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CD4+ T cells migrate from airway to
bone marrow after antigen inhalation in
rats
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Background: IL-5–producing T lymphocytes increase in rat
bone marrow after inhalational challenge with allergen. 
Objective: To test the hypothesis that T cells migrate from the
airways to the marrow, we examined the trafficking of T cells
in Brown Norway rats after sensitization and challenge with
ovalbumin. 
Methods: Purified CD4+ T cells, harvested from cervical
lymph nodes of naive and ovalbumin-sensitized donors, were
labeled with carboxy fluorescein diacetate succinimidyl ester;
20 × 106 cells were placed in the trachea of naive or sensitized
recipients under anesthesia, and 18 hours later, animals were
challenged with inhaled ovalbumin. Cells were harvested 24
hours later from the bone marrow, bronchoalveolar lavage
fluid, lungs, the lung blood pool of cells, lung draining lymph
nodes, peripheral blood, and spleen. 
Results: The number of carboxy fluorescein diacetate succin-
imidyl ester–positive cells, measured by fluorescence-activated
cell sorter, in the bone marrow of ovalbumin sensitized,
primed T-cell recipients was higher than either the sham-sensi-
tized, primed T-cell recipients or sham-sensitized, naive T-cell
recipients (P < .05). The number of eosinophils in both bone
marrow and bronchoalveolar lavage fluid was increased in
ovalbumin-sensitized, primed T-cell recipients. The expression
of the T-cell chemoattractants eotaxin and IL-16, evaluated by
immunohistochemistry, was higher in the bone marrow of
ovalbumin-sensitized, primed T-cell recipients. 
Conclusions: CD4+ T cells travel from airway to bone marrow
after antigen inhalation. The homing of the CD4+ T cells might
be facilitated by eotaxin and IL-16 expression in the bone
marrow and might contribute to the stimulation of
eosinophilopoiesis after airway allergen exposure. (J Allergy
Clin Immunol 2004;113:455-61.)

Key words: T-cell trafficking, CFSE, bone marrow, lung, eotaxin,
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Asthma is characterized by chronic airway inflamma-
tion, often as a consequence of repeated allergic airway
responses. T cells and eosinophils are prominent among the
many cells that are present in the airways.1 Eosinophils
contribute to the pathophysiology of asthma through the
release of pro-inflammatory cytokines and chemokines, as
well as cytotoxic proteins, released during the degranula-
tion process in the airways in asthma.2 Airway hyperre-
sponsiveness and airway narrowing are potentially caused
by eosinophil products such as major basic protein (MBP),
eosinophilic cationic protein, and cysteinyl leukotrienes.3-5

Allergen exposure is an important inducer/trigger of asth-
ma, and eosinophils accumulate in the airway within a
short time after allergen challenge.6 Vascular cell adhesion
molecule-17 and eotaxin-3,8 which are synthesized by acti-
vated endothelial cells as a result of their stimulation by IL-
4, might promote the efflux of eosinophils from the vessels
and their influx into the tissues of the airway. Lipid-derived
mediators such as the cysteinyl-leukotrienes also partici-
pate in the recruitment process.9

Eosinophils rapidly increase in number in both the air-
way tissue and bone marrow (BM) after airway allergen
challenge.10-12 IL-5 has an important function in both of
these phenomena through its support of the differentia-
tion and proliferation of eosinophil progenitors in BM.13

The number of CD34+ progenitor cells expressing the IL-
5 receptor in the BM is also increased in asthma.14

Although the airway is of importance as a source of IL-5
in persons with asthma,15,16 some investigators have pos-
tulated that other sources of IL-5 might be present. The
number of CD3+ T cells expressing IL-5 mRNA is
increased in BM after allergen challenge in mice17 and in
humans,18 suggesting that these CD3+ T cells might con-
tribute to eosinophil differentiation and maturation. The
source of the increase in BM T cells after allergen chal-
lenge is still unclear. We hypothesized that these T cells
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migrate from the airways to the BM after allergen chal-
lenge. To test this hypothesis carboxy fluorescein diac-
etate succinimidyl ester (CFSE)–labeled CD4+ T cells
were instilled into the tracheas of recipient rats that then
underwent allergen challenge. After allergen challenge,
these cells were tracked by taking samples from airways,
entire lung tissues, the lung marginal pool of blood, lung
draining lymph nodes, spleen, and BM. Samples were
analyzed by flow cytometry. Our results provide evi-
dence in support of the migration of CD4+ T cells from
airway to BM after allergen challenge. As a mechanism
of the CD4+ T-cell accumulation in the bone marrow, we
explored the possibility that the increase in T cells in BM
was caused by an increase in the expression of the T-cell
chemoattractants, IL-1619,20 and eotaxin.21,22 We
assessed the expression of IL-16 and eotaxin by specific
immunohistochemical staining.

