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Abstract

Introduction: Natural killer (NK) cells are a subset of lymphocytes in humans that release cytokines such as
tumor necrosis factor alpha and interferon gamma-c during infection. NKG2D is one of the most important
stimulating NK receptors binding MIC-A, MIC-B, and ULBPs, which leads to activation of NK cells against
tumor cells. In this study, the authors evaluated the effect of G2 adjuvant on gene expression and delivery of
NKG2D receptor on NK cells in peripheral blood.
Materials and Methods: Peripheral blood mononuclear cells were isolated from venous blood obtained from
healthy volunteers after adding G2 adjuvant within 12, 24, and 48 hours of incubation. Then, total RNA was
extracted from the cells, cDNA synthesis was performed, and gene expression was evaluated by real-time PCR.
In addition, NK cells were stained with the appropriate monoclonal antibodies, and the receptors expressed on
cell surface were quantified.
Results: G2 adjuvant leads to upregulation of gene expression and increases the expression of NKG2D receptor
on the surface of NK cells after incubation.
Conclusion: The findings of this study demonstrated that G2 adjuvant can increase NK cell cytotoxicity. It may
play an important role in killing tumor cells, preventing tumor growth and metastasis.
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Introduction

Natural killer (NK) cells are a subset of lymphocytes in
humans and mice with an important role in innate and

adaptive immunity.1 In humans, NK cells comprise 10%–
15% of peripheral blood lymphocytes,2,3 and are found in a
number of tissues such as the liver, lungs, gastrointestinal
tract, and uterine decidua.4 Human NK cells are divided into
two subgroups based on function and phenotypes. Over 90%
of NK cells in peripheral blood are CD56,dim CD16,+ and
perforin,+ and the remaining are CD56,bright CD16, and per-
forin.5 CD56bright cells express CXCR3 chemokine receptor,
which migrates toward the inflammatory tissues and lymph
nodes.4 CD56dim cells circulate in the peripheral blood and

have cytotoxic activity through perforin and granzyme pro-
duction.1 These cells release cytokines such as tumor ne-
crosis factor alpha (TNF-a) and interferon gamma (IFN-c)
during infection. These cytokines stimulate and increase the
activity of innate and adaptive immune responses. Moreover,
these cytokines have exhibited an important role in cytotoxic
activity against cancer and viral infections.6

The function of NK cells is dependent upon stimulatory
and inhibitory receptors. In humans, NK receptors are divided
into three groups based on their structure, including killer cell
immunoglobulin-like receptors (KIRs), natural cytotoxic re-
ceptors, and C-type lectin-like receptors (CTLRs).7 Most in-
hibitory immunoglobulin-like and CTLRs bind to classical
and nonclassical MHC class I molecules on normal cells and
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transmit the inhibitory signal through tyrosine motifs in cy-
toplasmic tail of the receptor within the cell.7 NKG2D is one
of the most important stimulatory NK receptors binding the
MHC class I proteins such as MIC-A, MIC-B, and ULBPs.
MHC class I-like ligands are present on cancer cells as well
as virus-infected cells, which leads to stimulation of NKG2D
receptor on NK cells.8 Activation of the cells subsequently
increases the expression of NKG2D receptor on NK cells.9

NKG2D receptor binds to a 10 kDa messenger protein in the
membrane known as DAP10. This subunit contains an im-
munoreceptor tyrosine-based activation motif (ITAM), a
messenger motif that leads to activation of NK cells and
cytotoxicity against cancer.10,11

In cancer patients, NK cells are activated and converted to
lymphokine-activated killer (LAK) cells with a higher cy-
totoxic activity,12 increasing lytic proteins such as perforin
and granzyme against target cells. Moreover, LAK cells
express Fasl and TRAIL receptors that may be involved in
lysis of cancer cells. These components of cytokine TNF
receptors play an important role in apoptosis.13

Thus, NK cells are an important component of innate
immunity against infection and disease at an early stage and
play an important role in the activation of cellular immune
function as well as destruction and elimination of cancer
cells. The majority of cancer patients receive chemotherapy,
immunotherapy, or radiation therapy after surgery to prevent
recurrence or metastasis. Cancer immunotherapy has been
developed during the last few decades. Recent evidences
showed that immunotherapy by tumor infiltrating lympho-
cytes increases the inflammatory response and decelerates the
progression of cancer.14 Several methods are used for im-
munotherapy, including treatment with NK cells, in which
activated NK cells play an important role in controlling
metastasis in cancer patients. Metastasis of cancer cells
occurs in patients who have a defect in activation of these
cells.15 G2 adjuvant contains buffalo spleen extract stimu-
lating TH cells, which has been developed by Saleh Mo-
haghegh Hazrati in Iran. G2 adjuvant causes improvement
of breast cancer in animal models. This adjuvant was also
used in patients with asthma and allergy and showed ac-
ceptable results.16

NK cells play a crucial role in primary defense against
infection, activation of innate and acquired immunity, as
well as prevention of cancer metastasis. NKG2D receptor is
one of the most important stimulatory receptors of NK cells,
and G2 adjuvant has a stimulatory effect upon T cells.
Therefore, in this study, the authors evaluated the effect of
G2 adjuvant on gene expression and delivery of NKG2D
receptor on NK cells in peripheral blood.

