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Natural killer (NK) cells are critical components of our immune system. The activating receptor 

NK cell lectin-like receptor gene 2D (NKG2D)-mediated immune recognition and the role of 

HLA-G, one of the non-classical MHC class I antigens have been recently highlighted in tumor 

immunology. We investigated the expression and localization of HLA-G, MICA, MICA/B, and 

ULBP-2 by immunohistochemistry and immunofluorescence anaysis in sections of orthotopic 

transplantation models of retinoblastoma. HLA-G and MICA/B were expressed in the 

cytoplasm of retinoblastoma cells and preferentially localized at the tumor periphery. In contrast, 

MICA and ULBP-2 were not expressed. Double immunofluorescence analysis together with Ki-

67 revealed that HLA-G and MICA/B were primarily detected in a more proliferative area with 

high Ki-67 immunostaining, which implying that NKG2D ligand expression is somewhat 



 

 

 

 

correlated with the tumor cell proliferation. These results suggest that NKG2D ligands play a 

crucial role in immunomodulation in retinoblastoma and provide additional evidence that 

tumor-immune interactions play an essential role in retinoblatoma. 
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I. Introduction 

 

Retinoblastoma is the most common intraocular childhood tumor (Abramson 2005). Although 

the incidence is relatively low, retinoblastoma is a vision- and life-threatening cancer. However, 

the precise mechanisms of immune suppression in retinoblastoma are not yet completely 

understood. 

 Natural killer (NK) cells play an essential role in innate immunity against tumors and 

virally infected cells. The triggering of NK cells is regulated by the integration of signals from 

activating and inhibitory surface receptors (Lanier 1998). When activating signals are 

predominant, NK cells are activated, and they produce cytokines and show cytotoxic activity. In 

contrast, when inhibitory signals are predominant, NK cells are not activated and do not show 

anti-tumor activity. 

 Recently, much attention has focused on immunological aspects of various malignant 

tumors. An effective immune response may lead to recognition of tumor cells, resulting in their 

destruction. However, tumor cells undergo immunologic sculpting as a result of a cancer 

immunoediting process and escape from immune recognition (Dunn et al. 2004a, b). Indeed, 

changes in classical and non-classical human leukocyte antigens (HLA) class I antigen and NK 

cell-activating ligand expression have been identified in various types of tumors. 
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Downregulation of proteins that are critical for immune responses, such as classical HLA class I, 

or upregulation of proteins that give resistance to immunosurveillance, such as non-classical 

HLA class I, has been reported (Cabrera et al. 1996; Maleno et al. 2004; Maleno et al. 2002). As 

downregulation of classical HLA class I molecule is an immunoescape mechanism frequently 

used by tumors to escape from CD8 T cell-mediated lysis, NK cells play a critical role in the 

immunosurveillance of different types of tumor.  

 The activating receptor natural killer cell lectin-like receptor gene 2D (NKG2D) 

belongs to the C-type lectin superfamily and is a stimulatory immune receptor that is expressed 

in NK cells, NKT cells, g/y T cells, and CD8+ T cells (Champsaur and Lanier 2010; Ota et al. 

2005; Sheu et al. 2005). Known ligands of the NKG2D receptor comprise major 

histocompatibility complex class I-related chains (MIC) A and B and unique long 16 (UL16) 

binding proteins 1-6 (ULBP1-6) (Bauer et al. 1999; Cosman et al. 2001). NKG2D ligands are 

induced by cellular stress and infections and are frequently expressed in tumor cells and are 

unusual in normal cells (Stern-Ginossar and Mandelboim 2009). By binding the corresponding 

ligands, the activating receptors trigger NK cell-mediated target cell lysis. HLA-G is a non-

classical major histocompatibility complex (MHC) class I antigen. HLA-G suppresses various 

immune cell functions through binding to inhibitory receptors. It confers many 

immunoregulatory functions, such as inhibition of NK cell or T cell-mediated cytolysis, 
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induction of T-cell apoptosis, or inhibition of transendothelial NK-cell migration (Riteau et al. 

