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SUMMARY:  32 
Graft-versus-host disease is a major complication after allogeneic bone marrow transplantation. 33 
Dendritic cells play a critical role in the pathogenesis of graft-versus-host disease. The current 34 
article describes a novel bone marrow transplantation platform to investigate the role of 35 
dendritic cells in the development of graft-versus-host disease and the graft-versus-leukemia 36 
effect.  37 
 38 
ABSTRACT:  39 
Allogeneic bone marrow transplantation (BMT) is an effective therapy for hematological 40 
malignancies due to the graft-versus-leukemia (GVL) effect to eradicate tumors. However, its 41 
application is limited by the development of graft-versus-host disease (GVHD), a major 42 
complication of BMT. GVHD is evoked when T-cells in the donor grafts recognize alloantigen 43 
expressed by recipient cells and mount unwanted immunological attacks against recipient 44 
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healthy tissues. Thus, traditional therapies are designed to suppress donor T-cell alloreactivity. 45 
However, these approaches substantially impair the GVL effect so that the recipient’s survival is 46 
not improved. Understanding the effects of therapeutic approaches on BMT, GVL, and GVHD, is 47 
thus essential. Due to the antigen-presenting and cytokine-secreting capacities to stimulate 48 
donor T-cells, recipient dendritic cells (DCs) play a significant role in the induction of GVHD. 49 
Therefore, targeting recipient DCs becomes a potential approach for controlling GVHD. This work 50 
provides a description of a novel BMT platform to investigate how host DCs regulate GVH and 51 
GVL responses after transplantation. Also presented is an effective BMT model to study the 52 
biology of GVHD and GVL after transplantation.  53 
 54 
INTRODUCTION:  55 
Allogeneic hematopoietic stem cell transplantation (BMT) is an effective therapy to treat 56 
hematological malignancies1,2 through the graft-versus-leukemia (GVL) effect3. However, donor 57 
lymphocytes always mount unwanted immunological attacks against recipient tissues, a process 58 
called graft-versus-host disease (GVHD)4.  59 
 60 
Murine models of GVHD are an effective tool to study the biology of GVHD and the GVL 61 
response5. Mice are a cost-effective research animal model. They are small and efficiently dosed 62 
with molecules and biologics at early phases of development6. Mice are ideal research animals 63 
for genetic manipulation studies because they are genetically well defined, which is ideal for 64 
studying biological pathways and mechanisms6. Several mouse major histocompatibility complex 65 
(MHC) MHC-mismatched models of GVHD have been well established, such as C57BL/6 (H2b) to 66 
BALB/c (H2d) and FVB (H2q)C57BL/6 (H2b)5,7. These are particularly valuable models to 67 
determine the role of individual cell types, genes, and factors that affect GVHD. Transplantation 68 
from C57/BL/6 (H2b) parental donors to recipients with mutations in MHC I (B6.C-H2bm1) and/or 69 
MHC II (B6.C-H2bm12) revealed that a mismatch in both MHC class I and class II is an important 70 
requirement for the development of acute GVHD. This suggests that both CD4+ and CD8+ T-cells 71 
are required for disease development7,8. GVHD is also involved in an inflammatory cascade 72 
known as the ‘pro-inflammatory cytokine storm’9. The most common conditioning method in 73 
murine models is total body irradiation (TBI) by X-ray or 137Cs. This leads to the recipient’s bone 74 
marrow ablation, thereby allowing donor stem cell engraftment and preventing rejection of the 75 
graft. This is done by limiting the proliferation of recipient T-cells in response to donor cells. 76 
