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SUMMARY: 19 
In this protocol, a gut microbiota antigen-specific T cell adoptive transfer colitis model is 20 
described. CD4+ T cells are isolated from CBir1 TCR transgenic mice. These are specific for an 21 
immunodominant gut microbiota antigen CBir1 flagellin, which is transferred into recipient Rag1-22 
/- mice, leading to intestinal inflammation. 23 
 24 
ABSTRACT:  25 
With the increase of incidence, inflammatory bowel diseases (IBD), which are chronic diseases 26 
affecting the gastrointestinal tract, impose a considerable health and financial burden on 27 
individuals and society. Therefore, it is critical to investigate the mechanisms underlying the 28 
pathogenesis and development of IBD. Here, a gut microbiota antigen-specific T cell transfer 29 
colitis model is described. CBir1 flagellin has been recognized as the immunodominant gut 30 
bacterial antigen in experimental colitis and patients with Crohn's disease. CBir1 TCR transgenic 31 
naϊve CD4+ T cells, specific to CBir1 flagellin, can induce chronic colitis after adoptive transfer into 32 
immune-deficient Rag1-/- mice. The disease severity is assessed by histopathology. The CD4+ T 33 
cell phenotypes in colonic lamina propria are also determined. This model closely resembles the 34 
development of IBD, which provides an ideal murine model for investigating the mechanisms 35 
driving the pathogenesis of IBD and testing the potential drugs for treating IBD.  36 
 37 
INTRODUCTION:   38 
Inflammatory bowel diseases (IBD), mainly including Crohn's disease (CD) and ulcerative colitis 39 
(UC), are characterized by chronic, relapsing-remitting inflammation of the gastrointestinal tract, 40 
affecting millions worldwide1. Several factors have been implicated in the development and 41 
pathogenesis of IBD, including genetic susceptibility, gut microbiota, immune responses, diet, 42 
and lifestyle2. However, the exact mechanism of IBD is still not completely understood. 43 
 44 
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One of the particular interests is the interaction between gut microbiota and host immune 45 
responses in regulating intestinal inflammation3. Gut microbiota provides a series of 46 
immunostimulatory molecules and antigens, which can activate immune responses4. While the 47 
balance between effector T cells and regulatory T cells (Tregs) is critical in maintaining intestinal 48 
homeostasis, the excessive intestinal mucosal CD4+ T cell response to gut microbiota antigens 49 
contributes to intestinal inflammation5-7. As an immunodominant gut microbiota antigen, CBir1 50 
flagellin has been related to the pathogenesis of human CD8,9. Furthermore, transfer of CBir1 TCR 51 
transgenic (Tg) T cells induces intestinal inflammation in immune-deficient mice6, closely 52 
resembling the human IBD, indicating that this T cell transfer model helps investigate the 53 
mechanisms of human IBD. 54 
 55 
This work describes the detailed protocol of inducing colitis in Rag1-/- mice by adoptive transfer 56 
of CBir1 TCR Tg naϊve CD4+ T cells and assessing disease severity. Besides, the anticipated results 57 
are shown, and the critical steps of the procedure and troubleshooting are discussed, which will 58 
help researchers investigate the mechanisms of pathogenesis of intestinal inflammation and test 59 
the potential drugs for treating IBD.  60 
 61 
PROTOCOL:  62 
All animal procedures were performed according to the University of Texas Medical Branch's 63 
Committee on the Use and Care of the animals. CBir1 TCR Tg mice were provided by Dr. Charles 64 
Elson of the University of Alabama at Birmingham. CBir1 TCR Tg mice can be female or male but 65 
should be at 8-12 weeks. Rag1-/- mice on the C57BL/6 background were obtained from the 66 
Jackson Laboratory10. Rag1-/- mice must be gender and age-matched, and either male or female 67 
can be used but should be at 8-12 weeks. The entire protocol is summarized in Figure 1. 68 
 69 
1. Preparation of the recipient mice  70 
 71 
1.1 Prepare Rag1-/- mice on the C57BL/6 background, bred in the same specific pathogen-free 72 
animal facility. Calculate the number of mice per group by power analysis11.  73 
 74 
NOTE: Rag1-/- mice do not have mature T cells and B cells10.  75 
 76 
1.2 Mark the mice by ear punch. 77 
 78 
1.3 Weigh the mice on the same day of T cell transfer. 79 
 80 
2. Preparation of the reagents and solutions  81 
 82 
NOTE: The reagents used are toxic, or biohazard and their handling need precautions and safety 83 
measures. 84 
 85 
2.1 Prepare Washing Buffer: add 5 mL of 100x Penicillin-Streptomycin into 500 mL of RPMI 86 
1640 medium. Mix it thoroughly and store it at 4 °C. 87 
 88 
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2.2 Prepare Tris-NH4Cl Lysis Buffer. 89 
 90 
2.2.1 Prepare Solution Part A. Dissolve 2.06 g of Tris base in 100 mL of double-distilled water 91 
(ddH2O) and adjust the pH value to 7.2 with HCl.  92 
 93 
2.2.2 Prepare Solution Part B. Dissolve 7.47 g of NH4Cl in 800 mL of ddH2O.  94 
 95 
2.2.3 Mix A and B thoroughly. Measure the pH and adjust it to 7.2 if not.  96 
 97 
2.2.4 Adjust the total volume to 1000 mL. Autoclave and then store it at 4 °C. 98 
 99 
2.3 Prepare the Isolation Buffer.  100 
 101 
2.3.1 Add 2.5 g of BSA and 500 µL of EDTA (0.5 M, pH 8.0) into 500 mL of 1x PBS. Mix it 102 
thoroughly. 103 
 104 
2.3.2 Filter the solution through a 0.22 µm vacuum-driven disposable bottle top filter (see Table 105 
of Materials). Store it at 4 °C. 106 
 107 
2.4 Prepare FACS Buffer. Add 1 mL of FBS and 50 µL of EDTA (0.5 M, pH 8.0) into 50 mL of 108 
Washing Buffer (prepared in step 2.1). Mix thoroughly and store it at 4 °C. 109 
 110 
2.5 Prepare Complete Medium. Add 5 mL of FBS in 45 mL of Washing Buffer. Mix thoroughly 111 
and store it at 4 °C. 112 
 113 
2.6 Prepare EDTA-PBS Buffer.  114 
 115 
2.6.1 Calculate the volume of the EDTA-PBS Buffer needed. Volume (mL) = mouse number x 20. 116 
 117 
2.6.2 Add appropriate volume of  FBS, EDTA, and HEPES in the PBS (2% of FBS, 0.5 mM of EDTA, 118 
10 mM of HEPES in PBS) (see Table of Materials).  119 
 120 
2.6.3 Mix it thoroughly and pre-warm in a 37 °C water bath. 121 
 122 
2.7 Prepare the Digestion Buffer. 123 
 124 
2.7.1 Calculate the volume of the Digestion Buffer needed. Volume (mL) = mouse number x 20. 125 
 126 
2.7.2 Add appropriate volume of FBS, Collagenase IV, and DNase I in Washing Buffer (2% of FBS, 127 
0.5 mg/mL of Collagenase IV, and 10 U/mL of DNase I in Washing Buffer) (see Table of Materials). 128 
 129 
2.7.3 Mix it thoroughly and pre-warm in a 37 °C water bath. 130 
 131 
2.8 Prepare Percoll Solution. 132 
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 133 
2.8.1 Prepare 100% Percoll. Add 5 mL of 10x PBS in 45 mL of original Percoll (see Table of 134 
Materials). 135 
 136 
2.8.2 Prepare 2% FBS in Washing Buffer. Add 1 mL of FBS in 49 mL of Washing Buffer. 137 
 138 
2.8.3 Caulculate the volume of 40 % Percoll Solution and 75 % Percoll Solution. Volume of 40% 139 
Percoll Solution (mL) = mouse number x 4; Volume of 75% Percoll Solution (mL) = mouse number 140 
x 2. 141 
 142 
NOTE: The reagents/solutions prepared in steps 2.1-2.5 will be used in steps 3-4, and those 143 
prepared in steps 2.6-2.8 will be used in step 9. All the reagents/solutions used in step 9 should 144 
be freshly prepared. Making 5 % extra Buffer is recommended for all the steps. 145 
 146 
3. Isolation of splenic CBir1 TCR Tg CD4+ T cells 147 
 148 
3.1 Euthanize CBir1 TCR Tg mouse/mice by a cervical dislocation with CO2 euthanasia (30%-149 
