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Antibody-secreting plasma cells play critical roles in protective immunity and antibody 

mediated autoimmune disease. During immune responses a small fraction of newly 

generated plasma cells enter either the bone marrow (BM) or the lamina propria of the small 

intestine (siLP) where they appear to survive indefinitely [1-3], thus maintaining antibody 

titers for extended periods. The factors that influence the generation and survival of plasma 

cells remain mysterious. Indeed, recent data suggest that the BM in mice and people also 

harbors considerable numbers of short-lived cells [4, 5], raising questions about how 

immature plasma cells achieve longevity after they enter the BM. Other recent work has also 

revealed that plasma cells can secrete immunoregulatory cytokines [6, 7], adding to the 

motivation to better define plasma cells with these novel functions. Yet the ability to 

characterize plasma cell subpopulations routinely has been hampered by their relatively 

paucity in complex immune tissues such as the spleen, siLP, and BM, coupled with the lack 

of standardized flow cytometric and related methods to identify such cells.

Perhaps the most reliable surface marker for identifying plasma cells in mice is CD138, also 

known as Syndecan-1. However it should be noted that CD138 is also expressed, albeit at 

lower surface densities, by many B cell precursors in the BM [8]. A major advance for 

resolving plasma cells from pre-B cells and other cell types was the generation of reporter 

mice for the plasma cell-requisite transcription factor Blimp1. Two such lines have been 

generated. Nutt and colleagues inserted a cDNA encoding GFP into the 3-prime UTR of the 

Blimp1 locus [9], resulting in C57BL/6 backcrossed B6.Blimp1+/GFP mice. Alternatively 

Meffre and colleagues generated a bacterial artificial chromosome in which YFP expression 

is controlled by the Blimp1 locus [10]. Both strategies appear to faithfully mark Blimp1-

positive cells. However, because it is not always feasible or practical to breed mice of 

interest with Blimp1 reporter mice, we sought to establish a flow cytometric protocol for 

resolving immature and mature plasma cell subsets in standard inbred mice lacking a 

Blimp1 reporter. Our approach can be applied to any tissue provided that single cell 

suspensions of viable cells can be generated, but optimal results are seen in BM and spleen 

preparations. A key additional surface antigen for this approach is Stem cell antigen-1 

(Sca-1), also known as Ly6A/E.
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In considering how to verify our strategy, we reasoned that effective resolution of bona fide 

plasma cells would reveal cell populations that were nearly 100% GFP+ in B6.Blimp1+/GFP 

mice. To begin we stained BM cells from B6.Blimp1+/GFP mice with a cocktail of antibodies 

suitable for resolving immature B220+ and mature long-lived B220- plasma cells [4, 11]. 

These included a cocktail of “Dump” channel antibodies designed to exclude non-B-linage 

cells, antibodies to IgD to identify and exclude naive B cells, CD19 and B220 to resolve 

immature and mature plasma cells, and the pan plasma cell marker CD138. Regarding the 

“Dump” channel, because Blimp1 is expressed at low levels by CD4+ and CD8+ T cells 

[12], it is critical to include antibodies to CD4 and CD8. To further focus on rare plasma 

cells we also include “Dump” antibodies to the erythroid surface antigen TER-119, and the 

monocyte marker F4/80. Notably, in our experience BM plasma cells are rather 

heterogeneous for numerous surface antigens including CD11b and Gr-1, both of which are 

commonly associated with myeloid lineage cells. Therefore we do not include antibodies to 

these surface antigens in our “dump” channel.

In Figure 1A we illustrate the ability of this basic strategy to resolve CD138high GFP+ cells 

among total BM cells from an adult B6.Blimp1+/GFP mouse. As shown, by gating on all 

Dump- IgD-CD138high cells, irrespective of B220+ expression, we achieved only 90% GFP+ 

cells. Moreover small numbers of GFP+ cells were also observed within a gate focused on 

CD138low B220+ events. Notably, in our experience these results varied considerably from 

experiment to experiment, due mainly to small changes in gate placement and slight but 

important differences in separation between the CD138low and CD138high populations. 

Consequently we sought additional markers to more effectively resolve all BM plasma cells. 

