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SUMMARY:  21 
The use of an RNA-based approach to determine quantitative immune profiles of solid tumor 22 
tissues and leverage clinical cohorts for immune-oncology biomarker discovery is described 23 
through a molecular and informatics protocols.  24 
 25 
ABSTRACT:  26 
Immunotherapies show promise in the treatment of oncology patients, but complex 27 
heterogeneity of the tumor microenvironment makes predicting treatment response 28 
challenging. The ability to resolve the relative populations of immune cells present in and around 29 
the tumor tissue has been shown to be clinically-relevant to understanding response, but is 30 
limited by traditional techniques such as flow cytometry and immunohistochemistry (IHC), due 31 
the large amount of tissue required, lack of accurate cell type markers, and many technical and 32 
logistical hurdles. One assay (e.g., the ImmunoPrism Immune Profiling Assay) overcomes these 33 
challenges by accommodating both small amounts of RNA and highly degraded RNA, common 34 
features of RNA extracted from clinically archived solid tumor tissue. The assay is accessed via a 35 
reagent kit and cloud-based informatics that provides an end-to-end quantitative, high-36 
throughput immuno-profiling solution for Illumina sequencing platforms. Researchers start with 37 
as few as two sections of formalin-fixed paraffin-embedded (FFPE) tissue or 20-40 ng of total RNA 38 
(depending on sample quality), and the protocol generates an immune profile report quantifying 39 
eight immune cell types and ten immune escape genes, capturing a complete view of the tumor 40 
microenvironment. No additional bioinformatic analysis is required to make use of the resulting 41 
data. With the appropriate sample cohorts, the protocol may also be used to identify statistically 42 
significant biomarkers within a patient population of interest. 43 
 44 
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INTRODUCTION:  45 
Quantification of tumor-infiltrating lymphocytes (TILs) and other immune-related molecules in 46 
formalin-fixed and paraffin embedded (FFPE) solid tumor human tissue samples has 47 
demonstrated value in clinical research1-3. Common techniques such as flow cytometry and 48 
single-cell ribonucleic acid (RNA) sequencing are useful for fresh tissue and blood4, but are 49 
unsuitable for analysis of FFPE materials due to the inability to create viable cell suspensions. 50 
Current methods that have been used to quantify these cells in FFPE tissue suffer from major 51 
challenges. Immunohistochemistry (IHC) and other similar imaging workflows require specific 52 
antibodies to detect cell-surface proteins, which can be difficult to standardize across 53 
laboratories to enable reproducible quantification5. Platforms such as the nCounter system rely 54 
on the expression of single genes to define key immune cells6, limiting sensitivity and specificity 55 
of detection. More generic RNA sequencing methods, coupled with standalone software tools, 56 
are available but require significant optimization and validation prior to use7-12. Recent advances 57 
in combining laser capture microdissection (LCM) with RNA sequencing for FFPE tissue has shown 58 
promise; however, a more high-throughput, turnkey solution is required for translational studies 59 
aimed at identifying robust biomarkers13,14. Methods to generate multidimensional biomarkers, 60 
such as Predictive Immune Modeling, that define patient cohorts including therapy responders, 61 
cancer subtypes, or survival outcomes with high predictive accuracy and statistical significance 62 
are becoming increasingly important in the age of precision medicine and immunotherapy15,16.  63 
 64 
To address this need, an immune profiling assay was developed to enable sensitive and specific 65 
quantification of immune cells in solid tumor FFPE tissue using standardized RNA-sequencing 66 
reagents and cloud-based informatics. In addition to accommodating degraded RNA from FFPE 67 
tissue, the protocol is able to accommodate RNA derived from limiting tissue samples such as 68 
core needle biopsies, needle aspirates, and micro- or macro-dissected tissue. RNA data from each 69 
sample is compared to a database of gene expression models of immune cells, called immune 70 
Health Expression Models, to quantify immune cells as a percentage of total cells present in the 71 
sample. Briefly, these models were built using machine-learning methods to identify unique 72 
multigenic expression patterns from whole-transcriptome data generated from purified immune 73 
cell populations (isolated using canonical cell-surface markers)17,18. The multidimensional Health 74 
Expression Models underlying the technology enables the assay to quantify each immune cell as 75 
a percent of the total cells present in the heterogenous mixture. This enables the researcher to 76 
generate inter- and intra-sample immune cell comparisons, which have been shown to have 77 
clinical value19,20. Other applications include quantification of immune response pre- and post-78 
treatment, as described in the representative results. The assay reports on multiple features of 79 
immune contexture of the tumor and tumor microenvironment including the absolute 80 
percentages of eight immune cell types (derived from gene expression models): CD4+ T cells, 81 
CD8+ T cells, CD56+ Natural Killer cells, CD19+ B cells, CD14+ monocytes, Tregs, M1 macrophages, 82 
and M2 macrophages. In addition, the assay reports the expression (in transcripts per million, or 83 
TPM) of ten immune escape genes: PD-1, PD-L1, CTLA4, OX40, TIM-3, BTLA, ICOS, CD47, IDO1, 84 
and ARG1. 85 
 86 
The reagent kit is used to make high quality libraries ready for sequencing on an Illumina platform 87 
following a hybrid capture-based library preparation method, as shown in Figure 1. If a 88 
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researcher does not have an Illumina sequencing platform in their laboratory, they may submit 89 
their samples to a core laboratory for sequencing. Once generated, sequencing data is uploaded 90 
to the Prism Portal for automated analysis, and a comprehensive, quantitative profile for each 91 
individual sample, in the form of the Immune Report (Figure 2A), is returned to the user. Users 92 
may also define sample groupings in the Prism Portal to generate a Biomarker Report (Figure 2B), 93 
highlighting statistically significant biomarkers that distinguish two patient cohorts. Importantly, 94 
the data generated by the reagent kit is for research use only and may not be used for diagnostic 95 
purposes.  96 
 97 
[Place Figures 1 and 2 here] 98 
 99 
The protocol requires approximately 16 hours of preparation time (from total RNA to libraries 100 
ready for sequencing); however, there are a number of optional stopping points, as noted in the 101 
protocol. The assay makes use of the rich, dynamic nature of transcriptomics to move beyond 102 
legacy single-analyte biomarkers to multidimensional gene expression models, thereby enabling 103 
comprehensive biological characterization of tissue samples with standardized reagents and 104 
easy-to-use software tools. It empowers researchers to utilize a contemporary technology in 105 
their own laboratory, by leveraging machine-learning and a database of Health Expression 106 
Models to derive more accurate, quantitative immune profiles of precious clinical samples, and 107 
discover multidimensional RNA biomarkers with full statistical analysis. 108 
 109 
PROTOCOL:  110 
 111 
The human tissue samples utilized in the Representative Results shown here were purchased 112 
from a reputable entity (TriStar Technology Group) and have informed donor consent permitting 113 
academic and commercial research, as well as approval from a competent ethical committee. 114 
 115 
Part I: Pre-Capture Library Preparation 116 
 117 
1. RNA quantification and qualification 118 
 119 
1.1 Quantify RNA using a fluorometric assay to determine the appropriate input to the 120 
assay. Assess the quality of the input RNA using electrophoresis to determine the RNA Integrity 121 
Number (RIN) and the percentage of fragments >200 nucleotides (DV200) values.  122 
 123 
1.1.1 For intact (RIN > 7) or partially degraded RNA samples (RIN = 2 to 7) follow the library 124 
preparation steps for high quality/intact RNA, starting with Step 2.1. The quality of the RNA is 125 
important for selecting the correct fragmentation time in Thermal Cycler Program #1 126 
(Supplemental Table 2). 127 
 128 
1.1.2 For highly degraded samples (e.g., RIN = 1 to 2 or FFPE), determine the DV200 value. 129 
These samples do not require fragmentation and will follow the instructions for degraded RNA, 130 
starting with Step 2.2.  131 
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1.2 Prepare the appropriate amount of total RNA for each sample for by diluting 20 ng of 132 
RNA (High-Quality/Intact RNA with RIN > 2) or 40 ng of RNA (Degraded/FFPE RNA with DV200 > 133 
20%) to 5 μL in nuclease-free water. Processing samples with DV200 < 20% is not recommended. 134 
