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LUNG  CANCER

NK Cell-Based Therapy: Utilizing Flavonoids against Lung 
Cancer Cells
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ABSTRACT
Objective: Lung Cancer has caused more deaths in developed and developing countries. The current therapeutic options 

available are more susceptible to adverse side effects, hence reducing their effectiveness in treating the disease. An immunomod-
ulatory mechanism had been suggested with special emphasis on Natural Killer (NK) cells. In this review, a few alternatives had 
been suggested for lung cancer therapy including NK cell-based therapy and flavonoid compounds. The properties of flavonoids 
as anticancer agents have widely being studied but their roles in stimulating the innate immune system is scarce and limited. 
Hence, this article is written to reveal more insights on the alternative therapeutic options available for future consideration in 
lung cancer therapy. 

Methods: All of the recently published articles from year 2003 to 2020 had been searched and reviewed from google scholar, 
scopus and pubmed databases. The main keywords used were lung cancer, flavonoids and NK cells. Only relevant articles that 
fulfilled the searched criteria had been included in this review. 

Conclusion: It was found that flavonoids from flavones and flavonol groups were extensively studied in lung cancer therapy 
but their roles in NK cells growth stimulating activity need to be established further for their immunomodulatory properties.
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INTRODUCTION

Lung cancer constitutes among the world second most common and 
deadliest cancer. Almost all of the cancer types diagnosed, on average of 
14% comes from lung cancer and the dying rate is about 27%. Patients 
who are diagnosed with lung cancer often be associated with either 
locally advanced or metastatic disease (Geerce at al . , 2019). 
Histologically, this type of cancer is divided into two main types called 
small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) 
which grows and treated differently (Surien et al., 2019). However, 
most of the common manifestations are non-small cell that make up 
around 85% of lung cancer rather than small cell lung cancer (CDC, 
2019, Seve et al., 2010). NSCLC is further sub-divided into adenocarci-
noma, squamous cell carcinoma and large cell carcinoma and others 
with the most commonly presented are lung adenocarcinoma and lung 
squamous cell carcinoma (SCC) (Oser et al., 2015, Campbell et al., 
2016, Pan et al., 2014, Kan et al., 2016).

Many of the patients with lung cancer often received an aggressive 
and painful treatment such as chemotherapy until the end of their life. 
Other available treatments regimes for this type of cancer are surgery, 
adjuvant and radiotherapy (Surien et al., 2019). Platinum-based chemo-
therapy, with or without maintenance therapy and subsequently fol-
lowed by second-line cytotoxic chemotherapy, is regarded as a standard 
treatment options for most of the patients particularly with advanced 
NSCLC though most of the patients die as they cannot be treated 
through surgical procedure (Garon et al., 2015, Loanardo et al., 2010). 
The only curative treatment for lung cancer is a radical surgery 
(Salomaa et al., 2005); yet, delay in diagnosis will lead to the poor 

prognosis. Unfortunately, 40% of the newly diagnosed NSCLC cases 
were advanced to stage IV and surgery alone is not enough for the treat-
ment of lung cancer patients in the late stage.  

They are also in high risk of facing with treatment -related toxicities 
and side-effects (Mrad et al., 2018). There have been many reports on 
several complications, and side effects from the current conventional 
treatment approaches. The developments of drug resistance in cancer 
cells due to the application of synthetic chemotherapeutic agents are 
highly reported. Moreover, the cost for obtaining synthetic drugs itself 
is much more expensive in cancer treatment modalities (Zappa et al., 
2016, Yazbeck et al., 2013).  Furthermore, most of the current anti-can-
cer drugs have many disadvantages such as rapid metabolism, non-se-
lective, irritating nature, and low aqueous stability that subsequently 
lead to several adverse effects manifestation among lung cancer 
patients. Many of them are also end up having low quality of life with 
the dose-limiting side effects (Iwanmoto et al., 2013). Hence, alterna-
tive strategies are needed to control this disease and there are many 
aspects should be improved in lung cancer treatments such as chemo-
therapy due to insignificant improvement in the efficacy of treatment in 
recent decades (Walder et al., 2017). 

NK  CELL  BASED  THERAPY

It has been said that metastasis accounted for almost 90% of can-
cer-related death and the challenge for current conventional therapies is 
there as they primarily kills the primary tumors but not the metastases. 
Current immunotherapies have advantages over cancer metastasis but 
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most of them are focusing on T cells, yet many complication and toxici-
ty-related issues need to be improved. It is noted that the key regulators 
for T cell-mediated immunity relies on the Natural Killer (NK) cells. 
Hence, NK cells immunotherapy might be a beneficial alternative in 
combating the lung cancer or other types of cancer (Lorenzo-Herrero et 
al., 2019). 

