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39  ABSTRACT:
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healthy tissues. Thus, traditional therapies are designed to suppress donor T-cell alloreactivity.
However, these approaches substantially impair the GVL effect so that the recipient’s survival is
not improved. Understanding the effects of therapeutic approaches on BMT, GVL, and GVHD, is
thus essential. Due to the antigen-presenting and cytokine-secreting capacities to stimulate
donor T-cells, recipient dendritic cells (DCs) play a significant role in the induction of GVHD.
Therefore, targeting recipient DCs becomes a potential approach for controlling GVHD. This work
provides a description of a novel BMT platform to investigate how host DCs regulate GVH and
GVL responses after transplantation. Also presented is an effective BMT model to study the
biology of GVHD and GVL after transplantation.

INTRODUCTION:

Allogeneic hematopoietic stem cell transplantation (BMT) is an effective therapy to treat
hematological malignancies®? through the graft-versus-leukemia (GVL) effect®. However, donor
lymphocytes always mount unwanted immunological attacks against recipient tissues, a process
called graft-versus-host disease (GVHD)*.

Murine models of GVHD are an effective tool to study the biology of GVHD and the GVL
response”. Mice are a cost-effective research animal model. They are small and efficiently dosed
with molecules and biologics at early phases of development®. Mice are ideal research animals
for genetic manipulation studies because they are genetically well defined, which is ideal for
studying biological pathways and mechanisms®. Several mouse major histocompatibility complex
(MHC) MHC-mismatched models of GVHD have been well established, such as C57BL/6 (H2P) to
BALB/c (H29) and FVB (H29)->C57BL/6 (H2)>7. These are particularly valuable models to
determine the role of individual cell types, genes, and factors that affect GVHD. Transplantation
from C57/BL/6 (H2P) parental donors to recipients with mutations in MHC | (B6.C-H2°™1) and/or
MHC Il (B6.C-H2b™*?) revealed that a mismatch in both MHC class | and class Il is an important
requirement for the development of acute GVHD. This suggests that both CD4* and CD8* T-cells
are required for disease development’®. GVHD is also involved in an inflammatory cascade
known as the ‘pro-inflammatory cytokine storm’®. The most common conditioning method in
murine models is total body irradiation (TBI) by X-ray or *3’Cs. This leads to the recipient’s bone
marrow ablation, thereby allowing donor stem cell engraftment and preventing rejection of the
graft. This is done by limiting the proliferation of recipient T-cells in response to donor cells.
Additionally, genetic disparities play an important role in disease induction, which also depends
on minor MHC-mismatch'®. Therefore, myeloablative irradiation dose varies in different mouse
strains (e.g., BALB/c—> C57BL/6).

Activation of donor T-cells by host antigen presenting cells (APCs) is essential for GVHD
development. Among the APCs, dendritic cells (DCs) are the most potent. They are inheritably
capable of inducing GVHD due to their superior antigen uptake, expression of T-cell co-
stimulatory molecules, and production of pro-inflammatory cytokines that polarize T-cells into
pathogenic subsets. Recipient DCs are critical for facilitating T-cell priming and GVHD induction
after transplantation'12, Accordingly, DCs have become interesting targets in the treatment of
GVHD?*2,
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TBI is required to enhance the donor cell engraftment. Due to the TBI effect, recipient DCs are
activated and survive for a short time after the transplantation!?. Despite major advancements
in the usage of bioluminescence or fluorescence, establishing an effective model to study the
role of recipient DCs in GVHD is still challenging.

Because donor T-cells are the driving force for GVL activity, treatment strategies using
immunosuppressive drugs such as steroids to suppress T-cell alloreactivity often cause tumor
relapse or infection!3. Therefore, targeting recipient DCs may provide an alternative approach to

treat GVHD while preserving the GVL effect and avoiding infection.

In brief, the current study provides a platform to understand how different types of signaling in
recipient DCs regulates GVHD development and the GVL effect after BMT.

PROTOCOL:

The experimental procedures were approved by the Institutional Animal Care and Use
Committee of University of Central Florida.

1. GVHD induction

NOTE: Allogeneic bone marrow (BM) cell transplantation (step 1.2) is performed within 24 h after
irradiation. All procedures described below are performed in a sterile environment. Perform the
procedure in a tissue culture hood and use filtered reagents.

1.1. Day 0: Prepare the recipient mice.

1.1.1. Use female wild type (WT) mice on a BALB/c background (CD45.2*H2k%), 10-12 weeks
old as recipients.

1.1.2. Ear-tag and weigh the recipients before TBI. Then, place up to 11 mice in the irradiation
chamber and keep it in the irradiator. Irradiate at a single dose of 700 cGy for 10-15 min.

1.1.3. Returnirradiated animals to the cages and house them in pathogen-free facilities before
the transplant.

NOTE: The minimal body weight of the recipients should be around 20 g. Use this weight as the
reference to calculate the body weight loss during the experimental period.

1.2. Day 1: Prepare T-cell depleted bone marrow (TCD-BM) from the donor mice.

1.2.1. Euthanize CD45.1/Ly5.1 C57BL/6 mice by CO asphyxiation and wait for 2-3 min until they
are unconscious. Perform cervical dislocation as a secondary euthanasia if necessary.

