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Background: Pancreatic cancer is one of the most lethal cancers worldwide, due to the lack 

of efficient therapy and difficulty in early diagnosis. ULBPs have been shown to behave as 

important protectors with prognostic significance in various cancers.

Materials and methods: Immunohistochemistry and enzyme-linked immunosorbent assays 

were used to explore the expression of ULBPs in cancer tissue and in serum, while survival 

analysis was used to evaluate the subsequent clinical value of ULBPs.

Results: Statistics showed that high expression of membrane ULBP1 was a good biomarker 

of overall survival (18 months vs 13 months), and a high level of soluble ULBP2 was 

deemed an independent poor indicator for both overall survival (P,0.001) and disease-free 

survival (P,0.001).

Conclusion: ULBP1 provides additional information for early diagnosis, and soluble ULBP2 

can be used as a novel tumor marker to evaluate the risk of pancreatic cancer patients.

Keywords: pancreatic cancer, NKG2D ligands, prognostic marker, cancer immunotherapy

Introduction
Pancreatic cancer (PC) has a high mortality rate, due to the lack of methods for early 

diagnosis and effective therapy, even though many researchers have provided insights 

into its etiology.1 PC was listed as seventh in the ranking of cancer deaths worldwide, 

both for men and women, and in 2012 a total of 338,000 people were diagnosed 

with PC.2 Siegel et al estimated a total of 48,960 patients with PC and 40,560 deaths 

from this disease in the US, for the year 2015.2 A 2010 cancer survey in the People’s 

Republic of China showed that PC ranked sixth for males and seventh for females in 

the top-ten cancer-mortality ranking list.3 Presently, surgery is the best treatment for 

PC,4 but unfortunately most PC patients are diagnosed at advanced stages and can 

thus no longer fully benefit from surgery. Recently, research has been carried out into 

adjuvant therapies for treating PC, which has been related to the immune behavior 

of cancer cells and the host.5 Therefore, studying immunotherapy was considered 

to be a promising means to cure cancer indefinitely. Here, we studied the NKG2D 

immunosignaling pathway in PC. ULBPs, also called retinoic acid early transcripts, 

are ligands of the NKG2D receptor. The NKG2D receptor and its ligands form an 

important pathway of immunological defense.6 The NKG2D receptor is a C-type lectin-

like transmembrane-activating receptor, which has been reported to be expressed on 

many cytotoxic lymphocytes, including NK cells, NKT cells, CD8+ T cells, γδ T cells, 

and certain subsets of human CD4+ T cells.7 Immunological surveillance was achieved 

when NKG2D, present on the surface of immune cells, came into contact with ULBPs, 

which were expressed in various malignancies and virus-infected tissues or when cells 
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suffered from other injuries, such as DNA damage. Two iso-

forms of the NKG2D receptor (the long and the short form) 

