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ABSTRACT 

 

The role of CD99 in T cell activation, 

signaling, and immunological synapse formation 

 

Giri Nam 

Department of Biomedical Science 

The Graduate School 

Seoul National University 

 

Cytotoxic T lymphocytes (CTLs) provides a defense against 

virus-infected and tumorigenic cells. The recognition of 

antigen-presenting cells (APCs) for T cells and the association 

with them are essential in the formation of the immunological 

synapse (IS) which triggers T cell activation. Although various 

proteins that stabilize the IS structure for delivering appropriate 

signals in T cells have been identified, the role of adhesion 

molecule CD99 in CTL activation and IS formation has not been 

investigated. Here I found that CD99 in CTLs participates in T 

cell activation, proliferation, and effector differentiation by 

inducing of cluster formation between T cells and APCs. 

Interestingly, it is shown that CD99 is co-localized more at the 
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peripheral supramolecular activating cluster (pSMAC) region 

than the central supramolecular activating cluster (cSMAC) in 

the IS, indicating the involvement of CD99 in IS formation. The 

absence of CD99 in CD8+ T cells resulted in slower formation 

of T-APC conjugates than WT CTLs. In addition, Akt-

mediated signaling, followed by activation, proliferation, and 

cytokine production, was delayed in CD99KO CTLs upon TCR 

stimulation. Results presented here demonstrate for the first 

time that CD99 is recruited to the IS during APC and T cell 

interaction and plays an important role in subsequent T cell 

activation. 

------------------------------------- 

Keywords: CD99, T cell activation, Immunological synapse 

Student number: 2011-23799  
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INTRODUCTION 

Cytotoxic T lymphocytes (CTLs) destroy virus-infected and 

tumorigenic cells by the secretion of lytic granules containing 

Perforin and Granzymes (1, 2). CTLs recognize the target cell-

derived peptides on antigen presenting cells (APCs) and 

associated with APCs through the formation of tight and broad 

contact zone known as the immunological synapse (IS) (3-5). 

The generation of a stable IS is critical for the movement of 

microclusters toward the center of the contact area with the 

APC, called the central supramolecular activation cluster 

(cSMAC), surrounded by the peripheral supramolecular 

activation cluster (pSMAC), inducing T cell activation and the 

polarized secretion of effector molecules into the synapse to 

eradicate targets effectively (6-9). Although several studies 

have suggested that motor proteins, adaptor proteins and 

costimulatory molecules, such as myosin IIA, dynein, and CD28, 

may contribute to stabilization of the synapse and facilitation of 

the transduction of adequate signaling in the T cell (6, 10-12), 

the molecular intermediates that link initial antigen recognition 

to the cytoskeletal changes forming IS have not yet been fully 

identified.  



3 

 

   Cell adhesion molecule CD99 is an O-glycosylated 

transmembrane protein expressed on many cell types including 

most hematopoietic and endothelial cells, and known to be 

involved in the regulation of cell-cell adhesion and migration of 

leukocytes (13-16). In the previous study, we have shown that 

CD99 regulates the trafficking of other molecule to the cell 

surface (17), and have observed unexpectedly that the surface 

expression level of CD99 on CTLs is up- or down-regulated 

with the change of their activation status. It has been reported 

that CD99 plays a costimulatory role in T cell activation from a 

couple of studies with CD4+ T lymphocytes purified from 

human peripheral blood or Jurkat T cells (18, 19), but the 

involvement and function of CD99 in CD8+ T cell activation are 

not known. In addition, the effect of CD99 on the formation of 

firm and stable IS between CTLs and APCs with regard to its 

adhering ability has not been addressed. 

In this study, I have further investigated the role of CD99 in 

CTL activation and the formation of IS. Here I show that CD99 

participates in contacting with APCs and localizes in the pSMAC 

region in the IS to induce the signal transduction for CD8+ T 

cell activation, proliferation, and cytokine production. 
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MATERIALS AND METHODS 

1. Mice 

C57BL/6 wild-type (B6 WT) mice were purchased from the 

Jackson Laboratory. H60 congenic mice (B6.CH60) were 

obtained from Dr. Derry Roopenian, the Jackson Laboratory. 

