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CD69 expression on airway eosinophils and airway
inflammation in a murine model of asthma
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Background Asthma is a chronic airway disease with inflammation characterized by physiological changes
(airway hyper-responsiveness, AHR) and pathological changes (inflammatory cells infiltration and mucus
production). Eosinophils play a key role in the allergic inflammation. But the causative relationship between
eosinophils and airway inflammation is hard to prove. One of the reasons is lack of activation marker of murine
eosinophils. We investigated the expression of CD69 on murine eosinophils in vitro, the relationship between the
expression of CD69 on eosinophils from peripheral blood and bronchoalveolar lavage fluid and on airway
inflammation in asthmatic mice.

Methods Eosinophils from peripheral blood of IL-5 transgenic mice (NJ.1638) were purified. Mice were
divided into five groups: wild type mice sensitized and challenged with saline (WS group), wild type mice
sensitized and challenged with ovalbumin (WO group), IL-5"" mice sensitized and challenged with saline and
transferred with purified eosinophils (ISE group), IL-5"" mice sensitized and challenged with OVA and
transferred with purified eosinophils (IOE group), IL-5"" mice sensitized and challenged with OVA and
transferred with purified eosinophils, pretreated with anti CD4 monoclonal antibody (IOE+antiCD4mAb group).
IL-5" mice were sensitized with OVA at day 0 and day 14, then challenged with OVA aerosol. On days 24, 25, 26
and 27 purified eosinophils were transferred intratracheally to IL-5"" mice. On day 28, blood and BALF were
collected and CD69 expression on eosinophils measured by flowcytometry.

Results Purified eosinophils did not express CD69. But eosinophils cultured with PMA+MA, IFN- v, IL-5 or
GM-CSF expressed CD69 strongly. Eosinophils from blood of WO, WS group did not express CD69 at all. The
numbers of eosinophils in BALF of WO group, IOE group, ISE group and IOE+antiCD4mAb group were
significantly higher than in mice of WS group which did not have eosinophils at all. CD69 expression on
eosinophils in BALF of IOE and WO groups was strong. Eosinophils in BALF of ISE and IOE+antiCDmAb
groups did not express CD69. The mucus production result was similar to CD69 expression. There were

eosinophils infiltration in lung slides of all groups except WS group.
Conclusion Activation in airway of eosinophils could directly lead to airway inflammation.

Asthma is a chronic airway disease with
inflammation characterized by physiological
changes (airway hyperresponsiveness, AHR) and
pathological changes (inflammatory cells infiltration,
mucus production).” Among these inflammatory cells,
eosinophils are considered the most important cells
that play a key role in allergic airway inflammation.?
The infiltration of eosinophils in lung is a hallmark of
asthma® and their degree of accumulation and
activation in the airway correlates with the clinical
severity of asthma and development of AHR.* In
murine models of asthma, many kinds of different
gene knockout mice such as interleukin IL-5 deficient
(IL-57) mice and IL-4 deficient (IL-4”") mice, show
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sensitization and challenge.>”’

Though the importance of eosinophils in asthma was
widely recognized, the causative role of eosinophils
in airway pathological and physiological changes
was still debated. There were also numerous
incongruent experimental results. For example,
some studies showed that CD4" T cells, not
eosinophils, were responsible for the airway mucus
production.8 Other studies using different antibodies
blocking airway eosinophil infiltration still showed
airway histopathological changes and AHR.%"°
Birrell et al'"' found that a small dose of
dexamethasone could block the infiltration of
eosinophils in airway without impact on AHR;
however, increasing the dose could block AHR. In
addition, Xie and his colleagues' demonstrated
antigen presenting function of ovalbumin (OVA)
exposed airway eosinophils both in vivo and in vitro
to promote secretion of Th2 cytokines from lung
lymphocytes. Thus, the role of eosinophils in asthma
is not clear yet. The confounding results might be
related to the study models. All these studies
focused on the link between the infiltration of
eosinophils in airway and airway
pathology/physiology. There were no studies on
whether eosinophils were activated whilst in the
airway because there was no accepted activation
marker of murine eosinophils. So a causative
relationship between airway and eosinophil could not
be proved.

