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Background: The role of tumor-associated B cells in human cancer is only starting to emerge. B cells typically undergo a series of developmental changes in phenotype and function, however, data on the composition of the B cell population in human melanoma are largely absent including changes during tumor progression and their potential clinical significance.

Methods: In this study, we compared the number and distribution of six major B cell and antibody secreting cell subpopulations outside tertiary lymphoid structures in whole tumor sections of 154 human cutaneous melanoma samples (53 primary tumors without subsequent metastasis, 44 primary tumors with metastasis, 57 metastatic samples) obtained by seven color multiplex immunohistochemistry and automated tissue imaging and analysis.

Results: In primary melanomas, we observed the highest numbers for plasmablast-like, memory-like, and activated B cell subtypes. These cells showed a patchy, predominant paratumoral distribution at the invasive tumor-stroma margin. Plasma cell-like cells were hardly detected, germinal center- and transitional/regulatory-like B cells not at all. Of the major clinicopathologic prognostic factors for primary melanomas, metastasis was associated with decreased memory-like B cell numbers and a higher age associated with higher plasmablast-like cell numbers. When we compared the composition of B cell subpopulations in primary melanomas and metastatic samples, we found a significantly higher proportion of plasma cell-like cells at distant metastatic sites and a higher proportion of memory-like B cells at locoregional than distant metastatic sites. Both cell types were detected mainly in the para- and intratumoral stroma.

Conclusion: These data provide a first comprehensive and comparative spatiotemporal analysis of major B cell and antibody secreting cell subpopulations in human melanoma and describe metastasis-, tumor stage-, and age-associated dynamics, an important premise for B cell-related biomarker and therapy studies.
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INTRODUCTION

The tumor immune microenvironment critically regulates tumor initiation, progression and response to therapy (reviewed in Binnewies et al., 2018). Though B cells constitute a significant part of this microenvironment, the exploration of their role in human cancer has just begun (reviewed in Fridman et al., 2021).

Syngeneic mouse cancer models have shown that tumor-associated B cells (TAB) and antibody secreting cells (ASC), such as plasmablasts, can promote tumor progression (de Visser et al., 2005; Ammirante et al., 2010) and inhibit (Affara et al., 2014; Shalapour et al., 2015, 2017; Gunderson et al., 2016) but also support anti-tumor T cell-dependent therapy responses (Lu et al., 2020). In melanoma, syngeneic mouse models revealed both pro- as well as anti-tumorigenic effects of B cells (reviewed in Fremd et al., 2013), while advanced models such as genetically engineered mouse models or xenotransplantation models suffer from inadequate tumor infiltration by B cells or other immune cells of the tumor microenvironment (Hooijkaas et al., 2012). These data underline the importance of studies in human tissue samples.

In human melanoma, phenotypic analysis showed that the tumor microenvironment contains CD20+ TAB (reviewed in Ladányi, 2015) and CD138+ or IgA+CD138+ ASC, which are primarily found at the invasive tumor-stroma margin (Erdag et al., 2012; Bosisio et al., 2016; Griss et al., 2019). However, existing data on their impact on disease progression and outcome are inconsistent. Initial studies on the association of TAB numbers in primary human melanomas with patient survival employed CD20-immunostaining and reported on higher numbers in histological subtypes with a worse prognosis (Hillen et al., 2008) or on the association of higher percentages of CD20+ TAB within tumor-infiltrating lymphocytes with a worse patient prognosis (Martinez-Rodriguez et al., 2014). These data were supported by observations from melanoma metastases where a 7-marker protein signature, including CD20, negatively predicted overall and recurrence-free patient survival (Meyer et al., 2012). Also in other human cancer types, including ductal carcinoma in situ of the breast, pancreatic ductal carcinoma and non-small cell lung, colorectal, oral hypopharynx, prostate and metastatic ovarian cancers, reports do exist that correlate infiltration with CD20+ or CD19+ TAB with poor patient disease outcome, tumor recurrence and/or progression (reviewed in Mohammed et al., 2013; Woo et al., 2014; Dong et al., 2006; Wouters and Nelson, 2018).

These studies, however, are contrasted by several other independent reports showing higher numbers or densities of CD20+ TAB to be associated with improved patient survival, such as in melanoma metastases (Erdag et al., 2012) and primary cutaneous melanomas (Ladányi et al., 2011; Garg et al., 2016). These data are in line with reports from other human cancer types, including (triple-negative) inflammatory breast, epithelial and high-grade serous ovarian, non-small cell lung, early cervical squamous cell, metastatic colorectal, gastric, hepatocellular, pancreatic ductal, esophageal, biliary tract, muscle invasive bladder, oral hypopharynx, tongue squamous cell cancers, soft tissue sarcoma and mesothelioma, where high intratumoral CD20+ or CD19+ TAB numbers or densities alone or sometimes together with CD3+ or CD8+ T cells are associated with a favorable disease outcome (Linnebacher and Maletzki, 2012; Bindea et al., 2013; Lao et al., 2016; Schwartz et al., 2016; Wouters and Nelson, 2018; Helmink et al., 2020; Fridman et al., 2021).

In studies including additional expression of CD138, a marker associated with plasma cell differentiation, high CD20 together with CD138 expression correlated with a higher tumor grade in epithelial ovarian cancer and immune cell-associated CD138 expression alone with poorer overall and cancer-specific patient survival (Lundgren et al., 2016). Similarly, infiltration of CD20+ TAB with CD138 expression into primary operable ductal invasive breast cancer was associated with poorer cancer-specific survival (Mohammed et al., 2013) and plasma cell enrichment in G1/2 papillary/acinar adenocarcinomas described as an independent negative prognostic factor (Kurebayashi et al., 2016). In contrast, a favorable prognostic effect was described for CD138+ cell infiltration in colorectal, esophageal and gastric cancers (reviewed in Wouters and Nelson, 2018; Fridman et al., 2021). In human melanoma metastases, increased CD138+ plasma cell counts showed a trend to better patient survival (Erdag et al., 2012) and patients with primary melanomas of > 2 mm in thickness and enriched for sheets/clusters of CD138+ IgA-expressing plasma cells had a worse overall survival. In contrast, plasma cell-sparse melanomas had a significantly better survival than plasma cell-rich tumors and a trend toward a better survival than plasma cell-negative tumors (Bosisio et al., 2016).

Together, these data clearly pinpoint the presence of TAB and ASC in different human cancers, cancer subtypes and tumor stages, but indicate that these B cells may play varied roles. An attractive hypothesis for the varied roles of B cells is the presence of different TAB and ASC subpopulations. However, such data are lacking, mainly because of the limited ability to apply complex marker combinations required to identify such B cell phenotypes. We have recently shown that B cells from human melanoma are not only essential to sustain inflammation and CD8+ T cell numbers in the tumor microenvironment but also can directly augment T cell activation by immune checkpoint blockade (Griss et al., 2019). We were also the first to report increased B cell numbers to predict improved response and survival of melanoma patients receiving immune checkpoint blockade. These data were most recently supported and extended by independent analyses of melanoma tertiary lymphoid structures (TLS), where tumor-associated B cells are thought to be educated (Cabrita et al., 2020; Helmink et al., 2020). Together, these and our studies describe B cells to play an unexpected essential role in T cell-based anti-tumor immunity and the responsible B cell phenotypes to typically having undergone antigen-dependent activation and class switch recombination (Griss et al., 2019; Helmink et al., 2020). Despite their presumably high relevance for anti-tumor immune responses and immunotherapeutic strategies, data on the presence of these B cell subpopulations and their distribution in human melanoma are mostly missing so far.

