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28 SUMMARY:
29  Here we present a protocol for in vivo augmentation of gut-homing regulatory T cell induction.
30 Inthis protocol, dendritic cells are engineered to locally produce high concentrations of the active
31 vitamin D (1,25-dihydroxyvitamin D or 1,25[0OH],D) and the active vitamin A (retinoic acid or RA)
32 denovo.
33
34  ABSTRACT:
35 Inflammatory bowel disease (IBD) is an inflammatory chronic disease in the gastrointestinal tract
36 (GUT). In the United States, there are approximately 1.4 million IBD patients. It is generally
37  accepted that a dysregulated immune response to gut bacteria initiates the disease and disrupts
38 the mucosal epithelial barrier. We recently show that gut-homing regulatory T (Treg) cells are a
39  promising therapy for IBD. Accordingly, this article presents a protocol for in vivo augmentation
40  of gut-homing Treg cell induction. In this protocol, dendritic cells are engineered to produce
41  locally high concentrations of two molecules de novo, active vitamin D (1,25-dihydroxyvitamin D
42  or 1,25[0H];D) and active vitamin A (retinoic acid or RA). We chose 1,25(0OH),D and RA based on
43  previous findings showing that 1,25(0OH).D can induce the expression of regulatory molecules
44  (e.g., forkhead box P3 and interleukin-10) and that RA can stimulate the expression of gut-homing
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receptors in T cells. To generate such engineered dendritic cells, we use a lentiviral vector to
transduce dendritic cells to overexpress two genes. One gene is the cytochrome P450 family 27
subfamily B member 1 that encodes 25-hydroxyvitamin D 1a-hydroxylase, which physiologically
catalyzes the synthesis of 1,25(0OH).D. The other gene is the aldehyde dehydrogenase 1 family
member A2 that encodes retinaldehyde dehydrogenase 2, which physiologically catalyzes the
synthesis of RA. This protocol can be used for future investigation of gut-homing Treg cells in
vivo.

INTRODUCTION:

Inflammatory bowel disease (IBD) is an inflammatory chronic disease in the gastrointestinal tract
(GUT). In the United States, there are approximately 1.4 million IBD patients. It is generally
accepted that a dysregulated immune response to gut bacteria initiates the disease and disrupts
the mucosal epithelial barrier®2. For this reason, currently available U.S. Food and Drug
Administration (FDA)-approved drugs inhibit the functions of inflammatory mediators or block
the homing of immune cells into the gut. However, the inflammatory mediators and immune
cells that are targeted are also necessary for immune defenses. As a result, the inflammatory
mediator inhibitors compromise systemic immune defense and the immune cell homing blockers
weaken gut immune defense, both of which can lead to severe consequences®*. In addition, the
immune cell homing blockers can also block the homing of regulatory T (Treg) cells into the gut
and hence can worsen the already compromised gut immune tolerance in IBD patients.
Furthermore, blocking of Treg cell homing into the gut may also lead to systemic immune
suppression due to the accumulation of Treg cells in the blood®. Finally, inhibitors and blockers
function transiently and, thereby, require frequent administrations. Frequent administration of
these inhibitors and blockers may further exacerbate the untoward side effects.

Recently, we proposed a novel strategy that can potentially mitigate or even eliminate the side
effects associated with current drugs for IBD treatment®. This strategy augments the induction
of gut-homing Treg cells in peripheral lymphoid tissues®. The rationale of this strategy is that gut-
homing Treg cells specifically home to the gut and hence will not compromise systemic immune
defenses. In addition, since Treg cells can potentially form memory’2, gut-homing Treg cells can
potentially provide a stable control of the chronic gut inflammation in IBD patients and, thereby,
treatment should not need to be administered as frequently. Furthermore, since this strategy
augments the induction of gut-homing Treg cells in vivo, it does not have the concern of in vivo
instability in a highly proinflammatory environment that is associated with adoptive transfer of
in vitro generated Treg cells>°. In this regard, in vitro generated Treg cells are one of the
proposed strategies for the treatment of autoimmune diseases''™'3 and transplant rejection*4%>,
Finally, in this strategy, dendritic cells (DCs) are engineered to produce locally high concentrations
of two molecules de novo: active vitamin D (1,25-dihydroxyvitamin D or 1,25[0OH];D) and active
vitamin A (retinoic acid or RA). We chose 1,25(0OH).D and RA because 1,25(0OH);D can induce the
expression of regulatory molecules (e.g., forkhead box P3 [foxp3] and interleukin-10 [IL-10])&Y7
and that RA can stimulate the expression of gut-homing receptors in T cells!®. Because both
1,25(0OH)2D and RA can also tolerize DCs?®2°, we reason that the engineered DCs will be stably
maintained in a tolerogenic status in vivo and hence circumvent the in vivo instability concerns
that are associated with in vitro generated tolerogenic DCs (TolDCs)**2%2, |n this respect, TolDCs
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are also one of the proposed strategies for in vivo augmentation of Treg cell functions'®?%2, To
support our reasoning, we have shown that the engineered DCs, upon in vivo delivery, can
augment the induction of gut-homing Treg cells in peripheral lymphoid tissues®.

An additional advantage of our proposed strategy is that 1,25(OH)D also has other functions that
can potentially benefit IBD patients. These other functions include the ability of 1,25(0OH).D to
stimulate the secretion of antimicrobials?? and to suppresses carcinogenesis®3.Infections and
cancers are frequently associated with IBD?42,

To generate the DCs that can produce locally high concentrations of both 1,25(0OH),D and RA de
novo, we use a lentiviral vector to engineer DCs to overexpress two genes. One gene is the
cytochrome P450 family 27 subfamily B member 1 (CYP27B1) that encodes 25-hydroxyvitamin D
la-hydroxylase (1a-hydroxylase), which physiologically catalyzes the synthesis of 1,25(0OH).D.
The other gene is the aldehyde dehydrogenase 1 family member A2 (ALDH1a2) that encodes
retinaldehyde dehydrogenase 2 (RALDH2), which physiologically catalyzes the synthesis of RA®.

Because in vivo augmentation of gut-homing Treg cell induction is potentially important in the
treatment of IBD, in the following protocol we will detail the procedures for the generation of
the la-hydroxylase-RALDH2-overexpressing DCs (DC-CYP-ALDH cells) that can be used for the
future investigation of gut-homing Treg cells in vivo.

PROTOCOL:

All in vivo animal study protocols were reviewed and approved by the Loma Linda University
Institutional Animal Care and Use Committee (IACUC) as well as the Animal Care and Use Review
Office (ACURO) of the US Army Medical Research and Materiel Command (USAMRMC) of the
Department of Defense.