are expressed as the result of alternative splicing. However, 

only the long isoform exists in humans. Two molecules of 

long NKG2D bind as a homodimer with one molecule of 

DAP10, whereas the short homodimer can interact with 

both DAP10 and DAP12. In addition, the function and com-

position of the NKG2D-signaling pathway are different in 

various types of cells. KLRK1 is an NKG2D-encoding gene 

distantly related to those encoding the remaining NKG2 

receptors. NKG2D is found in both humans and mice, but 

its ligands vary extraordinarily.8 In humans, MICA/B and 

ULBPs have been identified as NKG2D ligands. ULBP 

has six isoforms (ULBP1–6), whose encoding genes are all 

located on chromosome 6. Their structures are not all the 

same; ULBP1, -2, -3, and -6 are attached to the cell membrane 

via glycosylphosphatidylinositol anchors, and ULBP4 and -5 

are attached via cytoplasmic tails. These ligands are readily 

found in malignant diseases, but rarely in normal tissues.9,10 

Furthermore, many in vivo and in vitro studies have clearly 

shown that the NKG2D-signaling pathway participates in the 

antitumor process. Numerous experiments have been car-

ried out in an attempt to explain the origin of soluble ULBP 

ligands.11–13 Some researchers found that distinct MMPs, 

eg, MMP9 and MMP14, participated in the production of 

soluble ligands and that ERP5 was needed for the MMP-

dependent cleavage of MICA.14–16 Moreover, some studies 

have indicated that several of the ADAM (a disintegrin and 

metalloproteinase) domains have the function of cleaving 

the extracellular domain of membrane ligands.17,18 Soluble 

ULBP (s-ULBP) cannot trigger the following cascade, and 

it reduces anticancer immunity by decreasing the number 

of membrane NKG2D receptors, thus contrasting the effect 

of membrane ULBP (m-ULBP).19–21 Interestingly, s-ULBP 

also has its own function: clinical analyses have claimed 

that s-ULBP1 is a prognosis indicator of cervical cancer and 

that s-ULBP2 is a prognosis indicator of ovarian cancer and 

melanoma.9,22,23 Many in vivo and in vitro experiments have 

confirmed that the NKG2D-signaling pathway contributes 

to therapeutic antitumor immunity.24 Recently, experts have 

declared that effective chemotherapeutics, eg, gemcitabine 

and valproic acid, enhance immunosurveillance by increasing 

the expression of MICA/B.25 In addition, the murine model 

experiment demonstrated that combination therapy of doxo-

rubicin and IFNα upregulated the NKG2D ligands Mult1 

and Rae1, inhibiting tumor growth. All these experiments 

demonstrated that NKG2D signaling is important in antitu-

mor immunotherapy. However, no studies have explored 

the function or expression of ULBPs, which are ligands of 

NKG2D, in PC. For the purpose of promoting the develop-

ment of diagnosis and treatment of PC, our research group 

collected the clinical data of patients with PC and detected 

the expression of m-ULBP1–3 via immunohistochemistry 

(IHC) and levels of s-ULBP1–3 by enzyme-linked immuno-

sorbent assay (ELISA). We then analyzed the differences in 

expression of these ligands and their clinical value by means 

of survival analysis.

Materials and methods
Patients and samples
Collectively, volunteers with PC were from the same general 

surgery-treatment group of the Affiliated Provincial Hospital 

of Anhui Medical University (Hefei, People’s Republic of 

China), and healthy subjects were from our research group 

and physical examination center. Our research was approved 

by the ethics committee and the human research review com-

mittee of the Affiliated Provincial Hospital of Anhui Medical 

University, and all participants signed the informed consent 

form. Cancer tissues and adjacent noncancerous tissues were 

collected from 80 PC patients who had been diagnosed by 

postoperative pathology between 2009 and 2012. Venous 

blood was drawn from these patients before the operation 

and prior to radiotherapy and chemotherapy. Blood samples 

were taken from a total of 30 volunteers to act as the control 

group. These blood samples were centrifuged at 2,000 rpm 

for 10 minutes and the supernatants kept at -80°C until 

required. Patients were followed and clinicopathological 

information recorded from the time of diagnosis. Information 

regarding age, gender, tumor location, histological grade, 

tumor diameter, carbohydrate antigen (CA)-19-9, and TNM 

staging (tumor, node, metastasis) was obtained for screening 

of the data related to prognosis.

ethical approval
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of the 

ethics committee and the human research review committee 

of the Affiliated Provincial Hospital of Anhui Medical Uni-

versity, and with the 1964 Helsinki declaration and its sub-

sequent amendments or comparable ethical standards.

