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Abstract

Rationale: A subpopulation of B cells (age-associated B cells
[ABCs]) is increased in mice and humans with infections or
autoimmune diseases. Because depletion of these cells might be
valuable in patients with certain lung diseases, the goal was tofind out
if ABC-like cells were at elevated levels in such patients.

Objectives: To measure ABC-like cell percentages in patients with
lung granulomatous diseases.

Methods: Peripheral blood and BAL cells from patients with
sarcoidosis, beryllium sensitivity, or hypersensitivity pneumonitis
and healthy subjects were analyzed for the percentage of B cells
that were ABC-like, defined by expression of CD11c, low levels
of CD21, FcRL 1–5 (Fc receptor–like protein 1–5) expression, and,
in some cases, T-bet.

Measurements and Main Results: ABC-like cells in blood
were at low percentages in healthy subjects and higher
percentages in patients with sarcoidosis as well as at high
percentages among BAL cells of patients with sarcoidosis,
beryllium disease, and hypersensitivity pneumonitis. Treatment
of patients with sarcoidosis led to reduced percentages of
ABC-like cells in blood.

Conclusions: Increased levels of ABC-like cells in patients with
sarcoidosis may be useful in diagnosis. The increase in percentage
of ABC-like cells in patients with lung granulomatous diseases and
decrease in treated patients suggests that depletion of these cells may
be valuable.
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We and others have identified a
subpopulation of B cells in mice and
humans we called age-associated B cells
(ABCs) (1–12). These cells differ from other
B cells by their low level of CD21 and
expression of CD11b, CD11c, and, for one
subpopulation, T-bet (13–20). Mouse
follicular B cells are converted to ABCs by
signals through their B-cell receptor, their
IFNg receptor, their TLR7 and, sometimes,
their IL-21 receptor (13, 21). Together,
these signals induce T-bet. T-bet, in
turn, induces production of many of the

other proteins that characterize these
cells (14).

ABC-like cells are present in healthymice
but increase in percentage in virus-infected
mice; they are major precursors for antiviral
antibody production (22, 23) and have been
associated with nonviral infections such as
Ehrlichia (12, 24). ABCs also appear in
autoimmune-prone mice and are the
major producers of autoantibodies in
these animals (10, 25–28). The appearance
of autoantibodies and symptoms of
autoimmunity are significantly delayed in
animals that cannot express T-bet in B cells
and that therefore lack ABCs (14).

B cells expressing low levels of CD21
and other markers characteristic of ABCs
have been found in increased numbers in
patients suffering from various autoimmune
diseases (6, 21, 29–32) and are major
precursors for autoantibody secreting
cells (6). As far as infectious agents are
concerned, various agents and vaccines
have also been found to induce ABC-like
cells in humans (18, 20, 33–36).

T cells are thought to drive granuloma
formation in sarcoidosis, chronic beryllium
disease (CBD), and hypersensitivity
pneumonitis (HP). Nevertheless, B cells have
been implicated in some granulomatous lung
diseases in humans. Indeed, rituximab may
lead to pulmonary function improvement in
chronic HP and sarcoidosis (37–39).
Hypergammaglobulinemia, autoantibody
production, and circulating immune
complexes are frequently observed in
sarcoidosis (40, 41). Also, B cells are a
component of sarcoidosis granulomas,
located on the periphery of, and occasionally
within, the granuloma (42).

Knowing these points, we checked the
appearance of ABC-like cells in peripheral
blood mononuclear cells (PBMCs) and BALs
of patients with various granulomatous lung
diseases, focusing on sarcoidosis. However,
ABC-like cells have been defined in several
ways by their low levels of CD21 with or
without expression of CD11c and/or T-bet.
Therefore, to define the cells more carefully,
we tested B cells for expression of various
combinations of these markers and also
another set of proteins, the FcRLs (Fc
receptor–like proteins; alias CD307a-e),
which have also, in a few studies, been
associated with ABC-similar cells (17, 19,
43–48). FcRLs might affect the functions of
the cells bearing them, as some express
ITAMs (immunoreceptor tyrosine-based
activation motifs, expressed by FcRLs 1, 2, 3,

and 5) and some express also or instead
ITIMs (immunoreceptor tyrosine-based
inhibition motifs, expressed by FcRLs 2, 3, 4,
and 5). The goal of our experiments was to
identify a set of proteins that could be used
to identify various subpopulations, were they
to exist, of ABC-like cells and to predict to
some extent their functions in subjects with
different granulomatous lung diseases.

