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ABSTRACT
Cell-based immunotherapy using natural killer (NK) cells, cytokine-induced killer (CIK) cells and dendritic cells
(DCs) is emerging as a potential novel approach in the auxiliary treatment of a tumor. However, non-standard
operation procedure, small-scale cell number, or human error may limit the clinical development of cell-based
immunotherapy. To simplify clinical scale NK cells, CIK cells and DCs expansions, we investigated the use of the
WAVE bioreactor, a closed system bioreactor that utilizes active perfusion to generate high cell numbers in
minimal volumes. We developed an optimized rapid expansion protocol for the WAVE bioreactor that produces
clinically relevant number of cells for our adoptive cell transfer clinical protocols. The high proliferative rate,
surface phenotypes, and cytotoxicity of these immune cells, as well as the safety of cultivation were analyzed to
illuminate the effect of WAVE bioreactor. The results demonstrated that the benefit of utilizing modern WAVE
bioreactors in cancer immunotherapy was simple, safe, and flexible production.
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Introduction

Many new strategies for cancer treatment have been developed in
recent years, including advances in surgical techniques,1 new che-
motherapy regimens,2 radiotherapy techniques,3 and molecularly
targeted therapies.4 While these advances have significantly
improved the outcomes for many cancer patients in terms of cur-
ability, overall survival, and tolerance of the treatments, expecta-
tions for patients with advanced tumors remain limited.5,6 In the
last decade, cancer immunotherapy has emerged as a clinically
effective tool in several solid tumors, particularly in combination
with more conventional therapies.7 There are a variety of
approaches in tumor immunotherapy, including manipulation of
the immune system through the use of immune agents, such as
vaccines,8 cytokines,9 checkpoint inhibitors (including anti-pro-
grammed death 1 [PD-1]/PD-ligand 1 [PD-L1] antibodies and
anti-cytotoxic T-lymphocyte-associated antigen (CTLA)-4 anti-
bodies10,11), kinase inhibitors (such as apatinib and gefitinib),12,13

and immune cells.14-20 Among all the possible strategies, cellular
immunotherapy has flourished and is widely used in tumor treat-
ment, especially in Asia. CIK cells, NK cells, and DCs are the pre-
dominant cells used in cell-based immunotherapy, which are easy
to obtain from umbilical cord blood or peripheral blood mononu-
clear cells (PBMCs). These cells possess higher in vitro proliferation
capacity, stronger antitumor activity, and broader antitumor spec-
trum.21,22 The tumoricidal ability of these cells is implemented by
inducing tumor cell apoptosis through direct cell-to-cell contact
and secretion of cytokines such as tumor necrosis factor (TNF)-a

and interferon (IFN)-g.23 However, the limited quantity and high-
paid labor versus the robust demand have restricted the clinical
applications of cell-based therapy. In order to alleviate this predica-
ment, numerous attempts were carried out by our group to rapidly
expand cell numbers and genetically modified PBMCs under GMP
(GoodManufacturing Practice) conditions for clinical trials.

WAVE bioreactor, a novel easy-to-use, flexible, and cost-
efficient alternative to stainless steel bioreactors, is widely used
for many purposes as it offers comprehensive options for pro-
cess monitoring and control.24 Agitation is based on a wave-
like movement of the cultivation plate. Important cultivation
parameters, like pO2 and pH, can be measured and controlled
by a fully automatic system. A cellbag on the platform is a
chamber partially filled with media and inflated with air using
the integral sterile inlet filter. The disposable contact material
eliminates the need for cleaning and validation, thereby signifi-
cantly reducing costs in cGMP operations. Recent report by
Demanga CG25 and his colleagues have shown that the
production of gametocytes in the WAVE bioreactor under
GMP-compliant conditions will not only facilitate cellular,
developmental, and molecular studies of gametocytes, but also
the high-throughput screening for new anti-malarial drugs
and, possibly, the development of whole-cell gametocyte or
sporozoite-based vaccines. Tsai AC et al.26 have demonstrated
that the WAVE bioreactor could be utilized in producing
human mesenchymal stem cell (hMSC) aggregates with
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controlled size distribution for therapeutic application. Due to
its the characteristics of rapid process development and clinical
manufacturing, our group exploited the application of WAVE
bioreactor in cell-based immunotherapy.