1.2.2. Put each mouse on a clean working board. Sanitize the fur and the skin with 70%
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isopropanol.

1.2.3. Collect the tibia and femur from both legs using forceps and scissors. Put them in ice-cold
RPMI containing 1% FCS and 100 U/mL penicillin/streptomycin and 2mM L-glutamine (1% RPMI)
in 50 mL conical tubes. Clean the femur and the tibia bones thoroughly by removing all the muscle
tissues using forceps and scissors. Transfer the femur and the tibia from the 50 mL conical tubes
to a 92 mm diameter Petri dish containing 1% RPMI.

1.2.4. Using scissors, cut the ends of the femur or tibia. Fill a 50 mL tube with 25 mL of 1% RPMI
1640 medium. Use this to fill a 3 mL syringe attached to a 26 G needle with 3 mL of 1% RPMI.
Insert this syringe into the bone and push the plunger to flush the bone marrow (BM) out of the
cavity into the collection tube with 1% RPMI (~3 mL/bone).

1.2.5. Repeat step 1.2.4 for all the remaining tibia and femur bones from other donor mice.
Keep all the collection tubes on ice.

1.2.6. Make the single cell suspension by flushing the bone marrow pieces through a 75 pum
mesh cell strainer. Collect the single cell suspension in a 50 mL tube.

1.2.7. Centrifuge tubes at 800 x g for 5 min at 4 °C. Aspirate and discard the supernatant.
Resuspend the pellet in PBS buffer containing 0.5% bovine serum albumin (BSA) at 20 x 10°
cells/mL. Save an aliquot of 2 x 10° cells for purity staining.

1.2.8. Add Thy 1 antibody at 0.05 pg/10° cells'* and incubate for 30 min at 4 °C. Wash once with
25 mL ice-cold PBS. Resuspend at 20 x 108/mL in 0.5% BSA/10% young rabbit complement/2%
DNase (10,000 U/mL in sterile H20). Incubate for 45 min at 37 °C and wash 2x as before.

NOTE: T-cells are depleted using a mAb specific for Thyl, a protein expressed by all T-cells, but
not other leukocytes.

1.2.9. Resuspend the cells in 20 mL of PBS buffer containing 0.5% BSA. Count the bone marrow
cells in 1% acetic acid using a hemocytometer. Keep an aliquot of 2 x 10° cells for a purity check
by flow cytometry after cell purification.

NOTE: One donor mouse normally generates about 25 x 10° TCD-BM.

1.2.10. Use flow cytometry to confirm a successful T-cell depletion. Stain 1 x 10° cells, preserved
from steps 1.2.7 (before T-cell depletion) and 1.2.9 (TCD-BM after T-cell depletion) with the
following antibodies: a-CD3 (17A2), a-CD4 (GK1.5), and a-CD8a (53-6.7).

1.3. Day 1: Prepare T-cells from the donor mice

1.3.1. Use CD45.2*H2k"*C57BL/6 wild type (WT) mice as donors for T-cells.
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1.3.2. Euthanize C57BL/6 mice by carbon dioxide (CO;) asphyxiation as described in 1.2.1.

1.3.3. Clean the fur and skin of the mouse thoroughly with 70% ethanol. Excise spleens and
lymph nodes and separate them into a single cell suspension of splenocytes using a syringe
plunger and 40 um mesh strainers. Wash the strainer and syringe plunger with 1% RPMI (1% FBS
containing RPMI media) to collect all splenocytes.

1.3.4. Centrifuge the cell suspension at 800 x g for 5 min at 4 °C. Add 5 mL of ACK lysing buffer
(1 mM NazEDTA, 10 mM KHCOs, 144 mM NH4Cl, pH 7.2) after discarding the supernatant.
Incubate the cell suspension for 5 min at room temperature.

NOTE: ACK lysis buffer is used for lysing red blood cells.

1.3.5. Add 5 mL of 1% RPMI to stop lysis. Centrifuge at 800 x g for 5 min at 4 °C. Discard the
supernatant.

1.3.6. Prepare ice-cold magnetic-activated cell sorting (MACS) buffer (0.5% BSA, 2 mM EDTA in
PBS, pH 7.2). Degas the buffer before use. Resuspend the cell pellets in 5 mL of MACS buffer.

1.3.7. Count the splenocytes and check for the live and dead cells using a hemocytometer and
1% trypan blue. Save an aliquot of 2 x 10° cells to evaluate the purification yield with flow
cytometry analysis.

1.3.8. Resuspend the splenocytes at the concentration of 200 x 108/mL in MACS buffer. Add 0.03
pL of biotin-anti-mouse-Ter-119, 0.03 uL of biotin anti-mouse-CD11b, 0.03 uL of biotin anti-
mouse -CD45R, and 0.03 pL of biotin anti-mouse -DX5 per 10° cells. Incubate for 15 min at 4 °C.

NOTE: Biotin-anti-mouse-Ter-119, biotin anti-mouse-CD11b, biotin anti-mouse -CD45R, and
biotin anti-mouse -DX5 were used to react with erythroid, granulocytes, B-cells, and NK cells
respectively. Therefore, these cell subsets are depleted in following step®.

