
Journal of Visualized Experiments
 

Novel Protocol for Generating Physiologic Immunogenic Dendritic Cells
--Manuscript Draft--

 
Article Type: Invited Methods Article - JoVE Produced Video

Manuscript Number: JoVE59370R2

Full Title: Novel Protocol for Generating Physiologic Immunogenic Dendritic Cells

Keywords: Immunology;  cancer;  Cancer Immunology;  immunotherapy;  Extracorporeal
Photochemotherapy;  ECP;  Dendritic Cells;  DC

Corresponding Author: Richard Edelson

UNITED STATES

Corresponding Author's Institution:

Corresponding Author E-Mail: redelson@yale.edu

Order of Authors: Richard L. Edelson

Alessandra Ventura

Aaron Vassall

Alp Yurter

Eve Robinson

Renata Filler

Douglas Hanlon

Katrina Meeth

Harib Ezaldein

Michael Girardi

Olga Sobolev

Marcus W. Bosenberg

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Open Access (US$4,200)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

New Haven, Connecticut, USA

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



   

   
 

TITLE:  1 
Novel Protocol for Generating Physiologic Immunogenic Dendritic Cells 2 
 3 
AUTHORS AND AFFILIATIONS: 4 
Alessandra Ventura1,2*, Aaron Vassall1*, Alp Yurter1, Eve Robinson1, Renata Filler1, Douglas 5 
Hanlon1, Katrina Meeth1, Harib Ezaldein1, Michael Girardi1, Olga Sobolev1, Marcus W. 6 
Bosenberg1,3, Richard L. Edelson1 7 
 8 
*Co-first authors, contributed equally to the work 9 
 10 
1Department of Dermatology, Yale University School of Medicine, New Haven, CT, USA 11 
2Dermatology Department, University of Rome Tor Vergata, Rome, Italy 12 
3Department of Pathology, Yale University School of Medicine, New Haven, CT, USA 13 
 14 
Corresponding Author: 15 
Richard L Edelson 16 
redelson@yale.edu 17 
Tel: (203) 737-6853 18 
 19 
Email Addresses of Co-authors: 20 
Alessandra Ventura  (alessandra.ventura1987@gmail.com) 21 
Aaron Vassall   (aaron.vassall@yale.edu) 22 
Alp Yurter   (alp.yurter@yale.edu) 23 
Eve Robinson   (eve.robinson@yale.edu) 24 
Renata Filler   (renata.filler@yale.edu) 25 
Douglas Hanlon  (douglas.hanlon@yale.edu) 26 
Katrina Meeth   (katrina.meeth@merck.com) 27 
Harib Ezaldein   (harib@uw.edu) 28 
Michael Girardi  (michael.girardi@yale.edu) 29 
Olga Sobolev   (olga.sobolev@transimmune.com) 30 
Marcus W. Bosenberg  (marcus.bosenberg@yale.edu) 31 
 32 
KEYWORDS: 33 
Immunology, Cancer, Immunotherapy, Extracorporeal Photochemotherapy, ECP, Dendritic Cells, 34 
DC 35 
 36 
SUMMARY: 37 
The transimmunization (TI) device or plate and related protocols have been developed to 38 
replicate the key features of extracorporeal photochemotherapy (ECP), in an experimental 39 
setting, allowing for production of physiologically activated, tunable dendritic cells (DCs) for 40 
cancer immunotherapy.  41 
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Extracorporeal photochemotherapy (ECP) is a widely used cancer immunotherapy for cutaneous 44 
T cell lymphoma (CTCL), operative in over 350 university centers worldwide. While ECP’s clinical 45 
efficacy and exemplary safety profile have driven its widespread use, elucidation of the 46 
underlying mechanisms has remained a challenge, partly owing to lack of a laboratory ECP model. 47 
To overcome this obstacle and create a simple, user-friendly platform for ECP research, we 48 
developed a scaled-down version of the clinical ECP leukocyte-processing device, suitable for 49 
work with both mouse models, and small human blood samples. This device is termed the 50 
Transimmunization (TI) chamber, or plate. In a series of landmark experiments, the miniaturized 51 
device was used to produce a cellular vaccine that regularly initiated therapeutic anti-cancer 52 
immunity in several syngeneic mouse tumor models. By removing individual factors from the 53 
experimental system and ascertaining their contribution to the in vivo anti-tumor response, we 54 
then elucidated key mechanistic drivers of ECP immunizing potential. Collectively, our results 55 
revealed that anti-tumor effects of ECP are initiated by dendritic cells (DC), physiologically 56 
generated through blood monocyte interaction with platelets in the TI plate, and loaded with 57 
antigens from tumor cells whose apoptotic cell death is finely titrated by exposure to the 58 
photoactivatable DNA cross-linking agent 8-methoxypsoralen and UVA light (8-MOPA). When 59 
returned to the mouse, this cellular vaccine leads to specific and transferable anti-tumor T cell 60 
immunity. We verified that the TI chamber is also suitable for human blood processing, producing 61 
human DCs fully comparable in activation state and profile to those derived from the clinical ECP 62 
chamber. The protocols presented here are intended for ECP studies in mouse and man, 63 
controlled generation of apoptotic tumor cells with 8-MOPA, and rapid production of physiologic 64 
human and mouse monocyte-derived DCs for a variety of applications. 65 
 66 
INTRODUCTION: 67 
Extracorporeal photochemotherapy (ECP) is an established immunotherapy that is widely 68 
operative in university centers worldwide. Its use has been driven by unique selectivity, safety, 69 
and bi-directional efficacy of ECP therapy, traits that ECP shares with the physiologic immune 70 
system itself with which it appears to partner. ECP is selectively immunizing against the malignant 71 
cells in cutaneous T cell lymphoma (CTCL)1,2, and selectively tolerizing for targeted antigens in 72 
the transplant, autoimmunity, and graft-versus-host disease (GvHD) settings3,4. The 73 
immunogenicity of ECP is highlighted by its dependency on an intact CD8 T cell compartment in 74 
CTCL5, while specificity is reflected by ECP’s very favorable adverse reaction profile, with no off-75 
target immune suppression in transplant or GvHD settings, and no increased opportunistic 76 
infection susceptibility in CTCL, where non-pathogenic T cell clones could potentially be lost along 77 
with the malignant T cells. 78 
 79 
Given the clinical importance of ECP, the hope that better understanding of its mechanisms might 80 
expand ECP’s therapeutic reach to a wider spectrum of cancers and immunologic disorders has 81 
stimulated international interest. Two nationally sanctioned workshops, an National Institutes of 82 
Health (NIH) State-of-the-Science symposium6 and an American Society for Apheresis consensus 83 
conference7, were conducted and reported, with the aim of accelerating the identification of the 84 
principal cellular contributors to ECP’s anti-cancer and tolerogenic effects. 85 
 86 



   

   
 