Here we present a systematic comparative spatiotemporal analysis for six different antigen-experienced B cell and antibody secreting cell subpopulations in a series of 154 human melanoma samples. Using seven color multiplex immunohistochemistry and automated tissue imaging and analysis of whole tumor sections (Griss et al., 2019), we detected metastasis-, tumor stage-, and age-associated dynamics in the composition of these subpopulations.



MATERIALS AND METHODS


Patient Cohorts

Whole tissue sections were obtained from cutaneous primary melanomas of caucasian patients who underwent surgery between 2002 and 2016 at the Cantonal Hospital Baselland, Liestal, Switzerland, and between 2004 and 2020 at the Department of Dermatology, Medical University of Graz, Austria. Tumor samples from Graz were provided by the Biobank Graz of the Medical University. All tumors were obtained with informed patients’ consent and the pathology files retrieved as approved by the local Ethics Committees (EKNZ vote BASEC 2016-01499 for Liestal; 32-238 ex 19/20 for Graz).

Histological diagnoses were made by board-certified pathologists from the Cantonal Hospital Baselland, Liestal, and board-certified dermatologists at the Department of Dermatology, Medical University of Graz, in some cases together with external board-certified pathologists. Diagnoses were reviewed by two authors of this study, a board-certified pathologist (KM) and a board-certified dermatologist (SW). The respective clinicopathologic information was recorded in Tables 1, 2. As desmoplastic melanomas show a distinct clinical behavior, they were not included into this study (Lens et al., 2005).


TABLE 1. Clinical and histopathological summary of melanoma patients with primary tumors without subsequent metastasis.
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TABLE 2. Clinical and histopathological summary of melanoma patients with primary tumors with subsequent metastasis.

[image: Table 2]The cohort included 97 patients with primary cutaneous melanoma, aged between 19 and 93 years at the time of first diagnosis. 53 patients presented without metastasis within a follow-up of a maximum 194 months interval (mean: 84 months, Table 1). 44 patients developed metastasis within a follow-up of a maximum 231 months interval (mean: 54 months, Table 2). From 10 of the latter patients, additional 16 metastatic samples were collected at the time of first diagnosis. These early metastatic samples almost exclusively consisted of locoregional skin and clinically detectable (macroscopic) nodal metastases, where tumor deposits had completely replaced lymph node tissue or could be histologically clearly separated from remains of the lymphatic tissue.

None of these patients received local or systemic antitumor treatment before surgery of the primary tumor.



Seven Color Multiplex Immunohistochemical Staining for TAB and ASC Subpopulations

Tumor tissue analysis and read-out were approved by the Ethics Committee of the Medical University of Vienna (ethics vote 1999/2019). Four micrometer sections from formalin-fixed paraffin-embedded blocks were used. Staining parameters for each primary antibody were optimized using human tonsil tissue and representative study samples. The complete multiplex immunostaining procedure was designed as previously described (Carstens et al., 2017; Gorris et al., 2018; Griss et al., 2019). Antibodies used in stainings were against: CD19 (1:250 dilution, Abcam, clone EPR5906, catalogue number #134114), CD20 (1:2000, Agilent, clone L26, M0755), CD38 (1:450, Agilent, clone AT13/5, M7077), CD138 (1:450, Agilent, clone MI15, M7228), CD27 (1:500, Abcam, clone EPR8569, #ab 131254), CD5 (1:500, Novocastra, clone 4C7, CD5-4C7-L-CE).

Tissue sections were subjected to six rounds of immunohistochemical staining after dewaxing. Each round of staining started with a 30 min heat-induced antigen retrieval step with either citrate buffer (pH 6.0) or Tris-EDTA buffer (pH 9.0), respectively, a subsequent 30 min fixation step with neutral 7.5% formaldehyde (SAV Liquid Production) and a 15 min blocking step using 20% normal goat serum (Agilent, X0907), followed by successive incubations with primary antibody, biotinylated anti-mouse or -rabbit secondary antibody, Streptavidin-HRP (Dako, K5003) and Opal fluorophore dye (Akoya Biosciences). Each antibody was assigned to one of the fluorophores Opal 520, Opal 540, Opal 570, Opal 620, Opal 650, and Opal 690 (Akoya; FP1487001KT, FP1494001KT, FP1488001KT, FP1495001KT, FP1496001KT and FP1497001KT) diluted in 1X Plus Amplification Diluent (Akoya, FP1498). After six rounds of antibody stainings, nuclei were counterstained with DAPI (Akoya, FP1490) and slides mounted with PermaFluor fluorescence mounting medium (Thermo Fisher Scientific, TA-030-FM). Stainings with single primary antibodies were run in parallel to control for false positive (incomplete stripping of antibody-tyramide complexes) and false negative results (antigen masking by multiple antibodies, “umbrella-effect”) as well as for spillover effects (detection of fluorophores in adjacent channels) as described by us before (Griss et al., 2019). Reproducibility was controlled by a reference slide in each run, antibody batches were not changed in this study. Negative controls included concentration-matched isotype stainings and stainings without primary antibodies (Kaufman et al., 2013). To detect CD19low plasma cell-like ASC, the concentration of the primary anti-CD19 antibody was adapted to allowing for detection of cellular patterns and frequencies obtained by CD138+ pooled IgA/IgG+ stainings on human tonsil and melanoma (Griss et al., 2019).



Automated Acquisition and Quantification of TAB and ASC Subpopulations

Multiplexed slides of the whole tumor sections were scanned on a Vectra 3 Automated Quantitative Pathology Imaging System (version 3.0.5., Akoya) and, after spectral unmixing, analyzed with inForm® Tissue FinderTM (version 2.4.1, Akoya) as described (Carstens et al., 2017; Gorris et al., 2018; Griss et al., 2019). An unstained representative tumor section was used to determine autofluorescence. Tumor areas with closely packed clusters of lymphoid cells (e.g., TLS) did not allow for an unambiguous allocation of fluorophore signals to a single cell and were excluded from our analysis as were tumor areas of ulceration. If any, remaining lymphatic tissue in early locoregional nodal metastases was also excluded.