70% gas-air displacement rate). Wet the mice with 70% ethanol.  150 
 151 
3.2 Perform a ~1 cm left abdomen incision, pull the skin away from the abdominal muscle 152 
tissue, make a ~3 cm incision in the abdominal muscle tissue, and remove the spleen with sterile 153 
scissors and forceps. Place the spleen in a culture dish containing 5 mL of pre-cold Washing Buffer 154 
(prepared in step 2.1). 155 
 156 
3.3 Grind the spleen with the rough surface of two sterile glass slides. Transfer the cell 157 
suspension into a 50 mL centrifuge tube by passing through a 100 µm cell strainer (see Table of 158 
Materials). Rinse the glass slides and culture dish with 5 mL of pre-cold Washing Buffer and 159 
transfer the Washing Buffer into the tube. 160 
 161 
3.4 Centrifuge the cell suspension at 350 x g for 8 min at 4 °C. Discard the supernatant and 162 
resuspend the cells with 5 mL of pre-warmed Tris-NH4Cl Lysis Buffer (prepared in step 2.2) per 163 
spleen. Incubate for 10 min at room temperature. Add 10 mL of pre-cold Washing Buffer to the 164 
tube. 165 
 166 
3.5 Centrifuge the cell suspension at 350 x g for 8 min at 4 °C. Discard the supernatant and 167 
resuspend the cells with 10 mL of pre-cold Isolation Buffer (prepared in step 2.3). 168 
 169 
3.6 Count the cells. Mix 10 µL of cell suspension with 10 µL of trypan blue thoroughly. Load 170 
10 µL of the mixture onto a slide, insert the slide into the Automated Cell Counter (see Table of 171 
Materials) and obtain the viable cell number12. 172 
 173 
NOTE: Approximately 1 x 108 cells can be obtained from one donor mouse in this step. 174 
 175 
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3.7 Centrifuge the remaining cell suspension from step 3.6 at 350 x g for 8 min at 4 °C. Discard 176 
all the supernatants.  177 
 178 
3.8 Vortex the anti-mouse CD4 Magnetic Particles thoroughly (see Table of Materials), 179 
directly add 50 µL of the particles per 107 cells and mix with cell pellets thoroughly. Incubate for 180 
30 min at 4 °C. 181 
 182 
NOTE: Any other commercial CD4+ T cell enrichment kit can be used here. 183 
 184 
3.9 Transfer the cell-particle suspension into a sterile collection tube. Add 3.5 mL of pre-cold 185 
Isolation Buffer into the tube. 186 
 187 
3.10 Place the tube on the Cell Separation Magnet (see Table of Materials) for 8 min at room 188 
temperature. Carefully aspirate off the supernatant using a 3 mL Transfer Pipette. 189 
 190 
3.11 Remove the tube from Cell Separation Magnet (see Table of Materials), resuspend the 191 
cells with 3.5 mL pre-cold Isolation Buffer, and place the tube to the Magnet for 4 min at room 192 
temperature. Carefully aspirate off the supernatant using a 3 mL Transfer Pipette. 193 
 194 
3.12 Repeat step 3.11. 195 
 196 
3.13 Resuspend the cells with 1 mL of pre-cold FACS Buffer (prepared in step 2.4).  197 
 198 
4. Purification of CBir1 TCR Tg naϊve CD4+ T cells 199 
 200 
4.1 Count the cells following step 3.6. 201 
 202 
4.2 If the cell concentration is >107/mL, add a volume of FACS buffer to make sure the cell 203 
concentration is ≤ 107/mL. 204 
 205 
NOTE: ~1 × 107 cells can be obtained from one donor mouse in this step. 206 
 207 
4.3 Stain the surface markers with 10 µL of anti-mouse CD4-APC, 10 µL of anti-mouse CD25-208 
Percp/Cy5.5, and 10 µL of anti-mouse CD62L-PE13,14 (see Table of Materials). Mix gently and 209 
incubate for 30 min at 4 °C in the dark. 210 
 211 
4.4 Wash the cells with 2 mL of pre-cold FACS buffer. Centrifuge the cell suspension at 350 x 212 
g for 8 min at 4 °C. Aspirate all the supernatants using a 3 mL Transfer Pipette.  213 
 214 
4.5 Repeat Step 4.4. 215 
 216 
4.6 Resuspend the cells to the concentration of 40 x 106/mL in pre-cold FACS buffer.  217 
 218 
NOTE: To prevent the sorter from clogging, pass the cells through a 70 µm strainer. 219 
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 220 
4.7 Add 0.1 µg/mL of DAPI. 221 
 222 
NOTE: DAPI is used for excluding the dead cells. 223 
 224 
4.8 Prepare 15 mL centrifuge tubes containing 4 mL of Complete Medium (prepared in step 225 
2.5) for collecting the sorted cells. 226 
 227 
4.9 Load the cells onto the sorter. Sort single viable naϊve CD4+ T cells (DAPI- CD4+ CD25- 228 
CD62L+ cells) in purity mode (Nozzle size: 70 µm; Pressure: 70 PSI; Event rate: 8000-12000 229 
events/s; Efficiency: higher than 90%) (Figure 2). 230 
 231 
NOTE: Naϊve CD4+ T cells express high expression of CD62L and lack the activation marker 232 
CD2513,14. 233 
 234 
4.10 Centrifuge the cell suspension at 350 x g for 8 min at 4 °C. Aspirate all the supernatants 235 
using a 3 mL Transfer Pipette.  236 
 237 
4.11 Resuspend the cells in 500 µL of 1x PBS.  238 
 239 
4.12 Count cells following step 3.6 240 
 241 
NOTE: ~5 × 106 cells can be obtained from one donor mouse in this step. 242 
 243 
5. Cell transfer into the recipient mice 244 
 245 
5.1 Resuspend the CBir1 TCR Tg naϊve CD4+ T cells to the 5 x 106/mL concentration by adding 246 
1x PBS. 247 
 248 
5.2 Warm the Rag-/- mice under a heat lamp (see Table of Materials) for 4 min, and restrain 249 
the mice using a mouse restrainer. 250 
 251 
5.3 Intravenously transfer 200 µL of the cell suspension into the tail vein of Rag-/- mice using 252 
a 1 mL insulin syringe (27 G) (see Table of Materials). 253 
 254 
NOTE: Cells from one donor mouse are enough to transfer to around five recipient mice. 255 
 256 
6. Monitoring clinical signs during colitis progression 257 
 258 
6.1 Weigh the mice every week and increase the observation to twice a week once the mice 259 
start losing >5% of original weights. 260 
 261 
6.2 Observe mice response/move when gently stimulated. 262 
 263 
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6.3 Observe other clinical abnormalities. i.e., posture and stool consistency. 264 
 265 
7. Colon collection and histopathological scoring  266 
 267 
7.1 Sacrifice the recipient mice by a cervical dislocation with CO2 at a time point of the weight 268 
loss >20% of original weight or 6-weeks post cell transfer. Wet the mice with 70% ethanol. 269 
 270 
7.2 Perform a ~1 cm ventral midline skin incision, pull the skin away from the abdominal 271 
muscle tissue, make a ~3 cm incision in the abdominal muscle tissue, identify the cecum, and 272 
remove the entire colon with sterile scissors and forceps. Wet the colon with pre-cold PBS in a 273 
culture dish. 274 
 275 
7.3 Incise the colon lengthwise and rinse it with pre-cold PBS. Cut 1/3 of the colon 276 
longitudinally. 277 
 278 
7.4 Place the colon strip in a paper towel with the luminal side facing upward. Perform Swiss 279 
rolling using a toothpick15. 280 
 281 
7.5 Place the colon Swiss into a cassette and put the cassette in 10% buffered formalin for 24 282 
h16, followed by dehydration and paraffin embedding using an automated processor (see Table 283 
of Materials). 284 
 285 
7.6 Cut 5 µm tissue sections on a microtome, mounted on slides, and perform the 286 
Hematoxylin and eosin (H&E) stain17 (see Table of Materials). 287 
 288 
7.7 Determine the histopathological scores by combining the scores for each of the six 289 
parameters for a maximum of 12. Lamina propria inflammation (normal, 0; mild, 1; moderate, 2; 290 
severe, 3); goblet cell loss (normal, 0; mild, 1; moderate, 2; severe, 3); abnormal crypt (normal, 291 
0; hyperplastic, 1; disorganization, 2; crypt loss, 3); crypt abscesses (absent, 0; present, 1); 292 
mucosal erosion and ulceration (normal, 0; mild, 1; moderate, 2; severe, 3); and submucosal 293 
