
	
	

Promotion of antitumor activity of CIK cells by 
targeting the NKG2D axis 

 

 

 

 

 

Doctoral thesis 

to obtain a doctorate (PhD) 

from the Faculty of Medicine 

of the University of Bonn 

 

 

 

 

 

 

Xiaolong Wu 
from Sichuan, China 

2021 



	
	

Written with authorization of  

the Faculty of Medicine of the University of Bonn 

 

 

 

 

 

First reviewer: Prof. Dr. Ingo G.H. Schmidt-Wolf 

Second reviewer: Prof. Dr. Hans Weiher 

 

 

 

 

 

Day of oral examination: 23.11.2021 

 

 

 

 

 

 

 

 

 

For the Department of Integrated Oncology, CIO Bonn, University Hospital Bonn 

Director: Prof. Dr. Ingo G.H. Schmidt-Wolf 



3 

	
	

Table of Contents  
 

 List of abbreviations.….………………………….………………….…………… 
1 Introduction…………………………………….………………….……………...... 

1.1 CIK cells…………………………………….………………….……….……... 

1.1.1 Ex vivo generation of CIK cells….………………….……….……….. 

1.1.2 Mechanisms involved in the recognition and lysis of tumor  

targets by CIK cells……………….………………….……….………. 

1.1.3 Preclinical and clinical studies….………………….……….………... 

1.2 NKG2D receptor…………………………….………………….……….…..... 

1.3 NKG2D ligands………………….………………….……….………………… 

1.4 Flow cytometric cytotoxicity assay……………….……….…………………. 

1.5 Aims of the thesis……………….………………….……….………………… 

2 Materials and methods...…………….………………….……….……………….. 
2.1 Materials……………….………………….……….…………………………... 

2.1.1 Table 1: Antibodies for cell culture or functional analysis……….... 

2.1.2 Table 2: Antibodies for FACS analysis.……………………………... 

2.1.3 Table 3:	Chemicals, reagents, and enzymes……………………..... 

2.1.4 Table 4:	Equipments and softwares……………………………….... 

2.1.5 Table 5: Cell lines……………….……….…………………………..... 

2.2 Methods……………….………………….……….…………………………… 

2.2.1 Generation of CIK cells and LAK cells….…………………………… 

2.2.2 Cell line culture………………….……….…………………………..... 

2.2.3 Detection of phenotype and surface receptors on CIK cells or 

PBMCs……….………………….……….……………………………. 

2.2.4 Detection of surface ligands on tumor cells………………………… 

2.2.5 Flow cytometry-based cytotoxicity assay…………………………… 

2.2.6 Conjugate assay……………….……….…………………………….. 

2.2.7 Degranulation assay………….……….……………………………… 

2.2.8 Ligand complex-based adhesion (LC-AA) assay………………….. 

2.2.9 Imaging flow cytometry……….……….……………………………… 

 

6 

10 

11 

11 

 

13 

14 

17 

18 

20 

22 

23 

23 

23 

24 

25 

27 

27 

28 

28 

28      

 

28 

29 

29 

31 

32 

32 

33 



4 

	
	

2.2.10 ELISA……………………………….………………….………………. 

2.2.10.1 IFN-γ secretion….………………….…………………….... 

2.2.10.2 MICA Shedding….………………….……………………... 

2.2.11 Statistical analysis…………………….………………….…………... 

3 Results…………………………………….………………….…………….……….. 
3.1 Study 1: Improvements in flow cytometric cytotoxicity assay……….….... 

3.1.1 Introduction…………………………………….………………….…... 

3.1.2 Results…………………………………….……….….……….………. 

3.1.2.1 No cross-staining between labeled target and effector 

    cells after 4-Hour incubation……………….……………… 

3.1.2.2 Improvements in the gating strategy for precise gating  

    of alive target cells……………….…………………………. 

3.1.2.3 Cytotoxicity is overestimated if only effector cells are  

    labeled in flow cytometric assay………………………….. 

3.1.2.4 A good correlation in the lysis calculation between the 

    cell Count-based method and beads-based method…… 

3.1.3 Discussion…………………………………….………………….……. 

3.2 Study 2: NKG2D engagement alone suffices to activate CIK cells while 
              2B4 only provides limited coactivation……………………………  
3.2.1 Introduction…………………….………………….….……………….. 

3.2.2 Results…………….………………….……………….……….………. 

3.2.2.1 NKG2D and 2B4 expression levels elevate over time in 

    CIK culture……………………….………………..………... 

3.2.2.2 Blockade of NKG2D but not 2B4 attenuates the CIK  

    cell-mediated cytotoxicity and E/T conjugate formation… 

3.2.2.3 Engagement of NKG2D (not 2B4) increases the CIK  

cell-mediated cytotoxicity, degranulation and E/T binding 

against P815 cells…………….…..................................... 

3.2.2.4 NKG2D contributes alone to degranulation, IFN-γ 

secretion and LFA-1 activation, whereas 2B4 only 

provides synergistic effect in activation of LFA-1….......... 

3.2.2.5 PI3K, PLC-γ, and Src involve in the NKG2D-mediated 

33 

33 

34     

34 

35 

35 

35 

36 

 

36 

 

39 

 

43 

 

45 

47 

 

52 

52 

53 

 

53 

 

54 

 

 

56 

 

 

58 

 



5 

	
	

    LFA-1 activation in CIK cells………….………..………….. 

3.2.3 Discussion…………………………….………………….……………. 

3.3 Study 3: Enhancement of antitumor activity of CIK cells by antibody- 

              mediated inhibition of MICA shedding…………………............... 

3.3.1 Introduction……………………….………………….……….............. 
3.3.2 Results…………………….………………….….……….................... 

3.3.2.1 NKG2D expression and phenotype of CIK cells……....... 
3.3.2.2 Inhibition of MICA shedding and stabilization of surface 

MICA/B expression on tumor cells by 7C6 antibody........ 

3.3.2.3 7C6 mAb enhances the cytotoxicity of CIK cells in an 

    NKG2D-dependent way……….…….……….................... 

3.3.2.4 7C6 mAb enhances the degranulation of CIK cells, with 

the involvement of both CD3+CD56+ and CD3+CD56- 

subsets……………………...………………….….………... 

3.3.3 Discussion……………………………….………………….….……… 
4 Discussion…………………………….………………….….……………………... 

4.1 Aims and main findings………………….………………….….……………. 

4.2 Future perspectives………………….………………….….………………… 

5 Abstract………….………………………………….………………….….………... 
6 List of figures.…….………………………………….………………….….……… 
7 List of tables…….………………………………….………………….….……….. 
8 References…….………………………………….………………….….………..... 
9 Acknowledgements………………………….………………….….……….......... 
 
 
 
 
 
 
 
 
 

62 

63 

 

68 

68 

69 

69 

 

70 

 

71 

 

 

74 

78 

81 

81 

83 

86 

88 

90 

91 

118 

 

 



6 

	
	

List of Abbreviations 
 
A   

 Abs antibodies 

 ACT adoptive cellular therapy 

 ADAM a disintegrin and metalloproteinase 

 ADCC antibody-dependent cellular cytotoxicity 

 AICD activation-induced cell death 

 ANOVA analysis of variance 

 APC 

ATCC 

Allophycocyanin 

American Type Culture Collection 

 ATM ataxia telangiectasia, mutated 

 ATMP advanced therapy medicinal product 

 ATR ataxia telangiectasia and Rad3 related 

B   

 BD Becton, Dickinson 

 BV421 Brilliant Violet 421 

 BSA bovine serum albumin 

C   

 CAR chimeric antigen receptor 

 CB cord blood 

 CD cluster of differentiation 

 CIK cytokine-induced killer 

 CTLA-4 cytotoxic T-lymphocyte-associated protein 4 

 CCR chemokine receptor 

 CCL5 C-C Motif Chemokine Ligand 5 

 CFSE carboxyfluorescein succinimidyl ester 

 CR complete remission 

 CRA Chromium-51 release assay   

 CRS cytokine release syndrome 

D   

 DAP10 DNAX-activating protein of 10 kDa 



7 

	
	

 DCs dendritic cells 

 DLI 

DMSZ 

donor-derived lymphocyte infusion 

Deutsche Sammlung von Mikroorganismen und 

Zellkulturen 

 DNAM-1 DNAX accessory molecule-1 

E   

 EDTA ethylenediaminetetraacetic acid 

 e.g. for example 

 ELISA enzyme-linked immunosorbent assay 

 ERp5 endoplasmic reticulum protein 5 

 E/T effector/target 

F   

 FACS fluorescence-activated cell sorting 

 FBS fetal bovine serum 

 FDA US Food and Drug Administration 

 FITC fluorescein isothiocyanate 

 FSC forward scatter 

G   

 GVHD graft versus host disease 

H   

 H hours 

 H60 histocompatibility 60 

 HLA human leukocyte antigen 

 HSCTs haematopoietic stem cell transplants 

I   

 ICAM-1 intracellular cell adhesion molecule 1 

 ICI immune checkpoint inhibitor 

 IFN-γ                           interferon γ 

 IL interleukin 

 IgG Immunoglobulin G 

 iNKT invariant natural killer T  

 IR Ionizing radiation 



8 

	
	

 IRCC international registry on CIK cells 

 ITAM immunoreceptor tyrosine-based activation motif 

K   

 KIRs killer immunoglobulin-like receptors    

L   

 LAG-3 lymphocyte-activation gene 3 

 LAK lymphokine-activated killer 

 LC-AA ligand complex-based adhesion assay 

 LDH lactate dehydrogenase 

 LFA-1 lymphocyte function associated antigen 1 

M   

 mAb monoclonal antibody 

 MdFI median fluorescence intensity 

 MHC major histocompatibility complex 

 MIC MHC I Chain-related molecule 

 MICA MHC I Chain-related molecule A 

 MICB MHC I Chain-related molecule B 

 Min minutes 

 MMPs matrix metalloproteinases 

N   

 NK natural killer 

 NKG2A natural killer group 2A                

 NKG2D natural killer group 2D 

 NKp30 natural cytotoxicity triggering receptor 30 

 NKT natural killer T 

P   

 PB peripheral blood 

 PBLs peripheral blood lymphocytes 

 PBMCs peripheral blood mononuclear cells 

 PBS phosphate-buffered saline 

 PD-1 programmed cell death protein 1   

 PD-1L programmed death-ligand 1 



9 

	
	

 PE phycoerythrin 

 PerCP peridinin-chlorophyll-protein 

 PMA phorbol-12-myristat-13-acetat 

 PP1 protein phosphatase-1 

 RPM revolutions per minute 

 RT room temperature 

S   

 Sec seconds 

T   

 TCR T cell receptor 

 TGF-β                      transforming growth factor beta 

 TILs tumor infiltrating lymphocytes 

 TIM-3 T-cell immunoglobulin and mucin-domain containing-

3 

 TNFα tumour necrosis factor α 

 TMZ temozolomide 

 TRAIL Tumor necrosis factor-related apoptosis-inducing 

ligand 

U   

 UKB Universitätsklinikum Bonn 

 ULBP UL16 binding protein 

R   

 Rae1 retinoic acid early transcript 1 

S   

 SSC side scatter 

   

 7AAD 7-aminoactinomycin D                                        
	
  

 
 
 



10 

	
	

1. Introduction 
 

Immunotherapy has emerged as a promising approach for treatment of cancer 

patients, which includes immune checkpoint blockade, adoptive cellular therapy 

(ACT) and cancer vaccinology. A successful example is seen in immune checkpoint 

blockade, which has revolutionized the field of tumor therapy and become now first-

line therapies for some solid and blood tumors. Although immune checkpoint 

inhibitor (ICI) therapies have improved patient outcomes across numerous tumor 

types, only a minority of patients respond to this treatment and some of the 

responders eventually develop therapeutic resistance with tumor relapse and 

progression. Therefore, other innovative immunotherapeutics are needed in this 

long-run fight against cancerous diseases.  

As another type of immunotherapy, ACT has gained increasing interest of 

research since the viability of this therapy was first shown by Southam et al. (1966) 

in 1966, and subsequently the first clinical improvement was observed in allogenic 

haematopoietic stem cell transplants (HSCTs) for leukaemia (Weiden et al., 1979). 

In the early 1980s, lymphokine-activated killer (LAK) cells were the first ex vivo 

generated natural killer (NK) cell-enriched products utilized for adoptive 

immunotherapy by Rosenberg’s group (Grimm et al., 1982; Rosenberg et al., 1985). 

The same group later pioneered the work using IL-2 expanded tumor infiltrating 

lymphocytes (TILs) for treatment of patients with metastatic melanoma (Rosenberg 

et al., 1988), showing complete tumour regression in 20 (22%) patients, 19 of whom 

were still in complete remission 3 years after treatment (Rosenberg et al., 2011). 

However, the modest efficacy and IL-2-related toxicity in LAK-based ACT and 

difficulties in expansion and isolation of TILs limited their clinical applications and 

led to the emergence of other alternatives, including ex vivo purified NK cells, NK 

cell line (NK92), cytokine-induced killer (CIK) cells and natural killer T (NKT) cells.  
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1.1 CIK cells 
    Cytokine-induced killer (CIK) cells were first described and generated in 1991 by 

Schmidt-Wolf IGH and colleagues, which are an ex vivo product typically generated 

from peripheral blood lymphocytes (PBLs) in the presence of a cocktail of stimuli 

(IFN-γ, anti-CD3 monoclonal antibody, IL-1β and IL-2) in a sequential process 

(Schmidt-Wolf et al., 1991). After 14-21 days of expansion, CIK cells become a 

heterogeneous population of lymphocytes consisting of a majority of CD3+CD56- T 

cells, CD3+CD56+ cells and a minor fraction of CD3-CD56+ NK cells (Schmidt-Wolf 

et al., 1993). The hallmark of CIK cells is the enrichment of CD3+CD56+ subset 

which is rare (around 3%) in peripheral blood of healthy individuals (Guo et al., 

2013). The CD3+CD56+ subset of CIK cells under this culture condition is derived 

from CD3+CD56- T cells but not CD3-CD56+ NK and the primary CD3+CD56+ cells 

(Lu et al., 1994). As compared with the traditional LAK cells, CIK cells exhibit a 

higher proliferation rate and possess superior in vivo antitumor activity (Lu et al., 

1994).  

 
1.1.1 Ex vivo generation of CIK cells 
    The original protocol for production of CIK cells includes the addition of IFN-γ on 

day 0 to the freshly isolated and monocyte-removed PBLs, followed by adding anti-

CD3, IL-1β and IL-2 on day 1 and subculture of cells in fresh complete medium 

supplemented with IL-2 every 3 days until 2-3 weeks (Schmidt-Wolf et al., 1991). In 

this pioneering work, it demonstrated that addition of IFN-γ resulted in an increase 

in cytotoxic activity only if added 24 h before the addition of IL-2, probably due to 

the induction of IL-2 receptors on the effector cells, resulting in a more efficient 

activation or recruitment of additional cell populations that are not activated by IL-2 

alone (Teichmann et al., 1989; Itoh K et al., 1985). IL-1β also increased the activity 

when combined with IFN-γ and anti-CD3. CIK cells can be generated from both 

peripheral blood (PB) and cord blood (CB) (Schmidt-Wolf et al., 1991; Introna et al., 

2006). As the major source of CIK cells, PB can be derived either from patients or 

healthy donors, producing the autologous and allogeneic CIK cells, respectively. Of 

note, Durrieu et al. (2014) observed that both the source of CIK and the type of 

tumor targets have an impact on the intensity of the cytolytic activity and on the 
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pathway used, suggesting that optimizing therapeutic efficacy may be dependent 

on the source of the CIK cells and on the target tumor cells. 

    Since its first introduction, many attempts have been made to improve the 

generation or antitumor activity of CIK cells. Cytokines are essential and important 

for the proliferation and function of CIK cells. Prior study showed that expansion of 

CIK cells with each of the exogenous IL-2, IL-7 or IL12 led to no difference in in vitro 

cytotoxic activity but exhibited significant differences in cell proliferation rates, 

antigen expression and percentage of necrotic cells (Zoll et al., 1998). Furthermore, 

transfection with IL-7 or IL-2 genes also was shown to increase the in vitro 

proliferation rate and antitumor cytotoxicity of CIK cells compared to non-

transfected cells (Finke et al., 1998; Nagaraj et al., 2004). Another well-documented 

and commonly used cytokine for CIK generation is IL-15. Based on the original 

protocol, Rettinger et al. (2012) showed that addition of IL-15 instead of IL-2 in the 

subculture of CIK cells on day 4 significantly increased the in vitro anti-leukemic 

potential and this modification can shorten ex vivo expansion time of CIK cells to 

10-12 days. The in vivo study performed by Rettinger et al (2013) showed homing 

of IL-15 activated CIK cells to leukemia sites, leukemia control, and complete 

disease clearance when repeatedly given. Moreover, this group proposed that IL-

15 stimulation may change the outcome of CIK cell generation from terminally 

differentiated and potentially exhausted day 21 CIK cells to day 10 CIK cells with a 

more naïve phenotype and potent proliferative capacity (Rettinger et al., 2012). 

    In addition, early studies from our group demonstrated that the coculture of CIK 

cells with autologous tumor specific antigen-pulsed dentritic cells (DCs) can 

enhance the antitumor activity with a shift to much lower effector to target ratios, 

likely due to the increased IL-12 secretion from DC cells (Ziske et al., 2001; Märten 

A et al., 2001). This modified protocol has led to increasing DC-CIK cell-based 

clinical trials, among which some have shown encouraging results (Ren et al., 2016; 

Sun et al., 2017; Jiang et al., 2017).  

    Owing to the advances in biotechnology, synthetic chimeric antigen receptor 

(CAR) has been developed to specifically target tumors in a non-major 

histocompatibility complex (MHC)-restricted manner and the clinical success in 

CD19-CAR T cell therapy has been seen in treatment of B cell malignancies (Maude 
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et al., 2014; Mullard, 2017). Genetically engineered with CAR, CIK cells also 

showed antigen-redirected specificity and enhanced antitumor efficiency 

(Schlimper et al., 2012; Hombach et al., 2013; Oelsner et al., 2016). 

 
1.1.2 Mechanisms involved in the recognition and lysis of tumor targets by 
CIK cells 

Among the heterogeneous populations in bulk CIK culture, CD3+CD56+ subset 

is known to possess potent cytotoxicity, but have low proliferative capacity due to 

its terminal differentiation (Schmidt-Wolf et al., 1993; Linn YC et al., 2009; 

Franceschetti et al., 2009). In contrast, the CD3+CD56- counterpart, which 

represents early effector T cells, exhibits a higher proliferative capacity but inferior 

cytotoxicity. The granzyme content was also shown to be higher in the CD3+CD56+ 

subset, consistent with the report that late effector T cells possess more potent 

cytotoxicity than early effector T cells (Linn et al., 2009). The mechanisms 

underlying the cytotoxicity of CIK cells have not yet been completely understood, 

however some key molecules and pathways have been identified. Early studies 

(Schmidt-Wolf et al., 1993; Schmidt-Wolf et al., 1994) showed that the cytotoxicity 

of CD3+CD56+ CIK cells is MHC-unrestricted, as blocking antibodies against TCR 

(T cell receptor) αβ, and MHC class I and II molecules failed to inhibit the cytotoxic 

activity. Whereas cytolysis was inhibited by blocking lymphocyte function 

associated antigen 1 (LFA-1) and intracellular cell adhesion molecule 1 (ICAM-1), 

suggesting CIK cell-mediated cytotoxicity is dependent on cell-to-cell contact. 

