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Introduction

Neutrophils use Fc gamma receptors (FcγRs) to recognize IgG-opsonized pathogens, triggering antimicrobial functions including phagocytosis, ROS production, and cytokine release. CD16b, the most abundant FcγR on neutrophils, plays a key role in initiating these responses, while CD32a is another abundant FcγR on neutrophils that contributes to modulating immune functions. CD16b lacks an intracellular domain and its signaling mechanisms remain unclear. The prevalence of the CD16b-deficient phenotype on donor neutrophils is estimated at <1% of the global population, which complicates its study. To address this, we employed CRISPR/Cas9 to generate HL-60-derived neutrophil-like cells deficient for CD16b or CD32a, that facilitate investigation of their respective roles in neutrophil biology.





Methods

We disrupted the FCGR3B or FCGR2A genes using CRISPR/Cas9 in the HL-60 cell line and differentiated clones into neutrophil-like cells using 1.3% DMSO. Functional assays were performed, including phagocytosis, ROS production, SYK phosphorylation, and cytokine responses.





Results and discussion

Both CD16b-/- and CD32a-/- HL-60-derived clones maintained neutrophilic differentiation and phagocytic capacity but displayed impaired FcγR-mediated ROS production and SYK phosphorylation, with more pronounced defects in CD16b-/- cells. Cytokine production was altered in both lines, with CD16b-/- cells producing less IL-6 and IL-1β, and CD32a-/- cells producing less TNF-α and IL-10. This model provides new insights into the distinct roles of CD16b and CD32a in neutrophil activation and immune responses.
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1 Introduction

Neutrophils express Fc gamma receptors (FcγRs) that recognize and bind IgG-opsonized pathogens. Crosslinking of FcγRs activates neutrophils and prompts phagocytosis, reactive oxygen species (ROS) production, and cytokine production, ultimately resulting in pathogen elimination (1, 2). CD16b is the most abundant FcγR in neutrophil surfaces and is key to initiate phagocytosis and the production of ROS (3). Most insights into the function and signaling of CD16b have been obtained using selective antibody‐mediated crosslinking or enzymatic cleavage to remove surface-bound receptors (3–5). However, these strategies may induce non-specific activation through other receptors or by cytokine treatments to mobilize intracellular stores of the receptor (6). Selective crosslinking of CD16b signaling using agonists induces calcium mobilization and SYK phosphorylation, which culminate in ROS and cytokine production (4, 7, 8). Despite this critical role, the intracellular mechanisms through which CD16b mediates these functions remain elusive, as CD16b is a GPI-anchored receptor and lacks an intracellular domain. Membrane receptors that lack a cytoplasmic domain can still induce intracellular activation by coupling to additional adaptor molecules or other receptors that do contain signaling motifs (9). Earlier studies hypothesized that CD16b relies on co-engagement with signaling-competent receptors, including CD32a or complement receptor 3 (CR3) (CD11b/CD18) to mediate signaling events leading to ROS production (10, 11). However, there is no conclusive information about this potential co-engagement. Therefore, determining the extent of CD16b independent contribution to neutrophil responses remains challenging, highlighting the need for models that can dissect receptor-specific signaling pathways.

A handful of studies have reported a CD16b-deficient human neutrophil phenotype (12–15). We recently demonstrated that CD16b-deficient human neutrophils exhibit impaired phagocytosis and ROS production, which correlated with reduced actin polymerization and decreased SYK phosphorylation, supporting the importance of CD16b in triggering these functions (15). However, CD16b-deficient individuals have an estimated prevalence of <1% globally. Therefore, studying this phenotype using donor peripheral blood poses a significant challenge (13). The development of neutrophil models selectively lacking CD16b or other relevant FcγRs like CD32a could provide valuable tools to investigate the independent biological functions of these FcγRs. Here, we applied a CRISPR/Cas9 genetic editing strategy to produce HL-60-derived cell lines lacking either CD16b or CD32a. The surface FcγRs phenotype of DMSO-differentiated neutrophil-like cells showed potential regulations of the other FcγRs CD16a and CD64 in the absence of CD16b or CD32a. While phagocytosis efficiency was unaffected in the absence of CD16b or CD32a, compared to unedited HL-60, ROS production and SYK phosphorylation were significantly impaired in the knockout lines. Upon challenge with serum-opsonized E. coli, CD16b-/- and CD32a-/- neutrophil-like cells exhibited distinct cytokine response profiles, suggesting that FcγRs differentially modulate cytokine responses through different pathways. Altogether, this study presents novel cellular models as a valuable platform for dissecting the specific roles of CD16b and CD32a in neutrophil immune responses.




2 Methods



2.1 Cell culture

HL-60 cells (ATCC, cat. CCL-240) were cultured in IMDM (Gibco, cat. 12440046) supplemented with 20% fetal bovine serum (FBS, Gibco, cat. 26140079) and 1% of Antibiotic/Antimycotic (Gibco, cat. 15240062) at 37 °C in 5% CO2. Cells were passaged according to the manufacturer’s recommendations. Differentiation towards neutrophil-like cells was performed over 5 days by supplementing culture media with 1.3% DMSO (Sigma, cat. D2650). On day 3, cells were counted, and fresh media was added to maintain cell density <500,000 cells per mL. All experiments were completed before cell passage 30. All experiments were completed with passages <30.




2.2 Flow cytometry

Relevant receptors on cell surfaces were measured by flow cytometry. Briefly, 2 x105 cells were incubated on ice with Fc block (Miltenyi Biotech, cat. 130-059-901) for 15 minutes to minimize non-specific staining, then stained with titrated concentrations of CD11b-AF700, CD15-BV786, CD64-BV650), CD32-APC, CD16b-PE and CD16A-AF405 (all details in Supplementary Table S1) for 30 min at 4 °C. Fixable viability stain 510 was added as a viability marker as per manufacturer’s instructions. The neutrophil-like phenotype was confirmed through the co-expression of CD11b and CD15 at day 5 of differentiation. After washing, samples were immediately acquired on a FACSCelesta fitted with 405nm, 488nm, and 640nm lasers, operated through the BD FACSDiva software v.8. Cytometer settings were validated as within the range of manufacturer’s recommendations using Cytometer Setup & Tracking (CS&T) beads (BD, cat. 642412) before each acquisition. Compensation controls were used at each acquisition using the CompBeads anti-mouse Ig, κ/Negative control compensation particle set (BD, cat. 552843) following the manufacturer’s recommendations. At least 20,000 compensated live singlets were acquired per sample. Data were analyzed using FlowJo v.10. Fluorescence-minus-one (FMO) controls were used to confirm gating. The gating strategy is presented in Supplementary Figure S1.




