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To the Editor:
In a recent issue of The Journal of Experi-
mental Medicine, Griffin and Rothstein 
described two subsets within the human 
B1 cell compartment: a major CD11b 
subset (9/10th of the population)  
and a minor CD11b+ subset (1/10th 
of the population), with the latter  
being increased in lupus (Griffin and 
Rothstein, 2011).

Griffin and Rothstein (2011) ana-
lyzed these two B1 cell subsets using 
gene profiling and compared these gene 
profiles with those of naive and mem-
ory blood B cells. A heat map is shown 
in Fig. 2 of their paper. This figure 
highlights a distinct expression profile 
for each of the CD11b+ and CD11b 
subsets compared with naive and mem-
ory B cells.

Using the data deposited in the 
National Center for Biotechnology In-
formation GEO database (GSE29717), 
we performed the same comparison and 
found that the gene profile of each of 
these subsets argues in favor of a differ-
ent conclusion.

For CD11b B1 cells, the 50 most 
discriminating genes (comparing this 
subset to CD11b+ B1 cells, naive cells, 
and memory B cells) include those 
encoding CD8; CD3; CD3; CD2; 
CD5; CD7; CD96; LAT; MAL; gran-
zymes A, B, H, and K; and granulolysin 
(Fig. 1 A). This profile resembles that of 
cytotoxic CD8+ T cells. This subset also 
expresses CD19, CD22, and other B cell 
markers, which does not discriminate 
them from naive and memory B cells. 
Thus CD11b B1 cells most likely con-
sist of CD8+ T cell–B cell doublets.

For CD11b+ B1 cells, overexpressed 
genes include those encoding SIRP, 
CD33, CD68, CD163, CD302, IL-1, 
APRIL (TNFSF13), and CD14 (Fig. 1 B). 
These genes correspond to a myeloid 
profile. Underexpressed genes include 
those encoding CD79A and CD79B, 
and other B cell markers, including 
TACI, BAFF-R (TNFRSF13b and  
TNFRSF13c), BLK, CD19, and CD27  

Gene profiling of CD11b+ and CD11b B1 cell subsets 
reveals potential cell sorting artifacts

Figure 1.  Gene expression profiles of human CD11b+ and CD11b B1 cell subsets. (A) Top 50 
overexpressed genes discriminating CD11b B1 cells from CD11b+, naïve, and memory B cells. Sec_B cells, 
CD11b B1 cells. Orc_B cells, CD11b+ B1 cells. (B) Top 106 overexpressed genes discriminating CD11b+  
B1 cells from CD11b, naïve, and memory B cells. (C) Top 73 underexpressed genes discriminating CD11b+ 
B1 cells from CD11b, naïve, and memory B cells. The total number of genes displayed, which represent an 
unbiased list of genes according to their ranking order in the comparison, was selected to include most of 
the discriminating genes selected by Griffin and Rothstein in the heat map in Fig. 2 of their paper. A clas-
sical red/green heat map display is used for overexpressed/under-expressed genes.
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(Fig. 1 C). The latter two markers were 
among the criteria used by Griffin and 
Rothstein to isolate these cells. This 
subset thus represents cells of the mono-
cyte lineage that were sorted by unspe-
cific (possibly Fc-mediated) staining as 
CD19+CD27+ cells. The CD11b and 
CD14 phenotype is thus not surprising.

There probably exists a human B cell 
subset with a spontaneous capacity to 
secrete IgM, as reported in the two 
papers by Griffin and colleagues on  
human B1 cells (Griffin and Rothstein, 
2011; Griffin et al., 2011). However, 

the characteristics described by these 
authors thus far pertain to cells that ap-
pear to represent two different types of 
cell sorting artifacts.