The CD99 knockout (CD99KO) mouse strain B6.Cd99Gt(pU-

21T)44Imeg, in which the Cd99 gene locus was trapped by the 

insertion of pU-21T plasmid and consequently not translated 

(20), was generated at the Institute of Resource Development 

and Analysis, Kumamoto University and maintained through 

crossing with B6 mice. J15 transgenic mouse lines which 

express TCR with specificity to H60-CD8 epitope (LTFNYRNL) 

in complex with H2-Kb were generated after microinjection of 

DNA fragments encompassing rearranged TCRVα-Jα and 

TCRVβ-Dβ-Jβ genomic sequences which were obtained 

from H60-specific CTL clone #15 (21). J15XCd99-/- mice 

were generated by backcrossing to CD99KO background. All of 

the mice were maintained under specific pathogen-free 

conditions at the Center for Animal Resource Development of 

Seoul National University College of Medicine.  
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2. Establishment of CTL lines and cell culture 

The establishment of CD8 CTL lines was performed as 

described previously (22). In brief, WT B6 or CD99KO mice 

were i.p. injected with 2x107 splenocytes from B6.CH60 mice. 

Then, the splenic CD8 T cells were harvested from the injected 

mice on day 7 after injection, cultured ex vivo with irradiated 

B6.CH60 splenocyte feeder cells in the presence of 50U/ml 

recombinant human IL-2 (Sigma-Aldrich), and maintained by 

periodic restimulation with irradiated feeder cells on a weekly 

basis in DMEM high glucose supplemented with 10% FBS, 

HEPES, sodium pyruvate, L-arginine, L-glutamine, 2-

mercaptoethanol, non-essential amino acids, gentamycin, 

streptomycin, and penicillin. During the 7-d culture period of 

CTL line passage, CD8 T cells underwent activation and resting 

cycles. The activation (on day 3-5 after reactivation) and/or 

resting (on day 7-14 before reactivation) status of the CTL 

lines was monitored via cell counts and flow cytometric analysis 

of cell size and surface marker expression. DC2.4 cell line 

generated by Zhenhai Shen, et al (23) were cultured in the 

same media as described above. DC2.4 cells expressing the 

CD8 epitope (LTFNYRNL) of H60 antigen, called DC2.4+H60 
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cell line, was generated by the introduction of H60 peptide gene 

into DC2.4 cell lines and cultured in the above media 

supplemented with 5 ㎍/ml puromycin. 

 

3. Cell transduction 

For the introduction of the CD99- YFP fusion gene into 

CD99KO CTL lines, the cells were incubated with filtered 

retroviral supernatants that were harvested from Platinum-E 

cells (Cell Biolabs) transiently transfected with CD99-YFP-

pMSCV-puro or YFP-pMSCV-puro mock vector using calcium 

phosphate transfection method in culture medium supplemented 

with 10mg/ml Polybrene (Sigma-Aldrich) and 50U/ml 

recombinant human IL-2. After 2 more days of culture with 

fresh medium, transduced CTL cells were restimulated for 

passage in the culture medium containing 1mg/ml puromycin 

(Sigma-Aldrich) for selection. After three more rounds of CTL 

stimulation for passage, YFP+ cells were sorted with a 

FACSAria (BD Biosciences) and maintained with regular CTL 

passage on a weekly basis as described above. 

 

4. Flow cytometry 
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For FACS staining, non-specific binding was blocked with Fc 

receptor antibody prior to staining with directly labeled 

monoclonal antibodies indicated in the figures and text. Dead 

cells were excluded by 4',6-diamidino-2-phenylindole (DAPI; 

Invitrogen) or ethidium monoazide (EMA; Invitrogen) staining 

for surface and intracellular staining, respectively. Cell surfaces 

were stained with anti-CD4 (GK1.5), anti-CD8 (53-6.7), 

anti-CD99(EJ2), anti-CD69 (H1.2F3), anti-CD44 (IM7), 

anti-CD25 (PC61.5), anti-IL-2 (JES6-5H4), anti-IFN-γ 

(XMG1.2), anti-Granzyme B (16G6; all from eBioscience). 

Fluorescence intensity was assessed with a BD LSRII flow 

cytometer (BD Biosciences) and analyzed using FlowJo 

software (TreeStar).  

 

5. In vitro stimulation of lymph node cells 

Cervical, axillary, brachial, inguinal, lumbar and mesenteric 

lymph nodes were excised from B6 WT or CD99KO mice. 