In our previous work, we found IL-5"" mice provided
model systems that were nearly devoid of
eosinophils.” In these IL-5 mice, the loss of
eosinophils appeared to be linked to the
disappearance of airway pathological changes.
Using adoptive transfer technique, we restored the
pulmonary eosinophils via intratracheal transfer (IT)
and found that IL-57 mice ovalbumin sensitized
and challenged showed eosinophils in lung and AHR
and mucus production, but pretreatment with
anti-CD4 antibody could block the mucus production
and AHR without impact of eosinophils in lung.
Without OVA sensitization, eosinophils only
challenged in lung could not induce mucus
production and AHR. These results provide a new
model for studying the activation status of
eosinophils in lung with or without airway AHR and
mucus production, but raise the question of the

cause that separates the eosinophils infiltration in
lung from AHR and mucus production.

Recently, we found a possible very early activation
marker for mouse eosinophils, CD69. It could
express on wild cells though there is no report about
its expression on murine eosinophils.' Our previous
work showed that it could appear on murine
eosinophils in vitro after phorbol 12-myristate
13-acetate (PMA) stimulation. Here we used CD69
as an activation marker of murine eosinophils, and
used our previous model to explain the relationship
of activated eosinophils and airway inflammation.

METHODS

Animals

IL-5"" mice on a C57BL/6J background were a kind
gift of M. Kopf (The Basel Institute of Immunology,
Switzerland). Since receiving these animals the mice
have been continuously backcrossed with C57BL/6J
mice (>10 generations) purchased from the Jackson
Laboratory (Bar Harbor, USA). Genotypes of mice
derived from these crosses were determined by PCR
of tail DNA, detecting the presence of the mutant
IL-5 allele. Control C57BL/6J mice were obtained
from the Jackson Laboratory (Bar Harbor) and all
procedures were conducted on mice 8 —12 weeks of
age maintained in ventilated microisolator cages
housed in a pathogen free animal facility.

IL-5 transgenic mice express this cytokine
exclusively from mature T cells using an
enhancer/promoter construct derived from the
mouse CD3 gene (transgenic line: NJ.1638).

NJ.1638 mice are maintained on a C57BL/6J genetic
background by continuous backcross (>12
generations) with mice purchased from the Jackson
Laboratory (Bar Harbor). The average circulating
eosinophils counts in 4—7 month old animals are
>100 X 10%/L eosinophils of blood, representing 50%
of total white blood cells."

Purification of eosinophils

Peripheral blood (tail bleeds) from NJ.1638 mice was
collected into PBS containing 20 U/ml heparin,
layered onto a single step, Percoll gradient and
centrifuged (45 minutes, 2000Xg, 4°C). The buffy
coat, containing almost exclusively lymphocytes and
eosinophils, was free of contaminating red blood
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cells by hypotonic lysis. Eosinophils were isolated 1% OVA ffszflff_‘;‘j;ll‘t
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using Magnetic Activated Cell (MACS,
Miltenyi Biotec, USA). The remaining cells were in
PBS at 4°C before use. The purity of the recovered
eosinophils was determined by visual examination of
Diff-Quick stain (Baxter Healthcare, USA) stained
cytospin preparations and was typically >99%.
Eosinophil viability was determined by trypan blue
exclusion and was always >99%.

Stimulation of purified eosinophils

Purified eosinophils were suspended at 1 X 10%/ml in
RPMI, 24-well plates at 37°C 5% CO,. PMA plus
ionomycin (Sigma, USA) at 10-7 mol/L and cytokines
interferon gamma (IFN-y), IL-5, granulocyte
macrophage colony stimulating factor (GM-CSF) at
0.1 ng/ml were added separately for 18 hours.
Then the expression of CD69 was assayed by flow
cytometry (FACs).

Groups of mice

Mice were divided into five groups: wild type mice
sensitized and challenged with saline (WS group),
wild type mice sensitized and challenged with
chicken OVA (Sigma-Aldrich, USA) (WO group),
IL-57" mice sensitized and challenged with saline and
transferred with purified eosinophils (ISE group),
IL-5"" mice sensitized and challenged with OVA and
transferred with purified eosinophils (IOE group),
IL-57" mice sensitized and challenged with OVA and
transferred with purified eosinophils, pretreated with
anti CD4 monoclonal antibody anti-CD4mAb (GK1.5)
(R&D Systems, USA) (IOE+antiCD4mAb group).
Ten mice were in each group.