To date, despite numerous published reports attempting to address ECP’s mechanism, two 87 
primary obstacles have impeded scientific advances. Firstly, investigation of ECP mechanisms in 88 
the experimental laboratory setting has been limited by the lack of miniature ECP device that 89 
would fully reflects ECP’s cellular and in vivo effects, and be applicable to animal models. 90 
Secondly, in-depth laboratory analysis of ECP samples in the clinical setting has been restricted 91 
by the limited availability of ECP-processed patient immune cells, which require access to 92 
treatment centers, and are additionally subject to the timing of the patient’s infusions, and the 93 
ethical need for uncompromised sets of patient-reinfused leukocytes.  94 
 95 
To resolve the obstacles impeding the progress of ECP research, we set out to develop a 96 
miniature ECP apparatus that would most closely mimic the key elements of the therapy. 97 
Standard ECP treatment involves the passage of a patient’s leukapheresis-enriched leukocytes 98 
through a 1 mm-thick, ultraviolet A light (UVA)-transparent, plastic plate6,8. In the plate, the 99 
leukocytes are exposed to 8-methoxypsoralen (8-MOP), a photo-activatable agent which upon 100 
UVA exposure is transiently converted to a reactive form (8-MOPA), capable of DNA cross-linking 101 
via its bivalent binding to pyrimidine bases on sister DNA strands9,10. Processed, 8-MOPA-treated 102 
leukocytes are collected and returned intravenously to the patient.  103 
 104 
Since ECP itself is a bi-directional therapy, immunizing in cancer and tolerizing in transplant, 105 
autoimmunity and GvHD settings, for clarification we have named model ECP’s immunization 106 
mode “transimmunization”, and the tolerogenic mode “transtolerization”. We first focused on 107 
the transimmunization modality. Our recently reported miniaturized scalable mouse-to-man ECP 108 
device, the transimmunization (TI) chamber or plate, and the corresponding protocol, reproduce 109 
both the cellular and in vivo effects of the human ECP device in a cancer setting11. 110 
 111 
In order to make the transimmunization in vivo model as clinically relevant as possible, we 112 
initiated the immunotherapy after subcutaneously injected syngeneic mouse tumors became 113 
palpable, thus testing the protocol’s efficacy in established cancer. Similarly to ECP in CTCL, the 114 
proof-of-principle transimmunization protocol in the YUMM1.7 model of melanoma uses 115 
peripheral blood mononuclear cells (PBMC) from tumor-bearing animals. The cells are passed 116 
through the TI plate under flow. While 8-MOPA treatment of cells in the miniature chamber is 117 
possible, it is preferable to conduct it separately, to ensure that only the desired cell type is 118 
exposed to 8-MOPA. Earlier studies indicate that ECP’s tolerogenic effect is mediated by 8-MOPA-119 
injured antigen-presenting cells12, while the immunizing effect requires 8-MOPA injury of target 120 
tumor cells11. In the transimmunization protocol either the tumor cells, or the immune cells, can 121 
be selectively exposed to 8-MOPA as needed. Since maximizing the time of contact between 8-122 
MOPA-injured tumor cells and ECP-induced dendritic cells (DC) has been shown to significantly 123 
enhance the immunotherapeutic capacity of clinical ECP13, we incorporated an overnight co-124 
incubation step into our protocol. After overnight incubation, the treated cells are returned to 125 
the tumor-bearing animal.  126 
 127 
This system reliably reduced tumor growth and initiated specific anti-tumor immunity in mice 128 
with established syngeneic tumors11, and allowed us to dissect the mechanism of ECP’s clinical 129 
anti-tumor efficacy. In several studies we have demonstrated that ECP immunity is initiated 130 



   

   
 

through ex vivo platelet activation in the TI plate14,15. Activated platelets subsequently signal the 131 
monocyte-to-dendritic cell maturation14, leading to production of physiologic DCs. The newly 132 
formed monocyte-derived DCs are able to cross-present internalized antigens from 8-MOPA-133 
damaged tumor cells to activate antigen-specific T cell responses16. As suggested previously12,17, 134 
however, 8-MOPA-induced damage of the nascent DCs themselves can counter-act or even 135 
reverse the anti-tumor effect11, providing a mechanistic link to ECP tolerance.  136 
 137 
The TI plate has also been used to produce physiologically activated DCs from human PBMC. 138 
Similarly to the mouse studies, human TI-derived DCs are dependent on plate-passage in the 139 
presence of platelets for their generation, appear phenotypically identical to these produced in 140 
the clinical ECP plate, and are capable of efficiently processing and cross-presenting human 141 
tumor antigens for activation of human T cells11,16. 142 
 143 
In uncovering the mechanism of ECP immunotherapy, we have therefore uncovered a method 144 
for rapidly generating physiologic mouse and human dendritic cells of desired antigen specificity, 145 
that can be functionally modulated. The innovative TI device and protocol have substantial 146 
potential importance in the fields of ECP research and therapy and cancer immunotherapy more 147 
broadly, and in any other field with interest in physiologic, functional dendritic cells in either the 148 
immunizing or the tolerizing modality. We hope that this publication will provide the necessary 149 
tools to those with interest in such research areas. 150 
 151 
PROTOCOL: 152 
All mouse methods described here have been approved by the Institutional Animal Care and Use 153 
Committee (IACUC) of Yale University, in agreement with the National Institutes of Animal 154 
Healthcare Guidelines. All human studies were performed with blood donated by healthy 155 
volunteers, with written informed consent. Human blood studies were conducted in accordance 156 
with recognized ethical guidelines (e.g., Declaration of Helsinki, CIOMS, Belmont Report, U.S. 157 
Common Rule), and were approved by Yale Human Investigational Review Board under protocol 158 
number 0301023636.  159 
 160 
NOTE: The following is the protocol describing transimmunization for anti-tumor therapy of 161 
mouse syngeneic tumors. 162 
 163 
1. Syngeneic YUMM1.7 tumor implantation 164 
 165 
1.1. Follow established protocols to implant syngeneic tumors into the flanks of mice as 166 
appropriate to the tumor cell line of interest.  167 
 168 
NOTE: The protocol below describes the YUMM1.7 C57BL/6 mouse melanoma tumor model. 169 
YUMM1.7 melanoma cells were kindly provided by Dr. Bosenberg, Yale18. 170 
 171 
1.2. Thaw a frozen aliquot of cells and use cells after one cell passage. Culture freshly-thawed 172 
YUMM1.7 cells in Dulbecco’s modified Eagle’s nutrient mixture F-12 medium (DMEM/F12), 173 



   

   
 

supplemented with 10% heat-inactivated fetal bovine serum (FBS), 1% penicillin/streptomycin, 174 
and 1% non-essential amino acids, under standard tissue culture conditions (37 °C, 5% CO2). 175 
 176 
1.2.1. Collect YUMM1.7 cells at 60‒70% confluence by adding enough trypsin-EDTA to cover the 177 
bottom of the cell culture plate or flask (e.g., 4 mL for a T75 flask). 178 
 179 
1.2.2. Rest the cell culture vessels at room temperature for 3‒4 min, gently tapping on the bottom 180 
or sides of the vessel occasionally to help detach the cells. 181 
 182 
1.2.3. Add 1 mL of fetal bovine serum (FBS) per 4 mL of trypsin-ethylenediaminetetraacetic acid 183 
(EDTA) to stop the reaction once most of the cells are detached. Collect the cells by pipetting into 184 
a 15 mL conical tube. Rinse the flask with phosphate-buffered saline (PBS) and add the rinse to 185 
the same collection tube. Fill the tube to 15 mL with PBS. 186 
 187 
1.2.4. Take out a small aliquot and count the cells. 188 
 189 
1.2.5. Spin down for 10 min at 250 x g in a standard tissue culture centrifuge to collect the tumor 190 
cells. 191 
 192 
1.3. Resuspend YUMM1.7 cells in PBS at density of 1 x 106 cells/mL. 193 
 194 
1.4. Inject 1 x 105 YUMM1.7 tumor cells subcutaneously in 100 μL of PBS into the right flanks of 195 
recipient 4 to 6-week-old wild type male C57BL/6J mice, anesthetized according to institutional 196 
guidelines (e.g., 3‒5% isoflurane inhalant gas, anesthesia confirmed by lack of hind paw pinch 197 
reflex). 198 
 199 
1.5. Monitor tumor volume via bi-weekly measurements of perpendicular tumor diameters and 200 
height using a caliper. Calculate YUMM1.7 tumor volume as tumor length x width x height/2. 201 
 202 
1.6. Initiate transimmunization therapy when tumors become just palpable; for YUMM1.7 203 
tumors, this is usually day 7‒10 post tumor implantation. 204 
 205 
2. Collection of peripheral blood mononuclear cells for transimmunization 206 
 207 
2.1. Collect 100‒150 μL of blood from each tumor-bearing mouse via cheek bleed. 208 
 209 
2.2. As blood is being collected, pool blood from each mouse treatment group (each 5 210 
experimental mice + 5 control mice) in a single 15 mL tube containing 5000 U/mL heparin. Use 211 
10 μL of 10% heparin per 100 μL blood collected. 212 
 213 
NOTE: Mix the tube frequently during collection to avoid blood coagulation. While control tumor-214 
bearing mice can be bled at the same time as the experimental mice, to ensure equal conditions 215 
with the treatment group, the “control” blood can be either discarded, or combined with the 216 



