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Abstract

Although various functions of CD99 have been re-
ported, such as apoptosis and homotypic aggregation 
of thymocyte and transendothelial migration of im-
mune cells, biochemical/molecular natures of CD99 
are still elusive. Using mouse CD99 gene, we show that 
CD99 forms homodimer through its extracellular 
domain. Expression of mouse CD99 is up-regulated on 
T cells after CD3-mediated activation, like the case for 
human CD99. The potential of CD99 to form homodimer 
was tested with a recently developed bimoleular fluo-
rescence complementation analysis (BiFC). In BiFC 
analysis, the dimerization-induced fluorescence was 
strong near the perinuclear region and was faded at the 
cell membrane. However, surface expression of CD99 
was still detected by flow cytometry, suggesting that 
CD99 either in monomer form or in association with 
other molecules exists on the cell surface. In BiFC anal-
ysis using CD99 mutants with its extracellular, trans-
membrane, or cytosolic domains changed to corre-
sponding human CD4 domains, the mutant replaced 
with human CD4-extracellular domain did not produce 
fluorescence. Purified soluble CD99-Fc fusion pro-

teins bound to CD99-Fc immobilized onto the gold sen-
sor chip in surface plasmon resonance analysis, con-
firming that the extracellular domain was responsible 
for dimer formation. Intracytoplasmic staining for 
CD99 expression in the thymocytes and mature T cells 
showed that most of the cells, even the cells with low 
surface level of CD99, contained the molecule inside 
the cell. Our results suggest that majority of CD99 ho-
modimers may exit in the cell and be exported to the 
cell surface, dissociating from each other, after a cer-
tain regulatory signal is delivered.

Keywords: CD99 antigen, mouse; dimerization; mi-
croscopy, fluorescence; protein transport; T-lympho-
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Introduction

CD99 is a cell surface glycoprotein leukocyte 
antigen that does not belong to any of the known 
protein families. It is broadly distributed in many 
tissues, particularly human cortical thymocytes 
(Dworzak et al., 1994), Ewing sarcoma cells, and 
peripheral primitive neuroectodermal tumors (Ambros 
et al., 1991; Fellinger et al., 1991; Lumadue et al., 
1994; Lee et al., 2003a), and has been implicated 
in various functions, including cell adhesion 
(Bernard et al., 1995, 2000; Kasinrerk et al., 2000), 
apoptosis of thymocytes (Bernard et al., 1997) and 
Ewing sarcoma cells (Sohn et al., 1998; Cerisano 
et al., 2004), and T cell activation (Oh et al., 2007). 
CD99 is also involved in the intracellular transport 
of surface molecules, such as the T cell receptor 
complex (TCR) and MHC II proteins (Choi et al., 
1998; Yoon et al., 2003). CD99 is expressed on 
endothelial cells and treatment with a mAb against 
CD99 arrests the transmigration of monocytes 
through a monolayer of cultured endothelial cells 
(Schenkel et al., 2002). A close relationship bet-
ween the down-regulation of CD99 expression and 
the generation of Hodgkin and Reed-Sternberg cells 
in Hodgkin's lymphoma has been investigated (Kim 
et al., 1998, 2000; Lee et al., 2001, 2003b) and this 
has drawn interest to the molecular mechanism of 
CD99 expression. 
    Despite these accumulated data on the func-
tions of CD99, the biochemical and molecular 
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nature of the molecule has not been well defined. 
The gene encoding CD99 is located in the pseudo-
autosomal region of the Y chromosome (Smith et 
al., 1993; Ross et al., 2003). The murine ortholog 
of human CD99 has been cloned (Park et al., 
2005). Whether the cloned gene is a functional 
ortholog of the human CD99 molecule has been 
studied in terms of the transmigration of T lympho-
cytes to inflamed skin (Schenkel et al., 2002). 
Recently, paired immunoglobulin-like receptor 
(PILR) has been identified as the natural ligand of 
CD99 (Shiratori et al., 2004; Wilson et al., 2006). 
The ligation of mouse CD99 (mCD99) to PILR 
induces apoptosis in immature thymocytes (manu-
script in preparation). It is possible that CD99 might 
form homodimers, because bands near 45 and 60 
kDa are detected in western blots under non- 
reducing conditions in lysates from human thymo-
cytes (unpublished finding). However, this issue 
has not been clarified.
    Several methods have been developed to in-
vestigate protein interactions, including yeast two 
hybrid system and co-immunoprecipitation. In this 
study, we used a recently developed technique, 
bimolecular fluorescence complementation (BiFC), 
to determine whether mouse CD99 forms dimers 
and to study their cellular localization. BiFC techni-
que uses the two non-fluorescent halves of a 
green fluorescent protein (GFP) variant tagged to 
two proteins. The binding of the two fusion proteins 
leads to the reconstitution of the GFP variant, 
which then produces fluorescence. This technique 
has been used to successfully dissect interactions 
between cytokine receptors, cytochromes and 
transcription factors (Aparicio et al., 2006; Citovsky 
et al., 2006; Shyu et al., 2006; Yano et al., 2006; 
Dong et al., 2007)
    In this study, we used the mouse ortholog of the 
CD99 gene and BiFC analysis. The results indicate 
that mCD99 dimerization occurs in the cellular 
context. The dimer was localized to the nuclear 
membrane, endoplasmic reticulum (ER) and Golgi 
apparatus, collectively, the perinuclear region. This 
study might be useful for further studies of mCD99 
function. 