change (none, 0; submucosa, 1; transmural, 2)18. 294 
 295 
8. Isolation and staining of intestinal lamina propria cells  296 
 297 
8.1. After step 7.3, cut another 2/3 of the colon into 0.5-1 cm pieces and wash it with pre-cold 298 
PBS. 299 
 300 
8.2. Transfer the colon segments into 20 mL pre-warmed EDTA-PBS buffer in a 50 mL 301 
centrifuge tube. Incubate at 37 °C with 250 rpm shaking for 30 min. 302 
 303 
8.3. Vortex the tube, discard the supernatants by passing it through a sterile sieve (diameter: 304 
0.01 inches), and resuspend the colon segments in 20 mL of pre-cold PBS in the 50 mL tube.  305 
 306 
8.4. Repeat step 8.3 twice. 307 
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 308 
8.5. Place the colon segments in a C tube (see Table of Materials) containing 10 mL of pre-309 
warmed Digestion Buffer.  310 
 311 
8.6. Place the tube on a Dissociator machine (see Table of Materials) and incubate under the 312 
program of "37C_m_LPDK_1" for 25 min. 313 
 314 
NOTE: "37C_m_LPDK_1" is a standard preset program in the Dissociator machine used for stirring 315 
the samples and keeping them at 37 °C. 316 
 317 
8.7. Check if tissue is digested completely, which means that no piece of tissue is in the 318 
Digestion buffer. If not, repeat the program of "37C_m_LPDK_1". 319 
 320 
8.8. Collect the supernatant by passing through a metal sieve and 100 µL strainer. Rinse with 321 
10 mL of pre-cold PBS.  322 
 323 
8.9. Centrifuge the cell suspension at 350 x g for 8 min at 4 °C. Aspirate all the supernatants.  324 
 325 
8.10. Resuspend the cells in 4 mL of 40% Percoll Solution and mix it thoroughly (prepared in 326 
step 2.8). 327 
 328 
8.11. Transfer the resuspended cells to 2 mL of 75% Percoll solution in a 15 mL centrifuge tube. 329 
 330 
8.12. Centrifuge the cell suspension at 850 x g for 20 min at 20 °C (Acceleration ramp: 0; Brake 331 
ramp: 0).  332 
 333 
8.13. Carefully remove fat on the top layer using a 3 mL Transfer Pipette and transfer the cell 334 
layer to 20 mL of Washing Buffer in a 50 mL tube. 335 
 336 
8.14. Centrifuge the cell suspension at 350 x g for 8 min at 4 °C. Discard all the supernatants 337 
and resuspend cells in 1 mL of Completed Medium. 338 
 339 
8.15. Count the cells following step 3.6. 340 
 341 
8.16. Seed the cells in a 24-well plate, activate them with 50 ng/mL of Phorbol-12-myristate 13-342 
acetate and 750 ng/mL of ionomycin for 2 h, followed by incubation with 5 µg/mL of Brefeldin A 343 
for 3 h (see Table of Materials). 344 
 345 
NOTE: The reagents used are toxic, and their handling needs precautions and safety measures. 346 
 347 
8.17. Transfer the cells into a FACS tube, add 2 mL of FACS Buffer, and centrifuge the cells at 348 
350 x g for 8 min at 4 °C. Discard the supernatant. 349 
 350 
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8.18. Incubate the cells with 12.5 µg/mL of anti-mouse CD16/3219 in (see Table of Materials) 351 
FACS buffer to block Fc receptors for 5 min at room temperature. 352 
 353 
8.19. Stain for live/dead and surface marker. 354 
 355 
8.19.1. Wash the cells with 2 mL of FACS Buffer and centrifuge them at 350 x g for 8 min at 4 °C. 356 
Discard the supernatant. 357 
 358 
8.19.2. Stain the cells with live dye and surface markers (i.e., anti-mouse CD3 and anti-mouse 359 
CD4 antibodies)20 (see Table of Materials) in FACS Buffer at the optimized concentration for 30 360 
min at 4 °C in the dark. 361 
 362 
NOTE: The reagents used are toxic, and their handling needs precautions and safety measures. 363 
 364 
8.20. Perform the cellular and nuclear staining. 365 
 366 
8.20.1. Add 2 mL of FACS Buffer and centrifuge the cell suspension at 350 x g for 8 min at 4 °C. 367 
Discard the supernatant. 368 
 369 
8.20.2. Permeabilize and fix the cells by resuspending the cells with 200 µL of Transcription Factor 370 
Fix working solution (see Table of Materials) for 40 min at room temperature. 371 
 372 
8.20.3. Add 2 mL of Perm buffer and centrifuge the cell suspension at 350 x g for 8 min at 4 °C. 373 
Discard the supernatant. 374 
 375 
8.20.4. Incubate the cells with cellular and nuclear markers (i.e., anti-mouse IFNγ, anti-mouse IL-376 
17A, and anti-mouse Foxp3 antibodies)20 in Perm buffer (see Table of Materials) for 30 min-1 h 377 
at room temperature. 378 
 379 
8.20.5. Add 2 mL of Perm buffer and centrifuge the cell suspension at 350 x g for 8 min at 4 °C. 380 
Discard the supernatant. 381 
 382 
8.20.6. Add 1 mL of FACS Buffer and centrifuge the cell suspension at 350 x g for 8 min at 4 °C. 383 
Discard the supernatant. 384 
 385 
8.21. Resuspend cells with 200 µL of FACS Buffer and run the samples on a flow cytometer (see 386 
Table of Materials). 387 
 388 
REPRESENTATIVE RESULTS:  389 
Approximately 5 x 106 CBir1 TCR Tg naϊve CD4+ T cells per spleen were isolated from an adult 390 
CBir1 TCR Tg mouse. Transfer of CBir1 TCR Tg naϊve CD4+ T cells induced chronic colitis in recipient 391 
Rag1-/- mice. After cell transfer, clinical signs were monitored to evaluate the progression of 392 
intestinal inflammation, including weight loss, stool consistency, and hunched posture. As 393 
expected, mice began to lose weight around three weeks post cell transfer, and the weight 394 
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reached around 80%-85% of original weight six weeks post cell transfer (Figure 3). Additionally, 395 
mice showed diarrhea around 3-4 weeks post cell transfer and demonstrated hunched posture 396 
when they developed severe colitis. Gross morphology of the colon was shown, and the colitis 397 
severity was assessed by the histopathological score when mice were sacrificed. Mice receiving 398 
CBir1 TCR Tg naϊve CD4+ T cells showed short colon length 6 weeks post cell transfer (Figure 4A). 399 
The recipient mice demonstrated more cell infiltration in the intestinal lamina propria 4 weeks 400 
post cell transfer (Figure 4C), goblet cell loss and intestinal epithelial cell hyperplasia 5 weeks 401 
post cell transfer (Figure 4D), and mucosal erosion and inflammatory cell infiltration in the 402 
submucosa of the colon 6 weeks post cell transfer (Figure 4F). At the same time, there was no 403 
inflammation in Rag1-/- mice receiving PBS alone (Figure 4B). Besides, there is no inflammation 404 
in the small intestine, but the cecum has inflammation. In addition, CD4+ T cell phenotypes in 405 
colonic lamina propria were determined by flow cytometry. The gating strategy is shown (Figure 406 
5A-E). CBir1 TCR Tg naϊve CD4+ T cells developed into IFNγ+ Th1 cells, IL-17A+ Th17 cells, IFNγ+ IL-407 
17+ CD4+ T cells (Figure 5F), and Foxp3+ Treg cells in intestinal lamina propria of Rag-/- recipients 408 
(Figure 5G). 409 
 410 
FIGURE LEGENDS: 411 
 412 
Figure 1: The procedure of induction colitis and assessment of disease severity. Splenic CD4+ T 413 
cells were isolated from CBir1 TCR transgenic mice using magnetic beads, and then naϊve T cells 414 
were purified by sorting. CBir1 TCR transgenic naϊve T cells were then intravenously transferred 415 
into recipient Rag1-/- mice. When the mice were sacrificed around six weeks post cell transfer, 416 
colitis severity was assessed by histopathological scores. The CD4+ T cell phenotypes in colonic 417 
lamina propria were determined by flow cytometry.  418 
 419 
Figure 2: The gating strategy for sorting CBir1 TCR transgenic naϊve T cells. Viable single CBir1 420 
TCR transgenic naϊve T cells were purified by excluding debris (A), non-single cells (B-C), dead 421 
cells (D), and activated cells (E-F). The subpopulation was shown in (G). 422 