Lymph node cells (5x105/well) were labeled with 5μM CFSE 

and stimulated with anti-CD3 (1 ㎍/ml or 0.1 ㎍/ml; 145-2C11, 

BD Pharmigen) and anti-CD28 (0.5 ㎍/ml; 37.51, BD 

Pharmigen). At day 1, 2 and 3 after stimulation, cells were 
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harvested for surface staining and supernantants were collected 

for ELISA. For intracellular cytokine staining, cells were 

incubated for 4hrs with brefeldin A (BFA, 3 ㎍/ml; eBioscience) 

prior to harvesting. Cells were fixed with 4% paraformaldehyde 

in PBS for 20min at 4℃ and permeabilized using 0.5% Triton 

X-100 and 0.1% BSA in PBS, then stained for 1h at 4℃. 

Proliferation was assessed by FACS analysis of CFSE dye 

dilution. 

 

6. ELISA 

The amounts of IL-2 and IFN-γ in in vitro activated-lymph 

node cells culture supernatants were assessed by ELISA. For 

IL-2 and IFN-γ detection, anti-mouse IL-2 and anti-mouse 

IFN-γ was used as the capture antibody, biotinylated anti-

mouse IL-2 and IFN-γ in 0.1% BSA in PBS/T as the 

detection antibody, and recombinant IL-2 and IFN-γ(all from 

eBioscience) as the standard.  

 

7. T cell stimulation and western blotting 

WT or CD99KO CTLs were purified from splenocytes and 

lymph node cells acquired from B6 WT or CD99KO mice by 
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negative selection using magnetic-activated cell sorting (MACS; 

Miltenyl Biotec). 5x106 naive CTLs were washed with pre-

warmed PBS, then resuspended with pre-warmed serum free 

DMEM media. Cells were stimulated with anti-CD3 (1 ㎍) and 

anti-CD28 (1 ㎍) at 37℃ for 0, 2, 5 or 15 minutes, then stop 

stimulation by adding cold PBS containing 1mM sodium 

orthovanadate. Cells were harvested and lysed for 13 min at 4℃ 

in 1% NP-40 lysis buffer containing 20mM Tris-HCl, pH 7.5, 

150mM NaCl, 2mM EDTA, 1mM sodium orthovanadate, 2mM 

sodium fluoride and protease inhibitor cocktail (Sigma-Aldrich). 

Lysates were resolved by 12% SDS-PAGE, followed by 

transfer to polyvinylidene difluoride (PVDF) membranes 

(Millipore). The membranes were blocked in 5% skim milk, 

washed in Tris-buffered saline containing 0.1% Tween 20 

(TBS/T), then subjected to immunoblotting using anti-Akt, 

anti-pAkt, anti-PLCγ1, anti-pPLCγ1, anti-ERK1/2, anti-

pERK1/2, anti-pLck, anti-pZap70, anti-pPKCδ/ϴ, and anti-

pp38 (all from Cell Signaling). After incubation overnight at 4℃ 

with primary antibodies, membranes were washed with TBS/T, 

incubated in horseradish peroxidase-conjugated anti-rabbit or 

anti-mouse secondary antibodies (Cell signaling) for 1h at 
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room temperature, washed and developed with ECL developing 

solution having femto-scale maximum sensitivity (Thermo 

Scientific). Blots were detected and band intensities were 

measured by using LAS 4000 Mini (Fujifilm), equipped with 

Fujifilm Multi Gauge 3.0 software. 

 

8. Conjugation assay 

B6 WT or CD99KO CTL line cells were harvested at day 3 or 

day 13 after restimulation, and live cells were purified by 

Ficoll-gradient separation, followed by staining with Cell 

Tracker green CMFDA (Invitrogen) according to the 

manufacturer’s directions. DC2.4 or DC2.4+H60 cells were 

harvested and stained with Cell Tracker orange CMTMR 

(Invitrogen). J15 or J15xCd99-/- CD8 CTLs were isolated from 

splenocytes and lymph node cells obtained from J15 or 

J15xCd99-/- mice by MACS negative selection. For 

fluorescence microscopy, 2x104 CMTMR-stained DC2.4 or 

DC2.4+H60 cells were mixed with 1x105 CMFDA-stained WT, 

CD99KO, J15 or J15xCd99-/- CTLs, loaded onto poly-L-

lysine-coated coverslips (Sigma-Aldrich), and then incubated 

at 37℃ for 1, 12hr or 24hr. After incubation, cells were fixed in 
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4% paraformaldehyde for 15min, then washed. The coverslips 

were mounted and viewed using an Olympus IX71 microscope 

(Olympus).  

