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ABSTRACT          

The effect of activated leukocyte cell adhesion molecule 

on development of Th2 inflammation 

in a mouse model of allergic asthma

    

Mi Na Kim

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Myung Hyun Sohn)

   Activated leukocyte cell adhesion molecule (ALCAM; CD166) belongs 

to the immunoglobulin superfamily. ALCAM is considered to be 

important for stabilization of the immunological synapse, T cell activation 

and proliferation as a ligand for CD6. We investigated the effects of 

ALCAM on development of inflammation in a mouse model of 

ovalbumin (OVA)-induced allergic asthma.

   OVA-induced allergic asthma was established with wild type and 

ALCAM deficient mice. Airway hyperresponsiveness, inflammatory cell 

count, histology, cytokine level, and serum antibodies were analysed. T 

cell and dendritic cell (DC) co-culture was conducted with CD3+CD4+ T 

cells and irradiated CD11+CD11c+ DCs from splenocytes of OVA 

sensitized mice, and T cell proliferation was measured. To confirm the 

role of ALCAM on DC, bone marrow derived DC (BMDC) from WT 

and ALCAM deficient mice were cultured and antigen-pulsed BMDCs 
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were adoptively transferred to OT-II mice. To investigate the therapeutic 

effect of ALCAM, either control or ALCAM antibody was intranasally 

administrated. Levels of ALCAM in sputum and serum of the children 

with asthma and control subjects were quantified with ELISA.

   The levels of ALCAM were increased in the bronchial alveolar lavage 

fluid (BALF) and serum of OVA-treated group. ALCAM deficient mice 

showed diminished inflammatory response compare to wild type mice. 

And, in co-culture experiment, T cells co-cultured with DCs from 

ALCAM deficient mice showed lower proliferation rate than the T cells 

co-cultured with DCs from wild type mice. Recipient mice that 

OVA-pulsed BMDCs from ALCAM deficient mice were adoptively 

transferred showed ameliorated inflammatory response compared to 

OVA-pulsed BMDCs from wild type mice transferred mice. Beside, 

ALCAM antibody treated mice appeared to have improved inflammatory 

response. Human data also showed higher ALCAM levels in the sputum 

and serum of asthma patients than control subjects. 

  These data concluded that ALCAM has a critical role in the 

pathogenesis of OVA-induced allergic asthma in murine model having an 

effect on T cell activation and proliferation. Furthermore ALCAM could 

be used as a biomarker and therapeutic target for allergic asthma.

                                                                 

Key words: ALCAM;CD166, asthma, lung inflammation, immune synapse, 

dendritic cell, T cell proliferation
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The effect of activated leukocyte cell adhesion molecule 

on development of Th2 inflammation 

in a mouse model of allergic asthma 

Mi Na Kim

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Myung Hyun Sohn)

Ⅰ. INTRODUCTION

   Allergic asthma is a common chronic respiratory disease driven by 

Th2 immune response. Th2 type cytokines released by CD4+Th2 cells are 

known for main effector in asthma.1-5 Repeated exposure to allergen 

induces Th2 type cytokine release involving IL-4, IL-5, and IL-13, which 

are associated with the generation of IgE and eosinophiic responses, and 

eventually results in airway remodeling accompanying thickening of 

airway walls, bronchial hyper-responsiveness, and mucus hyper- 

secretion.6-11 Modulation of CD4+Th2 cell is crucial to manage asthma. 

   T cells are activated by the interaction between T cell receptor (TCR) 

and their cognate antigenic peptides-MHC complexes presented on 

antigen-presenting cells (APC) generating first signal. However, not only 
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this first signal but also the interaction of co-stimulatory molecule on T 

cell and DC are essential to form the immunological synapse as a second 

signal.12-15

   Activated leukocyte cell adhesion molecule (ALCAM; CD166) belongs 

to the immunoglobulin superfamily and is composed of five 

immunoglobulin-like domains.16 ALCAM engages in ALCAM-ALCAM 

homophilic as well as ALCAM-CD6 heterophilic interactions. 

Interestingly, ALCAM homophilic interactions have 100-fold lower affinity 

and faster dissociation rate than heterophilic ALCAM-CD6 interaction.17

ALCAM is expressed in diverse cell types including neurons, fibroblasts, 

endothelial cells, and keratinocytes.18,19 And ALCAM has demonstrated to 

have crucial roles in leukocyte extravasation, stabilization of the 

immunological synapse, T cell activation and proliferation, and tumor 

progression and metastasis.20-23 As a ligand for CD6 which is a 

typeⅠmembrane protein acting in T cell adhesion and co-stimulation, 

ALCAM is considered to be important for initiating and sustaining of T 

cell immune response.24,25 Recent study demonstrated that ALCAM and 

CD6 form a key adhesive receptor-ligand pair that is essential not only 

in early DC-T cell binding but also in sustaining DC-induced T cell 

proliferation.21 And the effects of ALCAM in delayed type 

hypersensitivity were also established in S100 induced inflammatory 

response.26

   In  the present study, we hypothesized that ALCAM could have an 

effect on allergic asthma model, which is characterized as CD4+Th2 cell 

dominant immune response, affecting T cell proliferation and activation. 

So we established OVA-induced allergic asthma model in WT and 

ALCAM deficient mice, and compared the inflammatory responses. We 

also conducted antibody treatment to see the therapeutic effect of 
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ALCAM. We further access the levels of ALCAM in serum and sputum 

of asthma patients group and normal healthy group to investigate 

ALCAM as a biomarker for asthma.
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Ⅱ. MATERIALS AND METHODS

1. Mice

   All experiments were performed with 6-8 wk female mice. C57BL/6 

wild-type (WT) mice were purchased from Orientbio (Seoul, Korea). 

ALCAM deficient mice (ALCAM‾/‾) and OT-II transgenic mice were 

purchased from the Jackson Laboratory (Bar Harbor, Me, USA). For 

HDM model, WT and ALCAM‾/‾ mice were used. For OVA model, 

OT-II mice were backcrossed to ALCAM‾/‾ mice, then OT-II mice and 

ALCAM‾/‾OT-II mice were used as WT and ALCAM deficient mice 

respectively. All experimental animals used in this study were housed 

under specific pathogen-free condition, Association for Assessment and 

Accreditation of Laboratory Animal Care (AAALAC) approved animal 

facility. Studies were approved by the Institutional Animal Care and Use 

Committee (IACUC) at the University of Yonsei, college of Medicine.

2. Allergen sensitization and challenge 

   Mice were immunized intraperitoneally with 100µg of OVA (chicken 

egg albumin Fraction V, Sigma-aldrich, St. Louis, USA) in 200µl of 

saline emulsified with 2mg of aluminum hydroxide (Imject alum, Pierce, 

Rockford, IL, USA) on day 0 and 14. After anesthetized with isoflurane, 

intranasal challenges were performed with 50 µg of OVA in 50 µl of 

PBS on day 28, 29 and 30. For house dust mite (HDM) model, mice 

were intranasally immunized with 10 µg of HDM extract (Greer, Lenoir, 

NC, USA) in 200µl of saline emulsified with 2mg of aluminum 

hydroxide on day 0 and 5, and challenged with 50 µg of HDM extract 

intranasally on day 12, 13 and 14. Age- and sex- matched mice were 

treated with saline alone as control. Mice were sacrificed 24 hrs after the 
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final challenge and their bronchoalveolar lavage fluid (BALF), sera, lungs, 

and spleen were harvested and analyzed. 