2001; Perez-Villar et al. 1997). Therefore, HLA-G expression in tumor cells represents a 

strategy to avoid immunosurveillance, and hence allows tumor to progress. 

 Much effort has been dedicated to investigating the roles of NK cell-associated 

antigens in the regulation of activities of the immune system in several types of tumors. 

Previous studies have proven the expression of NKG2D ligands and associations with clinical 

outcome in human colorectal (McGilvray et al. 2009; Watson et al. 2006), breast (Madjd et al. 

2007; de Kruijf et al. 2012), ovarian (McGilvray et al. 2010; Li et al. 2009), brain tumors 

(Eisele et al. 2006). However, little is known about the role of NK cell-associated antigens in the 

pathogenesis of retinoblastoma. In the present study, we investigated the expression and 

localization of HLA-G, MICA, MICA/B, and ULBP-2 in retinoblastoma. 
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II. Materials and Methods 

 

1. Retinoblastoma cells 

 

A human retinoblastoma cell line Y79 (American Type Culture Collection, Rockville, MD, 

USA) and SNUOT-Rb1, established by our group and distinguished from Y79 by adherent 

growth and rapid proliferation (Kim et al. 2007), were maintained in RPMI 1640 medium 

(Welgene Inc., Seoul, Korea) supplemented with 10% fetal bovine serum (Gibco BRL, 

Rockville, MD, USA) and 1% antibiotic-antimycotic solution (Invitrogen Inc., Carlsbad, CA, 

USA) at 37°C in a moist atmosphere of 95% air and 5% CO2. The medium was changed every 

third day. Cultured tumor cells were observed daily under a phase-contrast microscope (Carl 

Zeiss, Chester, VA, USA). 

 

2. Animals: BALB/c Nude Mice 

 

Mice were purchased from Samtako (Osan, Korea). Care, use, and treatment of all animals in 

this study were in strict agreement with the ARVO Statement for the Use of Animals in 

Ophthalmic and Vision Research. The mice were exposed to standard 12-hour dark/12-hour 
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light cycles in a room with a temperature of approximately 23°C. 

 

3. Orthotopic transplantation models of retinoblastoma 

 

As in our previous report regarding the inducement of orthotopic retinoblastoma (Kim et al. 

2007), we suspended Y79 and SNUOT-Rb1 cells (1 x 107) in phosphate buffered saline and 

intravitreally inoculated cells into the right eyes of the mice. Tumor development was evaluated 

by indirect ophthalmoscope twice a week for 4 weeks. Four weeks after inoculation, the mice 

were sacrificed and both eyes in each mouse were enucleated so that we could determine 

whether tumors had formed. 

 

4. Immunohistochemistry  

 

Formalin-fixed, paraffin-embedded enucleated eyes were cut into 4 μm-thick sequential sections. 

The sections were deparaffined and hydrated by sequential immersion in xylen and graded ethyl 

alcohol solutions, treated with proteinase K for 20 minutes at 37°C. Endogenous peroxidase 

activities were blocked with 3% H2O2 for 20 minutes. To block nonspecific bindings, sections 

were treated with blocking solution (BioGenex Laboratories, San Ramon, CA, USA) for 30 
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minutes. The sections were then incubated with primary antibodies for mouse anti-HLA-G 

antibodies (Abs) (sc-21799, Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), goat anti-

MICA Abs (AF1300, R&D Systems, Inc., Minneapolis, MN, USA), mouse anti-MICA/B Abs 

(320901, Biolegend, Inc., San Diego, CA, USA), and goat anti-ULBP-2 Abs (AF1298, R&D 

Systems, Inc., Minneapolis, MN, USA) (all 1:100) overnight at 4°C. They were subsequently 

incubated with biotinylated goat anti-mouse IgG (DakoCytomation, Glostrup, Denmark) for 

HLA-G and MICA/B and biotinylated rabbit anti-goat IgG (DakoCytomation, Glostrup, 

Denmark) for MICA and ULBP-2, followed by incubation with a streptavidin-peroxidase 

solution for 30 min. The sections were washed in PBS and color developed using the AEC 

Substrate Kit (Zymed Laboratories, San Francisco, CA) with Methylgreen for nuclear 

counterstain. Control experiments were performed by omitting the primary antibody from the 

procedure. The slides were mounted with Faramount Aqueous mounting medium (Dako) and 

observed under a light microscope (Carl Zeiss). 