 423 
Figure 3: The weight changes of Rag1-/- mice post T cell transfer. 1 x 106 CBir1 TCR transgenic 424 
naϊve T cells were transferred into Rag1-/- mice, and Rag1-/- mice receiving PBS were used as 425 
controls. Mouse weights were recorded every week. Data were presented in mean ± SD; 426 
Student's t-test; ***p<0.001. 427 
 428 
Figure 4: The gross morphology and Hematoxylin and eosin staining of the colon from Rag1-/- 429 
mice receiving CBir1 TCR transgenic naϊve T cells. (A) The recipient mice were sacrificed six 430 
weeks post cell transfer, and the gross morphology of the colon was shown. (B-E) The recipient 431 
mice were sacrificed at different time points, and Rag1-/- mice received PBS as controls. The 432 
colons were processed for Hematoxylin and eosin staining. Representative images of 433 
Hematoxylin and eosin staining of the colon are shown. Scale bar = 200 µm. (F) Histopathological 434 
scores were determined. Data were presented in mean ± SD. 435 
 436 
Figure 5: The CD4+ T cell phenotypes in colonic lamina propria of Rag-/- mice receiving CBir1 437 
TCR transgenic naϊve T cells. When the recipient mice were sacrificed 6 weeks post cell transfer, 438 
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colonic lamina propria cells were isolated for staining CD4+ T cell phenotypes. (A-E) The gating 439 
strategy for analysis of T cell phenotypes. (F-G) (F) IL-17A+ CD4+ T cells, IFNγ+ CD4+ T cells, IL-17+ 440 
IFNγ+ CD4+ T cells, and (G) Foxp3+ Tregs were determined by flow cytometry. 441 
 442 
DISCUSSION:  443 
Although every step is essential for the reproducibility of this colitis model, there are several 444 
critical steps. The recipient Rag-/- mice should receive adequate viable naϊve CD4+ T cells to induce 445 
intestinal inflammation. We used spleens for the isolation of naïve CD4+ T cells instead of MLNs. 446 
Because the yield of naïve CD4+ T cells in MLNs is much lower than in spleens. CD62L is highly 447 
expressed in naïve T cells, and CD44 and CD25 are the activation markers of T cells13,14. In this 448 
study, we first used anti-CD4 magnetic beads to isolate CD4+ T cells from spleens. Then we used 449 
the combination of anti-CD4, anti-CD62L, and anti-CD25 antibodies for isolation of naïve CD4+ T 450 
cells13,14. Researchers could use other markers for sorting the naïve CD4+ T cells. CD45RBhi is also 451 
marker of naïve T cells. CD45RBhi CD25- CD4+ T cells are commonly used as naïve T cells of wild-452 
type non-TCR transgenic T cells23. Therefore, the techniques of sorting cells and intravenously 453 
injection of the T cells into the recipient mice are essential. Setting up the gating protocol as a 454 
template is helpful to speed up the experiments with fewer errors. To avoid cell death, cells 455 
should always be kept on ice. Besides, staining cells with DAPI is highly recommended for 456 
excluding dead cells because DAPI cannot transit across intact cell membranes, making it an 457 
excellent dead cell probe24. Warming the mice to stimulate dilation of the tail veins provides 458 
better vein visibility for intravenous injection. All procedures are recommended to be performed 459 
by trained researchers.  460 
 461 
Many factors might impact the outcome of the colitis models, which needs to be paid attention. 462 
First, the recipient Rag1-/- mice should be age and gender-matched. In the CD45RBhi T cell transfer 463 
model, T cells from male and female donors can be transferred to male Rag-/- recipients, while 464 
only female donors can be used when using female recipients23. However, we do not see a 465 
significant difference between male and female recipients. The recipient mice could be either 466 
females or males, and T cells from male donors can also induce colitis in female recipients. Since 467 
weight change is a valuable indicator of colitis progression, it is recommended to use the 468 
recipient mice between 8-12 weeks to present a stable weight line. These recipient mice should 469 
be bred and kept in the same room of the animal facility because microbiota is critical in 470 
regulating colitis development25. The time to develop colitis varies when transferring different 471 
numbers of CBir1 TCR Tg naïve CD4 T cells. As expected, fewer cells require a longer time for 472 
induction of colitis, and a higher number of cells require a shorter time for induction of colitis. 473 
Using 1 x 106 cells per recipient mouse is recommended since the recipient mice demonstrate 474 
clinical signs of colitis ~2-3 weeks post cell transfer and develop relatively severe colitis ~6 weeks 475 
post cell transfer. In addition, compared with intraperitoneal injection, intravenous injection of 476 
cells into the tail vein induces more consistent colitis. For isolation of colonic lamina propria cells, 477 
the colon tissues must not get dry; otherwise, it would reduce cells' yield and viability. One of the 478 
particular concerns is that the duration of the colitis would be changed if the recipient mice are 479 
transferred with genetic-modified CBir1 TCR Tg T cells or treated with drugs26. In addition, CBir1 480 
TCR Tg T cells also induce intestinal inflammation in other immune-deficient mice, such as 481 
TCRβ/δ-/- mice, which lack T cells27.  482 
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 483 
As accumulating evidence indicates a crucial role of gut bacterial antigen-specific reactive T cells 484 
in the pathogenesis of IBD, using T cells specific for a defined gut bacterial antigen will provide 485 
insights into how gut bacterial antigen induce T cell responses to induce colitis. Gut microbiota 486 
antigen CBir1 flagellin is abundant in the gastrointestinal tract, which is related to the 487 
pathogenesis of IBD8,9. This colitis model resembles several critical characteristics of IBD, 488 
including diarrhea, weight loss, histopathological finding, and abnormal intestinal immune 489 
responses. Therefore, this colitis model is useful to study the mechanisms of human IBD and 490 
provides a tool to evaluate the treatments for IBD.  Interestingly, the recent work of Chiaranunt 491 
et al. indicated that T cell specificity to the microbiota CBir 1 antigen alone might not be sufficient 492 
to induce T cell activation and colitis. This is evidenced by the wild-type CBir1 TCR Tg T cells 493 
induced colitis in Rag-/- recipients, whereas Rag-/- CBir1 T cells did not induce colitis in their animal 494 
facility, suggesting that gut T cells responding to specific gut bacterial antigen may require other 495 
interrelated commensal bacteria, for example, Helicobacter spp, to function as an adjuvant28.  An 496 
exciting aspect of this model is that different T cell subsets, namely Th1, Th17, and Treg cells, are 497 
present in lamina propria of colitic recipient mice, which provides a unique opportunity for 498 
investigating the roles of not only effector T cells but also Tregs in the pathogenesis of colitis29. 499 
 500 
However, as this colitis model is mediated by gut microbiota-specific T cells, one limitation for 501 
this colitis model is that the duration of induction of colitis may vary in different animal facilities 502 
depending on gut microbiota.  503 
 504 
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2. Please reword the following lines to avoid previously published work: 20-21, 196-210. 
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text. 
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symbols (™), registered symbols (®), and company names before an instrument or reagent. 

