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Article

Introduction
It is widely accepted that the natural history of human neo-
plasms is influenced by a variety of microenvironmental 
factors, such as blood supply, hypoxia, and immunological 
surveillance. Natural killer (NK) cells are one of the key 
players in the immunological response to neoplastic cells, 
and their function is regulated by a delicate balance of sig-
nals initiated from a variety of activating and inhibitory 
receptors on NK cells. The activating receptor NKG2D 
(natural-killer group 2, member D) belongs to the family of 
C-type lectin-like type II transmembrane proteins and is 
expressed by a range of effector cells, such as NK cells, 

NKT cells, γδT cells (Wu et al. 1999; Jamieson et al. 2002) and 
CD8+ T cells (Ehrlich et al. 2005). One of the characteristics 
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Summary 
The MHC class I-chain-related proteins (MICs) and the UL16-binding proteins (ULBPs) are inducible stress response 
molecules that work as activators of a specific receptor, NKG2D, which is expressed on effector cells, such as NK cells 
and subsets of T cells. In this study, we sought to explore the biological significance of NKG2D ligands in human neoplasms 
by comprehensively examining the immunohistochemical expression profile of NKG2D ligands in a variety of human 
epithelial neoplasms. Following careful validation of the immunohistochemical specificity and availability of anti-human 
ULBP antibodies for formalin-fixed paraffin-embedded (FFPE) materials, the expression of NKG2D ligands was analyzed 
in FFPE tissue microarrays comprising 22 types of epithelial neoplastic tissue with their non-neoplastic counterpart from 
various organs. Hierarchical cluster analysis demonstrated a positive relationship among ULBP2/6, ULBP3, ULBP1, and 
ULBP5, whose expression patterns were similar across all of the neoplastic tissues examined. In contrast, MICA/B, as 
well as ULBP4, did not appear to be related to any other ligand. These expression profiles of NKG2D ligands in human 
neoplasms based on well-validated specific antibodies, followed by hierarchical cluster analysis, should help to clarify some 
functional aspects of these molecules in cancer biology, and also provide a path to the development of novel tumor- 
type-specific treatment strategies. (J Histochem Cytochem 63:217–227, 2015)
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of the NKG2D system is that there are multiple ligands for 
the receptor. The NKG2D receptor ligands are distant 
homologs of major histocompatibility complex (MHC) 
class I molecules (Bauer et al. 1999; Cerwenka et al. 2000; 
Diefenbach et al. 2000), and include two families in humans: 
the MHC class I-chain-related proteins (MIC) A and B 
(Bauer et al.1999), and the UL16-binding proteins (ULBPs) 
1-6 (Cosman et al. 2001; Radosavljevic et al. 2002; 
Chalupny et al. 2003; Bacon et al. 2004; Eagle et al. 2009b). 
The amino acid sequences and domain structures of NKG2D 
ligands are variable. MICA and MICB consist of α1, α2 and 
α3 domains (Bauer et al. 2000; Bahram et al. 1994), whereas 
each ULBP consists of only two Ig-like domains (α1 and 
α2). Moreover, two members (ULBPs 4, -5) of the ULBP 
family are anchored to the cell membrane by a transmem-
brane region, whereas other members are linked to the cell 
surface via glycosyl-phosphatidylinositol anchors (Bacon 
et al. 2004; Eagle et al. 2009b). Although NKG2D, as a 
single receptor, combines with these several distinct ligands, 
it is still unclear why multiple ligands exist for this one 
invariant receptor.

The cellular expression of these ligands can be up- 
regulated in response to a variety of stimuli, such as viral 
infection, tissue ischemia, heat shock and malignant trans-
formation (Groh et al. 1996; Gasser et al. 2005; Groh et al. 
2001). In humans, the expression of NKG2D ligands is 
known to be rare in normal tissues, but frequent in both 
primary tumors and tumor-derived cell lines (Groh et al. 
1996; Raffaghello et al. 2004; Pende et al. 2002; Coudert et 
al. 2006). Many reports have already described the expres-
sion of MICA/B in a broad range of normal and tumor tis-
sues in humans, including various carcinomas (breast, 
lung, colon, kidney, ovary and prostate), leukemias, glio-
mas, neuroblastomas and melanomas (Groh et al. 1999; 
Vetter et al. 2002; Friese et al. 2003; Salih et al. 2003; 
Watson et al. 2006; Castriconi et al. 2007). Similarly, it has 
been reported that ULBPs are expressed in several types of 
human tumors, and that up-regulation of NKG2D ligands 
in cancer is associated with patient survival (McGilvray et 
al. 2010; McGilvray et al. 2009). Moreover, recent studies 
have strongly suggested that the expression levels of these 
ligands are associated with enhanced antibody-dependent 
cell-mediated cytotoxicity (ADCC) activity (Inagaki et al. 
2009), which is one of the key mechanisms responsible for 
the antitumor effect of antibody therapeutics. This topic is 
of considerable interest because the potential to manipulate 
NKG2D ligand expression could offer promise in the treat-
ment of tumors. However, as comprehensive details of 
NKG2D ligand expression patterns in human tissues are 
still largely lacking, the significance of NKG2D ligands in 
the pathobiological behavior of human neoplasms remains 
speculative. In previous immunohistochemical studies, the 
specificity of the antibodies employed was unclear, and 