Additionally, genetic disparities play an important role in disease induction, which also depends 77 
on minor MHC-mismatch10. Therefore, myeloablative irradiation dose varies in different mouse 78 
strains (e.g., BALB/c C57BL/6).    79 
 80 
Activation of donor T-cells by host antigen presenting cells (APCs) is essential for GVHD 81 
development. Among the APCs, dendritic cells (DCs) are the most potent. They are inheritably 82 
capable of inducing GVHD due to their superior antigen uptake, expression of T-cell co-83 
stimulatory molecules, and production of pro-inflammatory cytokines that polarize T-cells into 84 
pathogenic subsets. Recipient DCs are critical for facilitating T-cell priming and GVHD induction 85 
after transplantation11,12. Accordingly, DCs have become interesting targets in the treatment of 86 
GVHD12.  87 
 88 
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TBI is required to enhance the donor cell engraftment. Due to the TBI effect, recipient DCs are 89 
activated and survive for a short time after the transplantation12. Despite major advancements 90 
in the usage of bioluminescence or fluorescence, establishing an effective model to study the 91 
role of recipient DCs in GVHD is still challenging. 92 
 93 
Because donor T-cells are the driving force for GVL activity, treatment strategies using 94 
immunosuppressive drugs such as steroids to suppress T-cell alloreactivity often cause tumor 95 
relapse or infection13. Therefore, targeting recipient DCs may provide an alternative approach to 96 
treat GVHD while preserving the GVL effect and avoiding infection.  97 
 98 
In brief, the current study provides a platform to understand how different types of signaling in 99 
recipient DCs regulates GVHD development and the GVL effect after BMT.  100 
 101 
PROTOCOL:  102 
 103 
The experimental procedures were approved by the Institutional Animal Care and Use 104 
Committee of University of Central Florida. 105 
 106 
1. GVHD induction 107 
 108 
NOTE: Allogeneic bone marrow (BM) cell transplantation (step 1.2) is performed within 24 h after 109 
irradiation. All procedures described below are performed in a sterile environment. Perform the 110 
procedure in a tissue culture hood and use filtered reagents.  111 
 112 
1.1. Day 0: Prepare the recipient mice. 113 
 114 
1.1.1. Use female wild type (WT) mice on a BALB/c background (CD45.2+H2kd+), 10−12 weeks 115 
old as recipients.  116 
  117 
1.1.2. Ear-tag and weigh the recipients before TBI. Then, place up to 11 mice in the irradiation 118 
chamber and keep it in the irradiator. Irradiate at a single dose of 700 cGy for 10−15 min.   119 
 120 
1.1.3. Return irradiated animals to the cages and house them in pathogen-free facilities before 121 
the transplant.  122 
 123 
NOTE: The minimal body weight of the recipients should be around 20 g. Use this weight as the 124 
reference to calculate the body weight loss during the experimental period.  125 
  126 
1.2. Day 1: Prepare T-cell depleted bone marrow (TCD-BM) from the donor mice. 127 
 128 
1.2.1. Euthanize CD45.1/Ly5.1 C57BL/6 mice by CO2 asphyxiation and wait for 2−3 min until they 129 
are unconscious. Perform cervical dislocation as a secondary euthanasia if necessary.  130 
 131 
1.2.2. Put each mouse on a clean working board. Sanitize the fur and the skin with 70% 132 
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isopropanol. 133 
 134 
1.2.3. Collect the tibia and femur from both legs using forceps and scissors. Put them in ice-cold 135 
RPMI containing 1% FCS and 100 U/mL penicillin/streptomycin and 2mM L-glutamine (1% RPMI) 136 
in 50 mL conical tubes. Clean the femur and the tibia bones thoroughly by removing all the muscle 137 