For the control RNA samples provided with the kit, dilute 1 μL of the appropriate RNA in 4 μL of 135 
nuclease-free water. Control samples will follow the same processing as described for either 136 
High-Quality (Intact) or Degraded (FFPE) RNA materials, as labeled. See Supplemental Table 1 137 
for all reagents included in the kit.  138 
 139 
2.  RNA fragmentation and priming 140 
 141 
2.1 Follow Step 2.1.1 for High-Quality/Intact RNA with RIN > 2. 142 
 143 
2.1.1 For high-quality RNA, assemble the fragmentation and priming reaction on ice in a 144 
nuclease-free PCR tube according to Table 1.  145 
 146 
[Place Table 1 here] 147 
 148 
2.1.1.1 Mix thoroughly by pipetting up and down several times. Then, briefly spin down the 149 
samples in a microcentrifuge  150 
 151 
NOTE: For all centrifuge spins in the protocol, a speed of ≥ 1,000 x g for at least 3 s is 152 
recommended. 153 
 154 
2.1.1.2 Place the samples in a thermal cycler and use Program #1 (Supplemental Table 2).  155 
 156 
2.1.1.3 Immediately transfer the tubes to ice and proceed to First Strand cDNA Synthesis for 157 
High Quality RNA (Step 3.1). For concurrent preparation of both High Quality and FFPE RNA, 158 
begin preparation of the FFPE RNA (Step 2.2) during the Fragmentation Incubation. 159 
 160 
2.2  Follow Step 2.2.1 for Degraded/FFPE RNA with DV200 > 20%. 161 
 162 
2.2.1  For highly degraded (FFPE) RNA that does not require fragmentation, assemble the 163 
priming reaction as described in Table 2. For intact RNA, remember to follow Step 2.1.  164 
 165 
[Place Table 2 here] 166 
 167 
2.2.1.1 Mix thoroughly by pipetting up and down several times. Then, briefly spin down the 168 
samples in a microcentrifuge. 169 
 170 
2.2.1.2 Place the samples in a thermal cycler and use Program #2 (Supplemental Table 2).  171 
 172 
2.2.1.3 Transfer the tubes to ice and proceed to First Strand cDNA Synthesis for Highly 173 
Degraded (FFPE) RNA (Step 3.2).  174 
 175 
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3. First strand cDNA synthesis 176 
 177 
3.1 Follow Step 3.1.1 for High-Quality/Intact RNA with RIN > 2. 178 
 179 
3.1.1 For intact RNA (high-quality), assemble the fragmentation and priming reaction on ice in 180 
a nuclease-free PCR tube according to Table 3.  181 
 182 
[Place Table 3 here] 183 
 184 
3.1.1.1 Keeping the reactions on ice, thoroughly mix by pipetting up and down several times. 185 
Briefly spin down the samples in a microcentrifuge, and proceed directly to First strand 186 
synthesis incubation (Step 4).  187 
 188 
3.2 Follow Step 3.2.1 for Degraded/FFPE RNA with DV200 > 20%. 189 
 190 
3.2.1 For highly degraded RNA (FFPE), assemble the fragmentation and priming reaction on 191 
ice in a nuclease-free PCR tube according to Table 4.  192 
 193 
[Place Table 4 here] 194 
 195 
3.2.1.1 Keeping the reactions on ice, thoroughly mix by pipetting up and down several times. 196 
Briefly spin down the samples in a microcentrifuge, and proceed directly to First strand 197 
synthesis incubation (Step 4).  198 
 199 
4. First strand synthesis incubation 200 
 201 
4.1 Keeping the tubes on ice, mix thoroughly by pipetting up and down several times. Briefly 202 
spin down the samples in a microcentrifuge. Incubate the samples in a preheated thermal 203 
cycler following Program #3 (Supplemental Table 2). 204 
 205 
5.  Second strand cDNA synthesis 206 
 207 
5.1 Prepare the second strand cDNA synthesis reaction on ice by assembling the 208 
components listed in Table 5, including the first strand reaction product from Step 4.1.  209 
 210 
[Place Table 5 here] 211 
 212 
5.2 Keeping the tubes on ice, mix thoroughly by pipetting up and down several times. 213 
Incubate in a thermal cycler following Program #4 (Supplemental Table 2). 214 
 215 
6. cDNA cleanup using SPRI (Solid Phase Reversible Immobilization) beads 216 
 217 
6.1 Allow the SPRI Beads to warm to room temperature for at least 30 min before use, and 218 
then vortex SPRI Beads for approximately 30 s to resuspend. 219 
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 220 
6.2 Add 144 μL of resuspended beads to the second strand synthesis reaction (~80 μL). Mix 221 
well by pipetting up and down at least 10 times and incubate for 5 min at room temperature. 222 
 223 
6.3 Briefly spin the tubes in a microcentrifuge and place the tubes on a magnetic rack to 224 
separate beads from the supernatant. After the solution is clear, carefully remove and discard 225 
the supernatant. Be careful not to disturb the beads, which contain DNA. 226 
 227 
6.4 Add 180 μL of freshly prepared 80% ethanol to the tubes while on the magnetic rack. 228 
Incubate at room temperature for 30 s, and then carefully remove and discard the supernatant. 229 
 230 
6.5 Repeat Step 6.4 once for a total of 2 washing steps. 231 
 232 
6.6 Completely remove the residual ethanol. Leave the tubes on the magnetic rack and air 233 
dry the beads for approximately 3 min with the lid open, or until visibly dry. Do not over dry the 234 
beads, as this may result in lower recovery of DNA. 235 
 236 
6.7 Remove the tubes from the magnet and add 53 μL 0.1x TE Buffer (included in reagent 237 
kit, see Supplemental Table 1) to the beads. Pipette up and down at least 10 times to mix 238 
thoroughly. Incubate for 2 min at room temperature. 239 
 240 
6.8 Place the tubes on a magnetic rack, allowing beads to fully separate from the 241 
supernatant. Transfer 50 μL of the supernatant to clean nuclease-free PCR tubes. Be careful not 242 
to disturb the beads. This is an optional stopping point in the protocol, cDNA samples may be 243 
stored at –20 °C. 244 
 245 
7. End repair of cDNA library 246 
 247 
7.1 Assemble the end repair reaction on ice by assembling the components listed in Table 6 248 
to the second strand synthesis product from Step 6.8.  249 
 250 
[Place Table 6 here] 251 
 252 
7.2  Set a pipette to 50 μL and then pipette the entire volume up and down at least 10 times 253 
to mix thoroughly. Briefly centrifuge to collect all liquid from the sides of the tubes. It is 254 
important to mix well. The presence of a small amount of bubbles will not interfere with 255 
performance. 256 
 257 
7.3 Incubate the samples in a thermal cycler following Program #5 (Supplemental Table 2). 258 
 259 
8.  Adaptor ligation 260 
 261 
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8.1 Prior to setting up the ligation reaction, dilute the Adaptor in ice-cold Adaptor Dilution 262 
Buffer as shown in Table 7, multiplying by the required number of samples, plus 10% extra. 263 
Keep the diluted adaptor on ice. 264 
 265 
[Place Table 7 here] 266 
 267 
8.2 Assemble the ligation reaction on ice by adding the components as described in Table 8, 268 
in the order listed, to the end prep reaction product from Step 7.3. Note that the Ligation 269 
Master Mix and Ligation Enhancer can be mixed ahead of time. This mixture is stable for at 270 
least 8 h at 4 °C. Do not premix the Ligation Master Mix, Ligation Enhancer and Adaptor prior to 271 
use in the Adaptor Ligation Step.  272 
 273 
[Place Table 8 here] 274 
 275 
8.3  Set a pipette to 80 μL and then pipette the entire volume up and down at least 10 times 276 
to mix thoroughly. Perform a quick spin to collect all liquid from the sides of the tubes. The 277 
Ligation Master Mix is very viscous. Take care to ensure adequate mixing of the ligation 278 
reaction, as incomplete mixing will result in reduced ligation efficiency. The presence of a small 279 
amount of bubbles will not interfere with performance. 280 
 281 
8.4 Incubate following Program #6 (Supplemental Table 2), and then remove the ligation 282 
mixture from the thermal cycler and add 3 μL of Adaptor Processing Enzyme, resulting in a total 283 
volume of 96.5 μL. 284 
 285 
8.5 Pipette up and down several times to mix well, and then incubate following Program #7 286 
(Supplemental Table 2) before proceeding immediately to Purification of Ligation Reaction. 287 
 288 
9. Purification of ligation reaction using SPRI neads 289 
 290 
9.1 Allow SPRI Beads to warm to room temperature for at least 30 min before use, and then 291 
vortex SPRI Beads for approximately 30 s to resuspend. 292 
 293 
9.2 Add 87 μL of resuspended SPRI Beads and mix well by pipetting up and down at least 10 294 
times. Incubate for 10 min at room temperature. 295 
 296 
9.3 Briefly spin the tubes in a microcentrifuge and place the tubes on a magnetic rack to 297 
separate beads from the supernatant. After the solution is clear (~5 min), carefully remove and 298 
discard the supernatant. Do not discard the beads. 299 
 300 
9.4 Add 180 μL of freshly prepared 80% ethanol to the tubes while on the magnetic rack. 301 
Incubate at room temperature for 30 s, and then carefully remove and discard the supernatant. 302 
Repeat Step 9.4 once for a total of 2 washing steps. 303 
 304 
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9.5 Completely remove the residual ethanol. Leave the tubes on the magnetic rack and air 305 
dry the beads for approximately 3 min with the lid open, or until visibly dry. Do not over dry the 306 
beads, as this may result in lower recovery of DNA.  307 
 308 