In this study, our group investigated the use of automatic
WAVE Bioreactor (GE XuriTMW25, USA) (Fig. 1) in rapid
expansion of CIK cells, NK cells or DCs from PBMCs under
GMP conditions for clinical trials. The cell viability and immu-
nological characteristics, such as the surface molecules, cyto-
kines secreted, and tumor-cytotoxicity, were studied. All these
observations may enhance the potential application of WAVE
bioreactor in clinic tumor immunotherapy.

Results

Cell viability and counting

The number of viable CIK cells, NK cells, and DCs in total
static group or WAVE group was determined and shown in

Fig. 2A. The results have shown that the viability of CIK
cells in the WAVE group was higher than the static group
on day 21. Similarly, the viability of NK cells was signifi-
cantly higher in the WAVE group on day 10 and day 15.
However, no significant difference was found in the DCs
viability.

Subsequently, the viable cell number of CIK cells, NK cells,
and DCs from the two groups were counted and displayed in
the Fig. 2B. The WAVE bioreactor improved growth of CIK
cells and DCs by day 14 and day 10.

Endotoxin detection

A standard curve was established for each assay in the range
between 0.002 EU/ml and 2.0 EU/ml, according to the manu-
facturer’s instructions for the LAL product. Differences
between traditional cultivation and the WAVE bioreactor culti-
vation at endotoxin level were assessed by LAL test, and the
results were all below 0.02 EU/ml (Fig. 3). These findings also
suggest that, the WAVE bioreactor could be a safe and non-
toxic immunotherapy cell culture method.

Composition of CIK cells

CIK cells were successfully generated from tumor patients
from peripheral blood within 3 weeks of cultivation of the two
groups that included timed addition of IFN-g and interleukin
(IL)-2. The expression of CD4C T cell (CD3CCD4C), CD8C T
cell (CD3CCD8C), Tregs (CD4CCD25CCD127¡), and
CD3CCD56C T cells (CD3CCD56C) between static vs. WAVE
group on day 7, 14, and 21 are shown in Fig. 4. The propor-
tion of CD8C T cell and natural killer T (NKT) cells in the
WAVE group were significantly higher than in the static

Figure 1. Rapid expansion using the WAVE bioreactor. The cultivation of human
peripheral blood mononuclear cell by WAVE bioreactor.

Figure 2. Cell viability and counting. Growth profile of CIK cells, DCs, and NK cells in the traditional group or the WAVE bioreactor were detected and demonstrated in the
plots. The significant difference in cell viability between the two groups was monitored by Kruskal-Wallis test(�, P < 0.05). (A) The viable cells percentage in total cells. (B)
The viable cell number in the two groups.
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cultured cells on day 14, meanwhile, the proportion of Tregs
declined gradually in WAVE group, which indicated that the
WAVE bioreactor might have enhanced the antitumor activity
of CIK cells.

Purity of NK cells

NK cell markers (CD56) in both groups were analyzed on day 8,
10, and 15 by flow cytometry (Fig. 5). The results implied that
the WAVE bioreactor could significantly improve the number
of NK cells when compared with the static culture method.

DC count and maturation

The typical marker for DCs (CD11c) and the matured markers
[CD86, CD80, and human leukocyte antigen - antigen D related
(HLA-DR)] were detected by flow cytometry (Fig. 6). Although
the expression of DC markers improved after culture in different
conditions, there was no significant difference between the two
groups. These observations implied that the wave formation
might have insignificant effect on the growth of adherent DCs.

