B220

CD4

CD8
Natarajan et al., unpublished data

Figure 1. Confocal Image of Sensitized HLN. Representative image of a sensitized HLN
showing B cell follicles and T cell areas. 20 µm thick. Image of magnification x10.

Figure 2. Murine Model of Allergic Airway Diease

Figure 3. Unique B cell population in LIT hilar lymph nodes. Figure illustrates representative
histograms of isotype control (green), B cells from AAD mice (red), and B cells from LIT mice
(blue) isolated from inguinal lymph nodes (ILN; top row) and hilar lymph nodes (HLN; bottom
row). First Column: CD21 expression was consistent between all groups and compartments.
Second Panel: IgM expression was consistent between all groups and compartments. Third
Column: IgD expression was decreased on LIT HLN B cells, as compared to AAD HLN B cells
and AAD or LIT ILN B cells. Fourth Panel: CD5 expression was increased on LIT HLN B
cells, as compared to AAD HLN B cells and AAD or LIT systemic B cells.

Figure 4. CD5+ B cells were increased in the HLN at AAD and LIT. Cells were isolated
from hilar (black bars) and inguinal lymph nodes (grey bars) at different stages of the OVA
model (Naïve, Sensitized, AAD and LIT). Panel A depicts flow cytometry dot plots from
representative tissues, and panels B and C show mean ± s.e.m values for total number (B) and
percentage of CD5+ B cells (C). Numbers of CD5+ B cells were significantly expanded in hilar
nodes at AAD and LIT, and they remained elevated as a percentage of total B cells during LIT.
In contrast, no changes were seen in the inguinal nodes. n = 8-12 in each group. ** indicates p <
0.005 as compared to naïve and sensitized groups in hilar nodes and to all groups in inguinal
nodes (Panel B), or p < 0.005 as compared to all other groups (Panel C).

Figure 5. Anti-latency-associated protein (LAP) and interleukin (IL)-10 expression in CD5+
and CD5– B cells. Lymphocytes isolated from Spleens and hilar lymph node (HLN) of Naive
and local inhalational tolerance (LIT) mice were stained for B220, CD5, anti-latency-associated
protein (LAP), and IL-10, as described in the text. Panels a and b depict flow cytometry dot blots
from representative tissues, and panels c and d show mean ± s.e.m.values for LAP expression (c)
and IL-10 expression (d) in CD5 + (black bars) and CD5 – B cells (gray bars). (c) Relative to
Naive animals, LAP expression was unchanged in spleen CD5+ and CD5– B cells of LIT mice,

but LAP expression increased in HLN CD5 + and CD5 – B cells at LIT. (d) IL-10 levels were
increased in CD5+ B cells from both spleen and HLN compared with CD5– B cells, but there was
no difference in expression between LIT spleen and LIT HLN. n = 4 – 5 mice per group for LAP
and 6 mice per group for IL-10 staining. * * P < 0.001 from other groups by ANOVA;
† P < 0.05 for CD5+ cells vs. CD5– cells.

Figure 6. In vitro and in vivo dependence of Foxp3+ Treg (regulatory T lymphocytes) cells
on CD5+ B cells. (a) CD4 + CD25 – T cells from spleens of naive mice were co-cultured for 5
days without or with stimulation by soluble anti-CD3 and anti-CD28. Stimulated (Stim) cells
were also co-cultured with either irradiated CD19 + CD5 + B cells or CD19 + CD5 – B cells from
local inhalational tolerance (LIT) hilar lymph nodes (HLNs). T-cell Foxp3 expression was
increased when cultured with LIT HLN CD5 + B cells vs. with LIT CD5 – B cells or anti-CD3 /
CD28 alone. Data represent mean ± s.e.m. values of 3 – 4 animals per group; * * P < 0.01 vs.
other groups by analysis of variance (ANOVA). ( b ) Foxp3 + Treg expression was compared in

LIT control and JhD – / – mice. Control (CRL) mice showed expansion of Foxp3 + Treg cells in
hilar nodes (black bars) but not inguinal nodes (striped bars), but this local expansion did not
occur in the JhD – / – mice. n = 5 mice per group; * P < 0.005 between CRL and JhD – / – mice. (c)
Two days before a week of daily ovalbumin (OVA) aerosol exposures, OVA-sensitized mice
received tail vein injections of saline or specific B-cell populations. Mice receiving LIT HLN
CD5 + B cells demonstrated increased numbers of Foxp3 + T cells in their bronchoalveolar
lavage (BAL), as compared with control (saline) mice or mice receiving LIT HLN CD5 – B cells
or LIT spleen (SPL) CD5 + B cells. n = 5 – 11 mice per group; * P < 0.05 vs. other groups by
ANOVA. (d ) For all groups of mice in panel c , there was a direct correlation between the
number of CD4 + Foxp3 + Treg cells and the number of CD19 + CD5 + B cells in BAL
(dashed line; r = 0.56; P < 0.005). This relationship also held for the LIT HLN CD5 + recipient
animals alone (solid line; r = 0.73; P < 0.05). By contrast, there was no association between
CD4+ CD25 + Foxp3 – Teff (Th2 effector lymphocytes) cells and CD19 + CD5 + B cells in BAL
(r = 0.28; P > 0.10; data not shown).