both the analyzed neoplasms and ligands were consider-
ably limited.

This study identified the specificity of the antibodies 
using transfected cells, and clarified differences in ligand 
expression between non-neoplastic and neoplastic tissues in 
the same individual. This is the first reported study to have 
clarified the expression patterns of eight NKG2D ligands 
during malignant transformation using six validated and 
specific antibodies.

Materials & Methods

Plasmid Construction

To construct vectors for FLAG-ULBP overexpression, the 
following cDNA clones were used: ULBP1 (clone 
AK292519; NITE Biological Resource Center (NBRC)), 
ULBP2 (clone MGC:21383; American Type Culture 
Collection (ATCC)), ULBP3 (clone AK315275; NBRC) 
and ULBP4 (clone MGC:125309; ATCC). ULBP5 and 
ULBP6 were cloned by PCR from cDNA derived from 
HEK-293 cells and HeLa cells, respectively. The amplifica-
tion was performed using KOD plus version 2 DNA poly-
merase (Toyobo; Osaka, Japan). The primer sequences for 
ULBP5 and ULBP6 were 5’-TGCTGTCCC 
CTGCGATCCAA-3’ and 5’-TCAAGATATGGAGACC 
TGTAGTGGC-3’, and 5’-GTCCCCAGCCCTCCTGGT-3’ 
and 5’-TCAGATGCCAGGGAGGATGAAG-3’, respec-
tively. The amplified products were cloned into the pGEM 
T-easy vector (Promega; Madison, WI). No substantive 
mutation was found in the sequences of the isolated ULBP5 
and ULBP6 cDNAs. Each of the ULBP1-6 clones was 
amplified using gene-specific primers (Table 1), and ligated 
into the pFLAG-CMV-3 vector (Sigma-Aldrich; St. Louis, 
MO).

Transfection

COS7 cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, Invitrogen; Carlsbad, CA) containing 
10% FCS, at 37C in a humidified 5% CO

2
 atmosphere. For 

transient transfection, cells were seeded on 6-well plates 
and grown to 40%–50% confluence. Transfection was per-
formed using FugeneHD (Roche Diagnostics; Indianapolis, 
IN) in accordance with the manufacturer’s protocol. After 
incubation for 48 hr, the transfected cells were scraped off 
the plates, and the expression of each ULBP was checked 
using some of the cells by western blot analysis with rabbit 
anti-FLAG antibody (Sigma-Aldrich). Collected cell pellets 
not lysed for western blotting were fixed in 10% formalin 
and embedded in paraffin to prepare FFPE cell blocks. 
NKG2D ligand-transfected and non-transfected COS7 cells 
were mixed at a ratio of 1:9 in the cell block.
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Antibodies and Immunohistochemical Validation 
using FFPE-transfected Cell Blocks

Antibodies against NKG2D ligands were obtained from the 
following sources: anti-MICA/B monoclonal antibody 
(mAb) from Biolegend (San Diego, CA); anti-ULBP1 and 
anti-ULBP3 goat polyclonal antibodies (pAbs) from R&D 
Systems (Minneapolis, MN); anti-ULBP2 rabbit pAb from 
Novus Biologicals (Littleton, CO); and anti-ULBP4 goat 
pAb from Santa Cruz Biotechnology (Dallas, TX). To 
obtain a specific anti-ULBP5 antibody capable of discrimi-
nating ULBP5 from the very similar proteins ULBP2 and 
ULBP6, a rabbit pAb was generated in-house against a pep-
tide corresponding to part of the cytoplasmic region of 
ULBP5 (Eagle et al. 2009a). This synthetic peptide 
(CNNGAARYSEPLQVSIS; Hokudo, Sapporo, Japan) was 
conjugated to keyhole limpet hemocyanin for immuniza-
tions and to bovine serum albumin for ELISA screening. 
We performed the immunostaining with negative control 
antibodies (mouse IgG, goat IgG, and rabbit IgG; Santa 
Cruz Biotechnology) to confirm the non-specific binding of 
immunoglobulins to tissue.