3. Brochoalveolar lavage fluid cell collection and analysis

   Lungs were lavaged twice with 900ul PBS by means of intratracheal 

cannulation. The collected brochoalveolar lavage fluid (BALF) was 

centrifuged, and isolated cells were used for total cell count and cytospin 

preparations followed by Diff-Quick staining (Merck, Darmstadt, 

Germany). The BALF supernatant was utilized for ELISA measurement. 

4. Airway hyperresponsiveness measurement

   Lung resistance was measured using the flexiVent apparatus 

(SCOREQ, Montreal, Quebec, Canada). Mice were anesthetized with 

zoletil (Virbac, France) and rumpun (Bayer Inc., Etobicoke, Ontario, 

Canada) mixture and tracheotomized. Then the mice were mechanically 

ventilated at a rate of 150 breaths per min and 3cmH2O onset pressure, 

and lung resistance was assessed after administration of increasing dose 

of aerozolized methacholine (0, 3.125, 6.25, 12.5, 25, 50 mg/ml, 

Sigma-Aldrich, St. Louis, USA).

5. Enzyme-linked immunosorbent assay

   The levels of interleukin –4, -5, -13 and ALCAM were quantified in 

BALF by ELISA (R&D systems, Minneapolis, MN, USA) according to 

the manufacturer’s instructions. The levels of ALCAM were also 

measured in 1:200 diluted mice sera and human sputum and sera. 

Briefly, 96well plate was coated with each anti-mouse cytokine antibody 

overnight at room temperature. Wells were blocked with PBS containing 

1% BSA for 1h, and samples were incubated for 2 hrs. Recombinant 
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mouse cytokines were used as standards. Then, biotinylated rat anti-mouse 

cytokines were incubated for 2 hrs followed by 20 min incubation with 

streptavidin-horseradish peroxidase (1:200) and 20 min incubation with 

TMB substrate solution (KPL, Gaithersburg, MD, USA) in dark place. 

The reaction was stopped by addition of 2N sulfuric acid, and the 

colorimetric reactions were read at 450nm by microplate reader 

(Molecular Devices, CA, USA). 

6. Total IgE measurement

   Mice blood was collected by cardiac puncture and centrifuged at 

4000rpm for 20 min. Plasma obtained from the blood was used for total 

IgE measurement by BD OptEIATM Set Mouse IgE kit (BD Bioscience, 

San Dieago, CA) according to the manufacturer’s instructions. Briefly, 

96well plate was coated over night with 100µl of either anti-mouse IgE

in 0.1M Sodium Carbonate, pH 9.5, at 4℃. Wells were blocked with 

PBS containing 10% BSA for 1 hr, and 1:20 diluted samples were 

loaded to the wells and incubated for 2 hrs. Then, biotinylated 

anti-mouse IgE was incubated with streptavidin- horseradish peroxidase 

conjugate for 1hour followed by incubation with TMB substrate solution 

in dark for 20 min. The reaction was stopped by addition of 2N sulfuric 

acid and wells were read at 450nm. 

7. Lung histology and immunohistochemistry

   The left lobe of the lung was fixed with 10% paraformaldehyde, 

embedded in paraffin, and cut into 5-µm section followed by 

Hematoxylin and Eosin, Periodic Acid Schiff. Microscopic observation 

was performed with Nikon microscope. For immunohistochemistry, tissues 

were deparaffinized in 2 change of xylene for 10 min each, and 
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rehydrated in 100% (5 min x 2), 95% (2 min), 70% (2 min) alcohol. 

Tissues were heated with antigen retrieval buffer (DAKO, A/S, Glostrup, 

Denmark) for 20 min in the boiling steamer, followed by a cool-down 

period at room temperature for another 20 min. Before protein blocking 

with potein block solution (30 min, DAKO), peroxidase block (5 min, 

DAKO) was performed. Then the tissue sections were subjected to either 

anti-ALCAM antibody (Santa cruz) or normal rabbit IgG (Santa cruz) 

diluted in Dako antibody diluent at 1:100, and incubated overnight at 

4℃. Labeled polymer was dropped on the tissue section and incubated 

for 30min at RT, followed by 20 min incubation of the tissue with the 

ready-to-use AEC+ substrate-chromogen solution. Finally, the tissues were 

gently washed and specimens were mounted with aqueous-base mounting 

medium. All reagents were obtained commercially from DAKO (A/S, 

Glostrup, Denmark). Microscopic observation was performed with Nikon 

microscope (Elipes 90i).

8. Real-time polymerase chain reaction

   Total RNA was isolated from a median lobe of right lung tissue 

using a TRIzol reagent (Invitrogen, Carlsbad, CA, USA) prior to 

complementary DNA synthesis. The isolated RNA was dissolved in 

RNase-free water and quantified. 2 µg of total RNA was used to 

synthesize complemental DNA using 3 µg of Random Primer 

oligonucleotides, 1 µl of 10 mM dNTP Mix (2'-deoxynucleoside 5'- 

triphosphate) and 200 U of Superscript ΙΙ reverse transcriptase 

(Invitrogen, Carlsbad, CA, USA) in 20 µl volumes at 42℃ for 60 min. 

Real-time PCR amplification was carried out using specific primer pairs 

for ALCAM, IL-4, 5, 13 and MUC5AC with a SYBR Green I Master 

(Roche Applied Science, Mannheim, Germany) on a Applied Biosystems 
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StepOnePlus™ (Applied Biosystem, CA, USA). The level of mRNA was 

normalized to GAPDH and ß-Actin. Fold changes were calculated using 

the comparative ∆∆Ct method.

9. Western blot 

   Lung tissues were homogenized and proteins were extracted in the 

RIPA buffer (Thermo fisher scientific, Waltham, MA, USA). The protein 

concentration was determined using Bio-Rad Protein assay kit (Bio-Rad 

Laboratories, Hercules, CA, USA). 5×SDS sample loading buffer was 

added to the protein extracts and boiled for 5 min. 10~20 μg of protein 

samples were then subjected to 12% sodium dodecyl sulfate 

polyacrylamide gels, and electrotransferred to a polyvinylidene fluoride 

membrane (Millipore, Bedford, MA, USA). After blocking with 5% skim 

milk in 1X Tris buffered saline containing 0.1% Tween 20 for 1 hr, the 

membranes were incubated overnight at 4°C with primary antibody 

against ALCAM, ADAM17 (Santa Cruz Biotechnology, Santa Cruz, CA, 

USA) and β-actin (Cell Signaling Technology, Beverly, MA, USA) 

followed by the incubation with horseradish peroxidase-conjugated 

anti-rabbit secondary antibody (Cell Signaling Technology, Beverly, MA, 

USA). Protein bands were visualized using an enhanced 

chemiluminescence kit (GE Healthcare, Buckinghamshire, UK) and 

exposed to hyperfilm (GE Healthcare) or the ImageQuant™ LAS 4000 

Mini Biomolecular Imager (GE Healthcare). 