Figure 7. Increased Foxp3+ Tregs in the follicular area of the HLN in mice at LIT via
confocal microscopy. Confocal microscopy was performed on HLNs from mice after
sensitization (white bars), at AAD (grey bars), and at LIT (black bars) to determine the locations
of B cells and CD4+Foxp3+Treg cells. Panels A-C: Representative confocal images of HLNs

from sensitized (upper panels), AAD (middle panels), and LIT mice (lower panels), with
quantification assessed using Imaris software as described in methods. Regions of appropriate
dimensions were selected along the T-B border for quantification of Foxp3+ Tregs in that area
(B). Foxp3+ Tregs were enhanced using the spots tool in Imaris Suite (C) and counted.
Representative colors for confocal microscopy: green B220+ cells, blue CD4+ cells, and red
Foxp3+ cells. Images of magnification 20x. Panels D-E: Mean ± SEM values for Foxp3+ Treg
cell density (D) and the ratio of the number of Tregs to B cells (E) in the different HLN zones.
compartments. n = 6-8 specimens per group; * indicates p < 0.05 as compared to sensitized and
AAD in T-B border and B cell zone.

Figure 8. Hilar lymph node CD5+ B cell expression of CXCR4 and CXCR5. CD5+ B cells
were isolated from hilar nodes (black bars) and inguinal nodes (gray bars) at different stages
(Naïve, Sensitized, AAD and LIT) of the OVA model. Panel A depicts representative flow
cytometry dot plots of CXCR4 expression on CD19+CD5+ B cells. Panel B demonstrates
increased CXCR4+CD5+ B cells in hilar compared to inguinal lymph nodes at all stages of the
model, and expansion of hilar node CXCR4+CD5+ B cells during AAD and LIT. Panel C
demonstrates similar CXCR5 expression by CD5+ B cells in both tissues and at all stages of the
model. Data represent the mean ± S.E.M; n = 8-12 in each group (A, B); * indicates p < 0.05 as

compared to Naïve and Sensitized groups in the HLN and to all groups in the ILN; ! indicates p
< 0.05 as compared to all groups in the ILN; † indicates p < 0.05 between HLN and ILN in
Naïve and Sensitized groups; †† indicates p < 0.005 between HLN and ILN in AAD and LIT
groups.

Figure 9. Increased expression of the chemokine receptors CXCR4 and CXCR5 by CD5– B
cells and Foxp3– T cells in the HLN at AAD and LIT. Cells were isolated from hilar (black
bars) and inguinal nodes (grey bars) at different stages (Naïve, Sensitized, AAD and LIT) of the
OVA model and flow cytometric analysis was performed. Data represent the mean ± S.E.M; n =
8-12 in each group (A, B), n = 4-8 in each group (C, D). * indicates p < 0.05 as compared to
Naive and LIT groups in ILN and to all groups in HLN (panel A) and as compared to Naïve and
Sensitized groups in HLN and to all groups in the ILN (panel C); † indicates p < 0.05 between
HLN and ILN in Sensitized, AAD and LIT groups. ! indicates p < 0.05 as compared to all groups
in HLN; as compared to all groups in ILN.

Figure 10. The number of CD5+ B cells and Foxp3+ Tregs expressing CXCR4 and CXCR5
were increased in the HLN at AAD and LIT. Cells were isolated from hilar (black bars) and
inguinal nodes (gray bars) at different stages (Naïve, Sensitized, AAD and LIT) of the OVA
model and flow cytometric analysis was performed. CXCR4 and CXCR5 expression was
increased on CD5+ B cells (A, B) and on Foxp3+ Tregs (C, D) in hilar lymph nodes but not in
inguinal lymph nodes. Data represent the mean ± S.E.M of 8-12 in each group (A, B) and 4-8 in
each group (C, D). ** indicates p < 0.005 as compared to Naïve and Sensitized groups in HLN
and to all groups in ILN.