Mehta et al. (1995) proposed two pathways by which CIK cells kill target cells, one 

is through stimulation by CIK recognition structure in concert with LFA-1, another is 

by stimulation of CD3 or CD3-like surface receptors on CIK cell. Both pathways 

involve exocytosis of cytoplasmic granule contents, which was later demonstrated 

in a perforin-dependent way (Verneris et al., 2001).  

The above mentioned CIK recognition structures were subsequently and partially 

unveiled as the activating NK receptors were well clarified, including natural killer 

group 2D (NKG2D), DNAX accessory molecule-1 (DNAM-1), NKp30, CD16 

(Verneris et al., 2004; Pievani et al., 2011; Cappuzzello et al., 2016). In CIK cells, 

both NKG2D and DNAM-1 are highly expressed while NKp30 is present at low 
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density and CD16 expression is donor-dependent. Engagement of these receptors 

can trigger and activate CIK cells, exerting the killing in a MHC unrestricted fashion. 

Apart from the direct granule-dependent cytolysis mechanism (Verneris et al., 

2001), program cell death system Fas-FasL and tumor necrosis factor-related 

apoptosis-inducing ligand (TRAIL) signalings are also found to mediate the 

cytotoxic activity of CIK cells (Durrieu et al., 2014; Cappel et al., 2016). All these 

features are more analogous to NK cells, killing target cells in a MHC-unrestricted 

manner without prior priming. Unlike NK cells, the major inhibitory receptors (e.g., 

(KIRs) killer immunoglobulin-like receptors, CD94/NKG2A) are normally absent or 

express at low level on CIK cells with no significantly biological functionality (Linn et 

al., 2009; Franceschetti et al., 2009; Rettinger et al., 2012). However, other 

checkpoint molecules (e.g. PD-1 (programmed cell death protein 1), CTLA-4 

(cytotoxic T-lymphocyte-associated protein 4), PD-L1 (programmed death-ligand 

1), LAG-3 (lymphocyte-activation gene 3), TIM-3 (T-cell immunoglobulin and mucin-

domain containing-3)) have been detected on CIK cells to varied extents and may 

have inhibitory implications as occurred in conventional CD8+ T cells (Poh and Linn, 

2016; Zhang et al., 2016). Another difference from NK cells is that CIK cells exhibit 

a polyclonal TCR repertoire (Linn et al., 2009) and remain the ability to eradicate 

target cells in an MHC-dependent way. This has been implicated in the DC-CIK 

studies and was further confirmed by Pievani et al. (2011) showing that CIK cells 

can mediate both specific MHC restricted recognition and TCR-independent NK-

like cytolytic activity. Therefore, sharing the phenotypic and functional properties of 

both NK and T cells confers CIK cells a great potential to recognize and eradicate 

a broad range of tumor targets, making it attractive in the realm of immunotherapy. 

 

1.1.3 Preclinical and clinical studies 
CIK cells were initially and mostly tested in hematologic cancer mouse models, 

including lymphoma, leukemia and multiple myeloma showing strong effectiveness 

(Schmidt-Wolf et al., 1991; Lu et al., 1994; Hoyle et al., 1998). The similar potency 

of CIK cells was also observed in mice with solid tumors, such as cervical carcinoma 

(Kim et al., 2009), cholangiocarcinoma (Wongkajornsilp et al., 2009), sarcomas 

(Sangiolo et al., 2014), sarcoma cancer stem cells (Mesiano et al., 2018), 
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hepatocellular carcinoma (Kim et al., 2007), non-small-cell lung cancer NSCLC 

(Kim et al., 2007), ovarian cancer (Chan et al., 2006) and melanoma (Gammaitoni 

et al., 2013) and so on. Interestingly, Edinger M and colleagues showed that CIK 

cells have the potential to directly home to the tumor sites (Edinger et al., 2003). 

However, the underlying mechanism is unclear since the chemokine receptors 

(CCR4, CCR5, CCR7, CXCR3 and CXCR4) were found dramatically down 

regulated during the ex vivo expansion (Zou et al., 2014). Due to this favorable 

property, CIK cells were used as vectors of vaccinia virus and obtained an increased 

intratumoral homing of CIK cells, demonstrating synergistic antitumor effects of 

immune cell-viral biotherapy (Thorne et al., 2006) and this effect was further 

improved through CCL5 (C-C Motif Chemokine Ligand 5) expression from the virus 

(Sampath et al., 2013).  

Although IL-2 is essential for in vitro CIK cell growth, the exogenous 

administration of IL-2 was reported to have no impact on the in vivo proliferation 

index of CIK cells and mice survival (Nishimura et al., 2008). Moreover, this study 

also showed that the in vivo division rate of CIK cells was much less than naive 

splenocytes. This may be due to the majority of CIK cells were terminal 

differentiated effector cells with low capacity of proliferation at the time when 

injected into mice. Similar results were reported by	Helms et al. (2010), showing 

that administration of IL-12 only increased the proliferation of CIK cells from short 

term cultures (6 days) but not from full term of enrichment (14 days). Of note, 

however, this study suggests that short-term cultured CIK cells can be ‘‘educated’’ 

in vivo by administration of IL-12, producing fully expanded CIK cells with anti-tumor 

efficacy (Helms et al., 2010). Another major advantage of CIK cell treatment is that 

these cells can be safely and tolerably injected into allogeneic mice with minimal 

graft versus host disease (GVHD) (Verneris et al., 2001). The low incidence of 

GVHD seems attributed to the limited expansion and/or survival of CIK cells in vivo. 

IFN-γ may also play a role as cells expanded from IFN-γ knock-out animals caused 

acute lethal GVHD, whereas cells expanded from animals defective in fas ligand, 

fas, IL-2, and perforin did not (Baker et al., 2001). Nevertheless, this feature has 

encouraged the initial clinical trials from the autologous setting to the allogeneic 

one, which allows CIK cells as an off-the-shelf product.  
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        Since the first-in-human study showed the safety and feasibility of CIK cell 

therapy in treatment of lymphoma in 1999 (Schmidt-Wolf et al., 1999), the number 

of clinical trials using CIK cell therapy for treatment of patients with both blood and 

solid cancers has significantly increased. In order to collect and access the CIK cell-

related clinical data globally and standardize the evaluation of clinical trials, our 

group established the international registry on CIK cells (IRCC) in 2010. The report 

of IRCC has been updated for three times (Hontscha et al., 2011; Schmeel et al., 

2015; Zhang and Schmidt-Wolf, 2020) based on the registry database. In the latest 

report reviewed by colleague Zhang Y (Zhang and Schmidt-Wolf, 2020), a total of 

106 clinical trials including 10,225 patients were enrolled in IRCC, of which 4,889 

patients in over 30 distinct tumor entities were treated with CIK cells alone or in 

combination with conventional or novel therapies. Significant improvements in 

median progression free survival and overall survival were shown in 27 trials, and 

9 trials reported a significantly increased 5 year survival rate. The adverse effects 

in all these studies were universally mild and manageable. Although the outcomes 

of these growing data seem impressive, it is still difficult to draw definitive 

conclusions as heterogeneity exists among most studies regarding the study 

design, clinical setting and response assessment. Whereas, in the limited and well-

documented trials for hematological cancers (Introna et al., 2007; Laport et al., 

2011; Linn et al., 2012; Introna et al., 2017; Rettinger et al., 2016; Narayan et al., 

2019), CIK cell therapy appears to have potent antitumor activity with a high safety 

and tolerability profile. In a recent study, Merker et al. (2019) reported that CIK cell 

therapy induced a higher complete remission (CR) rate in patients with relapsing 

hematological malignancies after allogeneic HSCTs than donor-derived lymphocyte 

infusion (DLI) (53% and 29%, respectively), while relapse occurred in 47% and 

71%. More importantly, no concurrent salvage therapies were used in this study, 

which could probably better interpret the efficacy of CIK cell therapy. In addition, in 

a phase I/II trial using donor-derived CD19-CAR CIK cells to treat B cell acute 

lymphoblastic leukemia patients relapsed after allogeneic HSCTs, one infusion of 

high doses of CAR CIK cells resulted in CR in 6 out of 7 patients, with only grade 1 

or grade 2 CRS (cytokine release syndrome), but no GVHD and neurotoxicity 

(Magnani et al., 2020).   
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        The encouraging results from hematological malignancies have led to the 

authorization of CIK cell as an advanced therapy medicinal product (ATMP) for 

patients with hematological malignancies at risk for relapse after allogeneic 

transplantation in Germany since 2014 (national authorization § 4b Abs. 3 AMG; 

“Hospital Exemption”). CIK cell therapy is safe and well-tolerated even in complete 

HLA (human leukocyte antigen)-mismatched settings and therefore can be used as 

an off-the-shelf product. The efficacy of CIK cell therapy in both hematological and 

solid cancers would be better known from future larger randomized phase III clinical 

trials with clear study designs and critical assessments. In the meantime, 

improvements in CIK cell culture, antitumor activity, or understanding of molecular 

mechanisms may also accelerate the “bench to bedside“ process.  

 
1.2 NKG2D receptor 

Among other NK activating receptors, NKG2D is considered the main contributor 

to the MHC-unrestricted cytolysis of CIK cells (Verneris et al., 2004; Lu et al., 2012; 

Yin et al., 2017). NKG2D is a C-type lectin encoded by a gene in the “NK complex” 

on human chromosome 12p12-p13 (Houchins et al., 1991). Thomas Spies and 

colleagues did the pioneered work to identify NKG2D as an activating immune 

receptor to stimulate NK cells (Bauer et al., 1999) and costimulate CD8+ T cells 

(Groh et al., 2001). NKG2D is normally expressed on all NK cells, CD8+ T cells and 

subsets of γδ T cells, CD4+ T cells and invariant NKT (iNKT) cells (Bauer et al., 

1999; Jamieson et al., 2002). However, NKG2D lacks signaling elements within its 

cytoplasmic domain. In humans, the DNAX-activating protein of 10 kDa (DAP10) 

has been shown to constitutively and functionally associate with NKG2D to form a 

hexameric complex structure which can stabilize NKG2D expression and initiate 

signaling cascades (Wu et al., 1999; Garrity et al., 2005). Upon NKG2D ligand 

engagement, Tyr-X-X-Meth (YXXM) motif within the cytoplasmic domain of DAP10 

recruits Grb2 and PI3K to trigger NK cell effector functions (Upshaw et al., 2006; 

Wu et al., 1999). In mice, NKG2D can additionally associate with DAP12 containing 

an immunoreceptor tyrosine-based activation motif (ITAM) which recruits ZAP70 

and Syk to activate NK cell cytotoxicity pathways (Lanier et al., 1998; Diefenbach 

et al., 2002). In cancer patients, surface NKG2D expression on NK or T cells has 
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been reported significantly lower than that in healthy donors, probably as a 

consequence of chronic exposure to NKG2D ligand expressing cells or soluble 

NKG2D ligands (Doubrovina et al., 2003; Lee et al., 2004; Saito et al., 2012; Klöß 

et al., 2015; Mamessier et al., 2011), leading to an impaired effector function. TGF-

β (transforming growth factor beta) was also reported to downregulate NKG2D 

expression (Park et al., 2011). Nevertheless, the surface expression of NKG2D can 

be restored by certain stimuli, e.g., incubation with anti-CD3 antibody (Groh et al., 

2002) or cytokines (IL-2, IL15) (Wu et al., 2004). 

The initial study of NKG2D in CIK cells showed that NKG2D expression is up-

regulated upon activation and expansion of these effector cells and demonstrated 

that NKG2D triggering accounts for the majority of MHC-unrestricted cytotoxicity 

most likely through DAP10-mediated signaling (Verneris et al., 2004). The 

expression of DAP-10 in CIK cells is dependent on cytokine stimulation during 

culture, as only cells cultured in high-dose of IL-2 expressed DAP10 and were 

cytotoxic (Verneris et al., 2004). The same group also demonstrated that NKG2D is 

required for the CIK cell-mediated in vivo antitumor activity, and interestingly, found 

that DAP12 could pair with human NKG2D as well and involve in the activation of 

CIK cells in a yet to be identified mechanism (Karimi et al., 2005). In addition, 

consistent with the surface expression, the gene expression of NKG2D in CIK cells 

gradually increased and peaked at day 14 as shown by the dynamic transcriptomic 

atlas analysis (Meng et al., 2018). 

         

1.3 NKG2D ligands 
    NKG2D receptor recognize a diverse range of ligands with differential binding 

affinities varying from 106-109 M (Raulet, 2003; Champsaur and Lanier, 2010; Li 

and Mariuzza, 2014). In humans, NKG2D recognizes family of MHC I Chain-related 

molecules A and B (MICA and MICB, generally termed MIC) and family of six 

cytomegalovirus UL16-binding proteins (ULBP1-6) (Eagle and Trowsdale, 2007; El-

Gazzar et al., 2013). In mice, NKG2D recognizes retinoic acid early transcript 1 

(Rae1α, Rae1β, Rae1γ, Rae1δ, and Rae1ε), histocompatibility 60 (H60a, H60b, 

and H60c) and mouse UL16-binding protein-like transcript 1 (Mult1) (Cerwenka et 

al., 2000; Diefenbach et al., 2000; Carayannopoulos et al., 2002; Takada et al., 
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2008). All these NKG2D ligands have membrane-distal α1 and α2 extracellular 

domains which are the sites interacting with the NKG2D receptor (Raulet, 2003). In 

addition, MICA and MICB proteins also possess a membrane-proximal α3-like 

domain which is the site responsible for proteolytic shedding (Kaiser et al., 2007), 

but with no association with β2-microglobulin (Groh et al., 1996).  

    Although various NKG2D ligands were detected intracellularly in some normal 

cells, such as airway epithelium and gastrointestinal epithelium (Kraetzel et al., 

2008; Hüe et al., 2004; Ghadially et al., 2017), they are generally absent or limited 

on the surface of normal tissues, but often are induced by cellular stress conditions, 

including viral infection and cellular transformation (Groh et al., 1998; Groh et al., 

2001). The regulation of NKG2D ligand expression is complex, involving in the 

transcriptional, post-transcriptional, and post-translational levels. Heat shock stress 

pathway (Venkataraman et al., 2007), DNA damage response ATM (Ataxia 

telangiectasia, mutated) and ATR (Ataxia telangiectasia and Rad3 related) 

pathways (Gasser et al., 2005; Gasser and Raulet, 2006), endogenous microRNAs 

(Stern-Ginossar et al., 2008; Breunig et al., 2017) have been implicated in the 

regulation or induction of MICA/B.  

    Among the diverse NKG2D ligands, the MIC family molecules (MICA and MICB) 

are the best characterized ligands, most prevalently expressed in human tumors. 

Expression of NKG2D ligands on tumor cells increase their susceptibility to the 

immune surveillance. However, tumor cells frequently escape the immune 

surveillance of NKG2D pathways by proteolytic-mediated shedding of NKG2D 

ligands from tumor cell surface or by exosome-mediated secretion to release the 

soluble form of NKG2D ligands (Baragano et al., 2014). High levels of circulating 

soluble MICA/B or ULBP2 have been reported to correlate with poor clinical 

prognosis in multiple cancer entities, such as renal, colorectal, breast, ovarian, lung, 

prostate, and blood cancers (Zhao et al., 2015; Zhao et al., 2004; Holdenrieder et 

al., 2006; Paschen et al., 2009; Yamaguchi et al., 2012; Nuckel et al., 2010). In a 

recent clinical study, it showed that serum soluble NKG2D ligands may negatively 

impact clinical outcome of immune checkpoint blockade therapy for melanoma 

patients (Maccalli et al., 2017). 
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    Several molecules have been shown to correlate with the proteolytic shedding of 

MICA and MICB, such as disulfide isomerase (ERp5,	endoplasmic reticulum protein 

5), a disintegrin and metalloproteinase (ADAM) proteins and matrix 

metalloproteinases (MMPs) (Kaiser et al., 2007; Boutet et al., 2009; Waldhauer et 

al., 2008; Groh et al., 2002). But it is difficult to specifically block MICA and MICB 

shedding with small molecule inhibitors since this process is involved in multiple 

proteases with broad substrate specificities (Boutet et al., 2009; Waldhauer et al., 

2008; Groh et al., 2002). Interestingly, some conventional chemotherapeutic drugs 

(e.g. epirubicin and sorafenib) have been reported to effectively down-regulate the 

soluble MICA and increase the surface expression of MICA through inhibition of 

ADAM 10 and ADAM 9 (Kohga et al., 2009; Kohga et al., 2010). One research group 

led by Dr. Jennifer Wu has long been focusing on the development of anti-MIC 

antibodies to target and neutralize the soluble MIC in tumor mouse models. They 

found the antibody-mediated neutralization of soluble MIC had synergistic effects 

with checkpoint blockade therapies (PD1/PD-L1 and CTLA4 blockade) in 

melanoma and prostate cancer mouse models (Basher et al., 2020; Zhang et al., 

2019; Zhang et al., 2017). Additionally, in order to find a more specific approach for 

inhibition of MICA/B shedding, Ferrari de Andrade et al. (2018) recently generated 

monoclonal antibodies (e.g. 7C6) specifically targeting the α3 domain of MICA, the 

site of proteolytic shedding associated with ERp5 (Kaiser et al., 2007) and found 

these antibodies prevented loss of cell surface MICA and MICB from human cancer 

cells without influence on the interaction between NKG2D and the extracellular 

domains of MICA (α1 and α2). As a result, these antibodies reactivated the NK cell-

mediated antitumor immunity through activation of NKG2D and CD16 Fc receptors 

(Ferrari de Andrade et al., 2018).  

         

1.4 Flow cytometric cytotoxicity assay 
    In vitro, multiple methodologies can be used for detection of the immune 

response to target cells. It can be carried out indirectly by the analysis of granules 

release (perforin, granzymes, or equivalantly degranulation) or cytokines release 

(IFN-γ, TNF-α) from the effector cell side. Or directly, a more informative way is to 

quantify the death of targets in coculture with effector cells. Chromium-51 (51Cr) 
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release assay (CRA) was first developed for this purpose in 1960s (Brunner et al., 

1968) and becomes a “gold standard“ for the direct measurement of cell-mediated 

cytolysis. But the hazardous and disposal problems of this radioactive isotope limit 

its wide usage, and many other non-radioactive alternatives have been developed, 

including calcein-AM release assay, MTT assay, lactate dehydrogenase (LDH) 

release assay and flow cytometric assay (Korzeniewski et al., 1983; Page et al., 

1998; Baumgarten, 1986; Blomberg et al., 1986; Papa et al.,1988; Lichtenfels et al., 

1994). Among them, flow cytometry-based cytotoxicity assay is widely used 

showing several advantages, for example, higher sensitivity, and the ability to 

distinguish between effector and target cells and to detect both populations at the 

single-cell level.  