10. Flow cytometry 

   Lung tissues were isolated from wild type control and OVA-treated 

mice and finely minced. Then digested with digestion solution (PBS 

containing 0.75ng.ml type 1 collagenase and 2mg/ml DNase I; Roche 
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Applied Science, Mannheim, Germany), and incubated for 1 hr at 37℃ 

with agitation. Digested tissue were transferred to a 70µm cell strainer 

(BD Bioscience, San Dieago, CA, USA) and ground using a syringe 

plunger. Red blood cells were lysed using ACK lysis buffer (150mM 

NH4Cl, 10mM KHCO3, 0.1mM Na2EDTA, pH 7.2-7.4), and cells were 

centrifuged (5 min, 4℃, 300g) and the cell pellets were washed with 

RPMI-1640 medium containing 10% FBS. Isolated cells were counted and 

1x106 to 2x106 single cell suspensions were resuspended in 100μl of 

FACS buffer (PBS containing 5% FBS). Then cells were stained with 

anti-CD11b-PE, anti-CD11c-APC and anti-ALCAM-FITC (eBioscience, 

San Diego, CA, USA) for 30 min at 4℃, wasahed twice with FACS 

buffer and samples were run on a FACS LSRII flow cytometry (BD 

bioscience, Bedford, MA, USA), data were analyzed using FlowJo 

software (Tree Star, Ashland, OR, USA).

11. Leukocyte preparation and cell treatment

   Spleen was removed from mice and passed through a 70µm cell 

strainer (BD Falcon, BD bioscience, San jose, CA, USA). Red blood 

cells were lysed using ACK lysis buffer (150mM NH4Cl, 10mM KHCO3, 

0.1mM Na2EDTA, ph7.2-7.4) and the remaining cells were washed and 

resuspended in RPMI medium (Hyclone) containing 10% FBS  with 1% 

penicillin-streptomycin. 

    Prepared leukocytes were cultured in 96well plate in the presence 

or absence of 100µg/ml of OVA. When indicated recombinant ALCAM, 

ALCAM antibody, ADAM17 antibody or normal rabbit IgG was treated. 

After 3-5 days culture, CCK-8 solution was added and the plates were 

incubated for another 2 h before analysis using microplate reader. In 

other experiments, cell supernatants were harvested and the supernatant 
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were used for ELISA analysis. Antibodies were purchased from santa 

cruz, and recombinat ALCAM was obtained from Sino Biological Inc.

12. Co-culture 

   For T cell and DC co-culture, CD3+CD4+ T cells and CD11c+DC11b+

dendritic cells were prepared as follows. Density gradient centrifugation 

was performed with prepared leukocytes using Histopaque-1077 

(Sigma-aldrich, St. Louis, USA) to remove dead cells. Live cells were 

resuspended in MACS buffer (phosphate-buffered saline containing 0.5% 

bovine serum albumin and 2mM EDTA, pH 7.2), and mouse CD11c 

microbeads (Miltenyi Biotec, Auburn, CA, USA) were added to 1 x108 

total cells followed by incubation for 15min at 4℃. The cells were 

washed with MACS buffer and applied onto a Auto MACS Proseparator 

(Miltenyi Biotec, Auburn, CA, USA), then CD11c positive, -negative cells 

were collected. For T cell preparation, CD11c-negative cells were stained 

with PE-conjugated anti-CD3 and FITC-conjugated anti-CD4, and 

CD3+CD4+ cells were positively sorted. For dendritic cell preparation, 

CD11c-positive cells were stained with PerCP Cy5.5-conjugated 

anti-CD11b and the cells were positively sorted using FACSAria II (BD 

Biosciences, San jose, CA, USA). Used FACS dyes were purchased from 

ebioscience. 

  Then prepared T cells were seeded in 96 well plate and stimulated 

with OVA (100µg/ml) and 1x105γ-irradiated (2000rad) DC in the 

presence of recombinant mouse IL-2 (10ng/ml, R&D systems, 

Minneapolis, MN, USA). After 5 days culture, a CCK-8 solution 

(Sigma-aldrich, St. Louis, USA) was added and the plates were incubated 

for another 2 hrs before absorbance measurement at 450 nm using 

microplate reader. For CFSE assay, prepared T cells were stained with 
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5µM of CellTraceTMCFSE (Invitrogen, Carlsbad, CA, USA) for 20 min at 

room temperature in dark place. After 20 min incubation, five times the 

original staining volume of complete culture medium was added to the 

cells and incubated for 5 min to remove any free dye remaining in the 

solution. Then, cells were centrifuged and resuspended in complete 

culture medium. Then, the cells were co-cultured with γ-irradiated DC 

and OVA (100µg/ml) in the presence of IL-2 same as CCK-8 assay. 

After 5 days, cell proliferation was assessed by flow cytometry analysis. 

13. Bone marrow derived dendritic cell culture 

   Bone marrow cells were collected from the tibia and femur of naïve 

WT and ALCAM‾/‾ mice, and 5x106 bone marrow cells were cultured in 

10ml RPMI1640 medium containing 10% FBS with 1% penicillin- 

streptomycin (Hyclone) supplemented with 20ng/ml of recombinant mouse 

GM-CSF and IL-4 (R&D systems, Minneapolis, MN, USA) for 7-9 days. 

For antigen-pulsing, cells were stimulated overnight with 100µg/ml of 

OVA and 1µg/ml of LPS (Sigma-aldrich, St. Louis, USA). 

Antigen-unpulsed DCs were utilized as a control. DC differentiation and 

maturation were confirmed by flow cytometry analysis after staining with 

anti-CD11c-APC and anti-MHC class II-PE (eBioscience, San Diego, CA, 

USA) before use.

14. Adoptive transfer 

   OT-II mice were sensitized with 100µg of OVA with 2mg of alum at 

day 0 and 14 as described above. And 1x106 antigen-pulsed BMDC 

(OVA-DC) from WT and ALCAM‾/‾ mice were adoptively transferred to 

the mice by intratracheal injection on day 28 and 30 instead of intranasal 

challenge of OVA. Either antigen-unpulsed BMDC or saline were injected 
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as control. Mice were sacrificed 24 hrs after the last injection.  

15. Antibody treatment

   Wild type mice were sensitized as described above, and 10 µg of 

anti-ALCAM antibody (H-108, Santa Cruz Biotechnology, CA, USA) was 

intranasally treated 30 min before every challenge of OVA at day 28, 29 

and 30. Then mice were sacrificed 24 hrs after the last challenge.. 

16. Human Subjects    

   Two hundred twenty-seven children (n = 156, asthma; n = 71, 

control) for serum ALCAM analysis, and 97 children (n = 54, asthma; n 

= 43, control) for sputum ALCAM　analysis were enrolled. Asthma was 

diagnosed on the basis of current episodic respiratory symptoms including 

recurrent cough or dyspnoea, shortness of breath, chest tightness and 

physician’s diagnosis of ashtma and airway hyperresponsiveness according 

to the guideline of the American Thoracic Society. Healthy controls had 

normal lung function without airway hyperresponsiveness and had never 

had a doctor’s diagnosis of asthma. Spirometry was performed, and 

sputum samples were obtained at the initial visit for evaluation of 

eosinophil levels. Sputum was induced within 24 hrs after presentation. A 

methacholine challenge test was performed, and at the second visit, total 

serum IgE and specific IgE levels were measured using the Pharmacia 

CAP assay (Uppsala, Sweden). Characteristics of the study population 

was summarized in table 1 and 2.