 

5. Immunofluorescence  

 

The sections were permeabilized in the presence of 0.2% Triton X-100 for 20 min and 

subsequently blocked with blocking solution (BioGenex Laboratories, San Ramon, CA, USA) 
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for 30 min. Primary antibodies were used at a dilution of 1:100 and incubations performed 

overnight at 4°C. For detection of anti-HLA-G and anti-MICA/B mouse Abs, Alexa Fluor 594-

conjugated donkey anti-mouse IgG (Molecular Probes, Carlsbad, CA, USA) was used at 1:200. 

For detection of anti-MICA and anti-ULBP-2 goat Abs, Alexa Fluor 594-conjugated donkey 

anti-goat IgG (Molecular Probes, Carlsbad, CA, USA) was used at 1:200. The sections were 

washed with PBS and then incubated with rabbit anti-Ki-67 Abs (1:50; ab15580, Abcam, 

Cambridge, MA, USA). Alexa Fluor 488-conjugated donkey anti-rabbit IgG (1:100; Molecular 

Probes, Carlsbad, CA, USA) were used as secondary antibodies for immunofluorescence. The 

nuclei were counterstained with DAPI (Zhongshan Jinqiao) for 15 minutes at 37°C. The slides 

were mounted with Faramount Aqueous mounting medium (Dako) and examined by 

fluorescence microscope (Axio Observer, Carl Zeiss).  

 

6. Statistical Analysis 

The Mann-Whitney U test was used for comparing the percentage of positive cells in tumor 

periphery, and tumor center. The cut-off value of statistical significance was set at p<0.05.  
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III. Results 

 

1. HLA-G and MICA/B are expressed in the cytoplasm of retinoblastoma cells 

 

The expression of HLA-G, MICA, MICA/B, and ULBP-2 was analyzed in Y79 and SNUOT-

Rb1 retinoblastoma cell lines by immunohistochemistry. We observed different expression 

pattern for these NK cell-associated Ag. HLA-G and MICA/B were expressed in the cytoplasm 

of both retinoblastoma cell lines (Fig. 1a, b, d). In contrast, MICA and ULBP-2 were not 

expressed in both retinoblastoma cell lines (Fig. 1c, e) (SNUOT-Rb1 data are not shown). 

Control experiments without primary antibodies did not result in specific staining of 

retinoblastoma cell. 
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Figure 1. Immunohistochemical staining of orthotopic transplantation models of retinoblastoma 

(Y79) using anti-HLA-G, MICA, MICA/B, and ULBP-2 antibodies. a. HLA-G was expressed at 

the tumor periphery adjacent to sclera (b-e a higher magnification of the tumor periphery 

marked with double asterisks in a). b. HLA-G was detected with moderately staining intensities 

in cytoplasms of retinoblastoma cells. c. MICA was not identifiable. d. MICA/B was expressed 

with strongly or moderately staining intensities in cytoplasms of retinoblastoma cells. e. No 

signal was detected for ULBP-2. Scale bars: 250 μm (a) and 50 μm (b, c, d, e) 
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2. HLA-G and MICA/B are predominantly expressed at the tumor periphery 

 

It is interesting to note that HLA-G and MICA/B were mostly expressed at the tumor periphery 