9.6 Remove the tubes from the magnet and add 17 μL of 0.1x TE buffer to the beads. 309 
Pipette up and down at least 10 times to mix thoroughly. Incubate for 2 min at room 310 
temperature, and then place the tubes on a magnetic rack, allowing beads to fully separate 311 
from the supernatant. 312 
 313 
9.7 Transfer 15 μL of the supernatant to clean nuclease-free PCR tubes. Be careful not to 314 
disturb the beads. This is an optional stopping point in the protocol, the Adaptor-ligated DNA 315 
may be stored at –20 °C. 316 
 317 
10. PCR enrichment of adaptor ligated DNA 318 
 319 
10.1 Set up the PCR reaction as described in Table 9. A Master Mix containing the Pre-320 
Capture PCR Master Mix and the Universal Primer can be made and added to the Adaptor 321 
ligated DNA. For multiplexed sequencing, use unique index primers for each reaction and add 322 
to each sample individually.  323 
 324 
[Place Table 9 here] 325 
 326 
10.2  Mix well by gently pipetting up and down 10 times. Briefly spin the tubes in a 327 
microcentrifuge and place in a thermal cycler and perform PCR amplification using Program #8 328 
(Supplemental Table 2).  329 
 330 
11. Purification of the PCR reaction using SPRI beads 331 
 332 
11.1 Allow SPRI Beads to warm to room temperature for at least 30 min before use, and then 333 
vortex SPRI Beads for approximately 30 s to resuspend. 334 
 335 
11.2 Add 45 μL of resuspended beads to each PCR reaction (~50 μL). Mix well by pipetting up 336 
and down at least 10 times, before incubating for 5 min at room temperature. 337 
 338 
11.3 Briefly spin the tubes in a microcentrifuge and place the tubes on a magnetic rack to 339 
separate beads from the supernatant. After the solution is clear (~5 min), carefully remove and 340 
discard the supernatant. Be careful not to disturb the beads that contain DNA.  341 
 342 
11.4 Add 180 μL of freshly prepared 80% ethanol to the tubes while in the magnetic rack. 343 
Incubate at room temperature for 30 s, and then carefully remove and discard the supernatant. 344 
Repeat Step 11.4 once for a total of 2 washing steps. 345 
 346 
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11.5 Completely remove the residual ethanol. Leave the tubes on the magnetic rack and air 347 
dry the beads for approximately 3 min with the lid open, or until visibly dry. Do not over dry the 348 
beads, as this may result in lower recovery of DNA. 349 
 350 
11.6  Remove the tubes from the magnet and add 23 μL 0.1x TE Buffer to the beads. Pipette 351 
up and down at least 10 times to mix thoroughly. Incubate for 2 min at room temperature.  352 
 353 
11.7 Place the tubes on a magnetic rack, allowing beads to fully separate from the 354 
supernatant. Transfer 20 μL of the supernatant to clean nuclease-free PCR tubes. Be careful not 355 
to disturb the beads. This is an optional stopping point in the protocol, Pre-Capture Libraries 356 
may be stored at –20 °C. 357 
 358 
12. Validate and quantify pre-capture library 359 
 360 
12.1 Measure the concentration of the pre-capture library using a fluorometer and high 361 
sensitivity assay kit. A minimum yield of 200 ng is required to proceed to Part II: Hybridization 362 
and Capture. 363 
 364 
12.1.1 Run 1 μL of library on a digital electrophoresis system. If necessary, dilute the sample to 365 
avoid overloading the High Sensitivity Chip, according to the manufacturer’s protocol 366 
recommendations. 367 
 368 
12.1.2 Check that the electropherogram shows a narrow distribution with a peak size 369 
approximately 250-400 bp (see Representative Results, Figure 3 and Figure 4). 370 
 371 
12.1.3 If a 128 bp peak (adaptor-dimer) is visible in the Bioanalyzer traces, and the intensity of 372 
the signal is ≥ the intensity of 250-400 bp library signal (see Representative Results, Figure 5), 373 
and then bring up the sample volume (from Step 11.7) to 50 µL with 0.1x TE Buffer and repeat 374 
the SPRI Bead purification (Step 11). This is an optional stopping point in the protocol, Pre-375 
capture libraries may be stored at –20 °C before moving on to Part II: ImmunoPrism 376 
Hybridization and Capture. 377 
 378 
Part II: Hybridization and Capture 379 
 380 
13. Combine blocking oligos, Cot-1 DNA, pre-capture library DNA, and dry 381 
 382 
13.1 Mix the barcoded library prepared in Step 11 and Quantified in Step 12, with Cot-1 DNA 383 
and Blocking Oligos in a nuclease-free PCR tube or 1.5 mL microtube, as shown in Table 10.  384 
 385 
[Place Table 10 here] 386 
 387 
13.2 Dry the contents of the tube using a vacuum concentrator set to 30-45 °C. This is an 388 
optional stopping point in the protocol. After drying, tubes may be stored overnight at room 389 
temperature (15–25 °C) or for longer at -20 °C.  390 
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 391 
14. Hybridize DNA capture probes with the library 392 
 393 
14.1  Thaw 2x Bead Wash Buffer and Hybridization Buffer, Hybridization Buffer Enhancer, 394 
ImmunoPrism Probe Panel, 10x Wash Buffer 1, 10x Wash Buffer 2, 10x Wash Buffer 3, and 10x 395 
Stringent Wash Buffer at room temperature. Before use, inspect the Hybridization Buffer for 396 
crystallization of salts. If crystals are present, heat the tube at 65 °C, shaking intermittently, 397 
until the buffer is completely solubilized. 398 
 399 
14.2  At room temperature, create the Hybridization Master Mix in a tube. Multiply volumes 400 
by the number of samples and add 10% extra, following Table 11.  401 
 402 
[Place Table 11 here] 403 
 404 
14.3  Vortex or pipette up and down to mix well. Then, add 17 μL of the Hybridization Master 405 
Mix to each tube containing dried DNA. Seal the tubes and incubate for 5 min at room 406 
temperature.  407 
 408 
14.4  Vortex the samples, ensuring they are completely mixed, and spin down the samples 409 
briefly in a microcentrifuge. If applicable, transfer each sample from a 1.5 mL microtube to a 410 
nuclease-free PCR tube. 411 
 412 
14.5  Place the samples in a thermal cycler and run Program #9 (Supplemental Table 2). 413 
 414 
14.5.1 During the incubation, prepare the wash buffers (Step 15) and streptavidin beads (Step 415 
16), allowing for sufficient time to preheat buffers and equilibrate the streptavidin beads. 416 
 417 
15. Prepare wash buffers 418 
 419 
NOTE: Wash buffers are supplied as 2x (Bead Wash Buffer) or 10x (all other wash buffers) 420 
concentrated solutions. 421 
 422 
15.1 During the Hybridization incubation, dilute the 2x Bead Wash Buffer and the 10x Wash 423 
Buffers to create 1x working solutions, multiplying by the required number of samples and 424 
adding 10% extra, following Table 12. If 10x Wash Buffer 1 is cloudy, heat the bottle in a 65 °C 425 
water bath or heating block to resuspend particulates. Frozen 1x Wash Buffers should be mixed 426 
after thawing. 427 
 428 
[Place Table 12 here] 429 
 430 
15.2  Aliquot the 1x Wash Buffers into nuclease-free PCR tubes and place at the appropriate 431 
temperatures as indicated in Table 13. Be sure to include sufficient overage for pipetting. For 432 
heated buffers, use a thermal cycler set to 65 °C with the lid set to 70 °C.  433 
 434 
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[Place Table 13 here] 435 
 436 
15.3  Prepare the Bead Resuspension Mix at room temperature as shown in Table 14, 437 
multiplying by the required number of samples and adding 10% extra.  438 
 439 
[Place Table 14 here] 440 
 441 
16. Prepare the streptavidin beads 442 
 443 
16.1  Equilibrate streptavidin beads at room temperature for at least 30 min before use. Mix 444 
the beads thoroughly by vortexing for 15 s and aliquot 50 μL of beads per capture into a 445 
nuclease-free PCR tube. 446 
 447 
16.2  Add 100 μL of 1x Bead Wash Buffer (prepared in Step 15.1) to each tube. Gently pipette 448 
up and down 10 times to mix. Place the tube on a magnetic rack, allowing beads to fully 449 
separate from the supernatant. 450 
 451 
16.3  Remove and discard the clear supernatant. Be careful not to disturb the beads. 452 
 453 
16.4  Perform the following wash. 454 
 455 
16.4.1 Remove from magnetic rack. Add 100 μL of 1x Bead Wash Buffer to each tube 456 
containing beads, and then pipette up and down 10 times to mix. 457 
 458 
16.4.2 Place the tube in the magnetic rack, allowing beads to fully separate from the 459 
supernatant. 460 
 461 
16.4.3 Carefully remove and discard the clear supernatant. 462 
 463 
16.5  Repeat Step 16.4 once for a total of two washes. 464 
 465 
16.6  Remove from magnetic rack. Add 17 μL of Bead Resuspension Mix from Step 15.3 to 466 
each tube. Pipette up and down several times to thoroughly mix. Ensure that beads are not 467 
stuck to the sides of the tubes. If needed, briefly spin the tubes to collect the beads at the 468 
bottom. 469 
 470 
17. Bind hybridized target to the streptavidin beads 471 
 472 
17.1 After the 4 hour Hybridization incubation is complete, remove the samples from the 473 
thermal cycler and set the thermal cycler to incubate at 65 °C with the heated lid set to 70 °C. 474 
 475 
17.2 Using a multichannel pipette, transfer 17 μL of fully homogenized beads to the samples. 476 
Mix thoroughly by pipetting up and down 10 times. 477 
 478 