OVA sensitization/aerosol challenge and intra
tracheal transfer of eosinophils

Mice were sensitized and challenged with chicken
OVA (Fig. 1). Briefly, mice were sensitized by an i.p.
injection (100 pl) of 20 pg chicken OVA emulsified in
inject alum (2.25 mg Al(OH)3, 2 mg Mg(OH),) (Pierce,
USA) on days 0 and 14. Mice were subsequently
challenged with an aerosol generated from 1% OVA
in saline, or saline alone, for 20 minutes by ultrasonic
nebulization on days 24, 25 and 26. The mice were
sacrificed on day 28 and bronchoalveolar lavage
fluid (BALF) was collected. Lungs were taken out for

Adoptive Transfer (IT)
of 10° or 107 eosinophils
(4%107 or 4x107 total)

Fig. 1. Time line representation of the ovalbumin (OVA)
protocol used and the intratracheal transfer (IT) adoptive
transfer of eosinophils.

histological study. Adoptive transfer was accomplished
in lightly anaesthetized intratracheally mice 4 to 6
hours after OVA aerosol challenging on day 24 to
day 27. Eosinophils were suspended, 107 /20 pl PBS.
On days 21 and 24, GK1.5 was administered to the
IOE+antiCD4mAb group via the peritoneal cavity
(0.5 mg/100 pl).

Assessment of airway inflammation

Eosinophils in BALF were counted. Periodic acid
Schiff (PAS) and major basic protein (MBP) staining
on lung slides were performed. The mucus content
of airways (both proximal and distal) were assessed
by bright field microscopy (n=7 mice per group)
using image analysis software (Image ProPlus, USA)
to derive an airway mucus index that is reflective of
both the amount of mucus per airway and the
number of airways affected.®

Assays of CD69 expression on eosinophils

Freshly purified eosinophils and eosinophils cultured
with  PMA+MA and different cytokines were
centrifuged; the deposit added into 100 yl PBS and
incubated with block antibody Fc 2 ul at 4°C 10
minutes. After two washes, the pellet was added to
100 uyl PBS and incubated with anti-CD69
fluorescein isothiocyanate (FITC, BD Biosciences,
USA) and propidium iodide (Pl, BD Biosciences,
USA) for 30 minutes. Then those cells were loaded
on FACS to measure geometric mean fluorescence
intensity (GMFI) which represents CD69 expression
of Pl negative cells. Fresh unstained eosinophils
were set as negative control. Eosinophils from blood
or BALF of mice from five groups were stained with

FITC-antiCCR3Ab and phycoerythrin (PE)-anti-
CD69Ab (BD Biosciences). After loading on
FACScan (Bluelion Biotech, USA), GMFI was

assayed on gated FITC positive cells. Again, fresh
unstained eosinophils were set as negative control.
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Fig. 2. Counts of eosinophils in BALF. *P<0.05,
compared with WS group.

Statistical analysis

Data presented are the means & standard error (SE).
Statistical analysis was performed on parametric
data using one way analysis of variance (ANOVA).
If the data did not follow Gaussian distribution, one
way ANOVA on RANK was used. A P<0.05 was
considered statistically significant.

RESULTS

Eosinophils count in BALF

Eosinophils were hardly seen in BALF of WS group
(129 £73). However, eosinophils in BALF of WO
group increased significantly (3.39 & 0.82) X 10°
(P<0.05). ISE, IOE and IOE+antiCD4mAb groups
had obvious increase of eosinophils in BALF [GMFI
(0.95+0.24)x 10°, (1.60+0.50) X 105, (1.64+0.55)x
10° respectively]. Though eosinophils in ISE group
were less than those in other groups, the three
groups had significant difference from WS group
(P<0.05, Fig. 2).

CD69 expression on eosinophils

Compared with unstained negative control, fresh
purified eosinophils did not express CD69 (3.13+
0.14). After culture with PMA+MA, IFN- 7 or GM-CSF
for 18 hours, the expression of CD69 had clearly
increased (GMFI 21.2+0.94, 14.4+0.78, 128+
0.61 respectively). Eosinophils in media and IL-5
also had increased CD69 expression without
statistical significance (Fig. 3).

Mice of ISE, IOE and IOE+antiCD4mAb groups did not
have eosinophils in peripheral blood. Fig. 4 shows that
eosinophils from blood of WS and WO group and IL-5
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Fig. 3. Flu intensity of CD69 on eosinophils in vitro.
*P<0.05, compared with fresh eosinophils.
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Fig. 4. CD69 expression on eosinophils from blood or
BALF. *P<0.05, compared with WS group.
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Fig. 5. Measurement of mucus production in lung.
*P<0.05, compared with WS group.

transgenic mice did not express CD69. BALF of WS
group had no eosinophils. Eosinophils from BALF of
WO and IOE groups had significantly higher
expression of CD69 (GMFI 19.51£2.97, 14.4+1.11
respectively) than other groups. There was no CD69
expression on eosinophils in BALF of ISE or
IOE+antiCD4Ab groups (GMFI 3.46+0.71 and
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3.07£0.27 respectively, P<0.05).