2.3 Gene editing using CRISPR/Cas9 mediated knock-out

A CRISPR-Cas9 strategy was designed to selectively disrupt the FCGR3B or FCGR2A genes in HL-60 cells. Two gRNAs per gene were designed to target conserved sequences on exon 4 or exon 3 of FCGR3B and FCGR2A, respectively (Figure 1A, Supplementary Table S2). The potential for off-targeting of each gRNA was analyzed using the CHOP-CHOP platform (16) and all predicted sites contained at least three mismatches relative to the original gRNA sequence, to limit potential off-target binding, although experimental validation of off-target effects was not performed. Guides were cloned individually in the lentiCRISPRv2 plasmid (Addgene, cat. 52961). Plasmids were transfected into HL-60 cells using the Neon transfection system (ThermoFisher Scientific). Briefly, 5x105 HL-60 cells were electroporated with 1 pulse of 35 msec at 1350V. Twenty-four hours post-transfection, 1 μg/mL puromycin was added to the culture for 48 hours, followed by 0.5 μg/mL for 7 days. On day 10 post-transfection, single clones that were CD16b-deficient or CD32a-deficient were sorted into 96-well plates, using the antibody cocktail described in section 2.2. Cells were sorted using a Cytoflex SRT cell sorter fitted with 405 nm, 488 nm, 540 nm, and 630 nm lasers (Beckman Coulter), operated through the CytExpert software (v.2.3). Cell lines were validated by flow cytometry after 4 weeks of single-clones expansion on a BD FACSCelesta as described above.
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Figure 1 | Generation of human neutrophil progenitor cell lines lacking CD16b or CD32a. (A) A 2-gRNA CRISPR-Cas9 strategy was employed to target CD16b (FCGR3B gene) and CD32a (FCGR2A gene) and abrogate protein expression through NHEJ. (B) Flow cytometry gating strategy employed to sort single cells deficient for CD16b surface expression, and to validate CD16b-KO clones. (C) Flow cytometry gating strategy employed to sort single cells deficient for CD32a surface expression, and to validate CD32a-KO clones. KO, knock-out.





2.4 Sanger sequencing

Genomic DNA of expanded clones was extracted using the kit QIAamp DNA Mini Kit (Qiagen, cat. 51306), following the manufacturer’s protocol. Primers were designed to flank the target regions (Supplementary Table S2). Target DNA was amplified by PCR and its sequence obtained using Sanger sequencing. Analysis of sequencing results was performed using Geneious Prime v2025.0.3 (Dotmatics). We compared the products of Sanger sequencing of the edited clones to sequences from unedited HL-60 cells, sequenced in parallel, and to sequences from the human reference sequences of CD16b (GenBank ID 2215) and CD32a (GenBank ID 2212).




2.5 Phagocytosis

Phagocytosis assays were performed using opsonized pHrodo E. coli bioparticles (Invitrogen, cat. P35361) following the manufacturer’s recommendations. Briefly, 20 μL of pHrodo E. coli bioparticles were opsonized with 20 μL of heat-inactivated human pooled sera (n=7) for 30 min at 37 °C and 100 rpm agitation in a 96-well plate. After opsonization, 1.75 x 105 HL-60-differentiated neutrophil-like cells were added to wells and incubated for 30 min at 37 °C and 5% CO2 without agitation. At least 20,000 cells were then immediately acquired on a BD FACSCelesta flow cytometer as mentioned above. A phagocytic index was determined by dividing the mean fluorescence intensity (MFI) of bioparticle-treated cells by the MFI of untreated cells. This index reflects a relative quantity of phagocytosed particles per cell in the population, hence the average relative efficiency of phagocytosis at the cell level. The gating strategy is presented in Supplementary Figure S2.




2.6 Opsonized E. coli production

Opsonized E. coli were produced as previously described (15). Briefly, E. coli DH5-α cells were cultured in Luria-Bertani (LB) medium (Condalab, cat. 1551) overnight. After incubation, the cells were pelleted at 5,000 rcf, washed twice with a 10% glycerol solution, and aliquoted in 100 μL portions with a concentration 1.44 x 107 CFU/mL. Culture aliquots were irradiated with UV light for 3 h and stored at -20 °C until use. Immediately before use, cells were washed with 1 mL of PBS at 16,000 rcf and resuspended in 20 μL of PBS. 20 μL of heat-inactivated human pooled sera (N = 7, samples from 3 healthy males and 4 healthy females) were added, and the mixture was incubated for 30 min at 37 °C with shaking at 100 rpm. The resulting opsonized-E. coli were washed with PBS before use. CFU/mL was determined by dilutions plating before irradiation. The ratio of opsonized E. coli to neutrophil used in all experiments was 7.2:1, meaning 7 bacteria per neutrophil.




2.7 ROS production

Production of ROS was evaluated by the oxidation of 1,2,3-dihydrorhodamine (DHR) (Invitrogen, cat. D23806). Briefly, 2x105 cells/mL were incubated with 5μM of DHR and stimulated with either 100 ng/mL of phorbol 12-myristate 13-acetate (PMA, Sigma, cat. P8139) for 15 min at 37 °C or opsonized E. coli for 30 min at 37 °C. After incubation, the reaction was stopped by incubating the samples on ice for 10 min. Samples were washed and analyzed immediately on a BD FACSCelesta as described above, acquiring at least 20,000 single events. The gating strategy is presented in Supplementary Figure S3.




2.8 Cytokines

Cytokine production was induced by stimulating HL-60-differentiated neutrophil-like cells with opsonized E. coli. Briefly, 3x105 cells were incubated with opsonized E. coli at 37 °C and 5% CO2 in 150 μL of complete media. Culture supernatants were collected after 8h incubation, and concentrations of proinflammatory cytokines were measured using a CBA human inflammatory cytokines kit (BD, cat. 551811) following the manufacturer’s recommendations. At least 5,000 bead-cytokines complexes were acquired on a BD FACSCelesta as per the manufacturer’s instructions. Data were analyzed using FCAP v2.0. Results are reported in pg/mL and all values below limit of detection (LOD) of 20 pg/mL were excluded from the analysis.




2.9 SYK phosphorylation

Phosphorylation of SYK kinase (pSYK) was measured in unstimulated HL-60-differentiated neutrophil-like cells and after stimulating with opsonized E. coli. Briefly, 2 x105 cells were incubated with opsonized E. coli for 30 min at 37 °C and 5% CO2 without agitation. After incubation, the cells were washed in PBS and centrifuged at 300 rcf for 5 min at 4 °C. Cells were then fixed and permeabilized using the cytofix/cytoperm fixation/permeabilization kit (BD, cat. 554414), stained with anti-SYK (pY348)-PE (BD, cat. 558529) following the manufacturer’s protocols and immediately analyzed by flow cytometry on a BD FACSCelesta as described above. The stimulation index was calculated by dividing the pSYK MFI of stimulated samples by MFI of non-stimulated samples. The gating strategy is presented in Supplementary Figure S4.




2.10 Statistical analysis

Experiments are reported from at least 3 biological replicates. Data distributions were determined using Shapiro-Wilk tests. T-tests were used to compare 2 groups, and one-way ANOVA tests were used to compare >2 groups. Tukey’s post-hoc tests were applied to identify the groups with significant differences. All statistical tests were performed using Prism V.9 software (GraphPad). p-values <0.05 were considered significant.