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17.3 Bind the DNA to the beads by placing the tubes into the thermal cycler following 479 
Program #10 (Supplemental Table 2). During the incubation, briefly remove the strip tubes 480 
every 10-12 min and gently vortex for 3 s to ensure that the beads remain in suspension. 481 
Alternatively, mix by pipetting up and down several times. Proceed immediately to Wash 482 
Streptavidin Beads (Step 18). 483 
 484 
18. Wash streptavidin beads to remove unbound DNA 485 
 486 
18.1  Use the 1x Wash Buffers from Step 15.2 and store heated buffers in the thermal cycler 487 
during washes. 488 
 489 
18.2 Add 100 μL preheated 1x Wash Buffer 1 to the tubes from Step 17.3. Mix thoroughly by 490 
pipetting up and down 10 times. Place the tubes on a magnetic rack, allowing beads to fully 491 
separate from the supernatant. 492 
 493 
18.3 Pipette and discard the supernatant, which contains unbound DNA. Remove from 494 
magnetic rack.  495 
 496 
18.4  Perform the following 65 °C wash. 497 
 498 
18.4.1 Add 150 μL of preheated 1x Stringent Wash Buffer. 499 
 500 
18.4.2 Mix thoroughly by pipetting up and down at least 10 times. Avoid bubbles during 501 
pipetting. Be sure beads are completely resuspended in all tubes. 502 
 503 
18.4.3 Incubate in the thermal cycler at 65 °C for 5 min. 504 
 505 
18.4.4 Place the tubes on a magnetic rack, allowing beads to fully separate from the 506 
supernatant. Pipette and discard the supernatant, which contains unbound DNA. Remove from 507 
magnetic rack. 508 
 509 
18.4.5 Repeat Step 18.4 for a total of two Stringent Washes. 510 
 511 
18.5  Perform the first room temperature wash. 512 
 513 
18.5.1 Add 150 μL of room temperature 1x Wash Buffer 1. 514 
 515 
18.5.2 Pipette up and down 10 to 20 times to completely resuspend the beads. 516 
 517 
18.5.3 Seal the tubes and incubate for 2 min, alternating between gently vortexing for 30 s and 518 
resting for 30 seconds. Be sure beads in all wells remain completely resuspended in all tubes 519 
throughout the entire incubation. 520 
 521 
18.5.4 Briefly centrifuge the tubes. 522 
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 523 
18.5.5 Place the tubes on a magnetic rack, allowing beads to fully separate from the 524 
supernatant. Pipette and discard the supernatant. 525 
 526 
18.5.6 Seal the tubes and briefly centrifuge. Return to magnetic rack and use a 10 μl pipette to 527 
remove any residual wash buffer. 528 
 529 
18.6  Perform the second room temperature wash. 530 
 531 
18.6.1 Add 150 μL of room temperature 1x Wash Buffer 2. 532 
 533 
18.6.2 Pipette up and down 10 to 20 times to completely resuspend the beads. 534 
 535 
18.6.3 Seal the tubes and incubate for 2 min, alternating between gently vortexing for 30 s and 536 
resting for 30 seconds. Be sure beads in all wells remain completely resuspended in all tubes 537 
throughout the entire incubation. 538 
 539 
18.6.4 Briefly centrifuge the tubes. 540 
 541 
18.6.5 Transfer the entire volume of beads resuspended in Wash Buffer 2 to clean nuclease-542 
free PCR tubes. Important: Transferring the beads to fresh tubes is important to avoid off-543 
target contamination. 544 
 545 
18.6.6 Place the tubes on a magnetic rack, allowing beads to fully separate from the 546 
supernatant. Pipette and discard the supernatant. 547 
 548 
18.6.7 Seal the tubes and briefly centrifuge. Return to magnetic rack and use a 10 μl pipette to 549 
remove any residual wash buffer. 550 
 551 
18.7 Perform the third room temperature wash. 552 
 553 
18.7.1 Add 150 μL of room temperature 1x Wash Buffer 3. 554 
 555 
18.7.2 Pipette up and down 10 to 20 times to completely resuspend the beads. 556 
 557 
18.7.3 Seal the tubes and incubate for 2 min, alternating between gently vortexing for 30 s and 558 
resting for 30 seconds. Be sure beads in all wells remain completely resuspended in all tubes 559 
throughout the entire incubation.  560 
 561 
18.7.4 Briefly centrifuge the tubes. 562 
 563 
18.7.5 Place the tubes on a magnetic rack, allowing beads to fully separate from the 564 
supernatant. Pipette and discard the supernatant. 565 
 566 
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18.7.6 Seal the tubes and briefly centrifuge. Return to magnetic rack and use a 10 μL pipette to 567 
remove any residual wash buffer. 568 
 569 
18.7.7 Remove from the magnetic rack and add 20 μL of nuclease-free water to the beads. 570 
 571 
18.7.8 Pipette up and down 10 times to ensure any beads stuck to the side of the tubes have 572 
been resuspended. 573 
 574 
18.8 Important: Do not discard the beads. Use the entire 20 µL of resuspended beads with 575 
captured DNA in Step 19. 576 
 577 
19. Perform final, post-capture PCR enrichment 578 
 579 
19.1 Prepare the Post-Capture PCR Master Mix according to the following table, multiplying 580 
by the required number of samples and adding 10% extra, according to Table 15.  581 
 582 
19.2  Add 30 μL of the Post-Capture PCR Master Mix to each sample for a final reaction 583 
volume of 50 μL. Mix thoroughly by pipetting up and down 10 times. 584 
 585 
19.3  Place the PCR tubes in the thermal cycler and incubate following Program #11 586 
(Supplemental Table 2). 587 
 588 
20. Purify post-capture PCR fragments 589 
 590 
20.1 Allow SPRI Beads to warm to room temperature for at least 30 min before use, and then 591 
vortex SPRI Beads for approximately 30 s to resuspend. 592 
 593 
20.2 Add 75 μL of resuspended beads to each PCR-enriched capture (50 μL). Mix well by 594 
pipetting up and down at least 10 times. The streptavidin beads will not interfere with the SPRI 595 
bead purification. Incubate for 5 min at room temperature. 596 
 597 
20.3 Briefly spin the tubes in a microcentrifuge and place the tubes on a magnetic rack to 598 
separate beads from the supernatant. After the solution is clear, carefully remove and discard 599 
the supernatant. Be careful not to disturb the beads, which contain DNA. 600 
 601 
20.4 Add 180 μL of freshly prepared 80% ethanol to the tube while in the magnetic rack. 602 
Incubate at room temperature for 30 s, and then carefully remove and discard the supernatant. 603 
 604 
20.5 Repeat Step 20.4 once for a total of 2 washing steps. 605 
 606 
20.6 Completely remove the residual ethanol. Leave the tube on the magnetic rack and air 607 
dry 3 min with the lid open, or until visibly dry. Do not over-dry the beads. This may result in 608 
lower recovery of DNA. 609 
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20.7 Remove the tube from the magnet. Elute the DNA from the beads by adding 22 μL of 610 
0.1x TE Buffer. Mix well by pipetting up and down several times. Incubate for 2 min at room 611 
temperature. Place the tube on the magnetic rack until the solution is clear. 612 
 613 
20.8 Remove 20 μL of the supernatant and transfer to a clean nuclease-free PCR tube, being 614 
careful not to disturb the beads. This is an optional stopping point in the protocol, libraries may 615 
be stored at –20 °C. 616 
 617 
21. Validate and quantify library 618 
 619 
21.1 Measure the concentration of the captured library using a fluorometer and High 620 
Sensitivity Assay Kit. 621 
 622 
21.2 Measure the average fragment length of the captured library using a digital 623 
electrophoresis High Sensitivity DNA chip and calculate the average fragment size for each 624 
library using the system software. Average fragment size should be approximately 250-400 bp 625 
(see Representative Results, Figure 6 and Figure 7). This is an optional stopping point in the 626 
protocol, completed libraries may be stored at –20 °C. 627 
 628 
22. Sequencing on a sequencing platform 629 
 630 
22.1 For sequencing, dilute libraries to 2 nM and follow the manufacturer’s guidelines for 631 
loading and operating the sequencer. Sequence libraries to a minimum depth of 15 million 632 
single end reads of at least 50 bp in length. 633 
 634 
23. Analysis of sequencing data to generate immune profiles and discover biomarkers 635 
with the Prism Portal, a cloud-based informatics tool 636 
 637 
23.1 Create a Prism account by visiting https://prism.cofactorgenomics.com/ 638 
 639 
23.2 Once logged in, click Submit New Project in the top toolbar from any page in Prism to 640 
upload the demultiplexed FASTQ sequencing files, or upload files stored on BaseSpace with the 641 
Prism account.  642 
 643 
23.3 Complete the New Project form including the project name, and samples by group or 644 
cohort. The grouping of samples, and the corresponding grouping names, are necessary to 645 
generate the Biomarker Discovery Report. Note that a minimum of 3 samples per group are 646 
required to generate the Biomarker Discovery Report. Click the Launch Application button to 647 
submit the form; a confirmation page will appear if successful.  648 
 649 
23.4 While logged in, click See Results in the top toolbar or any page of Prism. Prism enables 650 
a user to see the status of submitted projects and to view sample and biomarker reports per 651 
project. There will be a table of projects the user has created on Prism. The table has three 652 
columns for the status, name, and the date of submission. 653 