    The general principle of flow cytometric cytotoxicity assay is labeling either 

effector cells or target cells or both with the cell tracking dye (s) or the cell surface 

marker (s) to distinguish them from each other, followed by the use of a viability dye 

to differentiate dead from alive cells. The specific lysis is evaluated either by 

calculation of the increased percentage of dead target cells or the absolute loss of 

alive target cells. However, the inconsistence in strategies for gating and lysis 

calculation is apparent in literatures (Jang et al., 2012; Gillissen et al., 2016; 

Kandarian et al., 2017; Lorenzo-Herrero et al., 2019; Langhans et al., 2005; 

Ozdemir et al., 2003). In addition, the concern of cross-staining between effector 

and target cells due to the spontaneous release and leakage of the labeling dyes 

(e.g., CFSE (carboxyfluorescein succinimidyl ester)) still remains (Cholujová et al., 

2008; Tóth et al., 2017). Despite a clear cutoff between CFSE labeled target cells 

and unstained effector cells was seen (Cholujová et al., 2008), it is difficult to 

conclude the absence of cross-contamination in the coculture, because if the 

effector cells were cross-stained by the leaking CFSE they might have also become 

CFSE positive thus merging into the CFSE-labeled target population. Thus, the 

potential contamination between the labeled cells and the neighboring unlabeled 

cells is yet to be clearly elucidated.  
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1.5 Aims of the thesis: 
    CIK cell treatment is one of the promising candidates for ACT, showing some 

promising results in clinical trials (Zhang and Schmidt-Wolf, 2020). But only a limited 

number of patients respond to this therapy. A better understanding of the molecular 

components of CIK cells may aid in developing new strategies to improve the CIK 

cell-based therapy. Since most activating molecules are initially identified in NK or 

T cells, still much is unknown about their roles in CIK cells. For example, in resting 

NK cells, the coengagement of NKG2D, 2B4 and LFA-1 is defined as the minimal 

requirement for the induction of natural cytotoxicity (Bryceson et al., 2009). Although 

NKG2D is relatively well studied in CIK cells, It remains unclear whether NKG2D 

engagement alone is sufficient or if it requires additional co-stimulatory signals (e.g. 

2B4) to activate CIK cells. 
    Moreover, the strategy for upregulating MICA/B expression on tumor cells might 

potentiate the antitumor efficiency of CIK cells against these tumor targets. 

Recently, a new monoclonal antibody (7C6 mAb) has been established to 

specifically target the a3 domain of MICA, and reported to inhibit the MICA/B 

shedding from tumor cells and in turn to stabilize its surface expression (Ferrari de 

Andrade et al., 2018). We aimed to explore the effect of the newly developed anti-

MICA monoclonal antibody on CIK cell-mediated antitumor activity.  

    In order to evaluate the CIK cell-mediated cytotoxicity in a more accurate and 

efficient way, we also aimed at improving the already established flow cytometric 

cytotoxicity assay. 

    In summary, the aims of this thesis were: 

1). To optimize and standardize the flow cytometry cytotoxicity assay; 

2). To investigate whether engagement of NKG2D alone is sufficient to trigger and 

activate CIK cells; and what role 2B4 alone and in combination with NKG2D may 

play in CIK cells; 

3). To test whether the anti-MICA monoclonal antibody (7C6 mAb) can enhance the 

antitumor activity of CIK cells.  
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2. Materials and Methods 
 
2.1 Materials 
 
2.1.1 Table 1: Antibodies for cell culture or functional analysis 
Antibody Source Clone Identifier # 
anti-human CD3 eBioscience OKT3 16-0037-85 

F(ab')₂ fragment 

goat anti-mouse 

IgG 

Jackson 

ImmunoResearch 

polyclonal 115-006-006 

purified anti-

human NKG2D 

Biolegend 1D11 320814 

purified anti-

human 2B4 

eBioscience C1.7 16-5838-85 

purified human 

IgG1 

Biolegend QA16A12 403501 

purified mouse 

IgG1 

Biolegend MOPC-21 400165 

7C6, an anti-

MICA a3 domain 

human 

monoclonal 

antibody 

kindly provided by 

Dr. Kai W. 

Wucherpfennig 

from Harvard 

University 
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2.1.2 Table 2: Antibodies for FACS analysis 
Antibody Source Clone Identifier # 
APC anti-human 

CD3 

Biolegend OKT3 317318 

APC anti-human 

CD4 

Biolegend OKT4 317416 

APC anti-human 

2B4 

Biolegend C1.7 329511 

APC anti-human 

MICA/B 

Biolegend 6D4 320908 

APC anti-human 

NKG2D 

Biolegend 1D11 320808 

APC anti-human 

107a 

BD Biosciences H4A3 560664 

APC mouse IgG1 BD Biosciences MOPC-21 555751 

APC mouse IgG1 Biolegend MOPC-21 400119 

APC mouse 

IgG2a 

Biolegend MOPC-173 400219 

BV421 anti-

human CD8 

Biolegend RPA-T8 301036 

BV421 mouse 

IgG1 

Biolegend MOPC-21 400157 

FITC anti-human 

CD3 

Biolegend OKT3 317306 

FITC F(ab')₂ 

Fragment Goat 

Anti-Human IgG 

Jackson 

ImmunoResearch 

polyclonal 109-096-008 

FITC mouse 

IgG2a 

Biolegend MOPC-173 400209 

PE anti-human 

CD48 

Biolegend BJ40 336707 
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PE anti-human 

CD56 

Biolegend 5.1H11 362508 

PE mouse IgG1 Biolegend MOPC-21 400113 

Recombinant 

human CD99 Fc 

chimera protein 

R&D Systems  3968-CD-050 

Recombinant 

human ICAM-

1/CD54 Fc 

chimera protein 

R&D Systems  720-IC-050 

 

 

2.1.3 Table 3: Chemicals, reagents, and enzymes 
Product Source Identifier # 
Accutase Biolegend 423201 

Annexin V Binding Buffer BD Biosciences 556454 

APC Annexin V Biolegend 640920 

BSA Roth 8076.2 

CaCl2 Sigma 21115 

CellTrace Violet Thermo Fisher Scientific C34557 

CFSE Thermo Fisher Scientific C34554 

Distilled water Thermo Fisher Scientific 15230097 

DMSO - Dimethyl sulfoxide Roth A994.2 

DuoSet ELISA Ancillary 

Reagent Kit 2 

R&D Systems DY008 

EDTA (0.5 M, PH 8) Panreac Applichem A4892 

Ethanol ≥99,5 % Roth K928.4 

FACS flow BD Biosciences  

FACS clean BD Biosciences  

FACS shotdown BD Biosciences  

FACS rinse BD Biosciences  
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FBS Sigma F7524 

GolgiStop BD Biosciences 554724 

HEPES Buffer 1M Pan-Biotech 7365-45-9 

Hoechst 33258 Cayman Chemical Cay16756-50 

Human MICA DuoSet 

ELISA 

R&D Systems DY1300 

Human TrueStain FcXTM  Biolegend 422301 

IFN-γ ImmunoTools  11343536 

IFN gamma kit Thermo Fisher Scientific 88-7316-86 

IL-1β ImmunoTools 11340013 

IL-2 ImmunoTools 11340027 

MgCl2 Sigma M1028 

mycoplasma detection kit Thermo Fisher Scientific M7006 

Pancoll Pan-Biotech P04-60500 

paraformaldehyde Boster Bio AR1068 

PBS Pan-Biotech P04-36500 

PBS tablet Sigma P4417 

Penicillin-Streptomycin Gibco 15140122 

PMA Sigma P8139 

PP1 Cayman Chemical Cay14244-1 

Precision Count Beads Biolegend 424902 

RBC lysis buffer Biolegend 420301 

RPMI-1640 Pan-Biotech P04-16500 

Trypan Blue  Thermo Fisher Scientific 15250061 

Trypsin EDTA Thermo Fisher Scientific 25300054 

Tween-20 Roth 9127.2 

U73122 Cayman Chemical Cay70740-1 

wortmannin Cayman Chemical Cay10010591-1 

2-Propanol > 99,8%  Roth 6752.4 

7AAD Biolegend 420404 
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2.1.4 Table 4: Equipments and softwares 
BD FACSCanto II BD Biosciences 

Centrifuge Thermo Fisher Scientific 

FACSDiva software BD Biosciences 

FlowJo V10.6 software BD Biosciences 

GraphPad Prism (version 8.0) GraphPad Prism 

IDEAS software Amnis 

ImageStream X Mk II cytometer Amnis 

Incubator Thermo Fisher Scientific 

Laminar flow hood Thermo Fisher Scientific 

Microplate reader Thermo Fisher Scientific 

Microscope ZEISS 

Neubauer chamber Sigma 

Vortex mixer Velp Scientifica 

Water bath memmert 

 
 

2.1.5 Table 5: Cell lines 
Hela (cervix carcinoma) DSMZ 

K562 (chronic myeloid leukemia) DSMZ 

MDA-MB-231 (breast carcinoma) DSMZ 

P815 (mouse mastocytoma) ATCC 

Raji (Burkitt lymphoma) DSMZ 

SU-DHL-4 (B cell lymphoma) DSMZ 
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2.2 Methods 
 
2.2.1 Generation of CIK cells and LAK cells 

CIK cells were generated as previously described (Schmidt-Wolf et al., 1991). 

Peripheral blood mononuclear cells (PBMCs) were isolated from blood of heathy 

donors (from UKB blood bank) by gradient density centrifugation using Pancoll. 

PBMCs were seeded at 3 × 106/ml in a 75 cm2 flask with complete culture medium 

for 2 h and then cells were transferred into a new flask to remove the monocytes, 

On day 0, 1000 U/ml IFN-γ was added, followed by the addition of 50 ng/ml anti-

CD3, 600 U/ml IL-2, and 100 U/mL IL-1β on day 1. Cells were incubated at 37˚C, 

5% CO2, humidified atmosphere and subcultured every 3 days in fresh medium 

supplied with 600U/ml IL-2 at 0.5-1 × 106 cells/ml. After 14-21 days of ex vivo 

expansion, CIK cells were collected for use. 

For LAK cells generation, PBMCs isolated as described above were placed in 75 

cm2 flasks with complete medium in the presence of 600U/ml IL-2 and monocytes 

were removed by replacing the flasks. LAK cells were used for experiments after 2-

5 days of in vitro culture. 

 

2.2.2 Cell lines culture 
All tumor cell lines were cultured in complete medium at 37˚C, 5% CO2, 

humidified atmosphere. All cell lines were mycoplasma free, as tested by 

mycoplasma detection kit.  

 

2.2.3 Detection of phenotype and surface receptors on CIK cells or PBMCs 
CIK cells or PBMCs were washed and resuspended with cold PBS (phosphate-

buffered saline) at a concentration of 1×107. 100 µl cell suspension per FACS tube 

was incubated with 1 µl appropriate markers (FITC-anti-CD3, APC-anti-CD3, PE-

anti-CD56, BV421-anti-CD8, APC-anti-NKG2D, APC-anti-2B4, PE-anti-CD48 or 

corresponding isotype control antibodies) (1:100 dilution) in the dark (4˚C, 20 min). 

Subsequently, cells were washed with cold PBS twice and incubated with 7AAD 

(0.5 μg/ml, 10 min, RT (room temperature)) or Hoechst 33258 (0.5 μg/ml, few sec), 

then measured on FACS Canto II (BD).  
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In order to get an accurate discrimination of singlets from doublets, the FSC-

scaling value on FACSDiva software was always set at 0.7 (in the case of CIK cells 

or PBMCs), as suggested by Hazen et al. (2018). 

 

2.2.4 Detection of surface ligands on tumor cells 
Tumor cells were washed and resuspended with cold PBS at a concentration of 

1×107. 100 µl cell suspension per FACS tube was incubated with 1 µl appropriate 

markers (APC-anti-MICA/B, PE-anti-CD48 or corresponding isotype control 

antibodies) (1:100 dilution) in the dark (4˚C, 20 min). Subsequently, cells were 

washed with cold PBS twice and incubated with Hoechst 33258 (0.5 μg/ml, few 

sec), then measured on FACS Canto II. 

In some cases where indicated specifically, tumor cells (1× 105/well) were 

cultured in 96-well plates (flat bottom for adherent cells, round bottom for 

suspension cells) at 37˚C, 5% CO2 in the presence of 7C6 mAb or human IgG1 

isotype control antibody at 10 μg/ml. After 24 h of culture, MICA/B on cell surface 

was detected by FACS. Accutase was used for detaching adherent cells without 

disturbing the integrity of surface molecule. Prior to the staining process, Fc 

receptors were blocked with Human TrueStain FcXTM at a final dilution of 1:100.  

 

2.2.5 Flow cytometry-based cytotoxicity assay 
    Target cells (3×106) were labeled with 0.25 μM CFSE in 1 ml PBS for 5-10 min 

at 37˚C in the dark, followed by three times of washing with 5 ml of culture medium 

(containing 10% FBS, to quench the excess CFSE dye). Where indicated, LAK cells 

were labeled with CellTrace Violet (0.25 μM) in 1 ml PBS in a same procedure as 

target cells were labeled. Then a constant number of target cells were cocultured 

with effector cells in total of 200 μl medium for 4-20 h at various E/T ratios in 96-

well plates (flat bottom for adherent cells, round bottom for suspension cells) at 37˚C 

5% CO2. Target cells cultured alone were used as the basal spontaneous lysis. 

Cells were gently mixed and spinned down at 800 rpm (revolutions per minute) for 

2 min to facilitate E/T (effector/target) binding before being placed in the incubator. 

At the end of the culture, cells were transfered to FACS tubes (adherent target cells 

were detached by Accutase) without further washing and stained with 7AAD (0.5 
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μg/ml, 10 min, RT) or Hoechst 33258 (0.5 μg/ml, few sec), measured by FACS. 

Sample acquisition time was set for 30 s/tube. Where indicated, the acquisition was 

set for 1500 bead events for each tube when Precision Count Beads (10 μl/tube) 

was applied to standardize this assay.  

In some experiments where indicated specifically, APC conjugated Annexin V 

combined with Hoechst 33258 was used to detect the apoptotic populations. CFSE 

labeled targets were cultured with LAK cells at an E/T ratio of 5:1 for 4 h. At the end 

of incubation, cells were washed with 2 ml of cold PBS, followed by one more wash 

with 2 ml of Annexin V Binding Buffer. Pellets were then resuspended with 100 μl 

of Annexin V Binding Buffer and stained with 1 μl of APC-Annexin V (1:100 dilution) 

for 10 min at room temperature. As next, cells were stained with Hoechst 33258 

(0.5 μg/ml, few sec) and measured by FACS Canto II. 

For the P815 redirected cytotoxicity experiments, CFSE-labeled P815 cells were 

incubated with indicated Abs (IgG1, anti-NKG2D, anti-2B4, anti-CD3) at 5 µg/ml 

(except anti-CD3, 0.01 µg/ml or 0.05 µg/ml) for 30 min prior to coculture with CIK 

cells. 

For blocking experiments, CIK cells were pre-incubated with 10 µg/ml Abs (IgG1, 

anti-NKG2D or anti-2B4) for 30 min prior to coculture with target cells. 

Where indicated, 7C6 mAb or control IgG1 antibody was added at 10 μg/mL at 

the beginning of E/T coculture. 

 

Three methods for calculation of specific lysis: 

 

(1). Beads-based calculation:  

Specific	lysis	 % = (
TC − TE
TC

)×100	 

TC: absolute number of alive CFSE+ target cells in control tubes (Target alone) 

TE: absolute number of alive CFSE+ target cells in coculture tubes 

(Effector+Target) 

Absolute	cell	number

= cell	count ÷ beads	count ×beads	volume×beads	concentration 
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(2). Cell count-based calculation: 

Specific	lysis	 % = (
TC − TE
TC

)×100	 

TC: cell count of alive CFSE+ target cells in control tubes (Target alone) 

TE: cell count of alive CFSE+ target cells in coculture tubes (Effector+Target) 

Cell count: the cell number recorded in the alive CFSE+ gate 

 

(3). Percentage-based calculation: 

Specific	lysis	 % = (
TC − TE
TC

)×100	 

TC: the percentage of alive CFSE+ target cells in control tubes (Target alone) 

TE: the percentage of alive CFSE+ target cells in coculture tubes 

(Effector+Target) 

 

2.2.6 Conjugate assay 
Target cells (3×106) were labeled with CFSE (0.25 μM) and effector cells (1×107) 

were labeled with CellTrace Violet (0.25 μM) in 1 ml PBS (5-10 min, 37˚C in the 

dark), followed by washing three times with 5 ml culture medium with 10% FBS. 

CFSE-labeled target cells (2.5×104, 50µl) were co-cultured with Violet-labeled 

effector cells (50µl) at an E/T ratio of 5:1 specifically in 1.5 ml Eppendorf tubes in 

the presence of 7AAD (0.5 µg/ml). Cells were gently mixed and centrifuged (200 g, 

2 min) to facilitate cell-to-cell contact. After brief incubation (10 min, 37 ̊C water 

bath), cells were vortexed (5 sec) to break nonspecific binding, fixed with 1% 

paraformaldehyde (5 min, RT), and then measured by FACS Canto II. 

For the P815 redirected conjugate experiments, CFSE-labeled P815 cells were 

incubated with indicated Abs (IgG1, anti-NKG2D, anti-2B4) at 5 µg/ml for 30 min 

prior to coculture with Violet-labeled CIK cells.  

For the blocking experiments, Violet-labeled CIK cells were incubated with 

indicated Abs (IgG1, anti-NKG2D, anti-2B4) at 10 µg/ml for 30 min prior to coculture 

with CFSE-labeled tumor cells.  

Where indicated, CFSE-labeled K562 cells were cocultured with Violet-labeled 

LAK cells in the absence of EDTA (ethylenediaminetetraacetic acid) or in the 
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presence of EDTA (2.5mM) either at the beginning or 5 min prior to incubation 

termination. 

 
2.2.7 Degranulation assay 

The standard degranulation assay was performed using a lysosomal marker 

CD107a.         

For cell-mediated stimulation, P815 cells were pre-incubated with the indicated 

Abs (IgG1, anti-NKG2D, anti-2B4; 5 µg/ml for 30 min) and then co-cultured with CIK 

cells at an E/T ratio of 5:1 in the presence of APC-anti-CD107a (1:100) and 

GolgiStop (1:1500) in 96-well U-bottom plates. As next, the cells were centrifuged 

(800 rpm, 2 min), incubated (5 hours, 37˚C, 5% CO2).    

For plate-bound antibody stimulation, Abs were coated at concentration of 5 

µg/ml for 3 hours (37˚C) or overnight (4˚C) on the high-binding 96-well flat-bottom 

plate. After incubation, PBS was aspirated and CIK cells or PBMCs (2 x 105/well) 

were added with the culture medium (37˚C, 5% CO2). As next, APC-anti-CD107a 

(1:100) and GolgiStop (1:1500) were added after 1 hour and further incubation for 

4 hours was considered.    