tissues using forceps and scissors. Transfer the femur and the tibia from the 50 mL conical tubes 138 
to a 92 mm diameter Petri dish containing 1% RPMI.  139 
 140 
1.2.4. Using scissors, cut the ends of the femur or tibia. Fill a 50 mL tube with 25 mL of 1% RPMI 141 
1640 medium. Use this to fill a 3 mL syringe attached to a 26 G needle with 3 mL of 1% RPMI. 142 
Insert this syringe into the bone and push the plunger to flush the bone marrow (BM) out of the 143 
cavity into the collection tube with 1% RPMI (~3 mL/bone). 144 
 145 
1.2.5. Repeat step 1.2.4 for all the remaining tibia and femur bones from other donor mice. 146 
Keep all the collection tubes on ice.  147 
 148 
1.2.6. Make the single cell suspension by flushing the bone marrow pieces through a 75 µm 149 
mesh cell strainer. Collect the single cell suspension in a 50 mL tube. 150 
 151 
1.2.7. Centrifuge tubes at 800 x g for 5 min at 4 ˚C. Aspirate and discard the supernatant. 152 
Resuspend the pellet in PBS buffer containing 0.5% bovine serum albumin (BSA) at 20 x 106 153 
cells/mL. Save an aliquot of 2 x 106 cells for purity staining. 154 
 155 
1.2.8. Add Thy 1 antibody at 0.05 µg/106 cells14 and incubate for 30 min at 4 ˚C. Wash once with 156 
25 mL ice-cold PBS. Resuspend at 20 x 106/mL in 0.5% BSA/10% young rabbit complement/2% 157 
DNase (10,000 U/mL in sterile H2O). Incubate for 45 min at 37 °C and wash 2x as before. 158 
 159 
NOTE: T-cells are depleted using a mAb specific for Thy1, a protein expressed by all T-cells, but 160 
not other leukocytes.  161 
 162 
1.2.9. Resuspend the cells in 20 mL of PBS buffer containing 0.5% BSA. Count the bone marrow 163 
cells in 1% acetic acid using a hemocytometer. Keep an aliquot of 2 x 106 cells for a purity check 164 
by flow cytometry after cell purification.  165 
 166 
NOTE: One donor mouse normally generates about 25 x 106 TCD-BM. 167 
 168 
1.2.10. Use flow cytometry to confirm a successful T-cell depletion. Stain 1 x 106 cells, preserved 169 
from steps 1.2.7 (before T-cell depletion) and 1.2.9 (TCD-BM after T-cell depletion) with the 170 
following antibodies: α-CD3 (17A2), α-CD4 (GK1.5), and α-CD8α (53-6.7).  171 
 172 
1.3. Day 1: Prepare T-cells from the donor mice 173 
 174 
1.3.1. Use CD45.2+H2kb+C57BL/6 wild type (WT) mice as donors for T-cells. 175 
 176 
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1.3.2. Euthanize C57BL/6 mice by carbon dioxide (CO2) asphyxiation as described in 1.2.1. 177 
 178 
1.3.3. Clean the fur and skin of the mouse thoroughly with 70% ethanol. Excise spleens and 179 
lymph nodes and separate them into a single cell suspension of splenocytes using a syringe 180 
plunger and 40 μm mesh strainers. Wash the strainer and syringe plunger with 1% RPMI (1% FBS 181 
containing RPMI media) to collect all splenocytes.  182 
 183 
1.3.4. Centrifuge the cell suspension at 800 x g for 5 min at 4 °C. Add 5 mL of ACK lysing buffer 184 
(1 mM Na2EDTA, 10 mM KHCO3, 144 mM NH4Cl, pH 7.2) after discarding the supernatant. 185 
Incubate the cell suspension for 5 min at room temperature. 186 
 187 
NOTE: ACK lysis buffer is used for lysing red blood cells.  188 
 189 
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 190 
supernatant. 191 
 192 
1.3.6. Prepare ice-cold magnetic-activated cell sorting (MACS) buffer (0.5% BSA, 2 mM EDTA in 193 
PBS, pH 7.2). Degas the buffer before use. Resuspend the cell pellets in 5 mL of MACS buffer.  194 
 195 
1.3.7. Count the splenocytes and check for the live and dead cells using a hemocytometer and 196 
1% trypan blue. Save an aliquot of 2 x 106 cells to evaluate the purification yield with flow 197 
cytometry analysis. 198 
 199 
1.3.8. Resuspend the splenocytes at the concentration of 200 x 106/mL in MACS buffer. Add 0.03 200 