Materials and Methods

Cloning of expression vectors

The previously cloned mCD99 (Park et al., 2005) 
was subcloned into pCMV-VN and pCMV-VC vec-
tors, provided by Dr. Chang-Deng Hu (Purdue 
University). To produce soluble proteins, expres-
sion constructs for PILR-Fc, mCD99-Fc and 
human CD4-Fc were made by amplifying the extra-

cellular portion of the corresponding cDNA se-
quence by PCR, and then subcloning them in- 
frame into the pCI-neo expression vector con-
taining an N-terminal human IgG4 Fc domain tag. 
These expression vectors were transfected into 
293T cells and the culture supernatants were 
subjected to protein G column chromatography 
(Amershambiosciences, Piscataway, NJ) to purify 
the fusion proteins. 

Transfection and BIFC analysis by fluorescence 
microscopy

The 293T or COS7 cells were cultured in DMEM 
containing 5% FBS and were transfected using the 
calcium phosphate method. Cells were observed 
under a fluorescence microscope 48 h after trans-
fection and digital micrographs were obtained 
(Axiovert 25C: Carl Zeiss, Germany). For DAPI 
staining, cells were washed free of medium using 
PBS and were fixed with 1% paraformaldehyde in 
PBS for 20 min, followed by washing and resus-
pension in 0.1% saporin in PBS. DAPI was added 
to the cells at the concentration recommended by 
the manufacturer.

T cell activation

T cells were purified from the spleen of C57BL/6 
(B6) mice by magnetic cell sorting (MACs) using 
anti-CD4 (Gk1.5) microbeads according to the 
manufacturer's instructions (Miltenybiotech, Auburn, 
CA). In a 24-well plate, the 1 × 106 purified CD4 T 
cells were stimulated in the presence of irradiated 
(2000 cGy) 3 ×106 B6 splenocytes and anti-mouse 
CD3 mAb (1 µg/ml). On days 1, 3, and 5 after 
activation, the CD4 T cells were subjected to flow 
cytometry to determine mCD99 expression on the 
cell surface. 

Western blotting of transfected cells

Transfected 293T cells were lysed for 30 min at 
4oC in RIPA buffer (50 mM Tris, pH 7.4, 150 mM 
NaCl, 1% Nonidet P40, 5 µg/ml leupeptin) and 
centrifuged at 15,000 rpm at 4oC. The lysates were 
resolved on 12% SDS-PAGE gels and subjected to 
western blotting using an antibody against a myc- 
epitope (9E10; Santa Cruz Biotechnology, Santa 
Cruz, CA) and an HRP-conjugated goat anti-rat 
antibody (Dako, Carpinteria, CA).