Materials and Methods

Preparation of the adjuvant

G2 adjuvant has been prepared from buffalo spleen lipid
and registered as a patent in the Iranian Patent Office as
Immune System Activator vaccine (Invention Register No.:
36679 and Date of Invention October 28, 2006). The prep-
aration method of adjuvant is as follows: spleen is divided
into small pieces and centrifuged at 800 g for 30 minutes
after several days of exposure to dilute alcohol. The su-
pernatant containing various types of lipids, glucose, cho-
lesterol, and triglycerides is known as G2 adjuvant.16

Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cell (PBMC) were iso-
lated from heparinized venous blood obtained from four
healthy volunteers. Peripheral blood cells were isolated using
1.077 g/mL Ficoll–Paque density gradient (Biochrome) and
were centrifuged for 30 minutes at 900 g at a temperature of
4�C. The mononuclear cell layer was transferred to a centri-
fuge tube. The cells were washed by a sterile RPMI 1640
medium (three times the volume of the mononuclear cell
layer) and centrifuged at 18�C–20�C for 10 minutes at 400 g.
The supernatant was removed and the cells were resuspended
in the RPMI 1640 medium. Viability of PBMC was deter-
mined by trypan blue staining. Cells with more than 90%
viability were used for examination.17

Cell treatment

To investigate the effect of tested agents, optimal effec-
tive concentrations were established to be used in experi-
ments. An optimally effective concentration of G2 adjuvant
has been established at 400 mg/mL with serial dilutions.
PBMC were cultured at a final concentration of 500,000
cells/mL in 12-well plates containing the RPMI 1640 me-
dium, including 10% fetal calf serum (FCS) and 100 mg/mL
of antibiotics (penicillin/streptomycin) at a temperature of
37�C and 5% CO2 in humidified cell culture plates. The cells
were incubated for 12, 24, and 48 hours after addition of G2
adjuvant (concentration 400 mg/mL). Gene expression and
delivery of receptors were subsequently measured.18

RNA extraction

Total RNA was extracted using the RNA purification kit
( Jena Bioscience) according to the manufacturer’s instruc-
tions. The concentration and quality of extracted mRNA were
spectrophotometrically determined at 260 nm and 260/280 nm
wavelength ratio, respectively. Furthermore, the sample was
electrophoresed in 1% agarose gel to confirm the purity and
check the absence of DNA and quality of RNA.

Reverse transcription was performed using a transcriptor.
First, cDNA synthesis was performed using a synthesis kit
(Thermo Scientific) according to the manufacturer’s in-
structions. Oligo (dT) primer was mixed with template RNA
and the mixture was incubated at 65�C for 5 minutes.
Transcriptase reaction buffer, transcriptase, deoxynucleotide
mix, and RNase inhibitor (all from Thermo Scientific) were
added to the tube containing template RNA-primer. Total
mixture was incubated at 42�C for 60 minutes and at 70�C
for 5 minutes. The rest of extracted RNA and cDNA was
stocked at -70�C.

Real-Time PCR

Real-Time PCR was performed by ABI (Applied Bio
systems 7500) kit SYBR green amplification (TaKaRa) at
denaturation temperature of 95�C for 30 seconds and an-
nealing/elongation at 57�C for 15 seconds at 40 cycles. Two
specific primers were used for GAPDH (Forward: 5¢-CAC
CATCTTCCAGGAGCGAG-3¢), (Reverse 5¢-GCAGGAA
TTGCTGAT-3¢) and NKG2D (Forward: 5¢-ACTGTGGCCC
ATGTCCTAAA-3¢), (Reverse 5¢-GGTTGGGTGAGAGAA
TGGAG-3¢). Real-Time PCR data were analyzed using
REST-RG software.
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Flow cytometry

Flow cytometry is a common method to detect the presence
of receptors and molecules on cell surface. After incubation,
the cells were washed in phosphate-buffered saline containing
1% bovine serum albumin. To evaluate delivery of receptors on
the surface of NK cells, the cells were examined by three-color
flow cytometry using the appropriate monoclonal antibodies,
including anti-CD3-PE-CY5 (eBioscience), anti-CD56-FITC
(eBioscience), and anti-NKG2D-PE (eBioscience) (FACS-
com; BD Bioscience).19 Afterward, the results of flow cy-
tometry were analyzed using WinMDI v2.8 software.