3 Results



3.1 Production of the CD16b-/- and CD32a-/- HL-60 derived cell lines

We developed promyelocytic cellular models deficient for CD16b or CD32a. We used a CRISPR/Cas9 strategy with 2 guide RNA to induce double-strand DNA breaks, followed by non-homologous end joining (NHEJ) repair in the FCGR3B or FCGR2A genes (Figure 1A). Ten days after transfection and puromycin-based selection, edited cultures exhibited ∼78% of CD16b-negative cells and ∼17% of CD32a-negative cells for each model (Figures 1B, C). A gated population from the CD16b- and CD32a-negative cells was sorted, and after clonal expansion, we confirmed the absence of CD16b or CD32a in the clones using flow cytometry and Sanger sequencing (Figures 1B, C, Supplementary Figures S5, S6). In the expanded CD16b-/- HL-60 clone, 2 mutations were identified in the FCGR3B gene, a substitution at G155C and the addition of a T at position 162 (Supplementary Figure S5A). In the expanded CD32a-/- HL-60 clone, the FCGR2A gene harbored an A384C nonsense mutation (Supplementary Figure S6A), representative sanger sequencing chromatograms are present in Supplementary Figure S6B. In both cases, mutations also disrupted the open reading frame, resulting in premature stop codons (Supplementary Figure S6C).




3.2 HL-60 neutrophil-like cellular models downregulated CD11b upon opsonized E. coli stimulation

We characterized the surface phenotype of neutrophil-like cells obtained following a 5-day DMSO-induced differentiation. Overall, the proportions of CD15+CD11b+ cells in all cultures were similar, irrespective of genetic editing (average ~68%, Figure 2A). This suggested that the neutrophilic differentiation capacity of HL-60 cells was not affected by the selective knockout of the FCGR3B or FCGR2A genes. CD15 and CD11b are abundant receptors on neutrophil surfaces, and CD11b is regulated upon cell activation (17). We evaluated if the absence of CD16b or CD32a impacted the relative expression of CD15 or CD11b in steady- or activated states. The relative abundance of CD15 was similar on the surface of HL-60 and CD16b-/- and CD32a-/- both in non-stimulated and upon opsonized E. coli stimulation (Figure 2B). This suggested that CD16b or CD32a gene editing did not affect CD15 expression. In the absence of stimulation, the relative abundance of CD11b was similar between HL-60 cells and CD16b-/- cells, consistent with earlier findings from a CD16b-deficient donor (15). In contrast, CD11b was significantly less abundant in the absence of CD32a, both in the absence of stimulation and following opsonized E. coli challenge (Figure 2C). Following opsonized E. coli stimulation, there was a reduced expression of CD11b in all 3 cell lines compared to their respective non-stimulated condition. This contrasts with previous findings from donor peripheral blood neutrophils where CD11b is upregulated following activation (18), suggesting HL-60 cells and derivatives do not fully recapitulate the robust CD11b mobilization on neutrophil surfaces measured on primary neutrophils following activation. This is also inconsistent with the upregulation of CD11b measured on the surface of CD16b-deficient neutrophils (15). Following opsonized E. coli challenge, CD11b expression was significantly higher in CD16b-/- compared to CD32a-/- or unedited HL-60 cells (Figure 2C). This could suggest that CD16b may play a role in CD11b regulation following opsonized E. coli stimulation through CD16b engagement (11).
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Figure 2 | CD11b expression of CD16b-/- and CD32a-/- cells is impaired under non-stimulated and opsonized E. coli stimulation. (A) Proportion of CD11b+CD15+ cells, Median fluorescence intensity (MFI) of (B) CD15, (C) CD11b in the absence and opsonized E. coli stimulation. Gray circles: HL-60 neutrophil-like cells, yellow squares: CD16b-/- cells, and green triangles: CD32a-/- cells. non-stim: non-stimulated, ops. E. coli: stimulation with opsonized E. coli. N = 5 biological replicates for each group. ✱✱p<0.01, ✱✱✱p=0.0001 and ✱✱✱✱p<0.0001.




3.3 CD16b-/- but not CD32a-/- neutrophil-like cells downregulated CD16a expression upon stimulation

Having identified the regulation of CD11b together with the genetic edition of CD16b, we wondered if other significant neutrophil receptors, such as FcγRs may be regulated. We found that the relative abundance of CD16b was similar in HL-60 and CD32a-/- cells (Figure 3A), suggesting that the expression of CD16b may be regulated independently of CD32a. Upon opsonized E. coli challenge, both HL-60 and CD32a-/- neutrophil-like cells downregulated CD16b expression, possibly due to receptor internalization or enzymatic cleavage, as proposed earlier (5, 15, 19). The expression of CD32a was also similar in HL-60 and CD16b-/- cells in the absence of stimulation (Figure 3B), also suggesting independent regulation of both main FcγRs. Following opsonized E. coli challenge, CD32a expression was significantly downregulated in both HL-60 and CD16b-/- neutrophil-like cells (p-value < 0.0001 for both, Figure 3B), likely evidencing the internalization of CD32a in phagolysosomes, in agreement with an early report (15).
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Figure 3 | FcγRs are modulated on the surface of CD16b-/- and CD32a-/- neutrophil-like cell lines in non-stimulated state and following stimulation with opsonized E. coli. Median fluorescence intensity (MFI) of surface FcγR (A) CD16b, (B) CD32a, (C) CD16a, and (D) CD64. Gray circles: HL-60-derived neutrophil-like cells, yellow squares: CD16b-/- neutrophil-like cells, and green triangles: CD32a-/- neutrophil-like cells. non-stim: non-stimulated, ops. E. coli: stimulation with opsonized E. coli. N = 5 biological replicates performed on different days. Comparisons performed using one-way ANOVAs, ✱p<0.05, ✱✱p<0.01, ✱✱✱p=0.0001 and ✱✱✱✱p<0.0001.

The relative abundance of CD16a was similar in the 3 cell lines (Figure 3C) in the absence of stimulation. However, following opsonized E. coli stimulation, the expression of CD16a was significantly reduced in CD16b-/- neutrophil-like cells (p-value = 0.015) but not in unedited and CD32a-/- cells (Figure 3C). This is consistent with an earlier report where we have shown that the relative abundance of CD16a was reduced upon opsonized E. coli challenge in CD16b-deficient donor peripheral blood neutrophils but not in CD16b-expressing donor neutrophils (15). The current results are therefore consistent with a naturally occurring phenotype. We have proposed that in the absence of CD16b, CD16a may play a role of opsonized particles internalization during phagocytosis, causing the observed decreased abundance on the cell surface.