METHODS

Animals and sensitization

Inbred male Brown Norway rats (5 to 6 weeks; 140 to 190 g)
were purchased from Harlan Sprague Dawley (Blackthorn, UK).
The animals were maintained in conventional animal facilities at
McGill University (Montreal, QC, Canada). The animals were sen-
sitized by a single subcutaneous injection of 1.0 mL PBS, contain-
ing 1 mg ovalbumin (OVA) (grade V, Sigma, St Louis, Mo) with
4.28 mg aluminum hydroxide gel (Anachemia Chemicals, Montre-
al, QC, Canada) as adjuvant. Simultaneously, 0.5 mL of Bordetella
pertussis vaccine (kindly provided by Dr T. Issekutz, Dalhousie
University, Halifax, NS, Canada) containing 1 × 109 heat-killed
bacilli was injected intraperitoneally. 

Preparation of the transferred cells 

Cells were recovered by mincing the cervical lymph nodes of
donors that were sensitized to OVA 2 weeks before or were naive.
Cells were passed first through a nylon mesh and after red blood
cell lysis, CD4+ T cells were purified by negative selection with
magnetic cell sorting (Miltenyi Biotec Inc, Auburn, Calif). For this
purpose, lymph node cells were incubated with primary antibodies
(OX-8, anti-CD8; OX-33, anti-B cell; ED9, anti-myeloid cell;
10/78, anti-NK cell) for 30 minutes at 4°C. After washing, cells
were incubated with magnetic cell sorting beads (anti-mouse IgG1
microbeads; Miltenyi Biotec Inc) for 20 minutes at 4°C. Unlabeled
cells that passed through the magnetic cell sorting column were col-
lected. The harvested cells were counted by light microscopy. The
purity of the cells was assessed by flow cytometry (FACScan, Bec-
ton Dickinson, Mountain View, Canada). Purified cells were labeled
with 10 µmol/L CFSE for 15 minutes at 37°C.

Study protocol 

Donor rats were sensitized subcutaneously with OVA on day 0
or were naive. Recipients rats were also sensitized with OVA or
sham sensitized with PBS on day 0. On day 12, CFSE-labeled CD4+

T cells that were obtained from the donor rats were placed in the tra-
chea of a recipient under anesthesia. Eighteen hours later, all recip-
ients were challenged, while awake, with aerosolized OVA (5% in
PBS) for 10 minutes in a chamber. All animals were killed 24 hours
after the challenge, and cells were harvested from BM, bron-
choalveolar lavage (BAL) fluid, lung, marginal blood pool of the
lung, mediastinal lymph nodes, peripheral blood, and spleen. 

We studied 3 groups of animals. As a test group, CD4+ T cells
were obtained from OVA-sensitized donors, and recipients were

sensitized and challenged with OVA (OVA-OVA/OVA group). To
assess whether systemic sensitization of the recipient animal was
needed for the migration of cells, CD4+ T cells from OVA-sensi-
tized donors were injected also into sham (PBS)-sensitized recipi-
ents. Animals were challenged with OVA (OVA-PBS/OVA group).
As a control, CD4+ T cells from naive donors were injected to
sham-sensitized recipients and challenged with OVA as well (naive-
PBS/OVA group). 

Cell harvest from BAL, lung, marginal blood

pool of the lung, draining lymph nodes,

peripheral blood, spleen and BM 

Twenty-four hours after the OVA challenge, animals were killed
and blood was taken from the inferior vena cava and kept in a
heparinized tube. For BAL, 25 mL of PBS was instilled in 5-mL
increments. Lymphocytes harvested from the lung marginal blood
refers to the cells contained in the vascular space. To collect these
cells from within the lung, 500 U heparin diluted in 30 mL PBS was
injected into the right ventricle, and blood was collected from a win-
dow in the anterior wall of the left ventricle. Lymph nodes in the
posterior mediastinum, at the main carina of the trachea and adja-
cent to the thymus, were collected and pooled. Cells from the left
lung, spleen, and both femoral bones were also collected.