Figure 11. Hilar lymph node Foxp3+ T cell expression of CXCR4 and CXCR5. Foxp3+ T
cells were isolated from hilar nodes (black bars) and inguinal nodes (gray bars) at different
stages (Naïve, Sensitized, AAD and LIT) of the OVA model. Panel A depicts representative
flow cytometry dot plots of CXCR4 and CXCR5 expression on CD4+Foxp3+ T cells. Panel B
demonstrates increased CXCR4+Foxp3+ T cells in hilar compared to inguinal lymph nodes at
AAD and LIT, and expansion of hilar node CXCR4+Foxp3+ T cells during AAD and LIT. Panel
C demonstrates expansion of hilar node CXCR4+Foxp3+ B cells during AAD and LIT. Data
represent the mean ± S.E.M; n = 4-8 in each group (A, B); ** indicates p < 0.005 as compared to
Naïve and Sensitized groups in the HLN; †† indicates p < 0.005 between HLN and ILN in AAD
and LIT groups.

Figure 12. Attenuation of AAD by adoptive transfer of LIT HLN CD5+ B cells into
sensitized recipient mice. OVA-sensitized mice received tail vein injections of saline or specific
B cell populations (0.2 x 106 CD19+CD5+ or 1.0 x 106 CD19+CD5– cells) 2 days before a week
of daily exposure to 1% OVA aerosols. Mice receiving the LIT HLN CD5+ B cells (solid bars)
developed attenuated AAD, with less relative (Panel A) and absolute (Panel B) airway
eosinophilia relative to control (saline) mice or mice receiving LIT HLN CD5– B cells or LIT
spleen CD5+ B cells. Data represent mean ± S.E.M values of 5-11 mice per group; * indicates p
< 0.05 vs. other groups by ANOVA.

Increased Foxp3+ Tregs in the follicular area of the HLN in mice at LIT via confocal
microscopy.
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T-B cell
border

T cell zone
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B220

928 ± 105 509 ± 85 *

Foxp3

108 ± 14

191 ± 31 *

B220

312 ± 58

242 ± 27

Foxp3

87±12

205±36 *

B220

284±59

174±85 *

Foxp3

387±63

536±138

Table 1.
Data represent mean ± S.E.M values; * indicates p ≤ 0.05 as compared to AAD; n = 6-8.

Figure 13. Changes in the frequency of Foxp3+ Tregs in the HLN, ILN and MLN at the
various stages of the OVA-induced AAD model. Black bars represent HLN, grey bars
represent ILN and white bars represent MLN at naïve, sensitized, AAD and LIT stages of the
model. Figure 13 depicts no changes in the frequency of Tregs at any of the stages in the MLNs
similar to the ILNs, unlike in the HLNs of mice at LIT which have increased frequency of Tregs
as compared to other stages. The data represent the mean ± s.e.m values. * p ≤ 0.05 as compared
to any other stage in HLN. n = 5-10 mice per group

Figure 14. Frequency of CD5+ B cells remains unchanged throughout the OVA-induced
AAD model. Black bars represent HLN, grey bars represent ILN and white bars represent MLN
at naïve, sensitized, AAD and LIT stages of the model. Figure 14 demonstrates that the
frequency of CD5+ B cells does not increase in the MLNs of mice at LIT as compared to naïve,
sensitized and AAD stages similar to the ILNs. The data represent the mean ± s.e.m values. * p ≤
0.05 as compared to any other stage in HLN. n = 5-10 mice per group

Figure 15. Changes in the frequency of CD8+ CD11ahi OVA- specific T cells in the HLN,
ILN and MLN at the various stages of the model. Black bars represent HLN, grey bars
represent ILN and white bars represent MLN at naïve, sensitized, AAD and LIT stages of the
model. Figure 15 depicts no changes in the frequency of CD8+ CD11ahi OVA tetramer+ T cells at
any of the stages in the MLNs similar to the ILNs, unlike in the HLNs of mice which have
increased frequency of CD8+ CD11ahi T cells at AAD and LIT as compared to naïve and
sensitized stages. The data represent the mean ± s.e.m values. ** p ≤ 0.005 as compared to naïve
and sensitized stages in HLN. n = 5-10 mice per group

Figure 16. Localization of Foxp3+ Tregs in the different compartments of the MLN at the
various stages of OVA-induced AAD via confocal microscopy. Confocal microscopy was
performed on MLNs from mice at naïve, sensitized, AAD, and LIT stages of the model to
determine the locations of B cells and CD4+ Foxp3+ Treg cells. Representative confocal images
of MLNs from naïve, sensitized (upper panels), AAD and LIT mice (lower panels), with image
processed using the Imaris software. Foxp3+ Tregs were enhanced (red dots) using the spots tool
in Imaris Suite. Representation of cells: Green B220+ cells, blue CD4+ cells, and red Foxp3+
cells. Images of magnification ×20. Representative samples taken from an n of 4-5 mice per
group.