Immunohistochemistry
Preliminary experiments were carried out to determine the 

best antibody concentration for each ligand. The following 

three steps were then carried out: 1) deparaffinization – 

cancerous and paracancerous tissue sections (4 µm thick) 

were deparaffinized with xylene, rehydrated through graded 

alcohol, and then washed in phosphate-buffered saline (PBS); 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5273

UlBP expression in pancreatic cancer

2) antigenicity recovery – sections were immersed in citrate 

buffer (pH 6) and heated using a microwave for 10 minutes 

and washed with PBS, followed by immersion of sections in 

0.3% hydrogen peroxide for 20 minutes to block endogenous 

peroxidase activity; 3) reaction and staining – subsequently, 

hydrophobic circles were drawn and slides reacted overnight 

with 1:100 diluted primary antibodies, namely rabbit anti-

ULBP1, anti-ULBP2, and anti-ULBP3 antibody (Novus 

Biologicals, Littleton, CO, USA) at 4°C. Biotinylated 

secondary antibody (1:500) was incubated for 30 minutes 

at 37°C, and a diaminobenzidine-detection kit was used to 

visualize the immunostaining. Sections were counterstained 

with hematoxylin, then dehydrated and mounted in orderly 

fashion. For the negative-control groups, the steps were 

the same, apart from the fact that primary antibodies were 

replaced by PBS. Staining of ULBPs was assessed semiquan-

titatively on two scores: 1) staining intensity (no evidence 

of staining, 0; weak staining, 1+; moderate staining, 2+; and 

strong positive staining in most cells, 3+), and 2) the percent-

age of positively stained pancreatic cells (less than 10% of 

positively stained cells, 1+; 10%–30% of positively-stained 

cells, 2+; .30% of positively stained cells, 3+). An overall 

protein-expression score was calculated by multiplying the 

intensity and positivity scores. The IHC staining scores were 

then dichotomized into low expression (less than/equal to 

mean score of cancer specimens) and high expression (greater 

than mean score of cancer specimens). Two physicians of the 

pathology department were invited to complete the evalua-

tion. A consensus was reached after discussion when there 

were different scores.

elisa analysis
The frozen supernatants described in the “Patients and 

samples” section were taken and completely thawed at 

room temperature. Commercial ELISA kits (R&D Systems 

Inc., Minneapolis, MN, USA) were used to detect levels of 

s-ULBP. Preliminary tests were carried out to find the appro-

priate concentration of serum for s-ULBP (s-ULBP1, 1:5; 

s-ULBP2, 2:5; s-ULBP3, 1:5). All procedures were strictly 

followed according to the specifications. Briefly, standard 

serial dilutions and serum samples were added to each 

well in 96-well flat-bottomed plates including anti-ULBPs 

monoclonal antibody. A horseradish peroxidase-conjugated 

reagent was added, and color was developed using the tetram-

ethylbenzidine system. Optical density (OD) was read at 450 

nm using a microtiter plate reader within 15 minutes. Serum 

was replaced by sample diluent in the control group; other 

steps were the same as the experimental groups. The standard 

curve was generated by plotting the average OD (450 nm) 

obtained for each of the six standard concentrations on the 

vertical (y) axis vs the corresponding concentration on the 

horizontal (x) axis. Finally, the concentration of every sample 

was calculated by its OD value. According to the specifica-

tions of the ELISA kits, neither the interassay nor intra-assay 

coefficient of variation was more than 15%.

statistical analysis
Statistical analyses were performed using SPSS version 18.0 

(SPSS Inc., Chicago, IL, USA). Results are expressed as 

means ± standard deviation. The statistical significance of 

the differences in IHC staining of ULBPs in the different 

groups was calculated by the χ2 test. Student’s t-test was used 

to calculate the results of the ELISA. Overall and disease-

free survival curves were generated by the Kaplan–Meier 

method, and the difference between the survival curves 

was calculated by the log-rank test. In addition, receiver-

operating characteristic analysis was used to evaluate the 

potential value of s-ULBP. Each concentration had its own 

corresponding sensitivity and specificity. Youden’s index = 

sensitivity + specificity – 1. Therefore, each concentration 

had its own Youden’s index. The concentration of ULBP 

used as the cutoff point was that in which the Youden’s 

index was minimum. Finally, the Cox regression model was 

applied to multivariate analysis to ascertain the independent 

significance of relevant clinical covariates. In all cases, the 

test was two-sided, and a P-value ,0.05 was considered 

statistically significant.