https://prism.cofactorgenomics.com/
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 654 
NOTE: The status of each project can be: 655 
• “Running”, where the project analysis is currently running, or, 656 
• “Success”, where the project analysis is complete and reports are available. 657 
 658 
23.5 If a project has finished analysis (indicated by a “Success” status), view the Individual 659 
Sample Reports and a Biomarker Discovery Report. Note that the Biomarker Discovery Report 660 
will only be available if the project includes the required minimum of three samples per group.  661 
 662 
23.5.1 To access these reports, return to the table of projects and click on the name of the 663 
project. On this project page, there will be a table with a row for each sample in the project. 664 
Click the link in each row, under the Report column, to access the Individual Report of each 665 
sample. Immediately below the table, click the link for the Biomarker Discovery Report. If no 666 
links are in this page, your project has not completed analysis. 667 
 668 
REPRESENTATIVE RESULTS:  669 
There are a number of checkpoints throughout the protocol that enable a user to evaluate the 670 
quality and quantity of generated materials. Following Step 12 described in the protocol, an 671 
electropherogram is generated as shown in Figure 3, representative of a typical pre-capture 672 
library for an intact RNA sample (RIN = 7.8).  673 
 674 
[Place Figure 3 here] 675 
 676 
Care should be taken to avoid overamplification, as indicated by the second peak around 1000 677 
bp shown in Figure 4, a representative electropherogram of a pre-capture library generated from 678 
an FFPE RNA sample (DV200 = 46). If this peak is small relative to the main peak (around 250-400 679 
base pairs (bp), as shown), it will not interfere with downstream steps or analysis. If the second 680 
peak is large relative to the 250-400 bp peak, the pre-capture library can be remade with fewer 681 
PCR cycles in order to reduce overamplification.  682 
 683 
[Place Figure 4 here] 684 
 685 
As described in Step 12.1.3, the presence of adaptor dimers should be evaluated to determine if 686 
additional cleanup is necessary. The electropherograms shown in Figure 5 are representative of 687 
unacceptable (Figure 5A, DV200 = 33) and acceptable (Figure 5B, DV200 = 46) levels of adaptor 688 
dimer, appearing as the sharp peak around 128 bp.  689 
 690 
[Place Figure 5 here] 691 
 692 
At the completion of the protocol, prior to sequencing, the final libraries are again evaluated 693 
using digital electrophoresis. Libraries made from FFPE RNA tend to have a smaller average size 694 
distribution than libraries made from intact RNA. For intact RNA samples, the resulting trace 695 
should look similar to Figure 6 (RIN = 9.5). For degraded or FFPE RNA, the resulting trace should 696 
look similar to Figure 7 (DV200 = 36).  697 
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 698 
[Place Figures 6 & 7 here]  699 
 700 
As described, the results generated with this protocol may be applied in two key ways, as shown 701 
in Figure 8.  702 
 703 
[Place Figure 8 here] 704 
 705 
To demonstrate each of these use cases, representative data from a small translational study is 706 
included21. The samples used in this study are a set of specimens from 7 patients diagnosed and 707 
treated for non-small cell lung cancer (NSCLC). The samples are patient-matched solid tumor 708 
tissue from pre and post treatment biopsies. First, individual samples were analyzed to generate 709 
an immune profile, such as the example report shown in Figure 9.  710 
 711 
[Place Figure 9 here] 712 
 713 
The immune profiles pre- and post-treatment may be used to understand how a therapy 714 
(chemotherapy or radiation, in this study) has modified the tumor microenvironment. An 715 
example is shown in Figure 10, where the changes in percentage for each immune cell and total 716 
immune content are shown pre- and post chemotherapy, for a single patient.  717 
 718 
[Place Figure 10 here] 719 
 720 
Patients may be grouped by criteria such as clinical outcomes or phenotypes for comparison. For 721 
example, in Figure 11, the samples in the NSCLC study were compared according to time to 722 
disease progression following treatment. A subset of the patients showed disease recurrence in 723 
>18 months, and another subset progressed faster, in ≤18 months. The median delta value 724 
(difference between pre- and post-treatment values) are compared for each sample to identify 725 
putative biomarkers of disease progression.  726 
 727 
[Place Figure 11 here] 728 
 729 
Finally, similar sample groupings may be used to look specifically at pre-treatment samples to 730 
identify predictive biomarkers by using the Prism Portal to generate a Biomarker Report. Shown 731 
in Figure 12, the same clinical phenotype (disease progression) as described above defines the 732 
sample groupings. In this example, two immune escape genes were identified as statistically 733 
significant differentiators of the sample groupings (CD47 and OX40, shown in the lower panel of 734 
Figure 12A). In this example, because the individual gene biomarkers are robust with clear 735 
statistical significance, the multidimensional biomarker does not add significant predictive value 736 
(ImmunoPrism, as labeled in the top right bar chart of Figure 12B). The full table of data, including 737 
results for all 18 analytes for the assay, is summarized on the reverse side of the report, including 738 
statistical analysis and a brief methods summary.  739 
 740 
[Place Figure 12 here] 741 
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 742 
FIGURE AND TABLE LEGENDS: 743 
 744 
Figure 1: Overview of Workflow. In this protocol, RNA is first converted to cDNA. Sequencing 745 
adaptors are ligated, and adaptor-ligated cDNA is amplified and barcoded by PCR to create a pre-746 
capture library. Biotinylated probes are then hybridized to specific cDNA targets which are then 747 
captured using streptavidin beads. Unbound, non-targeted cDNA is removed by washing. A final 748 
PCR enrichment yields a post-capture library ready for sequencing. *Total RNA must be from 749 
human samples; may be intact or degraded (FFPE) RNA. 750 
 751 
Figure 2: Representative Immune Reports. The workflow generates two reports, an individual 752 
immune report (A) for each sample processed, and a biomarker report (B) for defined patient 753 
cohorts.  754 
 755 
Figure 3: Typical Pre-capture Library Bioanalyzer trace for an intact RNA sample. Pre-capture 756 
libraries appear as a broad peak around 250-400 base pairs (bp) in size. 757 
 758 
Figure 4: Typical Pre-capture Library Bioanalyzer trace for an FFPE RNA sample.  The second 759 
peak around 1000 bp is indicative of over-amplification. If this peak is small relative to the main 760 
peak around 250-400 bp (as shown), it will not interfere with downstream steps or analysis. If 761 
the second peak is large relative to the 250-400 bp peak, the pre-capture library can be remade 762 
with fewer PCR cycles in order to reduce over-amplification. 763 
 764 
Figure 5: Pre-capture library Bioanalyzer traces. The adaptor dimer shows up as a sharp peak 765 
around 128 bp. (A) Excessive adaptor dimers are present in this electropherogram. (B) Acceptable 766 
adaptor dimer levels are depicted in this trace. Both traces show evidence of mild over-767 
amplification, but this should not interfere with the ImmunoPrism Assay. 768 
 769 
Figure 6: Typical Final Library Bioanalyzer trace for an intact RNA sample.  770 
Final libraries appear as a broad peak around 250-400 base pairs (bp) in size. 771 
 772 
Figure 7: Typical Final Library Bioanalyzer trace for an FFPE RNA sample.  773 
Libraries made from FFPE RNA tend to have a smaller average size distribution than libraries 774 
made from intact RNA. 775 
 776 
Figure 8: Two use cases of the protocol. The results generated by this immune profiling assay 777 
are applied in two key translational applications. (A) The first use case starts from human solid 778 
tumor tissue (including FFPE archives) and generates an individual immune profile for the sample. 779 
(B) Once generated for a cohort of human samples, the data is combined using the Prism Portal 780 
to generate a multidimensional biomarker and corresponding Biomarker Report.  781 
 782 
Figure 9: Example individual immune report for a NSCLC sample. The Prism Portal pipeline 783 
generates a graphical report for each sample processed, with a representative report generated 784 
for a NSCLC solid tumor sample shown here. (A) The front side of the report graphically depicts 785 
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the breakdown of immune cells present in the RNA sample extracted from the FFPE tissue. (B) 786 
The reverse side of the report includes a table of immune cells (in absolute percentages) and 787 
escape gene expression (in transcripts per million, or TPM), as well as a statement of performance 788 
for the assay.  789 
 790 
Figure 10: Example Pre and Post Treatment Results. Individual immune cell and total immune 791 
content data generated from pre- and post-treatment samples from a single NSCLC patient are 792 
shown. In this example, the patient received a chemotherapy regimen as treatment.  793 
 794 
Figure 11: Example Clinical Outcome Comparison. Quantitative changes between the immune 795 
cell percentages in matched pre and post-treatment NSCLC samples were calculated and 796 
reported as the “delta” value. Those highlighted in yellow show clear signal changes between the 797 
survival status. Blue bars represent median delta values for >18 months until disease progression, 798 
orange bars represent median delta values for ≤18 months until disease progression.  799 
 800 
Figure 12: Example Biomarker Report for NSCLC samples. The Biomarker Discovery pipeline 801 
delivers a visual report of individual biomarkers, and a machine-learning multidimensional 802 
biomarker, with detailed statistics. (A) For this study, the pipeline identified two individual 803 
biomarkers (CD47 and OX40) as statistically-significant for defining disease progression with a 804 
threshold of 18 months. (B) Details on the method and full results are included on the reverse 805 
side of the report. 806 
 807 
Table 1: Fragmentation and priming reaction for high-quality RNA. Components of the 808 
fragmentation and priming reaction for high-quality RNA should be assembled and mixed on ice 809 
according to the volumes shown. A master mix of First Strand Synthesis Reaction Buffer and 810 
Random Primers can be made and added to the RNA samples. 811 
 812 
Table 2: Random priming reaction for highly degraded RNA. Components of the priming 813 
reaction for highly degraded RNA should be assembled on ice in a nuclease-free PCR tube. 814 
 815 
Table 3: First Strand Synthesis reaction for high-quality RNA. Components of the fragmentation 816 
and priming reaction for high quality RNA should be assembled and mixed on ice according to 817 
the volumes given. A master mix of First Strand Synthesis Specificity Reagent and First Strand 818 
Synthesis Enzyme Mix can be made and added to the fragmented and primed RNA samples. 819 
 820 
Table 4: First Strand Synthesis reaction for highly degraded RNA. Components of the 821 