(Fig. 1a). Immunofluorescence also gives rise to comparable results with that of 

immunohistochemistry (Fig. 2a-d). Only HLA-G and MICA/B were expressed (Fig. 2a, c), 

whereas, MICA and ULBP2 were not expressed (Fig. 2b, d). Also, these Ag were localized 

predominantly at the tumor periphery. This spatial expression pattern was demonstrated by 

counting the number of positively stained cells in three randomly selected tumor fields at the 

tumor periphery and center, respectively (under x200 magnification for SNUOT-Rb1, and under 

x400 magnification for Y79). The staining was scored as the percentage of positively stained 

cells. There was significant difference in levels of expression of HLA-G and MICA/B at the 

tumor periphery and at the tumor center in both SNUOT-Rb1 retinoblastoma cell lines [mean ± 

SD, SNUOT-Rb1; 27.44±4.96% (HLA-G, tumor periphery) vs. 2.47±0.87% (HLA-G, tumor 

center); p<0.05, 37.63±5.20% (MICA/B, tumor periphery) vs. 2.37±1.24% (MICA/B, tumor 

center); p<0.05] (Fig. 3a); and Y79 retinoblastoma cell lines [mean ± SD, Y79; 42.20±3.16% 

(HLA-G, tumor periphery) vs.2.27±0.90% (HLA-G, tumor center); p<0.05, 46.03±6.57% 

(MICA/B, tumor periphery) vs. 1.63±0.45% (MICA/B, tumor center); p<0.05] (Fig. 3b). 
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Figure 2. Immunofluorescence analysis of orthotopic transplantation models of retinoblastoma 

(Y79) using anti-HLA-G, MICA, MICA/B, and ULBP-2 antibodies. The sections were 

immunostained for HLA-G (red; a), MICA (red; b), MICA/B (red; c), ULBP-2 (red; d) and 

counterstained with DAPI (blue). a. HLA-G was expressed in the cytoplasms (the white arrows) 

and localized predominantly at the tumor periphery. b. MICA was not expressed. c. Note that 

MICA/B is strongly expressed and localized in the cytoplasms of retinoblastoma cells and 

shows ring-shaped immunoreactivity (the white arrows). d. ULBP-2 was not expressed. Scale 

bars: 50 μm (a, b, c, d) 
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Figure 3. Expression levels of HLA-G, MICA/B, and Ki-67 at the tumor periphery were 

compared with those at the tumor center in both retinoblastoma models. HLA-G, MICA/B, and 

Ki-67 were predominantly expressed at the tumor periphery and the differences were 

statistically significant in both SNUOT-Rb1 (a) and Y79 (b) models. *p<0.05, The Mann-

Whitney U test; bar, S.D. 
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3. Expressions of HLA-G and MICA/B are detected in more proliferative areas of 

retinoblastoma 

 

Double immunofluorescene analyses for NK cell-associated Ag and Ki-67 were performed 

together as shown in Figure 3. Ki-67-positive cells were preferentially located at the periphery 

of tumor [mean ± SD, SNUHOT-Rb1; 43.62±6.36% (tumor periphery) vs. 9.57±2.91% (tumor 

center); p<0.05] (Fig. 3a); [mean ± SD, Y79; 44.67±6.81% (tumor periphery) vs. 15.60±3.48% 

(tumor center); p<0.05] (Fig. 3b). Expression of HLA-G and MICA/B was primarily detected in 

more proliferative areas with high Ki-67 immunostaining in both SNUOT-Rb1 (Fig. 4a-d) and 

Y79 (Fig. 4e-h) retinoblastoma cell lines. 
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Figure 4. Double immunofluorescene analyses of orthotopic transplantation models of 

retinoblastoma (a-d; SNUOT-Rb1, e-h; Y79) using anti-HLA-G, MICA/B and Ki-67 antibodies 