Results
immunohistochemical staining
Hematoxylin and eosin staining was used to confirm the 

malignancy of the slides. We found that not all of the ULBPs 

were expressed on the membrane of PC cells, but they were 

also stained in the cytoplasm. Furthermore, m-ULBP was 

more likely to be found in pancreatic islet cells and cells 

around small vessels than other cells, as shown in Figure 1. 

The positive expression of ULBP1 and ULBP3 in terminal 

stage PC was lower than in adjacent noncancerous tissues 

(m-ULBP1, χ2=15.87, P,0.001; m-ULBP3, χ2=12.76, 

P,0.001), but m-ULBP1 was upregulated in early stage 

PC cells compared with normal cells (χ2=3.92, P=0.048), 

as shown in Table 1 and Figure 1.

elisa detection
Serum from 80 PC patients before surgery was used for the 

experimental group, and serum from healthy subjects was used 

for the no-treatment control group. Levels of s-ULBP1 and 

s-ULBP2 were significantly higher in PC patients compared 
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to the healthy volunteers (s-ULBP1 29.42±1.43 pg/mL 

vs 19.23±1.51 pg/mL; s-ULBP2 132.14±13.24 pg/mL vs 

34.12±6.23 pg/mL), while s-ULBP3 was weakly expressed 

in these patients and volunteers (Figure 2).

survival analyses
The results of the Spearman’s correlation test indicated 

that the m-ULBP1 level of PC patients was correlated 

with the TNM stage of PC: stage I–II patients had higher 

m-ULBP1 expression than stage III–IV patients (r=-0.31, 

P,0.001). However, neither m-ULBP2 nor m-ULBP3 

were related to the TNM stage of patients, as indicated 

in Table 2. Moreover, s-ULBP was calculated to have 

no relation to the TNM stage of patients (Table 2). Sub-

sequently, receiver-operating characteristic curves were 

drawn to evaluate the diagnosis accuracy and reliability of 

serum s-ULBP1 and s-ULBP2. The optimal cutoff values 

of 24.4 pg/mL and 80.6 pg/mL were defined for s-ULBP1 

(sensitivity 0.69%, specificity 0.73%) and s-ULBP2 (sensi-

tivity 0.64%, specificity 0.87%), respectively. In addition, 

the area under the curve was 0.746 for s-ULBP1 and 0.795 

for s-ULBP2 (Figure 3). s-ULBP3 was not included in the 

survival analysis, due to its weak concentration in patients 

(7.31±0.26 pg/mL). Kaplan–Meier curves (Figure 4) and 

log-rank tests were taken to analyze overall survival (OS) 

and disease-free survival (DFS) between the different 

groups. Results showed that patients with higher m-ULBP1 

expression (χ2=10.77, P=0.001) and/or lower concentration 

of s-ULBP2 (χ2=19.77, P,0.001) had longer OS. Similarly, 

DFS was also prolonged in these patients (m-ULBP1, 

χ2=11.19, P=0.001; s-ULBP2, χ2=14.42, P,0.001; Table 3). 

Univariate analysis revealed that CA19-9, histological 

grade, TNM, m-ULBP1, and s-ULBP2 were significantly 

related to OS and DFS. However, there may also have been 

a correlation between these indices. Therefore, multivari-

ate analysis was carried out to eliminate any interference 

between these factors. Results (Table 4) indicated that high 

m-ULBP1 expression was an independent biomarker of 

good prognosis for OS (hazard ratio [HR] 0.32, P=0.001), 

and a low s-ULBP2 level was an independent indicator of 

Figure 1 Expression of m-ULBP1–3 in pancreatic cancer and adjacent noncancerous tissues.
Notes: (A–C) Expression of m-ULBP1 in normal cells, early stage tumor cells, and terminal cells, respectively. (D, E) Expression of m-ULBP2 in normal (D) and tumor (E) 
cells. (F) Expression of m-ULBP2 in islet cells. (G–I) Expression of m-ULBP3 in normal cells, early stage tumor cells, and terminal stage tumor cells, respectively. All pictures 
taken at 400× magnification, except F (100×).
Abbreviations: m-UlBP, membrane UlBP; s-UlBP, soluble UlBP.
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good prognosis for both OS (HR 3.118, P,0.001) and DFS 

(HR 3.014, P,0.001). Additionally, CA19-9, histological 

grade, and TNM stage were also independent prognostic 

markers for OS and DFS.