   

   
 

blood of the treatment group to provide additional experimental PBMC for the treatment group, 217 
at the investigators’ discretion. 218 
 219 
2.3. Set up one 15 mL tube with 4 mL of lymphocyte isolation medium (see the Table of Materials) 220 
per 5‒10 mice bled. Slowly layer blood (collected from tumor-bearing mice) on top of the 221 
medium. Spin the cells for 20 min at 1000‒1500 x g to separate the PBMC from red blood cells. 222 
 223 
2.4. At the end of centrifugation, collect the top plasma layer, leaving ~0.5 mL remaining above 224 
the buffy coat, and store at 4 °C for later use (step 7.1). 225 
 226 
2.5. Collect the buffy coat layer into a clean 15 mL tube, fill with PBS to 15 mL, and spin for 10 227 
min at 250 x g in a standard tissue culture centrifuge to collect the PBMC. 228 
 229 
2.6. Carefully pipet off the supernatant, and resuspend the pellet by flicking the tube. Do not 230 
decant, as the pellet is soft and can be lost. Add 2 mL of ACK red blood cell lysis buffer (see the 231 
Table of Materials) to the tube to remove any remaining red blood cells from the PBMC. Incubate 232 
on ice for 10 min.  233 
 234 
2.9. Fill the tube with PBS to 15 mL, and spin down for 10 min at 250 x g in a standard tissue 235 
culture centrifuge to collect the PBMC. 236 
 237 
2.10. Carefully pipet off the supernatant, and resuspend the pellet by flicking. Do not decant, as 238 
the pellet is soft and can be lost. 239 
 240 
NOTE: At this step, the purified PBMC can be modified as best suits the experiment. The various 241 
PBMC components (platelets, monocytes, other immune cell types) can be depleted or isolated 242 
from the PBMC as needed. Also, PBMC themselves can be exposed to 8-MOPA, either before or 243 
after section 4 (before or after plate passage—after section 2 or before section 5), by following 244 
the protocol steps 3.3‒3.8 and substituting PBMC for YUMM1.7 cells. This will truncate the 245 
immunogenic capacity of the treatment, and instead promote immune tolerance. 246 
 247 
2.11. For each treatment group (each 5 experimental mice + 5 control mice), resuspend the PBMC 248 
pellet in 300 μL FBS. 249 
 250 
3. 8-MOP/UVA treatment of tumor cells 251 
 252 
3.1. Culture and collect YUMM1.7 tumor cells as described in steps 1.2–1.3 to prepare an 8-253 
MOPA-exposed tumor cell antigen source. 254 
 255 
3.2. Prepare 2.5 x 106 YUMM1.7 tumor cells per treatment group of 5 mice. For each treatment 256 
group, resuspend the tumor cell pellet in FBS at 2.5 x 106 cells/300 μL (~8.33 x 106 cells/mL). 257 
 258 
3.3. With tissue culture hood lights off, add 8-MOP (see the Table of Materials) to the YUMM1.7 259 
tumor cell suspension for a final 8-MOP concentration of 100 ng/mL. 260 



   

   
 

 261 
CAUTION: 8-MOP is a photoactivatable DNA-damaging agent and carcinogen. Use caution when 262 
handling and dispensing, avoid contact with exposed skin, and discard appropriately. 263 
 264 
3.4. Mix the cells well, wrap the cell container in tin foil, and incubate for 20 min at 37 °C. 265 
 266 
3.5. Pre-coat a 12-well tissue culture plate by filling one well for every treatment group of 5 mice 267 
(2.5 x 106 YUMM1.7 tumor cells) with 1 mL of FBS, and refrigerate filled plate for 20 min at 4 °C. 268 
 269 
3.6. Turn on the UVA light source to pre-warm it. 270 
 271 
CAUTION: UVA light is a carcinogen. When working with UVA light sources work quickly and 272 
carefully, protect skin from exposure, and use face shields or goggles to protect face and eyes. 273 
 274 
3.7. After 20 min, move the refrigerated 12-well plate (step 3.5) to the tissue culture hood, 275 
remove FBS from wells, and add 300 µL (2.5 x 106 cells/well) MOP-exposed tumor cells (from step 276 
3.4) per well. 277 
 278 
3.8. Expose the cell-containing plate to the pre-warmed UVA light source for total irradiation of 279 
4 J/cm2. 280 
 281 
NOTE: The 8-MOP concentration and UVA dose described here are calibrated for the YUMM1.7 282 
tumor cell line. A titration of 8-MOP/UVA dose, sufficient to cause 100% tumor cell death within 283 
1 week of exposure, should be performed for each experimental tumor cell line, in order to 284 
determine effective killing dose. This is critically important for mouse in vivo TI experiments, 285 
because cells are reinjected retro-orbitally (step 6.1) and thus any undamaged tumor cells may 286 
otherwise form eye tumors in the treated animal. As a guideline, 4‒8 J/cm2 of UVA, 100‒200 287 
ng/mL 8-MOP, is the typical effective range for most tumor cell lines. 288 
 289 
3.9. Collect 8-MOPA-treated tumor cells from each well, swirling the plate and pipetting carefully 290 
to ensure complete cell recovery. 291 
 292 
4. TI plate passage of cells 293 
 294 
4.1. For each treatment group of 5 mice, combine in one 1.5 mL conical tube 300 μL of the 295 
appropriate PBMC (from step 2.11) and 300 μL of 8-MOPA-treated tumor cells (from step 3.9). 296 
Mix the cells. 297 
 298 
4.2. Use a 10 mL syringe to fill the “entrance” and “exit” sets of TI tubing (see the  299 
Table of Materials) with FBS. Open the tubing clamps to fill the tubes, and close clamps once the 300 
tubes are filled before disconnecting the syringe, to retain FBS inside the tubing. 301 
 302 



   

   
 

4.3. Use a P1000 pipette to add the PBMC and tumor cell mix (from step 4.1) to the TI plate (see 303 
the Table of Materials). Hold the plate at a 45° angle, place the pipette tip securely into the TI 304 
plate intake, and fill the plate slowly, avoiding bubbles.  305 
 306 
4.4. Remove the pipette tip from the intake before releasing the pipette plunger. The plate holds 307 
450 μL; return the remaining cells to the 1.5 mL conical tube. 308 
 309 
4.5. Incubate the FBS-filled tubing, the cell-filled TI plate, and the 1.5 mL conical tube containing 310 
the remaining cells in the tissue culture incubator at 37 °C for 1 h. After incubation, empty the TI 311 
tubing by gravity, releasing the clamps. 312 
 313 
4.6. Use a P1000 pipette to remove cells from the TI plate by inserting the pipette tip with the 314 
plunger depressed into the plate port. Hold the plate at a 45° angle and fill the P1000 pipette tip. 315 
Place cells back into their original 1.5 mL conical tube.  316 
 317 
4.7. To run the TI plate, connect the exit tube to the plate and secure the TI plate into the plate 318 
running system. 319 
 320 
4.8. Using a 1 mL syringe, draw up the 600 μL of PBMC and tumor cell mix from the 1.5 mL conical 321 
tube, get rid of any bubbles in the syringe, attach the syringe to the entrance tube with the clamp 322 
open and slowly fill until fluid reaches the end of the tubing.  323 
 324 
4.9. Attach the free end of the entrance tube to the TI plate and continue gently loading the 325 
remaining volume. Close the entrance clamp.  326 
 327 
4.10. Detach the 1 mL syringe and connect the entrance tubing to the syringe pump. Secure the 328 
exit tubing to a clean 1.5 mL conical tube for cell collection. 329 
 330 
4.11. Adjust the syringe pump flow rate to 0.09 mL/min, but do not start the pump yet. Tilt the 331 
TI plate ~30° towards the syringe pump side, using a TI plate running platform or any other means 332 
(e.g., a small flat object under one end of the plate).  333 
 334 
4.12. Carefully release the clamp on the entrance tubing. Start the syringe pump, observing 335 
carefully how the TI plate fills, and flick tubing or plate as necessary should any air bubbles 336 
impede the flow.  337 
 338 
4.13. Once the TI plate is completely filled, tilt it ~30° in the opposite direction as it empties. 339 
When all the cells and liquid are in the 1.5 mL conical collection tube, stop the pump. 340 
 341 
4.14. To wash the TI plate, disconnect the entrance tubing from the syringe pump, connect to a 342 
1 mL syringe filled with 600 μL FBS, and follow the procedure for steps 4.8‒4.9. 343 
 344 