17. Statistical analysis

   All experiments were performed using 3-5 mice per group. Data are 

presented as the mean ± SD. Statistical analysis comparing the treated 
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and control groups was assessed using the Student t test, where p < 0.05 

was considered statistically significant.

   Statistical analysis comparing the asthma and control groups of human 

subject was assessed using the Student t test and comparisons among the 

3 groups of mild, moderate and severe asthma were performed with the 

Kruskal-Wallis test, and multiple comparisons were conducted using 

Dunn’s method. Correlations between ALCAM levels and pulmonary 

function parameters and PC20 were evaluated using the Spearman test. 

Statistical analyses were performed using SPSS 20 (IBM Corp, Armonk, 

NY).
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Ⅲ. RESULT

1. ALCAM levels were altered in a mouse model of OVA-induced 

asthma 

   To address the involvement of ALCAM in allergic asthma, we first 

investigated the alteration of ALCAM expression. ALCAM level was 

measured in BALF, serum and lung tissue of wild type control mice and 

OVA-treated mice. OVA sensitization and challenge scheme was 

described in Figure 1A. Levels of ALCAM in BALF and serum were 

significantly increased in OVA-treated mice (Fig. 1B), whereas mRNA 

and protein levels of ALCAM were decreased in lung tissue of OVA 

treated mice (Fig. 1C-E). Nevertheless, we could observe the increased 

expression of ALCAM on dendritic cells which may induce T cell 

response as a main antigen presenting cell in OVA-treated mice lung 

tissue (Fig. 1F).  Among CD11c+CD11b+ DCs, 51.1% of the cells were 

ALCAM positive in control group mice lung tissue, whereas 71.2% of 

the cells showed ALCAM positive in OVA-treated mice lung tissue. And 

we could also observe the ALCAM-CD6 interaction through the culture 

of splenocytes in the presence of OVA by confocal microscopy after 

staining with immunofluorescence dye for ALCAM (green) and CD6 

(red) (Fig. 1G). 

   To explain the contrary expression of ALCAM in fluidic samples 

(serum, BALF) and tissue, we further investigated a disintegrin and 

metalloproteases 17 (ADAM 17) expression in wild type mice lung tissue 

as recent evidence has indicated that ADAM 17 is a protease that is 

responsible for ALCAM shedding. We could detect elevated expression of 

ADAM 17 in lung tissue of OVA-treated group by western blot analysis 

(Fig. 2A). To prove the association between ADAM 17 and ALCAM 
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alteration, splenocytes of wild type mice were cultured with OVA and 

IL-2 in the presence or absence of either control antibody or ADAM17 

antibody. And the results showed decreased levels of ALCAM in the 

supernatant of ADAM17 antibody treated cells compare to the supernatant 

of control antibody treated cell (Fig. 2B). Furthermore, ADAM17 

antibody treatment reduced ALCAM shedding in a dose-dependent manner 

(Fig. 2C).  

   To investigate the effect of shed ALCAM on proliferation, total 

splenocytes were isolated from OVA-sensitized wild type mice and 

cultured with or without recombinant ALCAM. And recombinant ALCAM 

treated cells showed diminished proliferation than recombinant ALCAM 

untreated cells in the presence of OVA and IL-2 (Fig. 3). 
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Figure 1. Altered ALCAM expression in a mouse model of OVA-induced 

asthma. (A) Schematic diagrams of systemic ovalbumin sensitization and 

challenge protocol (OVA = ovalbumin; Alum = aluminum hydroxide; i.p 

= intraperitoneal injection; i.n = intranasal injection) Wild type mice were 

sensitized and challenged with OVA. Control group was treated with 

PBS. (B) Levels of ALCAM in the bronchoalveolar lavage fluid (BALF) 

and serum were measured by ELISA. (C) mRNA level of ALCAM in 
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mouse lung tissue were accessed by real-time PCR. (D) Protein levels of 

ALCAM in mouse lung tissue were accessed by Western blot and the 

bands density was analyzed and described in bar-graph (lower). (E) 

Representative images of immunohistochemical staining for ALCAM 

in mouse lung tissue. (upper X 100, lower X 200). (n=2 for each 

control group, n=4 for OVA group, and three independent set of 

experiments were conducted. Mean ± SD, *p < 0.05, **p < 0.01, 

***p < 0.001, student’s t-test). (F) Quantification of ALCAM positive 

DCs in the lung of wild type control and OVA-treated mice were 

detected by FACS analysis after staining with anti-CD11c, CD11b and 

ALCAM. (G) Prepared leukocytes from spleen of OT-II mice were plated 

onto poly(L)lysine-coated glass slides and incubated with or without 

OVA. Then the cells were stained with FITC-conjugated anti-ALCAM 

and PE-conjugated anti-CD6 followed by analyzing confocal laser 

scanning microscopy. White arrows indicate ALCAM (green) - CD6 (red) 

interaction.
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Figure 2. Involvement of ADAM 17 in ALCAM shedding of allergic 

asthma. (A) The levels of ADAM 17 was measured in lung tissue of 

allergic asthma murine model by Western blot analysis. (B, C) Mice 

splenocytes were isolated from OVA sensitized mice. Then the cells were 

cultured for 5 days with OVA and IL-2 in an absence or presence of 

either control antibody or ADAM17 antibody. After 5 days, cell 

supernatant was harvested and ALCAM level was quantified by ELISA. 

*p < 0.01 **p < 0.05 ***p < 0.001.
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Figure 3. Reduced proliferation in recombinant ALCAM treated cells. 

Mice splenocytes were isolated from OVA sensitized wild type mice and 

cultured for 5 days in an absence or presence of OVA and IL-2. When 

indicated, each concentration of recombinant ALCAM was treated. And 

proliferation assay was conducted by CCK8. Cells were plated in 

quadruplet, and two independent experiments were conducted. Mean ± 

SD, *p<0.05, **p<0.01, student t-test). 
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2. ALCAM deficient mice showed diminished Th2 response in a mouse 

model of OVA-induced asthma 

   To observe the contribution of ALCAM in allergic asthma, WT and 

ALCAM deficient mice were sensitized and challenged with OVA 

according to the scheme in Fig. 1A, and the inflammatory responses 

were compared. 

   In wild type mice, inflammatory cell counts in BALF were increased 

with predominance of eosinophils in OVA treated mice (Fig. 3A). Airway 

hyperresponsiveness assessment revealed significant induction of AHR to 

increasing doses of methacholine in OVA-treated mice (Fig. 3B).  

Analysis of Th2 type cytokine IL-4, IL-5, IL-13 and mucus 

hypersecretion gene MUC5AC mRNA expression in lung tissue showed 

significant fold increase in OVA-treated mice (Fig. 3C). Concentrations of 

IL-4, IL-5, IL-13 in BALF were also elevated in OVA-treated group 

(Fig. 3D). Total IgE level in the serum was further increased in 

OVA-treated group (Fig. 3E). Consistent with the increased inflammatory 

cell number in BALF,　we could also observe the increased inflammatory 

cell infiltration in lung tissue of OVA-treated mice through the H&E 

stained lung tissue section. (Fig. 3F). Increased goblet cell hyperplsia was 

also described in OVA-treaed mice by PAS stained tissue section (Fig. 