Results

The cell samples were studied to determine the expression
of NKG2D on NK cells. It was observed that G2 adjuvant
affects NK cell activity and increases the expression of
NKG2D gene, which plays a role in cytotoxic activity of NK
cells against the target tissue. Increase expression of
NKG2D gene at 12, 24, and 48 hours is shown in Figure 1.
The expression of gene responsible for NKG2D in cells
treated with adjuvant G2 compared to the control group
(untreated) after incubation is shown in Figure 1.

Flow cytometry

The delivery of receptors on the surface of NK cells was
evaluated relative to unexposed controls (untreated) after 12,
24, and 48 hours of incubation in the presence of 400 mg/mL
G2 adjuvant. The flow cytometry data were examined by

WinMDI v2.8 software and the obtained gate mean (GM)
was analyzed by IBM SPSS 22 software and T-test. The mean
and standard deviation of NKG2D + NK cells and the in-
tensity of expressed GM for NKG2D receptor are shown in
Table 1. It was observed that the delivery of NKG2D receptor
on the surface of NK cells treated with G2 adjuvant was
significantly increased in comparison to the control group
(Untreated) ( p = 0.004). In these Figures, delivery rate of
receptors in the samples treated with G2 adjuvant was com-
pared to control, indicating a significantly increased delivery
rate of receptors in the samples treated with G2 adjuvant
compared to control at the level of NK cells.

Histograms investigating NKG2D on the surface
of NK cells

The range of expression of the NKG2D is shown in M1
index shown in Figure 2. The results showed that gene ex-
pression was increased with increasing period of incubation,
and maximum NKG2D gene expression was observed after
48 hours of incubation.

Discussion

Previous studies have confirmed the role of G2 adjuvant in
the stimulation of immune cells such as T lymphocytes. This
adjuvant contains buffalo spleen extract and improves breast
cancer in animal models.20 As a natural adjuvant, G2 adjuvant
can be used in treatment and recovery from several diseases.
After treatment of asthma patients with G2 adjuvant, about 70%
of the patients were recovered, which may indicate the impor-
tant role of this adjuvant in control of asthma through affecting
TH2 cells.21 Besides, G2 adjuvant controls the allergic response
through preventing the increase in eosinophils and basophils,
inhibiting TH2-related responses.22 Neamati et al. reported that
this adjuvant regulates the balance between TH1 and TH2 and
can induce the stimulation of TH1 cells. In addition, G2 adju-
vant plays a crucial role in the production of IL-2 and IFN-c as
well as activation of macrophages to regulate proinflammatory
responses through stimulation of the TH1 cells.16

Hazrati et al. reported that G2 adjuvant increases the
production of IFN-c by stimulating TH1 cells, and that in-
creasing level of this cytokine leads to increased activity of
cell-mediated immunity.20,23 Subsequently, these cytokines
can help patients recover from breast, brain, and prostate
cancers by inhibiting or reducing the expression of matrix
metalloproteinases.24,25 G2 adjuvant can also stimulate cell-
mediated immunity and increase the production of IFN-c to
recover patients from viral infections.26 In another study on
cancer patient, Hazrati et al. found that the tumor mass was
gradually shrunk and even disappeared completely after
immunotherapy using G2 adjuvant, and suggested that this
adjuvant can contribute to cancer elimination and patient

FIG. 1. Fold increase of mRNA NKG2D gene expression
relative to unexposed controls in human NK cells after 12, 24,
and 48 hours of incubation in the presence of concentration
(400 mg/mL) of G2 adjuvant. The results are the mean – SEM
of three independent experiments. **p = 0.001 significant dif-
ference between the treated and independent experiments.
**p = 0.001 significant difference between the treated and un-
treated (control) groups after 48 hours of incubation in the
presence of G2 adjuvant. SEM, standard error of the mean.