BAL

Total BAL cell counts were determined with a hemacytometer.
BAL cytospin slides were prepared by use of a Cytospin model II
(Shandon, Pittsburgh, Pa). The slides were Wright-Giemsa stained,
and the percentage of eosinophils was assessed on a count of 300 cells.

Cell preparation for flow cytometric analysis 

The left lung was weighed and minced with scissors. Minced
lung cells were incubated in 0.2% collagenase 4 in 5 mL HBSS for
60 minutes at 37°C. After washing with HBSS, cells were filtered
by nylon mesh. After red blood cell lysis (PharM Lyse, BD Bio-
science, Mississauga, ON, Canada), the number of cells was deter-
mined using an automated cell counter (AC•T diff Analyzer, Coul-
ter Corp, Miami, Fla). The leukocyte numbers in the peripheral
blood and marginal blood in the lung were counted (AC•T diff Ana-
lyzer). Approximately 2 million leukocytes were retained. After red
blood cell lysis, cells were washed and resuspended in 1%
paraformaldehyde. The leukocytes from draining lymph nodes and
spleen were also obtained by mechanical mincing and passing
through nylon mesh. Red blood cells in all samples were also
removed by lysis. All cells were fixed with 1% paraformaldehyde
before fluorescence-activated cell sorting analysis. 

The detection of CFSE-positive cells by flow

cytometry 

Harvested cells were analyzed for CFSE with fluorescence-acti-
vated cell sorting analysis (FACScalibur, Becton Dickinson);
500,000 cells were counted for each sample. The total number of
cells, excluding red blood cells and debris (Rtotal), and CFSE-posi-
tive cells (PCFSE) in the lymphocyte gate (Rlymph) were measured.
CFSE-positive cells were distinguished from autofluorescent cells.
The total cell number of each sample, excluding red blood cells
(Ctotal) was counted by automated cell counter (AC•T diff Analyzer)
or by hemacytometer. The calculation of the number of cells that
migrated was as follows:

The number of migrated cells = Ctotal × PCFSE/Rtotal

In the case of peripheral blood, the number of positive cells in 1
mL blood was counted. In BM, the number of positive cells in both
femora was counted.
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CFSE-positive cells; detection by confocal

microscopy 

Sections of spleen and cytospin slides of BAL cells were pre-
pared for fluorescent microscopic analysis. Slides were covered
with PermaFluor mounting medium (Shandon, Pittsburgh, Pa) and
evaluated at 660× magnification with a fluorescence microscope
(LSM410, Carl Zeiss, Iena, Germany). 

Immunocytochemical evaluation of

eosinophil-derived MBP expression, eotaxin,

and IL-16 in BM 

Cytospin slides of BM cells were fixed in acetone-methanol
60:40 and were stained with mouse anti-human MBP mAb
(BMK-13) with the alkaline phosphatase anti-alkaline phos-
phatase method. Specimens were incubated with an unconjugat-
ed rabbit anti-mouse immunoglobulin secondary antibody
(DAKO Corporation, Carpinteria, Calif), followed by incuba-
tion with the alkaline phosphatase anti-alkaline phosphatase
mouse monoclonal complex (DAKO Corp). The slides were
developed with an alkaline phosphatase substrate (naphthol
phosphate, Sigma Chemical Co, St Louis, Mo) added to Fast
Red (Sigma Chemical Co) as a chromogen and counterstained
with hematoxylin. 

Antibodies

Monoclonal antibody for eosinophil-derived MBP was provid-
ed by Dr R. Moqbel (University of Alberta, Edmonton, Canada).
Polyclonal antibody against IL-16 (H-110, rabbit anti-human rat
mouse polyclonal antibody, Santa Cruz Biotechnology, Santa
Cruz, Calif) and polyclonal antibody against eotaxin (C-19, goat
anti-human rat mouse polyclonal antibody, Santa Cruz Biotech-
nology) were used.

Statistical analysis 

Data are presented as mean ± 1 standard error. Statistical com-
parisons were performed using 1-way ANOVA followed by Fisher
least significant difference test. Data that were not normally distrib-
uted were analyzed by the Kruskal-Wallis and the Mann-Whitney U
tests. P values < .05 were considered significant.