Flow cytometry

Transfected 293 T or COS7 cells were incubated at 
4oC for 30 min in staining buffer (1 × PBS with 
0.1% BSA and 0.1% sodium azide) containing a 
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PE-conjugated anti-mCD99 mAb (EJ2). Activated 
mouse CD4 T cells and mouse splenocytes and 
thymocytes were stained with staining buffer con-
taining PE-conjugated EJ2 with APC-conjugated 
anti-mouse CD4 and FITC-conjugated anti-mouse 
CD44 mAbs, or with APC-conjugated anti-mouse 
CD8 and FITC-conjugated anti-mouse CD4 mAbs, 
respectively. Fluorescence-conjugated mAbs were 
purchased from BD Biosciences Pharmingen (San 
Diego, CA), except for the PE-conjugated EJ2 
antibody (Dinona Inc., Seoul, Korea). For intracyto-
plasmic staining, mouse thymocytes and spleno-
cytes were fixed with 1% paraformaldehyde, wash-
ed, and stained with same combination of anti-
bodies in the presence of 0.5% saporin. After 
staining, cells were washed twice with 1 × PBS 
and once with FACS buffer (1 × PBS with 0.1% 
BSA and 0.1% sodium azide). Stained cells were 
analyzed using a FACSCalibur equipped with 
CellQuest software (BD Biosciences Pharmingen). 

Surface plasmon resonance analysis

A CM5-gold chip sensor was assembled and 
docked in the BIACORE instrument (Biacore 2000 
System, Biacore AB, Sweden). It was subjected to 
sequential preclearing, washing, and activating 
steps using solutions provided by the manufac-
turer. The mCD99-Fc was flowed over the acti-
vated surface at a rate of 5 µ l/min and a concen-
tration of 100 µg/ml. To eliminate potential non- 
covalent interactions between mCD99-Fc mole-
cules, a washing procedure was preformed using a 
glycine-HCl buffer (pH = 3.0, 2.5, 2.0 sequentially). 
Analyte solutions consisting of PILR-Fc, mCD99- 
Fc, and human CD4-Fc in HEPES-EP buffer (20 
µg/ml; Biacore AB) were flowed at 5 µ l/min over 
the mCD99-Fc-immobilized on the sensor chip. 

Results 

The cloned mouse CD99 gene is the functional 

ortholog of human CD99

The surface expression of human CD99 molecule 
is up-regulated after activation (Oh et al., 2007). To 
test whether the mouse ortholog of the CD99 gene 
showed a similar pattern, we examined the ex-
pression profile of mCD99 on T cells stimulated via 
CD3. On days1, 3, and 5 post-stimulation, T cells 
were tested for activation using anti-CD44 mAb 
and for surface expression of CD99. As time 
passed after stimulation, CD4 T cells were acti-
vated, with increased expression of CD44 on the 
cell surface. CD99 expression was very low on T 
cells before activation, but increased on activated 

cells from day 1 post-activation, was up- regulated 
to a high level at day 3, and decreased by day 5 
(Figure 1). Thus the mCD99 gene that we used 
was the functional homolog of human CD99. 