   

   
 

4.15. Adjust the syringe pump flow rate to 0.49 mL/min, release the entrance clamp, and run the 345 
TI plate as described in steps 4.12‒4.13, collecting the wash in the same 1.5 mL conical tube. Flick 346 
or tap the TI plate gently the entire time, to aid in detaching and eluting any adherent cells. 347 
 348 
4.16. Spin the collection 1.5 mL conical tube in the benchtop microfuge at 250 x g for 8 min. 349 
Discard the supernatant. 350 
 351 
5. Preparation of autologous mouse serum for overnight culture medium 352 
 353 
5.1. Collect blood from 10‒12 week old C57BL/6J mice by any institutionally approved method 354 
(e.g., eye bleed, tail vein bleed, cheek bleed, or terminal bleed-out by cardiac puncture), without 355 
any anticoagulants. Estimate collecting 1 mL blood for every 300 μL of serum needed.  356 
 357 
NOTE: One would need 300 μL of serum for every treatment group of 5 mice in the experiment. 358 
 359 
5.2. Allow blood to clot overnight at 4 °C. 360 
 361 
5.3. Spin down the coagulated blood at 3000 x g for 15 min. Carefully collect the top serum-362 
containing layer 363 
 364 
NOTE: Serum can be used immediately to make the overnight cell incubation medium (step 6.1), 365 
or preserved for future experiments. To preserve the serum, freeze in aliquots at -20 °C. 366 
 367 
6. Overnight co-incubation of PBMC with antigen 368 
 369 
6.1. Resuspend the PBMC and tumor cell pellet (step 4.5) in 2 mL of clear RPMI with 15% 370 
autologous mouse serum (prepared in step 5). Plate in a 35 mm non-tissue-culture treated sterile 371 
dish, and incubate overnight under standard tissue culture conditions (37 °C, 5% CO2). 372 
 373 
NOTE: If PBMC are being used with a non-cellular antigen (peptide, nanoparticle, protein, etc.), 374 
omit section 3 of the protocol, and proceed from section 2 directly to section 4, adding the 375 
desired antigen to the TI plate-passed PBMC for overnight co-incubation here in step 6.1. 376 
 377 
6.2. On the following day, carefully detach any adherent cells from the bottom of the dish with a 378 
tissue culture scraper, rotating the dish while scraping to ensure even cell collection. Collect the 379 
cells in a 15 mL tube. 380 
 381 
6.3. Add 2 mL PBS to the dish and repeat the scraping step, collecting the cells into the same 382 
tube. Rinse the 35 mm dish with 1 mL PBS and add the rinse to the same tube.  383 
 384 
6.4. Spin for 10 min at 250 x g in a standard tissue culture centrifuge to collect the cells. Carefully 385 
pipet off the supernatant and resuspend the pellet by flicking the tube. Do not decant, as the 386 
pellet is soft and can be lost. 387 
 388 



   

   
 

7. Re-injection of TI-treated cells into tumor-bearing mice 389 
 390 
7.1. Spin down autologous plasma (prepared in step 2.4) at 750 x g for 15 min to sediment any 391 
particulates. Resuspend the cell pellet (from step 6.4) in 600 μL of autologous plasma or PBS.  392 
 393 
7.2. Inject cells at 100 μL per mouse into the retro-orbital plexus of appropriately anesthetized 394 
(e.g., 3‒5% Isoflurane inhalant gas, anesthesia confirmed by lack of hind paw pinch reflex) tumor-395 
bearing experimental mice. If so desired, re-inject control tumor bearing mice with 100 μL of 396 
autologous plasma alone, or PBS. 397 
 398 
7.3. For YUMM1.7 tumor-bearing mice, repeat the treatment (steps 2–7.2) twice a week for 3 399 
weeks, for a total of 6 treatments. Collect and process the PBMC from tumor-bearing mice weekly 400 
(protocol sections 2‒4) on Mondays and Thursdays, and re-infuse after overnight incubation 401 
(protocol sections 5‒7) on Tuesdays and Fridays.  402 
 403 
NOTE: This treatment regimen was developed for the specific growth kinetics of YUMM1.7 404 
tumors in mice. It may need to be titrated for other tumor systems with slower or faster tumor 405 
growth rates—respectively increasing or reducing the number of treatments.  406 
 407 
7.4. Monitor tumor volume via bi-weekly measurement—preferably at the time of therapy 408 
administration (Tuesday and Friday)—of perpendicular tumor diameters and height using a 409 
caliper. Terminate the experiment when control tumor volumes reach maximal size permitted by 410 
institutional guidelines and protocols. 411 
 412 
8. Protocol adaptation for treating small volumes of human blood 413 
 414 
8.1. Adapt the protocol for use with human cells by first isolating PBMC from human blood. Use 415 
heparin as an anti-coagulant, with any preferred PBMC isolation protocol.  416 
 417 
8.2. Ensure that the isolated PBMC fraction contains a physiologic number of platelets, for best 418 
protocol results. Monitor platelet counts pre- and post-PBMC isolation using any standard 419 
hematology counter. 420 
 421 
8.3. If using a human cellular antigen source, treat the human antigenic cells following the steps 422 
described in section 3 for YUMM1.7 cells. Titrate 8-MOP and UVA doses accordingly.  423 
 424 
8.4. Perform plate-passage steps described in section 4, using up to 3 x 107 PBMC per TI plate.  425 
 426 
8.5. Culture PBMC overnight with cellular/other antigen of choice, as described in section 6, but 427 
substitute 15% human AB serum for autologous mouse plasma for the overnight culture medium 428 
in step 6.1.  429 
 430 
8.6. Use the resulting cells in any desired assay. For instance, co-culture with antigen-reactive T 431 
cells to observe antigen-specific T cell responses initiated by the TI-treated cells. 432 



   

   
 