CD64 is rapidly upregulated in the context of bacterial infections or sepsis (20). This is consistent with an earlier study showing that, unlike other FcγRs, CD64 is upregulated following opsonized E. coli challenge. In this work, CD64 was significantly higher in CD16b-deficient peripheral blood neutrophils (15). Here, we found that CD64 expression was similar irrespective of the presence of CD16b or CD32a on neutrophil-like cells in the absence of stimulation and was significantly upregulated in all 3 cell lines following opsonized E. coli challenge (Figure 3D). A previous study showed that IFN-γ-induced CD64 does not mediate phagocytosis of IgG-opsonized beads in human neutrophils (3). This may suggest that CD64 is not involved in mediating phagocytosis or at least is not internalized in phagolysosomes.




3.4 CD16b-/- and CD32a-/- neutrophil-like cells maintained phagocytosis capacity but presented impaired ROS production

CD16b-deficient peripheral blood neutrophils have impaired phagocytic capacity (15). We investigated if this finding was replicated in edited neutrophil-like cells lacking CD16b and investigated whether CD32a deficiency affected key neutrophil functions in this model. Over half of all cultures (∼62%) exhibited phagocytosis following challenge with opsonized pHrodo E. coli bioparticles (Figure 4A). The phagocytic index was also similar, suggesting comparable mean phagocytic capacity per cell (Figure 4B). These results suggest that, unlike primary CD16b-deficient neutrophils (15), the absence of CD16b or CD32a in HL-60-derived neutrophil-like cells does not impair the phagocytic function. This discrepancy underscores potential limitations of the HL-60 model in replicating the functional behavior of primary neutrophils.

[image: Bar graphs display data on phagocytosis, ROS production, and SYK phosphorylation from different cell groups: HL-60, CD16b-/-, and CD32a-/-. Graph A shows the percentage of phagocytic cells. Graph B indicates the phagocytic index. Graph C presents ROS production, with significant increases marked by asterisks. Graph D details SYK phosphorylation levels, also with noted significance. Each graph uses distinct symbols to differentiate between cell types.]
Figure 4 | ROS production and SYK phosphorylation of CD16b-/- and CD32a-/- cells are impaired. (A) Percentage of phagocytosing cells per sample, (B) phagocytic index, (C) ROS production, and (D) Median fluorescence intensity (MFI) of pSYK following PMA (100 ng/mL) and opsonized E. coli stimulation. Gray circles: HL-60-derived neutrophil-like cells, yellow squares: CD16b-/- neutrophil-like cells, and green triangles: CD32a-/- neutrophil-like cells. non-stim: non-stimulated, ops. E. coli: stimulation with opsonized E. coli. N = 5 biological replicates performed on different days. Comparisons performed using one-way ANOVAs, ✱✱p<0.01, ✱✱✱p=0.0001 and ✱✱✱✱p<0.0001.

Previous studies have shown that CD16b and CD32a crosslinking promote ROS production (4). We also recently described that PMA stimulation resulted in similar levels of ROS irrespective of the presence of CD16b on peripheral blood neutrophil surfaces (15). Here, we similarly found that ROS production was comparable across the 3 cell lines following PMA stimulation (Figure 4C). This suggests that the PKC signaling pathway was not affected by the genetic editing performed in this work. In contrast, stimulation with opsonized E. coli led to significantly decreased ROS production in both CD16b-/- and CD32a-/- cells compared to HL-60 cells (p-value < 0.0001 for both, Figure 4C). Therefore, the current models replicate findings from peripheral blood neutrophils on CD16b and CD32a crosslinking and ROS production (4, 15). CD16b-/- neutrophil-like cells produced significantly less ROS than CD32a-/- cells upon opsonized E. coli stimulation (p-value < 0.0001), suggesting that CD16b crosslinking may be critically more involved in ROS responses following opsonized E. coli challenge, in line with a previous study (4).




3.5 CD16b-/- and CD32a-/- cell lines exhibited reduced SYK phosphorylation

SYK phosphorylation is involved in downstream signaling following FcγRs crosslinking, and is key in initiating ROS production (4, 7). We therefore investigated if the lower ROS produced by CD16b-/- and CD32a-/- cells resulted from altered pSYK upon FcγRs crosslinking. We found similar levels of pSYK in the 3 cultures in the absence of stimulation (Figure 4D). Following PMA stimulation, pSYK significantly and similarly increased in all 3 cell lines, suggesting stable PKC-mediated pathways (Figure 4D). In contrast, following opsonized E. coli stimulation, both CD16b-/- and CD32a-/- cultures exhibited significantly less pSYK compared to HL-60 cells (p-values < 0.0001, Figure 4D), supporting the key involvement of these receptors to trigger the production of ROS. CD16b-/- neutrophil-like cells exhibited significantly higher pSYK compared to their CD32a-/- counterpart (p-value < 0.0001, Figure 4D). While opsonized E. coli stimulation of HL-60 cells increased pSYK levels compared to PMA stimulation, CD16b-/- cells exhibited similar pSYK irrespective of stimulation. This is in line with an earlier study showing that inhibiting SYK following CD16b blocking with an antagonist resulted in reduced ROS production, evidencing the role of CD16b in initiating the SYK signaling pathway (4). This also parallels previous findings of reduced pSYK following opsonized E. coli challenge in CD16b-deficient peripheral blood neutrophils (15).

Interestingly, CD32a-/- cells exhibited similar levels of pSYK both in the absence of stimulation and upon opsonized E. coli challenge, while pSYK was significantly increased following PMA stimulation. This suggests that CD16b crosslinking cannot compensate for the absence of CD32a, to induce pSYK. This proposes a potential cooperative role of CD32a with CD16b in the activation of the SYK. Additionally, this suggests that the production of ROS following opsonized E. coli stimulation in CD32a-/- cells was independent of SYK activation, possibly mediated by direct recognition of bacterial PAMPs protruding from opsonized E. coli as previously reported (15). The elevated pSYK levels observed following PMA stimulation could be due to a ROS-dependent feedback mechanism, whereby PMA-induced activation of PKC promotes NADPH oxidase-driven H2O2 production, which in turn enhances pSYK through redox-based mechanisms (21).




3.6 CD16b and CD32a deficiency altered cytokine production in neutrophil-like cells

Human peripheral blood neutrophils produce IL-8 in non-stimulated conditions (22), and others have shown that HL-60-derived neutrophil-like cells also spontaneously produced IL-6 and IL-8 (23). Here, the 3 cell lines also produced IL-8 in the absence of stimulation (Supplementary Figure S7). Interestingly, IL-8 concentrations were significantly lower in CD32a-/- cells compared to CD16b-/- and HL-60 cells (p-value = 0.0004 and 0.0009, respectively, Supplementary Figure S7A). In line with previous findings, IL-6 was also produced in the absence of stimulation by all 3 cell lines, but its concentration was significantly less in both CD16b-/- and CD32a-/- compared to unedited HL-60 cells (Supplementary Figure S7B). These findings suggest that the observed cytokine production may be influenced by oxidative stress associated with DMSO-induced differentiation (24), potentially creating a low-grade inflammatory state that primes the cells for basal cytokine release even in the absence of external stimulation.