Immunohistochemical analysis of ULBPs was performed 
using FFPE cell blocks. Fresh, 5-μm-thick sections were 
placed on coated glass slides, deparaffinized, and rehydrated. 
The deparaffinized sections were then heat-treated with anti-
gen retrieval solution (Target Retrieval Solution, pH 9.0; 
Dako; Glostrup, Denmark) at 95C for 20 min using the Dako 
PT Link system. After blocking of endogenous peroxidase 
using Dako Peroxidase-Blocking Solution, the sections were 
incubated for 30 min at room temperature with specific anti-
bodies: anti-MICA/B (dilution 1:50), anti-ULBP1 (1:100), 
anti-ULBP2 (1:500), anti-ULBP3 (1:50), anti-ULBP4 (1:50), 
and anti-ULBP5 (1:50). Detection was then performed using 
a standard polymer method in accordance with the manufac-
turer’s instructions (EnVision Flex system for mouse mAb 
and rabbit pAb, Dako; and SimpleStain system for goat pAb, 
Nichirei; Tokyo, Japan). These immunohistochemical reac-
tions were performed using an automated immunostaining 
system (Autostainer Plus, Dako).

Immunohistochemical Analysis using Tissue 
Microarray (TMA)

Tumors and adjacent non-neoplastic tissues were retrieved 
from surgical specimens in the pathology files of Hokkaido 

University Hospital covering the period from 1997 to 2005. 
The tissue specimens were fixed in 10% neutral-buffered 
formalin for 24 to 48 hr, and then embedded in paraffin 
wax. TMA was prepared using the following procedure. 
Specifically, each hematoxylin and eosin-stained sections 
from FFPE tissue blocks were evaluated to locate represen-
tative areas for further analysis. Needle core samples (2.0 
mm) were cut out from the corresponding areas of the block 
and then placed at pre-specified coordinates in recipient 
paraffin array blocks using a manual tissue microarrayer 
(Sakura Finetek Japan, Tokyo). Thus, array blocks, each 
containing between 37 and 42 cores, were constructed, cov-
ering a total of 123 FFPE tumor tissue samples derived 
from 22 types of primary epithelial neoplasms (n=5 for each 
case, except for thyroid follicular carcinoma [n=3]) and 
their non-neoplastic counterpart with normal morphology 
(Table 2). Characteristics of the patients and tumors are 
shown in Supplementary Table 1.

Immunohistochemical analysis of MICA/B and ULBPs 
was performed using TMA materials as described above. 
The intensity of staining was assessed according to a semi-
quantitative system as no (score 0), low (score 1) or high 
(score 2) expression (Fig. 1A–1C). The judgment of Score 
2 was based on the previous study of Henriksen and others 
(2007), which examined the use of the Allred Score for 
semi-quantitative scoring of cytoplasmic staining. An 
Intensity Score (IS) for the Allred Score of 2 (intermedi-
ate) or 3 (strong) was considered equivalent to Score 2 in 
the present study, and Score 1 in the present study was 
assumed to represent a positive reaction with lower 
intensity.

Each assessment was performed independently by two 
observers and, in a few cases where there was discrepancy 
between the observers, a joint review was performed using 
a double-headed microscope, and a consensus was reached. 
In each case, scores of 0 and 1 were defined as negative, and 
a score of 2 was defined as positive.

Statistical Analysis

Hierarchical clustering analysis was performed based on 
the proportion of positive cases (positivity rate) for each tis-
sue type in order to analyze inter-ligand or inter-tissue rela-
tionships. Significance was established at p <0.05. All 
statistical analyses were performed using the SPSS soft-
ware package (SPSS Inc; Chicago, IL). Fisher’s exact test 

Table 1.  Primer Sequences for Cloning of FLAG-tagged UL16-binding proteins (ULBPs).