 433 
REPRESENTATIVE RESULTS: 434 
We recently developed a mouse-to-man scalable miniature ECP device, the TI plate (Figure 1A), 435 
and designed corresponding treatment protocols. The device and protocol reproduce key cellular 436 
and in vivo features of immunizing ECP, termed “transimmunization”.  437 
 438 
The proof-of-principle murine transimmunization protocol11 (Figure 1B) consists of 439 
extracorporeal TI plate passage of peripheral blood mononuclear cells (PBMC) from tumor-440 
bearing mice together with apoptotic 8-MOPA–exposed tumor cells. Notably, the TI chamber is 441 
transparent and sized to match the standard microscopy slide format, allowing for easy 442 
visualization of cell interactions within the TI plate at any point of the protocol (Video 1). The TI-443 
plate-activated immune cells are incubated overnight with the 8-MOPA-exposed apoptotic tumor 444 
cells, facilitating tumor cell uptake, processing, and transfer of tumor antigens to the DCs. On the 445 
following day, the co-incubated cell mixture is returned into the blood stream of the tumor-446 
bearing animal. Control animals undergo identical blood collection procedures, to normalize for 447 
any effects of lymphodepletion on tumor growth, but instead receive PBS re-infusions. Tumor 448 
growth in all animals is monitored throughout the experiment. 449 
 450 
In studies using the YUMM1.7 syngeneic murine melanoma model18, the transimmunization 451 
protocol was repeated twice weekly over three weeks, for a total of six treatments in each animal 452 
(Figure 1B). The therapy appeared well tolerated in all animals treated (>500), and consistently 453 
showed reduction of YUMM1.7 tumor growth in treated versus control animals, as observed in 454 
10 independent experiments conducted over 2 years (Figure 2A,B). The results show cumulative 455 
tumor growth data in transimmunization-treated and control animals over all experiments 456 
performed (Figure 2A), as well as representative tumor growth curves for individual animals 457 
within one experiment, to provide a sense of variability in the system (Figure 2B). 458 
 459 
We found that the protocol’s success critically depends on the presence of monocytes in the 460 
treated PBMC, the presence of platelets in the PBMC fraction, and the TI plate passage step. 461 
When plate passage is omitted, or when either platelets or monocytes are depleted from the 462 
PBMC fraction, the therapeutic effect is no longer observed (Figure 3A). The treatment also 463 
requires the presence of apoptotic tumor cells. It is ineffective in the absence of either the 464 
immune cells or an antigen source, or in the presence of mismatched antigen, for instance when 465 
mice bearing YUMM1.7 tumors are treated using MC38 colon carcinoma cells (Figure 3B). For an 466 
immunizing outcome it is also critical to avoid PBMC exposure to 8-MOPA. 8-MOPA-exposed 467 
PBMC not only abrogate, or possibly even reverse, anti-tumor immunity (Figure 3C), but also 468 
inhibit the immunizing potential of unexposed cells, as in the experiment where an equal number 469 
of 8-MOPA-exposed and 8-MOPA-protected PBMC were used with no observable anti-tumor 470 
effect (Figure 3C).  471 
 472 
With human PBMC, the TI chamber and the transimmunization protocol lead to successful 473 
monocyte activation into DC, indistinguishable by cell surface and intracellular activation markers 474 
from that achieved by the clinical ECP plate (Table 1). As in the mouse studies, DC activation and 475 
the ability of transimmunization-generated DCs to process and present antigen critically depend 476 



   

   
 

on the presence of platelets in the PBMC, and on TI plate passage (Figure 4A). The 477 
Transimmunization-activated human DCs can effectively process and cross-present either 478 
peptide antigens (Figure 4B), or antigens from whole 8-MOPA-exposed human tumor cells, to 479 
activate human antigen-specific T cell lines in in vitro assays (Figure 4C), in a TI and platelet-480 
dependent manner (Figure 4B,C).  481 
 482 
FIGURE AND TABLE LEGENDS: 483 
 484 
Figure 1: Transimmunization (TI) chamber and protocol schematics. (A) Diagram and 485 
specifications of the transimmunization treatment chamber (TI plate). (B) Schematic description 486 
of transimmunization treatment experimental workflow. Briefly, animals are inoculated 487 
subcutaneously (s.c.) with syngeneic tumor cells; animals with palpable tumors are treated twice 488 
weekly by blood draw, isolation of PBMC from blood, PBMC flow passage through the autologous 489 
platelet-coated TI plate in the presence of 8-MOP/UVA treated tumor cells, PBMC and tumor cell 490 
co-incubation overnight, and re-injection of the cells intravenously into the same tumor-bearing 491 
animals. Tumor volume is measured throughout the experiment. This figure has been modified 492 
from11. 493 
 494 
Figure 2: Transimmunization controls growth of YUMM1.7 melanoma syngeneic tumors. (A) 495 
YUMM1.7 tumor volume over time plotted for C57BL/6 mice inoculated with 1 x 105 YUMM1.7 496 
tumor cells, and receiving either six transimmunization treatments (black line), or six control 497 
treatments (gray line). Data are cumulative over nine independent experiments conducted over 498 
two years. (B) Data from a single representative YUMM1.7 transimmunizaton experiment, with 499 
each line showing tumor growth for an individual mouse. (A and B) “PBS control” mice in all 500 
experiments were bled on the same schedule as the experimental animals, but received six sterile 501 
PBS re-infusions. Error bars represent SEM, p-values calculated for each time point using Sidak’s 502 
multiple comparisons test; **, p = 0.0013; ****, p < 0.0001. This figure has been modified from11. 503 
 504 
Figure 3: Transimmunization requires monocytes and platelets in TI plate-passed PBMC 505 
fraction, as well as 8-MOPA treatment of antigen-matched tumor cells and 8-MOPA sparing of 506 
PBMC. (A) YUMM1.7 tumor volume over time plotted for C57BL/6 mice inoculated with 1*105 507 
YUMM1.7 tumor cells, and receiving either six transimmunization treatments (solid black lines), 508 
six control treatments (solid gray lines), or six TI treatments where monocytes or platelets were 509 
depleted from PBMC prior to plate passage step (using a-CD11b and a-CD41 depletion kits, 510 
respectively), or plate passage was omitted (dotted lines). (B) Tumor volume over time plotted 511 
for C57BL/6 mice inoculated with 1 x 105 YUMM1.7 tumor cells, and receiving either six 512 
transimmunization treatments (solid black lines), six control treatments (solid gray lines), PBMC 513 
alone (dashed line), 8-MOPA-treated YUMM1.7 cells alone, or TI using 8-MOPA-treated MC38 514 
tumor cells (dotted lines). (C) Tumor volume over time plotted for C57BL/6 mice inoculated with 515 
1 x 105 YUMM1.7 tumor cells, and receiving either six Transimmunization treatments (solid black 516 
lines), six control treatments (solid gray lines), six TI treatments where PBMC were uniformly 517 
exposed to 8-MOPA immediately before plate passage, six TI treatments where PBMC were 518 
uniformly exposed to 8-MOPA immediately after plate passage, or six treatments where TI cells 519 
after plate passage were mixed 1:1 with an equal number of PBMC that have been uniformly 520 



   

   
 

exposed to 8-MOPA irradiation (dotted lines). (A, B and C) “PBS control” mice in all experiments 521 
were bled on the same schedule as the experimental animals, but received six sterile PBS re-522 
infusions. Data are provided for representative experiments. Bars represent SEM, P-values 523 
calculated for each time point using Sidak’s multiple comparisons test; *, p < 0.05; **, p < 0.01; 524 
***, p < 0.001; ****, p < 0.0001; NS = differences not significant. This figure has been modified 525 
from11. 526 
 527 
Figure 4: TI protocol with TI chamber rapidly induces DC maturation, unique activation profile, 528 
and T cell activating capacity in human PBMC, dependent on plate passage and platelets.  529 
A. FACS analysis of the indicated markers in CD11c+ cells among either freshly isolated human 530 
PBMC (“control”), PBMC treated with the TI protocol (“TI”), or TI-treated PBMC where plate 531 
passage was omitted, platelets were depleted using the a-CD41 bead kit prior to plate passage, 532 
or both of the above were performed. Data summarize six independent experiments with three 533 
blood donors. Bars represent mean values, while error bars represent SEM. P-values for each 534 
comparison calculated using paired t-test; *, p < 0.05; **, p < 0.01. Panels have been modified 535 
from11. B. Platelet-containing or platelet-depleted TI-treated human PBMC were co-incubated 536 
overnight with an irrelevant (SIINFEKL) peptide, or with long peptide for head-and-neck 537 
squamous cell carcinoma-associated HPV E7 protein. The PBMC were then used to stimulate a 538 
human CD8 T cell line specifically reactive to E7 peptide. T cell stimulation was measured by IFNg 539 
production after 5 days of culture. (C) Platelet-containing or platelet-depleted TI-treated human 540 
PBMC were co-incubated overnight with 8-MOPA-treated head-and-neck squamous cell 541 
carcinoma cell line SCC61, either expressing (SCC61 HPV E6/7) or not expressing (SCC61 no HPV) 542 
the antigenic HPV E6 and E7 proteins19. The PBMC were then used to stimulate a human CD8 T 543 
cell line specifically reactive to E7 peptide. T cell stimulation was measured by IFNg production 544 
after 5 days of culture. (B and C) Data show representative experiments with three replicates in 545 
each. Bars represent mean values, while error bars represent SEM. P-values for each comparison 546 
calculated using Sidak’s multiple comparisons test; ***, p < 0.001; ****, p < 0.0001. 547 
 548 
Table 1: TI protocol with TI chamber rapidly induces DC maturation equivalent to that induced 549 
by TI protocol with the clinical ECP chamber. FACS analysis of change of the indicated markers 550 
from corresponding IgG controls in live human CD11c+ cells among either freshly isolated PBMC 551 
(“untreated”), PBMC passed through the clinical ECP plate following the TI protocol (“ECP plate 552 
with TI protocol”) and analyzed following overnight incubation, or PBMC treated with the TI 553 
protocol (“TI plate with protocol”) and analyzed following overnight incubation. For markers, 554 
such as HLA-DR, where the entire cell population was altered, data are expressed as change in 555 
mean fluorescence intensity (MFI). For markers where only a subset of cells express the marker, 556 
such as CCL2, difference in percent marker-positive cells of live CD11c+ PBMC is instead 557 
represented. Data summarize six independent experiments with three blood donors. Data for 558 
each marker are expressed as aver- age ± standard error of the mean (SEM). P-values for each 559 
comparison calculated using paired t test; NS = differences not significant. Table has been 560 
modified from11. 561 
 562 
Video 1: Live cell imaging of platelet and immune cell interactions within the TI plate. 563 



