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Trogocytosis is the process by which a recipient cell siphons small membrane fragments
and proteins from a donor cell and can be utilized by cancer cells to avoid immune
detection. We observed lymphocyte speciûc protein expressed by TNBC cells via
immunoûuorescence imaging of patient samples. Image analysis of CD45RA expression, a
T cell speciûc protein, revealed that all stages of TNBCs express CD45RA. Flow cytometry
revealed TNBC cells trogocytose CD45 protein from T cells. We also showed that the
acquisition of these lymphoid markers is contact dependent. Confocal and super-resolution
imaging further revealed CD45+ spherical structures containing T cell genomic DNA inside
TNBC cells after co-culture. Trogocytosis between T cells and TNBC cells altered tumor cell
PTPRC expression. Our results revealed that CD45 is obtained by TNBC cells from T cells
via trogocytosis and that TNBC cells express CD45 intracellularly and on the membrane.
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Abstract 20 

 Trogocytosis is the process by which a recipient cell siphons small membrane fragments and 21 

proteins from a donor cell and can be utilized by cancer cells to avoid immune detection. We 22 

observed lymphocyte specific protein expressed by TNBC cells via immunofluorescence 23 

imaging of patient samples. Image analysis of CD45RA expression, a T cell specific protein, 24 

revealed that all stages of TNBCs express CD45RA. Flow cytometry revealed TNBC cells 25 

trogocytose CD45 protein from T cells. We also showed that the acquisition of these lymphoid 26 

markers is contact dependent. Confocal and super-resolution imaging further revealed 27 

CD45+ spherical structures containing T cell genomic DNA inside TNBC cells after co-culture. 28 

Trogocytosis between T cells and TNBC cells altered tumor cell PTPRC expression. Our results 29 

revealed that CD45 is obtained by TNBC cells from T cells via trogocytosis and that TNBC cells 30 

express CD45 intracellularly and on the membrane. 31 

 32 

Introduction 33 

Immune cells are derived from hematopoietic stem cells (HSCs) and express a specific subset 34 

of proteins such as (CD45, CD56, CD14, and CD16) not found in epithelial and mucosal cells 35 

(1). However, some tumors undergo trogocytosis with immune cells, leading to the tumor cell 36 

acquiring immune cell proteins by tumor cells (2, 3). Trogocytosis is the process by which an 37 

acceptor cell <nibbles on= and obtains small fragments of the lipid membrane and membrane 38 

protein from a donor cell (4). Transfer of protein due to trogocytosis has been characterized in 39 

A
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mice as a mechanism for antigen presentation between conventional dendritic cells and T cells 40 

(3). 41 

We have shown that colon cancers trogocytose immunoregulatory proteins from infiltrating 42 

lymphocytes (3). In vitro and in vivo colorectal cancer organoid models demonstrated trogocytic 43 

interactions between tumor and immune cells, resulting in the acquisition of immunoregulatory 44 

proteins CTLA4, VISTA, TIM3, CD38, and CD80 (3). Further studies concluded that natural 45 

killer (NK cells) may also obtain immunoregulatory protein PD-1 from double-positive PD-1/PD-46 

L1 leukemia cells leading to a dampened NK cell response (2, 3). Leukemia cells also transfer 47 

immunoregulatory proteins to CAR-T cells which reduced immunotherapy efficacy (5).  Taken 48 

together, these findings demonstrated that trogocytosis of immune cell proteins by tumor cells 49 

can attenuate the immune response to a tumor.  50 

Luminal B (LumB) breast cancers have previously been shown to undergo trogocytosis with NK 51 

cells, resulting in the transfer of HER2 receptor from breast cancer cells to Natural Killer (NK) 52 

cells (6). Although trogocytosis has been observed in HER2+ breast cancers, the transfer of 53 

immune cell proteins to breast cancer cells has not yet been characterized.  54 

For this study, we focused on triple negative breast cancer (TNBC) cells as this subtype 55 

contains the highest density of tumor infiltrating lymphocytes (TILs), including macrophages and 56 

T cells, and may display the most trogocytosis between immune and cancer cells (7). We first 57 

investigated the expression of CD45 on breast cancer cells by quantifying the frequency of their 58 

expression via immunofluorescence staining of formalin-fixed paraffin-embedded (FFPE) slides. 59 

Acquisition of CD45 by tumor cells from T cells in vitro was also assessed by flow cytometry, 60 

confocal imaging, and structured illumination microscopy (SIM) analysis was also investigated. 61 