We identified TAB and ASC subpopulations in whole tumor sections by differential CD19, CD20, CD38, CD138, CD27 and CD5 expression as described by us before (Griss et al., 2019): (i) CD19+ CD20– CD38+ CD138– as plasmablast-like, (ii) CD19+ CD20– CD138+ as plasma cell-like, (iii) CD19+ CD20+ CD38– CD138– CD27var as memory-like B cells, (iv) CD20+ CD38+ CD138– CD5– as germinal center-like B cells, (v) CD19+ CD20– CD38– CD138– CD27+ as activated B cells, (vi) CD20+ CD19– CD138– CD5+ as transitional/regulatory-like B cells and (vii) other cells (Figure 1). The CD19 staining was optimized for detection of CD19low plasma cell-like cells (see above) and these cells could be detected at significant numbers, still they may be slightly underrepresented. As expression of CD27 can be downregulated on tumor-infiltrating B cells (Nielsen et al., 2012; Hegde et al., 2016), also activated B cells may be underrepresented. All phenotyping and subsequent quantifications were performed blinded to the sample identity.
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FIGURE 1. Detection of TAB and ASC subpopulations in human melanoma. (A) Marker combinations used to identify TAB and ASC subpopulations by seven color multiplex immunostaining. Identification of (B) a CD19+CD20+CD27+ memory-like TAB and (C) a CD19+CD38+CD138+ plasma cell-like ASC. Serial images for the different markers: positive markers are given in the upper row; composite images of positive markers are given in the middle row, together with DAPI nuclear staining in the middle right; negative markers are given in the lower row. Arrows depict the same cell being representative for the respective TAB and ASC subpopulation. Scale bars represent 50 μm.




Statistical Analysis

Cell-level data (i.e., intensities per channel for the cell compartments “membrane,” “cytoplasm” and “nucleus”) were exported from inForm® Tissue FinderTM as text files and processed using R (version 4.0.3). Intensity thresholds were manually adjusted after manual inspection of every slide. Based on these thresholds, markers were defined as positive or negative and cells assigned to specific phenotypes based on the above marker combinations.



RESULTS


Experimental Strategy

TAB in primary human melanomas show a rather patchy and inhomogeneous infiltration pattern with sometimes predominant paratumoral, intratumoral or mixed distribution (Garg et al., 2016). We therefore decided to analyze whole tissue sections of 154 human cutaneous melanoma samples from four different cohorts representing different stages of melanoma progression by seven color multiplex immunohistochemistry and automated tissue imaging and analysis for the presence and distribution of six different B cell subpopulations (activated, memory-like, germinal center-like and transitional/regulatory-like TAB as well as plasmablast-like and plasma cell-like ASC) outside TLS.

We first determined the absolute frequencies of each TAB and ASC subpopulations in tumor samples from 97 primary human melanomas and their association with the most important categorical clinicopathologic parameters.

For an association with disease progression, we compared the composition of the TAB/ASC population in primary tumor samples to that in 16 early locoregional and 41 late distant melanoma metastases. Data for the composition of the TAB/ASC population at distant metastatic samples were taken from own published data that have been collected with exactly the same staining, imaging and analysis approach in melanoma skin metastases (Griss et al., 2019).



Frequencies of Distinct B Cell and Antibody Secreting Cell Subpopulations in Primary Melanomas Are Associated With Prognostic Clinicopathologic Parameters

In line with previous reports on CD20+ TAB (Garg et al., 2016), TAB and ASC subpopulations showed a rather patchy, predominant paratumoral distribution at the invasive tumor-stroma margin and sometimes an intratumoral as well as a mixed intratumoral and paratumoral infiltration pattern. We therefore decided to use whole tumor sections to stain 97 cutaneous primary human melanomas samples for the presence of six different B cell subpopulations outside TLS. We found TAB and ASC subpopulations in 65 of 97 primary melanoma samples (67%, Table 3). These subpopulations could be classified as activated and memory-like TAB as well as plasmablast-like and plasma cell-like ASC (Figure 1). Germinal center-like and transitional/regulatory-like TAB were not detected. Frequencies were highest for plasmablast-like ASC, followed by memory-like and activated TAB subpopulations. Plasma cell-like ASC were detected only at very low numbers (Table 3).


TABLE 3. Summary of multiplex immunohistochemistry staining results in primary melanoma samples.

[image: Table 3]We then compared primary melanoma samples for metastasis, the single most important prognostic factor for melanoma patients, and observed that primary melanomas with metastasis contained a lower number of TAB and ASC containing tumors than primary melanomas without metastasis (Table 3 and Figure 2). Primary tumors with subsequent metastasis contained significantly less memory-like TAB (mean 5.9 ± 14.5 vs. 2.7 ± 9.5 cells/mm2, p = 0.02, CI 95% = –0.75 to 0, Bonferroni corrected Wilcoxon Rank Sum test) and a trend toward a decreased frequency of plasmablast-like cells (mean 7.7 ± 18.3 vs. 2.5 ± 6.5, p = 0.17, CI 95% = –0.41 to 0, Bonferroni corrected Wilcoxon Rank Sum test) compared to tumor samples without metastasis (Table 3 and Figure 2).
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FIGURE 2. The frequencies (cells/mm2) of four different TAB and ASC subpopulations in primary human melanomas and their association with metastasis. Box plots comparing primary tumors that did not metastasize (Non-met.) within a mean follow-up of 84 months vs. those that metastasized (Met.) with a mean follow-up of 54 months. FDRs are 0.02 for memory-like TAB and 0.17 for plasmablast-like ASC. In boxplots lower and upper hinges correspond to first and third quartiles and center lines to medians. Upper whiskers extend to the largest value within 1.5 times the interquartile range. Outliers are shown as black circles. ∗p ≤ 0.05.


When we stratified primary melanoma samples for other prognostically important categorical clinicopathologic parameters, we found primary tumor samples from patients with higher age (above the median of 68 years) to contain significantly higher frequencies of plasmablast-like ASC (mean 9.4 ± 20 vs. 2.0 ± 5.3 cells/mm2; p = 0.05, CI 95% = 0 to 1.3, Bonferroni corrected Wilcoxon Rank Sum test), but not for the other three TAB and ASC subpopulations (Figure 3). Differences for Breslow depth, ulceration and sex were not found (Figure 3).


[image: image]

FIGURE 3. The frequencies (cells/mm2) of four different TAB and ASC subpopulations in primary human melanomas and their association with categorial prognostic clinicopathologic parameters. Box plots comparing primary tumors with and without ulceration, with increasing Breslow depths, for sex and age (from top to bottom). FDR is 0.05 for plasmablast-like ASC and age (median = 68 years). In boxplots lower and upper hinges correspond to first and third quartiles and center lines to medians. Upper whiskers extend to the largest value within 1.5 times the interquartile range. Outliers are shown as black circles. *p ≤ 0.05.


The increased frequency of plasmablast-like ASC in primary melanomas of patients with higher age was somewhat surprising in view of the reported decrease of mature B cell numbers with age (reviewed in Crooke et al., 2019). We therefore screened each individual tumor sample for the frequency of plasmablast-like ASC and found a small subgroup of primary melanomas with considerably high frequencies. When we then compared the top 10% primary melanomas with highest frequencies of plasmablast-like ASC (n = 10) vs. the rest of tumor samples, we found this subgroup significantly driven by higher age and—to a minor degree—by higher Breslow depth (p < 0.01 and p = 0.09, respectively, ANCOVA), but not by sex or the presence of ulceration.

Thus, a decreased frequency of memory-like TAB is associated with metastasis of primary melanomas and an increased frequency of plasmablast-like cells with higher age.



Frequencies of Distinct B Cell and Antibody Secreting Cell Subpopulations Are Associated With Different Stages of Melanoma Disease

We next hypothesized that the observed changes in the frequency of TAB and ASC subpopulations with metastasis may also give a hint on changes in the frequency or composition of TAB and ASC subpopulations in further stages of melanoma progression. We thus compared primary tumors with locoregional and distant metastatic tumor sites.