(anti-MICA and ULBP-2 data not shown). HLA-G (red; a) and MICA/B (red; b) were 

expressed in more proliferative areas corresponding to highly Ki-67 (green; c and d) nuclear-

immunostained region that located predominantly at the tumor periphery in SNUOT-Rb1 

retinoblastoma models. Note the distinct border between the fields of positive cytoplasmic 

staining with HLA-G (red; e) and MICA/B (red; f) and those of negative staining in Y79 

retinoblastoma models. These Ag were also expressed in more proliferative areas with high Ki-

67 (green; g and h) immunostaining. Scale bars: 50 μm (a, b, c, d) and 25 μm (e, f, g, h) 
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IV. Discussion 

 

In this study, we first detected the expression of NK cell-associated Ag in retinoblastoma. We 

found that HLA-G and MICA/B were strongly expressed in cytoplasms of retinoblastoma cells 

and localized predominantly in more proliferative areas with high Ki-67 immunostaining, 

whereas MICA and ULBP-2 were not expressed. 

 Recent studies have highlighted the significance of NKG2D function in cancer 

immunosurveillance and cancer immunoediting (Madjd et al. 2007; McGilvray et al. 2009; 

McGilvray et al. 2010; Watson et al. 2006; Li et al. 2009). Although these studies describe 

frequent expression of NKG2D ligands, each NKG2D ligand does not show equal effects on 

clinical outcome but confers diverse prognostic effects in different tumors (Madjd et al. 2007; 

McGilvray et al. 2009; McGilvray et al. 2010; Li et al. 2009; Watson et al. 2006). MICA 

expression is reported to be an indicator of good prognosis in colorectal cancer (Watson et al. 

2006; McGilvray et al. 2009), while it was not significantly associated with clinical outcome in 

breast cancer and ovarian cancer (Madjd et al. 2007; McGilvray et al. 2010). ULBP-2 and 

ULBP-4 were found to be independent prognostic factors for a worse outcome in ovarian cancer 

(Li et al. 2009; McGilvray et al. 2010), while expression of MICA/B and ULBP-2 was 

associated with favorable outcome in breast cancer (de Kruijf et al. 2012). In malignant gliomas, 
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levels of MICA and ULBP-2 decreased with increasing WHO grade (Eisele et al. 2006). The 

conflicting results on the prognostic effects of NKG2D ligands on different tumors may be 

explained by functional differences in immune regulation and interaction between NKG2D and 

its ligands. Furthermore, NKG2D ligands may have different promoters and can be expressed 

heterologously in response to diverse stress response pathways in different tumors. Some tumor 

cells do not express NKG2D ligands and thus may induce anergy in immune cells and lead to 

the impairment of immunosurveillance by T and/or NK cells. On the other hand, constitutive 

overexpression of NKG2D ligands could lead to overstimulation and thereby downmodulation 

of NKG2D on the surface of immune cells, which would result in dysfunction of 

immunosurveillance (Champsaur and Lanier 2010). In the present study, each NKG2D ligand 

was expressed differently in retinoblastoma. Although the exact mechanism by which NKG2D 

and its ligands mediate immune regulation is not clearly understood, different expression of 

NKG2D ligands may contribute to tumor escape mechanisms in retinoblastoma. 

 Previous studies also have investigated the role of HLA-G in the immunobiology of 

tumors. The expression of HLA-G represents a way for tumor cells to escape from the 

immunosurveillance, similar to fetal cells invading the maternal deciduas (Bukur et al. 2003; 

Lefebvre et al. 2002; Urosevic et al. 2001; Urosevic et al. 2002; Rebmann et al. 2007; Kleinberg 

et al. 2006). HLA-G is found to be expressed in various types of tumors including renal cell 
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carcinoma (Bukur et al. 2003), breast cancer (Lefebvre et al. 2002), lung cancer (Urosevic et al. 