1.3.9. Add 10 mL of ice-cold MACS buffer to the cell suspension. Centrifuge at 800 x g for 5 min
at 4 °C. Discard the supernatant.

1.3.10. Resuspend the cell pellets in the MACS buffer at a concentration of 100 x 108/mL. Add
anti-biotin microbeads (0.22 pL/108 cells) to the splenocyte suspension. Mix well and incubate
for an additional 15 min at 4 °C. Wash the cell suspension once with 10 mL of ice-cold MACS
buffer. Centrifuge at 800 x g for 5 min at 4 °C and discard the supernatant.

1.3.11. Put a magnetic separating column in the magnetic field. Rinse the column with 3 mL of
MACS buffer. Drop the cell suspension onto the column. Collect the flow-through consisting of
unbound, enriched T-cells, in a new 15 mL conical tube. Wash the MS column with 3 mL of ice-
cold MACS buffer.
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NOTE: Ensure that the column is empty prior to performing the washing steps.

1.3.12. Centrifuge the cell suspension at 800 x g for 5 min at 4 °C. Resuspend the cell pellet in 5
mL of MACS buffer.

1.3.13. Count the cells in 1% trypan blue using a hemocytometer. Save an aliquot of 2 x 10° cells
for a purity check by flow cytometry.

NOTE: The average yield of splenic T-cells isolated by this method is ~20-25 x 10° cells per mouse.
1.3.14. Confirm the yield of T-cell enrichment by flow cytometry. Stain 1 x 10° cells, preserved
from steps 1.3.7 (before T-cell depletion) and 1.3.13 (TCD-BM after T-cell depletion), with the
following antibodies: a-CD3 (17A2), a-CD4 (GK1.5), and a-CD8a (53-6.7).

1.4. Day 1: Inject irradiated mice with donor T-cells and TCD-BM.

1.4.1. Wash the TCD-BM and T-cells 2x with PBS (800 x g for 5 min at 4 °C). Resuspend the cells
in ice-cold PBS for injection. Adjust the cell concentration to 20 x 10%/mL for TCD BM and 4 x

10%/mL for T-cells.

1.4.2. Heat the animal using a heating lamp to increase the visibility of the bilateral tail veins. If
necessary, place the mouse in a restrainer.

1.4.3. Clean the surface of the tail using 70% isopropanol. Inject TCD-BM (5 x 106 cells/mouse)
with or without T-cells (0.75 x 10° cells/mouse). Be careful not to introduce any air into the

syringe.

1.4.4. Remove the needle and apply an antiseptic swab directly to the injection site 5-10 s to
stop any bleeding.

1.5.  Assess GVHD on days 2-80.
1.5.1. Keep track of the animal survival. Monitor the clinical signs of GVHD adapted from the
scoring system established previously by Cook et al.'® and the body weight of the recipient mice

2x per week. Use the body weight determined prior to the TBI to calculate the body weight loss.

1.5.2. Weigh each mouse individually. Score the weight loss as follows: grade 0 = less than 10%;
grade 1 = 10%-20%; grade 2 = more than 20%.

1.5.3. Score the posture sign of the recipients: grade 0 = no hunch; grade 0.5 = slight hunch but
straightens when walking; grade 1 = animal stays hunched when walking; grade 1.5 = animal does
not straighten out; grade 2.0 = animal stand on rear toes.

1.5.4. Score the mobility sign of the recipients: grade 0 = very active; grade 0.5 = slower than
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naive mice; grade 1.0 = moves only when poked; grade 1.5 = moves slightly when poked; grade
2.0 = does not move when poked.

1.5.5. Score the skin of the recipients: grade 0 = no abrasions, lesions, or scaling; grade 0.5 =
redness in one specific area; grade 1 = abrasion in one area or mild abrasion in two areas; grade
1.5 = serious abrasions in two or more areas; grade 2.0 = severe abrasions, cracking skin, dried
blood.

1.5.6. Score the fur of the recipients: grade 0 = no abnormal signs; grade 0.5 = ridging on the
side of belly or nape of neck, grade 1.0 = ridging across or the side of belly and neck; grade 1.5 =
unkempt matted and ruffed fur; grade 2.0 = badly matted fur on belly and back.

1.5.7. Score the diarrhea of the recipients: grade 0 = no diarrhea; grade 0.5 = slight and soft
stool; grade 1.0 = mild (yellow stool); grade 1.5 = moderate (yellow stool with a little blood);
grade 2 = severe (light yellow and bloody stool, “dried cake stools” appear at the anal area).

2. Cotransplantation model
2.1. Generate bone marrow-derived dendritic cells (BM-DCs).

2.1.1. Isolate bone marrow from the femurs and tibias of WT or factor B (fB) 7~ mice on the B6
background as described in steps 1.2.3-1.2.4. Spin the cells at 800 x g for 5 min.

2.1.2. Resuspend the pellet in 5 mL of ACK lysing buffer for red blood cell lysis. Incubate the cell
suspension for 5 min on ice. Add 10 mL of 1% RPMI to the cell suspension to stop the lysis and
centrifuge at 800 x g for 5 min at 4 °C. Discard the supernatant.