μL of biotin-anti-mouse-Ter-119, 0.03 μL of biotin anti-mouse-CD11b, 0.03 μL of biotin anti-201 
mouse -CD45R, and 0.03 μL of biotin anti-mouse -DX5 per 106 cells. Incubate for 15 min at 4 °C. 202 
 203 
NOTE: Biotin-anti-mouse-Ter-119, biotin anti-mouse-CD11b, biotin anti-mouse -CD45R, and 204 
biotin anti-mouse -DX5 were used to react with erythroid, granulocytes, B-cells, and NK cells 205 
respectively. Therefore, these cell subsets are depleted in following step15.  206 
 207 
1.3.9. Add 10 mL of ice-cold MACS buffer to the cell suspension. Centrifuge at 800 x g for 5 min 208 
at 4 °C. Discard the supernatant.  209 
 210 
1.3.10. Resuspend the cell pellets in the MACS buffer at a concentration of 100 x 106/mL. Add 211 
anti-biotin microbeads (0.22 μL/106 cells) to the splenocyte suspension. Mix well and incubate 212 
for an additional 15 min at 4 °C. Wash the cell suspension once with 10 mL of ice-cold MACS 213 
buffer. Centrifuge at 800 x g for 5 min at 4 °C and discard the supernatant. 214 
 215 
1.3.11. Put a magnetic separating column in the magnetic field. Rinse the column with 3 mL of 216 
MACS buffer. Drop the cell suspension onto the column. Collect the flow-through consisting of 217 
unbound, enriched T-cells, in a new 15 mL conical tube. Wash the MS column with 3 mL of ice-218 
cold MACS buffer.  219 
 220 
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NOTE: Ensure that the column is empty prior to performing the washing steps.  221 
 222 
1.3.12. Centrifuge the cell suspension at 800 x g for 5 min at 4 °C. Resuspend the cell pellet in 5 223 
mL of MACS buffer. 224 
 225 
1.3.13. Count the cells in 1% trypan blue using a hemocytometer. Save an aliquot of 2 x 106 cells 226 
for a purity check by flow cytometry.  227 
 228 
NOTE: The average yield of splenic T-cells isolated by this method is ~20−25 x 106 cells per mouse. 229 
 230 
1.3.14. Confirm the yield of T-cell enrichment by flow cytometry. Stain 1 x 106 cells, preserved 231 
from steps 1.3.7 (before T-cell depletion) and 1.3.13 (TCD-BM after T-cell depletion), with the 232 
following antibodies: α-CD3 (17A2), α-CD4 (GK1.5), and α-CD8α (53-6.7).  233 
 234 
1.4. Day 1: Inject irradiated mice with donor T-cells and TCD-BM. 235 
 236 
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 237 
in ice-cold PBS for injection. Adjust the cell concentration to 20 x 106/mL for TCD BM and 4 x 238 
106/mL for T-cells.  239 
 240 
1.4.2. Heat the animal using a heating lamp to increase the visibility of the bilateral tail veins. If 241 
necessary, place the mouse in a restrainer.  242 
 243 
1.4.3. Clean the surface of the tail using 70% isopropanol. Inject TCD-BM (5 x 106 cells/mouse) 244 
with or without T-cells (0.75 x 106 cells/mouse). Be careful not to introduce any air into the 245 
syringe.  246 
 247 
1.4.4. Remove the needle and apply an antiseptic swab directly to the injection site 5−10 s to 248 
stop any bleeding. 249 
 250 
1.5. Assess GVHD on days 2−80. 251 
 252 
1.5.1. Keep track of the animal survival. Monitor the clinical signs of GVHD adapted from the 253 
scoring system established previously by Cook et al.16 and the body weight of the recipient mice 254 
2x per week. Use the body weight determined prior to the TBI to calculate the body weight loss. 255 
 256 
1.5.2. Weigh each mouse individually. Score the weight loss as follows: grade 0 = less than 10%; 257 
grade 1 = 10%−20%; grade 2 = more than 20%.  258 
 259 
1.5.3. Score the posture sign of the recipients: grade 0 = no hunch; grade 0.5 = slight hunch but 260 
straightens when walking; grade 1 = animal stays hunched when walking; grade 1.5 = animal does 261 
not straighten out; grade 2.0 = animal stand on rear toes. 262 
 263 
1.5.4. Score the mobility sign of the recipients: grade 0 = very active; grade 0.5 = slower than 264 