Detection of CD99-dimer formation in BiFC analysis

The possibility of dimer formation by CD99 was 
suggested following the detection of a band with an 
apparent size of 60 kDa in western blots of human 
thymocytes under non-reducing conditions (un-
published finding): however, this possibility has 
remained unresolved. Therefore, we used the 
recently developed BiFC technique and tested the 
potential of mCD99 to form homodimers. To 
analyze the dimerization potential of mCD99 in the 
cellular context, we first constructed separate 
vectors for the expression of mCD99 tagged with 
the N- and C-terminal halves of GFP (abbreviated 
as VN and VC, respectively). We also made 
another vector for the expression of human CD4 
fused with VC (hCD4-VC). The expression of the 
fusion proteins of the predicted sizes was verified 
by western blots of the transfected cells using mAb 
against the myc-tag epitope that was attached to 
the N-terminal end of the extracellular domain of 
CD99 (Figure 2A). 
    We then performed BiFC analysis in COS7 cells, 
which were chosen for their large cell surface area 
and also because the localization of fluorescence 
is somewhat easier in these cells than in 293T 
cells. To determine whether mCD99 would di-
merize in the cellular context, we transfected 
COS7 cells with the mCD99-VC and mCD99-VN 
vectors or with mCD99-VC and hCD4-VC vectors 
(negative control). When observed under the fluo-
rescence microscope 48 h later, COS 7 cells co- 
transfected with mCD99-VC and mCD99-VN vec-
tors exhibited bright fluorescence, which was 
localized predominantly in the perinuclear region 
(Figure 2B). This localization was confirmed by 
DAPI staining. This pattern was different from that 
observed in COS-7 cells co-transfected with Jun- 
VN and Fos-VC, which interact with each other in 
the nucleus (Hu et al., 2002; Hu and Kerppola, 
2003). No fluorescence was detected in the nega-
tive control that was co-transfected with mCD99- 
VN and hCD4-VC vectors.
    To measure the fluorescence induced by 
mCD99-dimerization and its membrane expres-
sion, we performed flow cytometry on the co- 
transfected COS7 cells using a PE-conjugated 
anti-mCD99 mAb, by which BiFC-induced green 
fluorescence and surface expression of CD99 
could be detected separately in the FL1 and FL2 
channels, respectively. FACS results indicated that 
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Figure 1. The expression of mCD99 
was up-regulated after T cell activation. 
CD4 T cells (1 × 106) purified from the 
spleen of normal mice were stimulated 
with anti-CD3 mAb (1 μg/ml) in the pres-
ence of irradiated feeder splenocytes for 
1 week. On days 1, 3 and 5 after activa-
tion, the T cells in the culture were 
stained with PE-conjugated anti-mCD99 
mAb (EJ2), FITC-conjugated anti-mouse 
CD44 mAb and APC-conjugated an-
ti-mouse CD4 mAb. The percentages of 
the cells positive for CD99 staining in the 
activated T cells are indicated by mean 
fluorescence intensity (MFI) values in 
parentheses. 

cells that exhibited BiFC-derived GFP fluorescence 
as a result of mCD99 dimerization were also posi-
tive for membrane-bound mCD99 staining (Figure 
2C). This was somewhat unexpected, because 
GFP fluorescence in the co-transfected cells was 
rarely observed on the plasma membrane in BiFC 
analysis (Figure 2B), and indicated that mCD99 
molecules did dimerize in intracellular compart-
ments such as the ER and Golgi, but might exist as 
monomers or in association with other molecules 
at the plasma membrane.

CD99 forms homodimers through the extracellular 
domain 

The dimerization of CD99 suggested the presence 
of a homotypic binding domain within the protein. 

To investigate this possibility, we constructed ex-
pression vectors for chimeric molecules in which 
the extracellular, transmembrane and cytoplasmic 
domains of CD99 were replaced by the corres-
ponding domains of human CD4, and fused with 
VC. The constructs for the mutant proteins (Ext 
mutant, TM mutant, and Cyt mutant) were named 
Mut-Ext-VC, Mut-TM-VC, and Mut-Cyt-VC, respec-
tively. Each of these chimeric vectors was co- 
transfected into COS7 cells with mCD99-VN, and 
the cells were observed for BiFC fluorescence 48 h 
later. Although cells transfected with Mut-TM-VC 
and mCD99-VN vectors or with Mut-Cyt-VC and 
mCD99-VN vectors produced fluorescence, cells 
transfected with Mut-Ext-VC and mCD99-VN vec-
tors did not, indicating that a homotypic binding 
domain existed within the extracellular portion of 
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Figure 2. Formation of mCD99 homodimers in BiFC analysis. (A) Diagram of DNA constructs for the expression of mCD99 fused with VN or VC at the 
C-terminus and tagged with a myc-epitope at the N-terminial end of the extracellular domain. Each construct was transfected into 293 T cells. The ex-
pression of fusion proteins of the predicted molecular sizes was confirmed by western blots. Wild-type CD99 tagged with a myc-epitope was included for 
size indication as a positive control. (B) COS7 cells were co-transfected with mCD99-VN and mCD99-VC. The hCD4-VC construct was transfected with 
mCD99-VN as a negative control DNA constructs for Fos-VC and Jun-VN were co-transfected as a positive control. Cells were fixed, stained with DAPI 
(blue), and observed under fluorescence microscopy 48 h after transfection. Green fluorescence indicated the formation of dimers. Representative pic-
tures taken at 400 × magnification are shown. (C) At 48 h after transfection, COS7 cells transfected with the described constructs were surface-stained 
with PE-conjugated EJ2. The two-color FACS results show the BiFC (x-axis) and surface expression (y-axis) of mCD99. The results are representative of 
more than five independent experiments.