Where indicated, CIK cells and tumor cells were plated at a 5:1 E/T ratio in the 

presence of 7C6 mAb or IgG1 antibody at 10 μg/mL in 96 well plates. Afterward, 

APC-anti-CD107a antibody (1:100) was added in each well and incubated for 4 h 

at 37˚C, 5% CO2. For NKG2D blocking experiments, CIK cells were incubated with 

anti-NKG2D antibody (clone, 1D11) or IgG1 control antibody at 10 μg/mL 1 h prior 

to mixing with tumor cells. After 1 h of E/T coculture, GolgiStop was added to each 

well at a final dilution of 1:1500 and further incubation for 4 hours was considered.    

Subsequently, the cells were washed twice with cold PBS and stained with FITC-

anti-CD3 and PE-anti-CD56 or BV421-anti-CD8. At the end, the percent CD107a-

positive cells within the total population or CD3+CD56- or CD3+CD56+ 

subpopulation were measured using BD FACS Canto II. 

 

2.2.8 Ligand complex-based adhesion (LC-AA) assay 
    A ligand complex-based adhesion assay (LC-AA) was performed, as described 

previously (Urlaub et al., 2017). A base buffer containing PBS (0.5% BSA) with or 
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without cations (1mM CaCl2 and 2mM MgCl2) was prepared for all the incubation 

steps. Also, 50 µg/ml recombinant human ICAM-1-Fc chimera and F(ab)2 

fragments of goat anti-human Fcγ fragment (160 µg/ml FITC-labeled) were mixed 

(cation-free buffer, 30 min, RT) to prepare ICAM-1-Fc complexes. CD99-Fc was 

used as a negative control for gating instead of ICAM-1-Fc. CIK cells were 

incubated (10 min) with all primary Abs at the concentration of 2 µg/ml (except anti-

CD3, 0.5 µg/ml), followed by washing and resuspension of the cells in the buffer 

and ICAM-1-Fc complex (dilution 1:20). The cross-linking with a secondary goat 

anti-mouse antibody (5 µg/ml) was performed at 37 ̊C water bath (10 min). The 

stimulation controls were performed by adding PMA (10 nM). Afterwards, the cells 

were gently mixed and fixed by the addition of paraformaldehyde (final 

concentration 1%). Where indicated, the cells were preincubated with inhibitors 

separately (30 µM PP1, 100 nM wortmannin, 2.5 µM U73122) for 30 min (37 ̊C), 

and these inhibitors were retained in the medium during the stimulation process. 

Lastly, the quantifications were performed using FACS Canto II. 

 
2.2.9 Imaging flow cytometry 
    For imaging flow cytometric experiments, K562 cells and LAK cells were labeled 

as described in “2.2.6“. CFSE-labeled K562 cells (2×105) were cocultured with 

Violet-labeled LAK cells at 5:1 E/T ratio for 4 h. At the end of coculture, cells were 

incubated with 7AAD (0.5 μg/ml, in the dark, 10 min) and then measured on an 

ImageStream X MarkII cytometer. Data were analyzed using the IDEAS software. 

 
2.2.10 ELISA 
2.2.10.1 IFN-γ secretion 

For plate-bound antibody stimulation, Abs were coated at concentration of 5 

µg/ml overnight (4˚C) on the high-binding 96-well flat-bottom plate. After incubation, 

PBS was aspirated and CIK cells (1 x 106/well) were added with the culture medium 

(200 µl) and incubated for 24 h (37˚C, 5% CO2).  

For tumor cell stimulation, CIK cells were co-cultured with Hela cells or MDA-MB-

231 cells (5 x 104/well) at a ratio of 20:1 for 24 h in 96-well flat bottom plates in the 

presence of PBS or 7C6 mAb or IgG1 antibody at 10 μg/mL.  
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At the end of culture, the cell-free supernatant was collected to perform sandwich 

IFN-γ ELISA, according to the manufacturer's instructions. 

2.2.10.2 MICA Shedding 
Hela cells (3 x 104/well) and MDA-MB-231 cells (4 x 104/well) were cultured in 

48-well plates with 200 μL complete medium for 48 h in the presence of PBS or 7C6 

mAb or IgG1 antibody at 10 μg/mL. At the end of culture, the cell-free supernatant 

was harvested and the level of soluble MICA was determined by sandwich MICA 

ELISA, according to the manufacturer's instructions. 

 
2.2.11 Statistical analysis  
    FACS data sets were analyzed using FlowJo V10.6 software. Statistical analyses 

were performed using GraphPad Prism v.8.0. The data groups were compared 

using unpaired two-tailed t test or one-way or two-way analysis of variance 

(ANOVA) with Turkey’s or Bonferroni’s post-hoc test. P-values < 0.05 were 

considered significant differences and are marked: * < 0.05; ** < 0.01; **** < 0.0001; 

ns = not significant. 
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3. Results 
 
3.1 Study 1: Improvements in flow cytometric cytotoxicity assay 
 
3.1.1 Introduction 

Cytotoxicity assay was a major method to assess the in vitro effectiveness of CIK 

cells against target cells in this study. Given the hazardous and disposal problems 

of radioactive 51Cr, we did not consider this “gold standard” CRA in this study. 

Initially, MTT and LDH assays were performed, but showing relatively low sensitivity 

and fluctuant results. This may be due to the enzymatic reaction by both effector 

and target cells in the coculture, more apparently when effector cells are in a poor 

state. Among other alternatives, the flow cytometric assay seemed to be an 

appropriate choice for the purpose of this study with multiple advantages, such as, 

the avoidance of radioactive compounds, the ability of distinguishing effector from 

target cells, the detection of cytotoxicity at the single-cell level and evaluation of all 

stages of the cytotoxic process (Zaritskaya et al., 2010).  

After reviewing the literature in which flow cytometry cytotoxicity assay was 

utilized, we found apparent inconsistence in these studies, regarding the cell 

labeling, gating, lysis calculation and whether using calibration beads or not (Jang 

et al., 2012; Gillissen et al., 2016; Kandarian et al., 2017; Lorenzo-Herrero et al., 

2019; Langhans et al., 2005; Ozdemir et al., 2003). More importantly, the 

fluorescent dyes (e.g. CFSE) for cell staining have been reported to spontaneously 

release and leak from the initial labeling (Cholujová et al., 2008; Tóth et al., 2017). 

Although one early study showed a clear discrimination between CFSE labeled 

target cells and unstained effector cells, it is difficult to conclude the absence of 

cross-staining because if the effector cells were cross-contaminated by the leaking 

CFSE they might have become CFSE positive and merged into the originally CFSE-

labeled target population (Cholujová et al., 2008). Therefore, the potential cross-

staining between effector and target cells in this assay is still yet to be completely 

elucidated.  

In our preliminary experiments, LAK cells showed relatively better consistency in 

cytotoxicity between batches from different donors, while the cytotoxicity of CIK 
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cells appeared to be donor-dependent. In addition, LAK cells were ready for use in 

a short-term culture (2-5 days). Thus, in order to address the above mentioned 

issues and establish a reliable flow cytometric assay in a fast pace, LAK cells were 

used in this chapter.  

     

3.1.2 Results 
3.1.2.1 No cross-staining between labeled target and effector cells after 4-
hour incubation 

As shown in Fig. 1A, the CFSE intensity markedly decreased after 4-hour culture 

(MdFI (median fluorescence intensity), 4h vs 0h, 16702 ± 29.7 vs 50941 ± 631.5, 

respectively), indicating that over the course of incubation the spontaneous release 

of CFSE occurred. Fig. 1B shows that the intensity of CFSE in dead cells also 

declined as compared to the alive population (MdFI, dead vs alive, 9847 ± 24.5 vs 

17113 ± 136.2, respectively), indicating that the disruption of cell membrane 

integrity could lead to the efflux of this dye. Both outcomes imply that some free 

CFSE presented in the environment of co-culture might cause the secondary 

staining of surrounding effector cells as concerned by others (	Chahroudi et al., 

2003; Ozdemir et al., 2003).  

 

 

Figure 1. CFSE intensity in K562 cells decreased over the coculture time or 
after being challenged by effector cells. CFSE-labeled K562 cells were 
incubated alone (A) or with LAK cells (B) for 4 hours at a 5:1 E/T ratio. Following 
incubation with 7AAD at the end of culture, samples were measured by FACS Canto 
II flow cytometer. (A) Comparisons of the CFSE intensity of K562 cells between the 
beginning and end of 4-hour culture. (B) Comparisons of the CFSE intensity 
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between dead and living target cells after 4-hour coculture with LAK cells. Data are 
depicted in histograms and are representative of at least three independent 
experiments. 
 

To address this concern, we combined another CellTrace dye Violet to label the 

effector cells. If, in this condition, a secondary staining happened there would be 

some double positive cells expressing both green and violet dyes. As shown in Fig. 

2A (control), indeed some double positive cells were observed after 4-hour 

incubation, 11.1% CFSE+Violet+ cells within the CFSE+ K562 cells. However, this 

population nearly disappeared when EDTA was added either at the start or at the 

end of the coculture (Fig. 2A, EDTA 0 h and 4 h, respectively). Knowing the nature 

of effector cells response to targets, it is clear that they need to be in contact with 

each other to start all the subsequent events, including activation of effector cells, 

cytotoxic granules release, that will lead to the apoptotic cell death. Therefore, these 

double positive cells seem more likely to be the conjugation of effector and target 

cells as the calcium chelator EDTA was shown to be able to prevent the cell-cell 

contact. Fig. 2B further supported the conjugate formation as these double positive 

events were much larger than CFSE+Violet- cells in size (MdFI of FSC-A, 116715 

± 1376 vs 75243 ± 258.7, respectively).  

 

 

Figure 2. Double positive events are present in E/T coculture but disppear in 
the presence of EDTA. CFSE-labeled K562 cells were incubated with Violet-
labeled LAK cells for 4 hours at a 5:1 E/T ratio in the absence of EDTA (control) or 
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in the presence of EDTA (2.5 mM) at the start (EDTA 0 h) or at the end of 4-hour 
culture (EDTA 4 h). Following incubation with 7AAD at the end of culture, samples 
were measured on FACS Canto II. (A) CFSE+ K562 cells (upper panel) in indicated 
groups were gated out based on the target alone to eliminate debris, CFSE+Violet+ 
double positive events (bottom panel) were gated within the corresponding CFSE+ 
K562 cells from the upper panel. (B) The double positive cells in red color from the 
control group in ‘A’ (bottom plot) fell into the doublet area in an FSC-A vs FSC-H 
plot. Number represents the percentage of the gated population. Data are 
representative of three independent experiments. 
 

To further confirm the conjugate formation, the coculture of CFSE-labeled K562 

cells and Violet-labeled LAK cells were examined on an imaging flow cytometry 

system. As shown in Fig. 3, all double positive events were clearly visualized as E/T 

conjugation in two different colors. 
 

 

Figure 3. Double positive events are E/T conjugate. CFSE-labeled K562 cells 
were incubated with Violet-labeled LAK cells for 4 hours at a 5:1 E/T ratio. After 
staining with 7AAD at the end of culture, samples were measured on a 
ImageStream X MarkII cytometer. CFSE+Violet+ conjugate composition (R4) was 
visualized by an imagery system. 
 

Taken together, these data indicate that the CFSE either from the spontaneous 

release or from the leakage by membrane-compromised target cells was unable to 

secondarily stain the neighboring effector cells, thus guaranteeing a clear 

discrimination between effector and target cells in this flow-based cytotoxicity 

assay. 
 



39 

	
	

3.1.2.2 Improvements in the gating strategy for precise gating of alive target 
cells 

Since we performed the cytotoxicity assay without further washing step after 

coculture, all the events could be well preserved from the original wells. As 

compared to effector cells cultured alone (Fig. 4A), CFSE+ target cells were 

distributed clearly and distinctly into three areas (Fig. 4C and Fig. 4D, a. alive, b. 

dead, c. debris), with a significant increase in percentage of both dead cells and 

debris in the E/T coculture while decrease in living cells as compared to target cells 

alone (Fig. 4B).  Even the debris (probably including the apoptotic body, but herein 

referred to as generic “debris”) showed relatively recognizable CFSE signal 

compared to effector cells. However, due to the loss of CFSE intensity in dead 

targets and autofluorescence in dead effectors (Fig. 4C), the overlap of dead (dying) 

events from CFSE-labeled K562 cells and effector cells made the cutoff between 

them slightly unclear.  
 

 

Figure 4. Distribution of CFSE+ K562 cells in coculture with LAK cells. CFSE-
labeled K562 cells were incubated alone or with LAK cells for 4 h at 5:1 E/T ratio. 
Cells were added with Hoechst 33258 at the end of culture and measured on FACS 
Canto II. (A) LAK cells cultured alone without target cells. (B) CFSE-labeled K562 
cells cultured alone without LAK effector cells. (C) CFSE-labeled K562 cells 
cocultured with LAK cells, divided into alive cells (a), dead cells (b), debris (c). (D) 
a, b, c in ‘C’ were rebuilt in a FSC vs SSC dot plot. Number represents the 
percentage of corresponding population. 
 

In order to get a clear separation between target and effector cells, we utilized a 

fluorochrome-free channel PerCP (peridinin-chlorophyll-protein) vs CFSE where 

the autofluorescence from effector cells would distribute equally into these two 

detectors as shown in Fig. 5A.  
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Figure 5. Discrimination of effector and target cells in coculture. CFSE-labeled 
K562 cells were cultured alone or with LAK cells at 5:1 E/T ratio for 4 hours. At the 
end of culture, cells were stained with Hoechst 33258 without washing and 
measured on FACS Canto II. The gate was drawn based on both effector alone and 
target alone in a fluorescence-free channel PerCP vs CFSE plot. 
 

Following the selection of the CFSE+ K562 cells, the most frequently used CFSE 

vs Hoechst 33258 dot plot (Fig. 6A) was applied to gate the living or dead cells. The 

specific lysis calculation is typically determined based on this final gating. 

Interestingly, when we looked at the living population in Fig. 6A (right) in a FSC-H 

vs Hoechst 33258 plot, there were some cells out of the gate (Fig. 6B, right) based 

on the gating in target alone (Fig. 6B, left). These out-gated cells showed a 

decrease in the intensity of FSC-H but remained CFSE signal as high as cells in 

living gate. On the basis of the above observation that cells with compromised cell 

membrane would be stained positively with Hoechst 33258 and lose some CFSE 

intensity. We inferred that these out-gated cells might be undergoing some early 

stages of cell death like early apoptosis in which challenged cells could keep the 

integrity of cell membrane while suffer other biological alterations like in morphology 

or translocation of phosphatidylserine. 
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Figure 6. Differences in distribution of alive target cells between FSC-H vs 
Hoechst 33258 and CFSE vs Hoechst 33258 plots. CFSE-labeled K562 cells 
were cultured alone or with LAK cells at 5:1 E/T ratio for 4 hours. At the end of 
culture, cells were stained with Hoechst 33258 and measured on FACS Canto II. 
(A) CFSE vs Hoechst 33258 plot depicts the gating of alive CFSE-labeled K562 
population in cocultured with effectors (right) based on target alone (left). (B) FSC-
H vs Hoechst 33258 plot depicts the gating of alive CFSE-labeled K562 population 
in cocultured with effectors (right) based on target alone (left). Number represents 
the percentage of alive cells. 
 

In order to address this issue, cells were washed at the end of 4-hour coculture 

and stained with APC-Annexin V and Hoechst 33258 to detect early apoptotic cells. 

Target cells alone served as controls. Following the elimination of effector cells 

(shown in Fig. 5), CFSE+ targets were displayed in both CFSE vs Hoechst 33258 

plot (Fig. 7A and 7B, left plots) and FSC-H vs Hoechst 33258 plot (Fig. 7A and 7B, 

middle plots). Based on the gating in target alone (Fig. 7A, middle), the events (b) 

were discriminated from gate a. Following the gating in target alone (Fig. 7A, right), 



42 

	
	

90% of the out-gated events (b) were shown to be early apoptotic cells (Fig. 7B, 

right) with a distinguishable shrinkage in size as presented in Fig. 7C.  
 

 

Figure 7. The early apoptotic target cells are distinguished by an FSC-H vs 
Hoechst 33258 plot or an FSC vs SSC plot. CFSE-labeled K562 cells were 
cultured alone or with LAK cells at a 5:1 E/T ratio for 4 hours. Early apoptotic target 
cells were measured by flow cytometry following staining with APC-Annexin V and 
Hoechst 33258 and elimination of effector cells and debris. (A) Living gate shown 
in a Hoechst 33258 vs CFSE or vs FSC-H plot (left, middle), apoptotic cells shown 
in a Hoechst 33258 vs Annexin V plot (right). (B) Based on the gating shown in ‘A’ 
(middle), 90.1% of the cells in ‘b’ out of the living gate ‘a’ (middle) were early 
apoptotic events (right). (C) the two populations (a, b) shown in ‘B’ are displayed in 
an FSC vs SSC plot. 
 

Taken together, these data suggest that the most commonly used plot CFSE vs 

Hoechst 33258 might not be accurate enough to gate out the living population. It 

would be necessary to combine other dot plots which may indicate the 

morphological change of early apoptotic targets cells, such as FSC vs Hoechst 

33258 plot or SSC vs FSC plot. Base on the above data, an example of the gating 

was set and shown in Fig. 8. 
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Figure 8. Gating strategy. CFSE-labeled K562 cells were cultured alone or with 
LAK cells at 10:1 E/T ratio for 4 hours. At the end of culture, cells were stained with 
Hoechst 33258 without washing and measured by FACS Canto II. (A) The top panel 
depicts the elimination of CFSE negative effector cells based on a fluorochrome-
free PerCP channel vs CFSE plot. (B) The center panel depicts the debris exclusion 
in FSC-A vs SSC-A plot. (C) The bottom panel shows the alive gate based on the 
gating in target alone control. 
 

3.1.2.3 Cytotoxicity is overestimated if only effector cells are labeled in flow 
cytometric assay 
    Since a certain amount of E/T conjugates were observed in Fig. 2 and Fig. 3, the 

lysis appears to be overevaluated if only effector cells were labeled due to the loss 

of part of viable targets in E/T conjugate. To test this assumption, K562 and LAK 

cells were labeled with two dyes and treated as previously described in Fig. 3, with 

the exception of addition of two higher E/T ratios (10:1 and 20:1). Fig. 9A shows 

that nearly all E/T conjugates were alive events. In addition, a trend of increase in 
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E/T conjugate was seen as the E/T ratio rose (Fig. 9B). Under this condition, target 

cells could be gated out by either selecting CFSE positive non-debris population 

(Fig. 9C, bottom left) or Violet negative non-debris population (Fig. 9C, bottom 

middle). Based on the gating in target cells alone (Fig. 9C, upper right), expectedly, 

either the percentage or cell count of alive target cells in Violet negative non-debris 

population was lower than that in CFSE positive non-debris population (Fig. 9C, 

upper left and middle), thus leading to significantly overestimated values at varied 

E/T ratios (Fig. 9D). This was due to the exclusion of E/T conjugate as seen in Fig. 

9C (bottom middle and right). 
 

