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Abstract: Soluble major histocompatibility complex class I-related chain A molecules (sMICA) 

and natural-killer group 2 member D (NKG2D) not only correlate with tumorigenesis and pro-

gression, but also with tumor invasion and metastasis. In this study, we used immunohistochem-

istry to investigate the correlation and prognostic significance of the differential expression of 

sMICA and NKG2D in pancreatic carcinoma and paracarcinoma tissues from 70 patients with 

pancreatic carcinomas. The results showed that sMICA expression was significantly (P,0.05) 

higher in tumor tissues (67.1%) than that in adjacent nontumor tissues (31.4%), whereas NKG2D 

expression was significantly (P,0.001) lower in tumor tissues (32.9%) than that in adjacent 

nontumor tissues (60.0%). Spearman’s rank correlation test showed a negative correlation 

between the expression of sMICA and that of NKG2D (r=-0.676, P,0.001). Kaplan–Meier 

survival analysis showed that a high sMICA expression was significantly correlated with 

decreased disease-free survival (DFS) (P,0.001) and overall survival (OS) (P,0.001), while 

a high NKG2D expression was significantly associated with increased DFS (P=0.001) and OS 

(P=0.001) of the patients. Multivariate analysis showed that a high sMICA expression was an 

independent predictive factor for poor DFS (P,0.001) and OS (P=0.012); but low NKG2D 

expression was not an independent prognostic factor for poor DFS (P=0.238) and OS (P=0.574). 

In conclusion, our findings suggest that the expression levels of sMICA and NKG2D are abnor-

mal and negatively correlated with one another in pancreatic carcinoma tissues; they may be 

considered as valuable biomarkers for the prognosis of pancreatic carcinoma.
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Introduction
Pancreatic cancer manifests itself as a malignant and highly aggressive digestive system 

tumor. It is very difficult to diagnose this disease in its early stages when it is just a 

local invasion, and hence by the time a first diagnosis is made, the cancer has usually 

metastasized to distant locations, leading to an extremely poor outcome.1,2 According 

to the latest statistics, pancreatic cancer is the ninth most common disease producing 

malignant tumors and the fourth leading cause of cancer-related deaths worldwide, with a 

5-year survival rate of ,5%.3 It is therefore, important to identify specific tumor markers 

and search for effective therapeutic methods to improve prognosis of this disease.

Tumor immunotherapy, which is currently a hot topic, has been shown to be able to 

induce the death of tumor cells by activating immune cells in vitro, thereby enhancing 

the antitumor ability of the human immune system.4 T-cells negative for CD4- and 

CD8-, termed “double negative T (DNT) cells”, constitute a subgroup of T-cells 

associated with an immunosuppression regulating function that can kill tumor cells.5 

Previous research has shown that DNTs have an inhibitive effect on the proliferation 
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of tumor cells. Li et al6 reported that DNT cells can regulate 

tumor immune response by inhibiting B-cell hyperplasia 

and immunoglobulin production in vitro. Dokouhaki et al7 

suggested that DNT cells participate in killing tumor cells by 

using natural-killer group 2 member D (NKG2D). NKG2D 

is an activated receptor expressed in macrophages, national-

killer cells, and γ δ T-cells, and contains two a helices, two 

b sheets, and four disulfide bonds, and its amino terminal 

region is composed of an amino arm, ring, and b substring.8 

NKG2D can activate the human immune system through 

identifying target cell surface activation induced related 

ligand to transmit signals, thereby having an antitumor effect 

on its target. The molecular ligands of NKG2D include 

major histocompatibility complex class I-related chain A 

molecules (MICA), MHC class I-related chain B (MICB), 

and link protein,9,10 and they play an important role in immune 

surveillance of tumor cells.11

MICA is a transmembrane glycoprotein that is the main 

ligand of NKG2D ligands. MICA is made up of three extra-

cellular regions (a1, a2, and a3), a transmembrane region, 

and a cytoplasmic tail region. In the early stages of tumor 

progression, MICA is highly expressed in the cell mem-

brane. As the tumor progression continues, the expression 

of MICA is gradually reduced in the cell membrane,12 and 

then MICA is transferred to the cytoplasm to become soluble 

MICA (sMICA).