 

9. Confocal microscopy 

B6 WT or CD99KO CTL line cells were collected at day 3 after 

restimulation. Live CTLs isolated by Ficoll-gradient separation 

were stained with Fluorescein isothiocyanate (FITC) or Alexa-

633-conjugated anti-CD99 (EJ2), anti-TCRβ (H57-597; 

eBioscience) or anti-LFA1 (2D7; BD pharmigen) for 1h at 4℃. 

DC2.4+H60 cells were stained with Phycoerythrin-conjugated 

anti-ICAM1 (YN1/1.7.4; eBioscience) as well. Stained 

DC2.4+H60 cells (2x104) and WT or CD99KO CTLs (1x105) 

were mixed together, loaded onto poly-L-lysine coated 

coverslips, and then incubated for 1h at 37℃. After incubation, 

cells were fixed, washed, mounted, and viewed using a 

FluoView 1000 confocal microscope (Olympus). Image analysis 

and Pearson’s colocalization coefficient measurement were 

performed by FluoView software (Olympus). 

 

10. Statistical analysis 
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The data analysis was performed using GraphPad Prism 5, and 

quantitative data were represented as the mean of three or 

more independent experiments ± SEM. One-way ANOVA and 

Bonferroni post-testing, or two-tailed Student’s t test were 

used to determine the statistical significance (P < 0.05) within 

each experiment or each individual set of conditions, 

respectively.  
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RESULTS 

CD99 relates to the activation status of CD8+ CTLs  

Although CD99 has been shown to enhance the activation of 

human CD4+ peripheral T cells (18), whether it also affects the 

activation of CD8+ CTLs has not been investigated. Activated T 

cells become larger and upregulate activation markers such as 

CD69, CD44 and CD25 to search the right APCs and interact 

with them (24, 25). To determine whether the loss of CD99 

influences the activation status of CTLs, I measured daily the 

surface expression levels of CD99 and activation markers on 

WT or CD99KO CTL lines. I observed that the size of CTLs in 

the absence of CD99 was smaller than that of WT CTLs at day 

2 or 3 after restimulation (Figure 1A). In addition, the surface 

expression levels of CD44 and CD25 in CD99-deficient CTLs 

were not induced as much as those in WT CTLs, although the 

early activation marker CD69 was still upregulated in the 

absence of CD99 on CTLs at day 3, the peak day of activation 

status (Figure 1B and C). To further investigate whether this 

activated phenotype of CD99KO CTLs could be altered when 

CD99 expression is reinstated, yellow fluorescence protein 

(YFP)-tagged CD99 or mock vector genes were retrovirally  
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Figure 1. Absence of CD99 in CD8+ T cell lines affects the 

activation status of CTLs  

(A-D) Flow cytometric analysis of CTL size based on forward 

scattered (FSC) characteristic at day 2 and 3 (A) and the 

surface expression of CD69, CD44 and CD25 at day 3 (B-D) 

and after restimulation of B6 WT, CD99-deficient and CD99-

deficient CTL lines expressing mock-YFP or CD99-YFP. 

Relative MFI values of CD99, CD69, CD44 or CD25 in WT or 

CD99KO CTLs were calculated in relationship to those in mock 

or CD99-expressing CD99KO CTLs, respectively, and were 

plotted (D). Data shown (A–D) represent the results acquired 

from more than five independent experiments are shown. 

*p<0.05, **p<0.01, ***p<0.001. 

 

introduced into the CD99-deficient CTLs. Interestingly, the 

restoration of CD99 in CD99-deficient CTLs induced cell 

activation. The cell size and the expression patterns of 

activation markers of CD99KO CTLs expressing CD99-YFP 

were reestablished similarly to those of WT CTLs, whereas 

mock vector-transduced CD99-deficient CTLs showed the 

same phenotype as CD99KO CTLs (Fig 1A-D). Taken together, 

activation status of CTL line in the presence or absence of 

CD99 is correlated with CD99-deficient CTL line expressing 

CD99-YFP or Mock-YFP, respectively. These results 

therefore strongly suggest that CD99 is important for the 

activation of CD8+ CTLs. 
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CD99 induces CTL activation, proliferation, and 

differentiation. 