 
 

Figure 9. Overestimated cytotoxicity by analysing the Violet negative target 
cells due to the loss of part of viable targets in conjugates. CFSE-labeled K562 
cells were incubated with Violet-labeled LAK cells for 4 hours at indicated E/T ratios. 
Following the addition of 7AAD at the end of culture, cells were measured by a 
FACS Canto II. (A) Nearly all conjugates were alive cells, data shown at 5:1 E/T 
ratio. (B) The trend of increase in E/T conjugate as the E/T ratio elevated. (C) Two 
different ways to gate target cells, CFSE+ target (left panel) and Violet- target 
(middle panel), data shown at 10:1 E/T ratio. Upper right plot shows the target alone 
control and lower right plot shows the conjugates excluded from Violet- target cells. 
(D) Cytotoxicity based on Violet- target was significantly higher than that based on 
CFSE+ target at indicated E/T ratios. Data are presented as mean +/- SD of 
triplicate measurements and one presentative from experiments with two donors.  
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3.1.2.4 A good correlation in the lysis calculation between the cell Count-
based method and beads-based method 

 After 4-hour culture with effector cells, CFSE+ K562 target cells showed a 

significant increase in debris as well as in dead cells (Fig. 4C). Normally, the debris 

would be excluded in the final gating for lysis calculation. As a consequence, the 

specific lysis calculated by the percentage-based method would be actually lower 

than in reality. But the counting beads has been long used to solve this problem by 

calculating the absolute number of remaining living cells (Ozdemir et al., 2003; 

Jedema et al., 2004; Ozdemir et a., 2007). Based on the absolute number of living 

cells in the target alone, the real loss of target cells and lysis percent could be 

obtained. Of interest, as we examined the formula of beads-based lysis calculation 

we found that if a constant number of beads are collected for each tube, we can just 

take out all the beads values from the formula and leave the cell count values alone. 

This was herein referred to as cell count-based calculation in this study. The 

concentration of beads in each sample is supposed to be the same since the volume 

of added beads and suspended cells are identical in each tube. Therefore, a fixed 

time for acquisition could theoretically collect a same number of beads in each 

sample.  

To verify this hypothesis, 30 seconds of the stopping time for acquisition and 10 

µl of beads (total number, 10000) in each tube was devised. Beads count was found 

similar after 30-second of collection for each tube (mean 1373, range from 1178-

1581). As shown in Fig. 10A, in line with our speculations, the specific lysis 

calculated by cell count was shown to be well parallel at each corresponding E/T 

ratio to that calculated by beads while remained higher than percentage-based 

lysis. With the E/T ratio increased, more target cells were shown to be lost (Fig. 

10B).  
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Figure 10. Comparison of specific lysis between varied calculation methods. 
(A) CFSE-labeled K562 cells were cultured alone or with LAK cell at indicated E/T 
ratios for 4 hours. Specific lysis was calculated through indicated methods following 
staining with Hoechst 33258 and acquiring each sample for 30 seconds by flow 
cytometer. Gating was performed according to the strategy in Fig. 8. (B) The 
absolute number (/µl) of CFSE+ K562 cells in indicated conditions. Data are from 
the experiments shown in ‘A’. Data are presented as mean +/-SD of triplicate 
measurements and one representative of three independent experiments. 
 

Next, we examined if varied recording durations would make a difference in the 

cell-count based lysis evaluation. K562 cells were labeled with CFSE and 

cocultured with LAK cells at a 10:1 of E/T ratio. In parallel, target cells alone were 

used as basal lysis. Following 4-hour of incubation, cells were stained with Hoechst 

33258 and measured immediately on the cytometer. The stopping time on the 

acquisition dashboard was set to 15 sec, 30 sec, and 60 sec. As shown in Fig. 11, 

there was no significant difference in the specific lysis between various recording 

durations.  
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Figure 11. Comparison of the specific lysis between different sample 
acquisition time. CFSE-labeled K562 cells were cultured alone or with LAK cell at 
a 10:1 of E/T ratio for 4 hours. Specific lysis was calculated by the count-based 
method following staining with Hoechst 33258 and collecting each sample for 
indicated acquisition time by flow cytometer. Data are presented as mean +/-SD of 
triplicate measurements and one representative of three independent experiments. 
 

Together, these data indicate that the cell-count based approach is well 

correlated with beads-based in evaluating cytotoxicity. However, it is important to 

minimize variations between samples by keeping the concentration of cells and 

volume of wells as identical as possible. With a good consistency in well volumes 

and cell concentrations, we found that the threshold rate of samples in triplicate 

acquiring on cytometer runs at a relatively constant level. Therefore, the threshold 

rate can be considered as a way of quality control during the sample collection. If 

the rates between the same sample conditions considerably fluctuate, thorough 

vortexing is needed to reach stable rates. Additionally, total number of events 

should be similar between tubes of the same condition. Furthermore, in order to 

keep a stable sample pressure, appropriate FACS tubes should be used to avoid 

any inconsistency caused by the unstable acquisition. 

 
3.1.3 Discussion 
    CFSE is able to stably label molecules within cells, with each cell division 

resulting in a sequential halving of fluorescence (Quah et al., 2007). Initially, 

carboxyfluorescein diacetate succinimidyl ester (CFDASE) which is non-

fluorescent, is highly membrane permeant and can rapidly flux across the plasma 
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membrane. Once inside a cell it reacts with intracellular esterases resulting highly 

fluorescent CFSE with a reduced membrane permeability. The succinimidyl ester 

of CFSE allows it to react with amino groups to form a highly stable covalent bond 

that gives rise to the carboxifluorescein (CF) compounds, namely CFR1 and CFR2. 

The former is able to exit via plasma membrane or is rapidly degraded, while the 

latter forms highly stable fluorescent molecules that remain inside the cells for 

months. Following cell division, CFR2 is diluted between the daughter cells. High 

concentrations of CFSE can be toxic to cells and should be avoided. According to 

previous reports (Quah et al., 2007; Lecoeur et al., 2001), 0.25 µM of CFSE was 

used in this study and turned out to be effective in labeling with more than 95% 

post-staining alive cells. 

    In early studies (Cholujová et al., 2008; Tóth et al., 2017), CFSE was shown to 

be released spontaneously from CFSE-labeled cells, especially during early time 

points within 3 or 4 hours following initial labeling. In accord with this finding, we 

also showed a significant decrease in CFSE intensity after 4-hour culture and when 

the target killed by effector cells. According to the above description of CFSE 

labeling process, there are three compounds capable of freely fluxing across 

plasma membrane (CFDASE, CFSE, CFR1) which might result in the 

contamination of other unstained neighboring cells. In order to address this 

problem, Gao et al. (2010) used CFSE to label target cells and anti-CD8b antibody 

to mark the effector cells. They found that CFSE+ gate was contaminated by small 

numbers of CD8+ effector cells, most apparent at high E/T ratios and demonstrated 

that the use of dyes such as CFSE to stain target cells have potential to introduce 

a certain degree of error. Similarly, we also observed a small fraction of double 

positive events after Violet-stained effector cells were cocultured with CFSE-labeled 

target cells. This population, however, was subsequently shown to be the E/T 

aggregation rather than the cross-staining as these double positive events 

remarkably decreased in the presence of EDTA and were further visually confirmed 

by imaging flow cytometry. In fact, the dual labeling of effector and target cells with 

two dyes is widely used in the conjugate formation assay to detect the binding ability 

of both. Therefore, these data demonstrate that there is no cross-contamination 

between the CSFE-labeled target cells and Violet-labeled LAK cells. 
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Of note, these conjugates which all were found to be alive cells (Fig. 9A) would 

generally be excluded if effector instead of target cells were labeled in this assay as 

previously published by others (Benson et al., 2010; Jang et al., 2012), leading to a 

possible overestimated lysis calculation because of the loss of these viable 

conjugated targets (Fig. 9C and 9D). These complexes were tightly bound and 

hardly broken even under vigorous vortexing and pipetting, with a trend of increase 

at higher E/T ratios (Fig. 9B). Additionally, nearly all conjugates were formed by one 

single target cell and effector cell (s) as observed by imaging flow cytometry. Herein, 

labeling target cells is suggested in this assay, or in the case of only effector cells 

need to be labeled adding EDTA at the end of culture can avoid the overestimation 

of results. 

As shown in Fig. 4C and 4D, the CFSE+ events are clearly divided into three 

fractions (alive, dead and debris). It is noteworthy that not all the Hoechst 33258 

negative events within CFSE+ cells are living targets. The debris with diminished 

CFSE is also negative for the dead/live dye. In an early study (shown in its 

Supplementary Figure 1) (Cao et al., 2010), the debris seemed to be gated into the 

living population which probably led to an underestimate in cytotoxicity. Following 

the debris exclusion as shown in our Fig. 8, the alive and dead cells were clearly 

distinguishable by plotting CFSE against Hoechst 33258. Of interest, when these 

events were viewed in the FSC-H vs Hoechst 33258 plot or FSC-A vs SSC-A plot 

(Fig. 7B and 7C), a third population with diminished FSC value appeared, indicating 

the alteration in the cell size. It is well known that the apoptosis can be induced by 

the perforin/granzyme pathway within minutes up to few hours (Voskoboinik et al., 

2015; Jedema et al., 2004). During the early process of apoptosis (Elmore, 2007), 

cell shrinkage and externalization of phosphatidylserine residues on the outer 

plasma membrane occur along with other alterations in morphology such as 

blebbing and nuclear fragmentation while cell membrane remains intact. Combining 

the cell-permeable dye Hoechst 33258 with the specific marker for 

phosphatidylserine APC-Annexin V, the population with lower FSC value in Fig. 7B 

and 7C was demonstrated to be representative of early apoptotic cells. These cells 

would eventually become the Hoechst 33258 positive cells over a certain period of 

time. Therefore, the combination of additional plots with FSC parameter would allow 
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a more accurate evaluation in cytotoxicity by distinguishing these potential apoptotic 

events. Although there were also some early apoptotic events in the rest of living 

cells in Fig. 7B (data not shown), the mono-dye (cell-permeable) for marking dead 

cells seems sufficient in cytotoxicity assessment with the consideration of feasibility 

and efficiency (no washing, no extra staining, no event loss at the end of E/T 

culture). Only in the case where no significant difference is found in the lysis 

between experimental groups and controls, the combination of the Annexin V would 

be helpful to check if there are any early apoptotic cells.  

The loss of targets (debris) lysed by effector cells made the specific lysis 

calculated by percentage lower than that calculated by beads. Although the 

percentage-based method showed less variations and would not be largely affected 

by the count of recorded events, it holds a major limitation-underestimating 

cytotoxicity (Godoy-Ramirez et a., 2005). This issue might be especially apparent 

when effector cells are more cytotoxic or treated with certain interventions. Hence, 

beads application in the flow cytometry-based cytotoxicity assay is usually 

preferable (Jedema et al., 2004; Ozdemir et a., 2007; Cao et al., 2010). Herein, we 

showed that the lysis evaluation based on cell count had similar values to that 

calculated by beads when the samples were collected in a fixed time. In fact, since 

the concentration of target cells and volume of cell suspension in each tube are 

equivalent, sample acquisition in a fixed time enables specific lysis calculation to be 

done using the cell count recorded in the E/T coculture tube and target alone tube. 

When beads are used, slight variations in bead counting between tubes seem 

inevitable probably due to changes in the flux or beads handling or vanishing bead 

phenomenon (Brando et al., 2001). Thus, using the fixed stopping time parameter 

appears to have a greater stability than the use of beads in standardizing this flow 

cytometry-based assay.  

    Laura et al. (2020) recently presented a quantitative method for cell-mediated 

cytotoxicity studies, preserving the effector cell function with minimal sample 

manipulation. In terms of cytotoxicity assessment, if combined with the method 

presented here by using a fixed stopping time for sample acquisition, some precious 

blood samples might be saved without being added into the controls for getting an 

absolute cell count.  
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In contrast to the CRA, the flow cytometry-based approach has one shortage in 

sample recording. Unlike the relatively fast recording of the supernatant of samples 

by a gamma counter in CRA, it would take a bit longer to record the samples one 

by one on flow cytometer. Herein, we showed that the consistency of the specific 

lysis was greatly preserved between varied recording times. Thus, shortening 

collection time in this assay to 15 seconds is possible. 

In conclusion, we confirm in study 1 that no cross-staining occurs between the 

effector and target cells after 4 h of coculture. Moreover, the gating strategy can be 

improved by plotting CFSE against FSC to discriminate some early apoptotic 

events. In addition, sample acquisition in a fixed time can be used as an alternative 

to counting beads in standardizing the flow cytometry cytotoxicity assay with a 

greater stability. With a good quality control, the acquisition time for each sample 

can be shortened to 15 sec, thus making this work to be done efficiently, especially 

in the case of larger sample sizes. Collectively, the findings presented here make 

the flow cytometric cytotoxicity assay more accurate, efficient, and cost-effective, 

thus guaranteeing the performance of cytotoxicity assessment in the subsequent 

studies of this thesis.  
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3.2 Study 2: NKG2D engagement alone suffices to activate CIK cells while 2B4 
only provides limited coactivation      
 
3.2.1 Introduction 
    CIK cells are heterogeneous population of lymphocytes comprised of a majority 

of CD3+CD56- T cells, CD3+CD56+ cells and a minor fraction of CD3-CD56+ NK 

cells (Schmidt-Wolf et al., 1991). In comparison to LAK cells, CIK cells exhibit a 

higher proliferation rate and possess superior in vivo antitumor activity (Lu et al., 

1994). Though CIK cells resemble NK-like T cells, in contrast to classical invariant 

natural killer T (iNKT) cells, they consist of a high proportion of CD8 cells with a 

heterogeneous Vβ repertoire (Verneris et al., 2002). With phenotypic and functional 

similarities to T cells and NK cells, CIK cells are endowed with potent cytotoxicity 

against a broad range of tumors (solid and hematologic origins) in both MHC-

restricted and MHC-unrestricted manners (Jäkel et al., 2014; Schmeel et al., 2014; 

Pievani et al., 2011).  

    It is well established that the cytotoxic lymphocytes kill the target cells by 

releasing the contents of the secretory lysosomes at the immune synapse (a 

process called degranulation). Besides, the interaction of LAF-1 on effector cells 

with its ligands-ICAMs on target cells contributes to stable adhesion, immunological 

synapse formation, polarization of lytic granules and subsequent killing of the target 

cell. In agreement with this, an early study showed that stimulation by the CIK 

recognition structure in concert with LFA-1 could lead to granule-dependent 

cytolysis (Mehta et al., 1995). Subsequently, some activating NK receptors were 

detected as recognition structures of CIK cells, including NKG2D, DNAM-1, NKp30, 

CD16 (Pievani et al., 2011; Verneris et al., 2004; Cappuzzello et al., 2016). Notably, 

NKG2D is considered among them to be the main contributor to the MHC-

unrestricted cytolysis of CIK cells against various types of tumor (Verneris et al., 

2004; Lu et al., 2012; Yin et al., 2017), probably through the DAP-10-mediated 

signaling (Verneris et al., 2004; Karimi et al., 2005). 

NKG2D is primarily a C-type lectin-like receptor capable of activating NK cells 

and co-stimulating CD8+ T cells (Bauer et al., 1999; Groh et al., 2001). In humans, 

the NKG2D receptor recognizes a number of ligands (MICA/B, ULBP1-6) that are 
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usually absent (or present in low amounts) on the surface of normal cells but are 

induced or upregulated by various stress signals (e.g., infection, transformation, 

DNA damage) (Raulet et al., 2013), thus making them more susceptible to the 

immune system. It is well established that blocking the NKG2D receptor on CIK 

cells can partially reduce cytolytic activity against NKG2D-bearing tumor cells 

(Pievani et al., 2011; Verneris et al., 2004; Lu et al., 2012; Yin et al., 2017). 

Therefore, it would be of interest to know if NKG2D ligation alone can lead to the 

activation of CIK cells, since the interaction of NKG2D, 2B4, and LFA-1 has been 

defined as a minimum requirement for the induction of natural cytotoxicity (Bryceson 

et al., 2009). As with NKG2D, 2B4 (CD244) is another well-characterized NK cell 

activation receptor that belongs to the lymphocyte signaling activation molecule 

(SLAM) family (Nakajima et al., 2000). To our knowledge, the peculiar role of 2B4 

in CIK cells still remains unknown. 

Considering this, herein, we aimed to investigate 1) whether engagement of 

NKG2D alone is sufficient to trigger and activate CIK cells, 2) what role 2B4 alone 

and in combination with NKG2D may play in the activation of CIK cells.  

 
3.2.2 Results 
3.2.2.1 NKG2D and 2B4 expression levels elevate over time in CIK culture 
    As reported by others (Garni-Wagner et al., 1993), nearly all CD3-CD56+ NK 

cells from PBMCs expressed NKG2D and 2B4 (Fig. 12A, upper histograms). Since 

the majority of CD3+CD56+ cytotoxic cells in CIK cultures were derived from 

CD3+CD56- T cells (Lu et al., 1994), we analyzed the expression of NKG2D and 

2B4 on CD3+CD56- T cells (on day 0). In contrast to NK cells, only part of 

CD3+CD56- T cells expressed NKG2D (32.0% ± 24.5%) and 2B4 (38.7% ± 17.0%) 

(Fig.12A, lower histograms). Interestingly, after 14 days of ex vivo expansion, not 

only the percentage of CD3+C56+ cells increased (51.2% ± 12.7%), but also the 

expression of NKG2D (92.9% ± 9.0%) and 2B4 (86.7% ± 4.4%) (Fig. 12B). In 

addition, both receptors were expressed on approximately all CD3+CD56+ cells in 

mature CIK culture (99.7%, 97.9%, respectively).  
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Figure 12. NKG2D and 2B4 expression levels elevate over time in CIK culture. 
NKG2D and 2B4 expression of cells were measured by flow cytometry after staining 
with FITC-CD3, PE-CD56, APC-NKG2D or APC-2B4 antibodies. (A) Histograms 
showing the expression of NKG2D and CD244 on CD3+CD56- T cells (lower panel) 
and CD3-CD56+ NK cells (upper panel) from PBMCs on day 0. (B) FACS dot plots 
showing the elevated expression of NKG2D (98.7%) and 2B4 (91.7%) on mature 
CIK cells (on day 14). The figure shows data from one representative from 4 donors. 
 

3.2.2.2 Blockade of NKG2D but not 2B4 attenuates the CIK cell-mediated 
cytotoxicity and E/T conjugate formation 

MICA/B was expressed on part of K562 cells but absent on Raji cells (Fig. 13A). 

Expectedly, blockade of NKG2D on CIK cells with anti-NKG2D resulted in a 

reduction in both cytotoxicity and E/T conjugate formation in K562 cells but not in 

Raji cells (Fig. 13B and 13C).  
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Figure 13. NKG2D blocking reduces the cytotoxicity and E/T conjugate 
formation. (A) FACS histograms demonstrating the presence of MICA/B on K562 
cells and absence on Raji cells. (B) FACS-based cytotoxicity performed on CFSE-
labeled K562 cells by preincubation of CIK cells with IgG1 isotype control or anti-
NKG2D (10 µg/ml, E/T ratio of 20:1). (C) Conjugate assay on CFSE-labeled K562 
cells (upper plots) or Raji cells (lower plots) by preincubation of Violet-labeled CIK 
cells with IgG1 isotype control or anti-NKG2D (10 µg/ml, E/T ratio of 5:1). Plots show 
the percentage of CFSE+ Violet+ double positive cells within the CFSE+ target gate. 
These results are one representative of three independent experiments. Data are 
shown as mean ± SD of triplicates per condition and one representative of three 
independent experiments. ** p < 0.01 calculated by unpaired two-tailed t test. 
 