Level of cytokines

To explore the secretome dynamics of CIK cells, NK cells or
DCs, the main classes of cytokines, i.e., IFN-g, TNF-a, and IL-
12 were analyzed in the culture groups. We compared the
release in different groups, on the day of autologous blood

Figure 3. Endotoxins detection The level of endotoxin in the CIK cells, NK
cells and DCs were shown in the chart, which imply the security of the WAVE
bioreactor.

Figure 4. The constitutions of CIK cells. The proportions of CIK cells in different groups were detected by flow cytometry on day 7, day 14 and day 21. The expression of
CD4CT cells(A), CD8CT cells(B), Tregs(C) and CD3CCD56CT cells(D) were shown in the figure. The representative flow chart of different group were shown in the left col-
umn and the statistical results were shown in the right column. (�,p < 0.05).
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transfusion, by real-time PCR, and the results are shown in the
Fig. 7. These observations implied that the WAVE bioreactor
might have not significantly modulated the secretome of cells
when compared with the static group.

Cell degranulation marker CD107a

The effector cells (CIK cells or NK cells) and target cells (K562
cells) were co-incubated at 37�C in culture medium at an E:T cell
ratio of 5:1, 10:1, 20:1 and 40:1 in the presence of monoclonal

Figure 4. (Continued)

Figure 5. The quantification of NK cells. The phenotype of NK cells was detected by flow cytometry, in addition, the representative flow chart and the data were shown in
this plot. (�,p < 0.05).
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mouse anti-human adenomatous polyposis coli (APC)-CD107a
to a total volume of 100 ml. The effector cells were then labeled
in cytometry tubes with phycoerythrin (PE)-conjugated CD56
monoclonal antibody (mAb) (Fig. 8). Regardless of the E:T cell

combinations, the frequency of CD107a-positive cells was higher
in the NK cell subset than in the CIK cell subset. TheWAVE bio-
reactor might improve the tumor lysis characteristic of CIK cells
or NK cells at the ratio of 5:1 or 10:1.

Figure 6. DCs numbers and maturation. The DC typical marker (CD11c) plus the matured marker (CD86, CD80 or HLA-DR) were demonstrate in the plot. Representative
flow chart was shown in the left and the statistical data were shown in the right. No significantly alteration in the DC surface markers regardless of the cultured
formation.
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Cellular cytotoxicity assay

The results of the cytotoxicity assay demonstrated that CIK
cells and NK cells exhibited antineoplastic activities in vitro
(Fig. 9). Comparison of the cytotoxic effects between CIK cells
and NK cells showed significant differences, in which the cyto-
toxic effects on K562 cells were significantly higher when cul-
tured in the WAVE bioreactor. In addition, the results were
consistent with the observation of CD107a degradation to
some extent, which offers further confirmation that the WAVE
bioreactor might enhance the anti-tumor activity of CIK cells
or NK cells.

Discussion

In recent years, immunotherapy has been rising rapidly and is
considered the fourth most effective therapeutic method after
surgery, radiotherapy, and chemotherapy.27 Use of adoptive
immune cell transfer therapies have been flourishing in cancer
treatment in Asia, which based on the infusion of ex vivo
expanded and/or activated immune effectors that are able to
identify and destroy cancer cells.28,29 The first focuses on T
lymphocytes capable of recognizing tumor-associated antigens
(TAA) through their specific T cell receptor (TCR). The second
focuses on elements of the innate immune system that that do
not rely on HLA-mediated recognition of tumor targets. These
effectors are NK cells,30,31 CIK cells32 and DCs.33