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. 

For example: gentleMACS. 
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language.  
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5. 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.). Any text that cannot be 

written in the imperative tense (e.g., provide extraneous details, optional steps, or 

recommendations) may be added as a “NOTE.” 

Reply: Done accordingly. 

 

6. Please note that your protocol will be used to generate the script for the video and must 

contain everything that you would like shown in the video. Please ensure you answer the “how” 

question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. There should be enough detail in each step to 

supplement the actions seen in the video so that viewers can easily replicate the protocol. 

Reply: Thanks for the comments. After going through the manuscript thoroughly, we modified 

some steps and added more references.  

 

7. Please add more details to your protocol steps: 

Step 1/2: Please specify the age/gender/strain of the mouse used. 

Reply: Done accordingly. Please see the revised manuscript. 

 

Step 2.2: Please specify the incision size. Also please include the details of Penicillin-

Streptomycin and RPMI in the Table of materials. 

Reply: Done accordingly. 

 

Step 2.4: Please mention the composition of Tris-NH4Cl Lysis Buffer. 

Reply: Done accordingly. Additionally, we included the steps for the preparation of reagents. 

Please see the revised manuscript. 

 

Step 2.6: Please include a citation for the trypan blue method for counting the cells. 

Reply: Done accordingly.  

 

Step 2.7/3.4/3.10/7.13: Please mention how was the aspiration done. Was a pipette used? 

Reply: Done accordingly. Please see the revised manuscript. 

 

Step 2.8: 5uL of the commercially available magnetic nanoparticles were directly added or any 

dilution was made? 

Reply: Done accordingly. Please see the revised manuscript. 

 

Step 6.2: Please mention the incision size. 

Reply: Done accordingly. 

 

Step 6.5: What are these cassette and automatic processor? Are these obtained commercially? 

Then please include the details in the Table of Materials. 

Reply: They were Tissue Embedding/Processing Cassette and Tissue Automatic Processor, and 

can be obtained commercially, which was included in the Table of Materials in the revised 

version. 

Step 7.12: How was the fat on the top layer removed? A pipette was used? Please specify. 
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Reply: A pipette was used to remove the top layer. Please see the revised manuscript. 

 

8. Please include one line space between the protocol steps and highlight up to 3 pages 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. 

Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will 

still be available to the reader. 

Reply: Done accordingly. 

 

9. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from 

one highlighted step to the next and also is in-line with the Title of the manuscript. Please 

highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of 

the step includes at least one action that is written in imperative tense. However, the NOTEs and 

the steps including euthanasia/anesthesia cannot be filmed, so please do not highlight. 

Reply: Done accordingly. 

 

10. Please modify the Result section to include all the observations and conclusions you can 

derive from the Figures. The Results section should focus on the effectiveness of your technique 

backed up with data. 

Reply: I do appreciate the editors’ comments. We have modified the Result section as suggested. 

Please see the revised manuscript. 

11. As we are a methods journal, please ensure that the Discussion cover the following in detail 

in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) significance with respect to existing methods 

e) Any future applications of the technique 

Reply: Done accordingly. 

 

12. Figure 4B: Please include the x-axis description. 

Reply: Done accordingly. 

 

 

Reply to Reviewer #1: 

 

1. The text needs to be significantly improved (e.g. line 20: "Inflammatory bowel diseases (IBD) 

are disorders of chronic intestinal inflammation"; line 34: "gastroenterology tract"; figure 1: 

"collon"); line 82: Mix the 10 μl of cell suspension (here the authors just take a 10 µL aliquot but 

not the complete 10 mL of the cell suspension), etc….. The authors need to keep the units 

harmonized (e.g. line 82: µl or µL). Why the authors use sometimes a hyphen between numbers 

and units of measurement (e.g. 50-mL)? 