Conversely, CD48 (the ligand of 2B4) was expressed on all SU-DHL-4 and CIK 

cells (Fig. 14A), but no decline in cytotoxicity and E/T conjugation was observed 

when CIK cells were preincubated with anti-2B4 (Fig. 14B and 14C). Together, 

these results suggest that NKG2D (not 2B4) is directly implicated in CIK cell-

mediated cytotoxicity and E/T conjugate formation. 

 
 

 
Figure 14.  Blockade of 2B4 has no impact on CIK cell-mediated cytotoxicity 
and E/T conjugate formation. (A) FACS histograms demonstrating the presence 
of CD48 on all SU-DHL-4 cells and CIK cells. (B) FACS-based cytotoxicity (E/T 
ratio, 20:1) performed on CFSE-labeled SU-DHL-4 cells by preincubation of CIK 
cells with IgG1 isotype or anti-2B4 (10 µg/ml). (C) Conjugate assay against CFSE-
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labeled SU-DHL-4 cells by preincubation of Violet-labeled CIK cells with IgG1 
isotype control or anti-2B4 (10 µg/ml, E/T ratio of 5:1). Data are shown as mean ± 
SD of triplicates per condition and one representative of three independent 
experiments.  
 

3.2.2.3 Engagement of NKG2D (not 2B4) increases the CIK cell-mediated 
cytotoxicity, degranulation and E/T binding against P815 cells 

To further investigate the possible association of NKG2D and 2B4 in CIK cells, 

the mouse mastocytoma cell line (P815), which expresses the Fc receptor on the 

surface that can easily recognize and bind the Fc fragment of respective antibodies 

(e.g. anti-NKG2D, anti-2B4) was used in the current experimental setup. Compared 

to the IgG1 treatment (Fig. 15), lysis was significantly increased when anti-NKG2D 

was preloaded on P815 cells, while it remained unchanged as anti-2B4 was loaded. 

Of note, no additional improvement in lysis occurred when NKG2D and 2B4 were 

combined in contrast to NKG2D ligation alone. Moreover, anti-CD3, which showed 

high sensitivity and lysis rate as a positive control did not further increase lysis when 

being co-incubated (CD3 and NKG2D; CD3 and 2B4).  

 

 
Figure 15. NKG2D (not 2B4) increases the CIK cell-mediated cytotoxicity. The 
redirected cytolysis assay against murine P815 cells (preloaded with indicated Abs 
at 5 µg/ml, except for anti-CD3 at 0.05 µg/ml) was performed on FACS at an E/T 
ratio of 20:1 for 6-8 hours. Data are represented as mean ± SD of triplicates per 
condition and one representative of three independent experiments. * < 0.05, ****p 
< 0.0001 calculated by one-way or two-way ANOVA, Bonferroni’s post-hoc test. 



57 

	
	

To better know whether NKG2D or 2B4 can synergize with CD3, the 

concentration of anti-CD3 was reduced to 0.01 µg/ml to get a lower basal lysis. As 

shown in Fig. 16, again 2B4 alone or in combination with CD3 led to no further 

improvement in cytolysis, while NKG2D alone or combined with CD3 resulted in 

significant enhancement. However, the improvement in cytotoxicity in combination 

of NKG2D and CD3 appears to be an additive effect rather than a synergy. Data 

are one representative of three independent experiments with 3 donor-derived CIK 

cells. Therefore, these data suggest that both NKG2D and 2B4 do not synergize 

with CD3 in CIK cell-mediated cytotoxicity. 

 

 
Figure 16. Both NKG2D and 2B4 fail to synergize with CD3 in CIK cell-
mediated cytotoxicity. The redirected cytolysis assay against murine P815 cells 
(preloaded with indicated Abs at 5 µg/ml, except for anti-CD3 at 0.01 µg/ml) was 
performed on FACS at an E/T ratio of 20:1 for 6-8 hours. Data are represented as 
mean ± SD of triplicates per condition and one representative of three independent 
experiments. ****p < 0.0001 calculated by one-way ANOVA, Bonferroni’s post-hoc 
test. 
 

Next, P815 cell redirected degranulation and E/T conjugation assays were 

performed to further confirm the roles of NKG2D and 2B4. As seen in Fig. 17A and 

17B, ligation of NKG2D significantly increased the degranulation and E/T conjugate 

formation, whereas 2B4 alone or in combination with NKG2D had minor to no effect. 
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These results are in agreement with the data from the previous P815 redirected 

cytotoxicity experiments.  

Taken together, we confirm that NKG2D is an activating receptor on CIK cells 

that can promote cytotoxicity, E/T conjugate formation and degranulation. In 

contrast, 2B4 ligation appears to weakly induce cytotoxicity of CIK cells and does 

not contribute to E/T conjugation and degranulation. And NKG2D provides no 

synergy in CIK cell-mediated cytotoxicity, degranulation and E/T conjugation with 

2B4. In addition, both NKG2D and 2B4 do not costimulate CD3. 
 

 

 
Figure 17. NKG2D (not 2B4) increases the CIK cell-mediated degranulation 
and E/T binding against P815 cells. (A) The percentage of CD107a on CIK cells 
was determined after coculture with antibody-loaded P815 cells (all Abs at 5 µg/ml) 
at an E/T ratio of 5:1 for 5 hours. (B) Conjugate assay was performed against 
antibody-loaded P815 cells (all Abs at 5 µg/ml) at an E/T ratio of 5:1. All the 
experiments were performed on FACS and the data are represented as mean ± SD 
of triplicates per condition and one representative of three independent 
experiments. ns = not significant, ****p < 0.0001 calculated by one-way ANOVA, 
Bonferroni’s post-hoc test. 
 

3.2.2.4 NKG2D contributes alone to degranulation, IFN-γ secretion and LFA-1 
activation, whereas 2B4 only provides synergistic effect in activation of LFA-
1 
    It is worth mentioning that even in the absence of any antibodies, CIK cells were 

still able to form a tight conjugation with P815 cells and induce cytotoxicity, 

suggesting that P815 cells themselves can be recognized and killed by CIK cells. 
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Therefore, the impact of these yet to be known P815-CIK intrinsic interactions is 

difficult to exclude from our data. To circumvent this potential interference, 

monoclonal antibodies against these receptors (NKG2D, 2B4, CD3) by a plate-

bound method or by cross-linking with a rabbit anti-mouse antibody were used to 

define the relative contribution of NKG2D and 2B4 in degranulation, IFN-γ secretion 

and LFA-1 activation. 

Fig. 18A shows that NKG2D alone was effective enough to induce degranulation 

while 2B4 alone lacked this ability and led to no further improvement in combination 

with NKG2D. As expected, CD3+CD56+ subpopulation accounted for the majority 

of degranulated cells that responded to anti-NKG2D (Fig. 18B). 

 

 
Figure 18. NKG2D (not 2B4) contributes alone to the degranulation of CIK 
cells. CIK cells were stimulated by indicated plate-bound Abs (5µg/ml) in the 
presence of APC-anti-CD107a (1:100) and GolgiStop (1:1500) for 5 hours. At the 
end of culture, cells were stained with PE-anti-CD56, FITC-anti-CD3, followed by 
the addition of Hoechst 33258 and measured on FACS. (A) The percentage of 
CD107a in response to indicated Ab stimulations. (B) FACS dot plots showing the 
representative degranulation of different CIK subsets in response to IgG1 or 
NKG2D stimulation. The data are represented as mean ± SD of triplicates per 
condition and one representative of three independent experiments. ns = not 
significant, ****p < 0.0001 calculated by one-way ANOVA, Bonferroni’s post-hoc 
test. 
 

Since NK cells were reported to respond well to the NKG2D and 2B4 stimulations, 

the same assay used in CIK cells was performed for PBMCs as an additional 

positive control. As shown in Fig. 19, engagement of either NKG2D or 2B4 induced 

a modest degranulation, and NKG2D exhibited a better response. In contrast to CIK 
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cells, NKG2D ligation in CD3-CD56+ NK cells produced a markedly synergistic 

effect with 2B4. Consistent with the literatures (Bryceson et al., 2006), CD56low NK 

cells were the major degranulated population. Data from two donors are shown. 

 

 

 
Figure 19. Strong synergy in degranulation is induced by the combination of 
NKG2D and 2B4 in NK cells. PBMCs were stimulated by indicated plate-bound 
Abs (5µg/ml) in the presence of APC-anti-CD107a (1:100) and GolgiStop (1:1500) 
for 5 hours. At the end of culture, cells were stained with PE-anti-CD56, FITC-anti-
CD3, followed by the addition of Hoechst 33258 and measured on FACS. Dot plots 
showing the percentage of CD107a degranulation of CD3-CD56+ NK population 
from two donors in response to indicated Ab stimulations.  
 

Next, IFN-γ secretion was examined. As seen in Fig. 20, NKG2D ligation alone 

was able to induce the IFN-γ secretion of CIK cells, while 2B4 alone failed to do so. 

In addition, no further secretion was observed when NKG2D and 2B4 were 

coengaged. 
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Figure 20. NKG2D (not 2B4) induces the IFN-γ secretion of CIK cells. After 20-
hours of stimulation by indicated plate-bound Abs, IFN-γ secretion from CIK cells 
was quantified using supernatant by sandwich ELISA. The data are represented as 
mean ± SD of triplicates per condition and one representative of three independent 
experiments. ns = not significant, ** < 0.01 calculated by one-way ANOVA, 
Bonferroni’s post-hoc test. 
 

Considering the activation of LFA-1 being influenced by the inside-out signals 

from other activating receptors in NK cells (Urlaub et al., 2017; Enqvist et al., 2015), 

LC-AA was performed to examine the effect of NKG2D and 2B4 individually and in 

combination on the activation of LFA-1 in mature CIK cells. In the absence of any 

stimulation, only a few LFA-1 molecules were found active on the surface of CIK 

cells (Fig. 21A). NKG2D alone was able to induce LFA-1 activation, and some 

synergy occurred when it was combined with 2B4, whereas 2B4 ligation solely failed 

to induce any activation. Additionally, NKG2D or 2B4 in combination with anti-CD3 

did not significantly improve the LFA-1 activation. In line with an early report (Urlaub 

et al., 2017), we also observed contrasting results with resting NK cells, i.e., 2B4 

ligation resulted in a stronger activation of LFA-1 compared to NKG2D ligation (Fig. 

21B). 
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Figure 21. NKG2D alone is able to induce LFA-1 activation of CIK cell, whereas 
2B4 provides synergistic signals. (A) CIK cells were unstimulated or stimulated 
with PMA or indicated Abs in pairwise combination or combined with IgG1 isotype 
control. Following the crosslink of the receptors with goat F(ab)2 anti-mouse IgG, 
the activation of LFA-1 was measured by staining with ICAM-1-Fc complexes. (B) 
Freshly isolated PBMCs were treated as described in ‘A’ with indicated Ab 
stimulations. For identifying NK cells in PBMCs, cells were stained with anti-CD3-
APC and anti-CD56-PE after ICAM-1-Fc complexes staining. All the experiments 
were performed on FACS and data are represented as mean ± SD of triplicates per 
condition and one representative of three independent experiments. ns = not 
significant, ****p < 0.0001 calculated by one-way ANOVA, Bonferroni’s post-hoc 
test. 
 

    Together, engagement of NKG2D alone is sufficient not only to induce 

degranulation and IFN-γ secretion but also activation of LFA-1 in CIK cells. While 

2B4 provides only synergistic signal in activation of LFA-1. 
 

3.2.2.5 PI3K, PLC-γ, and Src involve in the NKG2D-mediated LFA-1 activation 
in CIK cells 
    In NK cells, PI3K, PLC-γ, and Src related signaling pathways have been reported 

to be associated with NKG2D (or 2B4)-mediated activation (Urlaub et al., 2017; 

Upshaw et al., 2006; Kim et al., 2010). Therefore, to enhance the findings presented 

above, three inhibitors: wortmannin (PI3K pathway), PP1(Src pathway), and 

U73122 (PLC-γ pathway) were used to interfere with these known signaling 

pathways in the current experimental settings. As seen in Fig. 22, all of these 

inhibitors strongly block the activation of LFA-1 induced by NKG2D alone and in 

combination with 2B4. This suggests that, similar to NK cells, these specific 
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signaling pathways (PI3K, PLC-γ, and Src) also play a role in NKG2D- or 

NKG2D/2B4-induced LFA-1 activation in CIK cells. 
 

 
Figure 22. Signaling inhibition by chemical inhibitors to block LFA-1 
activation. CIK cell preincubated with various signalling inhibitors (DMSO control, 
wortmannin [PI3K inhibitor], PP1 [Src kinase inhibitor], U73122 [phospholipase C-γ 
inhibitor]), stimulated with anti-NKG2D, anti-2B4 or both (1 µg/ml) by crosslinking 
the receptors with goat F(ab)2 anti-mouse IgG. The activation level of LFA-1 was 
measured by staining with ICAM-1-Fc complexes. The data are represented as 
mean ± SD of triplicates per condition and one representative of three independent 
experiments. ****p < 0.0001 calculated by two-way ANOVA, Bonferroni’s post-hoc 
test. 
 

3.2.3 Discussion 
    In study 2, we investigated the role of NKG2D and 2B4 individually or in 

combination in CIK cell related activities. Consistent with previous reports (Mehta 

et al., 1995; Verneris et al., 2004), the percentage of CD3+CD56+ CIK cells and the 

expression of NKG2D were significantly increased during the 14-day culture. Of 

note, as the CIK cells matured, they also exhibited higher 2B4 expression. One 

previous study failed to detect 2B4 on CIK cells (Dai et al., 2016), however, the use 

of different clones for the 2B4 marker could be a possible reason for this 

discrepancy. To ensure consistency in current study, we stained cells with a 

common clone (C1.7) against 2B4, as it was used in most of NK associated studies 
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(Kim et al., 2010; Valiante et al., 1993; Bryceson et al., 2006). As expected, all NK 

cells expressed 2B4 when the phenotype of freshly isolated PBMCs was analysed, 

thus confirming its expression on CIK cells. 

    As expected, the blockade of NKG2D partially attenuated the cytolysis and E/T 

conjugate against K562 cells. Additionally, redirecting P815 cells against NKG2D 

led to a significant increase in CIK cell-mediated cytotoxicity, E/T conjugate 

formation, and degranulation. In agreement with previous studies (Verneris et al., 

2004; Karimi et al., 2005), these data support that NKG2D acts as an activating 

receptor for CIK cells and also imply that it may provide signals to activate LFA-1 

on CIK cells which can enhance the E/T contact. 

    To further determine whether ligation of NKG2D alone is sufficient to activate CIK 

cells, monoclonal antibodies against NKG2D by the plate-bound method or by 

cross-linking with a secondary antibody were used.  We demonstrate that NKG2D 

engagement is sufficient to induce degranulation and IFN-γ secretion from CIK cells 

on its own. Here, it is important to mention that the effect of NKG2D ligation on 

degranulation varied between CIK subgroups and, in particular, the CD3+CD56+ 

subgroup accounted for the majority of degranulated cells. This is in agreement with 

an early study showing that CD3+CD56+ cells are the most effective population of 

bulk CIK cells (Lu et al., 1994). The cytolytic activity of CIK cells is dependent on 

the cell-to-cell contact as Mehta et al. (1995) demonstrated that the killing could be 

completely blocked by anti-LFA-1 antibody. However, in the present study, active 

LFA-1 were found virtually undetectable on CIK cells during ex vivo expansion. 

Normally, LFA-1 has varying avidities and affinities for its ligand ICAMs, depending 

on the conformation and clustering of LFA-1 and modifications in them have been 

shown to be influenced by the inside-out signals from other activating receptors in 

T and NK cells (Urlaub et al., 2017; Enqvist et al., 2015; Gronholm et al., 2011). 

Consistent with this, we showed that LFA-1 could also be activated by the 

engagement of other molecules on CIK cells. More specifically, NKG2D 

engagement alone was able to induce the LAF-1 activation on mature CIK cells 

through similar signaling pathways (PI3K, PLC-γ, and Src) to NK cells (Urlaub et 

al., 2017; Upshaw et al., 2006; Kim et al., 2010). Of interest, it was reported that the 

resting NK cells barely responded to single NKG2D stimulation, whereas IL-2-
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activated NK cells responded well (Bryceson et al., 2006; Bauer et al., 1999). 

Therefore, we speculate that the responsiveness of CIK cells to the NKG2D 

engagement might be attributed to the presence of IL-2 in CIK culture, as it was 

previously shown that only cells cultured in high-dose IL-2 expressed DAP10 and 

were cytotoxic (Verneris et al., 2004) and the incubation with cytokine could make 

effector cells more susceptible to the subsequent activating receptor stimulation 

(Urlaub et al., 2017). Taken together, the study presented here highlights that 

NKG2D alone is adequate enough to activate CIK cells, inducing degranulation, 

IFN-γ secretion and LFA-1 activation. 

    It is worth mentioning that although ligation of other receptors can induce 

activation of LFA-1, making it more active toward its ICAM ligands, still a higher rate 

of E/T conjugation may not always reflect a better immune response. To some 

extent, this can be seen in Fig. 13C, where the NK-resistant Raji cells formed a 

significantly higher E/T binding rate compared to the NK-sensitive K562 cells. On 

broader aspect, this may be explained by the dynamic regulatory process of E/T 

conjugation (involving both attachment and detachment systems), where an 

activating signal not only promotes E/T contact but also accelerates the dissociation 

(Springer et al., 2012). 

    Strikingly, the scenario appears to be different in 2B4 compared to NKG2D, with 

no effect of 2B4 blockade on cytotoxicity and E/T conjugate against SU-DHL-4 cells, 

and no increase in the redirected cytotoxicity, degranulation and E/T binding against 

2B4-loaded P815 cells. Similarly, in the experiments using the plate-bound 

stimulation or by crosslinking receptors with a secondary antibody, 2B4 alone was 

not sufficient enough to modulate activities of CIK cells, hence was incapable of 

inducing the degranulation, IFN-γ secretion and LFA-1 activation. It can be 

assumed that a chronic exposure to neighboring CD48+ CIK cells (during ex vivo 

expansion) might make 2B4+ CIK cells more fatigued to react on secondary 

stimulation. One early study (Chen et al., 2004) reported that the 2B4-mediated 

signal in NK cells was defined solely by the tyrosine-based motifs in the cytoplasmic 

domain of 2B4 and it was not appreciably influenced by the transmembrane and 

extracellular segments of 2B4. This may also occur in CIK cells and further studies 

are needed. In most cases of the current study, 2B4 stimulation failed to produce 
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synergistic signals to NKG2D, except in the activation of LFA-1, suggesting that the 

synergy of NKG2D and 2B4 indeed exists in CIK cells but it is confined to certain 

functional responses (e.g. LFA-1 activation). 