mCD99 (Figure 3A). However, the cellular BiFC 
location of heterodimers formed between wild-type 
mCD99 and Mut-TM or Mut-Cyt mutants was 
different from that of the dimers formed between 
wild-type mCD99 molecules. Whereas BiFC fluore-
scence caused by the dimerization of wild-type 
mCD99 was predominantly restricted within the 
perinuclear region (Figure 2B), the dimers that 
formed between wild-type mCD99 and two mutant 
CD99 proteins, the TM and Cyt mutants, exhibited 
widespread BiFC fluorescence in addition to that at 
the plasma membrane (Figure 3A). This suggests 
that export of CD99 molecules to the cell mem-

brane may be regulated through the transmem-
brane and cytosolic domains of the molecule. 
FACS analysis verified that cells that were co- 
transfected with the wild-type mCD99 VN and 
Mut-Ext-VC vectors failed to produce fluorescence, 
but did show surface expression of CD99 (Figure 
3B). 

Direct binding of the extracellular CD99 domain to the 
CD99 extracellular domain

We used surface plasmon resonance (SPR) an-
alysis to confirm the BiFC result that indicated that 
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Figure 3. Formation of mCD99 through extracellular domains in BiFC. (A) Vectors were constructed for expression of mutants of mCD99 in which the ex-
tracellular (Mut-Ext), transmembrane (Mut-TM), or cytoplasmic (Mut-Cyt) domains were replaced by the corresponding domains from the hCD4 molecule. 
VC vectors for each mutant were co-transfected with mCD99-VN. COS7 cells were observed under fluorescence microscopy 48 h after transfection to de-
tect BiFC-induced emission of green fluorescence (400 ×magnification). (B) Transfected COS7 cells were subjected to FACS analysis for the surface ex-
pression of mCD99. 

CD99 dimerization was mediated through the 
extracellular domain. The mCD99-Fc, a fusion 
molecule consisting of the extracellular domain of 
mCD99 and the Fc domain of human IgG4 was 
immobilized on CM5-coated gold chips. PILR-Fc 
(positive control), mCD99-Fc, and hCD4-Fc (nega-
tive control) diluted to 20 µg/ml in HEPES buffer 
were then injected over the gold surface. As 
expected, PILR-Fc, a natural ligand for mCD99 
(Shiratori et al., 2004) and mCD99-Fc bound stably 
to the surface with approximately 300 resonance 
units (RU) and 400 RU, respectively (Figure 4), but 
the binding of hCD4-Fc was negligible (approxi-
mately 50 RU). This confirms that the extracellular 
domain of CD99 is the binding domain for homo-
dimer formation. 

CD99 molecules are present in the cells, even when 
the surface expression is low

The results obtained from the BiFC and flow cyto-
metric analyses suggested the possibility that 
surface levels of mCD99 might be different from 
the intracellular amounts of the molecule. To evalu-
ate this idea, we performed flow cytometry using 
mouse thymocytes and spleen cells, which repre-
sent different developmental stages of cells with 
different surface levels of CD99. Surface staining 
of mouse thymocytes with anti-mCD99 mAb de-
monstrated that there were differences in surface 
CD99 expression according to thymocyte develop-
ment, with down-regulated surface expression on 
single positive cells (Figure 5A). The surface level 