Reply: We do appreciate the reviewer’s careful reading through the manuscript and apologize for 

the typos. We have carefully gone through and edited the revised manuscript.  
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Additionally, we used 10 µL of cell suspension for counting the cells, and the remaining cell 

suspension was spun down for the following steps. To avoid the misunderstanding, I re-worded 

those steps. Please see the revised manuscript. 

As suggested, we changed all the ‘µl’ to ‘µL’. Besides, we used a hyphen between numbers and 

units only for the tubes/ strainers. 

 

2. The authors should give the characteristics of the immune-deficient recipient mice to be used 

in the model including Rag2-/- or TCRβ/δ-/-. The authors isolate the naïve CD4+ T lymphocytes 

by using the markers CD4, CD25 and CD62L, I believe that to justify the use of these markers 

would be appreciated by researchers who are not immunologists. 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly. 

 

3. Step 4.3: line 126: the size of the needle for insulin syringe (29G?) and the site of injection 

(injection into tail vein as indicated in the discussion section?) should be indicated. It may also 

be indicated that the injection can be performed under a light isoflurane anesthesia. 

Reply: We do appreciate the reviewer’s comments. We used 27G needle for insulin syringe (see 

Cat# in the Table of Materials), and injected the cells into tail veins, which was included in the 

revised manuscript. Per our ARC protocol, we did not use anesthesia. 

 

4.The Step 5 is too succinctly described: the clinical disease index should be described in details 

with corresponding colitis severity scoring. 

Reply: We do appreciate the reviewer’s suggestion. However, we do not have the clinical sign 

scoring. We monitor the clinical signs because these signs indicate the model is successful, 

which was described in the Result section. Besides, weight loss > 20% of the original weight is 

also a sign of euthanasia, which was described in the Step 7.1. 

 

5.Step 6.6. It is not necessary to describe H&E staining but a reference would be useful. 

Reply: Done accordingly. 

 

6. Step 6.7. Examples of histological scores ranging from healthy (not transferred mice) to very 

severe colitis will improve the figure 4. The authors should, at least describe the histological 

tissue damage depicted in the figure 4A (right panel). 

Reply: We do appreciate the reviewer’s suggestion. Please see the revised Figure 4. 

 

7. Step 7.6 what is the program 37C-M-LPDK-1? (characteristics?) 

Reply: This is the standard program in the Dissociator, which was pre-set by Miltenyi Biotec. 

Therefore, it is unfortunately that we do not know the exact procedures under this program, but it 

is used for stirring the samples and keeping the samples at 37 °C. 

 

8. Step 7.9 and 7.10 are confusing. All the supernatants are aspirate and then discard? 

Reply: We do apologize for the confusion. The supernatants were just discarded. Please see the 

revised manuscript. 

 

9. Step 7.12. Centrifugation without acceleration? 

Reply: We have re-worded this sentence. Please see the revised manuscript. 
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10. Step 7.19.2. It may be mentioned that the reagents used are toxic and their manipulation 

needs precautions and safety measures. 

Reply: Done accordingly. 

 

11. Figure 5. The origin of FoxP3+Treg found in colitis mice should be discussed. 

Reply: The Foxp3+ Treg cells were differentiated from naïve T cells, which was discussed in the 

revised manuscript.  

 

 

Reply to Reviewer #2: 

 

1. It will be helpful if the authors add representative images of intestine (or colon) to show the 

gross changes in mice with colitis. It will give the readers a general idea of how the colitic 

colons look like if the model is successfully established. 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly. Please see the revised 

Figure 4. 

 

 

Reply to Reviewer #3: 

 

1. The key mouse strain required (CBir1) is not commercially available. The protocol provides 

no information on where the authors obtained it from or how readers could obtain it in the 

future. This seriously limits the usefulness of the protocol. 

Reply: The CBir1 Tg mice were provided by Dr. Charles Elson at the University of Alabama at 

Birmingham. The information was included in the revised manuscript. 

 

2. More information is needed to justify the use of CBir over non-TCR transgenic naïve T cells 

(which will also potently induce colitis). The work of Chiaranunt et al (PMID 29777027 - this 

should be cited), shows that the majority of CBir1 T cells that expand in a lymphopenic host do 

not recognize Fla antigens due to other rearranged endogenous alpha chains. This may restrict 

the utility of this model in assessing Fla antigen-specific responses - the main justification for 

using CBir1 cells provided in the discussion. 

As accumulating evidence indicates a crucial role of gut bacterial antigen-specific reactive T cells 

in the pathogenesis of IBD, using T cells specific for a defined gut bacterial antigen will provide 

insights into how gut bacterial antigen induce T cell responses to induce colitis. Interestingly, the 

recent work of Chiaranunt et al. indicated that T cell specificity to the microbiota alone might 

not be sufficient to induce T cell activation and colitis as while WT CBir1 T cells induced colitis 

in Rag KO recipients, Rag-/- CBir1 T cells did not induce colitis in their animal facility, 

suggesting that gut T cells respond to specific gut bacterial antigen may require other interrelated 

commensal bacteria, for example, Helicobacter spp, to function as an adjuvant. This information 

was included, and Chiaranunt et al.’s paper was cited in the revised manuscript. 

 

3.It would be helpful to provide some estimates of the number of cells obtained at each stage of 
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the purification and therefore an estimate of the number of donor mice one would need for a 

given number of recipients. 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly.  

 

4. Line 61. It is important to stress the importance of sex matching between donor and recipient, 

not just within groups. 

Reply: We do appreciate the reviewer’s comment. In this model, it is not necessary for sex 

matching between donor and recipient, which was discussed in the revised Discussion section. 

 

5. Line 65. This sentence does not make sense to me. 

Reply: Thanks for the comment. We have re-worded this sentence. 

 

6. Line 114. Please provide more details of your recommended sorting setup. Nozzle size, 

pressure, event rates etc. This will vary between individual machines, but it is useful information 

to have to give readers a general idea of what you recommend. 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly. 

 

7. Line 147. Please provide a reference for this scoring system. If it is a system you have 

developed yourselves, please provide representative images to demonstrate the various scoring 

levels. 

Reply: We do appreciate the reviewer’s suggestion. The reference was added, and more 

representative images were also included in the revised manuscript. 

 

8. Line 173. Please provide more details about how the Percoll is prepared (what is it diluted 

in?) 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly. Besides, we included the 

preparation of all the reagents in the revised protocol. 

 

9. Line 183. This concentration of PMA is very high - is it correct? 

Reply: Yes, we used PMA at the concentration of 50 ng/mL. 

 

10. Line 184. Please provide a concentration of BFA used. 

Reply: We do appreciate the reviewer’s comment. Done accordingly. 

 

 

Reply to Reviewer #4: 

 

1. The CBir1 TCR Tg mice are not commercially available (Jax, Taconic). Therefore, it would be 

helpful to include the information on how we can obtain the line (need MTA with who? Etc.). 

Reply: See response to Reviewer #3, question #1. The CBir1 Tg mice were provided by Dr. 

Charles Elson at the University of Alabama at Birmingham. The information was included in the 

revised manuscript. 