Therefore, an additional 16 early locoregional metastases were stained by multiplex immunohistochemistry for TAB and ASC subpopulations. In nodal tumor samples, tumor deposits had completely replaced lymph node tissue or could be histologically clearly separated from the remaining lymphatic tissue. In the rare cases where some lymphatic tissue was left, we also observed infiltration of the subcapsular region. In tumor samples from early locoregional metastases, TAB and ASC subpopulations were detected primarily in stromal septa within the tumor and paratumorally at the invasive tumor-stroma margin, a pattern comparable to that reported previously for distant metastatic sites (Griss et al., 2019).

To compare these data from primary tumors and early locoregional metastatic sites with those from late distant metastatic sites, we used our own published data that had been generated in distant melanoma metastases by exactly the same staining, imaging and analysis approach (Griss et al., 2019). This data set provides relative frequencies of exactly the same TAB and ASC subpopulations and we compared these to the relative frequencies obtained in the present study. To allow analysis for the several TAB and ASC subpopulations within individual tumor samples, we included into this comparison tumor samples with only ≥50 B cell counts as determined by CD20- and/or CD19-immunoreactivity (for sample numbers see legend Figure 4).


[image: image]

FIGURE 4. Composition (relative frequencies) of four different TAB and ASC subpopulations in different stages of human melanoma disease. Box plots comparing primary tumors that did not metastasize (PT non-met., n = 22) with primary tumors that metastasized (PT met., n = 14), early locoregional metastatic sites (Met. local, n = 15) and late distant metastatic sites (Met. distant, n = 33). FDRs (adjusted) for memory-like TAB at early locoregional metastatic sites are 0.08 and 0.001 compared to primary tumors that metastasized and late distant metastatic sites, respectively. FDRs (adjusted) for plasma cell-like ASC at late distant metastatic sites are < 0.001 compared to primary tumors that did not metastasize, and 0.001 compared to both primary tumors that metastasized as well as early locoregional metastatic sites. In boxplots lower and upper hinges correspond to first and third quartiles and center lines to medians. Upper whiskers extend to the largest value within 1.5 times the interquartile range. Outliers are shown as black circles. ∗∗p < 0.01, ∗∗∗p < 0.001.


While the relative counts for activated TAB did not change between primary tumors, locoregional and distant metastatic sites, we observed significant changes for memory-like TAB and plasma cell-like ASC (Bonferroni corrected p < 0.01 for both, Kruskal-Wallis Test). Memory-like TAB at locoregional metastatic sites showed comparable relative counts to primary tumors that did not metastasize but were increased compared to primary tumors with subsequent metastasis and distant metastatic sites (Bonferroni corrected p = 0.08 and p < 0.001, CI 95% –0.46 to –0.02 and 0.19 to 0.46, respectively, Wilcoxon rank sum test) (Figure 4). Plasma cell-like ASC exhibited highest relative counts at distant metastatic sites, these counts were significantly higher than in primary tumors and locoregional metastases (Bonferroni corrected p < 0.01 for both, CI 95% –0.47 to –0.17, –0.4 to –0.14, respectively, Wilcoxon rank sum test, Figure 4).

Thus, during disease progression memory-like TAB show highest frequencies at early locoregional metastatic sites whereas plasma cell-like ASC preferentially accumulate at late distant metastatic sites.



DISCUSSION

TAB and ASC occur in many human cancers but may play varied functional roles dependent on cancer type, genetic and histological subtypes and tumor stages. There is now substantial data that B cells may play an essential role in T cell-based anti-tumor immunity in human melanoma (Griss et al., 2019; Cabrita et al., 2020) by sustaining inflammation and CD8+ T cell numbers in the tumor microenvironment and directly augmenting T cell activation by immune checkpoint blockade (Griss et al., 2019). While different TAB and ASC subtypes have been suggested to exert these immunostimulatory functions, reported candidate subtypes are typically antigen-activated and somatically recombined (Griss et al., 2019; Helmink et al., 2020). Beside activated TAB, such subtypes include germinal-center and memory B cells as well as plasmablasts and plasma cells and we have now performed a systematic analysis for the presence of these TAB and ASC subtypes in human melanoma samples comprising different stages of tumor progression. Using seven color multiplex immunohistochemistry and an automated tissue imaging and analysis approach, we identified (i) in primary melanomas highest numbers for plasmablast-like ASC, followed by memory-like and activated TAB, whereas plasma cell-like ASC were detected at comparably very low numbers; (ii) high frequencies of plasmablast-like ASC in primary melanomas to be driven by higher age and, to a lesser extent, by Breslow depth; (iii) an association of metastasis of primary melanomas with decreased counts of memory-like TAB; and (iv) increased relative frequencies for memory-like TAB at locoregional metastatic sites and a preferential enrichment for plasma cell-like ASC at distant metastatic sites.

Activated and memory-like TAB as well as plasmablast- and plasma cell-like ASC have been described by us before in distant human metastatic lesions and this study now confirms their presence also in regional metastatic and in primary melanoma sites. Similar to their distribution in distant metastases, TAB and ASC subpopulations in regional metastases were present in stromal septa within the tumor and at the invasive tumor stroma margin. In primary tumors, TAB and ASC subpopulations showed a rather patchy, predominant paratumoral distribution at the invasive tumor-stroma margin and sometimes an intratumoral as well as a mixed intratumoral and paratumoral infiltration pattern. These patterns are comparable to those reported previously for CD20+ B cells in primary melanomas and other cancer types (Bindea et al., 2013; Garg et al., 2016). Also similar to CD20+ TAB, the frequencies of distinct TAB and ASC subpopulations in primary human melanomas did not correlate with tumor thickness and ulceration, but with decreased metastasis (Garg et al., 2016). Thus our study further supports the meanwhile prevailing view of an anti-tumorigenic role of B cells in primary human melanoma (reviewed in Fridman et al., 2021) and provides the first evidence for diminution of a distinct TAB subpopulation, namely memory-like B cells in primary tumors with documented metastasis. Memory B cells are critical to the induction of adaptive B cell responses not only to foreign but also to tumor antigens (Seifert and Küppers, 2016). A recent report has highlighted their potential therapeutic role in metastatic human melanoma where memory B cells have been associated with TLS (Helmink et al., 2020) and, together with other antigen-experienced and somatically recombined TAB and ASC subpopulations, linked to response of metastatic disease to immune checkpoint blockade (Griss et al., 2019; Cabrita et al., 2020; Helmink et al., 2020). The demonstrated detection of this B cell subpopulation particularly in TLS of metastatic locoregional nodal sites (Helmink et al., 2020) is also in line with our observation of increased memory-like TAB counts at locoregional sites, which consisted mainly of lymph nodes in our study cohort.