Traditionally this has been achieved by utilizing static cul-
ture methods, wherein diluting products such as cytokines
and lactate may limit the growth of immunotherapy cells. In

addition, the semi-open system coupled with frequent culture
manipulations introduces multiple opportunities for contami-
nation, thus, highly skilled personnel are required.34,35 These
technical challenges have proved to be an impediment to a
wider dissemination of cell-based immunotherapy. In order to
rapidly expand on a large scale by simultaneously, keeping the
most comfortable culture circumstances, our laboratory took
advantage of the WAVE bioreactor for cultivation. The
WAVE bioreactor can be installed and used rapidly for pro-
cess development and clinical manufacturing, thus minimizing
the time to market for biological products. The rocking
motion facilitates mixing and promotes oxygen transfer, which
makes it highly attractive over traditional systems for animal
cell culture such as shake flasks and stirred tanks. Batch culti-
vation of mammalian, insect, and plant cells have been
reported in WAVE Bioreactors.36,37 In this article, we have
compared the WAVE bioreactor with static cultivation and
summarized the implementation scheme used in both cultiva-
tion methods.

In the proliferation assay, WAVE bioreactor could stimulate
the growth of immune cells, such as CIK cells and NK cells.
Simultaneously, the wave cultivation improved CIK cells and
DC viability when compared with the static formation.
The observations were correlated with the alterations in cell
surface molecules, which were examined by flow cytometry.
The WAVE bioreactor could increase the quantities of CD8C T
cells and CD3CCD56C T cells, simultaneously suppressing the
growth of Tregs in expanded CIK cell population in vitro. In
addition, the number of NK cells cultured in the WAVE biore-
actor increased significantly demonstrating that the

Figure 7. The level of Cytokines. The relative quantities of IFN-g , TNF-a and IL-12 were detected by Real-time PCR. Unfortunately, there was no difference between the
Static group and WAVE group when compared to IFN-g , TNF-a and IL-12 (p > 0.05).
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Figure 8. Cell degranulation marker CD107a. CD107a expression in CIK cells (A) or NK cells (B) of different groups cultured in the presence of K562 cells were shown in the
plot. The representative flow charts were shown in the left column and the statistical data were displayed in the right column.

Figure 9. Cellular cytotoxicity assay. Cytotoxic activity of DC-CIK and DC-CTL cells against B16 melanoma cells. In the CCK-8 cytotoxic analysis, K562 cells were used as the
target cells at various E:T ratios (5:1, 10:1, 20:1 and 40:1) to evaluate the specific cytotoxic activity. The results indicated that the cytotoxicity increased as the E:T ratio
increased between 5:1 and 40:1. However, the cytotoxic effect of the WAVE group and Static group were significantly different (P<0.05) at the ratio of 5:1 of CIK cells and
NK cells, plus ratio of 10:1 of CIK cells, with the cytotoxic effects.
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antineoplastic effect of in vitro expanded CIK cells and NK cells
may be enhanced to some extent. In addition, these effects were
further confirmed by the CD107a degradation test and tumor
cell lysis experiment. However, there was no significant alter-
ation in the expression of IFN-g and TNF-a, which were
secreted and synthesized by CIK cells and NK cells possibly
because the transfused CIK cells and NK cells cultured by either
static method or the WAVE bioreactor were not pure but a
more heterogeneous cell population. That means with respect
to the expanded CIK cells or NK cells that will be transfused
back to the tumor patients, there was no distinct difference
between the static group and the WAVE group. Moreover, the
cultivation of immune cells by the WAVE bioreactor was safe
and sterile, which was testified by the endotoxin assay.
Although the WAVE bioreactor has shown immense potential
in CIK cell or NK cell cultivation (except for a viable cell num-
ber) there was no significant difference in DC cultivation
between the two groups, most likely because the wave forma-
tion might not have been favorable for the cultivation of adher-
ent cells such as DCs. Therefore, all these findings suggest that
the WAVE bioreactor was a safe and efficient culture method
for non-adherent immune cells.