Table 1. G2 Adjuvant Effect on the Delivery of NKG2D Receptor on the Surface of Peripheral

Blood NK Cells Cultured for 12, 24, and 48 Hours in Medium in the Absence (Control)

and Presence of G2 Adjuvant (at 400 mg/mL Concentration)

Control 12 24 48

Gate mean – standard deviation 13.41** – 1.82 15.87 – 1.124 16.64 – 1.24 16.38 – 1.30

**p < 0.001 between the treated and untreated groups.
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recovery through stimulating and activating immune cells
such as NK cells against cancer.27

NK cells serve as the first line of defense against a wide
range of pathogens, especially viruses, playing an important
role in the immune response against tumor cells in both humans
and mice.28 NK cells play an important role in both innate and
acquired immunity, performing four major functions, includ-
ing cytotoxic activity through secretion as well as release of
perforin and granzyme, chemokine and cytokine secretion,
TRAIL and Fas ligand-induced apoptosis, and antibody-
dependent cell-mediated cytotoxicity.3 NK cells trigger cyto-
toxicity through stimulatory receptors such as NKG2D, which
identifies its ligands on the tumor cells as well as virus-infected
cells, activating NK cells to lyse target cells.29

In the present study, the expression of NKG2D receptor
on NK cells was evaluated in the presence of stimulating

TH1 cells called adjuvant G2, and the results showed that
the gene expression and delivery of NKG2D receptor were
increased. Moreover, it causes increased activation of NK
cells, which consequently increases the lethality of these
cells in viral infections and cancers. Future perspectives
may propose the activation of NK cells in patients with
cancer to stimulate the production of cytokines by triggering
innate and acquired immunity as well as production and
secretion of cytotoxic mediators such as perforin and gran-
zyme, which play an important role in clinical development
by way of apoptosis of tumor cells and virus-infected cells
and inhibition of tumor cell growth as well as metastasis.

Mincheva-Nilsson et al. showed that the expression of
genes encoding NKG2D receptor is regulated under the
influence of cytokines and vaccines. Interleukin (IL)-12
increases the expression and availability of NKG2D

FIG. 2. Increased delivery
of NKG2D receptor on the
surface of peripheral blood
NK cells. Freshly isolated
cells were cultured for 12,
24, and 48 hours in medium
in the absence and presence
of G2 adjuvant (400 mg/mL
concentration). Significant
difference was observed
between the treated and
untreated groups ( p = 0.004).
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receptor and DAP10 in NK cells. NKG2D receptor is one of
the important receptors for cancer diagnosis, which binds to
target cells through its ligands and causes stimulation and
activation of NK cells.30 Jamieson’s study showed that LPs,
IFN-c, and IFN-a/b contributed to stimulating the expression
of NKG2D receptor. Increasing NKG2D receptor expression
is considered as a factor affecting the innate immunity, which
may ultimately lead to increased cytotoxic activity of NK
cells against viral infections and tumors.31

Osada showed that the use of dendritic cell (DC) vaccine
can activate NK cells against tumor cells and virus-infected
cells, and observed that culturing NK cells in the presence of
DCs significantly increased the expression of genes encod-
ing NKG2D, resulting in increasing NK cells cytotoxicity
against tumor cells and virus-infected cells.32,33 The results
of the present study are consistent with these studies.

The results of another study showed that IL-15 increased
the expression of genes encoding NKG2D in addition to
increasing effective cytotoxic molecules such as TRAIL and
FasL. Furthermore, increased expression of genes encoding
NKG2D, which sends activation signal into the cell, leads
to activation of NF-jB transcription factor,34 increasing
the production of proinflammatory cytokines such as IL-1
and IL-6 as well as decreasing anti-inflammatory cytokines.
Furthermore, recent data have shown that NF-jB inhibits
the expression of inhibitory cytokines such as IL-10, but
increases the expression of INF-a, IFN-c, and TNF,34 which
can direct the differentiation of T cells into Th1, stimulating
NK and T cytotoxic (CTL) cells against cancer through
production of IL-2.35 Therefore, NF-jB causes increased
cytotoxicity of NK cells through several mechanisms, in-
cluding stimulating the production of perforin and granzyme
as well as members of cell death receptors, which play a role
against tumor and infectious pathogens.36