RESULTS

Sensitization and allergen

challenge–enhanced CD4+ T-cell migration

from airway to BM

The purity of the CD4+ T cells before their adminis-
tration intratracheally was 99.4% by fluorescence-acti-
vated cell sorting analysis. CFSE-labeled CD4+ T cells
before transfer are shown in Fig 1, A. Twenty-four hours
after allergen challenge, CFSE-positive cells were still
detectable in BAL fluid, and positive cells also appeared
in the spleen. These findings on confocal microscopy are
illustrated in Fig 1, B and C. The number of CFSE-posi-
tive cells within the lymphocyte cluster was quantified by
flow cytometry. CFSE-positive cells were detected in
BAL, tissues of the left lung, marginal blood pool of the
lung, and mediastinal lymph nodes (Fig 2), but there
were no significant differences in the numbers of these
cells among the 3 groups of animals. In peripheral blood
and spleen, there were also no significant differences
among groups, although there was a trend for an increase
in cells in the spleen in the OVA-OVA/OVA group (data
not shown). However, the number of CFSE-positive cells
in the BM in OVA-OVA/OVA animals was significantly
increased compared with those of OVA-PBS/OVA group
and naive-PBS/OVA group (Fig 2; P < .005), indicating
BM recruitment of these cells after allergen challenge of
sensitized animals that were also recipients of allergen-
primed CD4+ cells.

The number of eosinophils in BM and BAL

cells is increased in the actively sensitized

and challenged group

The number of eosinophils in the BAL and BM was
evaluated 24 hours after challenge. Because immature

FIG 1. Fluorescence confocal microscopic images (magnification ×400) showing representative examples of
CFSE-stained CD4+ T cells before being placed in the trachea (A). CFSE-positive cells in the BAL (B) and in
the spleen (C) 24 hours after OVA challenge of an OVA-sensitized rat.
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and mature eosinophils are mixed in bone marrow, the
morphologic recognition of the eosinophil might be dif-
ficult. So we determined the number of eosinophils in the

BM on the basis of MBP immunoreactivity. Representa-
tive MBP stains are shown in Fig 5, A and B. MBP-pos-
itive cells were increased in the OVA-OVA/OVA group
compared with the naive-PBS/OVA and OVA-PBS/OVA
groups (Fig 3; P < .05).

The BAL cell profile was evaluated with Wright-
Giemsa staining. The total number of cells was not sig-
nificantly different among naive-PBS/OVA, OVA-
PBS/OVA, and OVA-OVA/OVA groups (6.9 ± 1.6, 11.37
± 3.37, 11.36 ± 1.47 × 106 cells, respectively). However,
the OVA-OVA/OVA group had more eosinophils in the
BAL fluid than did the OVA-PBS/OVA and naive-
PBS/OVA groups (Fig 4; P < .05).

M
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FIG 2. The number of CFSE-positive CD4+ T cells in BAL, left lung,
marginal blood pool of the lungs, draining lymph nodes of the
lungs, peripheral blood, and bone marrow compartments of recip-
ients. Primed T-cell transferred, OVA-sensitized, OVA-challenged
group (OVA-OVA/OVA), primed T-cell transferred, sham-sensitized,
OVA-challenged group (OVA-PBS/OVA), and naive T-cell trans-
ferred, sham-sensitized, OVA-challenged group (naive-PBS/OVA)
are shown. The means and standard errors are shown. Significant
differences are indicated.

FIG 3. The number of MBP-positive cells in bone marrow was
determined by immunocytochemistry. The means and standard
errors are shown. Significant differences are indicated. 

FIG 4. The number of eosinophils in BAL was evaluated by
Wright-Giemsa staining. The means and standard errors are
shown. Significant differences are indicated. 
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Eotaxin and IL-16–expressing cells are

increased after active sensitization and

challenge 

The cells expressing the T-cell chemoattractants
eotaxin and IL-16 in the BM were visualized by
immunocytochemistry. Representative IL-16 stains are
shown in Fig 5, C and D. The OVA-PBS/OVA group
showed higher numbers of eotaxin-positive cells than did
the naive-PBS/OVA group (Fig 6, A, P < .05). The OVA-
OVA/OVA group also had a higher number of eotaxin-
positive cells than the OVA-PBS/OVA group (P < .05).
IL-16–positive cells were increased in the OVA-
OVA/OVA group compared with the naive-PBS/OVA
group t 6, B; P = .05) but not compared with the O VA-
PBS/OVA group.