Tumor cell acquisition of genomic DNA (gDNA) originating from primary T cells was also 62 

visualized. 63 

 64 

Materials & Methods 65 

Cell Culture  66 

Immortalized cell lines of triple negative breast cancers HCC1937, MDAMB231, and 67 

MDAMB436 were provided to our laboratory courtesy of Dr. Joann Sweasy (University of 68 

Nebraska Medical Center) and Dr. Karen Anderson (Arizona State University). TNBC cell lines 69 

were cultured according to ATCC recommended guidelines. Human Primary T cells were 70 

obtained from the Elutriation Core Facility at the University of Nebraska Medical Center (UNMC) 71 

and were cultured in X-VIVO 15 Serum-Free Hematopoietic Cell medium (Lonza, 02-053Q) 72 

supplemented with 20ng/mL recombinant human IL-2 and 7µL/mL of ImmunoCult# Human 73 

CD3/CD28/CD2 T Cell Activator (Stem Cell Technologies, 10970) every week.  74 

Immunostaining of FFPE Tissues 75 

Paraffin-embedded tissue slides were obtained from the Tissue Acquisition and 76 

Cellular/Molecular Analysis (TACMASR) core facility at The University of Arizona and BioMax 77 

(BioMax BR1202a). Antibodies against CD45RA, CD14, CD56, and Pan-Cytokeratin I/II were 78 

used in this portion of the study. Slides were treated with xylenes for deparaffinization and 79 

washed in decreasing ethanol concentrations. Antigen retrieval was conducted by treatment 80 

with a sodium-citrate based Antigen Unmasking Solution (Vector Laboratories, H-3300) at 81 

boiling temperatures for 10 minutes and left to cool for an additional 20 minutes. Slides were 82 

then blocked with a 20% donkey serum reconstituted in 0.1% PBS-Tween for 30 minutes and 83 
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then incubated with primary antibody overnight at 4°C. Cells were then washed with 0.1% PBS-84 

Tween 3 times at 5 minutes each before labeling with secondary antibodies for one hour at 85 

room temperature. Samples were quenched using an autofluorescence quenching kit for 3-5 86 

minutes. Coverslips were mounted on specimen slides using Fluoromount-G (Invitrogen, 00-87 

4958-02) and left to dry for 24 hours prior to imaging on an ECHO Revolution WF fluorescence 88 

microscope. 89 

Image Analysis of CD45RA 90 

Our lab has developed TrogoTracker, an ImageJ-based (FIJI) macro. Images of FFPE 91 

samples were captured using the 60X objective on the ECHO Revolution microscope (1). 92 

Acquired images were imported into FIJI and single channel images were generated on 93 

separate windows. Nuclei were located using the StarDist2D FIJI package to generate a region 94 

of interest (ROI) with individual nuclei. A Voronoi thresholding algorithm from was then used to 95 

identify tumor cell borders and overlaid onto the ROI calculated in the nuclei channel to 96 

generate a new ROI that only accounts for nuclei that are encapsulated by the tumor cell 97 

border. The channel containing the immune cell marker of interest is then processed by a 98 

background subtraction algorithm and normalization via a CLAHE histogram prior to being 99 

converted into a binary image. The surface area of each tumor cell is then measured and only 100 

tumor cells containing trogocytic markers that constitute between greater than 55% and less 101 

than 90% of their total surface area were flagged as a trogocytic cell. These cutoffs were 102 

considered conservative as it discards cells that may have autofluorescence and very bright 103 

fluorescent anomalies such as paraffin debris.  Automation of TrogoTracker can be conducted 104 

using a MatLab/Python wrapper to automate image analysis. The original version of 105 

TrogoTracker (bit.ly/TrogoTracker) and a newer, more automated revision to TrogoTracker 106 

(bit.ly/TrogoTrackerRev1) can be found on our lab GitHub repository (github.com/bothwelllab).  107 

Flow Cytometry of in vitro co-cultures 108 

Primary T cells were treated with EdU (Invitrogen, C10337) or nothing prior to co-culture. 109 

Tumor cells were seeded into 6-well plate 1-2 hours prior to addition of T cells. Primary T cells 110 

were then added at a 5:1 ratio compared to cancer cells and allowed to co-culture for 16 hours. 111 