Assessment of mucus production

Fig. 5 shows that little mucus was produced in WS
group. ISE and IOE+antiCD4mAb groups had a little
mucus around bronchioles, which was not different
significantly from WS group. One could see a large
amount of mucus around bronchioles of WO group
and IOE group different from WS group (P<0.05).

Infiltration of eosinophils in airway

There were few eosinophils in the lung of WS group.
However, WO, IOE, ISE and |OE+antiCD4mAb
groups had MBP positive cells infiltrated in airways

(Fig. 6).
DISCUSSION

Murine models have made big contributions to the
study of allergic inflammation. In studies on
mechanism of asthma, different murine models have
their unique roles. Compared to clinical trials, animal
models have the advantages of short experimental
cycles, convenient specimen collection and easy
control of different conditions. Most importantly,
mature transgenic mouse models allow investigation
of biochemistry of single cytokines. Compared to
other animal models, murine models are the closest
to human. Different mature mice asthma models
have been used in laboratories all over the world."’

Among all models, chicken OVA is the major allergen.

Mice sensitized by OVA first and then challenged by
OVA aerosol have physiological and pathological
characters of asthma such as AHR and production of
excessive mucus, T lymphocytes and eosinophils
infiltration in airway. Researchers have tested the
important functions of eosinophils in asthma through
murine asthma models. Eosinophil infiltration in
airway of asthmatic mice has tight relation with AHR,
mucus production and airway reconstruction. AHR
and airway inflammation cannot be induced in
eosinophil deficient mice and IL-4 or IL-5 deficient
mice. Eosinophils play the key role in the mechanism
of asthma. Yet there have been few studies on the
activation mechanism of eosinophils in airways until
now because of lack of eosinophilic activation
marker. Unlike humans, eosinophils of asthmatic
mice do not degranulate to release MBP and ECP
during the inflammatory response.18 Free MBP did
not show up in either eosinophilic culture in vitro or
mice lung slides. MBP deficient mice made a more
convincing improvement. Denzler et al'®?% found in
his studies that MBP”" mice had AHR and excessive
production of mucus in airway after OVA
sensitization and challenging as did Epo” mice.
This made a big limitation to the study about
activation of eosinophils, which could now only be
speculated from the changes of airway function and
pathology. Whether eosinophils’ activation could
result in airway inflammation directly is not clear yet.
This study is the first to use CD69, a very early
activation marker, as the surface activation marker of
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eosinophils. CD69 is a type Il transmembrane
glucoprotein and expresses on cell surface in
phosphorylation.”’ CD69 gene is a member of
natural killer cell, signal transducing gene, complex
family. It was discovered in 1981 and named as AIM
and EA1 amongst other names and was once
considered as a T lymphocytic activation marker.
CD69 appears an hour after T cells are activated,
and lasts for 72 hours, so it may enhance activation
and proliferation/differentiation of T cells.?? However,
it expresses on almost all kinds of myeloid cells. One
of its most important characteristics is that, except
for mononuclear cells having active expression,
CD69 does not show up on resting cells. Once
activated, these cells will express CD69 quickly. The
studies of CD69 on eosinophils are rare and mainly
focus on human eosinophils. Hartnell et al®® found
that eosinophils from BALF of asthmatic patients
expressed CD69, so did eosinophils from peripheral
blood after GM-CSF stimulation. In 1995
Mastsumoto and his associates®* used 473 kinds of
human leukocyte antibodies provided by the Fifth
International Workshop to study the phenotype of
human eosinophils. They found that resting
eosinophils from peripheral blood did not express
CD69, but those in BALF from asthmatic patients or

cultured with GM-CSF, IL-5 in vitro did express CD69.

However, whether CD69 could express on murine
eosinophils and be an activation marker was unclear.
The low number of murine eosinophils, which makes
them difficult to isolate might be responsible.

In this study, we took advantage of IL-5 transgenic
mice to collect large numbers of eosinophils from
peripheral blood. Fresh purified eosinophils from
negative selection of MACS do not have CDG69
expression, which indicated that the separating
system did not affect the expression of surface
antigen. After stimulation by PAM+MA, GM-CSF, IL-5
or IFN-vy, CD69 was expressed on cell surface.
PMA+MA could activate eosinophils strongly, which
made the highest GMFI of CD69. The role of
GM-CSF was comparatively weaker, but it could
maintain the viability of cells longer, comparable with
the studies of human eosinophils. IFN- v was
considered to inhibit the activation of eosinophils,
morphological change and migration of eosinophils
through inhibiting the activation of ERK in vitro.?>?®
However, in our study, GM-CSF induced the
expression of CD69 on eosinophils proving that

mouse eosinophils had IFN-y receptor and IFN- ¢y
could direct the activation of eosinophils agreeing
with the conclusion made by Lopez et al.?’ The
interesting observation that cultured eosinophils
spontaneously expressed CD69 may be due to the
culturing.