1. Preparation of the lentivirus that expresses both 1a-hydroxylase and RALDH2 (lenti-CYP-
ALDH virus)

1.1. Day 0: In the early morning, prepare 5 x 10° cells/mL of 293T cells in the CM-10-D cell culture
medium.

1.2. Seed 20 mL/plate in 150 mm x 25 mm culture dishes. Culture the cells at 37 °C and 5% CO;
for 24 h. Confluency will reach ~80-90% after 24 h.

1.3. Day 1: Make 2x HBS (50 mM HEPES, 280 mM NaCl, and 1.5 mM Na;HPQO4, pH 7.1). Aliquot
and store at -20 °C.

1.4. Make 2 M CaCl; and store at room temperature.

1.5. For each 150 mm x 25 mm culture dish, prepare a DNA precipitation mixture in a sterile 50
mL culture tube. First, add 1,620 pL of 2x HBS, 9.5 ug of PMD2G (VSVG), 17.5 pug of pCMVR8.74
(Capsid), 27 pg of Lenti-CYP-ALDH plasmid (a lentiviral vector that carries both CYP27B1 and
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ALDH1a2). Second, add H;O to a final volume of 3,037.5 pL.

1.6. In the last, add 202.5 puL of 2 M CaCl, dropwise while mixing the solution to final
concentrations of 1x HBS and 125 mM CaCl,. CaCl, must be the last to be added. Leave the
transfection mixtures at room temperature for 20 min with occasional mixing. For multiple 150
mm x 25 mm culture dishes, scale up accordingly.

1.7. Add the 3,240 pL of DNA precipitation mixture dropwise to one 150 mm x 25 mm culture
dish containing the 293T cells. Gently swirl the culture dish side to side while adding the DNA
precipitation mixture. Incubate the dish at 37 °C and 5% CO; for 24 h.

1.8. Day 2: Remove the calcium phosphate transfection solution, wash gently with 1x PBS, and
refeed the cell culture with CM-4-D cell culture medium. Incubate the cells at 37 °C and 5% CO;
for 24 h.

1.9. Day 3: Harvest the supernatants in sterile storage bottles and store at 4-8 °C. Replenish the
cell culture with fresh CM-4-D cell culture medium. Culture the cells at 37 °C and 5% CO; for
another 24 h.

1.10. Day 4: Harvest the supernatants into sterile storage bottles. Filter the supernatants from
Day 3 and Day 4 through a 0.45 um filter. To concentrate the VSVG pseudotype virus, transfer
the supernatants into centrifuge tubes and spin at 4,780 x g for 24 h at 4 °C.

1.11. Day 5: Pour the supernatants off the pellets (the pellet is often visible) and allow the tubes
to drain on a paper towel in a sterile biosafety cabinet for several minutes.

1.12. Resuspend the pellets by pipetting with sterile PBS containing 5% glycerol. The volume for
resuspension will be 33.3 pL per 150 mm x 25 mm culture dish.

1.13. Aliquot 200 pL/tube and store at -80 °C. Make a separate aliquot of 50 uL/vial for titration
purposes. Titers should be within the range of 108-10° transducing units (TUs)/mL.

1.14. Add bleach into the culture dishes and discard them.

NOTE: These transfected cells are the biggest safety concern in the protocol since all lentiviral
elements are expressed in the cells.

2. Generation of bone marrow derived DCs (BMDCs)

2.1. Harvest tibias and femurs from 4-5 Balb/c mice into a 50 mL sterile polypropylene tube
containing the culture medium®.

2.2. Transfer the tibias and femurs into a 100 mm x 20 mm culture dish containing the culture
medium. Remove tissues such as muscles from the tibias and femurs using dissecting scissors and
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forceps.

2.3. Cut both ends of the tibias and femurs to expose the bone marrow cavity.

2.4. Draw 10 mL culture medium in a 10 mL syringe attached to a 30 G needle.

2.5. Carefully insert the needle into the bone marrow cavity and flush the bone marrow into a
clean 50 mL sterile polypropylene tube. Repeat this procedure if necessary, to ensure that the

bone marrow has been completely flushed out.

2.6. Pellet the bone marrow cells by centrifugation (400 x g) at 2—8 °C for 5 min. Aspirate the
supernatant.

2.7. Resuspend the pellet with 5 mL of 1x red blood cell lysis buffer.

2.8. Incubate the cells at room temperature for 4-5 min with occasional shaking.

2.9. Stop the reaction by adding 30 mL of culture medium.

2.10. Pellet the cells by centrifugation (400 x g) at 2-8 °C for 5 min. Resuspend the cells in 10 mL
of CM-10-R cell culture medium. If needed, the cells can be passed through a 40 um cell strainer

to remove debris.

2.11. Perform a cell count and adjust the cells to 1 x 108 cells/mL using CM-10-R cell culture
medium.

2.12. Add recombinant murine granulocyte/macrophage colony-stimulating factor (GM-CSF,
final concentration = 100 U/mL) and murine interleukin-4 (IL-4, final concentration = 10 U/mL).

NOTE: The stock solutions of GM-CSF and IL-4 are stored at -80 °C at 100,000 U/mL (1,000 x) and
10,000 U/mL (1,000 x), respectively.

2.13. Distribute the cells into 6 well culture plates at 4 mL/well and culture the cells at 37 °C and
5% CO;for 48 h.

2.14. Remove nonadherent cells with gentle pipetting.

2.15. Add fresh CM-10-R cell culture medium containing the GM-CSF (100 U/mL) and IL-4 (10
U/mL). Culture the cells for another 48 h.

2.16. Harvest nonadherent cells (BMDCs) for transduction by the lenti-CYP-ALDH virus.

3. Transduction of DCs with lenti-CYP-ALDH virus to generate DC-CYP-ALDH cells
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3.1. Prepare 1 x 10° DCs/well in a total volume of 0.5 mL of CM-10-R cell culture medium
containing 50 pL of virus and 8 pug/mL protamine in a 6 well culture plate.

3.2. Culture the cells at 37 °C and 5% CO, for 24 h.

3.3. Replace the medium with fresh CM-10-R cell culture medium and culture the cells at 37 °C
and 5% CO; for another 24 h. At this time point, the enzymatic activities of 1a-hydroxylase and
RALDH2 can be evaluated (see step 4). If necessary, repeat steps 3.1-3.3 for a second
transduction.

3.4. Add lipopolysaccharide (100 ng/mL) and culture the cells for 24 h.

3.5. Harvest the cells (DC-CYP-ALDH cells) for experiments.

4. Evaluation of the overexpressed 1a-hydroxylase and RALDH2 in DC-CYP-ALDH cells

4.1. Evaluation of the overexpressed 1a-hydroxylase in DC-CYP-ALDH cells

4.1.1. Seed 1.0 x 10° DC-CYP-ALDH cells/well in 2 mL of CM-10-R cell culture medium into 12 well
culture plates.

4.1.2. Add 25(0OH)D to the final concentration of 2.5 uM. Incubate the DC-CYP-ALDH cells for 24
h.

4.1.3. Harvest the supernatants and store at -20 °C.

4.1.4. Assay for 1,25(0OH).D concentrations in the supernatants using a commercially available
radioimmunoassay (RIA) (see Table of Materials).