2.1.3. Resuspend the cell pellets in 10 mL of culture media (RPMI 1460 containing 10% FBS, 100
U/mL of penicillin/streptomycin, 2mM I-glutamine, and 50 mM B-mercaptoethanol) and adjust
the volume to meet the final concentration of 2 x 10° cells/mL.

2.1.4. Add 20 ng/mL granulocyte-macrophage colony-stimulating factor (GM-CSF) to the cell
suspension. Culture the bone marrow cells in 100 x 15 mm Petri dishes at 37 °C in 5% CO, for 6
days.

2.1.5. Replace half of the ongoing culture media (about 5 mL) with fresh media containing 40
ng/mL GM-CSF on day 3.

2.1.6. Prewarm the culture media in a water bath at 37 °C. Collect about 5 mL of the media from
the bone marrow culture dishes. Centrifuge at 800 x g for 5 min at 4 °C. Discard the supernatant.

Resuspend the cell pellet in 5 mL culture media containing 40 ng/mL GM-CSF.

2.1.7. Add 25 pg/mL lipopolysaccharide (LPS) to the media on day 6 of the culture to mature the
BM-DCs. Save an aliquot of 2 x 10° cells to determine the DC differentiation efficacy by flow
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cytometry.

2.1.8. Collect matured BM-DCs: Use cell lifters to softly scrape DCs from the Petri dishes. Collect
all the cell suspensions in 50 mL conical tubes. Centrifuge at 800 x g, for 5 min at 4 °C. Discard the
supernatant. Wash the cell pellets 3x with 50 mL of ice-cold PBS. Save about 2 x 10° BM-DCs for
immunological phenotype analysis by flow cytometry.

2.2. Perform dendritic cell co-transplantation of BMT (DC-cotransplanting BMT).

NOTE: Use FVB (H2k%) mice as donors for T-cells and BM cells. Irradiate B6 Ly5.1 recipient mice
at a dose of 1,100 cGy (2 doses, 3 h interval). See details in step 1.1.

2.2.1. Isolate BM from femurs and tibias of the FVB donor mice. See details in steps 1.2.3-1.2.10.
NOTE: Use total isolated bone marrow instead of TCD-BM in this model.

2.2.2. Purify T-cells from the spleens and lymph nodes of the FVB donor mice. See details in
steps 1.3.1-1.3.13.

2.2.3. Inject BM (5 x 10%/mouse), T-cells (0.5 x 108/mouse) with BM-DCs (2 x 108/mouse) on day
0 of the experimental course.

2.2.4. On day 3 after the transplantation, examine the donor DC reconstitution by flow
cytometry.

2.2.4.1. Collect blood from the eyes of the recipients.

2.2.4.2. Anesthetize the CD45.1/Ly5.1 B6 mice by 3% isoflurane inhalation. Check for the depth
of anesthesia by the lack of response to a toe pinch.

2.2.4.3. Place a sterile glass pipette tube in the medial canthus of the eye directed caudally at a
30-45° angle from the plane of the nose. Apply pressure while gently rotating the tube.

2.2.4.4. Drop the blood into a 10 pL heparin-containing sterile 1.5 mL microcentrifuge tubes.
Transfer 50 pL of blood into 5 mL glass flow tubes.

2.2.4.5. Add 2 mL of ACK lysing buffer. Incubate at 37 °C in water bath for 45 min. Add 2 mL of
FACS staining buffer. Centrifuge at 800 x g for 5 min at 4 °C. Discard the supernatant.

2.2.4.6. Resuspend the cell pellets with 200 pL of FACS buffer containing appropriate flow
staining antibodies (live/death yellow, a-H-2K°, a-CD45.1, a-CD45.2, a-CD11c, and a-MHCII).
Incubate for 15 min at 4 °Cin the dark. Wash 2x with 1 mL FACS buffer. Resuspend the cell pellets
in 200 pL of FACS buffer and perform the analysis by flow cytometry.
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3. GVHD/GVL models of BMT
3.1. Perform GVHD/GVL induction.
3.1.1. Culture the luciferase transduced A20 B cell lymphoma in RPMI culture media.

3.1.2. Irradiate BALB/c background WT or Ly5.1 recipient at 700 cGy (single dose). See details in
step 1.1.

3.1.3. Isolate TCD-BM from the femurs and tibias of B6. Ly5.1 donor mice. See details in steps
1.2.1-1.2.10.

3.1.4. Purify T-cells from spleens and lymph nodes of the C57BL/6 donor mice. See details in
steps 1.3.1-1.3.15.

3.1.5. Wash the A20 lymphoma 2x with 25 mL of PBS. Resuspend the cell pellets in 10 mL of ice-
cold PBS. Take a cell suspension aliquot (10 uL) and count the cells using 1% trypan blue and a

hemocytometer. Adjust the cell concentration to 20,000 cells/mL.

3.1.6. Inject TCD-BM (5 x 10%/mouse) with or without T-cells (0.75 x 10%/mouse) and A20
lymphoma (5,000 cells/mouse).

3.1.7. Follow up on the recipient survival, GVHD clinical signs, and body weight loss during the
experimental course. See details in step 1.5.