We thank Nicolas Cagnard (Bioinformatics 
platform, Paris Descartes) for performing 
the microarray analysis.
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Griffin et al., respond:
In January 2011, we reported the unique 
CD20+CD27+CD43+ phenotype of 
human B1 cells (Griffin et al., 2011a). 
In December 2011, we reported that the 
human B1 cell pool consists of func-
tionally distinct CD11b and CD11b+ 
populations, with the former particu-
larly proficient at antibody secretion and 
the latter particularly efficient in stim
ulating T cells (Griffin and Rothstein, 
2011). We also noted that the frequency 
of CD11b+ B1 cells is increased in the 
circulation of patients with lupus. As 
part of this work, we included microarray 
data that pointed to transcriptional dif-
ferences between CD11b and CD11b+ 
B1 cells. We have read with great inter-
est the letter by Reynaud and Weill, 
who have mined the microarray data 
we deposited in the National Center 
for Biotechnology Information (NCBI) 
repository and drawn inferences, incor-
rectly as it turns out, regarding the na-
ture and origin of CD11b and CD11b+ 
B1 cells.

Reynaud and Weill speculated that 
CD11b B1 cells represent B cell–T 
cell doublets because this population,  
in aggregate, expressed genes characteristic 

of T cells along with genes characteristic 
of B cells. The potential issue of B cell–
T cell doublets, raised previously by these 
same authors (Descatoire et al., 2011), 
is a topic we have already addressed by 
demonstrating that our sort-purified 
B1 cells exist as singlets (Griffin and 
Rothstein, 2011; Griffin et al., 2011b). 
At the same time, we identified proce-
dures that can be used to circumvent 
the potential problem of doublet events 
(Griffin et al., 2011b). In our published 
work, we reported that B1 cells sort-
purified without CD3 gating con-
tained an estimated 1–3% CD3+ events 
(Griffin and Rothstein, 2011; Griffin  
et al., 2011b). We have now sort-purified 
CD11b B1 cells again, exactly as was 
done to generate our published micro-
array results, and have analyzed three 
independent postsort samples for CD3 
expression, along with purified T cells 
(Fig. 1 A). We again find a very small 
proportion of CD3+ events (1.9 ± 0.66%; 
mean ± SEM) in the CD11b B1 cell 
population. This very low level of CD3 
positivity is likely attributable to a minor 
degree of T cell contamination that 
could account for the appearance of very 
low levels of some characteristically  

T cell transcripts among CD11b  
B1 cells. In keeping with this, flow cyto
metric analysis of unsorted CD19- 
enriched PBMCs demonstrates a small 
degree of CD2, CD7, CD8, and CD3 
staining among CD11b B1 cells that is 
eliminated by CD3 exclusion and sub-
sequent analysis of CD3CD20+CD27+

CD43+CD11b B1 cells (Fig. 1, B  
and C). Importantly, when CD3 exclu-
sion is combined with sort purification, 
expression of T cell genes such as CD7, 
CD8, and granzyme A is essentially elim-
inated (to <0.2% that of CD3+CD20 
T cells from the same samples), as as-
sessed by TaqMan QPCR (unpublished 
data). Collectively, these results indicate 
that CD11b B1 cells represent a dis-
tinct B cell population, as we previously 
reported. They are not doublets and do 
not express multiple T cell markers. Our 
deposited NCBI data show minor am-
plification of some characteristically T cell 
genes caused by the presence of very 
few T cells in the samples used for micro
array analysis.

Reynaud and Weill also contend 
that CD11b+ B1 cells are not B cells, but 
are monocytes, because this population 
underexpressed some characteristically  