4.1.5. Determine the expression of la-hydroxylase in DC-CYP-ALDH cells by fluorescence
activated cell sorting (FACS) using an anti-CYP27B1 antibody.

4.2. Evaluation of the overexpressed RALDH2 in DC-CYP-ALDH cells

NOTE: The expression and activity of the overexpressed RALDH2 are determined using a
commercial aldehyde dehydrogenase (ALDH) detection kit (see Table of Materials).

4.2.1. Seed 1 mL of DC-CYP-ALDH or control cells (1 x 10° cells/mL in assay buffer) in each of two
5 mL tubes (one labeled as “Control” and the other labeled as “Test”).

4.2.2. Add 10 uL of diethylaminobenzaldehyde (DEAB) solution (1.5 mM in 95% ethanol) to each
of the control tubes and mix immediately. DEAB is a RALDH2 inhibitor.

4.2.3. Add 5 pL of activated RALDH fluorescence substrate (300 uM) to the Control and Test tubes
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and mix immediately.

4.2.4. Incubate the tubes for 45 min.

4.2.5. Pellet the cells by centrifugation at 400 x g at 2—8 °C for 5 min. Aspirate the supernatants.
4.2.6. Reconstitute the cells in 200 uL of assay buffer.

4.2.7. Keep the cells on ice and proceed for analysis by FACS.

REPRESENTATIVE RESULTS:

DC-CYP-ALDH cells expressed significantly increased amount of 1a-hydroxylase. To determine
whether DC-CYP-ALDH cells generated from BMDCs expressed a significantly increased amount
of la-hydroxylase, BMDCs were transduced with the lenti-CYP-ALDH virus to produce bone-
marrow-derived DC-CYP-ALDH cells (BMDC-CYP-ALDH cells). Subsequently, the BMDC-CYP-ALDH
cells were examined for the expression of 1la-hydroxylase by FACS. Our data showed that the
BMDC-CYP-ALDH cells, when compared to the parental BMDCs, displayed enhanced expression
of the la-hydroxylase (Figure 1A). We also determined the enzymatic activity of the la-
hydroxylase in the BMDC-CYP-ALDH cells. To do so, 1.0 x 108 BMDC-CYP-ALDH cells in 2 mL of CM-
10-R cell culture medium were added into 12 well culture plates. 25(OH)D was then added to the
cell culture at the final concentration of 2.5 uM. The cells were cultured at 37 °C and 5% CO; for
24 h and the supernatants were harvested for the measurement of 1,25(OH).D using a
radioimmunoassay (RIA). Our data showed that 1,25(0OH),D concentrations in the culture
supernatants of the BMDC-CYP cells (BMDCs transduced with lenti-CYP-GFP virus) and the BMDC-
CYP-ALDH cells were each approximately 20x higher than those of the parental BMDCs and the
BMDC-ALDH cells (BMDCs transduced with lenti-ALDH virus) (Figure 1B).

DC-CYP-ALDH cells expressed significantly increased amount of RALDH2. To determine whether
BMDC-CYP-ALDH cells expressed a significantly increased amount of RALDH2, a RALDH2
substrate was added into the cell cultures in the presence or absence of the RALDH2 inhibitor
diethylaminobenzaldehyde (DEAB) (15 uM). The fluorescent product retained inside the cells was
analyzed by FACS. Our data showed that mean fluorescence intensities (MFls) of the BMDC-CYP-
ALDH cells were approximately 6x higher than those of the parental BMDCs, suggesting that the
BMDC-CYP-ALDH cells, when compared to the parental BMDCs, expressed significantly enhanced
RALDH2 enzymatic activity (Figure 2A,B).

DC-CYP-ALDH cells augmented the induction of foxp3*CCR9* gut-homing Treg cells in vitro. To
investigate whether DC-CYP-ALDH cells were able to augment the induction of gut-homing Treg
cells in vitro, we transduced DC2.4 cells (a bone marrow-derived DC line?6=%°), with lenti-CYP-
ALDH virus and generated DC2.4-CYP-ALDH cells. Subsequently, we determined whether the
DC2.4-CYP-ALDH cells were able to augment the induction of gut-homing Treg cells in vitro.
Accordingly, naive CD4* T cells were purified from C57BL/6 mice. Purified naive CD4* T cells at 5
x 10° cells/well were then cocultured with either the parental DC2.4 cells (1 x 10° cells/well) or
the DC2.4-CYP-ALDH cells (1 x 10° cells/well) in 24 well culture plates in a serum-free medium in
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the presence of an anti-CD3 monoclonal antibody (5 pg/mL) and recombinant human IL-2 (50
U/mL). In addition, 25(0OH)D and retinol at various concentrations were also added into the
cultures. The cells were incubated at 37 °C and 5% CO,. Five days later, the cells were analyzed by
FACS for the expressions of foxp3 and c-c chemokine receptor type 9 (CCR9). Our data showed
that in the presence of the substrates, the DC2.4 cells did not significantly change the abundance
of foxp3*CCR9* cells in the CD4* T cell populations (Figure 3A,B). In contrast, the DC2.4-CYP-ALDH
cells significantly enhanced the abundance of foxp3*CCR9* cells among CD4* T cells. In addition,
the more 25(0OH)D added, the greater the ability of the DC2.4-CYP-ALDH cells to increase the
abundance of foxp3*CCR9* cells among CD4* T cells. Therefore, our data support that the DC-
CYP-ALDH cells can augment the induction of gut-homing Treg cells in vitro.

DC-CYP-ALDH cells augmented the induction of foxp3*CCR9* gut-homing Treg cells in vivo. To
determine whether DC-CYP-ALDH cells could augment the induction of gut-homing Treg cells in
vivo, we intraperitoneally administered one of the following cells into Balb/c mice: the parental
DC2.4 cells, the DC2.4-CYP cells (DC2.4 cells transduced with lenti-CYP-GFP virus), and the DC-
2.4-CYP-ALDH cells. Four days after the cell administration, mesenteric lymph nodes were
examined by FACS (Figure 4A). Our data showed that the DC2.4-CYP-ALDH cells, when compared
to the controls, significantly increased the abundance of foxp3*CCR9* cells among CD3* T cells
(Figure 4B,C). Based on these results, we conclude that the DC-CYP-ALDH cell administration
significantly augments the induction of foxp3*CCR9* T cells in peripheral lymphoid tissues.