3.2.  Perform bioluminescent imaging.

3.2.1. Monitor the tumor growth in the transplanted recipient by injecting the recipient mice
with 4 mg of D-luciferin. Incubate for 5 min to ensure luciferin reacts with luciferase.

3.2.2. Anesthetize the mouse using 3% isoflurane in the chamber of a bioluminescence imager
and image the recipients for 5 min in field D and the exposure time of 1 min.

3.2.3. Analyze data using image-analyzing software. Change the scale of the pseudo color
images for best results.

NOTE: All the pictures must be at the same scale across experiments.

3.2.4. Use the image-analyzing software to determine the regions of interest and quantify the
signal density by calculating the flux (photons/s) being emitted from each region of interest.

REPRESENTATIVE RESULTS:
The major MHC-mismatched B6 (H2k°)-BALB/C (H2k9) model closely corresponded to GVHD
development after the transplantation (Figure 2). All six GVHD clinical signs established
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previously by Cooke et al.'® occurred in the recipients transplanted with WT-B6 T-cells but not in
the recipients transplanted with BM alone (step 1.5), which represented the GVHD-negative
group. There are two phases in GVHD development in this model. First, the peak of severity is
approximately 11 days after the transplantation, followed by a reduction in the clinical scores
and body weight recovery up to 16 days. In this phase, several mechanisms such as irradiation-
induced inflammation and engraftment syndrome drives the disease pathogenicity and GVHD.
The recipients uniformly succumb to GVHD about 30-40 days post-transplant.

At least 85% of the BM differentiated into DCs (Figure 3A). Interestingly, transplantation with B
/DCs improved the recipient survival and GVHD clinical score (Figure 3B,C). Given that fB/"DCs
have less antigen presenting capacity demonstrated by lower MHCII expression and reduced co-
stimulatory receptor expression'’/, the co-transplantation protocol may be sufficient for
examining various signaling or targets in recipient DCs in GVHD development after BMT.

The T-cell purity was 90% after enrichment (Figure 4A). Luciferase-transduced A20 B cell
lymphoma allows monitoring tumor growth in live animals (Figure 4B). In this model, if the
recipients died without any signal and a high GVHD clinical score, it was concluded that they died
of GVHD. All the WT BALB/c recipients that received BM alone plus A20 died of tumor relapse
(Figure 3B). By contrast, if the animal died of higher signal density, it was concluded that they
died of tumor relapse. As demonstrated in Figure 3B, WT BALB/c recipients transplanted with
BM and T-cells from ACC1%/fB6 donor (ACC1*/* T-cells) died of GVHD. If animals died with signals
of disease, it was concluded that they died of GVHD and tumor relapse. The animals that received
BM and T-cells from the ACC1%f x CD4 cre B6 donor (ACC17 T-cells) died of both GVHD and tumor
relapse (Figure 3B). Animals can be placed back in the cage to be imaged at a later time point or
euthanized for ex vivo imaging. Using the software, the tumor mass in the animal can also
analyzed individually (Figure 3B).

FIGURE AND TABLE LEGENDS

Figure 1: Schematic representation of the BMT procedure. (A) Scheme for MHC-mismatched
B6—>BALB/c BMT model. (B) Scheme for DC co-transplanting FVB—>B6 model. (C) Scheme for
B6—>BALB/c GVHD/GVL model.

Figure 2: Major MHC-mismatched B6>BALB/c GVHD model. BALB/c mice were lethally
irradiated and transplanted with 5 x 10° BM alone or with 0.75 x 108 T-cells. (A) Survival data, (B)
body weight loss, and (C) clinical score data of the recipients of BM alone or with T-cells.

Figure 3: DC co-transplanting HCT model. BM was isolated from WT and fb7/"B6 mice and
differentiated into DCs by culturing with GM-CSF. (A) The purity of DCs was examined by flow
cytometry by staining with CD11c and MHCII. Lethally irradiated B6 recipients were transplanted
with BM (3 x 10%/mouse) plus purified T-cells (1 x 10%/mouse) from the FVB donors. The
recipients also received 2 x 106 WT or fB7B6 BM-DCs cells on the day of transplantation. The
survival (B) and clinical score (C) are shown.

Figure 4: Major-MHC mismatched B6->BALB/c GVHD/GVL model. WT BALB/c recipients were
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transplanted with TCD-BM (5 x 10%/mouse) alone or with ACC1 */* T-cells or ACC1 */* T-cells (1 x
10%/mouse) isolated from B6 background donor mice. In addition, recipients received 2 x 103
A20-luc at the time of transplant. T-cell purity was examined by flow cytometry through staining
with live/death yellow, CD3, CD4, and CD8 flow antibodies (A). The recipients were monitored
for tumor growth determined by whole-body bioluminescence imaging (BLI) (B).

DISCUSSION:

The use of stem cells to suit a particular individual is an effective approach to treat advanced and
resistant cancers'®. Small molecule pharmaceuticals, however, have long remained a primary
focus of personalized cancer therapy. On the other hand, in cellular therapy a multitude of
interactions between donor and host can decisively influence the treatment outcomes, such as
the development of GVHD after BMT™.