Methods

Study Cohorts
Patients suffering from sarcoidosis,
beryllium sensitivity (BeS), CBD, or HP
were recruited during routine clinic visits.
Disease status was diagnosed based on
the American Thoracic Society/European
Respiratory Society guidelines and
multidisciplinary consensus discussion
for sarcoidosis (49), CBD and BeS (50),
and HP (51). Sarcoidosis BAL cells and
PBMCs were obtained from the National
Jewish Health granuloma sarcoidosis
biorepository and subjects undergoing
clinically indicated diagnostic
bronchoscopies. Healthy donors were
volunteers working at National Jewish
Health. Table 1 describes the age, sex, race,
and treatment, if any, of the donors.
Samples were collected after individuals
had signed an informed consent and
Health Insurance Portability and
Accountability Act forms in accordance
with National Jewish Health Institutional
Board–approved protocols, HS-2984,
University of Iowa 201801833 and HS-
2750, and the Declaration of Helsinki.

Study Procedures
Patients with sarcoidosis undergoing a
diagnostic bronchoscopic procedure were
consented for use of their excess BAL cells.
Bronchoscopy was performed per standard
clinical protocols (52), and lavage was
performed by instilling sequential aliquots
of 0.9% saline in 1–2 segments of the lung
and aspirated manually. Blood samples
were obtained from an established
intravenous catheter immediately before
the bronchoscopy procedure.

Staining and Analysis of PBMCs and
BAL Samples
PBMCs from human heparinized blood
samples were purified by density gradient as a
buffy coat. The buffy coat was collected and
washed three times with Hanks’ balanced

At a Glance Commentary

Scientific Knowledge on the
Subject: A population of B cells,
called age-associated B cells (ABCs), is
at increased percentages in mice and
humans suffering from autoimmune
diseases and various infections. ABC-
like cells are defined by their expression
of CD11c and T-bet, low levels of the
B-cell marker CD21, and an unusual
distribution of Fc receptor–like
proteins. These B cells might
participate in disease processes, not
just because they are precursors for
antibody production but also because
they present antigen very efficiently to
T cells.

What This Study Adds to the Field:
Because B cells are thought to play a
role in some lung granulomatous
diseases, we examined the peripheral
blood and BAL of patients suffering
from these diseases for ABC-like cells.
Results were compared with ABC-like
cells in healthy individuals. By
comparison with other B cells, ABCs
had similar phenotypes in healthy
people and patients but were increased
in percentage in the peripheral blood of
patients with sarcoidosis and in the
BAL of patients with sarcoidosis,
beryllium sensitivity, and
hypersensitivity pneumonitis.
Moreover, ABC-like percentages
decreased in the peripheral blood of
treated sarcoidosis patients. These
findings suggest that ABC-like cells
might contribute to the morbidity of
these illnesses, and hence processes to
remove these B cells might be useful
therapeutically.
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salt solution. Cells were first stained with
antibodies against surface proteins and then
fixed and lysed using the FoxP3
fixation/permeabilization kit (eBioscience),
followed by intracellular staining with
anti–T-bet (23). The origins and attached
fluorophores for the antibodies are shown in
Table E1 in the online supplement. Dead
cells were gated out based on their staining
with Zombie Violet (BioLegend). Analyses

were performed on CYAN (Beckman
Coulter) or LSRII (Becton Dickinson) flow
cytometers, and the data were analyzed
using FlowJo software (FlowJo LLC). The
gating strategy is shown in Figure E1.
For each day’s set of samples, the gating
strategy was identical. However, because
of small changes in the sensitivity of the
flow cytometer from day to day, the gates
were changed somewhat from one day’s

samples to another. Labels accompanied by
arrows on the flow cytometric figures
indicate the mean fluorescent intensity of
staining by the labeled antibody.