Figure 17. Changes in the number of WBCs in BAL of WT and HEL mice at naïve, AAD
and LIT stages of the model. Figure 15 depicts the total number of WBCs accumulated in the
BAL of WT and HEL mice. White bars represent WT C57BL/6 mice and black bars represent
HEL mice. The figure shows increased WBCs at AAD as compared to naïve and LIT stages; and
decreased WBCs at LIT as compared AAD in both WT and HEL mice. Significant changes in
the number of WBCs between naïve, AAD and LIT stages in WT mice were observed similar to
HEL mice. The data represent the mean ± s.e.m values, * p ≤ 0.02 between the respective stages
in HEL mice. n=6-8 mice per group

Figure 18. Changes in the number of lymphocytes in HLN and lung of HEL and WT mice
at AAD and LIT. Figure 16 a and b represent data at AAD and Figure 16 c and d represent data
at LIT. White bars denote WT mice and black bars denote HEL mice. Panels a and b depict
increased accumulation of T cell subsets and B cells in the HLN (a) and lung tissue (b) of WT
and HEL mice correlating with increased eosinophils at AAD. Panels c and d depict similar
decrease in T cell subsets and B cells in the HLN (c) and lung tissue (d) of WT and HEL mice at
LIT correlating with decreased eosinophils and induction of tolerance in these mice. The naïve
HEL group is representative for both naïve WT and HEL mice for the respective subset of
lymphocytes. The data represent the mean ± s.e.m values.
# p < 0.005 between naïve HEL mice and WT or HEL mice at AAD or LIT stages for all
represented subsets.
!! p < 0.05 between naïve HEL mice and WT or HEL mice at LIT stage for all represented
subsets.
* p ≤ 0.05 as compared with WT mice. n=6-8 mice per group.

Figure 19. LIT HLN B cells isolated from HEL mice induced formation of
CD4+Foxp3+ Treg cells from CD4+Foxp3− T effector cells. Panel a depicts pre-coculture
sample of wild-type CD4+CD25− T cells (naïve Teffs) which expressed very low levels (0.84%)
of Foxp3. Panels b, c and d represent in vitro coculture of naïve Teffs with B cells for 5 days in
the presence of anti-CD3 and anti-CD28 Ab, and evaluated for conversion to Foxp3+ T cells via
flow cytometry. Panel e depicts mean ± s.e.m values for each group calculated done in
triplicates. Coculture with LIT HLN B cells from WT and HEL mice (b) resulted in a greater
than 4 fold increase in Foxp3 expression, as compared with the other B cell populations (e).
Coculture of naïve Teff cells with LIT spleen B cells from WT and HEL mice resulted in
minimal intracellular Foxp3 expression on gated CD4+ cells (c). Addition of TGF-β neutralizing
Ab to the coculture significantly reduced the induction of Foxp3 expression (d). Results are
representative of an experiment, each done in triplicate. The data in e represent the mean ± s.e.m
values. * p ≤ 0.05 as compared with LIT HLN B cell group from WT and HEL mice. n = 5 mice
per group pooled together.

BAL Analysis of WBCs in WT and HEL mice at Naïve, AAD and LIT Stages in the OVAInduced Murine Model of Asthma

Exposure

Total
Mice WBCs x104

WT

10.3 ± 2.4

Naïve
HEL

WT

16.1 ± 3.4

273 ± 54

AAD
HEL 249.2 ± 76.3

WT

64.6 ± 13

LIT
HEL 53.3 ± 12.1

Macrophages
x104
(%)

PMNs #
X104
(%)

Lymphocytes
x104
(%)

Eosinophils
x104
(%)

9.9 ± 2

0

0.3 ± 0.1

0

(96 ± 1)

0

(3 ± 1)

0

15.7 ± 3

0.02

0.3 ± 0.1

0.01

(97 ± 1)

(0.2 ± 0.2)

(2 ± 1)

(0.2 ± 0.2)

21 ± 6

3.5 ± 2

30 ± 8

218 ± 45

(8.7 ± 2)

(1.5 ± 1)

(10 ± 2)

(79 ± 3)

42 ± 17

21 ± 8

17.3 ± 5

188 ± 66

(25.2* ± 7)

( 11* ± 4)

(11 ± 3)

(58.5 ± 11)

49.8 ± 10

9.5 ± 3

3.8 ± 1

1.4 ± 0.3

(78.5 ± 2)

(13 ± 2)

( 6.4 ± 1)

(2.4 ± 1)

37.4 ± 8

10 ± 4

5.3 ± 2

0.4 ± 0.2

( 73 ± 7)

(16.3 ± 5)

(10 ± 2)

(0.9 ± 0.3)

Table 2.
#

Polymorphomononuclear cells

Data represent the mean ± s.e.m values; * indicates p < 0.05 as compared to WT mice; n = 6-8.

Figure 20. Paradigm for the establishment of LIT