FIGURE AND TABLE LEGENDS:

Figure 1: DC-CYP-ALDH cells expressed significantly increased amount of 1a-hydroxylase. (A)
BMDC-CYP-ALDH cells were generated and analyzed by FACS. A representative FACS plot shows
the expression of 1a-hydroxylase in the parental BMDCs and the BMDC-CYP-ALDH cells (gated on
live cells). (B) 1a-hydroxylase substrate (i.e., 25(0OH)D) was added into the DC cultures. Twenty-
four h later, the supernatants were collected and 1,25(0OH),D concentrations were measured. The
data show concentrations of 1,25(0OH);D in the cultures of the parental BMDCs, the BMDC-CYP
cells, the BMDC-ALDH cells, and the BMDC-CYP-ALDH cells. **p < 0.01. ANOVA test. n = 4. This
figure is adapted from Xu et al.. Copyright 2019. The American Association of Immunologist, Inc.

Figure 2: DC-CYP-ALDH cells expressed significantly increased amount of RALDH2. (A) BMDC-
CYP-ALDH cells were generated and analyzed as described in the protocol. Representative
overlaid FACS plots show the BODIPY aminoacetate fluorescence in the BMDCs and the BMDC-
CYP-ALDH cells in the presence (+DEAB) or absence (-DEAB) of the RALHD2 inhibitor
diethylaminobenzaldehyde (DEAB). (B) Mean fluorescence intensities (MFIs) of BODIPY
aminoacetate in the BMDCs and the BMDC-CYP-ALDH cells in the absence of DEAB. *p < 0.05; t-
test; n = 4. This figure is adapted from Xu et al.b. Copyright 2019. The American Association of
Immunologist, Inc.

Figure 3: DC-CYP-ALDH cells augmented the induction of foxp3*CCR9* gut-homing Treg cells in
vitro. (A) CD4* naive T cells were isolated from C57BL/6 mouse spleens. The CD4* T cells were
then activated in cultures by an anti-CD3 mAb (5 pg/mL) in the presence of either the parental
DC2.4 cells or the DC2.4-CYP-ALDH cells. Additionally, the cultures were added with the indicated
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concentrations of 25(OH)D and retinol. Five days later, the cells were collected and analyzed by
FACS for the expressions of foxp3 and CCR9 in CD3*CD4* T cell population. Representative FACS
plots show the expressions of foxp3 and CCR9 in the CD3*CD4* T cell populations. (B) Cumulative
data from (A). *p < 0.05; ANOVA test; n = 4. This figure is adapted from Xu et al.®. Copyright 2019.
The American Association of Immunologist, Inc.

Figure 4: DC-CYP-ALDH cells augmented the induction of foxp3*CCR9* gut-homing Treg cells in
vivo. (A) Balb/c mice intraperitoneally (i.p.) received one of the following: DC transfers (Transfer),
no DC transfer (No transfer), parental DC2.4 cells, DC2.4-CYP cells, and DC2.4-CYP-ALDH cells.
Four days later, mesenteric lymph nodes (MLNs) were analyzed by FACS. (B) Representative FACS
plots show the expressions of foxp3 and CCR9 in CD3* T cell population. (C) Cumulative data from
(B) show the percentage of foxp3*CCR9* cells in the CD3* T cell population. Cells were gated on
CD3* T cells for all the analyses. Where applicable, the data presented are means + SEM. *p <
0.05; ANOVA test; n = 4—6. This figure is adapted from Xu et al... Copyright 2019. The American
Association of Immunologist, Inc.

DISCUSSION:

In this article we describe the use of DC-CYP-ALDH cells, for augmenting the induction of gut-
homing Treg cells in peripheral lymphoid tissues. Our data have shown that the DC-CYP-ALDH
cells can synthesize locally high concentrations de novo of both 1,25(0H),D and RA in vitro in the
presence of corresponding substrates (i.e., 25(0OH)D and retinol, respectively). Because sufficient
blood concentrations of 25(OH)D and retinol can be easily achieved through vitamin D and A
supplementations respectively in patients who have deficiencies3®3!, we reason that the DC-CYP-
ALDH cells can augment the induction of gut-homing Treg cells in peripheral lymphoid tissues
when normal blood concentrations of 25(0OH)D and retinol are present. To support this reasoning,
our data demonstrated that in normal healthy animals that do not have vitamin D and vitamin A
deficiencies, the DC-CYP-ALDH cells augment the induction of Treg cells that express both
regulatory molecules (i.e., foxp3 and IL-10) and a gut-homing receptor (i.e., CCR9). Therefore,
this technology can be used for further investigation of gut-homing Treg cells for the treatment
of IBD.

One critical step of this protocol is the production of lenti-CYP-ALDH virus with high titers. The
preferred virus titers should be 102-10° TUs/mL. A high titer of the lenti-CYP-ALDH virus is
necessary for a high transduction efficiency in DCs.

Another critical step of this protocol is the transduction efficiency in DCs. Because DC-CYP-ALDH
cells are not tolerized in vitro in this technology, it is essential that the transduction rate be more
than 90% to ensure that the DC-CYP-ALDH cells can efficiently augment the induction of gut-
homing Treg cells in vivo. In addition, the DC-CYP-ALDH cells can be further purified by FACS
before in vivo administration32.

A unique advantage of this protocol is that the DC-CYP-ALDH cells do not need to be tolerized in

vitro before in vivo administration. It is expected that the DC-CYP-ALDH cells, as a result of the
combined actions of 1,25(0OH),D and RA, will be maintained in a tolerogenic status in vivo because
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both 1,25(0OH),D and RA have been shown to tolerize DCs3334, Therefore, we anticipate that the
DC-CYP-ALDH cells will not have instability concerns in an in vivo proinflammatory environment.

Currently, we have only demonstrated that DC-CYP-ALDH cells can increase the frequency
(number) of gut-homing Treg cells in peripheral lymphoid tissues and intestines®. Consequently,
regulatory function in the intestines as a whole is enhanced because the percent of Treg cells in
the intestines is increased. Figure 4 shows that when compared to those with control treatments,
intraperitoneal treatment with DC-CYP-ALDH cells significantly increased the percentage of
CCR9*foxp3* Treg cells in the mesenteric lymph nodes, meaning that more Treg cells in the
mesenteric lymph nodes are able to specifically home into the intestinal tissues. Figure 4 further
shows that most foxp3* T cells in mesenteric lymph nodes are CCR9and therefore do not have
gut-homing capacity. However, whether DC-CYP-ALDH cells can also enhance the regulatory
function of each Treg cell per se (such as enhanced expression levels of foxp3 and/or IL-10)
requires further investigation.

The reagents and materials described here are for animal studies only. However, the protocol is
applicable for human studies by using corresponding human reagents and materials, except that
DCs will be generated from peripheral blood monocytes in humans. The ultimate goal of this
protocol is the generation of clinical grade DC-CYP-ALDH cells for the treatment of IBD.