Forward (5′ to 3′) Reverse (5′ to 3′)

ULBP1 cccAAGCTTgggGGATGGGTCGACA tgctctagagcaTCATCTGCCAGCTAGAATGA
ULBP2 cccAAGCTTgggGACCCTCACTCTCTT tgctctagagcaTCAGATGCCAGGGAGGAT
ULBP3 cccAAGCTTgggGACGCTCACTCTCTC tgctctagagcaTCAGATGCCAGGGAGGAT
ULBP4 cccAAGCTTgggCACTCTCTTTGCTTCA tgctctagagcaCTAAGACGTCCTCAAGGGCCA
ULBP5 cccAAGCTTgggGACCCTCACTCTCTT tgctctagagcaTCAAGATATGGAGACCTGTAG
ULBP6 cccAAGCTTgggAGGCGAGACGACC tgctctagagcaTCAGATGCCAGGGAGGAT
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was used to determine the significance of differences in 
ligand expression between neoplastic and non-neoplastic 
tissues based on the scoring results (Score 0–2).

Results

Validation of Specific Antibodies against NKG2D 
Ligands

For antibody validation, several commercial antibodies 
were screened using western blotting with cell lysates pre-
pared from each respective ULBP transfectant. 
Immunohistochemical specificity and applicability on the 
FFPE cell block of each transfectant were also checked. As 

shown in Figure 2, the pAbs against ULBP1, ULBP3, 
ULBP4 and ULBP5 used in this study all showed a specific 
reaction in western blotting, and were applicable to the 
FFPE cell blocks. The pAb against ULBP2 was shown to be 
cross-reactive with both ULBP5 and ULBP6 in western 
blotting (Fig. 2A), with only ULBP6 showing cross-reactiv-
ity with FFPE immunohistochemistry (Fig. 2B). Therefore, 
this pAb was evaluated as a dual antibody against ULBP2/6 
in subsequent immunohistochemistry experiments. We per-
formed additional western blot analysis using lysate pre-
pared from HeLa cells, which are known to express NKG2D 
ligands, and this revealed a band at the expected position. In 
addition, we confirmed that the expression was changed by 
cellular stress (using phorbol myristate acetate and cobalt 

Table 2.  Comparison of NKG2D Ligand Expression between Non-neoplastic and Neoplastic Tissues.

ULBP1 ULBP2/6 ULBP3 ULBP4 ULBP5 MICA/B

Tissue type
Positivity 
rate (%) p

Positivity 
rate (%) p

Positivity 
rate (%) p

Positivity 
rate (%) p

Positivity 
rate (%) p

Positivity 
rate (%) p

Lung Alveolar epithelium 20 0.524 0 1.000 20 1.000 0 1.000 0 0.167 20 1.000
Adenocarcinoma 60 20 40 20 60 20

Lung Bronchial epithelium 100 0.143 33 1.000 33 0.375 0 - 67 0.107 0 -
Squamous cell carcinoma 20 20 0 0 0 0  

Esophagus Squamous epithelium 0 0.444 0 0.524 0 1.000 0 0.206 0 0.048* 0 1.000
Squamous cell carcinoma 20 20 20 40 0 20

Stomach Mucosal epithelium 60 1.000 40 1.000 80 1.000 40 0.524 20 0.524 40 0.524
Adenocarcinoma 80 60 80 80 60 60  

Colon Mucosal epithelium 60 0.444 40 0.524 60 0.444 20 0.206 20 0.206 100 -
Adenocarcinoma 100 80 100 80 80 100  

Liver Hepatocyte 100 - 60 1.000 80 1.000 100 0.444 80 1.000 40 1.000
Hepatocellular carcinoma 100 60 40 60 100 40  

Liver Intrahepatic bile duct epithelium 60 1.000 0 0.167 60 1.000 0 - 0 1.000 0 0.206
Intrahepatic cholangiocarcinoma 80 60 60 0 20 40  

Bile duct Bile duct epithelium 80 0.524 40 1.000 40 1.000 40 1.000 80 0.524 80 0.206
Adenocarcinoma 40 40 60 40 40 20  

Pancreas Pancreatic ducts 100 0.008** 20 1.000 60 0.524 60 0.167 60 0.524 20 1.000
Adenocarcinoma 0 0 20 0 20 0  

Prostate Glandular epithelium 100 1.000 40 1.000 0 1.000 60 0.524 0 - 0 1.000
Adenocarcinoma 80 20 20 20 0 0  