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naive mice; grade 1.0 = moves only when poked; grade 1.5 = moves slightly when poked; grade 265 
2.0 = does not move when poked. 266 
 267 
1.5.5. Score the skin of the recipients: grade 0 = no abrasions, lesions, or scaling; grade 0.5 = 268 
redness in one specific area; grade 1 = abrasion in one area or mild abrasion in two areas; grade 269 
1.5 = serious abrasions in two or more areas; grade 2.0 = severe abrasions, cracking skin, dried 270 
blood.  271 
 272 
1.5.6. Score the fur of the recipients: grade 0 = no abnormal signs; grade 0.5 = ridging on the 273 
side of belly or nape of neck, grade 1.0 = ridging across or the side of belly and neck; grade 1.5 = 274 
unkempt matted and ruffed fur; grade 2.0 = badly matted fur on belly and back.  275 
 276 
1.5.7. Score the diarrhea of the recipients: grade 0 = no diarrhea; grade 0.5 = slight and soft 277 
stool; grade 1.0 = mild (yellow stool); grade 1.5 = moderate (yellow stool with a little blood); 278 
grade 2 = severe (light yellow and bloody stool, “dried cake stools” appear at the anal area).  279 
 280 
2. Cotransplantation model 281 
 282 
2.1. Generate bone marrow-derived dendritic cells (BM-DCs). 283 
 284 
2.1.1. Isolate bone marrow from the femurs and tibias of WT or factor B (fB) -/- mice on the B6 285 
background as described in steps 1.2.3−1.2.4. Spin the cells at 800 x g for 5 min. 286 
 287 
2.1.2. Resuspend the pellet in 5 mL of ACK lysing buffer for red blood cell lysis. Incubate the cell 288 
suspension for 5 min on ice. Add 10 mL of 1% RPMI to the cell suspension to stop the lysis and 289 
centrifuge at 800 x g for 5 min at 4 ˚C. Discard the supernatant. 290 
 291 
2.1.3. Resuspend the cell pellets in 10 mL of culture media (RPMI 1460 containing 10% FBS, 100 292 
U/mL of penicillin/streptomycin, 2mM l-glutamine, and 50 mM β-mercaptoethanol) and adjust 293 
the volume to meet the final concentration of 2 x 106 cells/mL. 294 
 295 
2.1.4. Add 20 ng/mL granulocyte-macrophage colony-stimulating factor (GM-CSF) to the cell 296 
suspension. Culture the bone marrow cells in 100 x 15 mm Petri dishes at 37 ˚C in 5% CO2 for 6 297 
days. 298 
 299 
2.1.5. Replace half of the ongoing culture media (about 5 mL) with fresh media containing 40 300 
ng/mL GM-CSF on day 3. 301 
 302 
2.1.6. Prewarm the culture media in a water bath at 37 ˚C. Collect about 5 mL of the media from 303 
the bone marrow culture dishes. Centrifuge at 800 x g for 5 min at 4 ˚C. Discard the supernatant. 304 
Resuspend the cell pellet in 5 mL culture media containing 40 ng/mL GM-CSF. 305 
 306 
2.1.7. Add 25 µg/mL lipopolysaccharide (LPS) to the media on day 6 of the culture to mature the 307 
BM-DCs. Save an aliquot of 2 x 106 cells to determine the DC differentiation efficacy by flow 308 
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cytometry.   309 
 310 
2.1.8. Collect matured BM-DCs:  Use cell lifters to softly scrape DCs from the Petri dishes. Collect 311 
all the cell suspensions in 50 mL conical tubes. Centrifuge at 800 x g, for 5 min at 4 ˚C. Discard the 312 
supernatant. Wash the cell pellets 3x with 50 mL of ice-cold PBS. Save about 2 x 106 BM-DCs for 313 
immunological phenotype analysis by flow cytometry.   314 
 315 
2.2. Perform dendritic cell co-transplantation of BMT (DC-cotransplanting BMT). 316 
 317 
NOTE: Use FVB (H2kq) mice as donors for T-cells and BM cells. Irradiate B6 Ly5.1 recipient mice 318 
at a dose of 1,100 cGy (2 doses, 3 h interval). See details in step 1.1. 319 
 320 
2.2.1. Isolate BM from femurs and tibias of the FVB donor mice. See details in steps 1.2.3−1.2.10.   321 
 322 
NOTE: Use total isolated bone marrow instead of TCD-BM in this model.  323 