The current study set out to determine the levels of 

sMICA and NKG2D expression in pancreatic cancer tis-

sues and their corresponding paracarcinoma tissue using 

immunohistochemistry, and to explore the relationships 

between these expression levels and clinicopathological 

parameters, and postoperative survival time in patients with 

pancreatic cancer.

Materials and methods
Patients and samples
This study was approved by the Human Scientific Ethics 

Committee of Anhui Medical University (Hefei, People’s 

Republic of China). All specimens were obtained from a total 

of 70 patients who underwent curative resection and were 

pathologically diagnosed with pancreatic cancer between 

July 2008 and July 2013 at the Affiliated Provincial Hospital 

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

China). Specimens included pancreatic cancer tissues and 

their corresponding paracarcinoma tissues (defined as pan-

creatic tissue .1 cm from the tumor margin). All patients 

provided written informed consent, and did not have preop-

erative chemotherapy and/or radiotherapy.

Clinicopathological data were obtained from medical 

records and included age, sex, tumor diameter, tumor 

location, preoperative serum carbohydrate antigen 19-9 

(CA19-9) concentrations, tumor differentiation, lymph 

node metastasis (LNM), and perineural invasion (PNI). The 

patients consisted of 37 males and 33 females, with a mean 

age of 56 years (ranging from 46 to 66 years old). The tumor 

stage was determined according to the tumor-node-metastasis 

(TNM) classification criteria of the International Association 

of Cancer.13 The disease-free survival (DFS) and overall 

survival (OS) were investigated to evaluate the influence 

of NKG2D and sMICA on the prognosis of patients with 

pancreatic carcinomas. Follow-up data were available for 

all patients. Mean follow-up was 16 months (ranging from 

5 to 28 months).

Immunohistochemical staining for 
NKG2D and sMICA
Serial sections of each pathological specimen with a thick-

ness of 5 μm were heated at 60°C for 30 minutes, dewaxed 

with xylene, rehydrated with ethanol, and washed with 

phosphate-buffered saline. Antigen repair was then per-

formed using microwave heating in sodium citrate buffer 

(pH 6.0) at 80°C for 20 minutes. Endogenous peroxidase 

activity was eliminated by applying 3% hydrogen peroxide. 

Subsequently, the sections were incubated with polyclonal 

mouse anti-MICA (Santa Cruz Biotechnology, Inc, Santa 

Cruz, CA, USA) or anti-NKG2D (Santa Cruz Biotechnology, 

Inc, Santa Cruz, CA, USA) at 4°C overnight. After washing 

with phosphate-buffered saline, the sections were incubated 

with biotinylated secondary mouse antibody and then with 

horseradish peroxidase-labeled streptavidin for 30 minutes 

at 37°C. Chromogenic immunolocalization was implemented 

by using 3,3′-Diaminobenzidine (Zhongshan Golden Bridge 

Biotechnology Co, Ltd., Beijing, People’s Republic of 

China). Finally, the sections were successively counterstained 

with hematoxylin, dehydrated, and mounted. The negative 

controls were set by omitting the primary antibodies.

Expression of sMICA and NKG2D was semi-quantitatively 

evaluated according to percentage and intensity of the stained 

cells.14 The percentage of stained cells was graded as fol-

lows: 0 points for no staining, 1 point for 1%–10% staining, 

2 points for 11%–50% staining, and 3 points for .50% stain-

ing. The intensity of the stained cells was scored as follows: 

0 points for no intensity, 1 point for pale yellow, 2 points for 

yellow, and 3 points for tan. The final score was calculated 

by multiplying the scores for the percentage and intensity of 

the stained cells, and a final score of $4 was considered to 
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be indicative of high expression, and ,4 was considered low 

expression. All sections were assessed independently by two 

experienced pathologists who were not aware of each other’s 

assessments. A consensus was reached by joint evaluation 

for all differences.