Tumor cells were then trypsinized, pelleted, and washed with PBS. Trypsinization was stopped 112 

using DMEM containing 10% FBS. Cells were then resuspended in a 100 ýL solution of PBS 113 

containing an antibody targeting human CD45 conjugated to PE-Cy7 (Invitrogen, 25-9459-42) 114 

and incubated for 30 minutes in the dark at room temperature. Samples were then washed by 115 

centrifugation and with PBS  2 times and labeled with 7AAD viability dye (Invitrogen, S10349) 116 

on ice 30 minutes prior to running samples on an BDFACS LSR II flow cytometer. Since the 117 

TNBC cells were much larger than the primary T cells, we initially drew our gates based on size 118 

using FSC-A/SSC-A discrimination and then further discriminated on only BFP-expressing 119 

tumor cell singlets for analysis.  120 

Real-Time, Quantitative PCR analysis of in vitro co-cultures 121 

Co-cultures were set up according to the methods sections outlined above and were 122 

sorted on the BDFACS AriaII fluorescent cell sorter on ice. Cells within the CD45bright tumor cell 123 

gate were retrieved and RNA was extracted using the Qiagen RNAeasy Plus Micro kit (Qiagen, 124 

74004) using the provided kit instructions as the experimental group. RNA was quantified on a 125 

Nanodrop to validate concentration and purity. cDNA was prepared using Applied Biosystems 126 

High-Capacity cDNA Reverse Transcriptase kit containing reverse transcriptase and 127 
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randomized primers (AB, 4368814). cDNA was stored at -20°C prior to quantitative PCR 128 

analysis. Primer sequences were obtained previously published results with the following 129 

sequences: CD45-F 59-CTTCAGTGGTCCCATTGTGGTG-39, CD45-R 59-130 

CCACTTTGTTCTCGGCTTCCAG-39 (NCBI Gene ID 5788; Product length 63 bp). Primer 131 

specificity was verified using NCBI BLAST and SnapGene. For quantitative analysis, template 132 

cDNA and 10mM primers were intercalated with fluorescent BioRad iTaq SYBR Green 133 

containing Mg2+ and dNTPs (BioRad, 1725120). Samples were prepped to a final of 20 uL per 134 

well in technical triplicates and RT-qPCR analysis was run on an AppliedBiosystems 135 

QuantStudio3 using the suggested parameters specific to the iTaq SYBR provided by BioRad. 136 

Melt curve analysis was validated and conducted using QuantStudio Software. Non-template 137 

controls were also included and had no detectable Cq value. No Cq values above 35 were 138 

considered for analysis. Fold change was calculated by comparing the Cq of PTPRC to 139 

housekeeping gene GAPDH in CD45bright tumor cells to monocultured tumor cells cells as a 140 

control. GAPDH was selected as a housekeeping control due to its high expression in 141 

MDAMB231. Data was exported from the ThermoFisher Connect Platform, analyzed, and 142 

prepared for final publication on Microsoft Office 365 Excel and Graphpad Prism 10.  143 

Immunofluorescence Imaging of in vitro co-cultures 144 

For visualization of T cell membrane fragments, primary T cells were treated with DiD 145 

dye (Invitrogen, V22887) for 25 minutes at 37°C. Cancer cells were plated and allowed to attach 146 

overnight on glass-bottomed MatTek dishes (MatTek, P35G-1.5-14-C) prior to addition of T 147 

cells. T cells were added at a 10:1 ratio compared to cancer cells and allowed to co-culture with 148 

cancer cells for 4, 8, or 16 hours. Cells were then fixed with 4% paraformaldehyde for 15 149 

minutes at room temperature and quenched with a 50mM ammonium chloride (NH4Cl) solution 150 

for 5 minutes at room temperature. For EdU co-cultures, cells were labeled with an Alexa Fluor 151 

647-conjugated fluorescent azide that binds to EdU (Invitrogen, C10337).  To preserve 152 

membrane integrity, blocking was conducted using a 20% donkey serum solution reconstituted 153 

in 0.1% PBS-Saponin for 30 minutes at room temperature. Cells were then incubated with 154 

primary antibody overnight at 4°C. Secondary antibodies, Hoechst (DAPI), and a phalloidin 155 

antibody conjugated to Alexa Fluor 568 were added after primary antibody labeling for 1 hour at 156 

room temperature. Images were captured on the ECHO Revolution, Zeiss LSM710/800 157 

Confocal, and Zeiss Elyra PS.1 Super Resolution microscope. The diameters of trogosomes 158 

were quantified using ImageJ.  159 

 160 

 161 

Data Availability Statement 162 

All data needed to evaluate the conclusions in the paper are present in the paper and/or the 163 