3G). 

   However, OVA-treated ALCAM deficient mice consistently exhibited 

diminished inflammatory responses compare to that of OVA-treated WT 

mice in the cell count, AHR measurement, Th2 type cytokine assessment, 

total IgE level, H&E and PAS stained lung tissue section observation 

(Fig. 3A-G). 

   Ex-vivo experiments were also conducted with splenocytes of WT and 

ALCAM deficient mice. And the result showed increased level of 
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ALCAM in the supernatant of OVA-treated WT splenocytes compared to 

the supernatant of control WT splenocytes (Fig. 4A). And, the 

supernatant of OVA-treated WT splenocytes showed higher levels of IL-5 

and IL-13 than the supernatant of OVA-treated ALCAM deficient mice 

splenocytes (Fig. 4B, C).
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Figure 4. Decreased inflammatory response of OVA-induced asthma in 

ALCAM deficient mice. Wild type and ALCAM deficient mice were 

treated with OVA or PBS as before (A) Total and differential cells were 

counted in the BALF. (B) Airway resistance to increasing doses of 

methacholine was measured. (C) Analysis of IL-4,5,13 and MUC5AC 

mRNA in the lung tissue was conducted by real-time PCR. (D)

Concentration of IL-4,IL-5 and IL-13 in the BALF and (E) total IgE 

level in the serum were analyzed by ELISA. (F) Representative H&E and 

(G) PAS stained lung tissue of WT and ALCAM deficient mice 

challenged with either OVA or PBS were described. (upper X 100, lower 

X200). (n=2-3 for each control group, n=4-5 for each OVA group, and 

three independent set of experiments were conducted. Mean ± SD, *p < 

0.05, **p < 0.01, ***p < 0.001, student’s t-test).
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Figure 5. Altered ALCAM expression and inflammatory response in 

ex-vivo OVA treatment experiment. Wild type and ALCAM deficient 

mice were sensitized at day 0 and 7, and splenocytes were isolated at 

day 14. Then the cells were cultured for 2-3 days with OVA and IL-2. 

And the levels of (A) ALCAM, (B) IL-13 and (C) IL-5 in the 

supernatant were quantified by ELISA. (Mean ± SD, *p < 0.05, **p < 

0.01, ***p < 0.001, student’s t-test). 
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3. ALCAM deficient mice showed decreased Th2 response in a mouse 

model of HDM-induced asthma

   To determine whether the effect of ALCAM in allergic asthma is 

restricted in the OVA-induced asthma model, we established 

HDM-induced allergic asthma model in WT and ALCAM deficient mice 

following the described scheme in Fig 5A. First, we examined whether 

the ALCAM level was altered by HDM treatment. HDM exposed WT 

mice displayed the same tendency of ALCAM alternation as it was 

shown in OVA-induced asthma which were increased in BALF and 

decreased in lung tissue compared to WT control mice (Fig 5B, C).

Inflammatory response including cell count in BALF, AHR measurement, 

Th2 type cytokine expression, total IgE level in serum and H&E stained 

lung tissue section observation revealed that allergic asthma was 

successfully induced by HDM extract (Fig 5D-H). And, consistent with 

the results of a model of OVA-induced allergic asthma, the results of a 

model of HDM-induced allergic asthma also showed declined 

inflammatory response in ALCAM deficient mice compare to WT mice 

(Fig. 5D-H).  
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Figure 6. Decreased inflammatory response of HDM-induced asthma in 

ALCAM deficient mice. (A) Schematic diagrams of house dust mite 

sensitization and challenge protocol. (B) Level of ALCAM in the 

bronchoalveolar lavage fluid (BALF) was measured by ELISA. (C)

mRNA level of ALCAM in mouse lung tissue was accessed by real-time 

PCR. (D) Total and differential cells were counted in the BALF. (E)

Airway resistance to increasing doses of methacholine was measured. (F) 

Concentration of IL-4,IL-5 and IL-13 in the BALF was measured by 

ELISA. (G) Total IgE level in the serum was analyzed by ELISA. (H) 

Representative H&E stained lung tissue of WT and ALCAM deficient 

mice were described. (X 100) (n=5 for each ALCAM+/+DC, ALCAM-/-DC 
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injected group, n=12 for each OVA-pulsed ALCAM+/+DC and 

OVA-pulsed ALCAM-/-DC injected group. Mean ± SD, *p < 0.05, **p < 

0.01, ***p < 0.001, student’s t-test).



33

4. ALCAM on DC has an effect on T cell proliferation

   Since ALCAM is considered to be important for T cell activation and 

proliferation, T cell proliferation assay was performed with splenocytes of 

OVA-sensitized wild type and ALCAM deficient mice. In the presence of 

OVA and IL-2, wild type splenocytes showed higher rate of proliferation 

than ALCAM deficient splenocytes (Fig. 6A). To further define the role 

of ALCAM, CD3+CD4+ T cells and CD11b+CD11c+ DCs were isolated 

from the splenocytes of wild type and ALCAM deficient mice 

respectively, and co-cultures were conducted. Then we found that 

ALCAM deficiency in T cell did not affect T cell proliferation as both T 

cells from wild type mice and ALCAM deficient mice showed the same 

tendency of results. However, ALCAM deficiency in DC had a 

significant effect on T cell proliferation as T cells co-cultured with DCs 

from ALCAM deficient mice showed a lower proliferation rate than the 

T cells co-cultured with DC from wild type mice (Fig. 6B). To confirm 

the result, CFSE assay was conducted. In this experiment, T cells from 

wild type mice and ALCAM deficient mice were mixed and co-cultured 

with either DCs from wild type mice or ALCAM deficient mice. And 

the result showed the same tendency of proliferation that T cells 

co-cultured with DCs from ALCAM deificient mice showed a lower 

proliferation rate than the T cells co-cultured with DC from wild type 

mice. 46.5% of T cells were proliferated when they were co-cultured 

with DCs from wild type mice, whereas only 27.7% of proliferated T 

cells were observed when they were co-cultured with DCs from ALCAM 

deficient mice (Fig. 6C).
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Figure 7. Lower proliferation of T cells co-cultured with DC from 

ALCAM deficient mice. Wild type and ALCAM deficient mice were 

sensitized at day 0 and 7, and splenocytes were isolated at day 14. (A)

Splenocytes were cultured for 5 days with IL-2 and OVA. Proliferation 

assay was conducted by CCK-8. (B) CD3+CD4+ T-cells and 

CD11b+CD11c+ DCs were sorted from the splenocytes of OVA-sensitized 

wild type and ALCAM deficient mice. Then the DCs were gamma 

irradiated (2000rad) and co-cultured with indicated T-cells in an absence 

or presence of IL-2 and OVA. After 5 days, proliferation was accessed 

by CCK-8. The result of wild type T-cell and DC co-culture in an 

absence of OVA was used as a control. (C) Isolated CD3+CD4+ T-cells 

of wild type and ALCAM deficient mice were mixed and stained with 

Carboxyfluorescein diacetate succinimidyl diester (CFSE). And the cells 

were co-cultured with gamma irradiated indicated type of DC. After 5 

days, FACS analysis was conducted. Representative result was depicted in 

left (from generation 0 to 7), and proliferated T cells were analyzed and 

described in bar graph (right). (Cells were plated in quadruplet, and two 

independent experiments were conducted, Mean ± SD, *p<0.05, **p<0.01, 

***p<0.001, student t-test).
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5. Adaptive transfer of antigen-pulsed bone marrow-derived dendritic cells 

from ALCAM deficient mice triggers declined inflammatory response 

    To prove the role of ALCAM in DC in vivo, bone marrow-derived 

dendritic cell (BMDC)　adoptive transfer experiment was conducted. Bone 

marrow cells were collected from WT and ALCAM deficient mice, and 

differentiated into dendritic cells by culture with GM-CSF and IL-4. To 

prepare the antigen-pulsed BMDCs, OVA was treated for overnight before 

injection. In this experiment, OT-II mice were sensitized as above, and 

instead of intranasal OVA challenge, OVA-pulsed BMDCs were 

intratracheally injected to the mice (Fig. 7A). 