To examine whether CD99 deficiency leads to insufficient or 

delayed T cell activation, I stimulated lymph node cells obtained 

from B6 WT or CD99KO mice with anti-CD3 and anti-CD28 in 

vitro. In addition, a group of cells stimulated with a tenth of 

anti-CD3 concentration was included to investigate the 

difference in strength of T cell receptor (TCR) signaling 

between WT and CD99KO cells. CD99 surface level of CTLs 

obtained from lymph nodes of WT mice was increased during T 

cell activation at day 1 and 2 after CD3/CD28 stimulation as I 

expected (Figure 2A), suggesting the involvement of CD99 in T 

cell activation process. The surface expression levels of 

activation markers CD69, CD44, CD25 of CTLs obtained from 

CD99KO lymph nodes were lower than those of WT CTLs at 

day 1 after stimulation (Figure 2A), indicating that early TCR 

signaling is impaired in CD99-deficient CTLs. Interestingly, I 

observed that the MFI levels of the activation markers on 

CD99KO cells stimulated with general concentration of anti-

CD3 were similar to those on WT cells stimulated with a tenth 
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of anti-CD3 concentration (Figure 2A), suggesting that CD99 

deficiency in CTLs transduces about 10- 
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Figure 2. CD99 deficiency drives delayed and insufficient 

activation, proliferation, and differentiation of CTLs 

(A) Flow cytometric analysis of the surface expressions of 
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CD99, CD69, CD44, and CD25 on lymph node cells isolated 

from B6 WT or CD99KO mice and stimulated with anti-CD3 (1

㎍ or 0.1㎍) and anti-CD28 (0.5㎍) antibodies at day 1, 2 and 3 

of culture. Cells were analyzed via flow cytometry after gating 

DAPI- (live cells) and CD8+, and the MFI values for CD99, 

CD69, CD44, and CD25 were plotted. (B) CFSE-labeled naive 

B6 WT or CD99KO lymph node cells were stimulated with 

anti-CD3 and anti-CD28. Histograms show the CFSE dilution 

of CD8+ T cells at day 2 and 3 after stimulation, and bar graphs 

indicate percent divided cells analyzed by flow cytometry. (C, D) 

Flow cytometric analysis of the expression of IL-2 in CD8+ T 

cells obtained from lymph nodes of B6 WT or CD99KO mice at 

day 1, 2 or 3 after CD3/CD28 stimulation in vitro. (E) Produced 

IL-2 in the culture supernatants of WT or CD99KO lymph node 

cells stimulated with anti-CD3/CD28 for 1, 2, or 3 days, 

measured by ELISA. (F, G) Flow cytometric analysis of the 

expression of IFN-γ in CD8+ T cells obtained from lymph 

nodes of B6 WT or CD99KO mice at day 1, 2 or 3 after 

CD3/CD28 stimulation in vitro. (H) Secreted IFN-γ level in 

the culture supernatants of WT or CD99KO lymph node cells 

stimulated with anti-CD3/CD28 for 1, 2, or 3 days, measured 

by ELISA. Results are representative of at least three 

independent experiments. *p<0.05, **p<0.01, ***p<0.001. 

 

fold lower TCR signal than WT CTLs.  

To further address the effect of insufficient T cell activation 

due to the loss of CD99, I examined the proliferation and 

cytokine production of CTLs acquired from WT or CD99KO 

lymph nodes after stimulation with anti-CD3 and anti-CD28. 

CD99KO CTLs showed slower cell proliferation for 3 days after 

stimulation than WT CTLs (Figure 2B). The production of IL-2, 
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IFN-γ, and Granzyme B in CD99KO CTLs, when assessed by 

intracellular staining and flow cytometric analysis, was 

significantly reduced at day 1 after CD3/CD28 stimulation than 

WT CTLs did (Figure 2C, D, F, G, and Supplementary Figure 1). 

Consequently, the secretion of IL-2 and IFN-γ in the culture 

media was also reduced in CD99KO lymph node cells (Figure 

2E and H). However, the amount of IL-2 produced by CD99KO 

lymph node cells for 3 days with normal concentration of anti-

CD3/CD28 stimulation was rather higher than that in WT lymph 

node cells (Figure 2D and E). This result suggested that CD99 

deficiency might delays CTL differentiation into effector cells. 

Altogether, the obtained results demonstrate that CD99 helps 

the induction of T cell activation, proliferation, and effector 

differentiation upon TCR stimulation. 