This article has shown that the WAVE bioreactor is capable
of generating efficient antineoplastic CIK cells and NK cells. In
addition, the immune cell culture procedure by WAVE bio-
reactors and static cultivation were summarized simulta-
neously, which lay the foundation for clinical application at a
large scale. In recent times, cell-based immunotherapy has
developed rapidly. In the last five years, innovative cell-based
immunotherapies such as, chimeric antigen receptor (CAR)-
redirected T cell therapy, programmed death 1 (PD-1) or cyto-
toxic T cell lymphocyte-associated antigen 4 (CTLA-4) treated
natural T cells and TCR engineered T cells have emerged from
the bench and made splashy headlines in the clinical setting at
a number of academic institutions.38-40 In order to rapidly
expand these T cells under GMP conditions for clinical trials in
the future, the WAVE bioreactor, according to our analysis,
might be a preferred method of cell expansion for some cell
subsets or phenotypes.

WAVE Bioreactors are attractive for wide range of special-
ized applications, including production of clinical-grade viral
vectors,41 human mesenchymal stem cells,26 plant cell culture,42

and culture of malarial parasites.25,43 However, they have some
disadvantages, such as, extra cost of disposable cellbags, size
limit of 500 L, and lack of distant-control or monitoring sys-
tem. The high expense would be a trade-off for less hands-on
setup and cleaning labor. Another popular culture technique,
three-dimensional (3D) cell culture, could mimic in vivo condi-
tions, such as dynamic interaction between tumor or immune
compartments, demonstrating more organotypic properties
than static cultures.44 3D cell culture is widely used in
laboratory investigations, including in the research on cell dif-
ferentiation,5 stem-cell-based regenerative medicine,45 skin, tis-
sue, or organoid regeneration,47-49 tumor microenvironment,
and drug susceptibility.46,50 Although 3D culture has proven to
be superior as compared to its traditional static counterparts;
the high cost, challenging setup, low reproducibility, and time-
consumption have limited the utilization on clinical scale-up
cell immunotherapy.

In summary, the aim of this article was to demonstrate that
the rocking culture platform is not only implementable for aca-
demic institutions and production of low-value products, but
also scalable as demonstrated in the large-scale culture of mam-
malian cells under cGMP-compliance for therapeutic applica-
tions. Meanwhile, more clinical data and follow-up
information could clarify the importance of WAVE bioreactor
in clinical cell culturing.

Methods

Patients

Participants (aged 49–80 years) whose levels of white blood
cells (WBCs) were within the range of 3 £ 103 to 8 £ 103/mL
were enrolled in the study, and written informed consent was
obtained. The Ethics Committee of Cancer Hospital of China
Medical University approved the study protocol. There were 6
male patients and 5 female tumor patients who were treated
with radiotherapy chemotherapy and combined therapy after
operation. What’s most important was that all the cells cultured
by WAVE bioreactor were not transfused back to any tumor
patients.

Reagents

LAL reagents (5 mL/vial), endotoxin-free water (5.5 mL/bottle,
<0.001 EU/mL), endotoxin-free pipette tips, and endotoxin-
free test tubes were purchased from Associates of Cape Cod.
All glassware, needles, and syringes used in the RPT test were
pyrogen-free. All the flow antibodies were purchased form BD
bioscience and all the primers were prepared by Sangon Biotech
(Shanghai) Co., Ltd.

Cultivation

Preparation of CIK cell in a static way
Peripheral blood mononuclear cells (PBMCs) from peripheral
blood(50 ml) were collected and purity by density gradient cen-
trifugation after venipuncture or apheresis. The cells were incu-
bated for 2 h at 37�C, under 5% CO2, 95% relative humidity
using X-VIVO 15 serum-free medium (Longza, Japan). The
adherent cells were reserved for further DCs cultivation. Then
the cell suspension was counted and divided equally into two
cellbags, one cultured on WAVE bioreactor; and the other
seeded in another culture flask containing 1000 U/ml IFN-g
(Peprotech, USA). After 24 h, anti-CD3 antibody (at a final
concentration of 100 ng/ml, eBioscience, USA), 1 ng/ml IL-1a
(Peprotech, USA) and 1000 U/ml recombinant human IL-2
(QuanGang, China) is added to the medium. After 5–7 days of
culture, the final expansion levels are usually in the range of
hundred-fold and the cells are transferred into a clinical-grade
cell culture bag. On days 7–10, cells are counted and 2.5 L of
fresh medium containing 1000 U/ml rhIL-2 is added. On day
11, each of the products are sampled for sterility testing. Fur-
ther, on day 14, autologous CIK cells are re-suspended in
200 ml normal saline and are confirmed to be free of bacterial,
mycoplasma, or fungal contamination. After autologous blood
transfusion, the remained cells in the cellbag were collected and
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cultivation for another 7 days in static incubator and WAVE
bioreactor.