Statistical analysis
Statistical analyses were performed using SPSS 17.0 soft-

ware (SPSS, Inc., Chicago, IL, USA). Immunohistochemical 

results were analyzed by using the Pearson’s chi-square test 

or Fisher’s exact test, based on the total scores. The correla-

tion between sMICA and NKG2D was analyzed by using 

the Spearman’s rank correlation coefficient or Pearson’s 

correlation coefficient. Survival curves were plotted by 

employing the Kaplan–Meier method, and the differences 

in survival time were compared by applying the log-rank 

test. Multivariate analysis was implemented by using the 

Cox proportional hazards regression model to determine 

independent prognostic factors that were significant in a 

univariate Kaplan–Meier analysis. All tests were two-sided 

and P,0.05 was considered statistically significant.

Results
Expression of sMICA and NKG2D in 
pancreatic cancer and paracarcinoma 
tissues
The immunohistochemical analysis showed that sMICA 

and NKG2D were mainly located in the cytoplasm of the 

cells (Figure 1). As predicted, the results showed that the 

expression of sMICA was significantly increased in cancer 

tissues relative to paracarcinoma tissues (P=0.002; Table 1). 

Conversely, the expression of NKG2D was significantly 

decreased in carcinoma tissues compared to paracarcinoma 

tissues (P=0.013; Table 1). Moreover, Spearman’s rank 

correlation test revealed that sMICA expression was signifi-

cantly and negatively correlated with NKG2D expression in 

carcinoma tissues (r=–0.676, P,0.001; Table 2).

Relationships between sMICA, NKG2D, 
and clinicopathological parameters
sMICA expression was significantly higher in patients with 

poor tumor differentiation (P,0.001), LNM (P,0.001), 

PNI (P,0.001), high tumor stage (P,0.001), and high 

Figure 1 Immunohistochemical staining for secreted MICA and NKG2D.
Notes: The secreted MICA and NKG2D were principally localized in the cytoplasm of the cells. (A) High expression of secreted MICA was observed in pancreatic carcinoma 
tissues. (B) Low expression of secreted MICA was observed in paracarcinoma tissues. (C) Low NKG2D expression in pancreatic carcinoma tissues. (D) High NKG2D 
expression in paracarcinoma tissues. All images were taken at 400× magnification.
Abbreviations: MICA, major histocompatibility complex class I-related chain A molecules; NKG2D, natural-killer group 2 member D.
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preoperative serum CA19-9 (P=0.001) levels than in those 

without. In contrast, NKG2D expression showed a lower level 

in patients with poor tumor differentiation (P,0.001), LNM 

(P,0.001), PNI (P,0.001), high tumor stage (P,0.001), 

and high preoperative serum CA19-9 (P=0.004) levels than in 

those without. However, there was no significant association 

between sMICA or NKG2D and other clinicopathological 

parameters, including age, sex, tumor location, and tumor 

diameter (P.0.05). The results are shown in Table 3.

Survival analysis
Kaplan–Meier analysis showed that a high sMICA expres-

sion was correlated with a significantly shorter survival time 

(mean DFS: 10.9 months, mean OS: 16.4 months) compared 

with a low sMICA expression (mean DFS: 20.8  months, 

mean OS: 21.2 months) in patients with pancreatic carci-

noma (P,0.001 for DFS and OS; Figure 2A and B). Con-

versely, the patients with a high NKG2D expression had a 

significantly longer survival time (P=0.001 for DFS and OS; 

Figure 2C and D) than those with a low NKG2D expression. 

Mean DFS was 18.7 months for a high NKG2D expression, 

and 11.9 months for a low NKG2D expression; mean OS was 

20.3 months for a high NKG2D expression, and 16.5 months 

for a low NKG2D expression.

Univariate analysis (Table 4) indicated that a high sMICA 

expression, low NKG2D expression, high serum CA19-9, 

poor tumor differentiation, LNM, PNI, and a high tumor 

stage were significantly associated with a poor prognosis. 