 

CD99 mediates the TCR-triggered signal transduction via a 

PI3K/Akt-dependent pathway 

As insufficient and delayed activation occurred in CD99-

deficient CTLs, I sought to investigate whether CD99 affects 

TCR downstream signaling pathway. To this end, I intensively 
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screened the phosphorylation of most signaling proteins, 

known  

 

Figure 3. Akt-mediated signaling is delayed in the CD99-

deficient CD8+ T cells during activation 

(A) CD8+ T cells purified by MACS sorting from splenocytes 

and lymph node cells of B6 WT or CD99KO mice were activated 

for 0, 2, 5 or 15 min with mAb to CD3 (1ug) and mAb to CD28 

(1ug). The phosphorylated (p) and total (t) forms of Akt, PLC

γ1, ERK, Lck, Zap70, PKCδ/ϴ, and p-38 were detected by 

Western blot analysis. (B) Intensity of phosphorylated Akt, PLC

γ1, and ERK bands, relative to that of total Akt, PLCγ1, or 

ERK bands, respectively, at the indicated time was quantified 

by densitometric analysis. Data are representative of three 

independent experiments. *p<0.05. 

 

to be involved in TCR-triggered signaling pathways, in CTLs 

isolated from splenocytes and lymph node cells of B6 WT or 
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CD99KO mice. I found that in the absence of CD99, the 

phosphorylation of Akt, a downstream effector of PI3K 

activation, was slower than WT CTLs after stimulation with 

anti-CD3/CD28 (Figure 3A and B). Although the 

phosphorylated levels of PLCγ1 and ERK were significantly 

different between WT and CD99KO CTLs at one time point, 

their kinetic changes seem similar in both cells considering the 

basal levels of phosphorylated those proteins (Figure 3B). Akt 

is a key effector molecule that is activated by PI3K activation 

(26). Given the fact that activated Akt increases the cell size 

and enhances cell metabolism and survival (27, 28), together 

with the result that CD99 deficiency brought delayed 

phosphorylation of Akt, CD99 might regulate the transduction of 

TCR signal in CTLs via the Akt pathway. 

 

CD99 triggers the formation of conjugates between CTLs 

and APCs 

To be delivered signals in T cells effectively for adequate 

activation, T cells should contact and form conjugates rapidly 

and stably with APCs presenting the cognate peptides (29-31). 

I wondered whether the difference in TCR signal transduction 
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and cell activation between WT and CD99KO CTLs is due to the 

impaired formation of T cell-APC conjugates in the absence of 

CD99. To this end, I isolated live CTLs from WT or CD99KO 

CTL line cultures and mixed them with DC2.4 cells or DC2.4 

cells expressing H60 peptide on their MHC class I (H2-Kb), 

which is recognized by CD8+ T cells having specific receptors 

fot Kb-H60 peptide, to examine the formation of conjugates 

between CTLs and DCs in response to the CTL recognition of 

the cognate antigen on DCs. CTLs showed the effector 

phenotypes in cell size, number, and activation markers at day 3 

after restimulation of CTL lines, whereas after 7 or more days, 

cells were in resting status (data not shown). Fully 

differentiated CTLs into effector cells at day 3 after 

restumulation were actively contacting and forming huge 

conjugates with DC2.4+H60 cells, therefore, the number of WT 

CTLs in T cell-APC conjugates was significantly greater than 

that of CD99KO CTLs (Figure 4A). I also counted the number 

of DCs contacting with more than three WT or CD99KO CTLs, 

and the ratio of conjugating DCs in total DCs was much higher 

in WT CTLs-contacting groups. In contrast, surprisingly, 

CD99-deficient CTLs in resting status revealed significantly 
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increased conjugate formations to APCs (Figure 4B), 

suggesting that CD99 triggers T cell adhesion to APCs in early 

activation stage, whereas without CD99, CTLs form 

conjugates with APCs slowly, so that the signaling are delayed. 

To further 
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Figure 4. CD99 controls the formation of conjugates between 

CD8+ T cells and dendritic cells 

(A-D) Fluorescence microscopic analysis was performed (left) 

to evaluate the conjugates between DCs and CTLs. Live CTLs 

were purified from B6 WT or CD99KO CTL lines by Ficoll-
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gradient separation at day 3 (A) or day 13 (B) after 

restimulation of those cell lines and stained with 1uM of 

CMFDA. Naive CTLs (C-D) were isolated from J15 or 

J15xCD99KO mice by MACS sorting and were stained with 

CMFDA. DC2.4 cell line or DC2.4+H60 cell line expressing H60 

peptide on its surface MHC class I were harvested and stained 

with 5uM of CMTMR. Images were acquired at 12 hour (C) and 

24 hour (D) after co-culture. Numbers of conjugated CTLs to 

one DC were counted (middle) and ratios of more than three 

CTLs-conjugated DCs in total DCs were plotted (right). Scale 

bar, 5㎛. Data are representative of at least three independent 

experiments. **p<0.01, ***p<0.001. 

