


FIGURE 1 Gating strategy for murine spleen samples from an immunized mouse. (A) Viable lymphocytes. (B) PCs (TACIint CD138+ ) were further 

subdivided into three subsets: P1 (B220int CD19int ), P2 (B220low CD19int ), and P3 (B220low CD19low ). PCs with Ep-CAMhigh CXCR3− or Ly6Ahigh TIGIT− 

phenotypes were identified. (C) GC B cells (CD38− GL7+ ) were investigated for antigen reactivity (S6P+ / + , RBD+ / + ) and activation status (CD86+ ). 

(D) IgG+ class-switched B cells (CD38+ GL7− IgG+ ) showed antigen-reactivity (S6P+ / + , RBD+ / + ) and expressed the activation marker CD86. 

(E) B220+ CD93high T1- (IgMhigh CD23low ) and T2-stage (IgDhigh CD23high ) transitional B cells were identified. (F) B220+ CD93low naive follicular 

(CD23high CD21+ ) and marginal zone (CD23low CD21high ) B cells were defined. Activated naive follicular B cells (CD80+ or CD86+ ) were characterized. 

(G) Among CD8+ T cells, naive (CD44− CD62L+ ), CM (CD44+ CD62L+ ), and EM (CD44+ CD62L− ) were distinguished. (H) Similarly, naive, CM, and 

EM CD4+ T cells were distinguished. EM CD4+ T cells were further gated to identify Tfh cells (CXCR5+ PD-1+ ). (I) PaCMAP (2D; kNN = 30, mid = 

0.5, far = 2600 iters, Euclidean, random init) with FlowSOM metaclusters ( k = 16) overlaid to show B/T-cell phenotypic heterogeneity. Data shown are 

representative of three mice ( n = 3) from one experiment. 
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FIGURE 2 Gating strategy for murine bone marrow PC subsets. (A) Viable lymphocytes. (B) PCs (TACIint CD138+ ) subsets: P1 (B220int CD19int ), 

P2 (B220low CD19int ), and P3 (B220low CD19low ). PCs with Ep-CAM+ CXCR3− or Ly6A+ TIGIT− phenotypes were distinguished. (C) PaCMAP (2D; kNN 

= 30, mid = 0.5, far = 2600 iters, Euclidean, random init, seed = 4786) with FlowSOM metaclusters ( k = 5) overlaid to show antibody-secreting cell 

differentiation diversity. (D) Selected marker expression is overlaid as a continuous color gradient on the PaCMAP to define PC subsets. Data shown are 

representative of three mice ( n = 3) from one experiment. 
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B cells were identified based on the lineage markers CD19 and 

B220. Among these, GC B cells were defined as GL7+ CD38− . 

While GC B cells were rare in non-immunized mice, they were 

clearly detectable in the spleen and lymph nodes of immunized 

animals (Figure 1C and Figures S6, S9 , and S10 ). These GC B cell 

populations included a substantial fraction of S6P and RBD bait- 

reactive cells, as well as CD86high cells, phenotypically resembling 

light zone GC B cells (Figure 1C ) [ 1, 7–10 ]. 

In the spleen, CD38 was expressed on marginal zone (MZ), 

naive follicular (FO), transitional, and IgG+ class-switched B 

cells (Figure S7 ). To better separate the IgG+ class-switched 

B cells, isotype-specific antibodies were used (Figure S8 ). The 

frequency of IgG+ class-switched B cells was higher in immu- 

nized mice, including IgG+ cells that bound antigen (S6P, 

RBD) and expressed the activation marker CD86 reminiscent 

of memory B cells (Figure 1D and Figure S6 ). Antibodies 

against CD93, CD21, and CD23 enabled the discrimination of 

transitional B cell subsets (T1 – CD93high IgDneg/low CD23− ; T2/T3 

– CD93low IgDlow/pos CD23+ ) from MZ (IgM+ CD21high CD23low ) 

and naive FO (IgD+ IgMint-low CD23high CD21+ ) B cells in spleen 

(Figure 1E,F ) [ 4, 5, 8 ]. In immunized, but not in non- 

immunized, mice, naive FO B cells expressed higher levels 

of the activation marker CD80 but not CD86 (Figure 1F and 

Figure S6 ). 

To facilitate the parallel assessment of T cell responses, antibodies 

against CD4 and CD8 were included in the panel (Figure 1G ) 

[ 1, 8, 14, 15 ]. CD4 and CD8 T cells were further characterized 

based on the expression of CD44 and CD62L to distinguish 

naive (CD44− CD62L+ ), effector memory (EM; CD44+ CD62L− ), 

and central memory (CM; CD44+ CD62L+ ) subsets (Figure 1G,H ). 

CXCR5 and PD-1 expression on EM CD4 T cells was used to 

identify T follicular helper (Tfh) cells (Figure 1H ). As CD62L is 

sensitive to enzymatic shedding, we caution that its detection 

may be impaired in thawed samples due to ex vivo processing, 

affecting the detection of naive and CM T cell subsets. To 

preserve reliable CD62L staining, we recommend using freshly 

prepared samples, minimizing incubation steps at room tem- 

perature, avoiding mechanical stress, and keeping samples on 

ice during processing whenever possible (Figure S12 ). Pairwise 

controlled manifold approximation and projection was used to 

distinguish the diverse cellular subsets (Figures 1I and 2C,D , 

Figure S13 ). 

In summary, this 31-parameter spectral flow cytometry panel 

allows for the high-resolution phenotypic discrimination of 

diverse murine B and T cell subsets, with particular focus 

on antigen-experienced B cells, including rare subpopulations 

such as long-lived PCs and isotype-switched (memory) B cells. 

It is ideally suited for analyzing immunization or infection- 

induced immune responses in lymph nodes, spleen, and bone 

marrow. 
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