Major MHC-mismatched mouse models of BMT are a valuable tool in understanding the biology
of GVHD and testing the efficacy of drugs in its treatment. Among of them, C57BL/6 (H2P) to
BALB/c (H29) and FVB (H29)->C57BL/6 (H2P) are well-established models>’. These models
incorporate either myeloablative radiation conditioning as a single dose (BALB/c) or a
fractionated dose (C57BL/6) in which 3-8 hour intervals are required to decrease gut toxicity®.
Both models are dependent on both CD8* and CD4* T-cells. In these models, GVHD severity and
survival are the main outcomes measured, and the transplanted recipient has consistent rapid
kinetics and 100% penetrance. In order to monitor T-cell migration and expansion, T-cells from
luciferase-transduced donor mice should be used for in vivo bioluminescence imaging®®.
However, while 90% of the BMT performed are MHC-matched, the B6-BALB/c model does not
perfectly resemble the clinical situation. The discovery of the MHC and minor histocompatibility
antigens (miHAs) has significantly contributed to advancing the field of BMT. Minor MHC-
mismatched GVHD mouse models more closely mimic patient GVHD?°. Conditioning intensity to
induce donor cell engraftment causes tissue damage and can affect the GVHD outcome??.
Conditioning regimens in murine models often involves TBI in contrast to chemotherapy in
clinical settings?¥?3. Therefore, an immunosuppressive chemotherapy model has been used to
mimic a reduced conditional intensity in clinics. The mouse model was C57BL/6 (H2°) to BALB/c
(H29) and transplanted recipients developed clinical and histological symptoms associated with
GVHD?,

The potential advantage of the co-transplanted protocol is to test the role of recipient DCs
without depending specifically on CD11c depleted mice. Because the BM-DC generation was
performed ex vivo, this protocol can also be applied to test the role of other cell types such as
macrophages or neutrophils in GVHD simply by modifying the culture conditions. Using CD45.1*
B6 mice as recipients allows researchers to distinguish BM-DCs (CD45.2* CD11c*) from recipient
DCs (CD45.1*CD11c*) by flow analysis. The flexible number of cells generated ex vivo and adopted
into the transplanted recipients is another benefit of the co-transplantation protocol.
Furthermore, ex vivo culture allows us to screen the potential drugs to control GVHD.

The ability to track tumor patterns in vivo is a powerful tool that has the potential to test whether
a drug can affect GVL activity. Using this GVHD/GVL model, tumor progression and metastasis
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can be monitored in live animals!®. Moreover, this setting can be used for testing the GVL effect
in multiple cancers.

ACKNOWLEDGMENTS:

This study is supported by University of Central Florida College of Medicine start-up grant (to
HN), the University of Pittsburgh Medical Center Hillman Cancer Center start-up grant (to HL),
the United States NIH Grant # 1P20CA210300-01 and Vietnamese Ministry of Health Grant#
4694/QD-BYT (to PTH). We thank Dr. Xue-zhong Yu at Medical University of South Carolina for
providing materials for the study.

DISCLOSURES:
The authors have no conflicts of interest.

REFERENCES:

1. Shlomchik W. D. Graft-versus-host disease. Nature Reviews Immunology. 7, 340-52
(2007).

2. Appelbaum F. R. Haematopoietic cell transplantation as immunotherapy. Nature. 411,
385-9 (2001).

3. Blazar B. R., Murphy W. J., Abedi M. Advances in graft-versus-host disease biology and
therapy. Nature Reviews Immunology. 12, 443-58 (2012).

4, Pasquini M. C., Wang Z., Horowitz M. M., Gale R. P. 2010 report from the Center for

International Blood and Marrow Transplant Research (CIBMTR): current uses and outcomes of
hematopoietic cell transplants for blood and bone marrow disorders. Clinical Transplantation.
87-105 (2010).

5. Schroeder M. A., DiPersio J. F. Mouse models of graft-versus-host disease: advances and
limitations. Disease Model & Mechanism. 4, 318-33 (2011).

6. Graves S. S., Parker M. H., Storb R. Animal Models for Preclinical Development of
Allogeneic Hematopoietic Cell Transplantation. ILAR Journal. ily006 (2018).

7. Sprent J., Schaefer M., Korngold R. Role of T cell subsets in lethal graft-versus-host disease
(GVHD) directed to class | versus class Il H-2 differences. Il. Protective effects of L3T4+ cells in
anti-class Il GVHD. Journal of Immunology. 144, 2946-54 (1990).

8. Rolink A. G., Radaszkiewicz T., Pals S. T., van der Meer W. G., Gleichmann E.
Allosuppressor and allohelper T cells in acute and chronic graft-vs-host disease. I. Alloreactive
suppressor cells rather than killer T cells appear to be the decisive effector cells in lethal graft-
vs.-host disease. The Journal of Experimental Medicine. 155, 1501-22 (1982).

9. Lu Y., Waller E. K. Dichotomous role of interferon-gamma in allogeneic bone marrow
transplant. Biology of Blood and Marrow Transplantation. 15, 1347-53 (2009).

10. Abdollahi A. et al. Inhibition of platelet-derived growth factor signaling attenuates
pulmonary fibrosis. The Journal of Experimental Medicine. 201, 925-35 (2005).