 

2. Please indicate what better controls will be for FACS analysis. In Rag KO host without 

transferring cells, no T cells can be found, and it is not appropriate control. Please argue this. 
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Reply: We do appreciate the reviewer’s comment. The purpose of FACS analysis is to define T 

cell phenotypes in colitic mice induced by transferred CBir1 T cells. As there are no Rag KO 

mice do not develop colitis after receiving CBir1 T cells, it is impossible to have healthy Rag KO 

mice with transferred T cells to serve as controls. Thus, it is appropriate to use Rag KO mice 

without transferred T cells to serve as controls. 

 

3. The negative gate of CD25 is very important to remove regulatory T cells. However, it is a 

little bit unclear how the other antibodies must be chosen. Some investigators used different 

antibodies to sort Naïve T cells. 

A. CD44+ CD62L- CD4+ TCRb+ CD25- 

B. CD45RB High CD4+ CD25- 

It would be really useful if the authors included this information. 

Reply: We do appreciate the reviewer’s comment. CD4+ T cells belong to TCRαβ T cells, so 

some researchers used the combination of TCRβ and CD4 as the markers of CD4+ T cells. 

CD62L is highly expressed in naïve T cells, and CD44 and CD25 are the activation markers of T 

cells. CD45RA and CD45RB are also a marker of naïve T cells.  

In this study, we first used anti-CD4 magnetic beads to isolate CD4+ T cells from spleens. Then 

we used the combination of anti-CD4, anti-CD62L, and anti-CD25 antibodies for isolation of 

naïve CD4+ T cells. Researchers could use other markers for sorting the naïve CD4+ T cells. 

Additionally, CD45RBhi CD25- CD4+ T cells are commonly used as naïve T cells of WT non-

TCR transgenic T cells. 

 

4. The author used just spleen, not LNs. It would be very appreciated if the authors could 

mention it is ideal to use only the spleen, or it can be possible to include other LNs, including 

mLNs (or should not include mLNs). 

Reply: We do appreciate the reviewer’s comment. MLNs could also be used for the isolation of 

naïve CD4+ T cells. However, the yield of naïve CD4+ T cells in MLNs and other LNs is much 

lower than in spleens. Therefore, we recommend using splenic T cells. This point was also 

included in the Discussion section. 

 

5. Is there any dose dependency for the number of transferred CBir1 TCR Tg Naïve CD4 T cells? 

Reply: We do appreciate the reviewer’s comment. The time to develop colitis varies when the 

different number of CBir1 TCR Tg Naïve CD4 T cells are transferred. As expected, fewer cells 

require a longer time for induction of colitis, and a higher number of cells require a shorterer 

time for induction of colitis. We recommend using 1 × 106 cells per recipient mouse since the 

recipient mice demonstrate clinical signs of colitis around 2-3 weeks post cell transfer and 

develop relatively severe colitis around 6 weeks post cell transfer.  

 

6. It would be appreciated if the authors could provide any examples of pathology scoring 

(described in step 6.7) in Figure 4. The authors should use asterisks or arrowheads to indicate 

the area of inflammation and the type of pathology (parameters such as abnormal crypt etc.), at 

least. 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly. Please see the revised 

Figure 4. 
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7. Some use IV or RO. It would be very appreciated if the authors could raise the differences 

between IV and RO routes in this model or general WT naïve T cell transfer model. 

Reply: We do appreciate the reviewer’s comment. Both IV and RO routes work equally well. 

Some researchers also use IP route. In this protocol, we used intravenous injection (IV) into tail 

vein. Compared with an intraperitoneal injection (IP), IV transfer of cells induce more consistent 

colitis in either the CD45RBhi T cell transfer model or CBir1 Tg naïve T cell transfer model. 

This point was also included in the revised Discussion section. 

 

8. No inflammation in the small intestine or cecum? 

Reply: We do appreciate the reviewer’s comment. There is no inflammation in the small 

intestine, but the cecum has inflammation. This point was also included in the Result section. 

 

9. Are there any phenotypic differences between males and females? 

Reply: We do appreciate the reviewer’s comments. We did not see a significant difference 

between recipient males and females, which was also included in the revised manuscript. 

 

10. What are the phenotypic differences between regular WT naïve T cell transfer colitis and 

CBir1 TCR Naïve CD4 T cell transfer colitis? 

Reply: There are no reports to carefully compare the phenotypic differences between regular WT 

naïve T cell transfer colitis and CBir1 TCR Naïve CD4 T cell transfer colitis. 

 

11. Is there any information about the case of CBir1 TCR Naïve CD8 T cell transfer into Rag KO 

hosts? 

Reply: We do appreciate the reviewer’s comment. Unfortunately, there is no information about 

the case of CBir1 TCR Naïve CD8 T cell transfer into Rag KO hosts. 

 

12. It has been mentioned that naïve T cells from male and female donors can be transferred to 

male Rag KO recipients. If female RAG−/− recipients are to be used, then only female WT 

donors may be used (PMID: 19033538). Can the author agree with this? If so, it is worth 

indicating this. If not, please mention the reasons. 

Reply: We do appreciate the reviewer’s comments. In our animal facility, we did not see this 

phenomenon. The recipient mice could be either females or males, and T cells from male donors 

can also induce colitis in female recipients. This point was included in Result Section and 

Discussion Section. 

 

13. Please have a discussion about this paper (PMID: 29777027). 

Reply: See response to Reviewer #3, question #2. The CBir1 Tg T cells are reactive to a defined 

gut bacterial antigen CBir1 flagellin, whereas WT non-TCR transgenic naïve T cells may 

respond to multiple gut bacterial antigens. As accumulating evidence indicates a crucial role of 

gut bacterial antigen-specific reactive T cells in the pathogenesis of IBD, using T cells specific 

for a defined gut bacterial antigen will provide insights into how gut bacterial antigen induce T 

cell responses to induce colitis. Interestingly, the recent work of Chiaranunt et al indicated that T 

cell specificity to the microbiota alone may not be sufficient to induce T cell activation and 

colitis as while WT CBir1 T cells induced colitis in Rag KO recipients Rag-/- CBir1 T cells did 

not induce colitis in their animal facility, suggesting that gut T cells respond to specific gut 



UNIVERSITY OF TEXAS MEDICAL BRANCH  ROOM 4.142C MEDICAL RESEARCH BUILDING    
301 UNIVERSITY BOULEVARD   GALVESTON, TEXAS 77555-1019 

(409) 772-4902   FAX (409) 772-5065 
e-mail yicong@utmb.edu 

9 

bacterial antigen may require other interrelated commensal bacteria, for example, 

Helicobacter spp, to function as adjuvant. This information was included in the revised 

manuscript. 

 

 

Reply to Reviewer #5: 

 

1. This protocol is broadly use in the experimental IBD field and is proposed by the authors to be 

commensal specific. Using WT naive CD4 T cells is also commensal specific as seen by 

experiments in which the microbiota is depleted with antibiotics. 

Reply: We do appreciate the reviewer’s comments. We agree that CD45RBhi CD4+ T cell are 

also responsive to commensal microbiota. However, intestinal microbial antigens recognized d 

by CD45RBhi CD4+ T cell are not specific and not well-identified. Instead, CBir1 TCR Tg naïve 

T cells are specific CBir1 flagellin and induce chronic colitis after adoptive transfer into 

immune-deficient Rag-/- mice. 