Statistical Analyses
Associations of diagnosis and treatment
group with subject age were estimated
nonparametrically using the Kruskal-Wallis
test with Dunn’s post hoc test, whereas

Table 1. Patient Data

Experiment Group Number

Age (yr)
Sex

Race
(W/AA/H)

Treatment
(Number)

Smoking
Status

(C/F/N/U)

Age
[Mean

(Range)]
P

Value* M/F
P

Value†

Sarcoidosis 0.14 0.19

HSs‡ 24 44 (23–75) Ref 12/12 Ref 24/0/0 None 0/0/24/0

SarcPTs 22 53 (33–74) 0.032 16/6 0.13 18/4/0 Methotrexate,
hydroxychloroquine (1)

—

Methotrexate, prednisone (3)
Methotrexate, infliximab (1)
Mycophenolate (1)
Hydroxychloroquine (3)
Hydroxychloroquine,
prednisone (1)

Hydroxychloroquine,
infliximab (1)

Prednisone (5)

SarcPs 15 52 (27–68) 0.075 9/6 0.78 13/2/0 None 0/4/10/1

Beryllium
disease

0.02 —

HSs‡ 6 33 (25–41) Ref 4/0 6/0/0 None 0/0/6/0

BeSx 10 62 (43–77) 0.01 9/1 7/1/2 ICS (1)ǁ 0/0/10/0

Chronic
beryllium
disease

10 64 (53–78) 0.0037 9/1 8/1/1 ICS (4) 0/0/10/0
Adalimumab,
hydroxychloroquine (1)

ICS, IVIG,
Hydroxychloroquine (1)

Hypersensitivity
pneumonitis

,0.0001 0.75

HSs‡ 13 39 (23–69) Ref 7/6 Ref 13/0/0 None 0/0/13/0

Hypersensitivity
pneumonitis

17 67 (53–83) ,0.0001 7/10 0.75 Not
known

Azathioprine,
mycophenolate mofetil,
mycophenolate mofetil
with prednisone, or
prednisone alone

0/0/0/17

Definition of abbreviations: AA=African American; BeS=beryllium sensitivity; C= continuous; F = former; H=Hispanic; HSs=healthy subjects;
ICS= inhaled corticosteroids; IVIG= intravenous immunoglobulin; N=never; Ref =HSs used to compare with patients’ data; SarcPs= sarcoidosis patients
not on treatment; SarcPTs= sarcoidosis patients on treatment; U= unknown; W=white.
*Statistical differences between the ages of subjects by diagnosis group were assessed by a Kruskal-Wallis test with Dunn’s post hoc test.
†Statistical differences between the sex of subjects by diagnosis group were assessed by a chi-squared test.
‡HS numbers differ for each experiment because the number and identity of the HS controls was different for each analysis. Some HSs were used as
control subjects in more than one experiment.
xIn the beryllium disease experiment, two HSs did not have recorded age or sex.
ǁThis treatment was not used for treatment of BeS but rather for non-BeS airway disease.

ORIGINAL ARTICLE

Phalke, Aviszus, Rubtsova, et al.: Age-associated B Cells in Lung Granulomatous Diseases 1015



associations with self-reported sex were
estimated using the chi-square test.
Differences in mean percentage ABC
content between diagnosis/treatment
groups were estimated using robust
regression methods to minimize sensitivity
to the small number of relatively high
outlying percentage ABC content values.
The impact of adjusting these robust
models for subject age was explored. All
analyses were performed in R version 3.6.3
(https://ww.R-project.org/). Kruskal-Wallis
and Dunn tests were implemented in the
Dunn.test package. Robust regression was
implemented in the MASS package (53).

The statistical significances between groups
are indicated on the figures, except when
the differences were not significant, in
which case no notation was added. The
healthy control subjects versus patients
with BeS and CBD or healthy subjects
(HSs) versus those with HP were
significantly different, with the healthy
control subjects being younger. However,
it has been reported that the percentage
of ABC-like cells does not change
with age (31), so we do not believe a
difference in age between the control
subjects and patients is a confounding
factor.