Supplementary Materials. TrogoTracker v1.1 is open-access and can be accessed on the 164 

Bothwell Lab9s GitHub page (https://github.com/bothwelllab). The repository may be accessed 165 

directly at bit.ly/TrogoTrackerRev1.  166 

 167 

Results 168 

Triple Negative Breast Cancer Cells Express CD45RA  169 

Although trogocytosis has only been observed in Luminal B breast cancer to date, 170 

transfer of immune cell proteins to cancer cells have been established in other cancers, 171 
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including colorectal cancer and leukemia (2, 3). We hypothesized that immune cell proteins are 172 

acquired and expressed by breast cancer cells through trogocytosis. We first visualized the 173 

expression of immune-cell specific markers on FFPE TNBC tissue. Pan-cytokeratin I/II (pan-Ck 174 

I/II) was used to define breast tumor cell borders. FFPE slides were immunolabeled with 175 

antibodies against immune cell markers CD45RA, CD14, CD56, and CD16. Upon visualization 176 

using a fluorescent microscope, we discovered all four immune cell markers expressed on 177 

TNBC cells (Fig. 1A; Supp Fig. 1). 178 

We then focused specifically on CD45RA and immunostained a tumor microarray 179 

(Tumor Microarray and FFPE slides of primary tumors; n=52). Utilizing TrogoTracker v1.1, a 180 

FIJI-based macro developed by our lab, we recorded the fluorescence intensity of the CD45RA 181 

channel expressed by the tumor cell. The CD45RA expression of our tumor samples were then 182 

compared against a secondary antibody-only control to determine the percentage of tumor cells 183 

that were expressing CD45RA.  Although there were no discernable differences with regards to 184 

CD45RA expression across tumor stages, 30-60% of individual tumor cells in each sample 185 

expressed CD45RA (Fig. 1B). To further understand whether expression of CD45RA was 186 

localized to small compartments of tumor tissue or whether expression could be seen 187 

throughout the whole sample, we acquired large image stitches of tumor samples and 188 

discovered that expression of CD45RA was consistent in all sites containing tumor tissue (Fig. 189 

1C). We then imaged these TNBC samples on a confocal microscope to validate and exclude 190 

any false-positive CD45RA labeling caused by an immune cell being directly above or below a 191 

tumor cell (Fig. 1D). Taken altogether, we demonstrated that expression of CD45RA is common 192 

across all stages of TNBCs.  193 

Trogocytosed CD45 protein by triple negative cancer cells alters PTPRC expression 194 

Due to the frequency of CD45RA expression in our FFPE TNBC samples, we then 195 

elucidated the origin of CD45 protein expression in vitro and co-cultured TNBC cell lines 196 

(MDAMB231, MDAMB436, and HCC1937) with CD3+ T cells derived from healthy donor PBMC. 197 

Immortalized triple negative breast cancer cell lines were transduced with lentiviral particles 198 

expressing Blue Fluorescent Protein LifeAct (BFP-LifeAct), a small 17 amino acid peptide that 199 

binds filamentous actin. BFP-LifeAct was used as an internal marker to identify our tumor cells 200 

as T cells do not acquire BFP-LifeAct after co-coculture with TNBC cells (Supp Fig. 2A). 201 

TNBC cells were co-cultured with CD3+ T cells at a 1:5 ratio for 16 hours and expression 202 

of CD45 was assessed by flow cytometry. Between 15% and 30% of TNBC cells expressed 203 

CD45 after co-culture, compared to 0% expression when co-cultured tumor and immune cells 204 

were separated by a transwell insert (Fig 2A; Supp Fig. 2B). Interestingly, while we found two 205 

subpopulations of CD45negative and CD45bright tumor cells, we also found an intermediate 206 

population of CD45dim tumor cells (Fig 2B). We then quantified the average mean fluorescent 207 

intensity (MFI) of each population and discovered that co-cultured tumor cells were 5 to 17-fold 208 

higher fluorescence intensity compared to co-cultures separated by transwells (Fig. 2B). 209 

Interestingly, HCC1937 TNBC cells did not trogocytose as much as MDAMB231 and 436 (Supp 210 

Fig. 2C). 211 

We then investigated whether the expression of the CD45 gene, PTPRC, would also be 212 

altered. We set up co-cultures between BFP-LifeAct+ MDAMB231 cells and CD3+ primary T 213 

cells and isolated double-positive (BFP-LifeAct+CD45+) MDAMB231 cells via Fluorescence-214 