Preparation of NK cells in a static way
Peripheral blood mononuclear cells (PBMC) were isolated over
a Ficoll-Hypaque cushion (GE, Pittsburgh, PA) from EDTA-
contained blood(20 ml). Subsequently, the purity cells were
resuspended in X-VIVO 15 culture medium supplemented
with heat-inactivated autologous plasma (1.0%), IL-2 and OK-
432 (Picibanil: Chugai Pharmaceutical Co, Tokyo, Japan). Cells
were then transferred to a cell-culture flask placed with CD3
mAb coated culture bottle cultivation. On day 8, the cultured
cells were counted and divided equally into two cellbag with
500 ml X-VIVO 15 serum-free medium plus heat-inactivated
autologous plasma (1.0%) and IL-2, one cultured in WAVE
bioreactor, and the other under the traditional cultured proto-
col described below: On day 10, Cells were then expanded by
adding medium and on day 15, the cultured cells were har-
vested, washed and re-suspended in 100 mL of a saline based-
solution supplemented with 1% of human serum albumin
(Albuminar; CSL Behring, PA, USA) then administered to
patients immediately.

Preparation of DCs in a static way
After 2 h cultivation, the adherent cells described above would
be added with Interleukin-4 (IL-4) and granulocyte-macro-
phage colony-stimulating factor every other day. At day 8, the
DCs were counted and divided equally into two cellbag with
500 ml X-VIVO 15 serum-free medium plus TNF-a, one cul-
tured in WAVE bioreactor, and the other under the traditional
cultured protocol described below: After stimulated for 48 h
the matured DCs will be transfused back to the patients.

Rapid expansion using the WAVE bioreactor
After transferred to the 3 liter WAVE cellbags, all the CIK cells,
NK cells or DCs were attached to the tray of a WAVE bioreac-
tor. The cellbags were inflated with 5%CO2 and the system
started. A bag of medium and a 20-liter bag to collect waste
were attached to the appropriate ports of the cellbag.
Media was added to the cell bag to a final volume of 3 liters.
The media was warmed to 37�C and aerated by rocking at
7 rpm at an angle of 6�for 2 hours. Samples were sterilely
drawn daily from the needleless ports for determination of cell
number. The glucose concentration, PH value and lactate levels
in the cell bag was measured automaticly.

Cell viability and counting

All the cellbags from the static group and the WAVE group
were sampled (5–10 ml) and the cell concentration and viability
were examined on the day of adding culture solution or the last
day of cultivation. Cells were counted using a Count Star hema-
cytometer(IC1000, China). Viable and non-viable cells were
determined by trypan-blue exclusion method. Viable cells are
impermeable to trypan-blue and therefore the cells are trans-
parent while non-viable cells are blue-dyed.

Endotoxin detection

The samples (5–10 ml) of the static group and the WAVE
group were collected on the last day of cultivation. In the limu-
lus amebocyte lysate(LAL) assay, the samples were added into
the 10 EU/mL endotoxin, the glass tubes were sealed with a
sealing film (Parafilm) and incubated at 37�C for 1 h. Then,
50 mL samples were mixed with 50 mL of LAL reagent, the mix-
tures were detected using the incubating kinetic tube reader
(Lab Kinetics Ltd. Lot. LKM-02-64, UK) at 37�C. The response
time was recorded when the optical density(OD) reached 0.02.
Afterwards, the clot reaction was monitored continuously and
its concentration-response time curve was measured. All sam-
ples had between three repeated measurements by the profes-
sional researcher.