Results

B Cells Resembling ABCs Are Found
at Increased Frequency in the
Peripheral Blood and BAL of Patients
with Pulmonary Sarcoidosis
The percentages of B cells in PBMCs
from HSs and patients with pulmonary
sarcoidosis not on therapy (SarcPs) and
patients who were on therapy (SarcPTs)
were about the same (Figures E2A and E2B).
There were two populations of ABC-like
cells (CD11c, CD21lo) (10, 13, 15, 19, 23,
28), one expressing high levels of T-bet
(ABC-like Tbethi) and another that was
low to negative for T-bet expression (ABC-
like Tbetneg-lo) (20) (Figure E1). CD19
levels on ABC-like T-betneg-lo cells were
the same as those on CD11c-negative,
CD21-moderate to CD21-high B cells
(other B cells) (Figures E2C and E2D).
However, as previously shown (12), ABC-
like T-bethi cells from both HSs and SarcPs
bore higher levels of CD19 than the other
two B-cell populations (Figure E2E). Higher
CD19 levels might increase the B cells’
reactivity and ability to help T cells (54).

ABC-like cells were significantly
increased in percentage among PBMC
B cells in SarcPs versus HSs (Figure 1A) but
were significantly reduced in patients
undergoing therapy for their disease
(Figure 1D). However, this result should be
viewed with caution given that the SarcPTs
were a different cohort than the SarcPs. The
same observations apply to the ABC-like
Tbetneg-lo subpopulation, which were
significantly higher in SarcPs than HSs but
considerably reduced in SarcPTs (Figures
1B and 1E). On the other hand, the
percentage of ABC-like Tbethi cells was not
statistically different from HSs in SarcPs
and was not significantly reduced in
SarcPTs (Figures 1C and 1F). ABC-like cells
were also at high levels in SarcP BAL
(Figure 1G), and the increase in percentage
over normal applied particularly to the
ABC-like T-bethi cells (Figure 1I).

Several results suggest that the increase
in ABC-like cells in SarcPs is associated with
the severity of disease. First, the percentage
of ABC-like cells in PBMCs is lower in
SarcPTs than in SarcPs (Figures 1D and 1E).
Second, the percentage of ABC-like cells is
significantly higher in BAL than in PBMCs
(Figure 1G and 1I). Lastly, in untreated
patients, the severity of the disease, as
defined by numbers of extrapulmonary

SarcP SarcPT PBMC B cells that are:

%
 o

f P
B

M
C

 B
 c

el
ls

 o
f

in
di

ca
te

d 
ty

pe

ABC-like

5

HS SarcP

10

15 *

A

4

HS SarcP

8 *

ABC-like T-betneg-loB

4

2

HS SarcP

6

ABC-like T-bethiC

5

SarcP SarcPT

10

15 *

D

SarcP SarcPT

4

8 **

E

SarcP SarcPT

4

8

F

SarcP BAL B cells that are:

%
 o

f B
A

L 
B

 c
el

ls
 o

f
in

di
ca

te
d 

ty
pe

10

PBL BAL

20

30 ***

ABC-likeG

2

PBL BAL

6

10

ABC-like T-betneg-loH

10

PBL BAL

20
***

ABC-like T-bethiI

Figure 1. Age-associated B cell (ABC)-like cells are enriched in the peripheral blood mononuclear cells
(PBMCs) and BAL of patients with sarcoidosis and are reduced in percentage in patients on therapy.
PBMCs and BAL cells were obtained from healthy subjects (HSs), sarcoidosis patients not on treatment
(SarcPs), and sarcoidosis patients on treatment (SarcPTs) as described in METHODS. The treatment
protocols and data for the patients are listed in Table 1. Cells were stained as described in METHODS, and
staining was detected on a CyAn (Beckman Coulter) instrument. Data were analyzed using FlowJo
software (Tree Star). The percentage of PBMC B cells from HSs and SarcPs that were (A) ABC-like,
(B) ABC-like T-betneg-lo, and (C) ABC-like T-bethi are shown. The results in each panel were analyzed
using Mann-Whitney tests. (D–F) Data are as described for A–C, except each panel compares data for
each cell type for SarcPs and SarcPTs. (G–I) Data are as described for A–C, except each panel contains
data for the indicated cell types from the B cells in PBMCs of SarcPs and B cells in BAL from the same
patients. *P,0.05, **P,0.01, and ***P,0.001. PBL=peripheral blood lymphocytes.
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Figure 2. FcRL 1 (Fc receptor–like protein 1) is expressed at lower levels, and FcRLs 2 and 5 are expressed at higher levels on age-associated B cell
(ABC)-like cells than on B cells that are not ABC-like regardless of whether the cells were obtained from healthy subjects (HSs), sarcoidosis patients not on
treatment (SarcPs), or sarcoidosis patients on treatment (SarcPTs). Patient abbreviations are as described in the legend to Figure 1. Peripheral blood
mononuclear cells from an HS and SarcPT were stained to define B cells that were not ABC-like (CD191, CD11cneg CD21med-hi,) and ABC-like cells
(CD191 CD11c1 CD21lo). The different types of B cells were gated, and their levels of expression of FcRLs1–5, using phycoerythrin-labeled antibodies,
are shown. (A and B) For each sample, the percentages of peripheral blood mononuclear cells that were B cells and the percentages of B cells that were
or were not ABC-like are shown by numbers in red on the figures. Staining of the different types of B cells with the various anti-FcRL antibodies are shown
in the histograms. The origins of the cells (HS or SarcP1SarcPT) are shown. (A) Sample from an HS. (B) Sample from a SarcPT. (C–G) The levels of
intensity of staining with anti-FcRL antibodies of B cells that were not ABC-like and were ABC-like are shown. Staining was with antibody against: (C)
FcRL1, (D) FcRL2, (E) FcRL3, (F) FcRL4, and (G) FcRL5. Data were analyzed with Kruskal-Wallis tests with Dunn’s post hoc tests. *P,0.05, **P,0.01,
and ***P,0.001. FMO=fluorescence minus one; MFI =mean fluorescent intensity.
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affected organs, is related to the percentage
of ABC-like cells in peripheral blood. Thus,
when patients were divided into two
groups, with .8% or ,3% of their PBMC
B cells as ABC-like cells, z50% or more of
the patients with .8% ABC-like cells had
active disease and extrapulmonary organ
involvement, whereas ,17% of the patients
in the group with low percentages of
ABC-like cells had active disease and
extrapulmonary organ involvement (data
not shown).

Levels of FcRLs Differ between
ABC-like and Other B Cells
ABC-like cells express a distribution
of FcRLs (17, 19, 21, 34, 55–59). To
investigate this for ABC-like B cells, we
screened other B cells and ABC-like cells
from HSs and SarcPs, six of eight of whom
were on therapy (SarcP1 SarcPT), for
expression of FcRLs 1–5.

Representative results are shown
Figures 2A and 2B (fluorescence minus one
[FMO] = staining of samples with all
antibodies without the anti-FcRL
antibodies), and data for all HSs and
SarcP1 SarcPT are in Figures E3A and
E3B. The average percentage of ABC-like
cells in PBMCs was similar in HSs
(4.386 1.02) and SarcP1 SarcPT
(4.746 1.35), as expected from the results
in Figure 1B.

FcRL1 appeared on other B cells at
higher levels than on ABC-like cells in both
HSs and SarcP1 SarcPT, although its
expression trended higher on other
B cells in HSs than on other B cells in
SarcP1 SarcPT (Figure 2C). Likewise,
FcRL1 levels on ABC-like cells were higher
in HSs than in SarcP1 SarcPT.

The other FcRLs were expressed at low
levels on other B cells, regardless of their
source. For HSs, FcRLs 2–5 were all
expressed at significantly higher levels
on ABC-like cells than on other B cells
(Figures 2D–2G). Although a similar trend
appeared for ABC-like cells versus other
B cells in SarcP1 SarcPT, the difference
reached statistical significance only for
FcRL2 and FcRL5 (Figures 2D and 2G).

Overall, the distribution of levels of
expression of FcRLs 2–5 is different from
that of FcRL1, with the B-cell stimulatory
FcRL1 (60, 61) expressed at higher levels on
other B cells than on ABC-like cells and the
other, potentially inhibitory FcRLs (43–45)
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expressed more generously on ABC-like
cells.

To find out whether the amount of
FcRLs was related to the amount of CD11c
on each cell, we divided the ABC-like cells

into three groups depending on their
expression of CD11c. The staining intensity
of each FcRL was then measured for each
group and the CD11cneg CD21med-hi
(other B) cells. Examples of these analyses

for an HS and a SarcP1 SarcPT are shown
in Figures 3A and 3B and for all subjects
examined in Figures E4A and E4B.

For HS B cells, amounts of FcRL1 were
significantly higher on other B cells than on
ABC-like cells, regardless of the amount
of CD11c on the ABC-like cells. FcRL1
expression on other B cells from
SarcP1 SarcPT was not significantly
different from that on ABC-like cells
regardless of CD11c amounts, although a
trend toward lower levels was observed as
CD11c levels increased.

