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SUMMARY

We evaluated the spontaneous and immunotherapy-induced histological changes in the tumor 

microenvironment of a mouse melanoma regression model consisting of immunocompetent 

C57BL/6J mice implanted with syngeneic YUMMER1.7 melanoma cells. We focused on tumor 

regression phenotypes and spatial relationships of melanoma cells with B cells and neutrophils 

since this was not previously described. We found common themes to the host response to cancer 

irrespective of the mode of tumor regression. In nonregression tumors, melanoma cells were 

epithelioid shaped and tightly packed. In regression tumors, melanoma cells were spindle shaped 

and discohesive. B cells including plasmablasts and plasma cells were numerous and were 

increased with immunotherapy. Neutrophils were in direct contact with dead or dying melanoma 

cells. Immunotherapy increased neutrophil counts and induced neutrophil extracellular traps 

(NETs)-like formations and geographic necrosis. Beyond tumor regression, the increase in the B 

cell and neutrophil response could play a role in immunotherapy induced adverse reactions.
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INTRODUCTION

We have recently described a novel syngeneic murine melanoma cell line, YUMMER1.7, 

that expresses genomic features seen in human melanoma and spontaneously regress in 

immunocompetent C57BL/6J mice (Wang et al., 2017). Using this model, assessment of the 

kinetics of infiltrating T cells and macrophages as well as mitotic rate and caspase 3 

mediated apoptotic cell death showed that the host immune system has a prominent role in 

tumor eradication (Wang et al., 2017). In addition, the YUMMER1.7 cell line responds to 

immunotherapies including anti-CTLA-4 and anti-PD-1. A limitation to many murine 

models, including the YUMMER1.7 model, is that the penetrance is seldom 100%. There is 
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considerable variability in the tumor volume at specific time points in the YUMMER1.7 

model (Wang et al., 2017). We hypothesize that some of the variability is due to the immune 

response to the clonal heterogeneity of the cancer cells over time.

Beyond T cells and macrophages, many other immune cell populations are in the tumor 

microenvironment. For instance, B cells and neutrophils have been shown to be present and 

active during tumor growth and regression in humans (Figure 1A) (Chiaruttini et al., 2017; 

Li et al., 2011; Zurac et al., 2012). B cells mature into plasmablasts and plasma cells that 

secrete antibodies that bind to toxins, pathogens, and cancer cells. The antibodies tag these 

entities for destruction directly by complement mediated lysis or indirectly though cell-cell 

contact with cytotoxic cells. In murine pathology, B220, a 220kDa MW isoform of CD45, is 

the pan biomarker for B cells (Hardy & Hayakawa, 2001). It is expressed at high levels from 

the pre-B cell stage to the mature activated stage (Hardy & Hayakawa, 2001). It is expressed 

at low levels on plasmablasts and plasma cells (Bermejo et al., 2011).

Neutrophils functionally interact with B cells by not only binding antibody but also inducing 

antibody production (Cerutti, Puga, & Magri, 2013). Neutrophils are cytotoxic cells that are 

the first responders to breaches in the immune system (Amulic, Cazalet, Hayes, Metzler, & 

Zychlinsky, 2012). They survey the problem microenvironment, kill as many infected or 

cancer cells as possible, and secrete soluble products to recruit/stimulate other immune cells 

(e.g. T cells, B cells) to assist in resolving the problem (Amulic et al., 2012; Dissemond et 

al., 2003; Granot & Jablonska, 2015; Yan et al., 2014). In mice, the most common biomarker 

for neutrophils is Ly6G/C (clone Gr-1) which is also found on T cells, NK cells, monocytes, 

and dendritic cells (Lee, Wang, Parisini, Dascher, & Nigrovic, 2013). However, Ly6B.2, a 

25kD protein with highest expression in C57BL/6J mice, is expressed predominately on 

neutrophils and is additionally upregulated only on a small subset of monocytes/activated 

tissue macrophages. Although their function is not known, these proteins are GPI-anchored 

on the cell membrane and can be secreted (Lee et al., 2013; Rosas, Thomas, Stacey, Gordon, 

& Taylor, 2010).