    Contrary to previous findings that NKG2D provides strong synergistic effects with 

2B4 in NK cells and costimulatory signals with the TCR-CD3 complex in CD8 

cytotoxic T cells (Urlaub et al., 2017; Bryceson et al., 2006; Groh et al., 2001), we 

showed that NKG2D provides limited synergy with 2B4 but no significant 

costimulation with CD3 in activating CIK cells. There were similar results presented 

by Verneris MR et al (Verneris et al., 2004), which also showed that NKG2D did not 

produce synergy with CD3 in P815 redirected cytotoxicity. Despite the fact that CIK 

cells share phenotypic and functional characteristics with NK and T cells, a 

divergence in receptor function can be assumed. In one early study, NKG2D 

appeared not to provide additional activation of iNKT cells when combined with anti-

CD3 stimulation (Kuylenstierna et al., 2011). Likewise, 2B4 alone failed to induce 

the degranulation of iNKT cells (Kuylenstierna et al., 2011). In this regard, ex vivo 

expanded CIK cells seem to function in a similar manner to the classical iNKT cells 

with deficiencies in 2B4 stimulation and costimulation of CD3 with NKG2D. A 

complete understanding of the interaction between these molecules is warranted, 

as aforementioned, NKG2D produces strong synergy with 2B4 in NK cells and 

costimulatory signals with the TCR-CD3 complex in T cells, providing the 

opportunity to improve the CD3ζ-based CAR construct for NK or T cells by 

integration of NKG2D or 2B4 (Li et al., 2018; Baumeister et al., 2019). Recently, 

CAR-CIK cells have also been explored with some encouraging results, however 

further validation will be required to draw conclusions (Schlimper et al., 2012; 

Merker et al., 2017; Magnani et al., 2020). Given the divergence in receptor function 

between CIK cells and NK (or T) cells as presented in the current study, the CAR 

structure for CIK cells may need to be established independently to maximize their 

functional potential.  

In conclusion, the work presented in study 2 demonstrates that the engagement 

of NKG2D alone is sufficient to activate CIK cells without additional costimulatory 

signals, thereby strengthening the idea of targeting the NKG2D axis may improve 

the antitumor activity of CIK cells. In addition, CIK cells appear to function similarly 
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to the classical iNKT cells with deficiencies in 2B4 stimulation and in costimulation 

of CD3 with NKG2D, but exhibit divergences in receptor function compared to NK 

and T cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



68 

	
	

3.3 Study 3: Enhancement of antitumor activity of CIK cells by antibody-
mediated inhibition of MICA shedding 
    
3.3.1 Introduction 

In study 2, we demonstrated that engagement of NKG2D receptor alone is 

sufficient to activate CIK cells without additional costimulatory signals. Next we 

asked whether upregulation of MICA/B expression on tumor cells could significantly 

enhance the antitumor activity of CIK cells.  

In human, NKG2D receptor recognizes diverse ligands, including MICA, MICB, 

ULBP1-6 (Eagle and Trowsdale, 2007; El-Gazzar et al., 2013). These ligands rarely 

express on normal tissues, instead prevalently present on tumors of epithelial origin, 

for instance ovarian cancer, colorectal cancer and breast cancer and so on (Madjd 

et al., 2007; McGilvray et al., 2009; McGivary et al., 2010; de Kruijf et al., 2012). It 

is well accepted that NKG2D ligands are regulated through cellular stress pathways, 

including heat shock stress pathway (Venkataraman et al., 2007), DNA damage 

response ATM and ATR pathways (Gasser et al., 2005; Gasser and Raulet, 2006), 

endogenous microRNAs (Stern-Ginossar et al., 2008; Breunig et al., 2017). 

Therefore, NKG2D ligands can be induced under cellular stress conditions, e.g., 

viral infection and cellular transformation (Groh et al., 1998; Groh et al., 2001). 

Expression of NKG2D ligands on tumor cells increase their vulnerability to the 

immune system. However, tumor cells frequently escape the immune surveillance 

of NKG2D pathways by loss of NKG2D ligand expression through proteolytic 

shedding or exosome secretion (Baragano et al., 2014). Several molecules have 

been reported to correlate with the proteolytic shedding of MICA/B, such as ERp5 

and ADAM proteins and MMPs (Kaiser et al., 2007; Boutet et al., 2009; Waldhauer 

et al., 2008; Groh et al., 2002). Based on the fact that the membrane-proximal α3 

domain of MICA/B is the site of proteolytic shedding (Kaiser et al., 2007), a new 

monoclonal antibody (7C6 mAb) has been recently developed to specifically target 

the MICA a3 domain and shown the ability to inhibit MICA/B shedding and stabilize 

their surface expression (Ferrari de Andrade et al., 2018).  

In study 3, we aimed to investigate the effects of 7C6 antibody-mediated inhibition 

of MICA shedding on the antitumor acitivity of CIK cells. 
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3.3.2 Results 
 
3.3.2.1 NKG2D expression and phenotype of CIK cells  
    After 14 days of ex vivo expansion, the bulk CIK cells were a heterogeneous 

population comprised of CD3+CD56+ cells (31.3% ± 11.2%), CD3+CD56- T cells 

(65.6% ± 8.9%), and a small percentage of CD3-CD56+ NK cells (2.8% ± 4.4%) 

(Fig. 23, one representative data from four donors). In particular, the percentage of 

CD8+ cells in CD3+CD56+ subset was slightly higher than that in CD3+CD56- T 

cells (83.0% ± 12.4% vs 79.5% ± 5.7%, respectively). Additionally, most of cells 

expressed NKG2D (90.7% ± 2.0%). As shown in Fig. 23B and Fig. 23C, NKG2D 

expressed on all CD8+ cells either within CD3+CD56+ subset or CD3+CD56- T 

cells. 	

 

Figure 23. Phenotyping and NKG2D expression on mature CIK cells. 
Phenotype and NKG2D expression of CIK cells on day 14 were measured on FACS 
after staining with FITC-CD3, PE-CD56, BV421-CD8 and APC-NKG2D antibodies. 
Dead cells were excluded by 7AAD. (A) The percentage of various subsets of bulk 
CIK cells. (B) The expression of CD8 and NKG2D within CD3+CD56+ population. 
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(C) The expression of CD8 and NKG2D within CD3+CD56- population. Numbers 
represent the percentage (%) of individual gating. Data are one representative of 
CIK cells from four donors. 
 

3.3.2.2 Inhibition of MICA shedding and stabilization of surface MICA/B 
expression on tumor cells by 7C6 antibody 
    Compared with the control IgG1 antibody treatment, MICA shedding from Hela 

cells in the presence of 7C6 antibody was strongly inhibited (Fig. 24A, 1081.9 ± 69.1 

pg/mL vs. 613.4 ± 48.6 pg/mL, respectively) and in turn the surface MICA/B 

expression was significantly increased (Fig. 24B, MdFI, 2644.5 ± 29.0 vs. 3367.7 ± 

40.7, respectively). Similar results were observed when MDA-MB-231 cells used as 

targets, less shedding of MICA (Fig. 24A, 819.6 ± 17.6 pg/mL vs. 352.8 ± 24.7 

pg/mL, respectively) and increased surface MICA/B expression (Fig. 24B, MdFI, 

592.3 ± 64.0 vs. 968.7 ± 70.2, respectively) were shown in the presence of 7C6 

antibody in contrast to IgG1 group. In Fig. 24B and Fig. 24C, nearly a three-fold 

increase in MICA/B expression on K562 cells was observed after treatment with 

7C6 antibody versus IgG1 control. However, no MICA shedding from K562 cells 

was detected (Fig. 24D). As reported by others (Cluxton et al., 2019), K562 cells 

did shed MICB rather than MICA. Thus, the increase in surface MICA/B expression 

on K562 cells following 7C6 antibody treatment is more likely led by the inhibition 

of MICB shedding. Consistent with the previous study (Ferrari de Andrade et al., 

2018), we here showed that 7C6 antibody is able to inhibit the shedding of MICA 

from MICA/B-bearing tumor cells, resulting in a substantial increase of the cell 

surface density of MICA. 
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Figure 24. 7C6 mAb inhibits MICA shedding and increases the cell surface 
density of MICA/B. (A) Human Hela cervical and MDA-MB-231 breast cancer cell 
lines were treated with 7C6 or IgG1 control antibody at 10 µg/mL for 48 h. Shed 
MICA was quantified in the supernatant by sandwich ELISA. Data are mean ± SD 
of triplicate measurements; data are one representative of three independent 
experiments. ****p < 0.0001 calculated by two-way ANOVA, Bonferroni’s post-hoc 
test. (B) K562, Hela, and MDA-MB-231 cells were treated with 7C6 or IgG1 control 
antibody at 10 µg/mL for 24 h. Surface MICA/B expression was measured by flow 
cytometry following staining with APC-conjugated 6D4 antibody; median 
fluorescence intensities (MdFI) are shown. Data are mean ± SD of triplicate 
measurements; data are one representative of three independent experiments. 
****p < 0.0001 calculated by two-way ANOVA, Bonferroni’s post-hoc test. (C) 
Histograms depict the surface level of MICA/B following treatment with 7C6 (red) or 
IgG1 control (black). IgG2a (grey) was the staining isotype control. Data are part of 
the experiment shown in ‘B’. (D) Indicated number of K562 cells were incubated 
with 7C6 mAb or IgG1 control antibody at 10 μg/mL for 48 h. Shed MICA was 
quantified in the supernatant by sandwich ELISA. Data are mean ± SD of duplicate 
measurements and one representative of three independent experiments. Black bar 
indicates the sensitivity of this ELISA kit with a minimum detectable concentration 
of 62.5 pg/mL. 
 

3.3.2.3 7C6 mAb enhances the cytotoxicity of CIK cells in an NKG2D-
dependent way 
    Next, flow cytometric cytotoxicity was performed. As shown in Fig. 25, the 

cytolysis of CIK cells against indicated tumor targets was significantly enhanced by 

the addition of 7C6 mAb, as compared to the IgG1 control treatment. For example, 
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81.3 ± 3.4% vs 46.6 ± 6.7% of K562 cells, 72.3 ± 1.0% vs. 46.3 ± 3.6% of MDA-MB-

231 cells and 77.4 ± 4.6% vs. 38.8 ± 10.7% of Hela cells were killed at 10:1 E/T 

ratio.  

 

 
Figure 25. 7C6 mAb increases cytotoxicity of CIK cells against tumor targets. 
Cytotoxicity of CIK cells against indicated tumor cell lines in the presence of 7C6 or 
isotype control IgG1 antibody (10 µg/ml) was performed by FACS. Data are mean 
± SD of triplicates per condition and one representative of three independent 
experiments. **p < 0.01, ***p < 0.001, ****p < 0.0001 calculated by two-way ANOVA, 
Bonferroni’s post-hoc test.  
 

    As expected, the enhancement of cytolysis was completely inhibited by 

preincubation of CIK cells with NKG2D blocking antibody (clone, 1D11) to the basal 

level as that treated with 1D11 in the presence of IgG1 control (Fig. 26), suggesting 

that the 7C6-mediated improvement of cytotoxicity is dependent on the NKG2D 

axis. 
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Figure 26. The 7C6-mediated enhancement of cytotoxicity is completely 
inhibited by NKG2D blockade. Cytotoxicity of CIK cells (preincubated with 1D11 
or IgG1 antibody, at 10 µg/ml) against K562 cells in the presence of 7C6 or isotype 
control IgG1 antibody (10 µg/ml) was performed by FACS. Data are mean ± SD of 
triplicates per condition and one representative of three independent experiments. 
**p < 0.01, ***p < 0.001, ****p < 0.0001 calculated by one-way ANOVA, Bonferroni’s 
post-hoc test. 
 

    Next, we examined the effect of 7C6 mAb on cytokine release of CIK cells. As 

seen in Fig. 27A and Fig. 27B, the IFN-γ secretion of CIK cells against Hela and 

MDA-MB-231 cells was significantly increased in the presence of 7C6 mAb as 

compared with that treated with isotype IgG1, while no effect on CIK cells in the 

absence of target cells. 
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Figure 27. 7C6 mAb increases IFN-γ secretion of CIK cells against tumor 
targets. Following culture of CIK cells alone or with indicated tumor cells for 24 h at 
a 20:1 of E:T ratio in the presense of 7C6 or IgG1 antibody, IFN-γ production in the 
supernatant was detected by sandwich ELISA. (A) IFN-γ secretion of CIK cells 
against MDA-MB-231 cells. (B) IFN-γ secretion of CIK cells against Hela cells. Data 
are mean ± SD of triplicates per group, representative of three independent 
experiments. *p < 0.01, ****p < 0.0001 calculated by two-way ANOVA, Bonferroni’s 
post-hoc test. 
 

    Taken together, these data demonstrate that 7C6 mAb can significantly promote 

the CIK-mediated cytotoxicity and IFN-γ secretion against these tumor targets, 

exclusively through the NKG2D pathway. 

 

3.3.2.4 7C6 mAb enhances the degranulation of CIK cells, with the 
involvement of both CD3+CD56+ and CD3+CD56- subsets  
    To further investigate the effect of 7C6 mAb on CIK cell-mediated antitumor 

activity, the CD107a degranulation assay was performed. As seen in Fig. 28, the 

degranulation of CIK cells against both K562 cells and Hela cells was significantly 

improved in the presence of 7C6 mAb in contrast to the IgG1 treatment (32.8 ± 1.7% 

vs. 21.8 ± 1.1%, 40.4 ± 2.7% vs. 28.5 ± 0.8%, respectively). Expectedly, masking 

CIK cells with NKG2D blocking antibody (clone, 1D11) strongly inhibited this effect, 

which was brought close to the value treated with IgG1 control alone. 
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Figure 28. 7C6 mAb increases the degranulation of CIK cells against tumor 
targets. CIK cells pretreated with 1D11 or IgG1 antibody at 10 µg/mL (1 hour prior 
to coculture) were co-incubated with indicated tumor cells at 5:1 E/T ratio in the 
presence of 7C6 mAb or IgG1 antibody at 10 µg/mL for 5 hours. APC-anti-CD107a 
(1:100) was added at the start of coculture. Degranulation was determined by 
FACS. (A) Bargraph showing the percentage of CD107a expression on bulk CIK 
cells against K562 or Hela cells in indicated conditions. Data are mean ± SD of 
triplicates, representative of three independent experiments. *p < 0.05, ***p < 0.001, 
****p < 0.0001 calculated by two-way ANOVA, Bonferroni’s post-hoc test. (B) Dot 
plots showing the representative CD107a expression on bulk CIK cells against 
K562 cells (upper panel) and Hela cells (lower panel), numbers represent the 
percentage of gated population.  
 

    Similar effects were also observed when CD3+CD56+ and CD3+CD56− subsets 

of CIK cells were further analyzed. The CD107a expression on both subsets against 

Hela cells (Fig. 29) or K562 cells (Fig. 30) was significantly upregulated when 7C6 

mAb was added in the culture. Of note, the enhancement in degranulation was 

nearly offset by blocking NKG2D receptor of CIK cells prior to coculture with tumor 
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cells. Interestingly, CD3+CD56+ cells exhibited a better response to the treatment 

of 7C6 mAb than the CD3+CD56- counterpart against Hela cells (Fig. 29) or against 

K562 cells (Fig. 30). 

 

 
Figure 29. 7C6 mAb increases the degranulation of subsets of CIK cells 
against Hela cells. CIK cells pretreated with 1D11 or IgG1 antibody at 10 µg/mL 
(1 hour prior to coculture) were co-incubated with Hela cells at 5:1 E/T ratio in the 
presence of 7C6 mAb or IgG1 antibody at 10 µg/mL for 5 hours. APC-anti-CD107a 
(1:100) was added at the start of coculture. Degranulation of subsets of CIK cells 
was determined on FACS by staining cells with FITC-CD3 and PE-CD56 antibodies. 
(A) Bargraph showing the percentage of CD107a expression on CD3+CD56- and 
CD3+CD56+ subsets against Hela cells in response to indicated conditions. Data 
are mean ± SD of triplicates, representative of three independent experiments. *p < 
0.05, ***p < 0.001, ****p < 0.0001 calculated by two-way ANOVA, Bonferroni’s post-
hoc test. (B) Dot plots showing the representative CD107a expression on 
CD3+CD56+ cells (upper panel) and CD3+CD56- cells (lower panel), numbers 
represent the percentage of gated population. 
 



77 

	
	

 
Figure 30. 7C6 mAb increases the degranulation of subsets of CIK cells 
against K562 cells. CIK cells pretreated with 1D11 or IgG1 antibody at 10 µg/mL 
(1 hour prior to coculture) were co-incubated with K562 cells at 5:1 E/T ratio in the 
presence of 7C6 mAb or IgG1 antibody at 10 µg/mL for 5 hours. APC-anti-CD107a 
(1:100) was added at the start of coculture. Degranulation of subsets of CIK cells 
was determined on FACS by staining cells with FITC-CD3 and PE-CD56 antibodies. 
(A) Bargraph showing the percentage of CD107a expression on CD3+CD56- and 
CD3+CD56+ subsets against Hela cells in response to indicated conditions. Data 
are mean ± SD of triplicates, representative of three independent experiments. *p < 
0.05, ***p < 0.001, ****p < 0.0001 calculated by two-way ANOVA, Bonferroni’s post-
hoc test. (B) Dot plots showing the representative CD107a expression on 
CD3+CD56+ cells (upper panel) and CD3+CD56- cells (lower panel), numbers 
represent the percentage of gated population. 
 

    Altogether, these data indicate that the presence of 7C6 mAb in the 

effector/target coculture can promote the degranulation of CIK cells, and both 

CD3+CD56+ and CD3+CD56- subpopulations are involved in this activation while 

CD3+CD56+ cells exhibit a better response. In addition, the strong inhibition of the 
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enhancement in degranulation by NKG2D blocking suggests the NKG2D system is 

the major signaling involved in this activity. 

 

3.3.3 Discussion 
    In study 3, we used a novel antibody which is able to specifically target α3 domain 

of MICA and MICB molecules while sparing the NKG2D binding site α1 and α2 

domains (Ferrari de Andrade et al., 2018). In agreement with the previous report 

(Ferrari de Andrade et al., 2018), our study show that anti-MICA specific antibody 

strongly inhibited the loss of MICA from the tumor membrane surface and substantially 

preserved the density of MICA/B. As proposed, this might be the consequence of the 

competitive binding of MICA antibody to the α3 domain which could leave less space 

for ERp5 and protease to execute the shedding.  

NKG2D can be induced in the presence of IL-2, regardless of the dosage during 

the ex vivo CIK expansion, but only cells cultured in high doses of IL-2 gained 

expression of the adapter protein DAP10 and were cytotoxic (Verneris et al., 2004). 