ACKNOWLEDGMENTS:

This work was supported by the Office of the Assistant Secretary of Defense for Health Affairs
through the Peer Reviewed Medical Research Program under Award No. W81XWH-15-1-0240
(XT). Opinions, interpretations, conclusions, and recommendations are those of the author and
are not necessarily endorsed by the Department of Defense. This work was also partially
supported by Research Innovation Grants from the Department of Medicine at Loma Linda
University (681207-2967 [XT and GG], 681205-2967 [XT], and 325491 [DJB]).

DISCLOSURES:
Drs. Xiaolei Tang and David J. Baylink are inventors of a pending patent related to this study.

REFERENCES:

1. Abraham, C., Cho, J. H. Inflammatory bowel disease. New England Journal of Medicine.
361 (21), 2066—2078 (2009).

2. Kaser, A., Zeissig, S., Blumberg, R. S. Inflammatory bowel disease. Annual Reviews in
Immunology. 28, 573-621 (2010).

3. Clifford, D. B. et al. Natalizumab-associated progressive multifocal leukoencephalopathy
in patients with multiple sclerosis: lessons from 28 cases. Lancet Neurology. 9 (4), 438—-446
(2010).

4, Linda, H. et al. Progressive multifocal leukoencephalopathy after natalizumab
monotherapy. New England Journal of Medicine. 361 (11), 1081-1087 (2009).

5. Fischer, A. et al. Differential effects of alphadbeta7 and GPR15 on homing of effector and
regulatory T cells from patients with UC to the inflamed gut in vivo. Gut. 65 (10), 1642-1664
(2016).

Page 9 of 12 revised November 2018



441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

6. Xu, Y. et al. In Vivo Generation of Gut-Homing Regulatory T Cells for the Suppression of
Colitis. Journal of Immunology. 202 (12), 3447-3457 (2019).

7. Rosenblum, M. D., Way, S. S., Abbas, A. K. Regulatory T cell memory. Nature Reviews
Immunology. 16 (2), 90-101 (2016).
8. Grimm, A. J., Kontos, S., Diaceri, G., Quaglia-Thermes, X., Hubbell, J. A. Memory of

tolerance and induction of regulatory T cells by erythrocyte-targeted antigens. Science Report. 5
15907, (2015).

9. Kim, H. J. et al. Stable inhibitory activity of regulatory T cells requires the transcription
factor Helios. Science. 350 (6258), 334—339 (2015).

10. Bhela, S. et al. The Plasticity and Stability of Regulatory T Cells during Viral-Induced
Inflammatory Lesions. Journal of Immunology. 199 (4), 1342-1352 (2017).

11. Bluestone, J. A. et al. Type 1 diabetes immunotherapy using polyclonal regulatory T cells.
Science Translational Medicine. 7 (315), 315ra189 (2015).

12. Marek-Trzonkowska, N. et al. Therapy of type 1 diabetes with CD4(+)CD25(high)CD127-
regulatory T cells prolongs survival of pancreatic islets - results of one year follow-up. Clinical
Immunology. 153 (1), 23—-30 (2014).

13. Desreumausx, P. et al. Safety and efficacy of antigen-specific regulatory T-cell therapy for
patients with refractory Crohn's disease. Gastroenterology. 143 (5), 1207-1217 e1201-1202
(2012).

14. Di lanni, M. et al. Tregs prevent GVHD and promote immune reconstitution in HLA-
haploidentical transplantation. Blood. 117 (14), 3921-3928 (2011).

15. Brunstein, C. G. et al. Infusion of ex vivo expanded T regulatory cells in adults transplanted
with umbilical cord blood: safety profile and detection kinetics. Blood. 117 (3), 1061-1070 (2011).
16. Kang, S. W. et al. 1,25-Dihyroxyvitamin D3 promotes FOXP3 expression via binding to
vitamin D response elements in its conserved noncoding sequence region. Journal of
Immunology. 188 (11), 5276-5282 (2012).

17. Correale, J., Ysrraelit, M. C., Gaitan, M. I. Immunomodulatory effects of Vitamin D in
multiple sclerosis. Brain. 132 (Pt 5), 1146-1160 (2009).
18. Iwata, M. et al. Retinoic acid imprints gut-homing specificity on T cells. Immunity. 21 (4),

527-538 (2004).

19. Steinman, R. M., Banchereau, J. Taking dendritic cells into medicine. Nature. 449 (7161),
419-426 (2007).

20. Vicente-Suarez, |., Brayer, J., Villagra, A., Cheng, F., Sotomayor, E. M. TLR5 ligation by
flagellin converts tolerogenic dendritic cells into activating antigen-presenting cells that
preferentially induce T-helper 1 responses. Immunology Letters. 125 (2), 114-118 (2009).

21. Danova, K. et al. NF-kappaB, p38 MAPK, ERK1/2, mTOR, STAT3 and increased glycolysis
regulate stability of paricalcitol/dexamethasone-generated tolerogenic dendritic cells in the
inflammatory environment. Oncotarget. 6 (16), 14123-14138 (2015).

22. Liu, P. T. et al. Toll-like receptor triggering of a vitamin D-mediated human antimicrobial
response. Science. 311 (5768), 1770-1773 (2006).

23. Cao, H. et al. Application of vitamin D and vitamin D analogs in acute myelogenous
leukemia. Experimental Hematology. 50, 1-12, (2017).

24, Anderson, A. et al. Lasting Impact of Clostridium difficile Infection in Inflammatory Bowel
Disease: A Propensity Score Matched Analysis. Inflammatory Bowel Disease. 23 (12), 21802188

Page 10 of 12 revised November 2018



485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515

(2017).

25. Tsai, J. H. et al. Association of Aneuploidy and Flat Dysplasia With Development of High-
Grade Dysplasia or Colorectal Cancer in Patients With Inflammatory Bowel Disease.
Gastroenterology. 153 (6), 1492—-1495 e1494 (2017).

26. Lee, H. W. et al. Tracking of dendritic cell migration into lymph nodes using molecular
imaging with sodium iodide symporter and enhanced firefly luciferase genes. Science Reports. 5,
9865, (2015).

27. Shen, Z., Reznikoff, G., Dranoff, G., Rock, K. L. Cloned dendritic cells can present
exogenous antigens on both MHC class | and class Il molecules. Journal of Immunology. 158 (6),
2723-2730 (1997).

28. Okada, N. et al. Administration route-dependent vaccine efficiency of murine dendritic
cells pulsed with antigens. British Journal of Cancer. 84 (11), 1564—1570 (2001).

29. Li, C. H. et al. Dendritic cells, engineered to overexpress 25-hydroxyvitamin D lalpha-
hydroxylase and pulsed with a myelin antigen, provide myelin-specific suppression of ongoing
experimental allergic encephalomyelitis. FASEB J. (2017).

30. Narula, N. et al. Impact of High-Dose Vitamin D3 Supplementation in Patients with Crohn's
Disease in Remission: A Pilot Randomized Double-Blind Controlled Study. Digestive Disease
Science. 62 (2), 448-455 (2017).