11. Banchereau J., Steinman R. M. Dendritic cells and the control of immunity. Nature. 392,
245-52 (1998).

12. Stenger E. O., Turnquist H. R., Mapara M. Y., Thomson A. W. Dendritic cells and regulation
of graft-versus-host disease and graft-versus-leukemia activity. Blood. 119, 5088-103 (2012).
13. Ullmann A. J. et al. Posaconazole or fluconazole for prophylaxis in severe graft-versus-

Page 11 of 6



529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551

host disease. New England Journal of Medicine. 356, 335-47 (2007).

14. Dittel B. N. Depletion of specific cell populations by complement depletion. Journal of
Visualized Experiments. (2010).

15. Nguyen H. D. et al. Metabolic reprogramming of alloantigen-activated T cells after
hematopoietic cell transplantation. Journal of Clinical Investigation. 126, 1337-52 (2016).

16. Cooke K. R. et al. An experimental model of idiopathic pneumonia syndrome after bone
marrow transplantation: I. The roles of minor H antigens and endotoxin. Blood. 88, 32309
(1996).

17. Nguyen H. et al. Complement C3a and C5a receptors promote GVHD by suppressing
mitophagy in recipient dendritic cells. Journal of Clinical Investigation Insight. 3, (2018).

18. McNutt M. Cancer immunotherapy. Science. 342, 1417 (2013).

19. Negrin R. S., Contag C. H. In vivo imaging using bioluminescence: a tool for probing graft-
versus-host disease. Nature Reviews in Immunology. 6, 484-90 (2006).

20. Roy D. C., Perreault C. Major vs minor histocompatibility antigens. Blood. 129, 664—6
(2017).

21. Gendelman M. et al. Host conditioning is a primary determinant in modulating the effect
of IL-7 on murine graft-versus-host disease. Journal of Immunology. 172, 3328-36 (2004).

22. Li J. et al. HY-Specific Induced Regulatory T Cells Display High Specificity and Efficacy in
the Prevention of Acute Graft-versus-Host Disease. Journal of Immunology. 195, 717-25 (2015).
23. Zeiser R. et al. Early CD30 signaling is critical for adoptively transferred CD4+CD25+
regulatory T cells in prevention of acute graft-versus-host disease. Blood. 109, 2225-33 (2007).
24, Sadeghi B. et al. GVHD after chemotherapy conditioning in allogeneic transplanted mice.
Bone Marrow Transplant. 42, 807—-18 (2008).

Page 12 of 6



Figure 1.
A Day 0

Day 1 Day 2-80
BALB/c m - Survival
(CD45.2*H2kd) "~ GVHD assessment
5x106 1x106

T-cells

Bone marrow
A
spl
700Gy .o Boré:&e KTen’

C57BL/6 (CD45.1*H2kP)  C57BL/6 (CD45.2*H2kP)

B C57BL/6 Q

(CD45.2+H2k?)
*‘I&I’I’OW

Bone
¥ GM-CSF

¥ LPs

Bone marrow derived-
Dendritic cells

Day 2-80

\ Day 1 _
ey g2 Survival
(CDC455718+|;-/|2kb)€ » GVHD assessment

1x106
T-cells

1000 cGy 6 | SMeen’
FVB FVB

(CD45.1+H2kq) (CD45.1*H2kq)

Click here to access/download;Figure;Figure 1_V2.pdf %

C Day O

Day 1 Day 2-80
BALB/c
(CD45.2+*H2kd)
BALB/c X Survival
(CD45.2+H2kd) » GVHD assessment
Tumor mass
5x106 1x108
BM cells T-cells
o
Spl
700 cGy ﬂ p ?en’

A Bone Q
A20 tumor

C57BL/6 (CD45.1°H2Kb) (2000 cells) CB7BL/6 (CDA45.27H2Kk?)


https://www.editorialmanager.com/jove/download.aspx?id=1097117&guid=1c8f5877-f05f-42cf-a7a2-f6266c58711e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1097117&guid=1c8f5877-f05f-42cf-a7a2-f6266c58711e&scheme=1

Figure 2 Click here to access/download;Figure;Figure 2_V2.pdf =

Figure 2.

100 O 120- 10- -O- BM alone
@ BM+T-cells
80+ 9 o 8
S =, 100 2
N < O
< 607 [= n 67
= [4h) =
£ 40 = 80- S
- > c
)] '8 5
20+ m 2
604
O 1 1 1 1 1 1 1 | | || | | 1 0 1 1 1 1 | 1
0O 10 20 30 40 50 60 70 80 0 20 40 60 80 100 0O 10 20 30 40 50 60 70 80

Time after transplant (d) Time after transplant (d) Time after transplant (d)


https://www.editorialmanager.com/jove/download.aspx?id=1097118&guid=24481f37-ec6c-4723-8671-e1101b75002c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1097118&guid=24481f37-ec6c-4723-8671-e1101b75002c&scheme=1

Click here to access/download;Figure;Figure 3_V2.pdf =

Figure 3
Figure 3.
B 100 O 10- O BMAone
4 Mature WT DCs
@ 8-
NEEh S {1} Mature Fb”'DCs
= B 61
= 50+ o)
c O 41
(?) £
257 O 24
*
0 . . L F— 0 O O/Q*O-.
0 10 20 30 40 50 0 10 20 3 40

Time after transplant (d) Time after transplant (d)


https://www.editorialmanager.com/jove/download.aspx?id=1097119&guid=2b7eca78-29b1-4bed-89dd-901efe8cad6d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1097119&guid=2b7eca78-29b1-4bed-89dd-901efe8cad6d&scheme=1

Figure 4 Click here to access/download;Figure;Figure 4_V2.pdf =

Figure 4.