To understand the kinetics of the in vivo growth characteristics of and immune response to 

YUMMER1.7, we subcutaneously implanted these cells into the flanks of C57BL/6J mice 

and followed them over time. Three steps in this process were captured: 

immunosurveillance, adaptive immune response, and the regression interval. The first step, 

immunosurveillance via the innate immune response, has been suggested to be the process 

by which mutated somatic cells are eliminated or inactivated by the immune system before 

they become a cancerous lesion. However, cancer cells are thought to escape 

immunosurveillance by immunoediting (accumulating immune tolerant mutations) and by 

creating an immune suppressive microenvironment (Corthay, 2014). As a result, the adaptive 

immune response is initiated leading to an orchestrated antigen-specific cancer cell death. 

The resolution of this response culminates in regression. Regression is defined as a decrease 

in the size of a tumor, number of cancer cells, or extent of cancer in the host. The regression 

interval is the time period corresponding to a statistically significant reduction in tumor 

volumes on tumor growth curves. In our study, immunosurveillance is the time period from 

implantation up to day 6. The adaptive immune response is from day 7 to 19. The regression 

interval is from day 20 onwards post implantation. These time periods were chosen based on 
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the tumor regression cycle that we have observed in-house with over 100 mice. In this 

report, we describe the histological phenotypes of tumor regression produced in our 

YUMMER1.7 model and introduce the kinetics of infiltrating B220+ B cells and Ly6B.2+ 

neutrophils with and without immunotherapy.

METHODS

Cell lines and tissue culture

The generation of the syngeneic YUMMER1.7 cell line was described previously (Wang et 

al., 2017). Briefly, the YUMM1.7 cell line was exposed to three rounds of UVB radiation 

(1500 J/m2) to create the YUMMER1.7 cell line. The YUMMER1.7-GFP cell line was 

generated using a P-YUK-GFP plasmid with PiggyBac Transposase Expression Vector, a 

gift from Tian Xu, Yale University Department of Genetics (Wang et al., 2017). All cell lines 

were maintained in DMEM/F12 media containing 10% fetal bovine serum, 1% penicillin-

streptomycin, and 1% non-essential amino acids.

In vivo mouse model

The YUMMER1.7 spontaneous regression mouse model was described previously (Wang et 

al., 2017). Briefly, C57BL/6J mice (4 – 6 weeks old) were implanted subcutaneously in the 

rear flank with 100 μl of syngeneic YUMMER1.7 cells in PBS. Immunotherapy (anti-

CTLA-4 (clone 9H10, Bio X Cell, West, Lebanon, NH, USA), anti-PD-1 (clone RMP1–14, 

Bio X Cell)), or corresponding isotype controls (Syrian hamster IgG2, Rat IgG2a, 

respectively) were injected 6 days post cell line implantation at 10 mg/kg three times per 

week for four weeks. All animal experiment protocols were followed according to the Yale 

Office of Animal Research Support Committee guidelines.

Histological analysis

Four to six tumors from every time point were fixed in 10% Neutral Buffered Formalin and 

embedded in paraffin. The blocks were sectioned at a thickness of 5 μm and stained with 

GFP (Rabbit Polyclonal, Abcam, Cambridge, UK), Ki-67 (clone SP6, Biocare Medical, 

Pacheco, CA, USA), B220 (clone RA3–6B2, BD Biosciences, San Jose, CA, USA), or 

Ly6B.2 (clone 7/4, Bio-Rad, Hercules, CA, USA). The stains were developed with anti-IgG 

HRP combined with DAB substrate chromogen (Agilent Dako, Santa Clara, CA, USA). The 

full biopsy section for each tumor was acquired at 20x magnification and the image was 

analyzed using the TissueFAXS quantitative imaging system (TissueGnostics, Vienna, 

Austria).

Statistical analysis

Unpaired two-tailed t tests and Kruskal-Wallis one-way ANOVA statistical analyses were 

conducted using GraphPad PRISM version 7.01 (GraphPad Software, La Jolla, CA, USA). 

All statistical significance was considered as P < 0.05.
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RESULTS

Qualitative Analysis

Spontaneous Regression: Immunosurveillance—Twelve to 24 hrs. post-

implantation of the regression-prone YUMMER1.7 cell line, the anti-GFP+ stained 

melanoma cells were morphologically epithelioid and tightly clustered (Figure 1B, C). Intra-

tumor B220+ B cells appeared at 24 hrs. (Figure 1D). Intra-tumor Ly6B.2+ neutrophils 

appeared as early as 12 hrs. with significant infiltration both peri- and intra-tumor at 24 hrs. 