Zhou et al. showed that DNA vaccines can increase the
expression of NKG2D receptor on NK cells and cause matu-
ration of DCs, which help increase the activity of NK and CTL
cells and change NK cells to LAK cells through cytokine se-
cretion and expression of costimulatory molecules.37,38 Öz-
dami et al. found that IL-15 also increases perforin and TNF-a,
which change NK cells to LAK cells.38 NK cells play a role in
the suppression of early tumor cancer stages, and several
studies have indicated that NK cells play an important role
in preventing tumorigenesis and may even eliminate the
tumor.39,40 In addition, production of IFN-c by NK cells leads
to differentiation of macrophages into M1 macrophages,
which increases reactive oxygen species and nitric oxide ac-
tivity in macrophages. M1 macrophages increase the apoptosis
of cancer cells, inhibit angiogenesis, and prevent tumor growth
and progression of cancer.41–43 These results are consistent
with the present study. In addition to direct effect of NK cells
in killing target cells through production of these cytokines,
they indirectly play a role in elimination of tumors and in-
fections by affecting other innate immune cells such as DCs
and macrophages as well as activating acquired immune cells
such as TCD4 and TCD8. Studies have shown that tumor
growth is considerably increased in NKG2D-deficient mice
during the early stages of malignancy. Moreover, NKG2D has
a modulatory role in immune responses as well as limiting the
cancer spread and invasion to other tissues, which shows that
this receptor plays an important role in early stages of tu-
morigenesis rather than metastasis.15,44,45

In contrast to the present study, the study of Sha Hao showed
that long-term exposure to estrogen (E2) reduces NK cell ac-
tivity. E2 also suppresses NK cell killing by reducing the ex-
pression of NKG2D stimulatory receptor and reduces the
expression of other stimulatory receptors on NK cells such as
NKp46 and 2B4 receptors. These functional features have a
negative impact on NK cell killing. Overall, this factor leads to
decreased secretion of cytotoxic factors such as granzyme B
and FasL and is ultimately involved in cancer growth.46

In conclusion, the use of G2 adjuvant could increase gene
expression and delivery of NKG2D receptor on NK cells,
which can increase NK cell cytotoxicity against cancers and
viral infections. Thus, G2 adjuvant can be used as an acti-
vator of NK cells in cancer patients. Besides, G2 adjuvant
may play a key role in killing tumor cells by NK cells,
preventing tumor growth and metastasis by NK cells as well
as killing the virus-infected cells. It stimulates the produc-
tion of cytokines, activates innate and acquired immunity, as
well as production and secretion of cytotoxic mediators such
as perforin and granzyme.
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autoimmune disease. In: Immunobiology of Natural Killer
Cell Receptors. Springer, 2006;259–277.

5. Ferlazzo G, Thomas D, Lin S-L, et al. The abundant NK
cells in human secondary lymphoid tissues require activa-
tion to express killer cell Ig-like receptors and become
cytolytic. J Immunol 2004;172:1455–1462.

6. DiSanto JP, Müller W, Guy-Grand D, et al. Lymphoid
development in mice with a targeted deletion of the inter-
leukin 2 receptor gamma chain. Proc Natl Acad Sci U S A
1995;92:377–381.

7. Sojka DK, Tian Z, Yokoyama WM. Tissue-resident natural
killer cells and their potential diversity. Semin Immunol
2014;26:127–131.

8. Sun PD. Structure and function of natural-killer-cell re-
ceptors. Immunol Res 2003;27:539–548.

9. Wu L, Zhang C, Tian Z, Zhang J. NK cell-based approach
for screening novel functional immune genes. Int Im-
munopharmacol 2011;11:274–279.

10. MacFarlane IV A, Campbell K. Signal transduction in
natural killer cells. In: Immunobiology of Natural Killer
Cell Receptors. Springer, 2006;23–57.

NKG2D 123



11. Vivier E, Colonna M. Immunobiology of Natural Killer
Cell Receptors. Berlin, Heidelberg: Springer Science, 2006.

12. Brittenden J, Heys S, Ross J, et al. Natural killer cells and
cancer. Cancer 1996;77:1226–1243.

13. Wu J, Lanier LL. Natural killer cells and cancer. Adv
Cancer Res 2003;90:127–156.

14. Sato E, Olson SH, Ahn J, et al. Intraepithelial CD8+ tumor-
infiltrating lymphocytes and a high CD8+/regulatory T cell
ratio are associated with favorable prognosis in ovarian
cancer. Proc Natl Acad Sci U S A 2005;102:18538–18543.

15. Whiteside TL, Herberman RB. The role of natural killer
cells in immune surveillance of cancer. Curr Opin Immunol
1995;7:704–710.

16. Neamati A, Boskabady MH, Afshari JT, et al. The effect of
natural adjuvants on tracheal responsiveness and cell count
in lung lavage of sensitized guinea pigs. Respirology
2009;14:877–884.

17. Fuss IJ, Kanof ME, Smith PD, et al. Isolation of whole
mononuclear cells from peripheral blood and cord blood.
Curr Protoc Immunol 2009;Chapter 7: Unit 7.1.

18. Hadaddezfuli R, Khodadadi A, Assarehzadegan M-A, et al.
Hemiscorpius lepturus venom induces expression and
production of interluckin-12 in human monocytes. Toxicon
2015;100:27–31.
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