FcγRs crosslinking leads to the production of IL-8, IL-6, TNF-α, and IL-10 by human neutrophils (25). We measured IL-8, IL-6, IL-10, IL-1β, and TNF-α, in culture supernatants 8 h post-opsonized E. coli stimulation, as others have reported that maximum concentrations of cytokines are reached at this time (26). IL-8 concentrations were significantly higher compared to concentrations from non-stimulated cultures for the 3 cell lines (Figure 5A). Although IL-8 concentrations from CD32a-/- cells were significantly lower than HL-60 and CD16b-/- in the absence of stimulation (Supplementary Figure S4), upon opsonized E. coli challenge, IL-8 concentrations were similar across cultures.

[image: Bar charts show cytokine levels for IL-8, IL-6, IL-10, TNF-α, and IL-1β in HL-60, CD16b−/−, and CD32a−/− cell lines. IL-8 is consistent across groups. IL-6, IL-10, and IL-1β levels are significantly higher in CD32a−/−. TNF-α is significantly higher in HL-60 and CD16b−/−. Significance is marked by asterisks.]
Figure 5 | The production of proinflammatory cytokines following opsonized E. coli challenge is dependent on CD16b and CD32a. Concentration of (A) IL-8, (B) IL-6, (C) IL-10, (D) TNF-α, and (E) IL-1β in supernatants 8 h following opsonized E. coli stimulation. Gray circles: HL-60-derived neutrophil-like cells, yellow squares: CD16b-/- neutrophil-like cells, and green triangles: CD32a-/- neutrophil-like cells. N = 3 biological replicates performed on different days. Comparisons performed using one-way ANOVAs, ✱✱p<0.01 and ✱✱✱✱p<0.0001.

A previous study has shown that IL-6 is produced after FcγRs crosslinking (27). IL-6 concentrations were significantly increased upon opsonized E. coli challenge in the 3 cell lines. Others have reported that IL-6 is produced in similar levels following selective CD16b or CD32a antagonistic inhibition in human peripheral blood neutrophils (25). Here, contrasting results were found, where CD16b-/- cells exhibited reduced IL-6 production compared to CD32a-/- and HL-60 cells (Figure 5B). This suggests that IL-6 production may rely more on CD16b crosslinking, supporting distinct roles of FcγRs in prompting cytokine production following opsonized E. coli stimulation.

IL-10 was measured in the 3 cell lines supernatants following opsonized E. coli challenge. However, both CD16b-/- and CD32a-/- cells produced similar concentrations of IL-10, which were significantly lower compared to concentrations measured in HL-60 cells (p-value = 0.0087 and 0.002, respectively, Figure 5C). TNF-α has similarly lower concentrations in both CD16b-/- and CD32a-/- cells compared to HL-60 cells (p-value = 0.0013 and < 0.0001, respectively). CD32a-/- cells produced significantly less TNF-α compared to CD16b-/- cells (Figure 5D). These findings indicate that both CD16b and CD32a contribute to the regulation of cytokines following receptor crosslinking. Moreover, the data suggest that CD32a crosslinking more efficiently activates downstream signaling pathways, leading to stronger induction of TNF-α production compared to CD16b (28, 29). IL-1β production was significantly reduced in opsonized E. coli stimulated CD16b-/- cells compared to HL-60 and CD32a-/- cells (Figure 5E). This suggests that CD16b crosslinking regulates IL-1β production. In summary, both CD16b-/- and CD32a-/- cell lines produced reduced levels of IL-10, CD16b-/- cells produced less IL-6 and IL-1β upon opsonized E. coli stimulation, and CD32a-/- cells produced less TNF-α. Altogether, this evidence suggests that FcγRs are key regulators of cytokine production (30).





4 Discussion

Dissecting FcγRs individual contributions using receptor-specific knockout models allows an unlimited source of cells to investigate their signaling and functional roles in human neutrophil functions. Here, we engineered HL-60-derived cellular models selectively lacking CD16b or CD32a to investigate the relevance of these FcγRs in relevant neutrophil antimicrobial responses. To the best of our knowledge, this is the first in vitro model to facilitate the study of FcγRs. Our gene editing strategy successfully introduced mutations in both genes, resulting in premature stop codons and disruption of the open reading frame. The FCGR3B gene contains a highly polymorphic exon 3 (31), and previous studies have reported exon 2 mutations as the cause of CD16b deficiency in some donors (15). However, to avoid variability due to polymorphisms, we targeted conserved regions in exon 4. This allowed for efficiency and consistent gene disruption across different FCGR3B variants.

A previous study reported that approximately 65% of HL-60 cells differentiated with 1.3% DMSO for 5 days co-expressed CD11b and CD15, and that extending differentiation to 7 days increased this proportion to about 80%. We observed similar co-expression percentages at day 5 (68%) and day 7 (77%) of differentiation (32). As FcγR relative expressions were higher at day 5 compared to day 7, we decided day 5 would be an optimal end point for functional assays. The absence of CD16b or CD32a did not affect neutrophil-like cell phagocytosis capacity, suggesting functional redundancy where other receptors may compensate for the absence in mediating phagocytosis (12). A recent report described decreased phagocytosis in CD16b-deficient neutrophils, which is contradictory to the present findings. This discrepancy may reflect differences between primary neutrophils and the HL-60 model in terms of functional and regulatory mechanisms. While the HL-60 model is valuable for dissecting individual receptor functions, its lack of phagocytosis impairment observed in primary CD16b-deficient neutrophils likely reflects compensatory mechanisms or intrinsic limitations of the model, potentially caused by distinct maturation states of the cells. The reduced ROS production observed in CD16b-/- and CD32a-/- cells following opsonized E. coli challenge suggests a key role of these FcγRs in triggering ROS production, consistent with previous studies (4, 15). In addition, we found that CD16b-/- cells produced significantly less ROS than CD32a-/- HL-60 cells. This is in line with previous studies showing that CD16b crosslinking induced higher levels of ROS production than CD32a crosslinking using selective agonists (4) and with data from CD16bnull neutrophils, which showed reduced ROS production upon opsonized E. coli stimulation (15).

Previous reports have shown downregulation of FcγRs after crosslinking (5, 15). CD16a is a high-affinity receptor on neutrophil surfaces and contributes to phagocytosis and cell activation (12). CD16a basal expression was higher in CD16b-deficient donor neutrophils compared to CD16b-expressing donor neutrophils and was decreased in CD16b-deficient donor neutrophils upon opsonized E. coli challenge, suggesting its contribution to phagocytosis (15). Here, we observed similar CD16a in the 3 cell lines in the absence of stimulation, and its downregulation in CD16b-/- only, after opsonized E. coli challenge. This suggests a potential role of CD16a in phagocytosis of IgG-opsonized E. coli, also in agreement with previous studies (12, 15). However, further studies are needed to mechanistically evidence the role of CD16a in phagocytosis, and we propose that the presented model will support such research.