Discussion
Many results were obtained from our experiments, namely: 

1) expression of ULBP1-3 was heterogeneous and the 

presence of m-ULBP1 and m-ULBP3 crucial to strengthen 

immunoprotection against PC, similar to the function of 

m-MICA; 2) s-ULBP1 and s-ULBP2 were detected at higher 

levels in the serum of PC patients; and 3) high expression 

of m-ULBP1 in tissues and low levels of s-ULBP2 in blood 

were good prognostic indicators for OS of PC patients, the 

latter also implying an increased DFS.

The NKG2D/NKG2D ligands system contributes to both 

innate and acquired immune responses.26 Various experi-

ments have shown that NKG2D ligands expression is hetero-

geneous and can be influenced by stress, posttranscriptional 

factors, and other stimuli, such as DNA damage. To date, the 

mechanism of action of this signaling pathway has not been 

fully elucidated, but for NK cells in humans, the molecular 

cascade is as follows: 1) DAP10 is phosphorylated when 

Table 2 Correlation between TNM stage of pancreatic cancer 
and UlBP ligands

Ligands TNM stage 
I–II (n)

TNM stage 
III–IV (n)

P-value

m-UlBP1 ,0.001
low 14 41
high 21 4

m-UlBP2 0.41
low 26 39
high 9 6

m-UlBP3 0.09
low 24 38
high 11 7

s-UlBP1 (mean ± sD) 28.78±2.12 29.91±1.94 0.70
s-UlBP2 (mean ± sD) 137.67±22.84 127.83±15.62 0.72
s-UlBP3 (mean ± sD) 6.73±0.47 7.56±0.29 0.07

Abbreviations: TnM, tumor, node, metastasis; m-UlBP, membrane UlBP; 
s-UlBP, soluble UlBP; sD, standard deviation.

Figure 2 Expression of s-ULBPs in the serum of pancreatic cancer (PC) patients and 
healthy volunteers (means of 80 patients and 30 volunteers).
Note: *P,0.001.
Abbreviation: s-UlBP, soluble UlBP.

Table 1 Expression of ULBPs in different TNM stages of pancreatic 
cancer (Pc) compared with adjacent noncancerous tissues

Group PC (n) Control (n) Pearson c2 P-value

all (UlBPl) 0.25
high 25 32
low 55 48 1.34

i–ii (UlBPl) 0.048
high 21 32
low 14 48 3.92

iii–iV (UlBP1) ,0.001
high 4 32
low 41 48 15.87

aii (UlBP2) 0.69
high 15 17
low 65 63 0.16

i–ii (UlBP2) 0.60
high 9 17
low 26 63 0.28

lll–iV (UlBP2) 0.27
high 6 17
low 39 63 1.2

aii (UlBP3) 0.001
high 18 38
low 62 42 10.99

i–ii (UlBP3) 0.11
high 11 38
low 24 82 2.57

lll–iV (UlBP3) ,0.001
high 7 38
low 38 42 12.76

Figure 3 Receiver-operating characteristic (ROC) curve of soluble ULBP2 (s-ULBP2).
Note: The area under the curve was 0.795.
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membranous NKG2D recognizes and combines with its 

ligands (MICA/B or ULBPs present on the surface of cells); 