   

   
 

PBMC were prepared as described in protocol section 2 above and exposed to the 564 
transimmunization plate as described in section 4, except the static incubation period in step 565 
4.2.3 was reduced from 1 h to 30 min. During the TI protocol, the TI plate, which is identical in 566 
size to a standard microscope slide, was fitted into the slide holding stage of an fluorescence 567 
imaging system and the cells within it were imaged at 40x magnification and at 37 °C during the 568 
plate filling (4.2.2), plate incubation (4.2.3), and plate flow (4.3.5) stages. Continuous images 569 
were acquired and movies produced using the “Automated Scanning Routine” software. The 570 
captions below the video indicate the stage of the protocol that the cells are being filmed at. 571 
Arrows and circles in the video, with the associated captions, point out the cells and areas of 572 
interest. The 10 μM scale bar is present in the lower right corner throughout the video. 573 
 574 
DISCUSSION: 575 
The miniaturized device and protocol described above for the first time allow for efficient 576 
laboratory investigation of mechanisms of ECP in mouse experimental systems, and in small 577 
human blood samples. This is a great advance; for instance, it allowed us to demonstrate for the 578 
first time the efficacy of transimmunization against solid tumors in a mouse model 11, opening 579 
the future possibility of a similar application in human oncology. 580 
 581 
Prior to the development of the transimmunization device and method described here, it was 582 
impossible to fully investigate all aspects of ECP. In mouse models, although the 8-MOPA aspect 583 
of the therapy could be replicated somewhat by treating cells in a Petri dish12,20, there was no 584 
capacity to integrate into the method the plate passage, which has been shown to provide 585 
dynamic platelet interactions that are critically important for ECP’s physiological DC activation14. 586 
In human studies, alternatively, the flow component was fully present, but the ability to 587 
selectively expose specific cellular components to 8-MOPA, or to protect them from it, was 588 
missing21, 22. This prevented the full understanding of ECP mechanism, and its optimization for 589 
immunity or tolerance. In addition, the amount of blood required to work with the clinical ECP 590 
apparatus is large, hampering scientific inquiry. The miniaturized ECP device and protocol 591 
described here for the first time allow for efficient, fully flexible and tunable laboratory ECP 592 
modeling. In addition, the TI plate allows for real-time visualization and monitoring of cell 593 
interactions within the plate by microscopy. 594 
 595 
For the protocol’s success using both in vivo and ex vivo systems, it is critical that the treated 596 
PBMC contain monocytes that can be activated into functional DCs. For this activation to 597 
proceed, it is also necessary to ensure the PBMC fraction contains a physiologic number of 598 
healthy, activatable platelets, and that the TI plate passage protocol is followed closely. In order 599 
to direct the newly-activated DCs towards a specific reactivity, they must be provided with 600 
antigen. We have found that the most efficient method of antigen delivery for anti-cancer 601 
immunity is overnight co-incubation of the newly activated DCs with antigen-containing 8-MOPA-602 
exposed tumor cells. This has the added advantage of being able to create an immunogenic anti-603 
cancer response without necessitating prior knowledge of the tumor antigens, by allowing the 604 
DCs to select them. However, in cases where the antigen is known, we had some success in ex 605 
vivo systems when using free peptides as antigens in co-incubation. For immunogenic 606 
applications, the DCs themselves should be protected from 8-MOPA exposure. Finally, in in vivo 607 



   

   
 

experiments, it is important to work with an animal model that is capable of anti-tumor 608 
immunity. Transimmunization works by creating activated, antigen-specific DCs, which work in 609 
the body to initiate innate and adaptive immune responses. Impaired activity or lack of the NK, 610 
CD4, or CD8 T cells in the treated mouse will impact the protocol’s efficacy5, 11. 611 
 612 
While the protocol described here is a proof-of-principle one that has been optimized for a mouse 613 
solid syngeneic tumor model, it nevertheless reveals many opportunities. The mechanisms of ECP 614 
in oncology are only just being elucidated, and there is still much room for improved 615 
understanding. More broadly, the ability to generate physiologically activated mouse and human 616 
DCs, and to selectively direct them towards antigen-specific immunity has many potential 617 
applications beyond cancer. The ability to do the same, but instead direct the DCs towards 618 
antigen-specific tolerance, as is suggested by the tolerizing efficacy of ECP itself, also has wide-619 
ranging medical implications. With this method, we hope to provide the tools and open a 620 
productive avenue of research for anyone with an interest in physiologic DC therapies. 621 
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marker parameter untreated ECP plate with TI protocol TI plate with TI protocol

HLA-DR Δ MFI 100.1 ± 42.4 439.8 ± 152.5 417.7 ± 152.2

CD80 Δ % 3.9 ± 1.1 22.3 ± 7.2 24.5 ± 7.2

CD83 Δ MFI 0.3 ± 0.2 53.3 ± 9.7 51.4 ± 17.4

CD86 Δ MFI 10.8 ± 1.7 103.9 ± 23.4 87.1 ± 17.6

PLAUR Δ MFI 54.5 ± 12 721.4 ± 183.6 528.7 ± 135.5

ICAM1 Δ MFI 12.2 ± 1.6 179.6 ± 28.5 192.5 ± 25.4

ITGB5 Δ MFI 53.6 ± 25.7 97.1 ± 31.6 103.8 ± 32.8

CCL2 (MCP-1) Δ % 0.6 ± 0.5 70.1 ± 6.7 55.2 ± 8.9

CXCL5 Δ % 0.7 ± 0.4 39.1 ± 7.2 41.5 ± 4.7

CXCL16 Δ % 0.3 ± 0.2 28.0 ± 8.8 35.3 ± 11.7

CD105 (endoglin) Δ MFI 3.6 ± 0.3 124.3 ± 25.4 141.8 ± 33.2

CD112 (nectin 2) Δ MFI 10.9 ± 1.8 47.3 ± 5.2 50.9 ± 9.2

CD120a (TNFR-1) Δ MFI 10.1 ± 2.6 2.2 ± 1.4 1.8 ± 1.1

CD137L (4-1BBL) Δ MFI 2.9 ± 1.5 1.0 ± 0.4 1.2 ± 0.6
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Name of Material/ Equipment Company Catalog Number Comments/Description

8-MOP (UVADEX 20ug/mL, 10 mL) Therakos, Inc Rx only, NDC No. 64067-0216-01Protocol steps 3 and 8 - mouse and human 8-MOP/UVA treatment of cells

AB serum Lonza BioWhittaker 14-498E Protocol step 8.5 - overnight culture of human PBMC

ACK red cell lysis buffer Lonza BioWhittaker 10-548E Protocol step 2 - mouse PBMC preparation