2001), cutaneous B-cell lymphomas (Urosevic et al. 2002), malignant melanoma (Rebmann et 

al. 2007), and retinoblastoma (Adithi et al. 2006). In retinoblastoma, increased expression of 

HLA-G was observed in invasive retinoblastoma (Adithi et al. 2006). Invasive tumors 

expressing HLA-G could escape from T and/or NK cell-mediated elimination by inhibiting the 

function of immune cells through binding to their inhibitory receptors (i.e., ILT-2, ILT-4, and 

P49/KIR2DL4) (Adithi et al. 2006). Our results are in agreement with previous studies, and 

confirm the presence of HLA-G in retinoblastoma. 

  The Ki-67 antigen is present within the nuclei of cells in the proliferating phases of 

the cell cycle (Cattoretti et al. 1992). We observed the preferential expression of HLA-G and 

MICA/B in more proliferative area with high Ki-67 immunostaining. Our findings suggest that 

NKG2D ligand expression is somewhat correlated with the tumor cell proliferation. NKG2D 

ligands expression may be induced by stimulus of proliferation or they may share a part of the 

common pathway for tumor proliferation. NKG2D ligand-expressing tumors could lead to 

overstimulation and thereby insensibility or anergy of immune cells, which would result in 

impairment of immunosurveillance (Champsaur and Lanier 2010). Further studies are needed to 

understand the exact functioning and expression pathway of NKG2D ligands and the correlation 

of NKG2D ligand expression and in vitro cell-to-cell cytotoxicity.  
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 Although the relationship of NKG2D ligands expression with clinical outcome of 

retinoblastoma has not been provided, our results suggest that NKG2D ligands play a crucial 

role in immunomodulation in retinoblastoma and provide additional evidence that tumor-

immune interactions play an essential role in retinoblatoma. Further research is required to 

analyze the expression of more diverse groups of NKG2D ligands and associations with clinical 

outcome and prognosis of retinoblastoma. In conclusion, our results showed that HLA-G and 

MICA/B were strongly expressed in retinoblastoma cells and localized predominantly in more 

proliferative areas. A better knowledge of the mechanisms responsible for function and 

expression of NK cell-associated Ag is necessary to investigate the immunology of 

retinoblastoma. This knowledge may lead to the clinical exploration of the potential for using 

NKG2D ligand as a target for boosting the immune response against retinoblastoma.  
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요약 (국 록) 

 

망막모 포종 동 모델에  

자연살해 포  연  항원 발 에 한 연구 

 

자연살해 포는 천면역  담당하는 요한 포이다. 근 종양면역학에  자연

살해 포   용체인 NKG2D가 연  면역 인식 과 과, non-classical 

MHC class I 분자  하나인 HLA-G  역할이 부각 고 있 나, 망막모 포종에

는 아직 이  같  연구가 행해진 바가 없다. 이에 본 연구는 다른  포주를 

용한 망막모 포종 동소이식동 모 에  면역조직 학법과 면역 염색법  이

용하여 HLA-G  인 NKG2D 리간드인 MICA, MICA/B, ULBP-2  발  

양상이 어떠한지를 알아보고자 하 다. HLA-G  MICA/B는 망막모 포종 포  

포질 부 에  발  인하 고, 이는 주로 종양 지 (tumor nest) 에

도 주변부에  발  도가 높았다. 반면 MICA  ULBP-2는 발 지 않았다. 

Ki-67  이용한 이 면역 염색  통해 HLA-G  MICA/B는 주로 Ki-67  

발  도가 높 , 종양 주변부  른 증식  보이는 부 에  그 발  양상이 높

 것  인하여 NKG2D 리간드 발 이 종양 포 증식과 연 이 있  시사

하 다. 본 연구  결과를 통해 NKG2D 리간드가 망막모 포종에 도 면역조 에 
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요한 역할  하고 있  알  있었다. 추후 망막모 포종  임상 경과나 후

 NKG2D 리간드 발  양상과  계, 망막모 포종에  욱 다양한 NKG2D 

리간드에 한 발  양상에 한 연구가 이루어 야 할 것이다.  

 

주요어 : 망막모 포종, NKG2D, HLA-G, MICA, MICA/B, ULBP-2 

학번 : 2010-24239 
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