After screening a collection of antibodies targeting proteins expressed on a variety of BM 

cells, we discovered that BM plasma cells are considerably heterogeneous for a variety of 

markers expressed on B cells in various stages of differentiation. Consequently, staining 

panels that included antibodies such as AA4.1, CXCR4, BP-1, CD43, CD24, IL-7Rα, 

CD48, and CD34 did not yield a clear separation of CD138high from CD138low B220+ cells 

(not shown). By contrast the most promising candidate marker was Sca-1, which we found 

to be highly expressed by the vast majority of CD138high plasma cells. Indeed, addition of 

antibodies to Sca-1 to pre-existing panels resulted in nearly 100% Blimp1/GFP+ cells within 

the Sca-1+ CD138high gate, with few GFP+ cells among CD138low Sca-1- BM cells (Figure 

1B). Moreover with this approach we readily resolved both immature B220+ and mature 

B220- BM plasma cells at the expected 50:50 ratio. When we tested this antibody in tissues 

outside of the BM we found Sca-1+ CD138high cells in the spleen were 100% Blimp1/GFP+ 

(Figure 1C). However, the use of Sca-1 to differentiate plasma cells in Peyer's patches is not 

as ideal, resulting in only 75% Blimp1/GFP+ cells (Figure 1D). It should also be noted, due 

to decreased Sca-1 staining intensity of Ly6.1 mouse strains such as BALB/c [13], this 

approach was not effective when applied to BM cells from BALB/c adults (not shown), and 

thus is only effective in Ly6.2 haplotype strains such as C57BL/6. Nonetheless, in C57BL/6 

mice antibodies to Sca-1 improved resolution of immature and mature BM and splenic 

plasma cells.

A second parameter concerns the conditions with which single cell suspensions are prepared 

for analysis. A common practice is to use buffers consisting of PBS with bovine serum 

albumin or fetal calf serum, often supplemented with sodium azide at a concentration of 
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0.01-1% for its anti-bacterial and fungal growth properties as well as its ability to decrease 

membrane internalization. We were surprised to notice that the inclusion of azide in our cell 

preparation and staining buffers appeared, at first glance, to result in lower frequencies of 

BM plasma cells (not shown). Further investigation however led us to conclude that azide 

results in decreased surface staining for CD138 without affecting plasma cell viability, as in 

these samples frequencies of Blimp1+ Sca-1+ BM cells remained unchanged (Figure 2A). 

Instead, the inclusion of azide caused a dose-dependent loss in CD138 staining intensity 

(Figure 2B). We conclude that it is important to use azide-free buffers when evaluating 

CD138+ plasma cell frequencies.

Our results illustrate key facets of approaches for evaluating immature and mature plasma 

cells in mouse BM by flow cytometry. Moreover, the approach detailed here allows cleaner 

separation of plasma cells from potentially contaminating cells, most notably CD138low B 

cell precursors, without necessarily evaluating genetic reporters for Blimp1 or other plasma 

cell-associated gene products. This approach should facilitate the study of plasma cells, and 

hence increase our understanding of these critical players in humoral immunity.
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Figure 1. 
Flow cytometric analysis of mouse BM, splenic, and Peyer's patch plasma cells. (A) BM 

cells from an adult B6.BlimpGFP/+ were isolated and stained for analysis by flow cytometry. 

Cells were pre-gated based on size using FSC-A by SSC-A then doublets were excluded by 

gating on FSC-W by SSC-W. Live cells were analyzed by gating on Zombie Aqua negative 

cells. Gating on IgD- and Dump- cells enriched for cells that include plasma cells. Plasma 

cells make up the CD138high B220+/- population and developing B cells are found in the 

CD138low B220+ population. Both cell populations can be further analyzed for Blimp-GFP 

expression to confirm plasma cell identity. (B) Cells are pre-gated as in (A) to reveal a 

CD138high Sca-1+ population. Further analysis of these cells reveals Blimp-GFP expression 

and both immature B220+ and mature B220- plasma cells. (C) Splenic plasma cells were 

analyzed by pre-gating as in (A) then examining the CD138high Sca-1+ cells for Blimp-GFP 

expression. (D) Representative Peyer's patch cells gated as in (C). Flow cytometric graphs 

shown are representative of >5 independent experiments of 3 or more mice per group.
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Figure 2. 
Sodium azide decreases the intensity of CD138 staining of Blimp-GFP+ plasma cells. (A) 

BM cells were prepared in FACS buffer with 0, 0.005, 0.01, or 0.05% sodium azide. Cells 

were then stained for flow cytometry as in Figure 1 and gated on viable IgD- Dump- cells. 

Plasma cells were first gated on the Blimp-GFP+ Sca-1+ before examining CD138 staining 

intensity. Shown are representative plots from cells prepared with 0 versus 0.05% sodium 

azide. (B) Mean fluorescence intensity of CD138 derived from the Blimp-GFP+ Sca-1+ 

plasma cell population prepared with the indicated concentration of sodium azide. Results 

are representative of 3 independent experiments with 3 or more samples per group. Error 

bars represent the standard error of the mean. *, p<0.001 from control as determined by one 

way ANOVA with a Bonferroni post-test.
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