DISCUSSION

Animals that are actively sensitized to ovalbumin and
subsequently challenged by way of the airways show
both an airway and BM eosinophilia. We were prompted
to examine the distribution of CD4+ T cells placed in the
bronchoalveolar compartment in various distal sites
because of the reported appearance of IL-5–synthesizing
T cells in the marrow.17,18 We placed fluorescently
labeled purified CD4+ T cells in the tracheobronchial
tree, and we examined different tissue compartments for
evidence of these cells. The sites examined were the
lung, marginal blood pool within the lung, lung draining
lymph nodes, spleen, and femoral BM. We also studied
the influence of allergen sensitization and challenge on
the T-cell distributions. In the femoral marrow, the num-
ber of labeled CD4+ T cells was significantly higher in
the animals that received cells harvested from sensitized
animals and that were, themselves, actively OVA-sensi-
tized and challenged. There was no increase in marrow T

cells when recipients were unsensitized. In contrast, we
did not find any significant differences among the vari-
ous other organs and tissues in the number of labeled
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FIG 5. MBP-positive cells in bone marrow of OVA-sensitized, OVA-challenged recipients of primed T cells
were evaluated by immunocytochemistry by means of the APAAP technique and Fast Red staining (A) and
in PBS-sensitized and OVA-challenged recipients of primed T cells (B) (magnification ×400). IL-16–positive
cells in bone marrow of OVA-sensitized, OVA-challenged recipients of primed T cells (C) and in PBS-sensi-
tized and OVA-challenged recipients of primed T cells (D) (magnification ×200).

FIG 6. The expression of eotaxin (upper panel) and the expression
of IL-16 (lower panel) in primed T-cell transferred, OVA-sensitized,
OVA-challenged group (OVA-OVA/OVA), primed T-cell transferred,
sham-sensitized, OVA-challenged group (OVA-PBS/OVA), and
naive T-cell transferred, sham-sensitized, OVA-challenged group
(naive-PBS/OVA). 
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CD4+ T cells, whether actively sensitized or not. These
results suggest a possible role for CD4+ T cells migrating
from the airway to the marrow in promoting marrow
response to allergen challenge. 

Memory T cells and activated T cells have been shown
to be preferentially distributed to nonlymphoid organs,
such as the lung, after their injection to recipient ani-
mals.23 However, whether they have any tendency to
home to the BM does not seem to have been investigat-
ed. Our study suggests that such a mechanism exists, and
the expression of the T-cell chemoattractants, eotaxin and
IL-16, in the BM in association with active sensitization
and challenge suggests that these chemokines might pro-
vide an explanation for CD4+ T-cell retention in the BM.

Brown Norway rats have been frequently used to
model allergic asthma. These animals show early airway
responses, late airway responses, and eosinophilia in the
airways after active OVA sensitization and inhalation
challenge.24 Adoptive transfer has been used in the same
rat strain to demonstrate that CD4+ T cells are sufficient
for the transfer of allergen sensitivity to naive recipient
rats.25-27 Intraperitoneally injected, 2 × 106 CD4+ T cells
from sensitized animals transferred late airway respons-
es and BAL fluid eosinophilia to naive recipients after
the challenge26 and 20 × 106 cells intravenously injected
induced airway hyperresponsiveness.27 Although in this
study 20 × 106 cells were placed in the trachea, BAL
fluid eosinophilia was not observed in the OVA-
PBS/OVA group, indicating that this is not an optimal
route for the delivery of T cells for the adoptive transfer
of sensitivity to allergen. One reason might be a lesser
efficiency of cell migration from the bronchoalveolar
space into the airway tissues because of the epithelial
barrier or the lack of chemotactic signals for this retro-
grade migration. Even though it has been shown that the
T cells might migrate from the bronchoalveolar space
into the bloodstream or airway tissues across the alveolar
or airway epithelium,28,29 the number of cells that ulti-
mately reaches the airway tissues might be small. In con-
trast, injected memory T cells have been shown to home
to mucosal surfaces.23 Another possibility is that the
number of T cells might have been reduced by mucocil-
iary clearance. Nonetheless, the number of CD4+ T cells
placed in the trachea was sufficient to permit the detec-
tion of a significant increase of labeled cells in the BM in
animals that were actively sensitized and allergen chal-
lenged. However, it seems likely that T cells within the
airway tissues, after the process of antigen presentation,
would migrate with greater ease to the marrow than those
within the bronchoalveolar compartment, which have an
additional tight epithelial barrier to cross.