Activated Cell Sorting (FACS). RNA was then extracted from sorted cells and the difference in 215 
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expression of PTPRC by monocultured and trogocytic MDAMB231 cells was assessed by a 216 

real-time quantitative PCR expression. We then compared to the expression of PTPRC in CD3+ 217 

T cells to CD45+ MDAMB231 cells and found that expression was on average 2-fold higher in T 218 

cells compared to CD45+ MDAMB231 cells (Supp Fig. 2D). In contrast, CD45+ MDAMB231 cells 219 

had an average of a 60-fold change increase over CD45- MDAMB231 cells (Fig. 2C). Taken 220 

together, we demonstrated that trogocytosis may involve the transfer of nucleic acids such as 221 

RNA.  222 

TNBC cells acquire intracellular CD45 trogosomes from T cells 223 

Next, we investigated the phenotype of CD45 expression within our TNBC cell lines. We 224 

performed co-cultures for 4, 8, and 16-hours prior to confocal imaging. Interestingly, we 225 

discovered the presence of multiple three-dimensional spheroids inside tumor cells that we refer 226 

to as trogosomes in our co-cultures (Fig. 3A; Supp Fig. 3A, B, & C). Trogosomes were not 227 

present in the monocultured cells (Fig. 3A). When the number of cells containing trogosomes 228 

were quantified and compared to the number of cells containing no trogosomes, we discovered 229 

that longer co-culture durations led to increased trogosome acquisition by the tumor cells, with a 230 

16-hour co-culture resulting in over 60% of TNBC cells acquiring CD45 (Fig. 3B; n = 50 cells per 231 

replicate, per time point).  232 

At 4-hours post co-culture, MDAMB231 cells began to acquire trogosomes that were 233 

smaller in size compared to 8-hour co-cultures (Fig. 3A, B, & C). Further investigation of our 4 234 

and 8-hour co-cultures revealed fewer trogosomes larger than 5 µm in diameter relative to the 235 

16-hour co-cultures (Fig. 3C). Beginning at the 8-hour co-culture, we identified the formation of 236 

large trogosomes that measured 5 ým in diameter (Fig. 3D). Trogosomes were also much larger 237 

than the conventional sizes of exosomes or lysosomes, which on average range between 0.1 238 

and 1.2 ým (4, 5). The majority of trogosomes were hollow on the inside (Fig. 3D & E) but still 239 

altered the shape of the cancer cell nuclei (Fig. 3F), demonstrating that they are situated within 240 

the tumor cell rather than above or below. We also identified two T cells that were adhered to a 241 

tumor cell (Fig. 3G). Interestingly, one T cell expressed more CD45 (Fig 3G; orange box) than 242 

the other T cell (Fig. 3G; teal box), suggesting that CD45 expressed by a T cell can be depleted 243 

by trogocytosis.  Due to their spherical structure, we then hypothesized that these trogosomes 244 

were coated by membrane lipids originating from T cells. We repeated the 16-hour co-culture 245 

and labeled primary T cells with DiD dye, a lipophilic carbocyanine dye, prior to co-culture and 246 

visualized T cell membrane fragments that entered the tumor cell. We found that these DiD dye 247 

bubbles colocalized with only some of the CD45 trogosomes (Fig. 3H).  248 

As we previously observed that these trogosomes altered the shape of the tumor cell 249 

nucleus, we investigated any changes in subcellular structures surrounding the trogosome by 250 

utilizing the super-resolution microscopy technique Structured Illumination Microscopy (SIM). 251 

We utilized SIM to surpass diffraction limits of conventional imaging and further understand any 252 

interactions between the trogosome and the subcellular structures of the tumor cell. We found 253 

that there was a hollow cavity in the actin surrounding our trogosomes in TNBC cells (Fig. 4A; 254 

Supp Fig. 4A). To validate that this was not a T cell within the tumor cell, we generated a three-255 

dimensional projection using a Z-series capture and visualized the cell from a side perspective 256 

(Fig. 4B). We then observed that the trogosome is surrounded by actin filaments but contained 257 

minimal actin inside the trogosome (Fig. 4C). Interestingly, we found Hoechst, a DNA marker 258 
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dye, within this trogosome (Fig. 4D). We demonstrated that the DNA is encapsulated in the 259 

trogosome (Fig. 4E).  260 

TNBC Cells Acquire gDNA from T Cells  261 

Due to the observation of Hoechst inside the trogosome, we then investigated whether 262 