IL-57" mice did not have eosinophils in peripheral
blood, thus eosinophils infiltration in airway, airway
inflammation and AHR could not be induced after
OVA sensitization and challenging.?® Based on
previous work, this study we focused on activation
status of eosinophils in BALF using the technique of
adoptive transfer to transport eosinophils from
NJ.1638 mice to IL-5" mice via IT. The number of
eosinophils  transferred to ISE, IOE and
IOE+AntiCD4mAb groups was equal, so eosinophils
could be found in BALF from three groups.
Nevertheless, measured eosinophils in ISE group
were fewer than the other two groups. This was
related to the effects of different cytokines and
chemokines. Eosinophils are a type of mature
differentiated cells that will undergo apoptosis
automatically in vitro. However, high level of
cytokines such as IL-5, IL-3 or GM-CSF in lumen
induced by OVA sensitization and challenging can
activate eosinophils and maintain their viability.?*>'
Besides, activated epithelial cells also could activate
eosinophils directly to prolong the lives of
eosinophils. Though initially lacking IL-5 in IOE
group, there were many other cells and cytokines to
keep the viability of eosinophils and activated
eosinophils could release IL-5 and GM-CSF by
autocrine.* For the same reason, IOE+AntiCD4mAb
group still had the airway cytokine network provoked
by OVA to activate eosinophils after blocking the
function of CD4" T cells. However, ISE group had
fewer eosinophils through lack of all types of
cytokines. In three groups, eosinophils infiltration in
airway on lung slides could be seen, which proved
that eosinophils could not only migrate from
peripheral blood to airway under the function of
different chemokines, but also transmembrane of
epithelial cells from lumen to lung tissue. This
matches the findings of Shi et al'® that eosinophils
could migrate from lumen to lung lymph nodes and is
consistent with the previous results we obtained.
This may be explained by the autodefensive function
of eosinophils. Airway epithelial cells can release
neutrophil to prolong the lives of eosinophils,® and
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express ICAM-1 after activation that can react with
CD18 on eosinophils to enhance the adhesion of
these two cells and lead to migration. However, in
ISE group, without chemotactic factors, eosinophils
also could immigrate transmembrane to lung tissue.
This indicated that eosinophils had automatic
adhesion with epithelial cells that directed migration
of eosinophils to different areas.

Purified eosinophils did not express CD69, nor did
eosinophils from peripheral blood of WO group and
WS group. Eosinophils from BALF from IOE group
and WO group had strong expression of CD69.
This illustrated that OVA sensitization and
challenging could not activate eosinophils in
peripheral blood. However, migrating to lung did not
activate eosinophils. Under the impacts of different
cells and cytokines, eosinophils in lung were
activated and had changes of surface receptors.
Though IL-57" mice lacked IL-5, extrinsic transferred
eosinophils still could be activated and express
CD69. But once the roles of CD4" T cells had been
blocked, eosinophils could not be activated. There
are some reports about human eosinophils being
activated by different cytokines and undergoing
degranulation in vitro, but in murine eosinophils’
activation, CD4" T cells are essential. This could
be related to the priming and controlling function of
CD4" T cells in asthmatic inflammation.** Moreover,
CD4" T cells can activate eosinophils directly
through intercellular adhesive molecules.®

CD69 expression on eosinophils is related closely to
airway inflammation. Though BALF and lung slides
of ISE group and IOE+AntiCD4mAb group had
eosinophilic infiltration, there was no expression of
CD69 on eosinophils. This hinted that eosinophils
were inactivated and the two groups had no mucus
production in airway, whereas WO and IOE groups
had strong expression of CD69 on eosinophils in
BALF accompanied with a lot of mucus production.
These results confirmed that airway inflammation of
asthma was induced directly by activated
eosinophils. There was no inflammation without
activated eosinophils.

In conclusion, eosinophils in peripheral blood from
asthmatic mice are inactive, but eosinophils in
airway become activated by different factors in the
microenvironment and express CD69. CD4" T cells

are essential for the activation of eosinophils.
Asthmatic inflammation of airway is the direct result
of eosinophils activation.
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