   As shown in Figure 7, allergic asthma was successfully induced by 

OVA-pulsed BMDC injection. OT-II mice that OVA-pulsed BMDCs from 

wild type mice were adoptively transferred showed increased cell number 

in BALF, and increased airway hyper-reactivity after methacholine 

challenge (Fig. 7B, C). IL-4, IL-5, IL-13 and MUC5AC expression in 

lung tissue, IL-4, IL-5, IL-13 concentration in BALF and IgE level in 

serum were also significantly increased in OVA-pulsed WT BMDCs 

injected mice (Fig. 7D-F). 

   However, OT-II mice that OVA-pulsed BMDCs from ALCAM 

deficient mice were adoptively transferred revealed diminished 

inflammatory response than that of OVA-pulsed BMDCs from wild type 

mice transferred mice. OVA-pulsed ALCAM deficient BMDCs transferred 

mice showed smaller number of inflammatory cells in BALF, reduced 

AHR, decreased IL-4, IL-5, IL-13 and MUC5AC expression, and declined 

total IgE level compare to those of OVA-pulsed WT BMDC transferred 

mice (Fig. 7B-F). H&E stained lung tissue also described lessened 

inflammation in OVA-pulsed BMDC from ALCAM deficient mice 

transferred mice. (Fig. 7G).
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Figure 8. Declined inflammatory response of antigen-pulsed BMDC from 

ALCAM deficient mice transferred mice. (A) Schematic diagrams of 

adoptive transfer protocol. OT-II mice were sensitized with OVA, and 

1x106 BMDC were adoptively transferred to the mice by intratracheal 

injection at day 28 and 30. (B) Total and differential cells were counted 

in the BALF. (C) Airway resistance to increasing doses of methacholine 

was measured. (D) mRNA levels of IL-4, IL-5, IL-13 and MUC5AC in 

the lung tissue were analyzed by real-time PCR. (E) Concentration of 

IL-4, IL-5 and IL-13 in the BALF and (F) total IgE level in the serum 

were analyzed by ELISA. (G) Representative H&E stained lung tissue of 

BMDC adoptive transferred mice (upper  X 100, lower X200). (n=5 for 

each ALCAM+/+ DC, ALCAM-/- DC injected group, n=12 for each 

OVA-pulsed ALCAM+/+ DC and OVA-pulsed ALCAM-/- DC injected 

group. Mean ± SD, *p < 0.05, **p < 0.01, ***p < 0.001, student’s 

t-test).
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6. ALCAM antibody treatment reduced OVA-induced inflammatory 

response in murine model.

   We next investigated the therapeutic effects of ALCAM antibody. To 

identify the therapeutic effect of ALCAM antibody, we administered 

ALCAM antibody to OVA sensitized wild type mice 30 min before 

challenging OVA as described in Figure 8A. ALCAM antibody treated 

mice showed ameliorated inflammatory responses compare to control 

antibody treated mice as proved by decreased cell count, weakened 

airway resistance, reduced IL-4, 5, 13 and MUC5AC mRNA expression 

in lung tissue (Fig. 8B-D). IL-4, 5, 13 concentration in BALF, and total 

IgE level in serum were also lower in ALCAM antibody treated mice 

(Fig. 8E-F). Comparison of immunostained lung tissue sections of 

ALCAM antibody treated mice and control antibody treated mice further 

clearly depicted the positive therapeutic effect of ALCAM antibody in 

OVA-induced allergic asthma. H&E stained lung tissue describes reduced 

inflammatory cell infiltration and lessened airway wall thickening in 

ALCAM antibody treated mice lung tissue (Fig. 8G). And diminished 

goblet cell hyperplasia was also observed in PAS stained ALCAM 

antibody treated mice lung tissue (Fig. 8H). Ex-vivo experiment using 

splenocytes from sensitized WT mice also showed the effect of ALCAM 

antibody reducing the T cell proliferation (Fig. 8I). Through the results, 

we could find the positive therapeutic effect of ALCAM antibody in 

OVA-induced allergic asthma model.
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Figure 9. Reduced inflammatory response in ALCAM antibody treated 

mice. (A) Schematic diagrams of antibody treatment protocol. Systemic 

ovalbumin sensitization and challenge was conducted as before, and 

antibody was treated intranasally 30min before challenging OVA. (B)

Total and differential cells were counted in the BALF. (C) Airway 

resistance to increasing doses of methacholine was measured. (D) mRNA 

levels of IL-4,5,13 and MUC5AC in the lung tissue were analyzed by 

real-time PCR. (E) Concentration of IL-4, IL-5 and IL-13 in the BALF 

and (F) total IgE level in the serum were analyzed by ELISA. (G)

Representative H&E and (H) PAS stained lung tissue (upper X 100, 

lower X200). (n=8 for PBS control group, n=5 for each wild type and 

ALCAM deficient DC control group, n=8 for each OVA pulsed wild 

type and ALCAM deficient DC group. Mean ± SD, *p < 0.05, **p < 

0.01, ***p < 0.001, student’s t-test). (I) Splenocytes were isolated from 

OVA sensitized mouse followed by ex-vivo treatment of OVA with either 

control antibody or ALCAM antibody. After 5 days, proliferation was 

accessed by CCK-8. The result of wild type T-cell and DC co-culture 

with PBS was used as control. (Cells were plated in triplet, and three 

independent experiments were conducted, Mean ± SD, ***p<0.001, 

student t-test).
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7. ALCAM levels were increased in the serum and sputum of pediatric 

asthma patients

   Lastly, we observed ALCAM levels in human serum and sputum. The 

clinical characteristics of the study subjects are summarized in Table 1 

and 2. In both serum and sputum, we could detect significantly higher 

levels of ALCAM in the asthma patients group compare to the normal 

control group. When we analyzed serum ALCAM, 27.88 ± 0.66 ng/ml in 

control group and 32.78 ± 0.40 ng/ml in asthma group were detected 

(Fig. 10A). And sputum ALCAM　 analysis resulted in 94.5 (23.8-443) 

pg/ml in control group and 509 (59-2027) pg/ml in asthma group (Fig. 