 324 
2.2.2. Purify T-cells from the spleens and lymph nodes of the FVB donor mice. See details in 325 
steps 1.3.1-1.3.13. 326 
 327 
2.2.3. Inject BM (5 x 106/mouse), T-cells (0.5 x 106/mouse) with BM-DCs (2 x 106/mouse) on day 328 
0 of the experimental course.  329 
 330 
2.2.4. On day 3 after the transplantation, examine the donor DC reconstitution by flow 331 
cytometry.  332 
 333 
2.2.4.1. Collect blood from the eyes of the recipients.  334 
 335 
2.2.4.2. Anesthetize the CD45.1/Ly5.1 B6 mice by 3% isoflurane inhalation. Check for the depth 336 
of anesthesia by the lack of response to a toe pinch.  337 
 338 
2.2.4.3. Place a sterile glass pipette tube in the medial canthus of the eye directed caudally at a 339 
30−45° angle from the plane of the nose. Apply pressure while gently rotating the tube. 340 
 341 
2.2.4.4. Drop the blood into a 10 µL heparin-containing sterile 1.5 mL microcentrifuge tubes. 342 
Transfer 50 µL of blood into 5 mL glass flow tubes.  343 
 344 
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 345 
FACS staining buffer. Centrifuge at 800 x g for 5 min at 4 ˚C. Discard the supernatant.  346 

 347 
2.2.4.6. Resuspend the cell pellets with 200 µL of FACS buffer containing appropriate flow 348 
staining antibodies (live/death yellow, α-H-2Kb, α-CD45.1, α-CD45.2, α-CD11c, and α-MHCII). 349 
Incubate for 15 min at 4 ˚C in the dark. Wash 2x with 1 mL FACS buffer. Resuspend the cell pellets 350 
in 200 µL of FACS buffer and perform the analysis by flow cytometry.  351 
 352 
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3. GVHD/GVL models of BMT 353 
 354 
3.1.  Perform GVHD/GVL induction. 355 
 356 
3.1.1. Culture the luciferase transduced A20 B cell lymphoma in RPMI culture media. 357 
 358 
3.1.2. Irradiate BALB/c background WT or Ly5.1 recipient at 700 cGy (single dose). See details in 359 
step 1.1. 360 
 361 
3.1.3. Isolate TCD-BM from the femurs and tibias of B6. Ly5.1 donor mice. See details in steps 362 
1.2.1−1.2.10.  363 
 364 
3.1.4. Purify T-cells from spleens and lymph nodes of the C57BL/6 donor mice. See details in 365 
steps 1.3.1−1.3.15. 366 
 367 
3.1.5. Wash the A20 lymphoma 2x with 25 mL of PBS. Resuspend the cell pellets in 10 mL of ice-368 
cold PBS. Take a cell suspension aliquot (10 µL) and count the cells using 1% trypan blue and a 369 
hemocytometer. Adjust the cell concentration to 20,000 cells/mL. 370 
 371 
3.1.6. Inject TCD-BM (5 x 106/mouse) with or without T-cells (0.75 x 106/mouse) and A20 372 
lymphoma (5,000 cells/mouse).  373 
 374 
3.1.7. Follow up on the recipient survival, GVHD clinical signs, and body weight loss during the 375 
experimental course. See details in step 1.5. 376 
 377 
3.2. Perform bioluminescent imaging. 378 
 379 
3.2.1. Monitor the tumor growth in the transplanted recipient by injecting the recipient mice 380 
with 4 mg of D-luciferin. Incubate for 5 min to ensure luciferin reacts with luciferase. 381 
 382 
3.2.2. Anesthetize the mouse using 3% isoflurane in the chamber of a bioluminescence imager 383 
and image the recipients for 5 min in field D and the exposure time of 1 min.  384 

 385 
3.2.3. Analyze data using image-analyzing software. Change the scale of the pseudo color 386 
images for best results.  387 
 388 
NOTE: All the pictures must be at the same scale across experiments.   389 
 390 
3.2.4. Use the image-analyzing software to determine the regions of interest and quantify the 391 
signal density by calculating the flux (photons/s) being emitted from each region of interest. 392 
 393 
REPRESENTATIVE RESULTS: 394 
The major MHC-mismatched B6 (H2kb)-BALB/C (H2kd) model closely corresponded to GVHD 395 
development after the transplantation (Figure 2). All six GVHD clinical signs established 396 