TNBC cells obtained gDNA from T cells during trogocytosis. Using the pre-established co-263 

culture models for flow cytometry and imaging, we labeled primary T cells with 5-Ethynyl-22-264 

deoxyuridine (EdU), a thymidine analog used as a marker for de novo DNA synthesis. T cells 265 

were co-cultured with MDMAB231 cells for 16-hours and then labeled with a fluorescent azide 266 

to bind to EdU. Our results show that between 7 to 10% of our co-cultured TNBC cells were 267 

labeled positively with EdU that were not present in our monocultured and transwell co-culture 268 

controls (Fig. 5A).  269 

We then infected CD3+ cells with lentivirus containing GFP-tagged Histone-H2B (GFP-270 

H2B). After co-culture with immune cells, 3% of MDAMB231 cells expressed GFP-H2B protein 271 

compared to transwell co-cultures (Fig. 5B), indicating that protein transfer due to trogocytosis is 272 

not exclusive to membrane proteins and can include nuclear proteins. Interestingly, we identified 273 

a small subset of CD45-GFP-H2B+ trogosomes that were not coated CD45 (Fig. 5C). Co-274 

cultures between GFP-H2B T cells and MDAMB231 cells were then repeated and imaged with a 275 

confocal microscope (Fig. 5D). We discovered the presence of CD45+GFP-H2B+ and CD45-276 

GFP-H2B+ trogosomes, suggesting that the H2B-GFP may be trafficked in with other membrane 277 

fragments independent of CD45 transfer (Fig. 5D; Supp Fig. 4B). Additionally, we also 278 

visualized H2B-GFP co-localized with small Hoechst micronuclei, further suggesting gDNA 279 

transfer (Fig. 5D & E; orange box). We observed the transfer of both gDNA and proteins from T 280 

cells to tumor cells, which may lead to a further altered transcriptome through increasing the 281 

tumor mutational burden.   282 

 283 

Discussion 284 

 We first utilized TrogoTracker v1.1, an ImageJ/FIJI-based macro developed by our lab, 285 

we used immunofluorescence microscopy to quantify CD45RA expression in FFPE histology 286 

slides and revealed that every tumor sample we analyzed expressed CD45RA in a cohort of 54 287 

TNBC tumors. CD45RA expression was also consistently expressed in every tumor stage, 288 

although there was no significant difference in the expression between each stage. Our data 289 

suggests that trogocytic interactions between tumor and immune cells occur in early tumor 290 

stages and sustained lymphocyte protein expression may be due to subsequent trogocytic 291 

interactions or the trogocytosed lymphocyte DNA being transcribed.    292 

  In vitro co-cultures between TNBC cell lines and CD3+ primary T cells corroborated that 293 

CD45 was transferred from T cells to tumor cells upon contact. Although this study only 294 

evaluated transfer of CD45 between T cells and TNBC cells, our FFPE data suggest that TNBC 295 

cells may also acquire CD45 from macrophages, NK cells, and other types of immune cells as 296 

evidenced by expression of immune cell markers CD14, CD56, and CD68 on tumor cells. Co-297 

cultures also revealed that trogosomes composed of membrane fragments and CD45 protein 298 

were acquired by tumor cells after co-culture with T cells.  The trogosomes found within TNBC 299 

cells were smaller than the T cells, but larger than conventional exosomes and lysosomes (4, 300 

5). Acquisition of CD45 by the tumor cell required contact between the TNBC cell and T cell 301 

demonstrating that the transfer of trogosomes were not a result of secreted extracellular 302 
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vesicles or exosomes by the T cell (6). Trogosomes also became larger over time and altered 303 

the surrounding of subcellular structures such as the nucleus and filamentous actin. The 304 

identification of CD45-GFP-H2B+ and CD45-DiD+ trogosomes indicate that different membrane 305 

proteins beyond CD45 may also be transferred. Currently, it is still not known why our 306 

immunolabeling with CD45RA resulted in a staining pattern with a punctate phenotype, whereas 307 

our in vitro co-cultures allowed us to visualize intact spherical structures. We hypothesize that 308 

trogosomes dissociate inside the tumor cell after a certain amount of time and may either 309 

resurface on the cancer cell membrane or be degraded by the proteosome. 310 

 We also identified the presence of Hoechst dye within trogosomes, leading us to 311 

investigate the transfer of gDNA from T cells to TNBC cells. We demonstrated that DNA 312 

originating from T cells infected with either H2B-GFP or labeled with EdU were present in tumor 313 

cells after co-culture. Confocal microscopy revealed multiple trogosomes touching the nucleus 314 