In HSs, FcRL2 was most highly
expressed on ABC-like cells with the highest
levels of CD11c and was progressively and
significantly less present on the cells as their
CD11c amounts fell (Figure 3C). Although
a similar trend was present on B cells in
SarcP1 SarcPT, the difference reached
significance only between the ABC-like cells
bearing the highest amounts of CD11c and
the other B cells (CD11cneg CD21med-hi,
in green).

Similar observations apply to the
expression of FcRLs 3–5 in SarcP1 SarcPT.
On the whole, significant increases in levels
of these proteins applied only to those cells
that expressed the highest levels of CD11c
(Figure 3C). In HSs, on the other hand, no
statistically different levels of FcRLs 3–5
were seen regardless of CD11c amounts on
the same cells (Figure 3C).

To find out whether the levels of FcRLs
were related to each other, we developed a
stain set to identify ABC-like cells and
simultaneously measure the levels of FcRL
1–5 on each cell (Figure 4). With this stain
set, no signal was obtained for FcRL3 for any
sample, so data for FcRL3 are not shown,
and FcRL4 was detected only in BAL.

For ABC-like proteins in PBMCs, the
staining patterns of ABC-like cells from all
three HSs and the single SarcP analyzed
were very similar. FcRL2 and FcRL5
appeared only on the cells that bore the
highest levels of FcRL1. On the other hand,
the levels of FcRL2 and FcRL5 were
positively related, with the gradient of
FcRL2 expression mirroring with that of
FcRL5 (Figure 4A). The staining patterns of

FcRL1 FcRL2

FcRL2 FcRL4 FcRL5 FcRL4 FcRL5 FcRL5

FcRL2 FcRL4 FcRL5 FcRL4 FcRL5 FcRL5

FcRL4

FcRL1 FcRL2 FcRL4

SarcP

HS1

HS2

HS3

A

B

BAL1

BAL2

BAL3

Figure 4. Correlation of levels of FcRLs (Fc receptor–like proteins) on peripheral blood mononuclear
cells and BAL. Patient abbreviations are as described in the legend to Figure 1. (A) Peripheral blood
mononuclear cells from three healthy subjects and one sarcoidosis patient not on treatment (SarcP)
were stained as described in METHODS, such that age-associated B cells could be identified and their
levels of all five of the FcRLs analyzed with a single stain set. Data show the levels of expression of
each FcRL with respect to that of each of the other FcRLs. Data for FcRL3 are not shown because,
with this stain set, FcRL3 could not be detected. (B) Data shown are for BAL isolated from three
different SarcPs. HS=healthy subject.

Figure 3. (Continued ). of CD11c they bore. (A) Example of cells from a healthy subject. (B) Example of cells from a SarcPT. Staining of B cells that were not
ABC-like and ABC-like cells and fluorescence minus one (staining levels in the channel that would be detecting the anti-FcRL antibodies in the absence of
anti-FcRL antibodies in the sample) were as described in the legend to Figure 2. (C) The intensities of staining with antibodies against different FcRLs of ABC-
like cells expressing different levels of CD11c and of B cells that were not ABC-like are shown. Staining levels with phycoerythrin isotype controls were
subtracted from those with phycoerythrin-labeled anti-FcRLs. All but one of the SarcPs analyzed were on therapy. Data were analyzed with Kruskal-Wallis
tests with Dunn’s post hoc tests. *P,0.05, **P,0.01, and ***P,0.001. HS=healthy subject.

ORIGINAL ARTICLE

Phalke, Aviszus, Rubtsova, et al.: Age-associated B Cells in Lung Granulomatous Diseases 1019



ABC-like B cells were less uniform among
the BAL samples from three SarcPs
(Figure 4B). The relationship between
FcRL2, FcRL5, and FcRL1 was similar to
that seen among the PBMC samples
(Figures 4A and 4B), and, again, the levels
of FcRL2 and FcRL5 were correlated. FcRL4
was detected on BAL sample 1 and 3 and
had an expression pattern versus FcRL1
that was similar to that of FcRL2 and
FcRL5. In the BAL1 sample, FcRL4
correlated with FcRL5.