NK cells which were identified in 1975 had played an important 
role in innate immunity system to combat the body against intracellular 
pathogens and cancer cells (Vivier et al., 2011, Wu et al., 2020, Geng et 
al., 2020). They are in similar lymphocytes family with B and T cells, 
originating from a same progenitor and have been classified as group I 
Innate Lymphocytes (ILCs). The name 'natural' is named due to their 
natural killing mechanism without prior sensitization; unlike T cells that 
need priming by antigen presenting cells (Philipp et al., 2019). Although 
they had been firstly identified due to their ability to lyse the tumor cells 
without prior sensitizations, more recent works conducted had 
addressed the importance of these cells in early defense against viral 
infections and tumor immunosurveillance (Vivier et al., 2011, French et 
al., 2003). NK cells are effector lymphocytes that lack B and T cell 
markers of CD19/TCR/CD3 on their cell surface, but they express 
CD16 and/or CD56 surface antigens (Hutzen et al., 2019). They had 
been classified as lymphocytes based on their morphology, the abun-
dance of many lymphoid markers, and based on their origin which origi-
nated from the progenitor cells of lymphoid in bone marrow (Vivier et 
al., 2011). NK cells are present in all of the immunological organs in the 
body such as in blood and migrate to the other types of tissues for 
immune-surveillance purposes of various types of tumor and virus-in-
fected cells (Sina et al., 2019). They comprised of 5-15% from the 
peripheral blood mononuclear cells in normal individuals and often be 
characterized as a large, granular and bone-marrow derived lympho-
cytes (French et al., 2003). They are also highly enriched in human liver 
with account for 30% of intrahepatic lymphocytes (Wu et al., 2020).

NK cells exert their cytotoxic activity by direct and indirect actions. 
There are two types of receptors that are attached to the surface of NK 
cells which are inhibitory and activating receptors. The direct cytotoxic 
action of NK cells is based on the release of lytic granules and followed 

by the formation of immunological synapse between NK cells and the 
target cells (Geng et al., 2020). The activation of NK cells are deter-
mined by the integration signals of inhibitory and activating receptors 
attached that recognize a specific targeted cells and induced target cell 
apoptosis (Wu et al., 2020). When there are cancer cells or infected cells 
present in the body, activating receptors on NK cells will recognize the 
molecules that are commonly attached to the surface of cancer cells and 
'turned on' the action of NK cell. On the other hand, the inhibitory 
receptors will recognize the MHC I receptors that are commonly 
express in normal and healthy cells that marked the cells as 'self'. In 
turn, this will 'switch off' the action of NK cells from exerting their 
cytotoxic action and hence preventing the killing processes. MHC I 
receptors are not always expressed in cancer and infected cells. Hence, 
they are vulnerable to the cytotoxic action of NK cells. Once the NK 
cells are activated, the cytotoxic granules containing perforin and gran-
zymes will be released to lyse the target cells (Philipp et al., 2019). 
Other than that, NK cells can also secretes abundant of cytokines and 
other effector molecules upon activation such as interferon gamma 
(IFN-γ), chemokines and growth factors. Meanwhile, NK cells exert 
their indirect cytotoxic regulatory functions by modifying the responses 
of innate and adaptive immune systems to lyse the target cells (Geng et 
al., 2020).

Due to the crucial roles of NK cells in providing a first line of 
defence and initiating 'downstream' adaptive immune responses, NK 
cells had been an ideal platform for developing new cancer therapeutic 
options based on immunotherapy approach (Pockley et al., 2020).To 
date, many studies had focused on the NK cell-based cancer immuno-
therapy (Becker et al., 2016, Lorenzo-Herrero et al., 2019, Streltsova et 
al., 2018) but there are some limitations with the current approaches 
that lead to poor cell survival in vivo, generating various side effects, 
causing exhaustion of NK cells, decreasing the cell viability, lowering 
their cytotoxicity in vitro, and hence reducing their tumor control in vivo 
(Felices et al., 2018). Despite their promising results in NK-cell based 
immunotherapies, many of the lung cancer patients do not benefited 
from the therapies due to ineffective NK cell activation, lack of 
tumor-specific NK cells, an upregulated expression of checkpoint path-

Table 1. The latest anti-cancer effects of flavones
Flavone Lung Cancer Types/ Cell line Finding Mechanism Reference and year

Apigenin non-small cell lung  Synergistic effect between APG  Upregulation of the levels of death receptor 4  [41] 2016
 cancer (NSCLC) cell line  and TRAIL on apoptosis of  (DR4) and death receptor 5 (DR5) in a p53-
 A549 and H1299 NSCLC cells dependent manner

Apigenin H460 cell line Apigenin-induced apoptosis is  Apigenin increased Bax, caspase-8, AIF and  [42] 2011
  mediated through  cytochrome c, GRP78 and GADD153 but 
  mitochondria- and caspase-3- decreased the levels of Bcl-2, procaspase-8
  dependent pathways 

Apigenin A549 lung cancer cell Apigenin inhibited A549 lung  Apigenin inhibited VEGF transcriptional  [43] 2005
  cancer cell activation through the HIF-1 binding site,
  proliferation and vascular  and specifically decreased HIF-1α
  endothelial growth factor  
  (VEGF) transcriptional  
  activation in a dose dependent  
  manner 

Apigenin A549 lung cancer cell line Apigenin-stabilized gold  The combined therapy arrested a higher ratio of  [44] 2017
  nanoparticles (i.e. AuNPs) and  cells in G0/G1 
  X-rays together reduced  phases compared with using each therapy 
  cancer cell proliferation rate  alone.
  and cell viability. 