of the tumor cell. One potential function of trogosomes may include shielding transferred DNA 315 

from being detected by intracellular DNA sensors, such as cGAS/STING and AIM2 (7, 8). DNA 316 

may then be transferred from the trogosome to the tumor cell nucleus, resulting in 317 

transcriptional changes in the tumor cell. Much like the acquisition of protein through 318 

trogocytosis, it is still unclear whether tumor cells that acquire gDNA from T cells sustain 319 

transcription of immune cell genes such as PTPRC.  320 

 Trogocytic interactions have been characterized in tumor cells as early as 2015 but have 321 

largely been mostly focused on the transfer of proteins from tumor cells to immune cells, such 322 

as PD-1/PD-L1and HER2 transfer (3, 9). Many of these studies have also focused on 323 

trogocytosis between cancer cells that were derived from HSCs such as leukemia and healthy 324 

immune cells, two populations that canonically undergo trogocytosis with each other (10).   325 

Recently, the immunomodulatory effects of trogocytosis between cancer cell and immune cells 326 

were characterized through the transfer of TIM3 and CTLA4 from T cells to colorectal cancer 327 

cells and PD-1 transfer from leukemia cells to NK cells (2, 3). These data also suggest that the 328 

transfer of CD45 and other immune cell protein markers may also result in immunomodulation. 329 

Innate immunity relies on the recognition of foreign peptides to specify and flag cells for 330 

destruction by adaptive immunity (11). Through the expression of CD45 and other immune cell 331 

proteins, tumors may be able to avoid detection by the immune system while proliferating, 332 

differentiating, and metastasizing.  333 

Taken altogether, these findings warrant further investigation to understand whether 334 

trogocytosis is a common feature across all subtypes of breast tumors due its prevalence in all 335 

stages of triple negative breast cancers. Although it is unclear whether there is a difference 336 

between specific subtypes of breast tumors, trogocytosis has previously been shown to be 337 

attenuated when PI3K signaling was inhibited by using synthetic inhibitors such as Wortmannin 338 

(2, 3). Somatic mutation of PIK3CA gene, resulting in a constitutively active form of PI3K, is 339 

found in over 40% of primary breast cancers and may contribute to sustained trogocytic 340 

interactions between breast tumor cells and immune cells (12, 13).  341 

There has been incredible advancement for targeted therapies in hormone-positive BC 342 

and HER2-positive BC subtypes, but targeted treatment options for TNBC are lacking and the 343 

standard of care includes traditional cytotoxic chemotherapy (14). Although the incorporation of 344 

immunotherapy with the anti-PD-1 immune checkpoint inhibitor pembrolizumab, has improved 345 

treatment response and outcomes of TNBC, there is still a significant subset of patients who do 346 
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not respond and are <immune cold=; identification of further biomarkers to increase treatment 347 

efficacy amongst non-immunogenic TNBC are urgently needed (15). Cancer cell trogocytosis of 348 

immune cell protein may lower the immunogenicity of the tumor due to the acquisition of 349 

immune cell proteins and gDNA.  Further investigation into the biomechanics and downstream 350 

consequences of tumor cell trogocytosis presents an opportunity to identify novel biomarkers for 351 

the treatment of TNBCs. Due to the prevalence of immune cell proteins being expressed in 352 

stage I TNBCs, identification of biomarkers may not only lead to the development of novel 353 

inhibitors and earlier detection methods of aggressive TNBCs.  354 

Conclusion 355 

In this study, we discovered the expression of CD45 found within TNBC cells and 356 

demonstrated that the acquisition of CD45 protein can occur in a contact-dependent manner 357 

between T cells and TNBC cells through trogocytosis. We identified CD45RA, a surface 358 

membrane protein found on naïve T cells, expressed on 30-60% of all tumor cells in patient-359 

derived FFPE samples. In vitro co-cultures using established breast cancer cell line models with 360 

healthy donor derived primary T cells revealed one potential origin of CD45 expression on tumor 361 

cells. We also demonstrated that CD45 was transferred alongside T cell membrane fragments 362 

in a spherical structure called a trogosome. Some trogosomes contained gDNA transferred from 363 

the T cell transferred to the tumor cell. Altogether, these data established a novel mechanism by 364 

which TNBCs acquire and express immune cell antigens extrinsic of their transcriptome. We 365 

intend to follow up these results by further characterizing trogocytosis across all three major 366 

breast cancer subtypes as well as elucidating the molecular mechanisms that drive trogocytosis 367 

in breast cancers.  368 
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Figure 1
Figure 1. Triple Negative Breast Cancer Cells Express Lymphocyte Proteins .