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previously by Cooke et al.16 occurred in the recipients transplanted with WT-B6 T-cells but not in 397 
the recipients transplanted with BM alone (step 1.5), which represented the GVHD-negative 398 
group. There are two phases in GVHD development in this model. First, the peak of severity is 399 
approximately 11 days after the transplantation, followed by a reduction in the clinical scores 400 
and body weight recovery up to 16 days. In this phase, several mechanisms such as irradiation-401 
induced inflammation and engraftment syndrome drives the disease pathogenicity and GVHD. 402 
The recipients uniformly succumb to GVHD about 30−40 days post-transplant.  403 
 404 
At least 85% of the BM differentiated into DCs (Figure 3A). Interestingly, transplantation with fB-405 
/-DCs improved the recipient survival and GVHD clinical score (Figure 3B,C). Given that fB-/-DCs 406 
have less antigen presenting capacity demonstrated by lower MHCII expression and reduced co-407 
stimulatory receptor expression17, the co-transplantation protocol may be sufficient for 408 
examining various signaling or targets in recipient DCs in GVHD development after BMT. 409 
 410 
The T-cell purity was 90% after enrichment (Figure 4A). Luciferase-transduced A20 B cell 411 
lymphoma allows monitoring tumor growth in live animals (Figure 4B). In this model, if the 412 
recipients died without any signal and a high GVHD clinical score, it was concluded that they died 413 
of GVHD. All the WT BALB/c recipients that received BM alone plus A20 died of tumor relapse 414 
(Figure 3B). By contrast, if the animal died of higher signal density, it was concluded that they 415 
died of tumor relapse. As demonstrated in Figure 3B, WT BALB/c recipients transplanted with 416 
BM and T-cells from ACC1fl/flB6 donor (ACC1+/+ T-cells) died of GVHD. If animals died with signals 417 
of disease, it was concluded that they died of GVHD and tumor relapse. The animals that received 418 
BM and T-cells from the ACC1fl/fl x CD4 cre B6 donor (ACC1-/- T-cells) died of both GVHD and tumor 419 
relapse (Figure 3B).  Animals can be placed back in the cage to be imaged at a later time point or 420 
euthanized for ex vivo imaging. Using the software, the tumor mass in the animal can also 421 
analyzed individually (Figure 3B).   422 
 423 
FIGURE AND TABLE LEGENDS  424 
Figure 1: Schematic representation of the BMT procedure. (A) Scheme for MHC-mismatched 425 
B6BALB/c BMT model. (B) Scheme for DC co-transplanting FVBB6 model. (C) Scheme for 426 
B6BALB/c GVHD/GVL model. 427 
 428 
Figure 2: Major MHC-mismatched B6BALB/c GVHD model. BALB/c mice were lethally 429 
irradiated and transplanted with 5 x 106 BM alone or with 0.75 x 106 T-cells. (A) Survival data, (B) 430 
body weight loss, and (C) clinical score data of the recipients of BM alone or with T-cells.  431 
 432 
Figure 3: DC co-transplanting HCT model. BM was isolated from WT and fb-/-B6 mice and 433 
differentiated into DCs by culturing with GM-CSF. (A) The purity of DCs was examined by flow 434 
cytometry by staining with CD11c and MHCII. Lethally irradiated B6 recipients were transplanted 435 
with BM (3 × 106/mouse) plus purified T-cells (1 × 106/mouse) from the FVB donors. The 436 
recipients also received 2 x 106 WT or fB-/-B6 BM-DCs cells on the day of transplantation. The 437 
survival (B) and clinical score (C) are shown.  438 
 439 
Figure 4: Major-MHC mismatched B6BALB/c GVHD/GVL model. WT BALB/c recipients were 440 
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transplanted with TCD-BM (5 × 106/mouse) alone or with ACC1 +/+ T-cells or ACC1 +/+ T-cells (1 × 441 
106/mouse) isolated from B6 background donor mice. In addition, recipients received 2 × 103 442 