The level of cytokines

Total RNAs of IFN-g, TNF-a and IL-12 secreted by CIK cells,
NK cells and DCs of different groups were analyzed by Real-
Time PCR and extracted using Trizol reagent (TaKaRa, Japan)
by following the user manual. Reverse transcription was per-
formed using GoTaq� 2-Step RT-qPCR System(Promega, USA).
The housekeeping genes GAPDH was used for normalization of
DNA analysis. The human gene IFN-g was amplified using for-
ward primer: 50-GTGTGGAGACCATCAAGGAAGAC-30 and
reverse primer: 50-CAGCTTTTCGAAGTCATCTCGTTT-30.
The TNF-a gene was amplified using forward primer: 50-
ATCTTCTCGAACCCCGAGTGA-30 and reverse primer: 50-
GGAGCTGCCCCTCAGCTT-30. The IL-12 gene was amplified
using forward primer: 50-GCAAAACCCTGACCATCCAA-300
and reverse primer: 50-TGAAGCAGCAGGAGCGAAT-30.
Human GAPDH was amplified using forward primer: 50-
GAAGGTGAAGGTCGGAGTC-30 and reverse primer: 50-
CTGGGTGGCAGTGATGGCATGG-30 as internal control. The
real-time RT-PCR assay was performed under the following con-
ditions: stage 1, 3 minutes at 45�C and 5 minutes at 37�C; stage
2, 30 seconds at 95�C, 30 seconds at 37�C, and 30 seconds at
60�C; and stage 3, 60 cycles of 30 seconds at 95�C, 30 seconds at
63�C, and 30 seconds at 72�C. The real-time fluorescence inten-
sity was monitored at each cycle of the third stage and measured
by Real-Time PCR System (Prism� 7500, ABI, USA).

Cell phenotype, cytotoxicity of NK cells or CIK cells and DC
maturation

Upon completion of the designated treatments and incuba-
tions, cells were harvested and assessed for expression of NK
(CD56), CIK cells constitution(CD4CT, CD8CT, NKT cells
and Tregs) and DC (CD11c) surface markers, degranulation
(CD107) and maturation (CD80, CD83, CD86, CD40) as
described below. NK cell effector molecules by flow cytometry
as described previously. Briefly, all the samples were treated
surface stained with PerCP-CD3, APC-CD8, FITC-CD4, PE-
CD56, APC-CD127, PE- CD25, APC-CD11c, FITC-CD80, PE-
CD86, PerCP-HLA-DR and APC-CD107 antibodies at 4�C for
30 min for surface staining. And then, the excess Ab was
removed and the stained cells were washed and analyzed by BD
Accuri C6(BD bioscience, USA).
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Cellular cytotoxicity assay

Cytotoxicity of NK cells and CIK cells were assessed against cell
lines K562 for up to 48 h in various effector-to-target ratios (E/
T ratio 1:1; 5:1, 10:1, 20:1, 40:1) of cell suspension. The co-cul-
ture cells were placed in 96-well plates with X-VIVO 15
mediums containing 10% fetal bovine serum (FBS). The cellu-
lar cytotoxicity was detected using the Cell Counting Kit-8
(CCK-8) Assay (Dojindo, Japan). Following incubation, 20 ml
CCK-8 was added to each well and the plate was incubated for
an additional 4 h at 37�C. The absorbance at 450 nm of each
aliquot was determined using a microplate reader (Beckman
Coulter DTX880, USA). The stimulation index was calculated
as a percentage of the absorbance between the cells from the
traditional group and WAVE group.

Statistical analysis

To determine if there were significant differences between the
static group and WAVE group, all the data were analyzed with
SPSS 11.5 (SPSS, Inc., Chicago, USA) and the results were
expressed as Mean§SEM. Statistical comparisons were per-
formed by one-way analysis of variance. P < 0.05 or P < 0.01
was considered to indicate a statistically significant difference
between data.
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