Others have reported that inhibition of SYK following FcγRs crosslinking resulted in decreased ROS production (4). We observed decreased pSYK in both CD16b-/- and CD32a-/- HL-60 upon opsonized E. coli challenge compared to unedited HL-60, similar to the behavior observed in CD16b-deficient primary neutrophils (15). Interestingly, the observed lower levels of pSYK in CD32a-/- upon opsonized E. coli challenge suggest that CD16b may need to cooperate with CD32a to activate the SYK-mediated signaling pathway.

Here, baseline production of IL-8 was lower in CD32a-/- cells but was restored to the levels of the other cell lines following opsonized E. coli stimulation. This may suggest that CD32a contributes to basal IL-8 production while induced IL-8 production may be driven in majority by CD32a-independent signals. This possible regulation requires significant additional research. Others have shown that selective CD16b crosslinking led to higher production of IL-10 compared to CD32a crosslinking (25). Our findings showed that the lack of either CD16b or CD32a resulted in reduced IL-10 production compared to HL-60. This suggests that both CD16b and CD32a crosslinking are needed to induce IL-10. On the other hand, reduced IL-6 and IL-1β concentrations were measured in CD16b-/- cells only. This may suggest a more prominent role for CD16b in cytokine induction within this cellular system. Decreased TNF-α were measured following IgG-opsonized E. coli stimulation in CD16-deficient mice neutrophils (33). Furthermore, selective CD16b crosslinking leads to an increased TNF-α production compared to CD32a crosslinking (25). Here we reported a reduced capacity to produce TNF-α upon opsonized E. coli stimulation in both CD16b-/- and CD32a-/- compared to unedited cells, which may suggest a significant role of both these receptors in inducing TNF-α responses. In addition, we observed lower TNF-α concentrations in CD32a-/- neutrophil-like cells compared to CD16b-/-, while the absence of CD16b more significantly impacted IL-6 and IL-1β production. This may suggest divergent downstream signaling pathways from these two FcγR. Future experiments using pathways-specific inhibitors should help dissect these signaling contributions in detail. DMSO differentiation intensifies oxidative stress (34), inducing a metabolic rewiring that may lead to a persistent proinflammatory state. This may explain cytokines measured in unstimulated cells, but also suggests that DMSO-differentiated cells which could have been activated by peptidoglycan and LPS from opsonized E. coli through upregulation of TLR 2/4 (35). Here we described FcγRs-mediated regulations of neutrophil responses in an in vitro model. DMSO-induced differentiation may lead to some immature cells in culture (36). Consequently, this model may not fully recapitulate all functional aspects of peripheral blood neutrophils. CD11b upregulation is a feature of activated peripheral blood neutrophils (15, 37). Here, we measured downregulation of CD11b upon opsonized E. coli challenge in CD32a-/- and HL-60 but not in CD16b-/- cells, suggesting that CD16b may be a regulator of CD11b mobilization (10).

FcγR plays a pivotal role in neutrophil antimicrobial responses. To the best of our knowledge, this is the first description of a neutrophilic cellular model genetically deficient for CD16b or CD32a. We observed impaired immune function, and a potential regulatory mechanism associated with the absence of these receptors. These differences may stem from cell line-specific regulations or may suggest non-redundant contributions of CD16b and CD32a to FcγR-mediated responses, including cytokine response and ROS production. Further research is required to fully elucidate the specific roles of individual FcγRs, and we propose this model may facilitate such studies. Finally, the HL-60 model, though valuable, presents limitations. DMSO-induced differentiation does not produce a fully mature phenotype. DMSO itself promotes oxidative stress, potentially impacting neutrophil functions (34, 36). In addition, as primary neutrophils are sensitive to manipulations and cannot be genetically edited. However, we have identified CD16bnull donors, whose neutrophils recapitulate features from the dHL-60 CD16b-/- cell line, including CD16a internalization during phagocytosis, CD64 upregulation following opsonized bacteria challenge decreased ROS production and SYK phosphorylation patterns (15). Therefore, the developed model cell lines effectively recapitulated some FcγRs-specific features from primary neutrophils also lacking CD16b and could provide a platform for mechanistic studies of FcγR-mediated human neutrophil activation.
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Supplementary Figure 6 | Mutations on FCGR2A gene from edited HL-60 caused frameshift and premature stop codons. (A) Alignment of the FCGR2A gene from HL-60 and CD16b-/- HL-60 edited cells. Red boxes represent gRNA sequences, highlighted bases indicate mutation sites and dash lines (-) indicate gaps, representing base deletions leading to frameshifts. (B) Open reading frame (ORF) analysis of CD32a-/- HL-60. Black asterisks indicate premature stop codons introduced by the genetic modifications. (C) Representative chromatograms of gRNA target sequence in unedited HL-60 and CD16b-/- HL-60. Green boxes represent base substitutions and yellow boxes indicate indels.

Supplementary Figure 7 | Constitutive IL-6 and IL-8 release by neutrophil-like cells depending on FcγR expression. (A) Concentration of IL-8 and (B) concentration of IL-6 in supernatants after 8 h of standard culture. Gray circles: HL-60-derived neutrophil-like cells, yellow squares: CD16b-/- neutrophil-like cells, and green triangles: CD32a-/- neutrophil-like cells. N = 3 biological replicates performed on different days. Comparisons performed using one-way ANOVAs, ✱p<0.05 ✱✱p<0.01, ✱✱✱p=0.0001.




References

	 Lu T, Porter AR, Kennedy AD, Kobayashi SD, DeLeo FR. Phagocytosis and killing of staphylococcus aureus by human neutrophils. J Innate Immun. (2014) 6:639–49. doi: 10.1159/000360478, PMID: 24713863


	 Tamassia N, Bianchetto-Aguilera F, Arruda-Silva F, Gardiman E, Gasperini S, Calzetti F, et al. Cytokine production by human neutrophils: Revisiting the “dark side of the moon. Eur J Clin Invest. (2018) 48:e12952. doi: 10.1111/eci.12952, PMID: 29772063


	 Rivas-Fuentes S, García-García E, Nieto-Castañeda G, Rosales C. Fcγ receptors exhibit different phagocytosis potential in human neutrophils. Cell Immunol. (2010) 263:114–21. doi: 10.1016/j.cellimm.2010.03.006, PMID: 20356573


	 Alemán OR, Blanco-Camarillo C, Naranjo-Pinto N, Mora N, Rosales C. Fc gamma receptors activate different protein kinase C isoforms in human neutrophils. J Leukocyte Biol. (2025) 117(4):qiaf019. doi: 10.1093/jleuko/qiaf019, PMID: 39946245