31. Ahmad, S. M. et al. Vitamin A Supplementation during Pregnancy Enhances Pandemic
H1N1 Vaccine Response in Mothers, but Enhancement of Transplacental Antibody Transfer May
Depend on When Mothers Are Vaccinated during Pregnancy. Journal of Nutrition. 148 (12), 1968—
1975 (2018).

32. Noronha, S. M. R. et al. Aldefluor protocol to sort keratinocytes stem cells from skin.
Acta Cirurgica Brasileira. 32 (11), 984-994 (2017).
33. Ferreira, G. B. et al. Vitamin D3 Induces Tolerance in Human Dendritic Cells by Activation

of Intracellular Metabolic Pathways. Cell Reports. 10 (5), 711-725 (2015).

34. Bakdash, G., Vogelpoel, L. T., van Capel, T. M., Kapsenberg, M. L., de Jong, E. C. Retinoic
acid primes human dendritic cells to induce gut-homing, IL-10-producing regulatory T cells.
Mucosal Immunology. 8 (2), 265-278 (2015).

Page 11 of 12 revised November 2018



Figure-1

A

BMDC, BMDC-CYP-
\ ALDH

E /

Conc. of

-
-8 B E

1,25(0H),D (pg/mi)

Click here to access/download;Figure;Figure 1.tif

Figure 1



https://www.editorialmanager.com/jove/download.aspx?id=1110532&guid=033fb93f-d119-4126-a5df-741fa1f524af&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1110532&guid=033fb93f-d119-4126-a5df-741fa1f524af&scheme=1

Figure-2 Click here to access/download;Figure;Figure 2.tif =

§
L—

mh =

MFis of BODIPY aminoacetate W
=3 ik

BODIPY aminoacetate


https://www.editorialmanager.com/jove/download.aspx?id=1110533&guid=f61479e4-e9df-4900-a765-1131ad14f9b5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1110533&guid=f61479e4-e9df-4900-a765-1131ad14f9b5&scheme=1

Figure-3 Click here to access/download;Figure;Figure 3.tif

7
DC24 (23

":nnu-cﬂ-m.nl-l

‘.

‘,.

3 -

2.

1.

0
Mediun  100nM  300nM



https://www.editorialmanager.com/jove/download.aspx?id=1110534&guid=545307af-5ae5-48d6-b769-81843be0d0bf&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1110534&guid=545307af-5ae5-48d6-b769-81843be0d0bf&scheme=1

Figure-4 Click here to access/download;Figure;Figure 4.tif

Figure 4

iy
L—J

e B A ® 2

.,_Iii

S5

% CCR'Toxp3* colls
among CD3* T cells



https://www.editorialmanager.com/jove/download.aspx?id=1110535&guid=c2242187-08ba-470c-b82c-e630f3e8268d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1110535&guid=c2242187-08ba-470c-b82c-e630f3e8268d&scheme=1

Table of Materials Click here to access/download;Table of Materials;Wasnik Materials 09-17-19.xlsx %

Name of Material/ Equipment Company

10 mL syringes ThermoFisher Scientific
100 mm x 20 mm culture dishes Sigma-Aldrich

12-well culture plates ThermoFisher Scientific
150 mm x 25 mm culture dishes Sigma-Aldrich
25-hydroxycholecalciferol (25[OH]D) Sigma-Aldrich

293T cells ATCC
2-mercaptoethanol ThermoFisher Scientific
6-well culture plates ThermoFisher Scientific
ALDEFLUOR kit Stemcell Technologies
Anti-CYP27B1 Abcam

BD FACSAria ll BD Biosciences

CaCl2 Sigma-Aldrich

CM-10-D cell culture medium

CM-10-R cell culture medium

CM-4-D cell culture medium

Corning bottle-top vacuum filters, 0.22 uM, 500 mL Sigma-Aldrich
Corning bottle-top vacuum filters, 0.45 uM, 500 mL Sigma-Aldrich
Dissecting scissor ThermoFisher Scientific
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DMEM medium

Fetal bovine serum
Forceps

Gibco ACK lysing buffer
Glycerol

Goat anti-rabbit IgG
HEPES

Lenti-CYP-ALDH

L-glutamine
Lipopolysaccharide

Murine GM-CSF

Murine IL-4
Na2HPO4
NacCl
Needles

Nonessential Amino Acids

pCMVRS.74
Penicillin/Streptomycin

Phoshate Balanced Solution (PBS)

PMD2G

Polypropylene tube, 15 mL
Polypropylene tube, 50 mL

Protamine sulfate

Rabbit polycloncal IgG isotype control

ThermoFisher Scientific

ThermoFisher Scientific
ThermoFisher Scientific
ThermoFisher Scientific
Sigma-Aldrich

Abcam

Millipore
Custom-made

ThermoFisher Scientific
Sigma-Aldrich

Peprotech

Peprotech
Sigma-Aldrich
Sigma-Aldrich
ThermoFisher Scientific
ThermoFisher Scientific
Addgene
ThermoFisher Scientific
ThermoFisher Scientific

Addgene

ThermoFisher Scientific
ThermoFisher Scientific
Sigma-Aldrich

Abcam



Radioimmunoassay for 1,25(0H),D measurement

RPMI 1640 medium, no glutamine
Sodium pyruvat

Sorvall Legend XTR Centrifuge
Sterile Cell strainers, 40 um
Sterile storage bottles, 500 mL

Heartland Assays

ThermoFisher Scientific
ThermoFisher Scientific
ThermoFisher Scientific
ThermoFisher Scientific
ThermoFisher Scientific



Catalog Number
Cat# 03-377-23

Cat# CLS430167

Cat# 07-200-82
Cat# CLS430559
Cat# H4014
CRL-3216

Cat#: 21985023
Cat# 07-200-83
Cat# 01700
Cat# ab95047
N/A

Cat# C1016

Cat# CLS430513
Cat# CLS430514
Cat# 08-940



Cat# 11960044

Cat# 16000044

Cat# 22-327379

Cat# A1049201

Cat# G5516

Cat# ab205718

Cat# 391340

1.6-kb mouse CYP27B1 and ALDH1a2 cDNAs were amplified by PCR using a
plasmid containing the CYP27B1 cDNA and a plasmid containing the ALDH1a2
Cat#25030081

Cat# L3755

Cat# 315-03

Cat# 214-14
Cat# NIST2186ll
Cat#t 59888
Cat# 14-841-02
Cat#: 11140076
Plasmid# 22036
Cat#15140148
Cat#: 20012027

Plasmid# 12259
Cat# AM12500
Cat# AM12502
Cat# P3369

Cat#t ab171870



Cat# 21870076
Cat#: 11360070
Cat#t 75004521
Cat# 07-201-430
Cat# CLS431432



Comments/Description

DMEM medium containing 10% fetal bovine serum (FBS), 100 U/ml
penicillin/streptomycin, 0.055 uM 2-mercaptoethanol (2-ME), 1 mM
sodium pyruvate, 0.1 mM nonessential amino acid, and 2 mM L-
glutamine.