We chose to perform the OVA challenge 18 hours after
the instillation of CD4+ T cells into the trachea and to
examine the distribution of cells after a further 24 hours.
Although the choice of these times was somewhat arbi-
trary, we based this timing on studies showing that lym-
phocytes placed in bronchoalveolar space migrate and
already appear in the draining lymph nodes 6 hours
later.29 We anticipated that time would be required for

these cells to circulate and to accumulate in certain sites
if stimuli for such accumulation were present. In addition,
BM eosinophilia is evident from 2 to 24 hours after chal-
lenge12 and eosinophilia in BAL occurs as early as 2
hours and lasts at least 72 hours after allergen challenge.30

Naive T cells traffic mostly through lymphoid tissue by
crossing high endothelial venules, whereas memory T
cells traffic preferentially through tissues and inflamma-
tory sites and re-enter the lymph stream by way of the
afferent lymphatics.31 The CFSE-positive cells in the
lymph nodes draining the lung likely contained both naive
and memory cells, and the total numbers of these cells
were not different among groups. There were no signifi-
cant differences among the groups in T cells in other
organs and tissues, with the exception of the BM. This
also might be because naive cells represent most CFSE-
labeled T cells in the body, and there is no mechanism for
the selective accumulation of these cells in the tissues. As
a corollary, it is likely that the increase in BM cells is
caused by the appearance of labeled effector or memory
cells. The number of BM eosinophils was greater in the
OVA-OVA/OVA group than the other groups. We specu-
late that the CFSE-labeled T cells that homed to the BM
might have contributed, directly or indirectly, to
eosinophil differentiation by expressing IL-5.17,18

The mechanism of the increase in marrow CD4+ T
cells might be caused by retention of the cells within the
marrow as these cells come under the influence of chemo-
tactic gradients as they circulate within the marrow. Many
chemokines and cytokines have been reported as T cell
chemoattractant factors and include IL-16,19,20 eotaxin,21

RANTES, macrophage inflammatory protein (MIP)-1α,
MIP-1β, and monocyte chemoattractant protein-1.32 We
limited our study to 2 of these chemokines, namely IL-16
and eotaxin. IL-16 is expressed by CD34+ cells,33 and the
number of CD34+ cells increases after OVA challenge in
OVA-immunized mice.17 In our study, IL-16–expressing
cells in the BM of the OVA-OVA/OVA group were
increased over those of naive-PBS/OVA group. We postu-
late that IL-16 expressed by CD34+ cells after allergen
challenge might contribute to the migration of CD4+ T
cells into BM. IL-16 expressed by T cells themselves after
their migration to the marrow is another potential mecha-
nism that might contribute to their chemoattraction,34

thereby providing a feed-forward mechanism for further
T-cell recruitment to the marrow.

Eotaxin is an essential modulator of eosinophil traf-
ficking.35 However, eotaxin receptor CCR-3 is expressed
not only on eosinophils36-39 but also TH2 cells,21 and
eotaxin can induce the recruitment of TH2 cells.22 Other
T-cell chemokines that have been reported as T-cell
chemoattractant factors such as MIP-1α, MIP-1β and
RANTES are also expressed by CD34+ T cells33 and are
also possible candidates. However, how these BM cells
are stimulated after antigen challenge is still unclear. 

We have shown that CD4+ T cells migrate from within
the airway compartment to the BM after antigen inhala-
tion. Cells harvested from sensitized donors and adminis-
tered to sensitized and challenged recipients were most
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likely to appear in the marrow, suggesting that antigen
specificity, changes in the recipient animal after sensitiza-
tion, and signals resulting from airway challenge are nec-
essary for homing to the marrow to occur. Eotaxin and IL-
16 expression in the bone marrow might contribute to the
homing of the CD4+ T cells and the stimulation of
eosinophilopoiesis after airway allergen exposure. The
extent to which CD4+ T cells migrating from the airways
to BM are important in signaling the BM after allergen
challenge requires further study.
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