Kidney Renal tubular epithelium 100 0.048** 100 0.048** 100 0.008** 100 0.008** 75 0.206 50 0.286
Renal cell carcinoma 20 20 0 0 20 0  

Renal pelvis Urothelial epithelium 50 1.000 50 0.524 100 - 100 1.000 75 1.000 75 0.206
Urothelial carcinoma 60 80 100 80 60 20  

Breast Ductal epithelium 50 1.000 25 0.206 50 1.000 25 0.524 75 0.524 25 1.000
Ductal carcinoma 60 80 60 60 40 40  

Uterine cervix Squamous epithelium 0 1.000 0 0.444 0 0.008* 0 0.048* 0 0.444 0 0.286
Squamous cell carcinoma 20 40 100 80 40 20  

Uterine corpus Endometrial glands 33 0.679 0 0.018* 67 0.375 67 1.000 67 0.375 33 1.000
Adenocarcinoma 60 100 100 80 100 20  

Thyroid Follicular epithelium 0 0.048* 20 0.460 0 0.016* 0 0.048* 0 0.008* 0 0.365
Papillary carcinoma 80 60 80 80 100 60  

Thyroid Follicular epithelium 0 0.100 0 0.100 0 0.400 0 0.400 0 0.100 0 1.000
Follicular carcinoma 100 100 67 0 100 33  

Tongue Squamous epithelium 0 0.048* 0 0.206 0 - 0 0.095 0 0.206 0 1.000
Squamous cell carcinoma 0 0 0 60 0 0  

Larynx Squamous epithelium 0 0.206 0 0.444 0 0.524 0 0.048* 0 0.008* 0 0.444
Squamous cell carcinoma 20 0 0 40 60 20  

Skin Squamous epithelium 0 1.000 0 1.000 0 - 20 1.000 0 1.000 20 1.000
Squamous cell carcinoma 0 0 0 40 20 20  

The significance of differences in expression of each NKG2D ligand between neoplastic and non-neoplastic tissues was determined using Fisher’s exact test (p<0.05).  
* Positive correlation, ** Negative correlation. ULBP, UL16-binding protein; MIC, MHC class I-chain-related proteins.
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chloride) (Supplementary Fig. S1). The MICA/B mAb 
(clone 6D4) showed no cross-reaction with any of the 
ULBP transfectants and was specifically applicable to FFPE 
immunohistochemistry (data not shown).

Immunohistochemical Distribution and 
Expression Profile of NKG2D Ligands in Non-
neoplastic Tissues

Immunohistochemistry for NKG2D ligands consistently 
demonstrated a predominantly diffuse cytoplasmic and 

partial membranous staining pattern, as reported previously 
(Groh et al. 1999; McGilvray et al. 2010; McGilvray et al. 
2009; Eagle et al. 2009a; Eagle et al. 2009b). Among non-
neoplastic tissues, there were several patterns of NKG2D 
ligand expression. As shown by the heatmap in Figure 3, the 
positivity rate for each tissue type varied widely between 
20% and 80% depending on ligand species. Generally, squa-
mous epithelium of organs such as the tongue, larynx, esoph-
agus and skin expressed NKG2D ligands less frequently than 
glandular epithelium of organs such as the endometrium, 
breast, gastrointestinal tract, and prostate (Fig.4).

Figure 1.  Representative immunohistochemical patterns of NKG2D ligands. The intensity of staining, as the proportion of positive 
cases among all cases, was assessed using a semi-quantitative system as: no (A; score 0 in MICA/B), low (B, score 1 in ULBP3) or high (C; 
score 2 in ULBP5) by two observers. Scores of 0 and 1 were defined as negative, and a score of 2 was defined as positive. Scale, 100 μm.