Human CD11b+ B1 cells are not monocytes: A reply  
to “Gene profiling of CD11b+ and CD11b B1 cell 
subsets reveals potential cell sorting artifacts”
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Figure 1.  CD11b and CD11b+ B1 cells are B cells, not T cells or monocytes. (A) Adult PBMCs from three 
separate donors were CD19 enriched and immunofluorescently stained for CD11b, CD20, CD27, and CD43. 
CD11b B1 cells (CD20+CD27+CD43+CD11b) were sort-purified (Influx; BD) and evaluated postsort for expres-
sion of CD3 by flow cytometric analysis (LSRII; BD), and then compared with separately purified T cells, as indi-
cated. (B and C) Adult PBMCs were CD19-enriched and immunofluorescently stained for CD11b, CD20, CD27, and 
CD43, as well as CD2, CD3, CD7, and CD8. The expression of T cell markers on naive (CD20+CD27CD43), mem-
ory (CD20+CD27+CD43), and CD11b B1 (CD20+CD27+CD43+CD11b) cells was evaluated by flow cytometric 
analysis and compared with T cells (CD3+CD20), as indicated (B). B cells were gated to exclude CD3+ events, and 
the expression of T cells markers was evaluated on CD11b B1 cells by flow cytometric analysis and compared 
with T cells (CD3+CD20), as indicated (C). (D) Adult PBMCs were immunofluorescently stained for CD11b, CD20, 
CD27, and CD43, as well as CD19, CD79a, and  and  light chains (combined). B cells were gated to exclude 
CD3+ events, and naive, memory, and CD11b+ B1 cells were then evaluated for expression of B cell markers by 
flow cytometric analysis and compared with T cells (CD3+CD20) and monocytes (CD11b+CD3CD20), as indi-
cated. (E) Adult PBMCs were CD19 enriched and immunofluorescently stained for CD11b, CD20, CD27, and CD43, 
as well as CD7. B cells were gated to exclude CD3+ events, and naive, memory, and CD11b+ B1 cells were then 
evaluated for CD7 expression by flow cytometric analysis and compared with T cells and monocytes, as indicated. 
(F) Sort-purified CD11b B1 cells, CD11b+ B1 cells, T cells, and monocytes were cytocentrifuged onto glass slides, 
stained with Wright-Giemsa, and examined by light microscopy. Representative images for each cell type are 
shown. Bars, 5 m. Results shown in B–F represent one of three separate donors.

B cell genes and overexpressed some 
characteristically monocyte genes by mi
croarray. Although some B cell genes 
were not well expressed by CD11b+ B1 
cells, the corresponding proteins are ex-
pressed normally, as shown by immuno
fluorescent staining. For example, CD19 
and CD79a (Fig. 1 D), as well as CD21, 
CD22, and BAFFR (not depicted), 
are expressed on CD11b+ B1 cells at 
levels similar to those on naive and 
memory B cells. These staining results 
do not represent nonspecific binding, 
as CD11b+ B1 cells are negative for 
staining with CD7 (Fig. 1 E), CD2, CD3, 
and CD8 (not depicted), as well as CD80 
and CD71 (Griffin and Rothstein, 
2011). Importantly, CD11b+ B1 cells all  
express surface immunoglobulin, as 
demonstrated by positive staining with 
anti- and anti- Ig light chain anti-
bodies conjugated to the same fluoro-
phore (Fig. 1 D). Consistent with this, 
additional evidence that CD11b+ B1 cells 
belong to the B cell lineage is provided 
by single-cell PCR amplification of  
rearranged immunoglobulin (Tiller  
et al., 2008; Griffin et al., 2011a), which 
we find to be even more efficient in 
CD11b+ B1 cells than naive B cells 
from the same samples (unpublished 
data). On the basis of immunoglobulin 
gene rearrangement, B cell receptor 
expression, and expression of character-
istically B-cell surface antigens, CD11b+ 
B1 cells are B cells.

The notion that CD11b+ B1 cells 
express monocyte genes is entirely con-
sistent with what is known about mouse 
B1 cells. Expression of monocyte genes 
by some human B1 cells fits well with 
an extensive literature indicating a close 
relationship between B1 cells and mono-
cytes, extending even to B1 cell phago-
cytic activity (Cumano et al., 1992; 
Borrello and Phipps, 1996; Almeida 
et al., 2001; Montecino-Rodriguez et al., 
2001; Ghosn et al., 2006; Kawamoto, 
2006; Popi et al., 2009; Parra et al., 2011). 
This does not mean, however, that 
CD11b+ B1 cells are monocytes, as can 
be readily seen by the morphology of 
CD11b+ B1 cells, which is quite differ-
ent from the distinctive features of 
monocytes (Fig. 1 F).
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In sum, the mining of our microarray 
data by Reynaud and Weill has led them 
to speculative inferences that are firmly 
contradicted by an extensive body of evi-
dence. Our work has established the over-
all phenotype of human B1 cells, as well 
as the nature and characteristics of two 
functionally distinct human B1 cell sub-
populations, one of which is increased in 
frequency in the blood of lupus patients.
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