Multivariate analysis (Table 5) further indicated that high 

sMICA expression was an independent prognostic factor 

for poor DFS (hazard ratio =7.785; 95% confidence interval: 

3.247–18.666; P,0.001) and OS (hazard ratio =3.853; 95% 

confidence interval: 1.345–11.041; P=0.012). However, the 

low NKG2D expression was not an independent predictor for 

poor DFS (P=0.238) and OS (P=0.574). Additionally, poor 

tumor differentiation and high tumor stage were independent 

predictors for poor prognosis.

Discussion
This study investigated the levels of sMICA and NKG2D 

expression, and analyzed their relationships with clinico-

pathological characteristics and prognosis in pancreatic 

cancer. The results showed that sMICA expression was 

higher in tumor tissues than in surrounding nontumor tissues. 

NKG2D expression was lower in tumor tissues than in sur-

rounding nontumor tissues. sMICA expression had a negative 

correlation with NKG2D expression in tumor tissues. sMICA 

and NKG2D expression in tumor tissues were, respectively, 

significantly positively and significantly negatively correlated 

with several aggressive clinicopathological characteristics, 

such as poor tumor differentiation, high preoperative serum 

CA19-9 levels, LNM, PNI, and high tumor stage. High 

sMICA expression and low NKG2D expression in tumor 

tissues were significantly associated with poor DFS and OS 

of patients.

There is an increasing amount of evidence of a significant 

role for MICA in tumor invasion and metastasis. In a previ-

ous study, sMICA expression was observed to be higher 

in pancreatic tumor cells than in normal pancreatic ductal 

epithelial cells, and increased sMICA expression was clearly 

correlated with poor tumor differentiation and LNM.15 In 

another study by Cho et al,16 sMICA expression was shown to 

be higher in cervical cancer tissue than in low-grade cervical 

intraepithelial neoplasia and normal cervix.

Two types of MICA have been found to be associated 

with the rapid development of tumors:17 in the early stage, 

MICA is expressed in the membrane, but with tumor pro-

gression, membrane MICA is transformed into sMICA in 

the cytoplasm.18 Membrane MICA when combined with 

NKG2D can activate γ δ T-cells, which induces specific 

immune cells to kill target tumor cells.19 However, sMICA 

suppresses the level of NKG2D expression, and hence 

Table 1 Differential expression of NKG2D and MICA in pancreatic carcinoma tissues and corresponding paracarcinoma tissues (N=70)

Tissues MICA NKG2D

Low (%) High (%) P-value Low (%) High (%) P-value

Carcinoma tissues 23 (32.9) 47 (67.1) 0.002 47 (67.1) 23 (32.9) 0.013
Paracarcinoma tissues 48 (68.6) 22 (31.4) 28 (40.0) 42 (60.0)

Abbreviations: MICA, major histocompatibility complex class I-related chain A molecules; NKG2D, natural-killer group 2 member D.

Table 2 Correlation between MICA and NKG2D expression 
(N=70)

Immunoreactivity NKG2D expression

Low High r-value P-value

MICA expression
Low 5 18 –0.676 ,0.001
High 42 5

Abbreviations: MICA, major histocompatibility complex class I-related chain A 
molecules; NKG2D, natural-killer group 2 member D.
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weakens the antitumor capabilities of the human immune 

system. Therefore, membrane MICA is considered to be a 

tumor inhibitor since it can enhance the antitumor effect of 

the human immune system.20 Moreover, some drugs such as 

doxorubicin and a interferon have been reported to be able to 

increase the expression of NKG2D ligands, thereby enhanc-

ing the immunocompetence for targeting tumors.21

In our study, we investigated the expression characteris-

tics of sMICA and NKG2D in pancreatic carcinoma tissue 

and paracarcinoma tissue by immunohistochemistry. MICA 

staining was mainly found in the cytoplasm of pancreatic 

cancer cells; that is, sMICA was highly expressed in the cyto-

plasm. Such staining in the cell membrane (for membrane 

MICA) was not observed, possibly because most of the cases 

had already reached the advanced tumor stage. Besides, mem-

brane MICA is not always expressed in the early tumor stage 

in pancreatic cancer. Our findings showed that cytoplasmic 

sMICA expression was upregulated and NKG2D expression 

was downregulated in pancreatic carcinoma tissues: that is, 

sMICA expression was negatively correlated with NKG2D 

expression in carcinoma tissues. sMICA and NKG2D expres-

sion levels in carcinoma tissues were significantly correlated 

with several aggressive clinicopathological features. These 

observations suggested that dysregulated expression of 

sMICA and NKG2D was closely related to the development 

and progression of pancreatic cancer.