fragmentation and priming reaction for highly degraded RNA should be assembled and mixed on 822 
ice according to the volumes shown. A master mix of First Strand Synthesis Reaction Buffer, First 823 
Strand Synthesis Specificity Reagent, and First Strand Synthesis Enzyme Mix can be made and 824 
added to the primed RNA samples. 825 
 826 
Table 5. Second Strand Synthesis reaction. Components of the second strand cDNA synthesis 827 
reaction should be assembled and mixed on ice according to the volumes shown. A master mix 828 
of the Second Strand Synthesis Reaction Buffer, Second Strand Synthesis Enzyme Mix, and 829 
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Nuclease-free Water can be made and added to the First Strand Synthesis Product.  830 
 831 
Table 6. End Repair reaction. Components of the end repair reaction should be assembled and 832 
mixed on ice according to the volumes shown. A master mix of the End Repair Reaction Buffer 833 
and the End Repair Enzyme Mix can be made and added to the Second Strand Synthesis Product. 834 
 835 
Table 7. Adaptor Dilution. The adaptor should be diluted on ice with adaptor dilution buffer 836 
according to the volumes shown.  837 
 838 
Table 8. Ligation reaction. Components of the adaptor ligation reaction should be assembled on 839 
ice according to the volumes shown in the order shown. A master mix of Ligation Enhancer and 840 
Ligation Master Mix can be made and added to the End Prepped DNA with Diluted Adaptor. Do 841 
not mix the diluted Adaptor and the Ligation Master Mix or Ligation Enhancer prior to mixing the 842 
with the End Prepped DNA. 843 
 844 
Table 9. PCR enrichment of adaptor ligated DNA. Components of the PCR enrichment of adaptor 845 
ligated DNA reaction should be assembled and mixed on ice according to the volumes shown. A 846 
master mix of the Pre-Capture PCR Master Mix and the Universal PCR Primer can be made and 847 
added to the adaptor ligated DNA. For multiplexed sequencing, each sample should be given a 848 
unique Index Primer. 849 
 850 
Table 10. Hybridization Preparation and drying down. Components to be combined for drying 851 
down of libraries in preparation of hybridization should be assembled according to the quantities 852 
shown. 853 
 854 
Table 11. Hybridization Master Mix. Components of Hybridization Master Mix should be 855 
assembled and mixed at room temperature according to the volumes shown. 856 
 857 
Table 12. Wash Buffer Dilution. The concentration wash buffers should be diluted with nuclease-858 
free water at room temperature according to the volumes shown.  859 
 860 
Table 13. Diluted Wash Buffers. The diluted wash buffers should be aliquoted into separate 861 
tubes according to the volumes and number of tubes per sample shown. Wash buffers must be 862 
held at the indicated temperature before use.  863 
 864 
Table 14. Bead Resuspension Mix. Components of Bead Resuspension Mix should be assembled 865 
and mixed at room temperature according to the volumes shown. 866 
 867 
Table 15. Post-Capture PCR Master Mix. Components of Post-Capture PCR Master Mix should 868 
be assembled and mixed on ice according to the volumes shown. 869 
 870 
Supplemental Table 1. Reagent Kit Materials. A list of materials provided in the ImmunoPrism 871 
Kit are listed, along with the part numbers that referenced in the manufacturer’s protocol. All 872 
other equipment and materials required are listed in the Table of Materials.  873 
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 874 
Supplemental Table 2. Thermal Cycler Programs. The recommended cycler programs referenced 875 
throughout the protocol are summarized for ease of programming.  876 
 877 
Supplemental Table 3. Sequencing Index Guide. The index primers provided in the reagent kit 878 
are listed; a unique primer is added to each reaction for post-sequencing demultiplexing. 879 
Recommended low-level multiplexing combinations are also provided. 880 
 881 
DISCUSSION:  882 
The protocol requires 20 ng intact or 40 ng highly degraded (FFPE) RNA. The RNA sample should 883 
be free of DNA, salts (e.g., Mg2+, or guanidinium salts), divalent cation chelating agents (e.g., 884 
EDTA, EGTA, citrate), or organics (e.g., phenol and ethanol). It is not recommended to proceed 885 
with RNA samples that have a DV200 <20%. Use of the in-kit control RNA is strongly recommended 886 
as these controls provide a means to evaluate performance throughout the entire protocol, from 887 
library preparation to analysis.  888 
 889 
The protocol is designed to be performed using 0.2 mL PCR strip tubes. If preferred, the protocol 890 
can also be performed using the wells in a 96-well PCR plate. Simply use the wells of a 96-well 891 
PCR plate in place of all references to PCR tubes or strip tubes. Use PCR plates with clear wells 892 
only, as it is critical to visually confirm complete resuspension of beads during bead purifications 893 
and wash steps.  894 
 895 
Throughout the protocol, keep reagents frozen or on ice unless otherwise specified. Do not use 896 
reagents until they are completely thawed. Be sure to thoroughly mix all reagents before use.  897 
Keep enzymes at -20 °C until ready to use and return to -20 °C promptly after use. Use only 898 
molecular-grade nuclease-free water; it is not recommended to use DEPC-treated water. When 899 
pipetting to mix, gently aspirate and dispense at least 50% of the total volume until the solutions 900 
are well mixed. Pipette mix all master mixes containing enzymes. Using vortex to mix the enzymes 901 
could lead to denaturation and compromise their performance. During bead purifications, use 902 
freshly made 80% ethanol solutions from molecular grade ethanol. Using ethanol solutions that 903 
are not fresh may result in lower yields. Avoid over drying the beads, as this can reduce elution 904 
efficiency (beads look cracked if over dried). 905 
 906 
As described in Step 10, unique index primers are added to each reaction. Based on the 907 
sequences of these indices, for low-level multiplexing, certain index combinations are optimal. 908 
The sequences of these indices are required for demultiplexing the data post-sequencing. The 909 
sequences and recommended multiplexing combinations are provided in Supplemental Table 3. 910 
In this same step, it is important to note that the number of recommended PCR cycles varies 911 
depending on the quality of RNA used, and, some optimization may be required to prevent PCR 912 
over-amplification. For the ImmunoPrism Intact Control RNA and other high-quality RNA, start 913 
optimization with 10 PCR cycles. For the ImmunoPrism FFPE Control RNA and other highly 914 
degraded/FFPE RNA, start optimization with 15 PCR cycles. Producing a test library using RNA 915 
representative of the material to be analyzed in order to optimize PCR cycles is recommended. 916 
The minimum number of PCR cycles that consistently yield sufficient pre-capture library yields 917 
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(>200 ng) should be used. A secondary peak around 1000 bp on the Bioanalyzer trace is indicative 918 
of over-amplification (Figure 4). Over-amplification should be minimized, but the presence of a 919 
small secondary peak will not interfere with assay results. 920 
 921 
To minimize sample loss and avoid switching tubes, Step 13 may be performed in PCR tubes, strip 922 
tubes, or a 96-well PCR plate instead of 1.5 mL microtubes, if your vacuum concentrator allows. 923 
The rotor can be removed on many concentrators. This enables the strip tubes or plates to fit in 924 
the vacuum. The vacuum concentration can then be run using the aqueous desiccation setting 925 
with no centrifugation. Consult the manual for your vacuum concentrator for instructions. If the 926 
samples are dried down in strip tubes or a 96-well plate, the hybridization step can be performed 927 
in the same vessel.  928 
 929 
During Step 17, be sure to vortex every 10-12 min to increase the bead capture efficiency. 930 
Carefully hold the caps of the warm strip tubes when mixing to prevent tubes from opening.  931 
 932 
The washes described in Step 18 are critical to avoid high nonspecific contamination and must 933 
be followed closely. Be sure to completely resuspend the beads at each wash, completely remove 934 
the wash buffers, and during the Wash Buffer 2 wash, transfer the samples to a fresh strip tube 935 
(Step 18.6.5). Ensure that the streptavidin beads are completely resuspended and remain in 936 
suspension during the entire incubation. Splashing on the tube caps will not negatively impact 937 
the capture. During the room temperature washes, a microplate vortex mixer may be used to 938 
vortex the samples for the entirety of the two-minute incubation period for easier resuspension. 939 
Do not let the streptavidin beads dry out. If needed, extend incubations in the buffers to avoid 940 
drying the beads. If using more than one strip tube, work with one strip tube at a time for each 941 
wash while the other strip tubes sit in the thermocycler. This can help avoid over drying the beads 942 
or rushing, resulting in poor resuspension or other sub-optimal techniques. For first time users, 943 
it is not recommended to process more than 8 library reactions at a time. 944 
 945 
Current immune profiling techniques deliver a continuum of information – from thousands of 946 
data points that require significant interpretation (RNA sequencing) to an individual, discrete 947 
data point (single-plex IHC). The protocol described here represents an approach that is 948 
somewhere in the middle, with a focused scope enabling high sensitivity, but capturing only a 949 
subset of clinically relevant transcriptomic data. Due to the nature of bulk RNA extraction, this 950 
protocol does not provide information about the spatial relationships between immune cells and 951 
the tumor microenvironment, however, results may be complemented with imaging 952 
technologies to add this information. There are a myriad of applications for the data generated 953 
by this protocol, as there is much to be learned about biology of cancer as a disease, and the 954 
therapies being developed to treat it. As shown in the representative results, the individual 955 
immune report is useful for understanding how a patient’s immune profile may change in 956 
response to events such as disease progression or treatment. While the results presented here 957 
provide some example use cases, other applications including investigating the mechanism of 958 
action of a therapy and identifying putative biomarkers of clinical outcomes such as progression 959 
free and overall survival are also practical. When using this protocol for biomarker discovery 960 
applications, it is important to practice good study design to ensure homogenous populations are 961 
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analyzed, sufficient samples are included for statistical power, and sources of bias are considered. 962 
Due to the focused, streamlined nature of the assay, it is feasible to imagine a path towards 963 
clinical validation and downstream application of these biomarkers once discovered.  964 
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Fragmentation and Priming Mix Volume (µL)