(Figure 1E). These cytotoxic cells had direct cell-cell contact with melanoma cells that were 

dead or dying and some cells with intact nuclei (Figure 1F). Since the Ly6B.2 protein can be 

secreted, some appear to have been transferred to the contacted cells as shown by weak 

cytoplasmic staining in areas of high activity (Figure 1F). There was edema and influx of 

Ly6B.2+ neutrophils within those areas (data not shown).

At day six, there were biospecimens with separate regions of nonregression and regression 

within the same biospecimen (Figure 1G - O). There was significant edema and hemorrhage 

which was common in our model (data not shown). In the areas of edema, there were 

numerous cells that contained GFP in their nucleus and/or cytoplasm (Figure 1G). The cells 

that contain GFP in their nucleus were YUMMER1.7 melanoma cells (Figure 1G). Based on 

morphology, those cells that possessed GFP exclusively in their cytoplasm were antigen 

presenting cells (macrophages, dendritic cells, neutrophils) (Figure 1G).

In the nonregressed region the tumor area was increased in size with the GFP+ melanoma 

cells still maintaining an epithelioid appearance (Figure 1G). The B220+ B cells were small 

and peri-tumoral only (Figure 1H). The Ly6B.2+ neutrophils were primarily peri-tumor with 

a few intra-tumor (Figure 1I). In the regressed region, the GFP+ melanoma cells had a 

spindle-like morphology and were scattered with signs of cell fragmentation (Figure 1K). 

The B220+ B cells in this region were large and spread throughout the intra-tumor area. 

Their size and morphology were consistent with plasmablasts and plasma cells (Figure 1L). 

Numerous Ly6B.2+ neutrophils were present both peri- and intra- tumor (Figure 1M). There 

was no difference in neutrophil cell–cell contact between nonregressed and regressed 

regions (Figure 1J, N). There was no geographic necrosis. It appears that the melanoma 

subclones in the nonregression region were primarily immune resistant and those in the 

regression region were primarily immune sensitive.

Spontaneous Regression: Adaptive Immune Response—At days nine to eleven, 

there were three basic regression phenotypes: exclusive nonregression, exclusive regression, 

and mixed regression (Figure 2G, N, U). The exclusive nonregression phenotype contained 

tightly clustered epithelioid GFP+ melanoma cells that comprised more than 50% of the 

tumor bed (Figure 2A, D). The B220+ B cells were predominately small and scattered 

throughout the region (Figure 2B). The Ly6B.2+ neutrophils were discrete and in patchy 

clusters intra-tumor (Figure 2C). However, they predominately aggregated peri-tumor with 

intermediate to high expression of the Ly6B.2 protein (Figure 2C, E). In addition, the 

morphology of the intra-tumor and peri-tumor Ly6B.2+ neutrophils were inconsistent with 

the locations and morphology of F4/80+ macrophages (Figure 2D - F). There was mild to 
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moderate peri-tumor edema, hemorrhage, but no signs of geographic necrosis (data not 

shown).

The exclusive regression phenotype contained epithelioid and spindle shaped GFP+ 

melanoma cells that comprised less than 50% of the tumor bed (Figure 2H, K). The 

melanoma cells were discohesive in areas where they were spindle shaped but formed tight 

clusters in areas where they were epithelioid shaped. High and low expressing B220+ B cells 

were in the areas surrounding the residual melanoma cells (Figure 2I, L). Densely packed 

Ly6B.2+ neutrophils with intermediate to high levels of protein were also surrounding the 

residual melanoma cells (Figure 2J, M). There was extensive peri-tumor edema with 

numerous infiltrating Ly6B.2+ neutrophils and no signs of geographic necrosis.