Plasmablast-like cells showed the highest frequency of TAB and ASC subpopulations in primary melanomas. These frequencies, however, were mainly driven by a subgroup of melanoma patients with increased age and Breslow depth. Human B cell populations are known to change quantitatively and qualitatively with increasing age and these changes have a clear impact on anti-tumor immune cell functions, best documented by the increased cancer susceptibility of older adults. In contrast to switched memory B cells, naive B cells and unswitched mature B cells in peripheral blood significantly decrease with age, a phenomenon that is linked to intrinsic mechanisms like decreased mRNA stability of transcription factor E47, which results in decreased induction of activation-induced cytidine deaminase and impaired ability to undergo class switch recombination and antibody secretion (Frasca et al., 2011). These intrinsic mechanisms are complemented by additional extrinsic factors such as defects in T cell help to B cells or increased numbers of regulatory T cells in the peripheral blood (Wagner et al., 2018) as well as structural and functional changes in secondary lymphoid organs of the elderly (reviewed in Crooke et al., 2019). All these intrinsic and extrinsic factors argue against B cell maturation within germinal centers of secondary or tertiary lymphoid structures as a mechanism underlying the increased frequencies of plasmablast-like ASC in a subgroup of primary melanomas. In line with this assumption, we could hardly detect any mature TLS in hematoxylin & eosin or multiplex immunohistochemical stains in this subgroup (own unpublished data). An alternative source for plasmablasts in primary melanomas could be the B1 cell population which can differentiate into short lived IgM + plasmablasts outside germinal centers. Though B1 cells also undergo age-associated changes such as a decrease of numbers in peripheral blood, sub-analyses have shown that with advancing age spontaneous antibody secretion by B1 cells is modified, but not necessarily reduced in terms of the number of IgG-secreting B1 cells and the amount of IgM secretion per cell (Rodriguez-Zhurbenko et al., 2019). B1 cells express substantial levels of the transcription factor BLIMP1, which decrease with age, and of the transcription factor PAX5, which increase with age (Rodriguez-Zhurbenko et al., 2019). As high BLIMP1 levels are required particularly for plasma cell differentiation, one is tempting to speculate that the reduced BLIMP1 levels at higher age could still be sufficient to induce plasmablasts which need significantly less BLIMP1 for differentiation (Nutt et al., 2015). Consistently, the subgroup of primary melanomas with highest numbers of plasmablast-like ASC did not contain somehow comparable numbers of plasma cell-like ASC. Furthermore, recent mouse data indicate that Pax5 downregulation is not required for plasmablast development but is rather essential for accumulation and optimal IgG secretion of long-lived plasma cells with progressing age (Crooke et al., 2019; Liu et al., 2020).

CD138+ IgA+ plasma cells have been described in human primary melanomas particularly of >2 mm in thickness, where plasma cell-rich tumors—as identified by staining for CD138—had a worse overall survival than plasma-sparse ones (Bosisio et al., 2016). Consistent with our data, both CD138+ and CD138+ IgA+ plasma cells were detected in only a small number of primary melanomas from two independent cohorts (Bosisio et al., 2016). While we could not address an association with overall survival in our study, numbers of plasma cell-like ASC in our study could be associated neither with metastasis nor with prognostic markers such as Breslow depth or the presence of ulceration as reported for CD138+ plasma cells (Bosisio et al., 2016). This may be due to the smaller sample size in our study, particularly of tumors with >2mm in thickness, and/or due to different staining and tissue evaluation approaches. These include the usage of multiple markers vs. a single marker for detection of plasma cells. While staining for CD138 alone, which is not exclusively expressed on plasma cells, may have led to overestimation of cell numbers, we cannot exclude a slight underestimation in our study, though we have optimized our CD19 immunostaining approach for detection of CD19low plasma cell-like cells. Additional differences are the evaluation of whole tissue samples vs. selected tissue areas and the use of a quantitative automated read-out vs. application of a semiquantitative visual scoring system. Interestingly, the rather low number of plasma cell-like ASC at primary melanoma sites was paralleled by a low number in locoregional metastatic sites but contrasted by a significant enrichment at distant metastatic sites, which comprised skin metastases in our study cohort. An attractive explanation for this observation may provide the reported neogenesis of TLS particularly in human melanoma skin metastases (Cipponi et al., 2012) together with the recent reports on an association of mature TLS (Cabrita et al., 2020; Helmink et al., 2020; Petitprez et al., 2020) with clonal B cell expansion, increased B cell receptor diversity and higher numbers of plasmablasts/plasma cells (Cabrita et al., 2020; Helmink et al., 2020). While some earlier reports describe the presence of TLS-associated cell types such as high endothelial venules (Dieu-Nosjean et al., 2008) and LAMP3+ mature dendritic cells (Ladányi et al., 2007) in primary human melanomas, a systematic analysis of numbers, areas, localization and maturation states of TLS at different tumor stages is still lacking.



CONCLUSION

Together, this study significantly widens the knowledge of the spectrum of B cell subpopulations and their spatiotemporal dynamics in human melanoma. Our data show a rather inhomogeneous distribution along different stages of human melanoma progression with numbers of memory-like TAB which decrease in primary melanomas that metastasize, but increase at locoregional metastatic sites, and with numbers of plasma cell-like ASC which increase at distant metastatic sites. These variations may have important implications for the biology of human melanoma as well as for the development of B cell-related biomarker and therapy studies.



DATA AVAILABILITY STATEMENT

Datasets generated for this study are available to any qualified researcher on request to the corresponding author, without undue reservation.



ETHICS STATEMENT

The patients/participants provided their written informed consent to tumor sample collection. Tumor sample collection and the studies involving these tumor samples were reviewed and approved by the Ethikkommission Nordwest- und Zentralschweiz (vote BASEC 2016-01499) and the Ethikkommission der Medizinischen Universität Graz (32-238 ex 1103 19/20). Tumor tissue analysis and read-out was additionally approved by the Ethics Committee of the Medical University of Vienna (ethics vote 1999/2019).



AUTHOR CONTRIBUTIONS

JG and SW: conception and design. ER, KM, MC, MS, and SW: clinical data collection and assembly, patient materials. MC, FW, CW, MS, and SW: multiplex immunostaining, automated imaging acquisition, and data read out. JG: statistics. All authors contributed to the manuscript writing and final approval of the manuscript.



FUNDING

This work received support from the Austrian Science Fund (FWF) Project P30325-B28 and IPPTO Project No. DOC 59-B33 to SW.



ACKNOWLEDGMENTS

We thank Lorenzo Cerroni, Alexandra Rodlauer-Kriegl, Ariane Aigelsreiter, Vivien Kriegl, and Monika Weiss for searching, providing or processing human tumor samples and the respective clinicopathologic information. Parts of the tumor samples used in this project have been provided by the Biobank Graz of the Medical University of Graz, Austria.