Overall, these data indicate that ABC-
like cells occupy a gradient in which
different cells in the subpopulation express
different levels of CD11c, and these correlate
positively with T-bet levels as well as those of
FcRLs 2, 5, and, perhaps in BAL, 4. These
results suggest that ABC-like cells are not a
discrete population as far as their levels of
FcRLs and CD11c are concerned but
rather occupy a gradient in which they
progressively mature toward a completely
ABC-like phenotype.

B Cells Resembling ABCs Appear at
Elevated Levels in the BAL of Patients
Suffering from Beryllium-related
Disease or HP
People with BeS may not have lung
granulomas at the time of diagnosis, but
they often acquire such as time passes (50).
Once pulmonary granulomas occur, the
patient develops symptoms of disease and
are identified as having CBD (62, 63).
Given that the symptoms of patients with
CBD are similar to those of SarcPs (64–67),

we investigated whether the percentages of
ABC-like cells were elevated in the PBMCs
from patients with BeS and CBD by
comparison with HSs. ABC-like cells were
not elevated in the patients’ PBMCs
(Figure 5A); this is not because 6 of the
10 patients with CBD were on therapy
(Table 1), as there was no significant
difference between those who were or were
not on therapy. In contrast to the PBMC
results, the percentages of ABC-like cells in
BAL of patients with disease were elevated.
There was no statistical difference between
the percentages of ABC-like cells in the
BAL of individuals with BeS versus CBD
(Figure 5A). This is surprising because
those with BeS are not thought to have
detectable granulomas, although they might
develop such later. These results suggest
that, as previously reported (64–67), the
disease processes in SarcPs and patients
with BeS or CBD are similar.

Granulomas appear in the lungs of
patients suffering from HP (68). Although
these granulomas are sometimes different
in structure than those that appear in
SarcPs or patients with CBD (69), we
wondered whether the patients with HP
would also be enriched in ABC-like cells.
The percentages of B cells in PBMCs and
BAL that were ABC-like in such patients
were therefore assessed. As shown in
Figure 5B, ABC-like B cells averaged at
about the same level in PBMCs from HP
and HSs. However, ABC-like cells were at
very high levels in BAL from the patients
with HP (Figure 5B).

Discussion

The data presented here show that ABC-like
cells, defined by expression of CD11c and
low levels of CD21, are enriched in the
peripheral blood of patients suffering from
sarcoidosis who are not currently being
treated. Where BAL could be checked, such
cells were found to be even more enriched
in BAL. The BAL results also applied
to patients suffering from other lung
granulomatous diseases, CBD, or HP as well
as patients with BeS, even though such
individuals are not thought to have lung
granulomas at the time of diagnosis.

B cells with surface proteins like those
of ABC-like cells have been found at
elevated levels in the PBMCs of people and
mice with a number of infectious and
autoimmune diseases (47). When checked,
the antibodies made by such cells are
enriched for reactivity against the
relevant infection or for production of
autoantibodies. Mice lacking ABCs deal
with virus infections less effectively and, in
one model, suffer less from lupus-like
disease. Therefore, ABC-like cells may be
important contributors to some human
diseases. However, there is confusion over
the markers that define ABC-like cells (70),
with different publications defining the cells
in different ways. In this work, we had three
goals with respect to human B cells: first,
to define some of the markers that
characterize ABC-like cells; second, to
investigate via the marker studies whether
ABC-like cells are heterogeneous; and
third, to find out whether or not ABCs
are elevated in patients suffering from
granulomatous lung diseases, particularly
sarcoidosis.