Mixed regression consisted of an area with nonregression and an area with regression 

(Figure 2U). In the nonregression and regression areas, the GFP+ melanoma cells were 

consistent with previous descriptions of the phenotypes (Figure 2O, R). In the nonregression 

area, the B220+ B cells were predominately peri-tumor and intermediate in size with a few 

scattered intra-tumor (Figure 2P). In the regression area, the B220+ B cells were 

intermediate to large size and spread throughout the tumor bed (Figure 2S). For both 

nonregression and regression areas, B220 expression was high on peri-tumor B cells and low 

on intra-tumor B cells. In the nonregression area, the Ly6B.2+ neutrophils were 

predominately located peri-tumor (Figure 2Q). The few that were scattered intra-tumor 

expressed intermediate to low levels of Ly6B.2 protein. In the regressed area, the Ly6B.2+ 

neutrophils were spread throughout the tumor bed (Figure 2T). The Ly6B.2 protein 

expression was high and most dense in areas containing spindle shaped melanoma cells 

(Figure 2R, T). There was mild edema peri-tumor but no geographic necrosis.

Days fifteen to sixteen, the tumor mass was sizable with less than five percent GFP+ 

melanoma cells which were primarily spindled shaped (Figure 3A, E, D). The B220+ B cells 

were intermediate to large size and spread throughout with a significant proportion 

undergoing fragmentation (Figure 3B, F). The Ly6B.2+ neutrophils were numerous and 

evenly spread throughout the intra-tumor area unlike their distribution at the earlier time 

points (Figure 3C, G). These cells expressed intermediate to high levels of the Ly6B.2 

protein (Figure 3C, G). There was mild peri-tumor edema but very few infiltrating Ly6B.2+ 

neutrophils. There were signs of cell death but no geographic necrosis (Figure 3H).

Spontaneous Regression: Regression Interval—At days twenty to twenty-five, 

there was complete regression. A mass was visible but lacked GFP+ melanoma cells (Figure 

3I, L, O). The mass was composed of immune cells and fibrocytes. The B220+ B cells were 

few and small to intermediate in size with signs of fragmentation (Figure 3J, M). Most of the 

infiltrating neutrophils were morphologically classic neutrophils that were interestingly 

Ly6B.2 low/negative (Figure 3K, L, N). There was no edema or signs of geographic necrosis 

(Figure 3O).

Immunotherapy-induced Regression—To compare the peak adaptive immune 

response of spontaneous and immunotherapy-induced regression (anti-CTLA-4, anti-PD-1, 

combination), we assessed the pathology of immunotherapy-induced regression at 16 days 
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post YUMMER1.7 implantation. The isotype control treatment displayed a nonregression 

phenotype (data not shown). The anti-CTLA-4 treatment displayed a regression phenotype 

(Figure 4A). There were very few melanoma cells remaining and even fewer were Ki67+ 

proliferating cells (Figure 4B, C, D). The bulk of the tumor mass consisted of geographic 

necrosis and immune cells. The B220+ B cells were numerous and predominately 

intermediate to large size with signs of fragmentation when located intra-tumor (Figure 4E, 

F). The peri-tumor B220+ B cells were small with occasional clusters near a vessel (Figure 

4G, H). There was a broad range of Ly6B.2+ protein concentrations and cell densities within 

the tumor mass (Figure 4I - L). Unlike spontaneous regression, neutrophil extracellular traps 

(NETs) – like formations were seen (Figure 4M - O). NETs are large extracellular web-like 

structures produced by the suicide of neutrophils. These structures are composed of 

cytosolic and granule proteins that were assembled on a scaffold of decondensed chromatin 

(Papayannopoulos, 2018; Shiogama et al., 2016; Wong et al., 2015). In our model NETs-like 

formations coincide with the high Ly6B.2+ protein dense regions (Figure 4L). These regions 

were rich in classic neutrophils and nuclear debris (Figure 4M, N) as well as extracellular 

DNA (Figure 4O). There was also extensive peri-tumor edema that contained numerous 

Ly6B.2+ neutrophils. In addition, there were eosinophils within the tumor bed (Figure 4P).

The anti-PD-1 treatment displayed a partial regression phenotype. Greater than 50% of the 

mass were small immune cells and there was moderate peri-tumor edema (Figure 5A). 

However, greater than 50% of the melanoma cells were Ki67+ proliferating cells (Figure 

5B). The B220+ B cells were numerous with signs of fragmentation (Figure 5C). The Ly6B.

2+ neutrophils were spread throughout with moderate to high Ly6B.2 protein expression 

(Figure 5D). In addition, the extracellular Ly6B.2+ protein expression was moderate in 

intensity but covered greater than 50% of the tumor mass. Small patches (< 5%) of 

geographic necrosis were observed.