Figure 2.  Validation of antibodies using ULBP-transfected COS7 cells. We confirmed the specificity of all antibodies against UL16-
binding proteins (ULBP) using western blotting with cell lysates (A) and immunohistochemistry with a FFPE cell block (B) prepared from 
each ULBP transfectant, respectively. The anti-ULBP2 antibody cross-reacted with ULBP5 and ULBP6 in western blotting but only with 
ULBP6 in FFPE. Therefore, this antibody was used to mark ULBP2 and ULBP6. Scale, 50 μm.
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To obtain immunohistochemical expression profiles for 
NKG2D ligands in non-neoplastic tissues, hierarchical clus-
ter analysis was performed based on the positivity rate for 
each non-neoplastic tissue type (Fig. 3). According to tissue-
based cluster analysis, non-neoplastic tissues were divided 
into three clusters: 1) N-null type, which was effectively 
negative for all ligands; 2) N-variable type, which showed 
diverse expression among the ligands; and 3) N-complete 
type, which showed a high positivity rate for almost all of the 
ligands (N-; normal). The N-variable type showed a closer 
relationship to the N-complete type than did the N-null type 
(dendrogram on the right side in Fig. 3). The N-null type typi-
cally included all squamous epithelia, as well as the pulmo-
nary alveolar epithelium. The N-variable type included 
mainly mucosal glandular epithelium. The N-complete type 
included epithelial cells with specific functions, such as uro-
thelial epithelium, hepatocytes, and pancreatic acinar cells. 
Ligand-based cluster analysis was then performed, and this 
demonstrated two distinct clusters: ULBP5-ULBP3-MICA/B 
and ULBP2/6-ULBP1-ULBP4 (Fig. 3, upper side).

Immunohistochemical Expression Profile of 
NKG2D Ligands in Neoplastic Tissues

Unlike with non-neoplastic tissues, the neoplastic tissues 
were divided into five clusters by tissue-based cluster 

analysis (Fig. 5): T-null type, T-variable A, B, and C types, 
and T-complete type (T-; tumor). Squamous cell carcino-
mas of the tongue, skin, esophagus, and lung were catego-
rized as T-null type. The T-variable A type, which showed 
an expression pattern similar to that of the T-null type and 
thus belonged to the same parental cluster, included pul-
monary adenocarcinoma and intrahepatic cholangiocarci-
noma. The T-variable B and C types, derived from the 
same parental clusters as the T-complete type, lacked 
MICA/B and ULBP4 expression, respectively (Figs. 5 and 
6). Among squamous cell carcinomas, only that of the 
uterine cervix was categorized into the T-variable B type 
cluster, showing an increased positivity rate for several 
NKG2D ligands such as ULBP3 and ULBP4, unlike squa-
mous cell carcinomas of other organs. Interestingly, some 
tumors showed different expression patterns of NKG2D 
ligands according to histological type, even though they 
arose from the same tissues and organs, such as carcino-
mas of the thyroid and ovary (Fig. 7). Ligand-based clus-
ter analysis demonstrated a relatively close relationship 
among ULBP2/6, ULBP3, ULBP1, and ULBP5, whose 
expression patterns were similar across the neoplastic tis-
sues examined. On the other hand, MICA/B and ULBP4 
were unlike the other ligands and also each other, showing 
a unique expression pattern (dendrogram at the top of  
Fig. 5).

Figure 3.  Expression profiles for 
NKG2D ligands in non-neoplastic 
epithelial tissues. Hierarchical cluster 
analysis based on the expression 
profiles of NKG2D ligands 
demonstrated two distinct ligand-
based clusters and three distinct 
tissue-based clusters: white, N-null 
type; blue, N-variable type; pink, 
N-complete type (right side).
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Comparison of NKG2D Ligand Distribution 
between Neoplastic and Non-neoplastic Tissues 
in Human Organs

To evaluate the biological significance of NKG2D ligands 
in human tumors, differences in the immunohistochemical 
scores for each ligand in a specific tissue type were ana-
lyzed between neoplastic tissues and their non-neoplastic 
counterparts with normal morphology. Some types of neo-
plastic tissues had lower expression scores than their non-
neoplastic counterpart with normal morphology. Pancreatic 
adenocarcinoma showed significantly lower scores for 
ULBP1 than did non-neoplastic pancreatic ducts. Scores for 
ULBP1, ULBP2/6, ULBP3 and ULBP4 were significantly 
lower in clear cell renal cell carcinoma than in renal tubules. 
In contrast, several tumor types showed significantly higher 
expression scores than their non-neoplastic counterparts 
with normal morphology. For instance, in the uterine cer-
vix, squamous cell carcinoma showed higher expression 
scores than non-neoplastic squamous epithelium (ULBP3 
and ULBP4). Endometrioid adenocarcinoma showed higher 
expression scores than endometrial glands (ULBP2/6), and 
squamous cell carcinoma of the larynx showed higher 
expression scores than laryngeal squamous epithelium 
(ULBP4 and ULBP5). For MICA/B, there was no signifi-

cant difference in expression between neoplastic and non-
neoplastic tissues.