 

2. In addition, the authors do not discuss the potential caveat in using polyclonal CBir 

transgenic naive CD4 T cells (from a WT-CBir mice) in comparison with monoclocal Cbir 

obtained from RAG-/-Cbir mice (see doi: 10.4049/jimmunol.1800236). 

Reply: Reply: See response to Reviewer #3, question #2. The CBir 1 Tg T cells are reactive to a 

defined gut bacterial antigen CBir1 flagellin, whereas WT non-TCR transgenic naïve T cells may 

respond to multiple gut bacterial antigens. As accumulating evidence indicates a crucial role of 

gut bacterial antigen-specific reactive T cells in the pathogenesis of IBD, using T cells specific 

for a defined gut bacterial antigen will provide insights into how gut bacterial antigen induce T 

cell responses to induce colitis. Interestingly, the recent work of Chiaranunt et al indicated that T 

cell specificity to the microbiota alone may not be sufficient to induce T cell activation and 

colitis as while WT CBir1 T cells induced colitis in Rag KO recipients Rag-/- CBir1 T cells did 

not induce colitis in their animal facility, suggesting that gut T cells respond to specific gut 

bacterial antigen may require other interrelated commensal bacteria, for example, 

Helicobacter spp, to function as adjuvant. This information was included in the revised 

manuscript. 

 

3. Also, it is not clear why the authors use 1 million cells instead of the 400,000 ususally used in 

RBhi colitis models. This rise the ethical issue that goes against the 3R pronciple of reducing 

and refinement. 

Reply: We do appreciate the reviewer’s comments. First, the cell number is used differently 

among different animal facilities, even CD45Rbhi T cell transfer model, as microbiota and other 

environmental factors could not be exactly the same in different facilities. Second, these two 

colitis models are not identical. Therefore, the capacity of inducing colitis is not the same. We 

tried different cell numbers and found that it took different times for inducing colitis when the 

transfer of the different numbers of CBir1 TCR Tg Naïve CD4 T cells. As expected, fewer cells 

require a longer time for induction of colitis and a higher number of cells require a shorter time 

for induction of colitis. We recommend using 1 × 106 cells per recipient mouse since the 

recipient mice demonstrated clinical signs of colitis around 2-3 weeks post cell transfer and 

developed relatively severe colitis around 6 weeks post cell transfer.  
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4. How does the CD62L+ CD4 T cell isolation compare to the classical CD45RBhi protocol? 

Have the authors checked the CD45RB levels of their purified populations?  

Reply: We do appreciate the reviewer’s comment. CD62L is highly expressed in naïve T cells, 

and CD44 and CD25 are the activation markers of T cells. CD45RA and CD45RB are also a 

marker of naïve T cells. CD45RBhi CD4+ T cells are subtypes of naïve T cells, which are 

responsive to the intestinal microbiota.  

Therefore, all the CBir1 TCR Tg naïve CD4+ T cells express CD45RB, including CD45RBmedium 

and CD45RBhi.  

 

5. Could differences in the purity of naïve T cells explain the need for one million cells injected 

per mouse in this model compared to a published CD45RBhi model in which only 400.000 cells 

are sufficient to induce colitis (Read and Powrie, Currrent Protocols in Immunology 1999)? 

Have you tried injecting less and do you see the same? We have an ethical concern on the 

number of mice needed to perform this experiment. 

Reply: We do appreciate the reviewer’s comments. First, the cell number is used differently 

among different animal facilities, even CD45Rbhi T cell transfer model, as microbiota and other 

environmental factors could not be exactly the same in different facilities. Second, these two 

colitis models are not identical. Therefore, the capacity of inducing colitis is not the same. We 

tried different cell numbers and found that it took different times for inducing colitis when the 

transfer of different numbers of CBir1 TCR Tg Naïve CD4 T cells. As expected, fewer cells 

require a longer time for induction of colitis and a higher number of cells require a shorter time 

for induction of colitis. We recommend using 1 × 106 cells per recipient mouse since the 

recipient mice demonstrated clinical signs of colitis around 2-3 weeks post cell transfer and 

developed relatively severe colitis around 6 weeks post cell transfer. 

 

6. In step 6, is histological scoring done on the distal 1/3 of the colon only or do the authors 

observe differences between proximal and distal colon? 

Reply: We do appreciate the reviewer’s comment and apologize for the confusion we made. We 

cut 1/3 of the colon longitudinally, which includes the proximal and distal colon. The 

inflammation exits both in the proximal and distal colon.  

 

7. Rag-/- mice have an expanded ILC fraction in their intestines which is a confounding factor 

when analyzing the phenotype of the injected CD4 T cells. We recommend adding a CD3 

antibody to rule out that ILCs may be contributing to the phenotype seen in Figure 5. Could the 

authors please show the pre-gating for the flow cytometry plots shown in Figure 5? 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly. Please see the revised 

Figure 5. 

 

8. Importantly, our lab has confirmed the finding of a previous study (Chiaranunt, JI 2018) that 

specificity for the CBir1 antigen is insufficient to initiate colitis in the CD45RBhi model. The 

authors claim that "The major advantage of this colitis model is that it is great to investigate the 

role of microbiota-specific antigen reactive T cells in regulating the pathogenesis of intestinal 

inflammation." How do the authors explain that this model is superior to the classical 
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CD45RBhi model where transferred cells are polyclonal in light of the Chiaranunt study's 

findings? 

Reply: We do appreciate the reviewer’s comments. We do not state that CBir1 T cell transfer 

model is superior to the classical CD45RBhi transfer model. As accumulating evidence indicates 

a crucial role of gut bacterial antigen-specific reactive T cells in the pathogenesis of IBD, using T 

cells specific for a defined gut bacterial antigen will provide insights into how gut bacterial 

antigen induce T cell responses to induce colitis. The elegant work of Chiaranunt et al. 

demonstrated the complexity of T cell response to gut bacterial antigens in real-world which 

requires multiple levels of interactions between host and gut microbiota and interactions between 

gut bacterial ecology. As WT CBir1 T cells induce colitis, it provides an ideal model to study 

how different gut bacteria interact to regulate T cell responses to specific antigens to induce 

colitis. 

 

9. Write that CO2 is a form of anesthesia is just wrong. 

Reply: We do appreciate the reviewer’s comment and apologize for the typo. We have corrected 

it in the revised manuscript. 

 

10.  As a minor point, please check typos (i.e. line 67, 86, 133). 

Reply: We do appreciate the reviewer’s careful reading through the manuscript. We have 

changed it in the revised manuscript. 

 

11. The concentrations of components used in the lysis buffer in line 77 should be given. 

Reply: We do appreciate the reviewer’s suggestion. Done accordingly. Besides, we included the 

preparation of all the reagents in the revised protocol. 

 

We thank the editors and the reviewers for their careful reading of the manuscript and especially 

for their helpful comments. With the inclusion of the responses provided above, we believe that 

we have responded in full to the comments of the three reviewers and editors. We trust that this 

revised manuscript will now be suitable for publication in JoVE Journal. Thank you for your 

consideration of this revised manuscript 

 

Sincerely yours, 

 

 

 

 

 

 

Yingzi Cong, PhD 

Samuel Baron Distinguished Professor   

Professor of Microbiology, Immunology, and Pathology 

Department of Microbiology and Immunology 

University of Texas Medical Branch 