 

determine whether naive CTLs purified from WT or CD99KO 

mice would show the same effect on the conjugate formation, I 

used naive J15 TCR transgenic CD8+ T cells specific for Kb-

H60 and naive CD99-deficient J15 CD8+ T cells. Coculture of 

naive J15xCd99-/- CTLs with DC2.4+H60 cells for 12h 

resulted in a significant inhibition of conjugate formation in 

compared to J15 CTL conjugates to APCs (Figure 4C), whereas 

24h-coculture enhanced conjugate formation in J15xCd99-/- 

CTLs with DC2.4+H60 cells (Figure 4D), consistent with the 

results obtained using CTL lines. Taken together, these data 

indicate that CD99 is important for quick formation of CTL-

APC conjugates triggering rapid CTL activation. 
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CD99 localizes in the pSMAC of the immunological synapse  

When T cells tightly contact with appropriate APCs, the 

immunological synapse is generated between a T cell and an 

APC. The immunological synapse is characterized by a 

reorganization of membrane proteins, resulting in the formation 

of a stable central cluster of TCRs. To identify whether the 

impaired formation of conjugates in the absence of CD99 shown 

in Figure 4 is because CD99 could regulate the IS stability, I 

sought to investigate if CD99 is involved in the generation of IS. 

Interestingly, CD99 was localized in the pSMAC region of IS 

(Figure 5A and B), known to the area mainly localizing LFA-1 

which stabilizes the cSMAC (32). The representative cSMAC 

marker TCRβ in CTLs was not colocalized with CD99 (Figure 

5A and B), indicating that CD99 is involved in the pSMAC when 

IS is formed betweetn CTLs and APCs. In conclusion, CD99 

enhances the formation of conjugates between CTLs and APCs, 

so that stable IS could be generated rapidly by the involvement 

of CD99 to the pSMAC in IS, therefore, T cell activation, 

proliferation, and effector differentiation in the presence of 

CD99 are triggered via Akt-mediated TCR signaling. 
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Figure 5. CD99 localizes at the pSMAC in the immunological 

synapse 

(A) Confocal microscopic analysis of IS visualization. Live 

CTLs from WT or CD99KO cell lines were purified by Ficoll-

gradient separation at day 3 after restimulation of those cell 

lines and were stained with anti-TCRβ (FITC), anti-LFA-1 

(FITC) or anti-CD99 (Alexa 633) and then incubated with 

DC2.4+H60 cells stained with anti-ICAM-1 (PE). Scale bar, 5

㎛. (B) Pearson’s r coefficient was measured by FluoView 

software. Representative data (A-B) from three independent 

experiments are shown. *p<0.05. 
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Supplementary Information 

 

Supplementary Figure 1. Flow cytometric analysis of the 

production of Granzyme B in CD8+ T cells obtained from lymph 

nodes of B6 WT or CD99KO mice at day 1 (top), 2 (middle) or 

3 (bottom) after CD3/CD28 stimulation in vitro. 
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DISCUSSION 

The experiments presented here provided evidences that CD99 

plays a crucial role in the formation of functional IS and 

activation of CTLs, which has not yet been addressed.  

Most of previous studies dealing with CD99 have focused on 

its adhesive characteristics and verified the roles in cell 

adhesion, aggregation, and migration. (14, 15, 34) Although 

there are only two reports demonstrating that CD99 has a 

costimulatory function for T cells, the experiments were 

performed by gain-of-function studies such as ligation and 

crosslinking of CD99 with its monoclonal antibody using Jurkat 

T cells or purified CD4+ T cells from human peripheral blood 

mononuclear cells (18, 19). I therefore used CD99-deficient 

cells to determine the role in CD8+ T cell activation in the 

loss-of-function system. CD99 deficiency leads to insufficient 

and delayed CTL responses. The changes associated with T 

cell activation, such as increased cell size, marker expressions, 

proliferation, and cytokine production occurred more slowly and 

attenuated in CD99-deficient CTLs than those in WT CTLs. 