In the current study, the CD3+CD56+ subpopulation was shown to have the highest 

expression of NKG2D, this may facilitate it to be the main effective effectors in the 

bulk CIK cells. In the presence of 7C6 mAb, a significant increase in cytotoxicity, 

IFN-γ secretion and degranulation of CIK cells was observed against tumor cells as 

compared to IgG1 control antibody. As expected, the effect on the augmentation in 

cytotoxicity and degranulation was nearly completely inhibited by pretreatment of 

CIK cells with NKG2D blocking antibody. These indicate no or little involvement of 

other molecules except for the NKG2D receptor in the 7C6-driven enhancement of 

CIK cell killing against target cells in our current experimental settings. The Fc 

segment of 7C6 mAb is of human IgG1 origin which is replaced from the parental 

anti-MICA α3 mouse IgG2b antibody. Therefore, 7C6 mAb is able to additionally 

induce the ADCC (antibody-dependent cellular cytotoxicity) effect in human NK 

cells by engaging the CD16 Fc receptor (Ferrari de Andrade et al., 2018). However, 

this does not appear to be the case for CIK cells in the current study since NKG2D 

blockade nearly completely inhibited the effect induced by 7C6 mAb. Of course, the 

data shown here can only represent the CIK cells from a small sample size (10 

donors). it cannot be concluded that there is no engagement of CD16 in the 7C6-
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mediated enhancement of cytotoxicity of CIK cells. Because CD16 expression on 

CIK cells was reported to be donor-dependent and could mediate the ADCC activity 

as well (Cappuzzello et al., 2016). We assume that ADCC can be induced by 7C6 

mAb if a certain amount of CD16 is present on CIK cells, but this needs further 

investigation by screening CIK cells with high expression of CD16. 

It is well known that CD3+CD56+ CIK subset has a lower capacity of proliferation 

but a more robust antitumor activity compared with the CD3+CD56- subset, which 

is considered as precursor cells of CD3+CD56+ cells (Lu et al., 1994; Nishimura et 

al., 2008). Consistent with this, a significant increase in degranulation was observed 

in both subpopulations after treatment of 7C6 antibody while CD3+CD56+ cells 

remained a higher degranulation rate than its counterpart. Comparison to the results 

in previous chapter showing that CD3+CD56- T cells barely responded to the 

NKG2D stimulation in degranulation, here this chapter showed that the upregulation 

of MICA/B by 7C6 mAb is be able to trigger and activate both CD3+CD56+ and 

CD3+CD56- T subsets of CIK cells. The discrepancy in the response of CD3+CD56- 

T cells between these two chapters may be due to the differences in the source of 

stimulation. In chapter 2, it was a mAb-mediated stimulation (anti-NKG2D antibody, 

1D11), which may not be able to completely mimic the activation process induced 

by a physiologic ligand (the membrane bound ligand engagement). Another 

possible reason could be a synergistic effect induced by the 7C6-mediated 

upregulation of MICA/B and other receptor-ligand engagements, while in chapter 2 

only limited molecules were tested for the combinatory effect with NKG2D ligation. 

Of interest, in previous studies (Ferrari de Andrade et al., 2018; Ferrari de Andrade 

et al., 2020), only NK cells rather than CD8 T cells were shown to be essential for 

the therapeutic activity of 7C6 mAb against cancer metastases. This may be 

explained by the roles of NKG2D in NK and T cells, in which NKG2D engagement 

can directly activate NK cells whereas it can only costimulate CD8 T cells with the 

association of TCR engagement (Bauer et al., 1999; Groh et al., 2001). Hence, we 

further showed that the ex vivo expanded CD8+ T cells behave differently from the 

primary CD8+ T cells. This was especially apparent in the experiments using K562 

cells as targets, we could say 7C6 mAb augmented the degranulation of expanded 

CD8+ CIK cells in an NKG2D-dependent and MHC-unrestricted manner, since 
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K562 cells lack the expression of HLA class I and class II molecules (Hirano et al., 

1996).  

This enhancement of 7C6-mediated cytolytic activity appears to be due to the 

increase in surface MICA/B expression, although decrease in shed MICA may also 

be a relevant contributing factor. Contention remains regarding the function of 

soluble NKG2D ligands. Some studies have shown that the existence of soluble 

MICA/B in the serum could degrade and internalize NKG2D expressed on NK or 

CD8+ T cells leading to tumor escape from immune response (Groh et al., 2002). 

Others have considered the soluble MICA/B just competitively bound to the NKG2D 

receptor on these effectors (Raulet et al., 2013). Opposite to those, soluble Mult1 

(a NKG2D ligand in mouse) has been found to promote NK cells activation and 

tumor rejection (Deng et al., 2015). One likely explanation is that Mult1 possesses 

higher affinity than MICA/B to NKG2D receptor. In addition, the downregulation of 

NKG2D under condition of high level of soluble MICA/B might also be induced by 

cytokines like TGF-β (Clayton et al., 2008). However, the downregulation of NKG2D 

can be reversed by either stimulation with anti-CD3 antibody (Groh et al., 2002) or 

cytokines such as IL-2 and IL-15 (Wu et al., 2004). Interestingly, a recent study 

showed that the anti-α3 domain-specific MICA antibody could completely reverse 

the soluble MICA-mediated NK cell suppression in a Fc-dependent manner (Du et 

al., 2019).  

NKG2D expression on NK or T cells in some cancer patients was shown to be 

impaired (Groh et al., 2002; Huergo-Zapico et al., 2014) and abnormal NK cell 

function/activity in patient with different malignancies was also reported (Konjevic 

et al., 2012). If administration of 7C6 mAb is proved safe in patients, adoptive CIK 

cell therapy therefore may provide a potent combination partner with anti-MICA/B 

antibody-mediated immunotherapy. 
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4. Discussion 
 
4.1 Aims and main findings 

As one of promising candidates of adoptive immunotherapy, CIK cell therapy has shown 

some encouraging results in clinical trials for treatment of both solid and blood 

malignancies (Zhang and Schmidt-Wolf, 2020). With multiple advantages, such as the 

convenient and inexpensive expansion capability, good safety profile with low incidence 

of GVHD in allogeneic cancer patients, CIK cell therapy may provide more benefits to 

those patients with early stage of cancers when the tumor load is low. Additionally, a better 

understanding of the role of molecular components in CIK cells may also aid in developing 

new strategies for improving their antitumor efficacy. The main aim of this thesis is to 

improve the antitumor activity of CIK cells by targeting the NKG2D axis.  

Firstly, in order to evaluate the in vitro cytotoxicity of CIK cells in a more accurate and 

efficient way, we aimed to optimize and standardize the already established flow 

cytometric cytotoxicity assay. In study 1, we demonstrate that under our experimental 

condition, there was no cross-contamination between the labeled target cells and effector 

cells. Furthermore, effector cell labeling alone in this assay should be avoided, due to 

overestimated cytolysis as a consequence of exclusion of viable targets in effector-target 

aggregates. In addition, the gating strategy could be improved by plotting CFSE vs FSC 

to discriminate some early apoptotic events without additional apoptosis markers (e.g. 

Annexin V). More importantly, we found an alternative to the use of calibration beads in 

standardizing the flow cytometry assay. Instead of using beads, sample acquisition in a 

fixed time was shown to have the same effect on the lysis evaluation as beads application 

but exhibit a greater stability. We also compared various stopping acquisition time, and 

found no impact of acquisition duration on the lysis calculation, thus, making a shorter 

sample acquisition possible. Taken together, these findings allow us to perform the flow 

cytometric cytotoxicity assay in a more accurate, efficient, and cost-effective way. This 

improved method was applied throughout the whole thesis. 

In study 2, we aimed to investigate the individual and cumulative contribution of NKG2D 

and 2B4 in the activation of CIK cells. Besides performing the blocking experiments and 

P815-based redirected experiments, we crosslinked the receptors on CIK cells by 

immobilized antibodies or a secondary antibody. We demonstrated: a) NKG2D (not 2B4) 
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is implicated in CIK cell-mediated cytotoxicity, E/T conjugate formation and degranulation, 

b) NKG2D alone is adequate enough to induce degranulation, IFN-γ secretion and LFA-1 

activation in CIK cells, while 2B4 only provides limited synergy with NKG2D (e.g. in LFA-

1 activation), c) NKG2D was unable to costimulate CD3. Contrary to previous studies 

where NKG2D showed strong synergistic effects with 2B4 in NK cells and costimulatory 

signals with the TCR-CD3 complex in CD8 cytotoxic T cells (Groh et al., 2001; Urlaub et 

al., 2017; Bryceson et al., 2006), the divergence in the role of NKG2D between CIK cells 

and NK (or T) cells can be assumed. Nevertheless, here we showed that NKG2D 

engagement alone suffices to activate CIK cells, thereby strengthening the idea of 

targeting the NKG2D axis may enhance the cytotoxicity of CIK cells against NKG2D 

ligand-expressing tumor cells. 

In study 3, we aimed to investigate the effect of anti-MICA antibody on the antitumor 

activity of CIK cells. In this work, we used an monoclonal antibody (7C6 mAb) which was 

previously reported to specifically target the α3 domain of MICA/B and inhibit the ligand 

shedding from tumor cells. In agreement with that study (Ferrari de Andrade et al., 2018), 

we here showed that 7C6 mAb strongly inhibited the loss of MICA by MICA/B-bearing 

tumor cell lines (Hela, MDA-MB-231) and increased its surface expression. The underlying 

mechanism by which 7C6 mAb prevents the shedding of MICA remains unclear, but it is 

proposed that the competitive binding of MICA antibody to the α3 domain might leave less 

space for ERp5 and protease to execute the shedding. In the current study, the 

stabilization of MICA/B on tumor cells by 7C6 mAb made them more sensitive to CIK cells, 

leading to a significant increase in cytotoxicity, degranulation and IFN-γ secretion. These 

effects were proven to be mediated through NKG2D pathway since the augment in these 

activities were brought back to the basal levels when NKG2D receptor was blocked. 

Notably, both CD3+CD56- and CD3+CD56+ CIK subpopulations were accountable to the 

enhancement in degranulation after 7C6 mAb treatment while CD3+CD56+ cells 

remained the highest contribution. Collectively, these data indicate that the 7C6-mediated 

inhibition of MICA shedding can stabilize the ligand expression and significantly potentiate 

the antitumor activity of CIK cells.  

In summary, we demonstrate that NKG2D engagement solely is sufficient to activate 

CIK cells and the upregulation of NKG2D ligands on tumor cells allows CIK cells to kill 
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them more efficiently. Therefore, targeting the NKG2D axis is a promissing approach to 

improve the antimumor activity of CIK cells. 

 

4.2 Future perspectives 
    In this thesis, we demonstrate that NKG2D ligation alone is able to activate CIK cells 

and the upregulation of NKG2D ligands on tumor cells makes them more vulnerable to 

CIK cells. This may also apply to other situations where NKG2D ligands are induced or 

upregulated, for instance chemotherapy or radiotherapy. Chemotherapy and radiotherapy 

have been reported to induce or upregulate the NKG2D ligands on tumor cells, mostly 

through an ATM and/or ATR mediated DNA damaging pathways (Gasser et al., 2005). 

Weiss et al. (2018) showed that temozolomide (TMZ) or irradiation (IR) could induce 

NKG2D ligands in vitro and in vivo in glioblastoma models, and glioblastoma patient 

samples had increased levels of NKG2D ligands after therapy with TMZ and IR. This 

enhanced the immunogenicity of glioma cells in a NGK2D-dependent manner and the 

survival benefit afforded by TMZ or IR relied on an intact NKG2D system and was 

decreased upon inhibition of the NKG2D pathway (Weiss et al., 2018). Based on these 

data, the combination of CIK therapy with the conventional chemoradiotherapy might be 

a promising approach to potentiate the therapeutic effects for cancer patients. Indeed, 

evidence from one phase III clinical trial shows that the addition of autologous CIK cells 

immunotherapy to standard chemoradiotherapy with TMZ improved the progression-free 

survival for glioblastoma patients without significant adverse events (Kong et al., 2017). 

But it remains unclear whether the NKG2D pathway had played a significant role in the 

concomitant therapy since this study did not examine the NKG2D ligand expression on 

the tumor. Given the NKG2D-mediated cytotoxicity of CIK cells and the inducibility of 

NKG2D ligands by chemoradiotherapy, the evaluation of the level of NKG2D ligand (e.g. 

MICA/B) before and after chemoradiotherapy may have relevant implications on the 

survival rate or the prognosis prediction, as shown by Yu et al. (2015) demonstrating that 

gastric carcinoma patients with high expression of MICA had longer disease-free survival 

and overall survival in the adjuvant chemotherapy plus CIK group. Therefore, future 

preclinical and clinical studies with more detailed information about the NKG2D system 

will help us better understand the potential of combinatory treatment of CIK cells with the 

traditional chemotherapy and/or radiotherapy. 
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By using anti-CD3 antibody as a positive control in this thesis, CD3 ligation showed 

much stronger effect in CIK cell activation than the other two stimuli (NKG2D and 2B4), 

suggesting that CIK cells can be well tolerated and function efficiently from moderate to 

strong stimuli. And also it indicates that the cytoplasmic domain (CD3-ζ) of CD3 receptor 

is a dominant activating signaling domain for CIK cells. Therefore, triggering this signaling 

domain may make full use of the cytotoxic potential of CIK cells. One of the possibilities 

is incorporating CIK cells with a genetically modified CD3-ζ-based CAR. CD3-ζ is 

preferably used as the main signaling domain for most CAR-T or CAR-NK cell studies. To 

date, four CD19-directed CAR-T cell products have been approved by the US Food and 

Drug Administration (FDA) for the treatment of B cell malignancies (Maude et al., 2014; 

Mullard, 2017; Chan et al., 2021). Nonetheless, CAR-modified T-cells have a number of 

limitations: 1) The generation of an autologous product for each individual patient is 

logistically cumbersome and restrictive for widespread clinical use; 2) The manufacturing 

of CAR T-cells often takes several weeks, making it impractical for patients with rapidly 

advancing disease; 3) it is not always possible to generate clinically relevant doses of 

CAR T-cells from heavily pre-treated patients. Therefore, other alternatives are needed to 

overcome these limitations. Most recently, the first clinical trial using CD19-CAR-CIK cells 

for the treatment of relapsed B-ALL patients after allogeneic HSCTs has shown promising 

results (Magnani et al., 2020). In this study, 6 out of 7 patients who received one infusion 

of high doses of CAR CIK cells experienced CR, more impressively, with only grade 1-2 

CRS, but no GVHD and neurotoxicity. Several other preclinical studies also reported that 

antigen directed CAR-CIK cells exhibit superior antitumor capability than unmodified CIK 

cells (Leuci et al., 2020; Magnani et al., 2018; Leuci et al., 2018; Merker et al., 2017; Du 

et al., 2016; Oelsner et al., 2016; Pizzitola et al., 2014; Schlimper et al., 2012). However, 

the CAR constructs used in these studies are initially designed for CAR-T cells. Since 

divergences in receptor function between CIK cells and NK (or T) cells have been 

observed in the current thesis, the CAR structure for CIK cells may need to be customized 

and optimized to maximize their functional potential. As shown in one early study, CIK 

cells armed with CD28-ζ CAR outperformed those engineered with CD28-OX40-ζ CAR 

which is commonly used as a “super stimulation“ in CAR-T cells (Hombach et al., 2013). 

In the same study, the activation-induced cell death (AICD) of CIK cells was induced by 

the CAR-mediated stimulation and could not be rescued by either CD28 or OX40 
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costimulation (Hombach et al., 2013). In CAR-T cells, incorporation of 4-1BB shows higher 

levels of the anti-apoptotic proteins BCL-2 and BCL-XL, and a metabolic profile that may 

enhance memory formation (Kawalekar et al., 2016; Li et al., 2018). Therefore, 

constructing 4-1BB as a costimulatory domain of CAR-CIK cells may protect cells from 

AICD and prolong the survival of CIK cells and further enhance the antitumor efficacy.  

Although NKG2D failed to costimulate CD3 in CIK cell-mediated cytotoxicity as shown 

in the present thesis, it seems that the CD3-ζ-based CAR is strong enough to trigger CIK 

cells and a better antitumor response may be obtained by incorporation of other 

costimulatory domains which can promote the expansion and survival of CAR-CIK cells. 

In addition, given the wide overexpression of NKG2D ligands in various tumor types, 

incorporation of NKG2D as an ectodomain of CAR construct may provide a broader 

antitumor spectrum for CAR-CIK cells. Since the allogeneic CIK cell therapy has been 

proven safe and well tolerated, together with the advantage of convenient and inexpensive 

expansion capability, CIK cells provide an attractive alternative to T-cells for CAR 

engineering as an off-the-shelf product.  
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5. Abstract  

CIK cells are an ex vivo expanded heterogeneous cell population with an enriched NK-

T phenotype (CD3+CD56+). Due to the convenient and inexpensive expansion capability, 

together with low incidence of GVHD in allogeneic cancer patients, CIK cells are a 

promising candidate for immunotherapy. It is well known that NKG2D plays an important 

role in CIK cell-mediated antitumor activity, thus upregulation of NKG2D ligands on tumor 

cells might elevate the immune response of CIK to these tumor targets. However, it still 

remains unclear whether NKG2D engagement alone is sufficient or if it requires additional 

co-stimulatory signals (e.g. 2B4) to activate CIK cells. In order to address these issues 

and assess the in vitro cytotoxicity of CIK cells in a more accurate and efficient way, we 

first established an improved flow cytometric cytotoxicity assay based on prior studies. 

Instead of using calibration beads, a fixed acquisition time can be utilized to standardize 

the flow cyometric assay with similar efficiency but higher stability. Furthermore, the 

sample acquisition can be shortened to 15 sec for each tube, thereby making this 

methodology more cost-effective and efficient. Next, we investigated the individual and 

cumulative contribution of NKG2D and 2B4 to the activation of CIK cells. Unlike resting 

NK cells, we found NKG2D engagement alone is sufficient to activate CIK cells, inducing 

deganulation, IFN-γ secretion and LFA-1 activation, while 2B4 alone failed to elicit these 

activities and only provides synergistic effect on LFA-1 activation with NKG2D. 

Unexpectedly, NKG2D was unable to costimulate CD3 in the cytotoxicity of CIK cells. 

These data indicate the divergences in the role of NKG2D between CIK cells and NK (or 

T) cells. Nevertheless, we demonstrate that NKG2D alone suffices to activate CIK cells, 

thus strenghthening the idea of targeting the NKG2D axis may promote the antitumor 

efficacy of CIK cells. To this end, we further investigated whether the upregulaton of 

NKG2D ligands on tumor targets can incease the sensitivity of CIK cells. By using an anti-

MICA α3 domain monoclonal antibody (7C6 mAb), which was shown to specifically inhibit 

the MICA shedding and stabilize its surface density on tumor cells (Hela and MDA-MB-

231), we found that the CIK cell-mediated antitumor activities (including cytotoxicity, 

degranulation, IFN-γ secretion) were substantially enhanced. The effect was mostly 

modulated through NKG2D axis as NKG2D blocking offset the 7C6-driven enhancement 

in these activities. Collectively, the findings presented in this thesis demonstrate that 
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targeting the NKG2D axis is a promissing approach to improve the antimumor activity of 

CIK cells, suggesting that the combinatory treatment of CIK cells with other therapeutic 

modalities which are able to induce or upregulate NKG2D ligands holds great potential to 

improve the clincial response of cancer patients.  
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