	 Wang Y, Wu J, Newton R, Bahaie NS, Long C, Walcheck B. ADAM17 cleaves CD16b (FcγRIIIb) in human neutrophils. Biochim Biophys Acta (BBA) - Mol Cell Res. (2013) 1833:680–5. doi: 10.1016/j.bbamcr.2012.11.027, PMID: 23228566


	 Fossati G, Moots RJ, Bucknall RC, Edwards SW. Differential role of neutrophil Fc? receptor IIIB (CD16) in phagocytosis, bacterial killing, and responses to immune complexes. Arthritis Rheumatism. (2002) 46:1351–61. doi: 10.1002/art.10230, PMID: 12115243


	 Fernandes MJG, Lachance G, Paré G, Rollet-Labelle E, Naccache PH. Signaling through CD16b in human neutrophils involves the Tec family of tyrosine kinases. J Leukocyte Biol. (2005) 78:524–32. doi: 10.1189/jlb.0804479, PMID: 15899983


	 Fernandes MJG, Rollet-Labelle E, Paré G, Marois S, Tremblay ML, Teillaud JL, et al. CD16b associates with high-density, detergent-resistant membranes in human neutrophils. Biochem J. (2006) 393:351–9. doi: 10.1042/BJ20050129, PMID: 16171455


	 Patel KR, Roberts JT, Barb AW. Multiple variables at the leukocyte cell surface impact fc γ Receptor-dependent mechanisms. Front Immunol. (2019) 10:223. doi: 10.3389/fimmu.2019.00223, PMID: 30837990


	 Urbaczek AC, Toller-Kawahisa JE, Fonseca LM, Costa PI, Faria CMQG, Azzolini AECS, et al. Influence of FcγRIIIb polymorphism on its ability to cooperate with FcγRIIa and CR3 in mediating the oxidative burst of human neutrophils. Hum Immunol. (2014) 75:785–90. doi: 10.1016/j.humimm.2014.05.011, PMID: 24945596


	 Zhou MJ, Brown EJ. CR3 (Mac-l, cgM2, CDllb/CD18) and fc/RIII cooperate in generation of a neutrophil respiratory burst: requirement for fcTRII and tyrosine phosphorylation. J Cell Biol. (1994) 125:10. doi: 10.1083/jcb.125.6.1407, PMID: 7515890


	 Golay J, Valgardsdottir R, Musaraj G, Giupponi D, Spinelli O, Introna M. Human neutrophils express low levels of FcγRIIIA, which plays a role in PMN activation. Blood. (2019) 133:1395–405. doi: 10.1182/blood-2018-07-864538, PMID: 30655272


	 Minguela A, Salido EJ, Soto-Ramírez MF, Olga M, Leal JD, García-Garay MC, et al. Low-affinity immunoglobulin gamma Fc region receptor III-B (FcγRIIIB, CD16B) deficiency in patients with blood and immune system disorders. Br J Haematol. (2021) 195:743–7. doi: 10.1111/bjh.17828, PMID: 34544201


	 Riera NE, Saltó MR, Canalejo K, Felippo ME, Arrossagaray G, Aixala M, et al. Neutrophils without CD16b receptors. Med (B Aires). (2009) 69:442–6., PMID: 19770099


	 Cruz-Cárdenas JA, Cázares-Preciado JA, López-Arredondo A, Sánchez-Argáez AB, Schnoor M, Brunck MEG. FcγRIIIb-deficient neutrophils have defects in ROS production, phagocytosis and actin polymerization following stimulation through FcγRs. medRxiv. (2025). doi: 10.1101/2025.05.08.25327271


	 Labun K, Montague TG, Krause M, Torres Cleuren YN, Tjeldnes H, Valen E. CHOPCHOP v3: expanding the CRISPR web toolbox beyond genome editing. Nucleic Acids Res. (2019) 47:W171–4. doi: 10.1093/nar/gkz365, PMID: 31106371


	 Lau D, Mollnau H, Eiserich JP, Freeman BA, Daiber A, Gehling UM, et al. Myeloperoxidase mediates neutrophil activation by association with CD11b/CD18 integrins. Proc Natl Acad Sci USA. (2005) 102:431–6. doi: 10.1073/pnas.0405193102, PMID: 15625114


	 Brekke OL, Christiansen D, Fure H, Fung M, Mollnes TE. The role of complement C3 opsonization, C5a receptor, and CD14 in E. coli -induced up-regulation of granulocyte and monocyte CD11b/CD18 (CR3), phagocytosis, and oxidative burst in human whole blood. J Leukocyte Biol. (2007) 81:1404–13. doi: 10.1189/jlb.0806538, PMID: 17389579


	 Romee R, Foley B, Lenvik T, Wang Y, Zhang B, Ankarlo D, et al. NK cell CD16 surface expression and function is regulated by a disintegrin and metalloprotease-17 (ADAM17). Blood. (2013) 121:3599–608. doi: 10.1182/blood-2012-04-425397, PMID: 23487023


	 Wang X, Li ZY, Zeng L, Zhang AQ, Pan W, Gu W, et al. Neutrophil CD64 expression as a diagnostic marker for sepsis in adult patients: a meta-analysis. Crit Care. (2015) 19:245. doi: 10.1186/s13054-015-0972-z, PMID: 26059345


	 Visperas PR, Winger JA, Horton TM, Shah NH, Aum DJ, Tao A, et al. Modification by covalent reaction or oxidation of cysteine residues in the tandem-SH2 domains of ZAP-70 and Syk can block phosphopeptide binding. Biochem J. (2015) 465:149–61. doi: 10.1042/BJ20140793, PMID: 25287889


	 Glowacka E, Lewkowicz P, Rotsztejn H, Zalewska A. IL-8, IL-12 and IL-10 cytokines generation by neutrophils, fibroblasts and neutrophils- fibroblasts interaction in psoriasis. Adv Med Sci. (2010) 55:254–60. doi: 10.2478/v10039-010-0037-0, PMID: 20934961


	 Caliskan R, Sayi Yazgan A, Tokman HB, Sofyali E, Erzin YZ, Akgul O, et al. The cytokine response in THP-1 (monocyte) and HL-60 (neutrophil-differentiated) cells infected with different genotypes of Helicobacter pylori strains. Turk J Gastroenterol. (2015) 26:297–303. doi: 10.5152/tjg.2015.8058, PMID: 26039002


	 Covacci V, Torsello A, Palozza P, Sgambato A, Romano G, Boninsegna A, et al. DNA oxidative damage during differentiation of HL-60 human promyelocytic leukemia cells. Chem Res Toxicol. (2001) 14:1492–7. doi: 10.1021/tx010021m, PMID: 11712906


	 Yang H, Jiang H, Song Y, Chen DJ, Shen XJ, Chen JH. Neutrophil CD16b crosslinking induces lipid raft-mediated activation of SHP-2 and affects cytokine expression and retarded neutrophil apoptosis. Exp Cell Res. (2018) 362:121–31. doi: 10.1016/j.yexcr.2017.11.009, PMID: 29137913


	 Naegelen I, Beaume N, Plançon S, Schenten V, Tschirhart EJ, Bréchard S. Regulation of neutrophil degranulation and cytokine secretion: A novel model approach based on linear fitting. J Immunol Res. (2015) 2015:1–15. doi: 10.1155/2015/817038, PMID: 26579547


	 Ericson SG, Zhao Y, Gao H, Miller KL, Gibson LF, Lynch JP, et al. Interleukin-6 Production by Human Neutrophils After Fc-Receptor Cross-Linking or Exposure to Granulocyte Colony-Stimulating Factor. Blood (1998) 91(6):2099–107.