10B). Furthermore, ALCAM levels in both serum and sputum were 

higher in children with more severe asthma (Fig. 10C, D)
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Figure 10. Increased ALCAM levels in asthma patients. Levels of 

ALCAM in the (A) serum and (B) sputum of asthma patient group and 

healthy control group were measured by ELISA. The levels of ALCAM 

in (C) serum and (D) sputum according to disease severity were 

described. (serum n=71 for control group, 156 for asthma group, sputum 

n=43 for control group, 54 for asthma group). 
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Table 1. Characteristics of serum study subjects 

Values are presented as number (percentage), mean ± SD, or median 

(interquatile range). FEV1, forced expiration volume in one second; BD, 

bronchodilator; FVC, forced vital capacity; FEF25–75%, forced expiratory 

flow at 25–75% of vital capacity.



47

Table 2. Characteristics of sputum study subjects

Values are presented as number (percentage), mean ± SD, or median 

(interquatile range). FEV1, forced expiration volume in one second; BD, 

bronchodilator; FVC, forced vital capacity; FEF25–75%, forced expiratory 

flow at 25–75% of vital capacity.
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Ⅳ. DISCUSSION

   In the present study, we demonstrate that ALCAM alters antigen- 

presenting cell to promote Th2 response, and the alteration affects 

development of allergic asthma in murine model. 

   When we established OVA-induced allergic asthma model with WT 

mice, levels of ALCAM was increased in fluidic samples including 

BALF and serum of OVA-treated mice compare to those of control mice. 

In line with these data, increased levels of ALCAM were also found in  

serum and sputum of asthma patients group compare to that of control 

group indicating the possible use of ALCAM as a biomarker for allergic 

asthma.

   However, when we measured ALCAM level in mice lung tissues by 

Western blot and immunohistochemistry, contrary results were found that 

are lower in OVA-treated group than control group. In the prior studies, 

Rosso O et al compared ALCAM level in serum, ascites, and lysate of 

ascetic cells obtained from the same patients. And they described similar 

patterns of ALCAM alteration with our results, which were increased in 

serum and ascites whereas decreased in lysate of ascetic cell. And they 

concluded that the loss of surface ALCAM expression are associated to 

cytoplasmic ALCAM expression.27 The study of 109 well-characterized 

epithelial ovarian cancer patient samples also demonstrated that decreased  

membrane ALCAM expression is a marker of poorer outcome in 

epithelial ovarian cancer patients.28 In addition, Elke burandt et al

evaluated the clinical impact of ALCAM expression utilizing a tissue 

microarray-based immunohistochemical study containing 2,197 primary 

breast cancers. The authors described that a marked reduction of ALCAM 

expression is linked to adverse phenotype and poor prognosis.29 On the 
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other hand, serum levels of ALCAM has been found up-regulated in 

various type of cancer involving colorectal carcinoma, breast cancer, 

pancreatic cancer, esophageal cancer, and gastric cancer.30-34 We also 

consider that the reduction of ALCAM in lung tissue in allergic asthma 

murine model is responsible for the increased ALCAM level in BALF 

and serum. 

   Proteolytic extracellular domain release of cell surface protein, called 

shedding, has arisen as a pivotal mechanism for regulating the function 

of cell surface proteins. A disintegrin and metalloproteases 17 (ADAM17) 

is well known sheddase that cleaves the extracellular domains of many 

other cell surface proteins that are critically involved in cell development, 

adhesion, differentiation and migration of leukocytes and tumor cells.35-38

Recent data from human and animal studies also point toward that 

ADAM17 is critically involved in inflammatory lung disease as the major 

sheddase for TNF-α, ligands of EGF-R, cell adhesion proteins and 

IL-6R.36,37,39-42 ADAM 17 has also been described as a protease that is 

responsible for shedding of ALCAM extracellular domains.20,43-45

Knockdown of ADAM17/TACE resulted in a reduction of ALCAM 

shedding in epithelial ovarian cancer cells and prostate metastasis in vitro. 

22,27 And in vivo experiment also showed a significant decrease of shed 

ALCAM levels in serum after treatment of ADAM 17 specific inhibitor 

compare to DMSO treated group.22 In the present study, we also 

measured the ADAM17 level in the lung tissue of OVA-induced asthma 

established wild type mice by Western blot. And we could observe the 

elevated expression of ADAM 17 in OVA-challenged mice. Furthermore, 

ADAM 17 antibody treatment reduced ALCAM shedding in the 

supernatant of mice splenocytes in a dose-dependent manner. Supported 

by published work and our present experiment, we hypothesized that in 
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the initial phase of inflammation, ALCAM gives positive signal for T 

cell activation and proliferation, and as the inflammation is developed, 

ADAM17 is up-regulated followed by the cleavage of membrane bound 

ALCAM causing the increase of soluble ALCAM in serum and BALF, 

and the decrease of lung tissue ALCAM simultaneously. Although 

ALCAM expression in total lung lysates were decreased, we could detect 

increased expression of ALCAM on dendritic cells of lung tissue that 

may up-regulate the induction of following T cell responses and 

development of allergic asthma as a main antigen presenting cell. This 

discordant expression of ALCAM between dendritic cells of lung tissue 

and total lung lysate suggest the need of additional research to evaluate 

the role of ALCAM in asthma as ALCAM is expressed in diverse cell 

types including neurons, fibroblasts, keratinocytes, endothelial cells, and 

epithelial cells having crucial role not only in immune synapse but also 

in leukocyte extravasation, migration, hematopoiesis and tumor progression 

and metastasis.20-23 

   Generally shedding significantly modulates the activity of growth 

factors, adhesion molecules, receptors, and cytokines by the release of 

soluble ectodomains acting as either antagonists or agonists, and by loss 

of a functional cell-surface protein. In this study, even though ALCAM 

expression on dendritic cells was increased, ALCAM shedding reduced 

surface ALCAM of many other cell types in lung tissue. And the role of 

soluble ALCAM has not yet been defined. In the previous study, it was 

considered that soluble ALCAM has a regulatory role in blocking 

ALCAM function.19,46-48 Koji Ideda and Tomas Quertermous isolated a 

novel soluble isoform of ALCAM (sALCAM) and they demonstrated that 

sALCAM may have ALCAM-dependent and ALCAM-independent 

function.19 In that study, ALCAM significantly enhanced tube formation 
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of endothelial-like yolk sac cells on Matrigel. However, sALCAM 

treatment completely abolished these effects of ALCAM. In other studies, 

soluble fusion proteins of extracellular regions of CD6 or CD166 inhibit 

T cell responses.17,21,49 In the present study, we could also observe the 

reduced proliferation of T cells when they were cultured with 

recombinant ALCAM. ALCAM engages low-affinity ALCAM-ALCAM 

homophilic interactions (Kd=29-48 μM, koff ≥5.3 s-1) and much stronger 

ALCAM-CD6 heterophilic interactions (Kd=0.4-1 μM, koff ≥0.4-0.63 

s-1).17 We consider that as inflammation is developed, the amount of 

soluble ALCAM would be increased resulted from the clusters of 

ALCAM ectodomain modulating the avidity that involves the change of 

cell surface distribution of ALCAM. And High avidity of soluble 

ALCAM may introduce ALCAM-ALCAM homophilic interaction which 

may disturb CD6/CD166 interaction. And another hypothesis is possible 

that membrane ALCAM and shed ALCAM are competing for the 

interaction with CD6, and the interaction of shed ALCAM with CD6 

results in false signal for T cell activation followed by restrained T cell 

activation.