A20-luc at the time of transplant. T-cell purity was examined by flow cytometry through staining 443 
with live/death yellow, CD3, CD4, and CD8 flow antibodies (A). The recipients were monitored 444 
for tumor growth determined by whole-body bioluminescence imaging (BLI) (B).  445 
  446 
DISCUSSION: 447 
The use of stem cells to suit a particular individual is an effective approach to treat advanced and 448 
resistant cancers18. Small molecule pharmaceuticals, however, have long remained a primary 449 
focus of personalized cancer therapy. On the other hand, in cellular therapy a multitude of 450 
interactions between donor and host can decisively influence the treatment outcomes, such as 451 
the development of GVHD after BMT1.  452 
 453 
Major MHC-mismatched mouse models of BMT are a valuable tool in understanding the biology 454 
of GVHD and testing the efficacy of drugs in its treatment. Among of them, C57BL/6 (H2b) to 455 
BALB/c (H2d) and FVB (H2q)C57BL/6 (H2b) are well-established models5,7. These models 456 
incorporate either myeloablative radiation conditioning as a single dose (BALB/c) or a 457 
fractionated dose (C57BL/6) in which 3–8 hour intervals are required to decrease gut toxicity5. 458 
Both models are dependent on both CD8+ and CD4+ T-cells. In these models, GVHD severity and 459 
survival are the main outcomes measured, and the transplanted recipient has consistent rapid 460 
kinetics and 100% penetrance. In order to monitor T-cell migration and expansion, T-cells from 461 
luciferase-transduced donor mice should be used for in vivo bioluminescence imaging19. 462 
However, while 90% of the BMT performed are MHC-matched, the B6-BALB/c model does not 463 
perfectly resemble the clinical situation. The discovery of the MHC and minor histocompatibility 464 
antigens (miHAs) has significantly contributed to advancing the field of BMT10. Minor MHC-465 
mismatched GVHD mouse models more closely mimic patient GVHD20. Conditioning intensity to 466 
induce donor cell engraftment causes tissue damage and can affect the GVHD outcome21. 467 
Conditioning regimens in murine models often involves TBI in contrast to chemotherapy in 468 
clinical settings22,23. Therefore, an immunosuppressive chemotherapy model has been used to 469 
mimic a reduced conditional intensity in clinics. The mouse model was C57BL/6 (H2b) to BALB/c 470 
(H2d) and transplanted recipients developed clinical and histological symptoms associated with 471 
GVHD24.  472 
 473 
The potential advantage of the co-transplanted protocol is to test the role of recipient DCs 474 
without depending specifically on CD11c depleted mice. Because the BM-DC generation was 475 
performed ex vivo, this protocol can also be applied to test the role of other cell types such as 476 
macrophages or neutrophils in GVHD simply by modifying the culture conditions. Using CD45.1+ 477 
B6 mice as recipients allows researchers to distinguish BM-DCs (CD45.2+ CD11c+) from recipient 478 
DCs (CD45.1+ CD11c+) by flow analysis. The flexible number of cells generated ex vivo and adopted 479 
into the transplanted recipients is another benefit of the co-transplantation protocol. 480 
Furthermore, ex vivo culture allows us to screen the potential drugs to control GVHD.  481 
 482 
The ability to track tumor patterns in vivo is a powerful tool that has the potential to test whether 483 
a drug can affect GVL activity. Using this GVHD/GVL model, tumor progression and metastasis 484 
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can be monitored in live animals16. Moreover, this setting can be used for testing the GVL effect 485 
in multiple cancers.   486 
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