REFERENCES

Affara, N. I., Ruffell, B., Medler, T. R., Gunderson, A. J., Johansson, M., Bornstein, S., et al. (2014). B cells regulate macrophage phenotype and response to chemotherapy in squamous carcinomas. Cancer Cell 25, 809–821. doi: 10.1016/j.ccr.2014.04.026

Ammirante, M., Luo, J.-L., Grivennikov, S., Nedospasov, S., and Karin, M. (2010). B-cell-derived lymphotoxin promotes castration-resistant prostate cancer. Nature 464, 302–305. doi: 10.1038/nature08782

Bindea, G., Mlecnik, B., Tosolini, M., Kirilovsky, A., Waldner, M., Obenauf, A. C., et al. (2013). Spatiotemporal dynamics of intratumoral immune cells reveal the immune landscape in human cancer. Immunity 39, 782–795. doi: 10.1016/j.immuni.2013.10.003

Binnewies, M., Roberts, E. W., Kersten, K., Chan, V., Fearon, D. F., Merad, M., et al. (2018). Understanding the tumor immune microenvironment (TIME) for effective therapy. Nat. Med. 24, 541–550. doi: 10.1038/s41591-018-0014-x

Bosisio, F. M., Wilmott, J. S., Volders, N., Mercier, M., Wouters, J., Stas, M., et al. (2016). Plasma cells in primary melanoma. Prognostic significance and possible role of IgA. Mod. Pathol. 29, 347–358. doi: 10.1038/modpathol.2016.28

Cabrita, R., Lauss, M., Sanna, A., Donia, M., Skaarup Larsen, M., Mitra, S., et al. (2020). Tertiary lymphoid structures improve immunotherapy and survival in melanoma. Nature 577, 561–565. doi: 10.1038/s41586-019-1914-8

Carstens, J. L., Correa de Sampaio, P., Yang, D., Barua, S., Wang, H., Rao, A., et al. (2017). Spatial computation of intratumoral T cells correlates with survival of patients with pancreatic cancer. Nat. Commun. 8:15095. doi: 10.1038/ncomms15095

Cipponi, A., Mercier, M., Seremet, T., Baurain, J.-F., Théate, I., van den Oord, J., et al. (2012). Neogenesis of lymphoid structures and antibody responses occur in human melanoma metastases. Cancer Res. 72, 3997–4007. doi: 10.1158/0008-5472.CAN-12-1377

Crooke, S. N., Ovsyannikova, I. G., Poland, G. A., and Kennedy, R. B. (2019). Immunosenescence and human vaccine immune responses. Immun. Ageing 16:25. doi: 10.1186/s12979-019-0164-9

de Visser, K. E., Korets, L. V., and Coussens, L. M. (2005). De novo carcinogenesis promoted by chronic inflammation is B lymphocyte dependent. Cancer Cell 7, 411–423. doi: 10.1016/j.ccr.2005.04.014

Dieu-Nosjean, M.-C., Antoine, M., Danel, C., Heudes, D., Wislez, M., Poulot, V., et al. (2008). Long-term survival for patients with non–small-cell lung cancer with intratumoral lymphoid structures. J. Clin. Oncol. 26, 4410–4417. doi: 10.1200/JCO.2007.15.0284

Dong, H. P., Elstrand, M. B., Holth, A., Silins, I., Berner, A., Trope, C. G., et al. (2006). NK- and B-cell infiltration correlates with worse outcome in metastatic ovarian carcinoma. Am. J. Clin. Pathol. 125, 451–458. doi: 10.1309/15B66DQMFYYM78CJ

Erdag, G., Schaefer, J. T., Smolkin, M. E., Deacon, D. H., Shea, S. M., Dengel, L. T., et al. (2012). Immunotype and immunohistologic characteristics of tumor-infiltrating immune cells are associated with clinical outcome in metastatic melanoma. Cancer Res. 72, 1070–1080. doi: 10.1158/0008-5472.CAN-11-3218

Frasca, D., Diaz, A., Romero, M., Landin, A. M., and Blomberg, B. B. (2011). Age effects on B cells and humoral immunity in humans. Ageing Res. Rev. 10, 330–335. doi: 10.1016/j.arr.2010.08.004

Fremd, C., Schuetz, F., Sohn, C., Beckhove, P., and Domschke, C. (2013). B cell-regulated immune responses in tumor models and cancer patients. Oncoimmunology 2:e25443. doi: 10.4161/onci.25443

Fridman, W. H., Petitprez, F., Meylan, M., Chen, T. W.-W., Sun, C.-M., Roumenina, L. T., et al. (2021). B cells and cancer: to B or not to B? J. Exp. Med. 218:e20200851. doi: 10.1084/jem.20200851

Garg, K., Maurer, M., Griss, J., Brüggen, M.-C., Wolf, I. H., Wagner, C., et al. (2016). Tumor-associated B cells in cutaneous primary melanoma and improved clinical outcome. Hum. Pathol. 54, 157–164. doi: 10.1016/j.humpath.2016.03.022

Gorris, M. A. J., Halilovic, A., Rabold, K., van Duffelen, A., Wickramasinghe, I. N., Verweij, D., et al. (2018). Eight-color multiplex immunohistochemistry for simultaneous detection of multiple immune checkpoint molecules within the tumor microenvironment. J. Immunol. 200, 347–354. doi: 10.4049/jimmunol.1701262

Griss, J., Bauer, W., Wagner, C., Simon, M., Chen, M., Grabmeier-Pfistershammer, K., et al. (2019). B cells sustain inflammation and predict response to immune checkpoint blockade in human melanoma. Nat. Commun. 10:4186. doi: 10.1038/s41467-019-12160-2

Gunderson, A. J., Kaneda, M. M., Tsujikawa, T., Nguyen, A. V., Affara, N. I., Ruffell, B., et al. (2016). Bruton tyrosine kinase–dependent immune cell cross-talk drives pancreas cancer. Cancer Discov. 6, 270–285. doi: 10.1158/2159-8290.CD-15-0827

Hegde, P. S., Karanikas, V., and Evers, S. (2016). The where, the when, and the how of immune monitoring for cancer immunotherapies in the era of checkpoint inhibition. Clin. Cancer Res. 22, 1865–1874. doi: 10.1158/1078-0432.CCR-15-1507

Helmink, B. A., Reddy, S. M., Gao, J., Zhang, S., Basar, R., Thakur, R., et al. (2020). B cells and tertiary lymphoid structures promote immunotherapy response. Nature 577, 549–555. doi: 10.1038/s41586-019-1922-8

Hillen, F., Baeten, C. I. M., van de Winkel, A., Creytens, D., van der Schaft, D. W. J., Winnepenninckx, V., et al. (2008). Leukocyte infiltration and tumor cell plasticity are parameters of aggressiveness in primary cutaneous melanoma. Cancer Immunol. Immunother. 57, 97–106. doi: 10.1007/s00262-007-0353-9

Hooijkaas, A., Gadiot, J., Morrow, M., Stewart, R., Schumacher, T., and Blank, C. U. (2012). Selective BRAF inhibition decreases tumor-resident lymphocyte frequencies in a mouse model of human melanoma. Oncoimmunology 1, 609–617. doi: 10.4161/onci.20226

Kaufman, H. L., Kirkwood, J. M., Hodi, F. S., Agarwala, S., Amatruda, T., Bines, S. D., et al. (2013). The Society for Immunotherapy of Cancer consensus statement on tumour immunotherapy for the treatment of cutaneous melanoma. Nat. Rev. Clin. Oncol. 10, 588–598. doi: 10.1038/nrclinonc.2013.153

Kurebayashi, Y., Emoto, K., Hayashi, Y., Kamiyama, I., Ohtsuka, T., Asamura, H., et al. (2016). Comprehensive immune profiling of lung adenocarcinomas reveals four immunosubtypes with plasma cell subtype a negative indicator. Cancer Immunol. Res. 4, 234–247. doi: 10.1158/2326-6066.CIR-15-0214

Ladányi, A. (2015). Prognostic and predictive significance of immune cells infiltrating cutaneous melanoma. Pigment Cell Melanoma Res. 28, 490–500. doi: 10.1111/pcmr.12371