Dambrauskas et al15 have shown that pancreatic car-

cinoma patients with high sMICA expression levels have 

shorter long-term survival than those with a low sMICA 

expression. Duan et al22 reported that pancreatic cancer 

patients with low serum sMICA levels have a significantly 

longer mean survival time than those with high serum sMICA 

levels. Li et al23 showed that a high serum sMICA level 

was significantly correlated with poor prognosis in patients 

with advanced hepatocellular carcinoma. McGilvray et al24 

revealed an association between NKG2D ligand expression 

and prognosis in human colorectal cancer. In another study, 

McGilvray et al25 suggested that NKG2D ligands are inde-

pendent predictors of poor prognosis in patients with ovarian 

cancer. In the present study, abnormal expression of NKG2D 

Table 3 Relationships of MICA, NKG2D, and clinicopathological parameters of pancreatic cancer

Parameters MICA NKG2D

N Low High c2 P-value Low High c2 P-value

Age (years)

,60 33 14 19 2.59 0.108 19 14 2.59 0.108

$60 37 9 28 28 9
Sex

Male 37 13 24 0.185 0.667 24 13 0.185 0.667
Female 33 10 23 23 10

Tumor location
Head 39 16 23 2.664 0.103 26 13 0.009 0.924
Body/tail 31 7 24 21 10

Tumor diameter
,20 mm 25 11 14 2.189 0.139 16 9 0.174 0.676

$20 mm 45 12 33 31 14
Histological grade

Moderate/poor 48 5 43 34.862 ,0.001 39 9 13.777 ,0.001
Well 22 18 4 8 14

Perineural invasion
Absent 25 18 7 27.009 ,0.001 12 13 6.460 0.011
Present 45 5 40 35 10

LNM
Absent 28 19 9 25.913 ,0.001 10 18 20.894 ,0.001
Present 42 4 38 37 5

TNM stage
I 28 19 9 25.913 ,0.001 10 18 20.894 ,0.001
II 42 4 38 37 5

Serum CA19-9
#37 U/mL 26 15 11 11.564 0.001 12 14 8.26 0.004

.37 U/mL 44 8 36 35 9

Abbreviations: CA19-9, carbohydrate antigen 19-9; LNM, lymph node metastasis; MICA, major histocompatibility complex class I-related chain A molecules; NKG2D, 
natural-killer group 2 member D; TNM, tumor-node-metastasis.
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and sMICA in pancreatic cancer tissues was observed to be 

associated with a poor prognosis for the patients after their 

resection operations. High sMICA expression was associated 

with a reduced DFS and OS compared with a low sMICA 

expression, whereas a high NKG2D expression was associ-

ated with an increased DFS and OS compared with a low 

NKG2D expression. Moreover, multivariate analysis showed 

a high sMICA expression to be an independent factor for poor 

DFS and OS of the pancreatic cancer patients. Low NK2GD 

expression, however, was not an independent marker for DFS 

and OS in these patients. High sMICA expression and a low 

NKG2D expression together was found to have a unfavor-

able effect on the prognosis of these patients, and this result 

indirectly shows that their genes may have opposite effects 

on the progression of pancreatic cancer.

Expression of sMICA and of NKG2D in tumor tissues 

are associated with poor prognosis, highlighting an 

important reference value of DNT cells applying to tumor 

immunotherapy.26–28 The antitumor effects of DNT cells 

have been shown in vitro and in vivo.29–31 For instance, 

Young et al29 showed that DNT cells can inhibit lymphoma 

growth in mouse models. Dokouhaki et al30 suggested that 

DNT cells kill tumor cells effectively in the early stages of 

several kinds of tumors. Similarly, Merims et al31 indicated 

that DNT cells effectively kill tumor cells in hematological 

malignancies.