Intact or partially degraded RNA (20 ng) 5

First Strand Synthesis Reaction Buffer 4

Random Primers 1

Total Volume 10
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Priming Reaction Volume (µL)

FFPE RNA (40 ng) 5

Random Primers 1

Total Volume 6
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First Strand Synthesis Volume (µL)

Fragmented and Primed RNA (Step 2.1.3) 10

First Strand Synthesis Specificity Reagent 8

First Strand Synthesis Enzyme Mix 2

Total Volume 20
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First Strand Synthesis Volume (µL)

Primed RNA (Step 2.2.3) 6

First Strand Synthesis Reaction Buffer 4

First Strand Specificity Reagent 8

First Strand Synthesis Enzyme Mix 2

Total Volume 20
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Second Strand Synthesis Reaction Volume (µL)

First Strand Synthesis Product (Step 4.1) 20

Second Strand Synthesis Reaction Buffer 8

Second Strand Synthesis Enzyme Mix 4

Nuclease-free Water 48

Total Volume 80
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End Repair Reaction Volume (µL)

Second Strand Synthesis Product (Step 6.8) 50

End Repair Reaction Buffer 7

End Repair Enzyme Mix 3

Total Volume 60
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Ligation Dilution Volume (µL)

Adaptor 0.5

Adaptor Dilution Buffer 2

Total Volume 2.5
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Ligation Reaction Volume (µL)

End Prepped DNA (Step 7.3) 60

Diluted Adaptor (Step 8.1) 2.5

Ligation Enhancer 1

Ligation Master Mix 30

Total Volume 93.5
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PCR Enrichment Volume (µL)

Adaptor ligated DNA (Step 10.1) 15

Pre-Capture PCR Master Mix 25

Universal PCR Primer 5

Index (X) Primer 5

Total Volume 50
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Reagent Quantity/Volume

Barcoded library from Step 10.10 200 ng

Cot-1 DNA 2 μg

Blocking Oligos 2 µL
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Hybridization Master Mix Volume (µL)

Hybridization Buffer 8.5

Hybridization Buffer Enhancer 2.7

ImmunoPrism Probe Panel 5

Nuclease-Free Water 0.8

Total Volume 17
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Wash Buffers Concentrated Buffer (µL) Nuclease-free water (µL) Total (µL)

Bead Wash Buffer 150 150 300

Wash Buffer 1 25 225 250

Wash Buffer 2 15 135 150

Wash Buffer 3 15 135 150

Stringent Wash Buffer 30 270 300
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Wash Buffers Holding Temperature Volume/Tube (µL) Number of Tubes/Sample

Bead Wash Buffer RT (15-25 °C) 100 3

Wash Buffer 1 65 °C 100 1

Wash Buffer 1 RT (15-25 °C) 150 1

Wash Buffer 2 RT (15-25 °C) 150 1

Wash Buffer 3 RT (15-25 °C) 150 1

Stringent Wash Buffer 65 °C 150 2
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Bead Resuspension Mix Volume (µL)

Hybridization Buffer 8.5

Hybridization Buffer Enhancer 2.7

Nuclease-Free Water 5.8

Total Volume 17

Table 14 revised Click here to access/download;Table;Table14_revised.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1122061&guid=ce654cbd-91da-40ee-9f53-2a7360a31843&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1122061&guid=ce654cbd-91da-40ee-9f53-2a7360a31843&scheme=1


Post-Capture PCR Master Mix Component Volume (µL)

Post-Capture PCR MasterMix 25

Post-Capture PCR Primer Mix 1.25

Nuclease-Free Water 3.75

Total Volume 30
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Name of Material/Equipment Company Catalog Number

0.2 mL PCR 8 tube strip USA Scientific 1402-2700 

200 Proof Ethanol MilliporeSigma EX0276-1

96-well thermal cyclers  BioRad 1861096

Solid-phase Reversible Immobilization (SPRI) Beckman-Coulter A63882

Digital electrophoresis chips and kit Agilent Technologies 5067-4626

Digital electrophoresis system Agilent Technologies G2939AA

Streptavidin Beads ThermoFisher Scientific 65306

ImmunoPrism Kit – 24 reaction Cofactor Genomics CFGK-302

Human Cot-1 DNA ThermoFisher Scientific 15279011

Magnetic separation rack Alpaqua/Invitrogen A001322/12331D

Microcentrifuge  Eppendorf 22620701

Microcentrifuge tubes USA Scientific 1415-2600 

NextSeq550 Illumina SY-415-1002

Nuclease-free water  ThermoFisher Scientific AM9937

Prism Extraction Kit Cofactor Genomics CFGK-401

Purified RNA - -

Fluorometer  ThermoFisher Scientific Q33226

Fluorometric Assay Tubes  Axygen PCR-05-C

High Sensitivity Fluorometric Reagent Kit Life Technologies Q32854

Vacuum concentrator  Eppendorf 22820001

Vortex mixer  VWR 10153-838

Water bath or heating block  VWR/USA Scientific NA/2510-1102
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Comments/Description

USA Scientific 0.2 mL PCR 8-tube strip 

Prepare 80% by mixing with nuclease-free water on the day of the experiment

Agencourt AMPure XP – PCR Purification beads

Agilent High Sensitivity DNA chips and kit

Agilent 2100 Electrophoresis Bioanalyzer

Dynabeads M-270 Streptavidin 

Cofactor ImmunoPrism Immune Profiling Kit – 24 reactions

Invitrogen brand

96-well Magnetic Ring Stand 

USA Scientific 1.5 mL low-adhesion microcentrifuge tube 

Any Illumina sequencer may be used for this protocol

Cofactor Prism FFPE Extraction Kit – 24 samples

Purified from human tissue samples

Qubit 4 System

0.5mL Thin Wall PCR Tubes with Flat Caps 

Qubit dsDNA HS Assay Kit 

VacufugePlus

VWR water bath/USA Scientific heating block
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Editorial comments: 
 
Changes to be made by the Author(s): 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 
there are no spelling or grammar issues. The JoVE editor will not copy-edit your 
manuscript and any errors in the submitted revision may be present in the published 
version. Noted and confirmed.  
2. JoVE policy states that the video narrative is objective and not biased towards a 
particular product featured in the video. The goal of this policy is to focus on the science 
rather than to present a technique as an advertisement for a specific item. To this end, 
we ask that you please reduce the number of instances of “ImmunoPrism” within your 
text. The term may be introduced but please use it infrequently and when directly 
relevant. Otherwise, please refer to the term using generic language. 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. For example: AMPure XP, Dynabeads, This has been 
addressed in the revised document. The authors have removed many of the 
ImmunoPrism references, and all of the trade names aside from Illumina because 
it is a requirement that this sequencing platform be used. The protocol will not 
work with another platform.  
3. Please define all abbreviations before use: DV200, etc. This has been addressed in 
the revised document. 
4. Please insert a one line spacer between all steps and substeps in the protocol. This 
has been addressed in the revised document. 
5. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) 
that identifies the essential steps of the protocol for the video, i.e., the steps that should 
be visualized to tell the most cohesive story of the Protocol. Remember that non-
highlighted Protocol steps will remain in the manuscript, and therefore will still be 
available to the reader. The authors have selected what they believe are the most 
essential parts of the protocol to ensure a reader/viewer obtains useful 
information that will enable them to perform the protocol successfully. The 
protocol is very long so, select steps from Part I and Part II of the protocol were 
highlighted but it still may be too much. If this is the case, the authors wish to 
remove Steps 3 and 10, and focus on those highlighted in Part II of the protocol.  
6. Please ensure that the highlighted steps form a cohesive narrative with a logical flow 
from one highlighted step to the next. 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.  Please see notes above.  
7. Please discuss some limitations of the technique in the discussion. This has been 
addressed in the revised document. 
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8. Please do not abbreviate journal titles in the references. The EndNote plugin does 
not allow this. The authors request editorial support in formatting as desired.  
9. Figure 9/11: Please remove the company branding: Cofactor, etc. The reports 
shown in Figures 9 and 11 are generated by the analysis software, and as 
generated, have our logo on them. To remove this would make the report look 
very different than a user would see in real life. We'd prefer to keep these as is for 
the sake of realistic representation.  We have consciously removed as many trade 
names (ImmunoPrism) as possible throughout the manuscript in an effort to 
minimize our brand/logo.  
10. Tables: Please ensure that SI abbreviations are used: µL instead of µl, etc. This 
has been addressed in the revised document and tables.  
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Reviewers' comments 

 
Reviewer #1: 
Manuscript Summary: 
This manuscript presents an interesting method for determining immune cell 
composition of tumour tissue, and immune cell/immune escape associated biomarkers. 
The key application appears to be for use with FFPE tissue where RNA may be 
significantly degraded, and single cell isolation is not possible. 
 
Major Concerns: 
Whilst the protocol very clearly demonstrates that libraries can be prepared and 
sequenced from FFPE tissue, it is unclear the relative quality of these samples. 
Inclusion of the initial RIN obtained for the samples used to generate libraries analysed 
in figures 3 and 4 would help support the quality of the method. Otherwise it is difficult to 
assert that this method can be used on the types of degraded sample as suggested in 
the introduction and protocol section 1. The authors have added RIN and DV200 
values into the manuscript text for Figures 3, 4, 5, 6, and 7. Values range from RIN 
of 9.5 (very high quality) to DV200 = 33 (low-quality, FFPE). The protocol is not 
recommended for samples with DV200 < 20, so this is not shown.  
 
The protocol shows how to prepare samples for sequencing, which for FFPE will be a 
mixed population of cells. This data is then used to generate an immune profile showing 
percentages of different immune cell types within this mixed tumour tissue. Whilst the 
cell markers and bioinformatics used by prism.cofactorgenomics.com may be 
proprietary, an explanation of the deconvolution method to take sequencing data of 
mixed cells to single cell populations would be useful for the reader. It is difficult to 
assess the quality of the results in figures 9-11 without more information about the 
markers used to identify these populations. The authors have added a brief 
description of how the models are generated (and the markers used to identify 
the immune cell populations during database preparation) in the Introduction and 
referenced an analytical validation study. An in depth description of the 
underlying technology is outside of the scope of this manuscript.  

http://prism.cofactorgenomics.com/


 
One of the applications suggested by the authors is to compare pre- and post-treatment 
patient samples. They have obtained and tested samples using their method, however 
they only show an example of one profile and do not compare pre- and post-treatment 
samples graphically. If they have this data, I would recommend they include it as this is 
listed as an example application. While this comparison is shown for all samples in 
the cohort in Figure 11, it is certainly also interesting to look at individual 
patient’s profiles. The authors have added a new figure, now Figure 10, to 
address this. The new figure shows an example of a pre- and post-treatment 
comparison for an individual patient. This addition results in re-numbering for the 
subsequent figures, which is also addressed in the manuscript.  
 