2) in cytoplasm, PI3K or Grb2–Vav1–Sos1 is recruited by 

DAP10; and 3) NK cells secrete cytokines and cytotoxic 

granules consisting of IFNγ, GM-CSF, and MIP1β when 

another costimulatory molecule (such as 2B4 or NKP46) is 

activated. The results of the IHC indicated that expression 

of the m-ULBPs was varied.27 Expression of m-ULBP1 

was higher in stage I–II PC tissue, but the staining scores 

of m-ULBP1 and m-ULBP3 were higher in paracancerous 

tissues than in PC tissues in terminal stages. Expression of 

ULBPs was affected by the various factors depicted, but 

which factors were responsible for regulating these ligands 

in PC is unclear.28,29 Several experiments have demonstrated 

that DNA damage could induce transcription of ULBPs.30 

Global genomic analyses for human PC revealed that a core 

set of 12 cellular signaling pathways, which accelerate the 

process of carcinogenesis and genes in the Wnt/Notch- and 

Hedgehog-signaling pathways, were 100% altered to dif-

ferent degrees. Therefore, we speculated that DNA damage 

could participate in the regulation of ULBP expression in PC. 

Moreover, the expression level of m-ULBP1 was considered 

Figure 4 Kaplan–Meier curves for overall survival (OS) and disease free survival (DFS) of pancreatic cancer patients.
Note: Patients were divided into two groups according to s-ULBP1 expression and s-ULBP2 cutoff 80.6 pg/mL, calculated by receiver-operating characteristic analysis.
Abbreviation: s-UlBP, soluble UlBP.
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to be useful in evaluating the risk of patients and screening 

suitable resectable PCs in patients, on the basis of our finding 

that m-ULBP1 was highly upregulated in early stage patients 

compared with terminal patients. The loss of expression of 

ULBP1 in the terminal stage may help tumor cells escape 

from immunosurveillance.31 The mechanism by which ULBP 

is released from the cell membrane is complicated, but has 

been shown to include such molecules as ADAM, MMP14, 

and ERP5. Some studies have demonstrated that m-ULBP1–3 

could be transferred from donor cells to NK cells only after 

Table 3 Univariate survival analysis of factors associated with OS and DFS

Variables Patients 
(n)

OS DFS

MST 
(months)

c2 Log-rank 
P-value

MST 
(months)

c2 Log-rank 
P-value

age (years) 0.978 0.96
,60 31 14 0.001 9 0.003
$60 49 13 10

sex 0.167 0.173
Men 42 13 1.908 9 1.858
Women 38 15 11

Tumor diameter (mm) 0.768 0.212
,30 44 13 0.087 13 1.559
$30 36 13 9

CA19-9 (U/mL) 0.003 ,0.001
,37 21 14 8.937 12 12.49
$37 59 9.5 7

histological grade 0.01 0.012
Poor–moderate 41 13 6.726 8 6.34
good 39 17 12

TnM stage 0.02 0.013
i–ii 35 14 5.378 10 6.151
iii–iV 45 13 9

m-UlBP1 0.01 0.001
low 55 13 6.68 8 11.19
high 25 18 15

m-UlBP2 0.393 0.542
low 65 13 0.729 9 0.371
high 15 17 9

m-UlBP3 0.944 0.098
low 62 14 0.005 8.5 2.731
high 18 12.5 9.5

s-ULBP1 (pg/mL) 0.49 0.189
$24.4 37 13 0.477 7 1.725
,24.4 43 15 11

s-ULBP2 (pg/mL) ,0.001 ,0.001
$80.6 39 10 19.767 7 14.42
,80.6 41 17 13

Abbreviations: MST, median survival time; OS, overall survival; DFS, disease-free survival; CA, carbohydrate antigen; TNM, tumor, node, metastasis; m-ULBP, membrane 
UlBP; s-UlBP, soluble UlBP.