A major limitation of this retrospective research is its 

relatively small sample size. In addition, this research has 

not implemented other effective methods such as quantita-

tive polymerase chain reaction and Western blots. Therefore, 

Figure 2 Kaplan–Meier analysis showing the expression levels of MICA and NKG2D.
Notes: Kaplan–Meier analysis shows that a high expression level of MICA (A, B) was significantly associated with a poor disease-free survival (DFS) and overall survival 
(OS) of patients with pancreatic carcinoma, while a high expression level of NKG2D (C, D) was significantly correlated with improved DFS and OS (N=70; P,0.001,  
log-rank test).
Abbreviations: MICA, major histocompatibility complex class I-related chain A molecules; NKG2D, natural-killer group 2 member D.
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Table 4 Univariate analysis of factors associated with OS and DFS

Variables OS DFS

Mean survival time (month) P-value Mean survival time (month) P-value

MICA
Low 21.2 ,0.001 20.8 ,0.001
High 16.4 10.9

NKG2D
Low 16.5 0.001 11.9 0.001
High 20.3 18.7

Age (years)
,60 18.2 0.638 15.3 0.248

$60 17.1 13.3
Sex

Male 17.1 0.93 13.7 0.839
Female 17.4 14.1

Tumor diameter
,20 mm 17.6 0.866 14.6 0.52

$20 mm 17.6 13.9
Tumor location

Head 17.8 0.657 14.8 0.393
Body/tail 17.4 13.6

Serum CA19-9
#37 17.3 0.637 13.6 0.15

.37 17.6 13.4
Histological grade

Moderate/poor 16.9 0.025 12.1 ,0.001
Well 19.6 19.2

Perineural invasion
Absent 18.5 0.405 17.5 0.004
Present 17.2 12.5

LNM
Absent 20.1 ,0.001 18.6 ,0.001
Present 16.2 10.8

TNM stage
I 20.1 ,0.001 18.6 ,0.001
II 16.2 10.8

Abbreviations: CA19-9, carbohydrate antigen 19-9; DFS, disease-free survival; LNM, lymph node metastasis; MICA, major histocompatibility complex class I-related chain 
A molecules; NKG2D, natural-killer group 2 member D; OS, overall survival; TNM, tumor-node-metastasis.

Table 5 Multivariate analysis of factors associated with OS and DFS

Variables DFS OS

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

Differentiation (moderate/poor vs well) 1.063 0.396–2.849 0.904 1.084 0.376–3.120 0.882
PNI (absent vs present) N/A N/A N/A 0.433 0.194–0.970 0.042
LNM (absent vs present) 1.568 0.729–3.371 0.250 2.124 0.977–4.617 0.057
Tumor stage (I vs II) 1.568 0.729–3.371 0.250 2.124 0.977–4.617 0.057
MICA expression (low vs high) 7.785 3.247–18.666 ,0.001 3.853 1.345–11.041 0.012
NKG2D expression (low vs high) 1.862 0.663–5.228 0.238 0.765 0.300–1.949 0.574

Abbreviations: CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; LNM, lymph node metastasis; MICA, major histocompatibility complex class I-related 
chain A molecules; NKG2D, natural-killer group 2 member D; OS, overall survival; PNI, perineural invasion; vs, versus; N/A, not available.

more prospective investigations with a larger sample size are 

needed to support our findings.

Conclusion
Our results show that sMICA is upregulated while NKG2D 

is downregulated in pancreatic cancer tissues, revealing a 

significant negative correlation between sMICA expression 

and NKG2D expression in tumor tissues. High sMICA 

expression and low NKG2D expression have an unfavorable 

prognosis, and act as independent prognostic markers for 

poor DFS and OS in patients with pancreatic cancer. These 

data provide a strategy for immunotherapy of pancreatic 
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cancer, thereby improving the prognosis of patients with 

pancreatic cancer.
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