(&}
oy
‘H
Q
Q
<

Before After
ﬁ18.4% 1.04% 548.9%;_ - 0.790%

CD8

w20.0%
— CD4

Radiance
(pfsecfcmzsr)
3 5 Color Scale
Min = 5.00e5
Max = 1.00e7



https://www.editorialmanager.com/jove/download.aspx?id=1097120&guid=b1f78dce-3e9b-47f5-9d06-f83269a24a47&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1097120&guid=b1f78dce-3e9b-47f5-9d06-f83269a24a47&scheme=1

Click here to access/download;Table of
Materials;JoVE_Table_of_Materials_Revision.xIsx

Table of Materials

L]

Name of Material/Equipment Company Catalogue Number
0.5 M EDTA pH 8.0 100ML Fisher Scientific BP2482100
10X PBS Fisher Scientific BP3994

A20 B-cell lymphoma University of Central Florida In house
ACC1 fl/fl Jackson Lab 30954
ACC1 fI/fl CD4cre University of Central Florida

Anti-Biotin MicroBeads Miltenyi Biotec 130-090-485
Anti-Human/Mouse CD45R (B220) Thermo Fisher Scientific 13-0452-85
Anti-mouse B220 FITC Thermo Fisher Scientific 10452-85
Anti-mouse CD11c- AF700 Thermo Fisher Scientific 117319
Anti-Mouse CD25 PE Thermo Fisher Scientific 12-0251-82
Anti-Mouse CD4 Biotin Thermo Fisher Scientific 13-0041-86
Anti-Mouse CD4 eFluor® 450 (Pacific Blue® replacement] Thermo Fisher Scientific 48-0042-82
Anti-mouse CD45.1 PE Thermo Fisher Scientific 12-0900-83
Anti-Mouse CD8a APC Thermo Fisher Scientific 17-0081-83
Anti-mouse H-2Kb PerCP-Fluor 710 Thermo Fisher Scientific 46-5958-82
Anti-mouse MHC Class ll-antibody APC Thermo Fisher Scientific 17-5320-82
Anti-Mouse TER-119 Biotin Thermo Fisher Scientific 13-5921-85
Anti-Thy1.2 Bio Excel BEOO66

B6 B mice University of Central Florida In house
B6.Ly5.1 (CD45.1%) mice Charles River 564

BALB/c mice Charles River 028

C57BL/6 mice Charles River 027

CD11b Thermo Fisher Scientific 13-0112-85
CD25-biotin Thermo Fisher Scientific 13-0251-82
CD45R Thermo Fisher Scientific 13-0452-82
CD49b Monoclonal Antibody (DX5)-biotin Thermo Fisher Scientific 13-5971-82
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Cell strainer 40 uM Thermo Fisher Scientific 22363547

Cell strainer 70 uM Thermo Fisher Scientific 22363548
D-Luciferin Goldbio LUCK-1G

Fetal Bovine Serum (FBS) Atlanta Bilogicals R&D system D17051

Flow cytometry tubes Fisher Scientific 352008

FVB/NCrl Charles River 207
Lipopolysacharide (LPS) Millipore Sigma L4391-1MG

LS column Mitenyi Biotec 130-042-401
MidiMACS Miltenyi Biotec 130-042-302
New Brunswick Galaxy 170R incubator Eppendorf Galaxy 170 R
units penicillin / 10,000 mg/ml strep) GIBCO 15140
RPMI 1640 Thermo Fisher Scienctific 11875-093
TER119 Thermo Fisher Scientific 13-5921-82
Xenogen IVIS-200 Perkin Elmer Xenogen IVIS-200
X-RAD 320 Biological Irradiator Precision X-RAY X-RAD 320
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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, personality 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 ane author is listed at the beginning
of this Agreement, by such authors collectively} and has not
been 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 listec
at the top of this Agreement and if any such author has not
entered into a seporate Article and Video License
Agreament with JoVE relating to the Materials, 1he 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 te bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Authar. 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 rasearch 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
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accaordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, loVE may, in its sole
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discretion, elect not take any action with respect to the
Article until 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 shall 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 sole 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,
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
altegations 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, viclations
of institutional, laboratory, hospital, ethical, human and
animal treat nent, privacy or other rules, regulations, laws,
procedures ar guidelines, liabilities and other losses or
damages rr'zted in any way to the submissicn of work ‘o
JoVE, making of videos ov JoVE, or publication in JoVE or
elsewhere by JaVE. The Authcr 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
shallinclude JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmiess shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Faees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication 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
Caommonwealth 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 deerred 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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Please submit a signed and Mpy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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