Anesthesia Tabletop V1 system with active scavenging VetEquip 901820 Protocol steps 1 and 7 - mouse sc tumor introduction and TI administration

Autologous mouse plasma prepare in lab n/a Prepare per protocol step 2.4, use in  7.1 - mouse TI treatment administration

Autologous mouse serum prepare in lab n/a Prepare per protocol step 5, use in step 6.1 - overnight culture of mouse PBMC

C57Bl/6J mice Jackson labs 0000664 Protocol steps 1, 2, 5 and 7 - mouse tumor injection, blood/serum collection, and therapy return

Cheek bleed GoldenRod lancet, 5 um Medipoint 9891620 Protocol step 2 - mouse PBMC preparation

Clear RPMI Gibco by LifeTech 11835-030 Protocol steps 6 and 8 - overnight culture of mouse/human PBMC

DMEM/F12 Gibco by LifeTech 11330-032 Protocol steps 1 and 2 - YUMM1.7 cell culture

EasyGrip Petri Dishes, 35mm Falcon 351008 Protocol steps 5 and 8 - overnight culture of mouse/human PBMC

Eppendorf 1.5mL conical tubes DOT scientific 1700-GMT Protocol steps 1-8

FBS (fetal bovine serum, heat-inactivated) SAFC Biosciences 12306C-500mL Protocol steps 1-4 - YUMM1.7 cell culture, 8-MOP/UVA treatment of cells, TI plate

Hemavet 950FS hematology counter Drew Scientific HV950FS Protocol step 8.2 - monitoring human platelet numbers

Heparin 5,000U/mL McKesson Packaging services 949512 Protocol steps 2 and 8 - mouse and human PBMC preparation

Isoflurane Abbott Laboratories 5260-04-05 Protocol steps 1 and 7 - mouse sc tumor introduction and TI administration

Lympholyte M lymphocyte isolation medium Cedarlane Labs CL5035 Protocol step 2 - mouse PBMC preparation

Non-essential amino acids Gibco by LifeTech 11140-050 Protocol steps 1 and 2 - YUMM1.7 cell culture

PBS (1x DPBS, (-) Ca+2, (-) Mg+2) Gibco by LifeTech 14190-144 Protocol steps 1-7

Pen/strep Gibco by LifeTech 15140-122 Protocol steps 1 and 2 - YUMM1.7 cell culture

Polypropylene 15mL conical tubes Falcon 352097 Protocol steps 1-8

Programmable 2-channel syringe pump New Era Pump Systems Inc model NE-4000 Protocol steps 4 and 8 - running the TI plate

Retro-orbital injection needles, 27G x 1/2 BD Biosciences 305109 Protocol step 7 - mouse TI treatment administration

Syringes, 10mL (LUER-LokTip) BD Biosciences 309604 Protocol steps 4, 8 - running the TI plate

Syringes, 1mL (Slip tip) BD Biosciences 309659 Protocol steps 1, 4, 7, 8

TI plate and tubing set Transimmune AG not commercially available 
Please contact Prof. R. Edelson or Transimmune in order to obtain the device on a 

collaborative basis.

TI plate running platform Transimmune AG not commercially available 
Please contact Prof. R. Edelson or Transimmune in order to obtain the device on a 

collaborative basis.

Tissue culture flasks, T75 (75 cm2) Falcon 353136 Protocol steps 1, 2, 6 and 8 - mouse and human cell culture

Tissue culture plates, 12-well Falcon 353043 Protocol steps 3 and 8 - mouse and human 8-MOP/UVA treatment of cells

Tissue culture scrapers Falcon 353085 Protocol steps 6 and 8 - overnight culture of mouse/human PBMC

Trypsin-EDTA 0.25% (1x) Gibco by LifeTech 25200-056 Protocol steps 1 and 2 - YUMM1.7 cell culture

Tumor injection needles, 25G x 5/8 BD Biosciences 305122 Protocol step 1 - mouse subcutaneous tumor introduction

UVA irradiator Johnson and Johnson not commercially available 

The apparatus was specifically developed by J&J for Prof. R. Edelson's laboratory. Several 

machines are available in the laboratory on a collaborative basis; please contact Prof. R. 

Edelson for use of one. Alternative UVA irradiators are commercially available but have not 

been tested by us.

Invitrogen EVOS FL Auto 2 Imaging System Invitrogen fluorescence imaging instrument
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

� Standard Access  � Open Access
 
Item 2: Please select one of the following items: 

� The Author is NOT a United States government employee. 

� The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

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

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, 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 one 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 listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 





To the Editor: 

We are delighted to hear the very positive response from our reviewers and editor, and to 

reply to their comments below. Following Dr. Alisha DSouza’s suggestions, we have 

substantially edited the experimental protocol to include more detail, as is reflected in the 

changes tracked in the main manuscript. We have also implemented the suggested 

changes to the figures, and removed the video pending further editing, which, 

unfortunately, will not be possible within our January 3rd resubmission deadline due to 

the holiday closure of Yale core facilities – with the hope of being permitted to submit 

the edited version of the video at a later point, as soon as we possibly can. We thank the 

journal for the opportunity to further refine the protocol and improve its presentation, and 

hope that the manuscript is acceptable in its present form.   

We thank you again for considering this paper for publication in JoVE. 

Sincerely, 

 

Richard L. Edelson, MD 

Aaron and Marguerite Professor and Chairman 

Department of Dermatology 

Yale University School of Medicine 
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Editorial comments: 
Changes to be made by the author(s) regarding the manuscript: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammar issues. 

We have thoroughly reviewed the manuscript for any such issues, and hope to have 

eradicated them. 

 

2. Figure 1B: Please include a space between numbers and their corresponding units (e.g., 

10 mm3). Please define s.c. in the figure legend. 

This has been done, please see the Figure 1 file. 

 

3. Figure 3: Please define NS in the figure legend. 

This has been done, please see the Figure 3 legend, line 588 of main manuscript. 

 

4. Figure 4A: Please convert it to a table, and upload the table to your Editorial Manager 

account as an .xls or .xlsx file. 

This has been done, please see the updated Figure 4 (with the table removed) and the 

accompanying Table 1 in the Excel format. 

 

5. Video 1: Please include a scale bar to provide context to the magnification used. 

Define the scale in the appropriate figure Legend. 

The video editing requires assistance from the Yale microscopy core facility, where it was 

first assembled. Unfortunately, the facility if closed for the holidays, only re-opening on 

January 2nd, which we feel is too short a time before out January 3rd resubmission 

deadline.  

 

Therefore, with the editor’s permission, if it is possible we’d like to remove the video for 

now, and add it to the submission at a later point – with the scale bar added to the video 

and defined in the legend, and the very pertinent changes suggested by Reviewer 3 

included. 

 

6. Please revise lines 358-360 to avoid previously published text. 

This has been done, please see the re-written lines 489-491 of main manuscript. 

 

 

7. Please define all abbreviations before use. 

We have thoroughly reviewed the manuscript for any such issues, and believe to have 

defined all abbreviations before first use. 

 

8. Please use the micro symbol µ instead of u. Please abbreviate liters to L to avoid 

confusion. 

This has been done, please see the tracked changes throughout the manuscript. 

 

9. Please revise the protocol to contain only action items that direct the reader to do 

something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 

imperative tense in complete sentences wherever possible. Avoid usage of phrases such 



as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot 

be written in the imperative tense may be added as a “Note.” Please include all safety 

procedures and use of hoods, etc. However, notes should be used sparingly and actions 

should be described in the imperative tense wherever possible. Please move the 

discussion about the protocol to the Discussion. 

We have revised the protocol to ensure this as best as possible, please see tracked 

changes throughout the manuscript. Notes have only been left where they are necessary 

to point out where the protocol may be modified in essential ways by the investigators 

following it. 

 

10. JoVE cannot publish manuscripts containing commercial language. This includes 

trademark 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 and Reagents. You may use the generic term followed by “(see 

table of materials)” to draw the readers’ attention to specific commercial names. 