   However, in the protein structure based study, native mass 

spectrometry data showed that when CD6 and ALCAM were analyzed 

separately, both CD6 and ALCAM were predominantly in monomer-dimer 

equilibrium. However, when CD6 and ALCAM were mixed, there was an 

increase in the relative abundance of heterodimers, a corresponding 

decrease of the CD6 and ALCAM monomers. These data show that 

heterodimers are formed at the expense of CD6 and ALCAM 

homodimers.50 Based on these data, we could consider that soluble 

ALCAM might be expended for ALCAM-CD6 interaction causing rapid 

T-cell activation. ALCAM and soluble ALCAM may play particular roles 
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in the development of inflammation. However, further elucidation will be 

needed to explain the role of soluble ALCAM beyond biomarker in 

allergic asthma. 

   mRNA level of ALCAM, meanwhile, was also decreased in 

OVA-treated mice lung tissue. In the previous study, Isabell Witzel et al. 

detected ALCAM in the serum of breast cancer patients and tumor tissue 

of corresponding patients. And they also described increased ALCAM 

level in the serum of patients group compare to that of healthy control 

group, whereas protein and mRNA expression of ALCAM in the tumor 

tissue of those patients were not correlated with serum ALCAM level.51

As described in published data and mentioned before in this thesis, 

ALCAM has various effects in diverse cell types. Therefore, further study 

is needed to explain the discordant data between mRNA and cleaved 

ALCAM in fluidic samples. 

   ALCAM deficient mice showed diminished inflammatory responses 

compare to WT mice when OVA-induced asthma was established. To 

further investigate how ALCAM works in development of asthma, we 

conducted co-culture experiment as we know that ALCAM is considered 

to be important for stabilization of the immunological synapse, T cell 

activation and proliferation as a ligand for CD6.21,24,25 And the results 

indicated that ALCAM on DC has effect on T cell proliferation as T 

cells co-cultured with ALCAM‾/‾DC showed lower proliferation rate than 

the T cells co-cultured with ALCAM+/+DC. In line with the in vitro 

experiment, in vivo experiment also showed the critical effect of ALCAM 

on DC proved by the weakened inflammatory response in the 

OVA-pulsed ALCAM‾/‾ BMDCs transferred mice compare to that of 

OVA-pulsed WT BMDC transferred mice. Furthermore, administration of 

ALCAM antibody revealed positive therapeutic effects in OVA-induced 
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allergic asthma model. Although we could not specify the antibody 

binding cell type and the function of ALCAM antibody in detail, we 

consider that the effects may include the binding of ALCAM on DC 

resulted in the restrain of immune synapse response. Further elucidation 

of the role of ALCAM beyond immune synapse will be possible with 

the generation of floxed mice for conditional knockout to assess the 

function of ALCAM in distinct cell types. And additional concrete 

experiments will open up the possibility of the use of ALCAM antibody 

as a therapeutic target for allergic asthma.

   Although the alteration of ALCAM level in various type of cancer 

was already described, this is the first report which presents the 

important role of ALCAM in asthma. Further elucidation of the 

mechanism by which ALCAM has effect on asthma development can 

provide novel approach to improve the diagnosis and treatment of asthma. 
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Ⅴ. CONCLUSION

   In the present study, we demonstrate that ALCAM alters 

antigen-presenting cell to promote Th2 response, and the alteration affects 

development of allergic asthma in murine model. 

   First, we could observe the alteration of ALCAM levels in wild type 

mice when we established OVA-induced allergic asthma. The comparison 

of immune response induced by allergen treatment in wild type and 

ALCAM deficient mice manifested weakened inflammation in ALCAM 

deficient mice. Further investigation indicate the effect of ALCAM on 

DC which was proved by lower proliferation of the T-cells co-cultured 

with DCs from ALCAM deficient mice than the T-cells co-cultured with 

DCs from wild type mice. In vivo experiment also showed declined 

inflammation in OVA-pulsed BMDCs from ALCAM deficient mice 

transferred mice compare to OVA-pulsed BMDCs from wild type mice 

transferred mice. Furthermore, treatment of ALCAM antibody reduced 

OVA-induced inflammatory responses in murine model. And in 

accordance with the results of murine model, the analysis of human 

serum and sputum showed increased levels of ALCAM in pediatric 

asthma patients compare to healthy controls indicating the possible use of 

ALCAM as a biomarker for allergic asthma.

   Further elucidation of the mechanism by which ALCAM has an effect 

on asthma development can provide novel approach to promote asthma 

diagnosis and therapy.
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ABSTRACT (IN KOREAN)          

알 르  천식 마우스 모델에  Th2 염증  달에 

activated leukocyte cell adhesion molecule이 

미치는 향

    

<지도  손 명 >

연 학  학원 과학과

 미 나

   Activated leukocyte cell-adhesion molecule (ALCAM)  면역 불

린 상과에 속하며, CD6  리간드  면역 시냅스  안 , T 포 

  증식에 요한 역할  하는 것  여겨진다. 본 연구에  

마우스 모델  통하여 천식  병인 에  ALCAM  역할  규명 

해 보고자 하 다. 

   난알부민  이용하여 야생  마우스  ALCAM 겹핍 마우스에 천

식  도한 후 염증 포 , 도 과민  , 싸이토 카인  

청 내 항체  양 등  측 하 다. T 포  지상 포  공동 

양  해 CD3+CD4+ T 포  사 조사  CD11b+CD11c+ 지

상 포를 난알부민에 해 감작 어  있는 마우스  장 포에  

분리하여 함께 양 한 후 T 포  분 를 측 하 다. 지상 포

에  ALCAM  역할  인하  해 야생  마우스  ALCAM 결
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핍 마우스  골 를 분리하여 지상 포  분 시키고, 난알부민

 자극 한 뒤 OT-II 마우스에 주입하 다. 또한 ALCAM  치료  효

과를 인하  해 마우스에 ALCAM 항체를 강 주입하 다. 그리

고 천식 자군  조군  청과 객담 내  ALCAM 양  측

하 다.

   그 결과, 야생  마우스에  난알부민에 해 천식이 도  군

 폐 척액과 청에  ALCAM  양이 증가 어 있는 것  

인 할  있었다. 그리고 천식이 도 었  , 야생  마우스 보

다 ALCAM 이 결핍  마우스에  약   염증  나타내는 것

 인 할  있었다. T 포  지상 포  공동 양 실험에

는 ALCAM 이 결핍  지상 포  함께 양한 T 포들이 야생

 지상 포  함께 양한 T 포 보다  낮  분  나타내

는 것  인하 다. ALCAM이 결핍 어 있는 마우스  척 를 분리

하여 분 , 항원 자극 한 지상 포를 주입한 마우스는 야생  마

우스  척 부  분 하여 항원자극 시킨 지상 포를 주입한 마

우스보다 감소  염증  보 다. 그리고 자 샘플  이용한 실

험에 는 천식 자  객담과 청에  조군보다 높  ALCAM 

양  인 할  있었다. 

   이러한 결과를 토  ALCAM이 T 포  과 분 를 증진 

시킴 써 마우스 알 르  천식  병인 에  요한 역할  한 

다는 것  인하 다. ALCAM  또한 천식  치료  타겟  이

마커  이용  도 있  것이다.  

                                                                 

핵심 는 말 : ALCAM, 천식, 도 개 , 면역 시냅스, 지상 포, 

T 포 분  