When anti-CTLA-4 and anti-PD-1 treatment was combined, the tumor mass was 

predominately immune cells and geographic necrosis (Figure 5E). There was extensive 

edema and very few melanoma cells (Figure 5E, F). Of those remaining melanoma cells, 

very few were Ki67+ proliferating cells (Figure 5F). There were numerous B220+ B cells 

throughout the tumor mass with a mixture of both small and large size cells within the same 

areas and in clusters around vessels unlike spontaneous regression (Figure 5G, J). The Ly6B.

2+ neutrophils expressed high protein levels and were spread throughout the tumor mass 

with patches of dense areas (Figure 5H). Low to moderate levels of extracellular protein was 

present throughout the tumor mass. NETs-like formations expressing high levels of Ly6B.2+ 

protein were present in addition to DNA fiber networks (Figure 5I).

Quantitative Analysis

To determine the magnitude of the differences between the immune populations over time, 

we quantitated the targets using a quantitative imaging system. In spontaneous regression, 

the adaptive immune response period (Days 9 – 16) had the highest percentage of B220+ B 

cells and Ly6B.2+ neutrophils compared to the immunosurveillance period (Days 0 – 6) and 

the regression interval (Days ≥ 20) (Supplemental Figure 1A-D). Treatment with 

Blenman et al. Page 6

Pigment Cell Melanoma Res. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



immunotherapy further enhanced the percentage of B cells and neutrophils (Supplemental 

Figure 1E, F).

We also found that the highest percentage of nonregression phenotypes was in the 

immunosurveillance time period (Figure 6A, B). The highest percentages of regression 

phenotypes were in the adaptive immune response and regression interval time periods. The 

mixed regression phenotypes were only found in the immunosurveillance and adaptive 

immune response time periods (Figure 6A, B).

DISCUSSION

The purpose of this report was to describe, in detail, histological findings from the 

YUMMER1.7 in vivo cutaneous metastatic melanoma regression model (Figure 6). At the 

global level, we focused on tumor regression phenotypes. At the cellular level, we focused 

on spatial relationships of melanoma cells with B cells and neutrophils since this has not 

been previously described. We found common themes to the host response to cancer 

irrespective of the mode of induced regression (i.e. spontaneous; immunotherapy-induced). 

However, we also found one major differentiator between spontaneous and immunotherapy-

induced regression.

The first common theme was that there were three regression phenotypes: (1) nonregression, 

(2) regression, and (3) mixed regression (Figure 6). In human tumors, regression has been 

subdivided into two to three phases/stages based on the amount and/or distribution of cancer 

cells in the tumor mass amongst regression processes such as inflammatory infiltrates and 

fibrosis (Ribero et al., 2016). The lowest and highest human phases/stages are approximately 

equivalent to the nonregression and regression phenotypes, respectively. In nonregression 

tumors, the melanoma cells were epithelioid in shape and tightly packed. In the regression 

tumors, the melanoma cells were primarily spindle in shape and discohesive. In the mixed 

regression tumors, there were at least two discrete populations of melanoma cells, one 

nonregression and one regression, suggesting that the immune response is not always all or 

none. Identification of these three regression phenotypes provides clues as to the cause of 

variability in tumor growth within a time period and lack of 100% penetrance of the 

YUMMER1.7 regression model. These phenotypes suggest that there are in vivo subclones 

of YUMMER1.7 melanoma cells that are susceptible to the immune system during early 

stages of tumor growth and others at later stages. They also highlight specific time periods 

that are optimal for identifying subclones that may potentially become immune escapers. In 

addition, the existence of these distinct regression phenotypes provides information that 

could assist in interpretation of data generated from bulk tumor analysis, such as RNA 

sequencing. Isolating and characterizing subclones from the three regression phenotypes 

could help to identify new tumor antigens as well as distinct immune responses to them.

The second common theme was that there were two B220+ B cells populations: (1) small 

size and (2) intermediate to large size. In nonregression tumors/regions, B220+ B cells were 

primarily small and surrounded the periphery of the tumor. In regression tumors/regions, 

B220+ B cells were intermediate to large size with a morphology that was consistent with 

plasmablasts and plasma cells. The B cell numbers and distribution, including plasmablasts 
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and plasma cells, increased over time in spontaneous regression and was enhanced with 

immunotherapy. In humans, increased numbers and distributions of B cells translates to 

longer disease-free survival in breast cancer patients and durable responses in metastatic 

melanoma patients treated with anti-CTLA-4 (Blenman et al., 2018; Seremet et al., 2016). 