Table 4 Multivariate analysis of factors associated with OS and DFS

Variables OS DFS

HR 95% CI P-value HR 95% CI P-value

ca19-9 (,37 U/mL vs $37 U/mL) 1.43 0.159–0.49 ,0.001 1.417 0.256–0.887 0.019
histological grade (poor–moderate vs good) 0.248 0.285–0.818 0.007 0.189 0.293–0.817 0.006
TnM (i–ii vs iii–iV) 2.03 1.407–5.413 0.008 2.34 1.218–4.315 0.002
m-UlBP1 (low vs high) 0.42 0.165–0.619 0.001 0.613 0.312–1.326 0.232
s-UlBP2 (,80.6 pg/mL vs $80.6 pg/mL) 3.118 2.325–7.293 ,0.001 3.014 2.086–6.262 ,0.001

Abbreviations: OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; CA, carbohydrate antigen; TNM, tumor, node, metastasis; 
m-UlBP, membrane UlBP; s-UlBP, soluble UlBP.
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receptor–ligand interaction and granule mobilization, and 

that NK cells with acquired NKG2D ligands are targets for 

autologous NK cells, which can also sequentially transfer the 

acquired molecule.32 Therefore, the reason that m-ULBP was 

poorly expressed in the terminal stage after being upregu-

lated in the early stage of PC requires further investigation. 

Before our study, Duan et al showed that MICA expression 

was correlated with the TNM stage of PC.32 Our experi-

ments demonstrated that m-ULBP1 is correlated with the 

TNM stage of PC. Consequently, we concluded that both 

MICA and m-ULBP1 could be used to evaluate the risk of 

PC patients, but determining which is better and whether 

there is any synergistic effect of evaluation between the two 

ligands needs further investigation.33 The mechanism of 

soluble ULBP generation has been explained, and ULBPs 

can also be secreted into the serum in the form of exosomes. 

The ELISA results showed that the levels of s-ULBP1 and 

s-ULBP2 were higher in PC patients than in healthy volun-

teers, but the levels of s-ULBP3 were weakly detected in both 

groups. Both univariate and multivariate survival analysis 

demonstrated that a low level of s-ULBP2 in the serum was 

a good prognostic indicator for OS and DFS.34 These results 

could be explained by the fact that soluble NKG2D ligands 

could downregulate the expression of the membrane NKG2D 

receptor to impair the function of NK cells and T cells and the 

release of soluble ligands, representing a form of immunoeva-

sion strategy for tumor cells.35 Furthermore, ligand expression 

is heterogeneous between different tumor types and between 

individual cells within a tumor entity.36 Moreover, the level 

of s-MICA was related to the TNM of PC and cancer metas-

tasis, with a lower level of s-MICA being associated with 

longer OS. Taken together, the results of our experiments 

confirm the idea that m-ULBPs (membrane NKG2D ligands) 

are involved in the antitumor immune response, and high 

levels of s-ULBPs (soluble NKG2D ligands) are correlated 

with a poor prognosis of patients.37 This is supported by the 

fact that s-ULBP2 was shown to be a novel serum marker 

for identification of PC.19 Similarly, Cho et al showed that 

m-ULBP1–5 were all expressed in cervical cancer tissue 

and that m-ULBP1 was an independent predictor of good 

prognosis regarding both DFS and OS.19 Yamaguchi et al 

demonstrated that s-ULBP2 was useful in the diagnosis of 

squamous cell carcinoma and could be considered a prog-

nostic indicator for patients with advanced non-small-cell 

lung cancer.38 However, not all experiments were consistent 

with our results.21,39 In contrast to our study, some researchers 

demonstrated that high expression of m-ULBP2 was associ-

ated with poor prognosis in ovarian cancer and that soluble 

Mult1, a kind of high-affinity NKG2D ligand, caused NK-cell 

activation and tumor rejection.

In summary, the expression and effects of NKG2D 

ligands differ according to the type of tumor cell, due to 

the heterogeneity of their generation and sensitivity to the 

microenvironment of the tumor. However, NKG2D-receptor 

signaling was shown to be one of the most important path-

ways of immunotherapy. Therefore, investigating ways in 

which to specifically upregulate or downregulate the mem-

bers of this signaling pathway after studying their function in 

a certain tumor will be the main focus of our future work.
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