (see attached), but the protocol is still unclear in
many spots (note altered numbering):

2.3.1: What concentration of isoflurane is used?

We used 2.5% Isoflurane along with O, 1 liter/minute, we mention about this in the main text.

2.8: Can you include more information or a reference on organ harvesting? To keep the flow clear, if you
include more details please make those substeps.

We included the detailed organ harvesting methods in 2.7-2.10

4.5: Does the 100 rpm refer to shaking speed? Please clarify.

Yes, 100 rpm is referring to the shaking speed for tissue dissociation. 100 rpm of shaking allows for
efficient tissue dissociation and high yield of the cells. We included the relevant reference#11 in the
main text.

4.10: It looks like you intend to purify mononuclear phagocytes either by MACS or FACS; please clarify.

We agree that we intend to purify lamina propia CX3Crl+ cells by both MACS and FACS methods.
Magnetic purification is a very easy and cost effective method for single cell isolation, however, only
limited to subpopulation of mononuclear phagocytes. Therefore, we also use FACS sorting; the great
advantage of this is to sort single cells as well as various subpopulations of the single cells. We explain
this in the main text.

4.13: Is this necessary here? It’s also present in section 5.

We believe 4.13 is reasonable to be there. In section-5, we only provide cell analysis method; cell
acquiring and cell analysis method by FACS LSRIl. Whereas, section-4 is detailed purification of CX3CR1
lamina propria cell using MACS and FACS methods.

4.14: This section to purify “mononuclear monocytes” is exactly the same as the protocol to purify
mononuclear phagocytes; this seems to be a needless duplication.

We agree with the reviewer and now we deleted the 4.14 section from the main text.

5: It appears that 3 separate analyses are done here- cell surface staining for aSMA, cell-surface staining
for other molecules, and intracellular staining. However, seemingly essential steps (e.g., incubation with
antibodies) are missing; please clarify and reorder as necessary. Also, is this analysis also done on sorted
cells? Please clarify.
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We clarify this in main text. Only 5.3 is method for aSMA intracellular staining. Now 5.1 is cell surface
staining, 5.2 is for Intracellular cytokine staining and 5.3 belongs to aSMA intracellular staining.

The aSMA analysis was also on gated population which we also mentioned in the text.

6.1: Is this also the method for mRNA analysis of sorted cells? Please clarify.

Yes, this is the similar method for mRNA analysis. We mention about this in section 6.1.

2. Please convert centrifugation steps with rpm to x g.

We converted rpm to g in the main text.

3. Please remove ‘Figure 1’ etc. from the figures themselves.

We removed the figure numbers from the figures.
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Mathur, Ramkumar

From: Journalpermissions <journalpermissions@springernature.com>
Sent: Tuesday, May 14, 2019 10:40 AM

To: Mathur, Ramkumar

Subject: RE: Request for explicit copyright permission

STOP! THINK! External Email!
Dear Ram,

Thank you for contacting Springer Nature. As an author, you have the right to use this manuscript and figures, as per the
licence-to-publish you signed:

Ownership of copyright in in original research articles remains with the Author, and provided that, when reproducing
the contribution or extracts from it or from the Supplementary Information, the Author acknowledges first and
reference publication in the Journal, the Author retains the following non-exclusive rights:

a) To reproduce the contribution in whole or in part in any printed volume (book or thesis) of which they are the
author(s).

b) The author and any academic institution where they work at the time may reproduce the contribution for the
purpose of course teaching.

c) To reuse figures or tables created by the Author and contained in the Contribution in oral presentations and
other works created by them.

d) To post a copy of the contribution as accepted for publication after peer review (in locked Word processing file,
of a PDF version thereof) on the Author's own web site, or the Author's institutional repository, or the Author's
funding body's archive, six months after publication of the printed or online edition of the Journal, provided that
they also link to the contribution on the publisher's website.

The above use of the term 'Contribution’ refers to the author's own version, not the final version as published in the
Journal.

Best wishes,
Oda

Oda Sigveland
Rights Executive

SpringerNature

The Campus, 4 Crinan Street, London N1 9XW,
United Kingdom
T +44 (0) 207 014 6851

http://www.nature.com
http://www.springer.com
http://www.palgrave.com
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