752    Exp. Mol. Med. Vol. 39(6), 746-755, 2007

Figure 5. Comparison of surface and intracytoplasmic levels of mCD99 on thymocytes and splenocytes. Suspensions of mouse thymocytes (A) and sple-
nocytes (B) were surface-stained with a combination of PE-conjugated EJ2, APC-conjugated anti-mCD8, and FITC-conjugated anti-mCD4 mAbs (A) or 
with a combination of PE-conjugated EJ2, APC-conjugated anti-mCD3, and FITC-conjugated anti-mB220 mAbs (B). To perform intracytoplasmic staining, 
cells were fixed with 1% paraformaldehyde and stained with the same combination of antibodies in the presence of 0.5% saporin. The percentages of 
cells positive for CD99 expression are indicated in the single histograms, with MFI values in parentheses. The figures are representatives of three in-
dependent experiments.

was further decreased on mature and naive T cells 
in the spleen (Figure 5B). However, when total 
CD99 molecules both inside and outside of the 
cells were stained, almost all cells from the dif-
ferent stages showed positive binding to anti- 
mCD99 Ab. These differences in surface and total 
levels of CD99 expression by T cells was in con-

trast to the stable levels of CD99 in and on mature 
B cells (Figure 5B). These results demonstrate that 
CD99 molecules are present in the cells even 
when the surface level is down-regulated, sug-
gesting that export to the cell membrane may be 
controlled by signals related to T cell differentia-
tion. 

Figure 4. Dimer formation through the extracellular domain was confirmed by SPR analysis. A 
CM5-gold chip sensor was assembled and docked in the BIACORE instrument (Biacore 2000 
System, Biacore AB, Sweden) and subjected to sequential preclearing, washing and activating 
steps using solutions provided by the manufacturer. The mCD99-Fc was flowed over the activated 
surface at a rate of 5 µ l/min and a concentration of 100 µg/ml. To eliminate potential non-covalent 
interactions between mCD99-Fc molecules, a washing procedure was preformed with glycine-HCl 
buffer (pH = 3.0, 2.5, 2.0 sequentially). Analyte solutions consisting of PILR-Fc, mCD99-Fc, and 
hCD4-Fc in HEPES-EP buffer (20 µg/ml; Biacore AB) were flowed over the mCD99-Fc-immobilized 
sensor chip at 5 µ l/min. Resonance units (RU) were calculated and plotted. They represent the rela-
tive difference between the resonance obtained by stable binding after the final wash and the base-
line responses for the constituent buffer. One of two independent experiments is shown. The end 
point of the wash and the start point of stable binding are indicated by arrows on each flow graph.
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Discussion

We produced several lines of evidence that 
mCD99 exists in a dimeric form in the cellular 
context and that the extracellular domain is critical 
for dimer formation between CD99 molecules. 
    Dimer formation has been reported in many 
proteins, with the involvement of different domains 
in the molecular interactions. In the case of the T 
cell receptor (TCR)-CD3 complex, the oligomeriza-
tion of each component is crucial for the transport 
of the complex to the cell surface. In this complex, 
the CD3ζ protein exists as a CD3ζ-ζ homodimer 
that functions in intracytoplasmic signal trans-
duction. The dimerization occurs via interaction 
between aspartic acid residues located in the 
transmembrane domain (Call and Wucherpfennig, 
2004). CD8 (Bonneville and Lang, 2002), IL-3 
receptor (Stomski et al., 1996) and m3 muscarinic 
receptor (Zeng and Wess, 1999) molecules form 
disulfide-linked dimers on the cell surface. The 
dimers can be formed either during the maturation 
of the protein in the ER and Golgi or after arriving 
at the cell surface. CD4 is an example of a recep-
tor that dimerizes after arriving at the cell surface 
and the dimerization occurs via a disulfide bond in 
the second extracellular domain (Maekawa et al., 
2006). The neonatal Fc receptor (FcRn), which is 
involved in immunoglobulin metabolism (Roopenian 
et al., 2003), is non-covalently associated with 
β2-microglobulin (β2m). In a β2m-null cell line, 
FcRn forms homodimers by pairing cysteins within 
the external domain, and the disulfide-bonded 
oligomers localize in the ER, suggesting that the 
β2m association with FcRn is important to exit the 
ER and move to endosomes and the cell surface 
(Zhu et al., 2002). In this respect, it cannot be ruled 
out that the homodimers between mCD99 mole-
cules detected in the ER and Golgi are transient 
molecules in the midst of the process of maturation 
and transport to the cell surface. The fact that the 
CD99-CD99 homodimers were localized predo-
minantly near the perinuclear region, but hetero-
dimers formed between wild-type mCD99 and TM 
or Cyt mutants were distributed to the cell mem-
brane suggests that transport to the cell surface 
may require the dissociation of mCD99 from each 
other and/or association with other molecules. The 
transmembrane and/or cytoplasmic domains may 
provide a site for possible interaction with other 
molecules. According to an analysis of the CD99 
amino acid sequence, there is no cystein residue 
that would allow disulfide-bond formation between 
CD99 molecules, and the cytoplasmic domain of 
CD99 is short, without any significant signaling 
motif. This indicates that possible associations of 