RPMI 1640 medium (no glutamine) containing 10% fetal bovine serum
(FBS), 100 U/ml penicillin/streptomycin, 0.055 uM 2-mercaptoethanol
(2-ME), 1 mM sodium pyruvate, 0.1 mM nonessential amino acid, and 2
mM L-glutamine.

DMEM medium containing 4% fetal bovine serum (FBS), 100 U/ml
penicillin/streptomycin, 0.055 uM 2-mercaptoethanol (2-ME), 1 mM
sodium pyruvate, 0.1 mM nonessential amino acid, and 2 mM L-
glutamine.
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summaries, extracts, Derivative Works or Collective Works
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whether now known or hereafter devised, and include the
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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 JoVE the
maximum rights permissible within such statute.
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JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
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9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
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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
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all applicable privacy, likeness, personality or similar laws.
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Author (or, if more than one author is listed at the beginning
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Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
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. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
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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,
length, 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
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’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

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall 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 connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication 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.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Dear editors,

We really appreciate the editorial and reviewers’ comments which aimed to improve the
quality of our manuscript. We have now carefully revised the manuscript according to the
comments. The revised parts are colored texts and filmable contents are highlighted. In
addition, please also see the following point-to-point responses to the comments.

1. Editorial Comments:
1) Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript
and any errors in the submitted revision may be present in the published version.
We have thoroughly proofread the manuscript.

2) Please make the title concise. Maybe: In vivo augmentation of the induction in gut
homing regulatory T- cells.
We have modified the title accordingly.

3) Please provide an email address for each author.
All the email addresses have been added.

4) Please list the corresponding author separately.
Corresponding author is now listed separately.

5) Please rephrase the Short Abstract/Summary to clearly describe the protocol and its
applications in complete sentences between 10-50 words: “Here, we present a protocol to

”

The Short Abstract/Summary has been rephrased accordingly.

6) Lines 69-90: Please reduce the usage of word “novel” to focus on the science rather
than to present a technique as an advertisement.
We have removed most “novel” terms in the manuscript.

7) Please ensure the Introduction includes all of the following:
A. A clear statement of the overall goal of this method.
Yes.

B. The rationale behind the development and/or use of this technique.
Yes.

C. The advantages over alternative techniques with applicable references to previous
studies.

Yes.

D. A description of the context of the technique in the wider body of literature.

Yes.

*
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E. Information to help readers to determine whether the method is appropriate for
their application.
Yes.

8) Please include an ethics statement before your numbered protocol steps, indicating
that the protocol follows the animal care guidelines of your institution.
The ethic statement has been added.

9) JoVE cannot publish manuscripts containing commercial language. Please remove all
commercial language from your manuscript and use generic terms instead. All commercial
products should be sufficiently referenced in the Table of Materials and Reagents. For
example: ALDEFLUOR kit (STEMCELL Technologies), CM-RPMI, (RIA) by Heartland Assays,
Inc. (Ames, IA), etc.

All the commercial languages have been removed.

10) Please ensure that all text in the protocol section is written in the imperative tense as
if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions
should be described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol.
Any text that cannot be written in the imperative tense may be added as a “Note.”
However, notes should be concise and used sparingly.

Yes.

11) Please revise the protocol text to avoid the use of any personal pronouns in the
protocol (e.g., "we", "you", "our" etc.).

Yes.

12) The Protocol should contain only action items that direct the reader to do something.
Yes.

13) The Protocol should be made up almost entirely of discrete steps without large
paragraphs of text between sections.
Yes.

14) Please use complete sentences throughout the protocol steps.
Yes.

15) Please add more details to your protocol steps. Please ensure you answer the “how”
question, i.e., how is the step performed?
See colored revisions.



16) 1.5: Either convert to table or use complete sentence to detail the same. If making
table, please upload the table separately in .xIsx style to your editorial manager account
and refer the table in the manuscript wherever applicable.

This part has been modified.

17) 2.1: How is the harvesting performed? Please include the details or include some
citations for the same.
A citation has been included.

18) 4.2: Please detail how is this done.
Details have been added.

19) There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable
content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing)
that identifies the essential steps of the protocol for the video, i.e., the steps that should be
visualized to tell the most cohesive story of the Protocol.

Filmable content has been highlighted.

20) Please describe the result with respect to your experiment, you performed an
experiment, how did it help you to conclude what you wanted to and how is it in line with
the title. e.g., how do these results show the technique, suggestions about how to analyze
the outcome, etc. The paragraph text should refer to all of the figures. Data from both
successful and sub-optimal experiments can be included.

Yes.

21) Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor or a
link to the editorial policy that allows reprints. Please upload this information as a .doc or
.docx file to your Editorial Manager account. The Figure must be cited appropriately in the
Figure Legend, i.e. “This figure has been modified from [citation].”

Copy right permission has been attached with revision submission.

22) As we are a methods journal, please ensure the Discussion explicitly cover the
following in detail in 3-6 paragraphs with citations:

A.  Critical steps within the protocol.
Yes.

B. Any modifications and troubleshooting of the technique.
Yes.

C. Any limitations of the technique.
Yes.

D. The significance with respect to existing methods.



2.

Yes.

E. Any future applications of the technique.
Yes.

23) Please do not abbreviate the journal titles in the references section.
Yes.

24) Please sort the materials table in the alphabetical order.
Yes.

Reviewer 1:

1) Manuscript Summary: The manuscript by Bi at al describes a new method that can be
used to induce CCR9+Foxp3+ Tregs using lentiviral in vitro transductions. The method is also
used in a recent JI paper by authors.

2) Major Concerns:

A. It is unclear why author describe first the use of BMDCs but then switch to a DC-cell
line. Please clarify and provide lentiviral transduction protocols for both, if different.

We used DC2.4 cells for mechanistic studies of DC-CYP-ALDH cells because DC2.4 cells are a
cell line and are readily available. However, we used BMDCs for investigating the
therapeutic effects of DC-CYP-ALDH cells for TNBS-induced colitis. The reason is that DC2.4
cells have a C57BL/6 background and the TNBS colitis is induced in Balb/c mice. The
rationale for the choice of TNBS colitis is that it is mediated by Thl cells and Th1 cells are
recently shown to be critical in the pathogenesis of colitis.

The transduction protocol for both DC2.4 cells and BMDCs is the same.

B. It would be important to describe how the DC-identity of BM cells was or can be
confirmed after the in vitro culture steps, ie what is the expect percentage of CD11c+ cells
for example?

Normally, more than 90% of the DCs generated by our protocol are CD11lc*. DCs are
routinely used in our studies®?.