This phenomenon was confirmed by the restored strength and 

kinetics of T cell activation after enforced expression of CD99 
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in CD99KO CTLs. However, this feature of CD99 involving CTL 

activation was verified in vitro systems using CTL cell lines and 

ex vivo lymph node cells with artificial stimulations. Thus, 

further investigations on the role of CD99 for CTL activation in 

the physiological condition with in vivo immune response are 

needed to clarify and reconfirm the relevance of the results 

obtained in this study.  

   Here, I also show that CD99 in CTLs is essential for the 

prompt formation of conjugates with APCs by using CTL and 

DC cell lines and purified single peptide specific CTLs obtained 

from TCR transgenic mice. Previous studies have demonstrated 

that naive T cells search proper dendritic cells (DC) by 

contacting rapidly many antigen-bearing DCs in lymph nodes 

before developing a tight and long-lasting contact with the 

single proper DC (24). According to this description, the data 

shown in this study indicates that CD99 may promote CTLs to 

find the right APC expeditiously. After finding the single proper 

APC, membrane proteins including adhesion molecules on T 

cells are reorganized to form the immunological synapse with 

the APC for the induction of sustained signaling through the 

TCR stably (6, 9, 11). In terms of IS formation and signal 
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transduction, I wondered whether CD99 could be involved in the 

IS structure to enhance the signal transduction. Confocal 

images shown here illustrate that CD99 localizes to the pSMAC. 

Furthermore, CD99 was also distributed to the specific spot on 

CTLs in most images (data not shown), suggesting that CD99 

may support the IS formation via an unknown mechanism. In the 

previous study from my laboratory, I showed that CD99 plays a 

role in molecular transport to the plasma membrane (17). In 

this context, these data raised the question of whether CD99 

could recruit molecules to the IS for stabilizing its structure in 

the pSMAC region. Therefore, the relationship between CD99 

and IS formation and involved molecules to the synapse 

dependent on CD99 are required to be further investigated. 

   In summary, I verified the localization of CD99 in the pSMAC 

region of IS for the first demonstration. Although the exact 

mechanism needs to be identified, CD99 triggers the contact 

formation between CTLs and APCs as a result of the 

involvement of CD99 in the IS formation. Rapid formation of 

CTL-APC conjugates leads to deliver TCR signals promptly for 

T cell activation, proliferation, and cytokine production. 

Altogether, these results provide approaches into the possible 
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application(s) of controlling CTL immune responses by 

regulating functions of CD99. 
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국   

 

포 독  T 포는 이러스에 감염 거나 종양  어 가는 포

들  공격함 써 우리 몸  보 하는 역할  한다. 이 T 포가 

항원  시하는 포를 인지하고 항원 시 포  만나게 면 

면역 시냅스가 이 고 그  인해 T 포가 게 다. 

이러한 면역 시냅스  구조를 안  시킴 써 T 포 내   

신 가 달 어 속히   있도  돕는 단 질들이 몇몇 

보고  가 있 나, 부착 단 질  잘 알  있는 CD99 가 포 

독  T 포   시냅스 에 여하는 지는 아직 연구  

가 없다. 라  본 연구를 통해 포 독  T 포 내에 존재하

는 CD99 가 T 포  분열, 그리고 효과  포  분

지 미 는 일  과  진시킨다는 것  다. 이는 CD99

가 면역 시냅스   심 (cSMAC)보다는 말  분자  

다  (pSMAC)에 함 써 T 포  항원 시 포 간  면

역 시냅스 구조가 상  도  도우며, 이  인해 이 

포들 사이  안 인 이 가능하게 하  임  보여 주고 

있다. 포 독  T 포 내에 CD99 이 없 면 T 포  항원 시 

포 사이  군집 이 늦  뿐만 아니라, 뒤이  T 포 용체 

자극에 한 포 , 분열, 사이토카인 생 이 상 포보다 

늦어 진다는 결과를 보고하 다. 라 , 이러한 결과들  종합하여 
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볼  포 독  T 포가 항원 시 포를 만나게 면 CD99 가 

면역 시냅스  이동하여 이들 사이에 견고한 부착이 일어나게 함

써 뒤이  T 포 에 요한 역할  하고 있  알  있

다. 

------------------------------------- 

주요어 : CD99, T 포 , 면역 시냅스 

학  번 : 2011-23799  
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