CD99 with other molecules can deliver intracellular 
signals. Further studies, including point mutation 
analyses, will be required to clarify the nature of 
CD99 dimer formation.
    Despite the low amino acid homology between 
human and mouse CD99 molecules (Park et al., 
2005), the functional homology in terms of involve-
ment in extravasation through endothelial cells is 
conserved (Bixel et al., 2004; Petri and Bixel, 
2006). The mechanism by which CD99 participates 
in leukocyte extravasation is unknown. Our results 
suggest that homophilic interactions between 
CD99 on leukocytes and endothelial cells may be 
a candidate mechanism for diapedesis of lympho-
cytes through endothelial cells. However, Bixel et 
al. (2004) observed neither the direct binding of 
cells expressing mCD99 to mCD99-Fc nor any 
inhibition of lymphocyte transmigration by mCD99- 
Fc treatment. Thus, they ruled out the possibility of 
homophilic interaction by CD99 being the mecha-
nism of diapedesis through an endothelial layer. 
We also failed to detect any positive cells after 
staining with mCD99-Fc. However, we did detect 
extracellular domain-mediated CD99-Fc/CD99-Fc 
binding in the SPR analysis. The reason may be 
that we washed the microchip coated with CD99- 
Fc under harsh conditions (low pH) to eliminate 
pre-formed CD99-Fc dimers. Thus, in this regard, 
the BiFC technique is a unique method by which it 
was possible to detect the dimerization of mCD99 
in the cellular context. 
    Our BiFC and FACS results revealed that even 
though the expression of mCD99 was low and 
down-regulated on T cell surfaces, the molecules 
were contained within the cells. These results 
suggest that mCD99 molecules are present in the 
cells as a kind of reservoir, probably in homodimer 
form, and their transport to the cell surface is 
regulated according to T cell differentiation or other 
cellular needs, as is the case for the up-regulation 
of TCR and MHC molecules after thymocyte en-
gagement with mAbs to human CD99 (Choi et al., 
1998). We were unable to perform western blots 
with ex vivo mouse thymocytes or T cells to detect 
bands corresponding to CD99 homodimers be-
cause of the lack of a mAb that recognizes CD99 
on western blots with high affinity. Currently, we 
presume that, on the requirement for the up- 
regulation of the surface expression of mCD99 
immediately after the delivery of a signal, the 
transport of pre-existing molecules will immediately 
supplement the first wave of mCD99 molecules 
destined to the cell surface, followed by the second 
wave of protein by way of de novo synthesis, as 
reported in the cases of FasL expression by 
cytotoxic T cells (He and Ostergaard, 2007) and 
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CTLA expression by activated T cells (Valk et al., 
2006). 
    In conclusion, mCD99 forms a homodimer via its 
extracellular domain. Further studies of the bio-
chemical and molecular characteristics of mCD99 
and the identification of signal molecules related to 
CD99 function and expression are needed to 
understand the mechanism of CD99 involvement 
in the transmigration of lymphocytes. 
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