C. In vivo experiments: How was the "gut-homing" of Tregs confirmed, now only the
expression of CCR9 is determined in mesenteric lymphnode T cells. Did author confirm the
gut homing by isolating the intra epithelial and/or lamina propria T regs? Were the
proportions of CCR+ cells compared between mesenteric and inguinal/cervival lymph
nodes? Were other gut homing markers for Tregs tested?

These information can be found in our JI paper?. Since this is a method paper, we are not
including all the data published in our recent JI paper in this manuscript. We only requested
the permission for reproducing the four figures presented in this paper.



To briefly address the reviewer’s question, firstly, we confirmed the gut-homing by
subcutaneous immunization with OVAsz3339-pulsed DC-CYP-ALDH cells followed by
enumeration of I-A%/OVA323.330 tetramer* foxp3* and IL-10* Treg cells in intestines.

Secondly, we did not compare [-A9/OVAs3.339 tetramer® foxp3* and IL-10* Treg cells
between mesenteric and inguinal/cervical lymph nodes, which is an interesting experiment
in the future to further define the specific homing capacity of the induced Treg cells.

Thirdly, other gut-homing receptors should be investigated as well in future studies.

D. How suppressive the Foxp3CCR9-positive Tregs are compared to CCR9-negative T
regs? In Figure 4, it seems that CCR-negative Tregs tend to have have a higher expression
of foxp3? Please include a discussion.

This is an interesting question. Currently, we have only demonstrated that DC-CYP-ALDH
cells can increase the frequency (number) of gut-homing Treg cells in peripheral lymphoid
tissues and intestines?. Consequently, regulatory function in intestines as a whole is
enhanced because percent of Treg cells in intestines are increased. Figure 4 shows that
intraperitoneal treatment with DC-CYP-ALDH cells, when compared to those with control
treatments, significantly increased the percentage of CCR9*foxp3* Treg cells in mesenteric
lymph nodes, meaning that more Treg cells in the mesenteric lymph nodes are able to
specifically home into intestinal tissues. Figure 4 further shows that most foxp3* T cells in
mesenteric lymph nodes are CCR9™ and therefore do not have gut-homing capacity.
However, whether DC-CYP-ALDH cells can also enhance the regulatory function of each Treg
cell per se (such as enhanced expression levels of foxp3 and/or IL-10) requires further
investigation.

E. Experiment in Figure 2 is not sufficiently detailed. Please provide the a more detailed
biochemical rationale in the method section. What are the DEAB+ and DEAB- cells is the
facs blots, are they a mixture of two separate cell cultures or overlaid blots?

Sorry for the insufficient information that led to confusion in Figure 2. We have now
provided detailed description of the protocol for the “Evaluation of the overexpressed
RALDH2 in DC-CYP-ALDH cells” (section 4.2). “+DEAB” and “-DEAB” are overlaid two FACS
plots in both BMDC and BMDC-CYP-ALDH panels, meaning that each panel contains FACS
plots from two tubes in which one tube was added with DEAB and the other was not.
“+DEAB” tubes are served as negative control for “-DEAB” tubes.

F. Did authors perform live gating in all their FACS analyses (FSC/SSC), if so please
include this in the description and ideally show these blots, this is especially important for
Figure 1 which now contains only a histogram.

Yes. We routinely perform live gating for all FACS analyses. We now included this
description in the figure legend.

3) Minor Concerns:



A. Please include a better description of thee custom made lenti-cyp-aldh plasmid,
what is the backbone, is it commercially available?
We have now included more description of the custom made lenti-CYP-ALDH plasmid in

“Materials”. To address the reviewer’s question, the backbone is Addgene’s pRRL-
SIN.cPPt.PGKGFP.WPRE lentiviral vector. The plasmid containing the CYP27B1 cDNA
and the plasmid containing the ALDH1a2 cDNA are available from GeneCopoeia.

B. Can the generated lentivirus-containing supernatant infect humans, include
necessary precautions if so.

All the reagents described in this protocol are for animal studies only and are not intended
for human use.

3. Reviewer 2:
1) Manuscript Summary: This is a well written paper that covers an interesting and
important topic building on the authors recent work in JI. It will be useful for researchers
studying immune responses in the gut, regulatory T cell therapy or clinicians interested in
IBD.

2)  Major Concerns: The methods and presentation are sound and uncontroversial my
concerns are
A. What does this add to the JI paper published earlier this year?
Our JI paper is more focused on describing the mechanisms of this technology. However,
this JoVE paper will provide more detailed step-by-step description of the techniques that
are used in the generation of DC-CYP-ALDH cells. Therefore, readers will find much easier to
reproduce the technology by following the protocol described in this JoVE paper.

B. Could they look at using the same approach to generate gut homing Tregs in human
cells? This should be straightforward and would extend the utility of the technique to
those studying patient cells and those developing clinical grade Tregs. This should at least
be covered in the discussion.

Yes, we are preparing for human studies. We have now added this discussion.

4. References:

1 Li, C. H. et al. Dendritic cells, engineered to overexpress 25-hydroxyvitamin D 1alpha-
hydroxylase and pulsed with a myelin antigen, provide myelin-specific suppression of ongoing
experimental allergic encephalomyelitis. FASEB J. doi:fj.201601243R [pii]

10.1096/fj.201601243R, (2017).

2 Xu, Y. et al. In Vivo Generation of Gut-Homing Regulatory T Cells for the Suppression of Colitis.
JImmunol. 202 (12), 3447-3457, doi:10.4049/jimmunol.1800018

jimmunol.1800018 [pii], (2019).
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Dr. Xiaolei Tang

Loma Linda University,
Loma Linda, CA 92373

Email: XITang@!lu.edu

Dear Dr. Tang:

The American Association of Immunologists, Inc., grants permission to reuse Figures 1,
2, 3 from the article “In vivo Generation of Gut-homing Regulatory T Cells for the
Suppression of Colitis” published in The Journal of Immunology, vol. 202, pp. 3447-
3457, 2019, in a JoVE manuscript,” published by JoVE, contingent on the following
conditions:

1. That you give proper credit to the authors and to The Journal of Immunology,
including in your citation the volume, date, and page numbers.

2. That you include the statement:
Copyright 2019. The American Association of Immunologists, Inc.

3. That permission is granted for one-time use only for print and electronic format.
Permission must be requested separately for future editions, revisions, derivative
works, and promotional pieces. Reproduction of any content, other than Figures
and Figure Legends, from The Journal of Immunology is permitted in English
only.

Thank you for your interest in The Journal of Immunology.
Sincerely,
Catherine Wattenberg

Director of Publications
The Journal of Immunology

THE AMERICAN ASSOCIATION OF IMMUNOLOGISTS, INC.
1451 Rockville Pike, Suite #650, Rockville, MD 20852
Phone 301.634.7197 | Fax 301.634.7829 | infoji@aai.org | www.jimmunol.org
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