With respect to these goals, the data
here show that ABC-like B cells, defined by
expression of CD11c and low levels of
CD21, are composed of two subpopulations,
one that expresses relatively high levels of
the transcription factor, T-bet, and another
that does not express significant amounts of
T-bet. The ratio of these subpopulations is
different in SarcPs versus SarcPTs, as in
SarcPTs, the T-betneg-lo cells appear more
affected by therapy. It is also different in the
BAL of SarcPs, with BAL dramatically
enriched in the Tbethi cells. The significance
of these two different types of ABC-like cells
is currently unknown, but their differences
in disease certainly warrants more
investigation.
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Figure 5. A high percentage of B cells in the BAL of patients with beryllium sensitivity (BeS), chronic
beryllium disease (CBD), or hypersensitivity pneumonitis (HP) are age-associated B cell (ABC)-like
cells. (A) ABC-like cells in the peripheral blood mononuclear cells or BAL of patients with BeS or CBD
were stained as described in the legend to Figure 1. (B) ABC-like cells in the peripheral blood
mononuclear cells or BAL of HP were stained as described in the legend to Figure 1. Data were
analyzed using Kruskal-Wallis tests with Dunn’s post hoc tests. **P, 0.01 and ***P,0.001.
HS=healthy subject; PBL=peripheral blood lymphocytes.
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Both subpopulations of ABC-like cells
have a gradient of expression of their
defining markers. For ABC-like cells as a
whole, their levels of CD11c correlate
inversely with their levels of CD21 and also
correlate in different ways with expression of
another set of markers that are characteristic
of various types of B cells, the FcRLs (17, 19,
21, 34, 55–59). FcRL1 is inversely expressed
with respect to CD11c levels, and FcRLs 2,
3, and 5 are at higher levels on cells
expressing higher levels of CD11c. These
results suggest two ideas. First, ABC-like
cells in humans may be at various stages of
differentiation, ranging from expression of
low to high levels of CD11c. This effect may
reflect maturation of the cells as they
differentiate and/or are exposed to different
levels of the factors that, at least in mice,
drive differentiation of B cells into ABC-like
cells (13, 21, 23). Second, the finding that,
by comparison with other B cells, ABCs
express lower levels of FcRL1 and CD21,
both of which might stimulate B cells
(60, 61, 71, 72), and higher levels of the
potentially inhibitory FcRL2 and 5 (71) may
explain why ABC-like cells are relatively
unresponsive to triggering. Note that such
effects may be even more marked in BAL, in
which, for at least one patient, some of the
ABCs express FcRL4, a protein bearing no
ITAMs and two ITIMs (71). Although there
is evidence that the balance between ITAM
and ITIM effects on cell responses may
depend on other conditions in the cell
(discussed in References 73 and 74), these

data and previous publications nevertheless
suggest that negative signaling in ABC-like
cells may be stronger than in other B cells.
On the other hand, ABC-like cells bear
higher levels of CD19 than other B cells do,
a property that might increase the ABC-like
cell responses.

ABC-like cells were present, not only in
patients but also in the PBMCs of HSs.
Although ABC-like cell numbers were lower
in HSs versus SarcPs, the phenotypes of the
cells were quite similar.

Mouse ABCs are most efficiently
induced by signals through the
B-cell receptor for antigen (surface
immunoglobulin), engagement of B-cell
TLR7 and IFNg receptor, and, under some
circumstances, signals through the IL21
receptor (13, 21, 23). Given that ABC-like
cells appear in patients’ BAL, we can
consider whether such signals could be
present in the lungs of these individuals.
IFNg is at higher than normal levels in
SarcPs (75, 76) and in patients with CBD
or HP (66). A polymorphism in the
coding sequence of TLR7 has been
linked to the incidence of sarcoidosis
in women (77), but no such linkage
has been reported for CBD or HP. As
far as the engagement of B-cell antigen
receptors is concerned, antibodies
against Mycobacterium tuberculosis and
autoantibodies are apparent in some
SarcPs (78), and HP is associated with
antibodies to many environmental
antigens (reviewed in Reference 79). The

presence of antibodies against various
targets is less well documented in
CBD, although BeS (with or without
granulomatous inflammation) clearly
involves at least T-cell responses (63, 80).
Therefore, as far as parallels to mouse
ABCs are concerned, IFNg is probably a
contributor to the induction of ABC-like
cells in the diseases examined here, but
additional contributions from TLR7 may
not be required and may perhaps be
replaced by TLR9 (81).

Because ABC-like cell percentages
increase in the PBMCs of people with a
variety of diseases (6, 9, 11, 19, 21, 31), their
presence probably cannot be used for
specific diagnoses, except to indicate that
some type of immune/inflammatory
response is going on. On the other hand,
increases in ABC-like cells may provide
useful clues about the factors driving
disease; for example, induction and
assessment of the specificities of the
antibodies they bear may help understand
the ongoing disease. Such might be
important for understanding of diseases
such as sarcoidosis, for which the nature of
the inciting agent has been, for many years,
controversial. n
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