(A) Wideûeld ûuorescence imaging of immune cell proteins CD14, CD16, CD56, and CD45RA
(green) expressed on tumor cells labeled by pan-cytokeratin I/II (Red). Hoechst labeling
nuclei is displayed in blue. (B) Quantiûcation of the percentage of tumor cells expressing
CD45RA across 54 patient samples and organized by tumor stage. (C) Large image stitch of
tumor cells expressing CD45RA (green) in diûerent sites. (D) Confocal imaging of an
intermediate Z-layer of CD45RA-expressing tumor cells (green).
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Figure 2
Figure 2. CD45 is Transferred from CD3 + T cells to TNBC Cells.

(A) Flow cytometry analysis of CD45 expression on tumor cells. Tumor cells were gated
based on size, singlets, viability, and BFP-LA expression. Histograms show the shift in
ûuorescence between co-cultures (red) and transwell co-cultures (blue). (B) Fold change in
the mean ûuorescence intensity of co-culture tumor cells compared against transwell co-
cultures. A two-way ANOVA was statistical analysis was conducted to analyze the data ***p =
0.0002, ****p < 0.0001 (C) Fold change of diûerentially expressed CD45 in co-cultured and
transwell co-cultured tumor cells. An unpaired T test was performed to analyze the data ***p
= 0.0003.
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Figure 3
Figure 3. TNBC Cell Lines Acquire Trogosomes from CD3 + Primary T Cells.

(A) T cells and TNBC cells were cocultured and ûxed and immunolabeled for CD45 (green),
phalloidin (red), and nuclei (blue) at diûerent timepoints post co-culture. (B) Percentage of
cells containing trogosomes larger than 5 ý m, per timepoint (C&D) Quantiûcation of average
trogosome size. An ordinary one-way ANOVA was performed to analyze the data **p =
0.0030, ***p = 0.0003, ****p < 0.0001. (E) Closeup of hollow trogosomes and altered nuclei
morphology. An ordinary one-way ANOVA was performed to analyze the data ***p = 0.0003,
****p < 0.0001. (G) Visualization of CD45 hi T cell (orange box) and a T cell with depleted
CD45 (teal box; Brightness increased for visualization). (H) Visualization of DiD membrane
dye (magenta), Phalloidin (red), CD45 (green), and Nuclei (blue).
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Figure 4
Figure 4. Super-Resolution Visualization of DNA within a trogosome.

(A) Visualization of MDAMB231 cell containing a trogosome labeled for nuclei (blue), CD45
(green), and Phalloidin (red) using Structured Illumination Microscopy . (B) Side proûle of
MDAMB231 cell containing trogosome. (C) Enhanced view of phalloidin labeling (D) Enhanced
view of nuclei labeling inside the trogosome. (E) Enhanced view of phalloidin encapsulating
the trogosome.
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Figure 5
Figure 5. Tumor Cells Acquire gDNA from T Cells.

(A) Flow cytometry assay of MDAMB231 cells co-cultured with EdU-labeled CD3 + T cells. (B)
Flow cytometry analysis of MDAMB231 cells co-cultured with H2B-GFP CD3 + T cells. (C) Flow
cytometry plot showing 4 populations of CD45 - H2B-GFP - (lower left gate), CD45 + H2B-GFP
- (upper left gate), CD45 + H2B-GFP + (upper right gate), CD45 - -GFPH2B + (lower right
gate) MDAMB231 cells. (D) Visualization of trogosomes within a MDAMB231 cell containing
CD45 (magenta), Hoechst dye (blue), and GFP-H2B (Green). (E) Single channel images of
single trogosome containing GFP-H2B, Hoechst dye, and CD45.

PeerJ reviewing PDF | (2025:01:112351:0:2:NEW 23 Jan 2025)

Manuscript to be reviewed



PeerJ reviewing PDF | (2025:01:112351:0:2:NEW 23 Jan 2025)

Manuscript to be reviewed



Figure 6
Figure 6. Anatomy of a Trogosome.

Triple Negative Breast Cancer Cells acquired trogosomes containing genomic DNA
encapsulated by T cell lipid membrane and membrane protein fragments including CD45.
Trogosomes are smaller than T cells but are larger than conventional exosomes and
extracellular vesicles. They can also alter the shape of subcellular structures, including the
nucleus and actin ûlaments.
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