	 Anania JC, Chenoweth AM, Wines BD, Hogarth PM. The human fcγRII (CD32) family of leukocyte fcR in health and disease. Front Immunol. (2019) 10:464. doi: 10.3389/fimmu.2019.00464, PMID: 30941127


	 Krutmann J, Kirnbauer R, Köck A, Schwarz T, Schöpf E, May LT, et al. Cross-linking Fc receptors on monocytes triggers IL-6 production. Role in anti-CD3-induced T cell activation. J Immunol. (1990) 145:1337–42. doi: 10.4049/jimmunol.145.5.1337, PMID: 2143517


	 Vogelpoel LTC, Hansen IS, Rispens T, Muller FJM, Van Capel TMM, Turina MC, et al. Fc gamma receptor-TLR cross-talk elicits pro-inflammatory cytokine production by human M2 macrophages. Nat Commun. (2014) 5:5444. doi: 10.1038/ncomms6444, PMID: 25392121


	 Flesch BK, Reil A. Molecular genetics of the human neutrophil antigens. Transfus Med Hemother. (2018) 45:300–9. doi: 10.1159/000491031, PMID: 30498408


	 Cázares-Preciado JA, Cruz-Cárdenas JA, López-Arredondo A, Gallardo-Camarena MV, Brunck MEG. IMDM-20 enhances neutrophilic features during 1.3% DMSO-mediated differentiation of HL-60 cells. Biochem Biophysics Rep. (2025) 43:102215. doi: 10.1016/j.bbrep.2025.102215, PMID: 40893771


	 Chouchakova N, Skokowa J, Baumann U, Tschernig T, Philippens KMH, Nieswandt B, et al. FcγRIII-mediated production of TNF-α Induces immune complex alveolitis independently of CXC chemokine generation. J Immunol. (2001) 166:5193–200. doi: 10.4049/jimmunol.166.8.5193, PMID: 11290803


	 Ogino T, Ozaki M, Matsukawa A. Oxidative stress enhances granulocytic differentiation in HL 60 cells, an acute promyelocytic leukemia cell line. Free Radical Res. (2010) 44:1328–37. doi: 10.3109/10715762.2010.503757, PMID: 20815781


	 Shuto T, Furuta T, Cheung J, Gruenert DC, Ohira Y, Shimasaki S, et al. Increased responsiveness to TLR2 and TLR4 ligands during dimethylsulfoxide-induced neutrophil-like differentiation of HL-60 myeloid leukemia cells. Leukemia Res. (2007) 31:1721–8. doi: 10.1016/j.leukres.2007.06.011, PMID: 17664007


	 Gee DJ, Wright LK, Zimmermann J, Cole K, Soule K, Ubowski M. Dimethylsulfoxide exposure modulates HL-60 cell rolling interactions. Bioscience Rep. (2012) 32:375–82. doi: 10.1042/BSR20110109, PMID: 22494057


	 Weirich E, Rabin RL, Maldonado Y, Benitz W, Modler S, Herzenberg LA, et al. NNeutrophil CD11b expression as a diagnostic marker for early-onset neonatal infection. J Of Pediatr. (1998) 132(3 Pt 1):445–51. doi: 10.1016/s0022-3476(98)70018-6, PMID: 9544899







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Cruz-Cárdenas, López-Arredondo, Cázares-Preciado, Rodríguez-Gonzalez, Palomares and Brunck. 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.


OEBPS/Images/fimmu-16-1633609-g004.jpg
Phagocytosis Phagocytic index
100 40
0
g 80 §3o
(*
R o 8 c
o 60 80 a © HL-60
o o g 20 B CD16b™
8 40 9
< = A CD32a™
©
B 20 E
2
0 0
HL-60 cD16b” CD32a’ HL-60 CcD16b”- CD32a™
ROS production SYK phosphorylation
C D %kkk
FKkKkk
60000 2500 sokskok
0]
2000 S
— 40000 — 00 Ly
= S 1500 —
Y X
T % 1000
Q 20000 2
500

non-stim. PMA ops. E. coli non-stim. PMA ops. E. coli





OEBPS/Images/fimmu-16-1633609-g001.jpg
FSC

FSC

gRNA'1 gRNA2

P %
R T

gRNA1 gRNA2

CD16b"-
Heterogeneous pool

HL-60

FCGR3B

FCGR2A

CD16b KO validation

Sorting gate
0.086

Sorting gate
6.78

CD16b-BV421

HL_GO CD323-I-
Heterogeneous pool

Unstained

CD32a KO validation

Sorting gate Soring gate
4 57E-3 1:23

CD32a-APC

Unstained






OEBPS/Images/fimmu-16-1633609-g003.jpg
A CD16b B CD32a

sk sk ok
800 8000
© HL-60
B CD16b™
L TH
= 400 = 4000
200 2000
0 0
non-stim. ops. E. coli non-stim. ops. E. coli
CD16a CD64
C D ok
250 * 8000 *okk
%Kk Kok o
200 = -
8 o 6000 N
_ 150 15 °® _
TS ™ o}
= 8 o = 4000 8 = o
100 )
o0 © A
O m
2000

50

non-stim. ops. E. coli non-stim. ops. E. coli





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1633609-g005.jpg
150000

100000

pg/mL

50000

2000

1500

1000

pg/mL

500

IL-8

HL-60 cp16b™ CD32a™

TNF-a
kKoK

k*k

°
° skok

HL-60 cD16b”- CD32a”-

pg/mL

800

600

400

200

IL-6

HL-60 cD16b”" CcD32a™

IL-1pB

*k

HL-60 cD16b”’- CD32a”-

pg/mL

150

100

50

IL-10

k%

%k

00 O

HL-60 cD16b” CcD32a”’"





OEBPS/Images/fimmu.2025.1633609_cover.jpg
& frontiers | Frontiers in Immunology

Development of CRISPR/Cas9- mediated
CD16b™ and CD32a’~ promyelocytic cell
lines to study FcyR signaling in human
neutrophils





OEBPS/Images/fimmu-16-1633609-g002.jpg
CD11b"CD15™ (%)

o]
o

[=2]
o

'S
=)

N
o

o

HL-60 CD16b”- CD32'-

8000

6000

4000

2000

non-stim.

CD15

ops. E. coli

1500

500

CD11b

non-stim.

ops. E. coli

© HL-60

B CD16b™
A CD32a™