The increased B cell production may also highlight a mechanism by which autoimmunity 

develops with immunotherapy (Kostine et al., 2017). In autoimmunity, plasmablasts and 

plasma cells secrete products (cytokine, chemokines, antibodies) that promote destruction of 

host cells by targeting self-antigens (Tiburzy, Kulkarni, Hauser, Abram, & Manz, 2014). In 

the context of tumor regression, it is plausible that exposed self-antigens may be broadly 

targeted, resulting in autoimmunity.

The third common theme was that the Ly6B.2+ neutrophils were in cell-cell contact with 

dead or dying cells consistent with the morphology of melanoma cells. The cytoplasm of the 

attacked melanoma cells displayed low to intermediate levels of Ly6B.2 protein. This 

suggests that Ly6B.2+ neutrophils may have a role in the death of melanoma cells. In the 

regression tumors/regions, there were dense Ly6B.2+ neutrophils and intermediate to high 

levels of protein expressed extracellularly. The Ly6B.2 low/negative classic neutrophils 

present after complete regression suggests that Ly6B.2 may be an activation or functional 

marker for neutrophils. In the presence of immunotherapy, we found for the first time, 

NETs-like formations (Papayannopoulos, 2018; Shiogama et al., 2016; Wong et al., 2015). 

In autoimmune dermatological diseases such as bullous pemphigoid and epidermolysis 

bullosa acquisita, antibodies are produced against hemidesmosomal proteins BP180/BP200/

BP320 and collagen VII self-antigens, respectively (Kasperkiewicz & Zillikens, 2007; Rose 

et al., 2007). These autoantibodies are deposited along the dermal epidermal junction and 

incite an inflammatory response that is dominated by granulocytes such as eosinophils and 

neutrophils. This reaction causes separation of the epidermis from the dermis and formation 

of blisters (Kasperkiewicz & Zillikens, 2007; Rose et al., 2007). Interestingly, bullous 

pemphigoid is one of the immune-related adverse reactions associated with immunotherapy 

(Kaunitz et al., 2017).

The fourth common theme was that at the peak of the adaptive immune response, in the 

regression tumors, most of the tumor mass were immune cells as indicated by size and 

morphology. Immune cell fragmentation was common and signals the wrapping up of the 

immune response (Tixeira et al., 2017). Overall there were signs of cell death for both the 

immune cells and melanoma cells. Additionally, in the regression tumor at its complete 

regression stage, the cellular composition and architecture of the remaining mass was 

reminiscent of the granulation phase of tissue repair.

The most striking difference between the two modes of regression was the presence of 

geographic necrosis after immunotherapy treatment. Edema was also more pronounced with 

immunotherapy. Overall, spontaneous regression appears to be a milder but effective 

immune response to cancer cells than immunotherapy-induced regression (Figure 6). 

Capturing the mechanisms responsible for the milder response and applying the mechanisms 

to immunotherapy treatment may increase therapeutic responders and/or reduce or eliminate 

immune-related adverse reactions. B cells and neutrophils may have a key role in this 

process.

Blenman et al. Page 8

Pigment Cell Melanoma Res. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE

As compared to the immunotherapy-induced regression, spontaneous regression appears 

to be a milder but effective immune response to cancer cells. Capturing the mechanisms 

responsible for the milder response and applying the mechanisms to immunotherapy 

treatment may increase drug responders and/or reduce or eliminate immune-related 

adverse reactions. B cells and neutrophils may have a key role in this process.