Ladányi, A., Kiss, J., Mohos, A., Somlai, B., Liszkay, G., Gilde, K., et al. (2011). Prognostic impact of B-cell density in cutaneous melanoma. Cancer Immunol. Immunother. 60, 1729–1738. doi: 10.1007/s00262-011-1071-x

Ladányi, A., Kiss, J., Somlai, B., Gilde, K., Fejõs, Z., Mohos, A., et al. (2007). Density of DC-LAMP+ mature dendritic cells in combination with activated T lymphocytes infiltrating primary cutaneous melanoma is a strong independent prognostic factor. Cancer Immunol. Immunother. 56, 1459–1469. doi: 10.1007/s00262-007-0286-3

Lao, X.-M., Liang, Y.-J., Su, Y.-X., Zhang, S.-E., Zhou, X., and Liao, G.-Q. (2016). Distribution and significance of interstitial fibrosis and stroma-infiltrating B cells in tongue squamous cell carcinoma. Oncol. Lett. 11, 2027–2034. doi: 10.3892/ol.2016.4184

Lens, M. B., Newton-Bishop, J. A., and Boon, A. P. (2005). Desmoplastic malignant melanoma: a systematic review. Br. J. Dermatol. 152, 673–678. doi: 10.1111/j.1365-2133.2005.06462.x

Linnebacher, M., and Maletzki, C. (2012). Tumor-infiltrating B cells. Oncoimmunology 1, 1186–1188. doi: 10.4161/onci.20641

Liu, G. J., Jaritz, M., Wöhner, M., Agerer, B., Bergthaler, A., Malin, S. G., et al. (2020). Repression of the B cell identity factor Pax5 is not required for plasma cell development. J. Exp. Med. 217:e20200147. doi: 10.1084/jem.20200147

Lu, Y., Zhao, Q., Liao, J.-Y., Song, E., Xia, Q., Pan, J., et al. (2020). Complement Signals Determine Opposite Effects of B Cells in Chemotherapy-Induced Immunity. Cell 180, 1081–1097.e24. doi: 10.1016/j.cell.2020.02.015

Lundgren, S., Berntsson, J., Nodin, B., Micke, P., and Jirström, K. (2016). Prognostic impact of tumour-associated B cells and plasma cells in epithelial ovarian cancer. J. Ovarian Res. 9, 21. doi: 10.1186/s13048-016-0232-0

Martinez-Rodriguez, M., Thompson, A. K., and Monteagudo, C. (2014). A significant percentage of CD20-positive TILs correlates with poor prognosis in patients with primary cutaneous malignant melanoma. Histopathology 65, 726–728. doi: 10.1111/his.12437

Meyer, S., Fuchs, T. J., Bosserhoff, A. K., Hofstädter, F., Pauer, A., Roth, V., et al. (2012). A seven-marker signature and clinical outcome in malignant melanoma: a large-scale tissue-microarray study with two independent patient cohorts. PLoS One 7:e38222. doi: 10.1371/journal.pone.0038222

Mohammed, Z. M. A., Going, J. J., Edwards, J., Elsberger, B., and McMillan, D. C. (2013). The relationship between lymphocyte subsets and clinico-pathological determinants of survival in patients with primary operable invasive ductal breast cancer. Br. J. Cancer 109, 1676–1684. doi: 10.1038/bjc.2013.493

Nielsen, J. S., Sahota, R. A., Milne, K., Kost, S. E., Nesslinger, N. J., Watson, P. H., et al. (2012). CD20 + tumor-infiltrating lymphocytes have an atypical CD27 - memory phenotype and together with CD8 + T cells promote favorable prognosis in ovarian cancer. Clin. Cancer Res. 18, 3281–3292. doi: 10.1158/1078-0432.CCR-12-0234

Nutt, S. L., Hodgkin, P. D., Tarlinton, D. M., and Corcoran, L. M. (2015). The generation of antibody-secreting plasma cells. Nat. Rev. Immunol. 15, 160–171. doi: 10.1038/nri3795

Petitprez, F., de Reyniès, A., Keung, E. Z., Chen, T. W.-W., Sun, C.-M., Calderaro, J., et al. (2020). B cells are associated with survival and immunotherapy response in sarcoma. Nature 577, 556–560. doi: 10.1038/s41586-019-1906-8

Rodriguez-Zhurbenko, N., Quach, T. D., Hopkins, T. J., Rothstein, T. L., and Hernandez, A. M. (2019). Human B-1 cells and B-1 cell antibodies change with advancing age. Front. Immunol. 10:483. doi: 10.3389/fimmu.2019.00483

Schwartz, M., Zhang, Y., and Rosenblatt, J. D. (2016). B cell regulation of the anti-tumor response and role in carcinogenesis. J. Immunother. Cancer 4:40. doi: 10.1186/s40425-016-0145-x

Seifert, M., and Küppers, R. (2016). Human memory B cells. Leukemia 30, 2283–2292. doi: 10.1038/leu.2016.226

Shalapour, S., Font-Burgada, J., Di Caro, G., Zhong, Z., Sanchez-Lopez, E., Dhar, D., et al. (2015). Immunosuppressive plasma cells impede T-cell-dependent immunogenic chemotherapy. Nature 521, 94–98. doi: 10.1038/nature14395

Shalapour, S., Lin, X.-J., Bastian, I. N., Brain, J., Burt, A. D., Aksenov, A. A., et al. (2017). Inflammation-induced IgA+ cells dismantle anti-liver cancer immunity. Nature 551, 340–345. doi: 10.1038/nature24302

Wagner, A., Garner-Spitzer, E., Jasinska, J., Kollaritsch, H., Stiasny, K., Kundi, M., et al. (2018). Age-related differences in humoral and cellular immune responses after primary immunisation: indications for stratified vaccination schedules. Sci. Rep. 8:9825. doi: 10.1038/s41598-018-28111-8

Woo, J. R., Liss, M. A., Muldong, M. T., Palazzi, K., Strasner, A., Ammirante, M., et al. (2014). Tumor infiltrating B-cells are increased in prostate cancer tissue. J. Transl. Med. 12:30. doi: 10.1186/1479-5876-12-30

Wouters, M. C. A., and Nelson, B. H. (2018). Prognostic significance of tumor-infiltrating B cells and plasma cells in human cancer. Clin. Cancer Res. 24, 6125–6135. doi: 10.1158/1078-0432.CCR-18-1481


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Chen, Werner, Wagner, Simon, Richtig, Mertz, Griss and Wagner. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fcell-09-677944-g001.jpg
TAB and ASC subpopulations

IHC staining pattern
lasmablast-like D19* CD20- CD38* CD138
lasma cell-like D19*CD20° CD138
memory B cell-like D19*CD20* CD D38 CD138
erminal center B cell-like D20* CD38* CD138° CD
activated B cell-like D19*CD20- CD D38 CD138
transitional/regulatory B cell-like D20* CD19° CD D138
- ¢« CD19 i cD27
%
§ ')
’
- ¥
'- ’ . - & 4 2
(AN ] ~ . A “ -
/0 { / . - hX ( .
7 ; o >4 ‘ cD19 CD138
- £
, CD19 CD19 cD27 CD19 cD27 0. - F'50 um e ok k.,
. - 3 . ~ x . . ~ B . 3 - ~ 5 \ w ) '% %’) (
7 e e R B
% o % . s »—‘nb .
. &3 . 9 ) g’ " y (
’ ’ Y % -~
i -4
¢ = % P o © - .
. ’ | _ L~ = ‘9/ f vae'B "’ e - o
o A b o i . ' A
/'Ju" o sal0 /..‘.0- 2 . 2l /-t P’;_’- g &
- - | sopm . . - » CD19 CD19 CD138 P, CD19 CD138
e | > D —
o : 3
CD138 CD5
' .
» o o
3 CD27 CD5






OPS/images/fcell-09-677944-g002.jpg
cells / mm?2

Activated B cells

40 - .
Q
20 - ’ "
8
H ®
0 - I;l )
Plasmablast-like B cells
100 - °
75 -
50 - .
(]
25{ 8 :
l 0
O -l —— ———————————————
Non-met. Met.