Examples of commercial sounding language in your manuscript are: Lympholyte, 

Eppendorf, etc. 

All commercial language has been removed and replaced with generic product 

descriptions and references to the Table of Materials, as suggested. Please see thracked 

changes in the manuscript. 

 

11. Please revise the Protocol steps so that individual steps contain only 2-3 actions per 

step and a maximum of 4 sentences per step. Use sub-steps as necessary. 

We have revised the protocol to ensure this as best as possible, please see tracked 

changes throughout the manuscript. Additional sub-steps have been added where 

necessary. 

 

12. Please add more details to your protocol steps. There should be enough detail in each 

step to supplement the actions seen in the video so that viewers can easily replicate the 

protocol. 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. See some examples below. 

13. 1.2: Please specify what standard conditions are. 

Standard conditions have been defined. 

 

14. 1.5: Please mention how animals are anesthetized (e.g., specify concentration of 

isoflurane) and how proper anesthetization is confirmed. 

Isoflurane concentration and method of confirming anesthesia have been included. 

 

15. 2.2: How many treatments are included? Please specify. 

The number of treatments has been specified more clearly. 

 

16. 2.3.1: Please specify the Lympholyte M protocol (centrifugation parameters). We 

need such details for filming. 

The Lympholyte M protocol centrifugation parameters have been specified. 



 

17. 2.4.1: Please provide the composition of ACK buffer. If it is purchased, please cite 

the Table of Materials. 

The ACK buffer is purchased, thus the Table of Materials has been cited. 

 

18. 5.1: What volume of blood is collected? 

The volume of blood has been specified. 

 

19. 6.1: Please specify incubation conditions. 

Standard incubation conditions have been defined. 

 

20. Table of Materials: Please sort the items in alphabetical order according to the name 

of material/equipment. 

The Table of Materials has been sorted in alphabetical order, please see the revised 

Table of Materials. 

 

 

 

Reviewers' comments: 
 

Reviewer #1: 
Manuscript Summary: 

The authors describe their protocol for generating physiologic immunogenic dendritic 

cells for use in either murine or human studies. The detailed explanations of all steps, 

including tumor preparation, whole blood preparation, TI plate use, and concerns for 

which to watch are all outlined clearly. Additionally, the figures and videos further 

enhance the manuscript and support the procedures being presented by the authors. I 

believe these protocols will be of use to those investigating dendritic cell manipulations 

for immunization or tolerization. 

 

Major Concerns: 

None 

 

Minor Concerns: 

Please have copy-editor check use of commas throughout manuscript (there may be too 

many). Also, please have all materials mentioned include company, location, and 

model/catalog# so that they can be easily ordered by readers interested in using the 

protocols described. 

 

 

Reviewer #2: 
Manuscript Summary: 

Extracorporeal photopheresis (ECP) is a FDA-approved therapy for cutaneous T cell 

lymphoma (CTCL), and is also widely used for treatment for many T-cell mediated 

diseases. Recently, the researches of applications of ECP for cancer therapy draw many 

attentions. Nevertheless, the mechanisms of ECP action under different diseases are not 



fully understood. One of obstacles is lacking a good experimental system/device to study 

and assess different effects in vitro and in vivo. The authors in this manuscript introduce 

the Transimmunization (TI) chamber, a scaled-down version of the clinical ECP 

leukocyte-processing device, suitable for work with both mouse models, and small 

human blood samples. Overall, the methods and protocols are appropriate for the 

methods Journal, and researchers/scientists in this field will be interested in this system. 

 

Major Concerns: 

1. Because this is a methods article, only one video for the microscopic observation is not 

enough to introduce a new system/device. Additional videos for some key steps are 

needed for readers to understand the TI, for examples, collection of peripheral blood 

mononuclear cells (PBMC); 8-MOP/UVA treatment of tumor cells; TI plate passage of 

cells; preparation of autologous mouse serum; co-incubation of PBMC with antigen; re-

injection of TI-treated cells to mice. 

We thank the reviewer very much for their interest in this protocol, and for their desire to 

see it filmed in as much detail as possible. We wish the same, and have tried our best to 

select for filming these parts that are not described elsewhere, or have unique features 

that are essential to the TI method. These sections of the protocol, as the reviewer points 

out, include the collection of PBMC, the 8-MOP/UVA treatment of tumor cells, the TI 

plate passage of cells, the co-incubation of PBMC with antigen overnight, and the 

preparation of cells for re-injection.  

 

We did not select the preparation of autologous mouse serum for filming, because that is 

a fairly common technique and is not unique to our protocol. For the same reason we did 

not select for filming the actual re-injection of the cells into mice, only cell preparation 

for injection, again feeling that retro-orbital cell injection itself is not unique to the TI 

method, and is a well-described veterinary protocol. However, we will be happy to 

include these sections for filming, should the editor grant us additional filming time. 

 

2. For the classic ECP therapy for patients, the whole process will be done within the 

same day, instead of overnight co-incubation as the TI. Is there any data/justification for 

overnight incubation? 

We thank the reviewer for the opportunity to clarify this key point.  

 

As described in the Introduction, the TI protocol differs in several features from standard 

clinical ECP, the addition of overnight incubation being a very important such feature 

(lines 125-129). The reason for these alterations is that the Transimmunization protocol 

aims to not only replicate ECP in the laboratory, but to rationally optimize it. Since it has 

been demonstrated that antigen-loaded dendritic cell production is the key mechanism of 

action in ECP, it was next hypothesized that extending the time of contact between the 

dendritic cells newly produced during cell passage through the ECP device, and the 

apoptotic tumor cells also produced in the device, will allow for better tumor cell 

internalization and processing by dendritic cells, and thus improve the clinical impact.  

 

This hypothesis was tested clinically in Cutaneous T Cell Lymphoma (CTCL), where the 

addition of overnight incubation alone, with no other changes to the ECP protocol, led to 



clinical response in 60% of patients previously refractory to standard ECP (reference 13 

in the manuscript, Girardi et al, 2006). Furthermore, in the TI mouse model of ECP, the 

inclusion of the overnight incubation step led to tumor growth reduction with the TI 

protocol.  

 

We therefore believe that at least in the immunogenic anti-tumor modality of ECP, the 

co-incubation step is an important improvement. However, it remains to be investigated 

whether it is equally an improvement in the tolerogenic aspect of ECP, and what length 

of incubation is optimal in the immunizing and the tolerizing modalities. We hope these 

questions with be among these studied, as the scientific exploration of ECP continues. 

 

 

Reviewer #3: 
Manuscript Summary: 

I think that Edelson and col. present in this article a very important approach to 

mechanism of action of extracorporeal photopheresis and a derivation of it , that is the 

treatment of solid neoplasma based in the same mechanism of action of it. 

The article shows the knowledge of the author on this topic, and states that the continuous 

research in the same field may lead to important advances. 

 

Major Concerns: 

No. 

 

Minor Concerns: 

I think that watching the video does not provide important information. I suggest looking 

for some way to point out different type of cells that are observed or to make it more 

instructive. 

We thank the reviewer for their observation, and the opportunity to improve on the video. 

Following the reviewer’s and the editor’s suggestions, we would like to add to the video a 

scale bar, to give a better idea of the relative cell sizes in the device, and to also include 

arrows and labels pointing out the leukocytes, the gradual coating of the plate with 

platelets, and leukocyte rolling along the plate-bound platelets. We hope that will add to 

the quality and the instructive value of the video. 

 

However, the video editing requires assistance from the Yale microscopy core facility, 

where it was first filmed and assembled. Unfortunately, the facility if closed for the 

holidays, only re-opening on January 2nd, which we feel is too short a time before out 

January 3rd resubmission deadline.  

 

Therefore, with the editor’s permission, if it is possible we’d like to remove the video for 

now, and add it to the submission at a later point – with the scale bar added to the video 

and defined in the legend, and the very pertinent changes suggested by Reviewer 3 

included. We still feel there is a value to the community visualizing for themselves what 

happens within the device during this protocol. 