Blenman et al. Page 11

Pigment Cell Melanoma Res. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Spontaneous immunosurveillance. Representative histology is shown at low and/or high 

magnification. (A) H&E of human metastatic melanoma with plasma cell infiltration. Yellow 

arrows denote plasma cells. (B – O) C57BL/6J mice post-YUMMER1.7 implantation. At 12 

– 24 hrs., (B, C) GFP+ melanoma cells (nucleus+cytoplasmic+), (D) B220+ B cells, and (E, 

F) Ly6B.2+ neutrophils. At 5–6 days, (G, K) GFP+ melanoma cells (nucleus+cytoplasmic+) 

and antigen presenting cells (nucleus−/lowcytoplasmic+), (H, L) B220+ B cells (green stars 

denote plasmablasts and/or plasma cells), (I, J, M, N) Ly6B.2+ neutrophils, and (O) H&E of 

biopsy. Black arrows depict the area of the biopsy specimen that the row represents.
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Figure 2. 
Spontaneous adaptive immune response at Day 9–10 post-YUMMER1.7 implantation in 

C57BL/6J mice. Three regression phenotypes were identified: exclusive nonregression (A-

G), exclusive regression (H-N), and mixed regression (O-U). Representative histology is 

shown at low and/or high magnification. Exclusive nonregression phenotype includes (A) 

GFP+ melanoma cells (nucleus+cytoplasmic+), (B) B220+ B cells, and (C) Ly6B.2+ 

neutrophils. (D-F) Low magnification of GFP+ melanoma cells (nucleus+cytoplasmic+) with 

corresponding peri-tumor Ly6B.2+ neutrophils and F4/80+ macrophages, respectively. (G) 
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H&E of exclusive nonregression biopsy. Exclusive regression phenotype includes (H, K) 

GFP+ melanoma cells (nucleus+cytoplasmic+), (I, L) B220+ B cells, (J, M) Ly6B.2+ 

neutrophils, and (N) H&E of exclusive regression biopsy. Mixed regression consists of an 

area with nonregression (O-Q) and an area with regression (R-T). Mixed regression 

phenotype includes (O, R) GFP+ melanoma cells (nucleus+cytoplasmic+), (P, S) B220+ B 

cells (green stars denote plasmablasts and/or plasma cells), and (Q, T) Ly6B.2+ neutrophils. 

(U) H&E of mixed regression biopsy. Black arrows depict the area of the biopsy specimen 

that the row represents.
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Figure 3. 
Peak spontaneous adaptive immune response and complete spontaneous regression post-

YUMMER1.7 implantation in C57BL/6J mice. Representative histology at low and/or high 

magnification. At 15 days, (A, E) GFP+ melanoma cells (nucleus+cytoplasmic+), (B, F) 

B220+ B cells with signs of fragmentation, (C, G) Ly6B.2+ neutrophils, and (D, H) H&E of 

biopsy. At 20 days, (I, L) GFP+ melanoma cells (nucleus+cytoplasmic+), (J, M) B220+ B 

cells, (K, N) Ly6B.2+ neutrophils, and (O) H&E of biopsy.
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Figure 4. 
Response to anti-CTLA-4 immunotherapy Day 16 post-YUMMER1.7 implantation in 

C57BL/6J mice. Representative histology at low and/or high magnification. (A-C) H&E of 

full biopsy, tumor regression with necrosis (low magnification), and melanocyte cell death, 

respectively. (D) Ki-67+ proliferating cells. (E-H) B220+ B cells at low magnification and 

high magnification (intra-tumor (plasmablasts and/or plasma cells), peri-tumor, and 

surrounding a vessel, respectively). (I-L) Ly6B.2+ neutrophils at low magnification and high 

magnification with low, moderate, and high density, respectively. (M-O) Neutrophil 

extracellular traps (NETs)-like formations (turquoise arrows denote DNA fiber networks). 

(P) Eosinophils (denoted by black arrows).
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Figure 5. 
Response to anti-PD-1 or combination anti-CTLA-4 with anti-PD-1 immunotherapy Day 16 

post-YUMMER1.7 implantation in C57BL/6J mice. Representative histology at low and/or 

high magnification. Anti-PD-1 (A-D) and combination (E-J) phenotypes includes (A, E) 

H&E of full biopsy, (B, F) Ki-67+ proliferating cells, (C, G) B220+ B cells, and (D, H) 

Ly6B.2+ neutrophils. (I) Neutrophil extracellular traps (NETs)-like formation DNA fiber 

networks (turquoise arrows). (J) Mixture of intra-tumor small and large size B220+ B cells 

around a vessel.
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Figure 6. 
Summary of the kinetics of regression phenotypes. NonReg = Nonregression, Reg = 

regression. 1Base characteristics that are carried through all subsequent time points.
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