Discussion

In this study, we attempted to obtain an accurate overall pic-
ture of the expression patterns of NKG2D ligands in a vari-
ety of human tissues, both neoplastic and non-neoplastic, 
by employing well-validated specific antibodies. A critical 
issue affecting the reliabilityof immunohistochemistry is 
the specificity and applicability of the antibodies used. 
Because of this point, the results of previous immunohisto-
chemical studies of human NKG2D ligands need to be vali-
dated. In fact, our pilot study using western blotting revealed 
that several commercially available antibodies against 
ULBP2 cross-reacted with ULBP5 and ULBP6 (data not 
shown), and existing commercially available antibodies 
against ULBP5 were not applicable for FFPE immunohisto-
chemistry. Therefore, we first validated the specificity and 
FFPE applicability of the antibodies very carefully, includ-
ing commercially available antibodies and an antibody we 
had raised ourselves. As a result, we succeeded in distin-
guishing six different NKG2D ligands reliably on the basis 
of FFPE tissue immunohistochemistry: ULBP1, ULBP2/6, 
ULBP3, ULBP4, ULBP5, and MICA/B.

Figure 4.  Diverse expression of NKG2D ligands in non-neoplastic prostate tissue. The upper panels show immunohistochemistry for 
ULBP1 (A), ULBP2/6 (B), and ULBP4 (C) as positive, and the lower panels for MICA/B (D), ULBP3 (E), and ULBP5 (F) as negative. Scale, 
100 μm. 
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As described above, previous reports have indicated that 
there was almost no expression of NKG2D ligands in nor-
mal tissues, whereas the present study demonstrated diverse 
expression of NKG2D in non-neoplastic tissues with an 
apparently normal histology. This difference may be attrib-
utable to the fact that, in the present study, clinical samples 
were obtained from cancer patients, but not from healthy 
individuals, and tumor-associated changes, such as inflam-
mation or immunological reaction, may have occurred in 
the otherwise apparently normal cells and tissues from these 
patients. Therefore, in order to minimize the impact of this 
potential limitation on our evaluation of normal tissues, we 
focused on differences in the expression levels of each 
NKG2D ligand between neoplastic and corresponding non-
neoplastic lesions in the same individual.

Tissue-based cluster analysis divided non-neoplastic tis-
sues into the N-null type, which consisted mainly of com-
mon stratified squamous epithelium (tongue, larynx, 
esophagus, uterine cervix, and skin) and simple flattened 
epithelium (alveolar epithelium of the lung); the N-variable 
and N-complete types consisted mainly of non-squamous 
epithelia, such as ductal and glandular epithelial cells. 

Accordingly, it appears that, in general, NKG2D ligands are 
of less importance for maintaining the function of squa-
mous epithelial cells unless they are subjected to severe 
pathological disturbance. Although most squamous epithe-
lia showed a low level of expression, characteristic expres-
sion of ULBP4 was observed in the skin, in agreement with 
a recent study (Chalupny et al. 2003). In contrast, in ductal 
or glandular epithelial cells, at least one of the NKG2D 
ligands was frequently expressed, though any significant 
relationship was not found with specific ligands. This 
implies that local NK cell-mediated immunological defense 
may differ between squamous- and glandular epithelium-
lined tissues, and may be variably regulated among tissues 
and organs. In addition, groups of ligands shared a similar 
expression pattern in non-neoplastic tissues, and cluster 
analysis revealed two distinct clusters: the ULBP5-ULBP3-
MICA/B cluster and the ULBP2/6-ULBP1-ULBP4 cluster 
(Fig. 3). Thus, it seems possible to assume that ligand 
expression in normal cells might be regulated in a ligand-set 
manner, at least in some tissues. More interestingly, on the 
basis of a comparative analysis of the gene promoters of the 
six NKG2D ligands reported by Eagle et al. (2006), ligands 

Figure 5.  Expression profiles 
of NKG2D ligands in neoplastic 
epithelial tissues. Hierarchical 
cluster analysis based on the 
expression profiles of NKG2D 
ligands demonstrated five distinct 
tissue-based clusters: white, T-null 
type; blue, T-variable A type; yellow, 
T-variable B type; green, T-variable 
C type; pink, T-complete type. A 
dendrogram constructed from the 
expression profiles obtained in the 
ligand-based cluster analysis (top) 
was similar to the phylogenetic 
tree based on the DNA promoter 
sequences of the ligands reported 
previously by Eagle et al. (2006). 
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were divisible into three groups using specific antibodies: 
ULBP2/6 and ULBP5; ULBP1 and ULBP3; and MICA/B 
and ULBP4. In fact, each of the two clusters presented in 
this study includes either one of the ligands in each group.