Memory-like B cells

X

60 -
o
40 - e
5]
20 - o ’
3
l ®
0 - — e —
Plasmacell-like B cells
5]
6..
(®]
(]
4..
o
0
2 - ® e
‘ Q
0
0] b ) ——=
Non-'met. Mét.

Primary tumour type





OPS/images/fcell-09-677944-g003.jpg
Ulceration
Activated B cells

®
240 - .
e o
220+ :
S i :
0] ——— l—"™m)
Non'ulc. Ulcer'ation
Breslow
Activated B cells
o
240- "
b o
220+ . .
S - i
N R T e
<1 12 24 >4
Sex
Activated B cells
o
N
€40 -
=
oy o
2 201 S
b : i
G- e’ | ]
f m
Age
Activated B cells
N
§4o . .
e o
O @
o] b —=
<= 683 > 68a

Memory-like B cells

Plasmablast-like B cells

Plasmacell-like B cells

: 100 7 ¢ 6 o) .
60 | °
[ 75 i 4 [ ]
- . 1
40 = 50 - . o .
5 ° 2 : .
A 0 8
20 & 25 o 3 - .
9
0{ =——= —'— O« _'._ e 0 - t;l I_.I
Non ulc. Ulceration Non ulc. Ulceration Non ulc. Ulceration
Memory-like B cells Plasmablast-like B cells Plasmacell-like B cells
: 100 7] i 6 ol -
60 | o
75 ” o
- . 1
40 . 50 - o "
® s 2 g ” ®
- ® o ®
20 . . 257 o - . . : 5
0 — . ! o-é;ﬁﬁo-él__‘_]£=
<1 1-2 2-4 >4 <1 1-2 2-4 >4 <1 1-2 2-4 >4
Breslow (mm)
Memory-like B cells Plasmablast-like B cells Plasmacell-like B cells
: 100 1 ° 6 &
60 | °
® 75 i 4 o]
- . 1
40 . 50 - ° X
) , ; ]
g ° e .
23 g 251 > ! ® .
O- ; ﬁ O- é % O- I l ) —ll
f m f m f m
Sex
Memory-like B cells Plasmablast-like B cells Plasmacell-like B cells
X
: 100 9] = 6 < =
60 | °
” Vi ;i o
- . 1
40 . 50 - 0 .
e o 8
207 . . 25 - - g 2- i T
0 - _!_ # 0 _'_ ' : ' 04 =—/—]m— I
<= 68a > 68a <= 68a > 68a <= 68a > 68a





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Spatiotemporal Analysis of B Cell- and Antibody Secreting Cell-Subsets in Human Melanoma Reveals Metastasis-, Tumor Stage-, and Age-Associated Dynamics



		INTRODUCTION



		MATERIALS AND METHODS



		Patient Cohorts



		Seven Color Multiplex Immunohistochemical Staining for TAB and ASC Subpopulations



		Automated Acquisition and Quantification of TAB and ASC Subpopulations



		Statistical Analysis







		RESULTS



		Experimental Strategy



		Frequencies of Distinct B Cell and Antibody Secreting Cell Subpopulations in Primary Melanomas Are Associated With Prognostic Clinicopathologic Parameters



		Frequencies of Distinct B Cell and Antibody Secreting Cell Subpopulations Are Associated With Different Stages of Melanoma Disease







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/fcell-09-677944-g004.jpg
Relative count

Activated B cells

Memory-like B cells
X K

1.00 - o
@
0.75 - o
0.50 - | .
N - o
0.25 - e U — —
0.00 v I I I I l ‘ T l_l
Plasmablast-like B cells Plasmacell-like B cells
X K K
1.00 - 9 ek
0.75 -
@
0.50 - -
B I -
0.25 - ——— . &
l i |
0.00 - I I I l — é T
> S & & B &
& & ¢ L & o 8
S \ QQ/ g O % Q@ i
& ¥ & Q¥

Cohort





OPS/images/fcell-09-677944-t003.jpg
No. of samples

No. of samples with TAB and/or
ASC subpopulations

No. of cells/mm? tumor area
Activated TAB, range:

Mean:

Memory-like TAB*, range:
Mean:

Plasmablast-like ASC, range:
Mean:

Plasma cell-like ASC, range:
Mean:

Primary
melanomas
without
metastasis

53
41

0-56
4.0+93
0-73
59+ 145
0-103
7.7 +£18.3
0-5
06+11

Primary
melanomas with
metastasis

44
24

0-38
22463
0-49
200 9.5
0-29
25465
0-7
04+11

*p < 0.05 between primary melanomas without vs. with metastasis.





OPS/images/cover.jpg
, frontiers

in Cell and Developmental Biology

Spatiotemporal Analysis of B Cell- and
Antibody Secreting Cell-Subsets
in Human Melanoma Reveals
Metastasis-, Tumor Stage-, and
Age-Associated Dynamics





OPS/images/fcell-09-677944-t001.jpg
No. of patients 53
Follow-up (months) Mean 84
Median 98
Range 8-194
Age Mean 64
Median 68
Range 31-93
Breslow depth (thickness in mm) Mean 2.49
Median 1.75
Range 0.36-10
Location Extremities 20
Head/neck 3
Trunk 30
Ulceration Present 23
Absent 30
Histotype* SSM 40
NM 8
ALM 4
NOS 1
Sex Male 33
Female 20

*SSM, superficial spreading melanoma; NM, nodular melanoma; ALM, acral
lentiginous melanoma; NOS, not otherwise specified.






OPS/images/fcell-09-677944-t002.jpg
No. of patients 44

Follow-up (months)* Mean 54
Median 32
Range 0-231
Age Mean 65
Median 68
Range 19-91
Breslow depth (thickness in mm)** Mean 4.71
Median 2.65
Range 0.7-17
Location** Extremities 15
Head/neck 7
Trunk 21
Ulceration** Present 24
Absent 19
Histotype™* SSM 20
NM 19
ALM
LMM b
NOS 2
Sex Male 30
Female 14

*Seven samples without follow-up information (after metastasis).

**Five samples without exact information about Breslow depth, one about location,
one about ulceration.

**SSM, superficial spreading melanoma; NM, nodular melanoma; ALM, acral
lentiginous melanoma; LMM, lentigo maligna melanoma; NOS, not otherwise
specified.








OPS/images/logo.jpg
, frontiers
in Cell and Developmental Biology