Minor Concerns: 
As one of the key applications is for use with FFPE tissue where single cell isolation is 
not possible. The authors should address in the introduction advances in laser-capture 
microdissection that are making grounds in isolation of single cells from FFPE tissue. 
This has been addressed in the revised document. 
 
Addition of a table of reagents included in the ImmunoPrism Kit would be useful to 
include as they are referenced throughout the protocol alongside reagents that the user 
is providing. Supplemental Table 1 - ImmunoPrism Reagent List - has been added 
as a separate file from the JoVE Materials table, however, the authors are unsure 
of whether to reference this in the text seeing as the JoVE Materials table does 
not get referenced. It has been referenced as Supplemental Table 1 in the 
document to address the points below, however, we are open to feedback if this 
is not appropriate.  This revision has resulted in the renumbering of the other two 
Supplemental Tables, reflected in the text.   
 
 
For some buffers e.g. wash buffers (line 343 onwards), the authors describe how to 
generate 1X solutions. At other points in the protocol they refer to 1.8X (line 184) 1.5X 
(line 466), 0.9X (line 241) and 0.1X (lines 197 and 479). It is unclear whether these are 
provided at these concentrations, require dilution to these concentrations before use, or 
if these are the final concentrations obtained after adding to the tubes. The authors 
have addressed this in the following way:  

 1.8X (line 184): removed for clarity, not required 

 1.5X (line 466): removed for clarity, not required 

 0.9X (line 241): removed for clarity, not required 

 0.1X (lines 197 and 479): added Supplemental Table 1 and referenced in 
first instance of 0.1X  
 

The protocol mentions brief spins of centrifuge tubes a several points, do the authors 
recommend a speed/force for this? If so, it should be included. The authors have 
added a note at Step 2.1.1.1. to address this. 
 
The two distinct steps for high and low quality in section 2 (2.1 and 2.2 respectively) 



could be more clearly separated. The authors have added header instructions of 2.1 
and 2.2 and additional spacing to delineate the different paths here. The same has 
been done for 3.1 and 3.2 for consistency and additional clarity.  
 
 
 
Reviewer #2: 
Manuscript Summary: 
Predictive Immune Modeling of Solid Tumors using the ImmunoPrism Assay in formalin-
fixed and paraffin embedded samples. 
 
Major Concerns: 
- Related Figures must be merged. When possible, related figures have been 
merged in an Adobe file, however, some source files may also be attached which 
are showing up as individual files. If there are specific figures that the editor 
would like us to merge, please confirm and we are happy to address this.  
- How you know the accurate cycles for your PCR amplification? This has been 
addressed in the revised document by adding details about the required amount 
of material needed to proceed to the next step in the protocol.  
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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. 

 

 Natalie A. LaFranzo, PhD, Kevin C. Flanagan, PhD, Danielle Quintanilha, PhD

Predictive Immune Modeling of Solid Tumors using the ImmunoPrism Assay

Document Ref: T53VM-Q3MBL-DFOMW-ETX2R Page 1 of 3

Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures,
Permissions, etc.);JoVE60645 ALA.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1122065&guid=94db23a7-1f75-4bf9-9fba-883d956c11d2&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1122065&guid=94db23a7-1f75-4bf9-9fba-883d956c11d2&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

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 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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Name of Material Reagent Number

First Strand Synthesis Reaction Buffer #LIB-001 

Random Primers #LIB-002 

Strand Specificity Reagent #LIB-003 

First Strand Synthesis Enzyme Mix #LIB-004 

Second Strand Synthesis Reaction Buffer #LIB-005 

Second Strand Synthesis Enzyme Mix #LIB-006 

End Repair Reaction Buffer #LIB-007 

nd Repair Enzyme Mix #LIB-008 

Adaptor #LIB-009 

Adaptor Dilution Buffer #LIB-010 

Ligation Enhancer #LIB-011 

Ligation Master Mix #LIB-012 

Adaptor Processing Enzyme #LIB-013 

Pre-Capture PCR Master Mix #LIB-014 

Universal PCR Primer #LIB-015 

Index Primers for CFGK-301 #LIB101 - #LIB108

Index Primers for CFGK-302 #LIB101 - #LIB124

Blocking Oligos #CAP-001 

Hybridization Buffer #CAP-002 

Hybridization Buffer Enhancer #CAP-003 

ImmunoPrism Probe Panel #CAP-004

2X Bead Wash Buffer #CAP-005 

10X Wash Buffer 1 #CAP-006 

10X Wash Buffer 2 #CAP-007 

10X Wash Buffer 3 #CAP-008 

10X Stringent Wash Buffer #CAP-009 

Post-Capture PCR Master Mix #CAP-010 

Post-Capture Primer Mix #CAP-011 

ImmunoPrism Intact Control #CFG-001 

ImmunoPrism FFPE Control #CFG-002 

TE Buffer 0.1X #CFG-003 

Visit https://cofactorgenomics.com/product/immunoprism-kit/ for Safety Data Sheets (SDS).

Supplemental Table 1 revised Click here to access/download;Supplemental File (Figures,
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Comments/Description

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Pre-Capture Library Reagents

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

Hybridization and Capture Reagents 

General ImmunoPrism Reagents, IMPORTANT: store at -80 °C

General ImmunoPrism Reagents, IMPORTANT: store at -80 °C

General ImmunoPrism Reagents 

Visit https://cofactorgenomics.com/product/immunoprism-kit/ for Safety Data Sheets (SDS).



Thermal Cycler Programs 

Program # Program Name 

1 Fragmentation and Priming (Intact or partially degraded RNA only) 

2 Priming (FFPE RNA only) 

3 First Strand Synthesis 

4 Second Strand Synthesis 

5 End Repair 

6 Adaptor Ligation 

7 Adaptor Processing 

8 Pre-Capture PCR 

9 Hybridization 

10 Capture and Wash 

11 Post-Capture PCR 

Supplemental Table 2 revised Click here to access/download;Supplemental File (Figures,
Permissions, etc.);SupplementalTable2_revised.xlsx
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Conditions 

94 °C for 15 minutes (intact RNA) / 94 °C for 7-8 minutes (partially degraded RNA). Heated lid at 105 °C. 

65 °C for 5 minutes, hold at 4 °C. Heated lid at 105 °C. 

25 °C for 10 minutes, 42 °C for 15 minutes, 70 °C for 15 minutes, hold at 4 °C. Heated lid ≥ 80 °C. 

16 °C for 1 hour. Heated lid ≤ 40 °C. 

20 °C for 30 minutes, 65 °C for 30 minutes, hold at 4 °C. Heated lid. ≥ 75 °C. 

20 °C for 15 minutes 

37 °C for 15 minutes. Heated lid ≥ 45 °C. 

98 °C for 30 seconds, 10 (intact RNA) or 15 (FFPE RNA) cycles of: [98 °C for 10 seconds, 65 °C for 75 seconds], 65 °C for 5 minutes, hold at 4 °C. Heated lid at 105 °C. 

95 °C for 30 seconds, 65 °C for 4 hours, hold at 65 °C. Heated lid at 100 °C. 

Hold at 65 °C. Heated lid at 70 °C. 

98 °C for 45 seconds, 14 cycles of: [98 °C for 15 seconds, 60 °C for 30 seconds, 72 °C for 30 seconds], 72 °C for 1 minute, hold at 4 °C. Heated lid at 105 °C. 



98 °C for 30 seconds, 10 (intact RNA) or 15 (FFPE RNA) cycles of: [98 °C for 10 seconds, 65 °C for 75 seconds], 65 °C for 5 minutes, hold at 4 °C. Heated lid at 105 °C. 

98 °C for 45 seconds, 14 cycles of: [98 °C for 15 seconds, 60 °C for 30 seconds, 72 °C for 30 seconds], 72 °C for 1 minute, hold at 4 °C. Heated lid at 105 °C. 



Sequencing Index Guide 

Index #  Index Primer Sequence Read 

1 AGTCAA 

2 CCGTCC 

3 GTCCGC 

4 GTGGCC 

5 GAGTGG 

6 ACTGAT 

7 CGTACG 

8 ATTCCT 

9  ATCACG 

10  CGATGT 

11  TTAGGC 

12  TGACCA 

13  ACAGTG 

14  GCCAAT 

15  CAGATC 

16  ACTTGA 

17  GATCAG 

18  TAGCTT 

19  GGCTAC 

20  CTTGTA 

21  AGTTCC 

22  ATGTCA 

23  GTGAAA 

24  GTTTCG 

Note: For low-level multiplexing for sequencing, it is recommended that the following index primers be used: 

Pool of 2 samples: Index 3 and 6 | Pool of 3 samples: Index 1, 3 and 5 | Pool of 4 samples: Index 2, 3, 4 and 5
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Note: For low-level multiplexing for sequencing, it is recommended that the following index primers be used: 

Pool of 2 samples: Index 3 and 6 | Pool of 3 samples: Index 1, 3 and 5 | Pool of 4 samples: Index 2, 3, 4 and 5