With regard to neoplastic tissues, recent studies have 
revealed that MICs and ULBPs are variably expressed, and 
often co-expressed in ovarian (McGilvray et al. 2010) and 
colorectal (McGilvary et al. 2009) cancers, and that their 
expression is associated with prognosis. However, whether 
there are many correlations of ligand expression pattern 

among various tissues and organs remains an interesting 
question. In the present study, ligand-based cluster analysis 
of neoplastic tissues indicated that the dendrogram (based 
on immunohistochemical expression profiles) was closely 
similar to the phylogenetic tree (constructed on the basis of 
the ligand promoter DNA sequences; Fig. 5, inset shows the 
phylogenic tree presented by Eagle et al. (2009)). This simi-
larity between these two molecular features—the protein 
expression profile in neoplastic tissues and DNA phylogeny 
in normal cells—may imply that genetic control of NKG2D 

Figure 6.  Variable expression pattern of NKG2D ligands in uterine endometrial carcinoma. Uterine endometrial carcinoma was placed 
in the T-variable B group (Figure 5). Only MICA/B showed a negative pattern (A), whereas the other ligands, including ULBP3 (B) and 
ULBP4 (C), were positive. Scale, 100 μm.

Figure 7.  Differential expression of NKG2D ligands between the two histological types of thyroid carcinoma. Thyroid follicular 
carcinoma was divided into the T-variable C type (A–C; B was Score 0), and papillary carcinoma into the T-complete type (D–F). (F) 
Inset shows non-neoplastic follicular epithelium. Scale, 50 μm.
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ligand expression is basically conserved even during cellu-
lar stress resulting from malignant transformation, without 
marked epigenetic alteration.

Histologically, most squamous cell carcinomas, espe-
cially those of the upper aerodigestive tract (tongue, lar-
ynx, esophagus and lung) and skin, were included in the 
T-null type. The only exception was squamous cell carci-
noma of the uterine cervix, because it showed a relatively 
high rate of ligand positivity (T-variable B). Textor et al. 
(2008) also investigated the differential expression of 
NKG2D ligands in cervical carcinogenesis, and demon-
strated an increased rate of positivity for MICA in 20% of 
cervical carcinomas, being similar to the rate we observed 
in the present study. Close association with HPV infection 
as a carcinogenetic factor may be one of the explanations 
for this unique characteristic of squamous cell carcinoma 
of the uterine cervix. On the other hand, tissue-based clus-
ter analysis of neoplastic tissues demonstrated that null-
type squamous cell carcinomas, except for those of the 
lung, specifically expressed ULBP4, unlike other tissues in 
the null-type cluster. This expression pattern of ULBP4 is 
similar to that of a murine homologue H60c (Takada et al. 
2008), as reported by Whang et al. (2009). However, no 
expression of ULBP4 was observed in squamous cell car-
cinoma of the lung. This difference may be attributable to 
a non-squamous origin of squamous cell carcinoma in the 
lung; i.e., de novo squamous carcinogenesis from bron-
chial columnar epithelium.

In this study, using validated and specific antibodies, we 
analyzed the immunohistochemical expression of NKG2D 
ligands in neoplastic lesions and their normal counterpart 
tissues. The results indicated that epithelial neoplasms 
show a characteristic pattern of NKG2D ligand expression, 
suggesting that expression of the ligand proteins may be 
controlled by promoter-dependent transcriptional regula-
tion. The data presented should serve as a useful reference 
for other investigators in future studies of NKG2D ligand 
functions. For instance, neoplasms expressing NKG2D 
ligands might be potential targets for antibody-based ther-
apy, and NKG2D ligand expression might be useful as a 
surrogate marker reflecting ADCC activity. Our present 
study has attempted to clarify why multiple NKG2D 
ligands exist, and also the patterns of expression of NKG2D 
ligands in various neoplasms, as we considered that these 
molecules could have potential therapeutic applications as 
direct targets and modulators of ADCC activity in a variety 
of neoplasms through antibody treatment. In addition, 
these IHC evaluations may yield some predictive markers. 
We also considered that future studies focusing on correla-
tions with clinical factors might lead to the identification of 
prognostic markers.
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