Luteolin A549 and H460 cells Luteolin inhibit tumorigenesis  Upregulation of miR-34a-5p via targeting  [45] 2018
  and induce apoptosis of   MDM4 gene.
  NSCLC cells

Luteolin A549 cells Luteolin inhibited  Inducing G1 phase cell cycle arrest and  [46] 2011
  the growth of A549 cells apoptosis

Luteolin  Luteolin exerted significant  Luteolin induced degradation of the EGF  [47] 2014
  anti-tumourigenic effects on  receptor by inhibiting the association of Hsp90 
  the EGF receptor mutation and  with the mutant EGF receptor
  erlotinib-resistant NSCLC 
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ways, and a low mutational burden, which hinders the development of 
long-term adaptive immunity. Thus, strategies to re-activate the NK 
cells in supplementing with the current therapy are needed and might be 
beneficial for a successful clinical outcome among lung cancer patients 
(Pockley et al., 2020).

FLAVONOIDS  AS  ANTICANCER  ALTERNATIVE

Modern medicinal therapy in cancer patients had witnessed many 
unfavourable side effects, causing a shift in the direction of the thera-
peutic options from the current approach to be more natural and safe 
therapeutic options. Since then, many researchers had investigated the 
potential of plant-based therapies in the treatment of variety of diseases. 
Plant-derived natural compounds have been considered as safe or low to 
no toxicity if compared with many other synthetic compounds. Most of 
them are also make up as an effective drug for a certain type of diseases 
and their potential to regulate the immune system and reducing physio-
logical damage had been widely studied (Geng et al., 2020). 

Notably, most of the natural compounds are introduced in biological 
systems via consumption of foods, herbal medicines, vegetables and 
fruits. Of this, the most prominent nutritional compositions are flavo-
noids (Yang et al., 2019). Flavonoids are a class of polyphenols that 
commonly present in fruits, vegetables, red wine and beer. They give 
variety of flavours and colours to fruits and vegetables (Yang et al., 
2019, Santes-Palacios et al., 2020). There are seven main subclasses of 
flavonoids which are the chalcones, flavonols, isoflavones, anthocyani-
dins, flavanonols, flavanones and flavanols (Panche et al., 2016). 
Several studies had reported the associations of flavonoids compounds 
in reducing the growth of cancer cells by enhancing the immune func-
tions (Chen et al., 2018, Kawakami et al., 2013, Ding et al., 2017). The 
consumption of flavonoids also had been linked to many health benefits 
due to their antioxidant, antiproliferative, estrogenic or anti-estrogenic 
properties (Scarmeas et al., 2018, Chahar et al., 2011). Many flavonoids 
possess documented anticancer activity both in animal and cellular 
model systems (Prakash et al., 2013). We all know that the underlying 
causes of cancer is multifactorial which includes lack of apoptotic regu-
lation, DNA mutation, free radical induced oxidative stress, hypoxia, 
environmental pollutants, excessive radiation, mental stress, smoking 
and drinking alcohol (Ravishankar et al., 2013). In the pathogenesis of 
cancer, flavonoids inhibit various signal transduction pathways and thus 
control the angiogenesis, proliferation but activate the apoptosis pro-
cesses (Chen et al., 2016). Various researches have been carried out on 
the effects of flavonoids on different types of cancer lately. The findings 
were also focusing on the area of treating and preventing the growth of 
cancer cells with daily consumption/administration of flavonoids. In this 
review, we will discuss on the roles of Flavones and Flavonol in lung 
cancer therapy.

FLAVONES  AND  LUNG  CANCER

Apigenin and luteolin are the most common flavone which is being 
studied against lung cancer. Various researchers have observed several 
mechanisms related to their anti-cancer properties. The latest anti-can-
cer effects of these two flavones are listed in Table 1.

FLAVONOLS  AND  LUNG  CANCER  THERAPY

Flavonols are ubiquitous class of flavonoids that have 3-hydroxyfla-
vones backbones in their structure (Shin et al., 2018). They can be found 
widely in green leaves, olives, onions, and apples (Alihosseini et al., 
2011). Quercetin and Kaempferol make up the most predominant flavo-
nols followed by morin, fisetin, myricetin, isorhamnetin and their glyco-
side derivatives (Pietta et al., 2003, Kashyap et al., 2019). However, 
fisetin and quercetin are the two well-studied flavonoids involving their 
anti-cancer properties either in vitro or in vivo systems. Many studies 
had shown the involvement of fisetin and quarcetin in the events of con-
trolling the cancer initiation and progression processes, reducing the che-
motherapeutic resistance of certain cancer cells, modulating the expres-
sion of anti-apoptotic and pro-apoptotic proteins as cancer-related mole-
cules and accelerating the lysis of tumor cells with their synergistic 
effects with other anti-cancer drug molecules (Siegel et al., 2015). 

Lung cancer constitutes among the most leading type of cancer that 

has higher mortality rates reported worldwide (Shin et al., 2018, Zhou et 
al., 2016). A recent study had shown a number of secondary metabolites 
that could inhibit the progressions of lung cancer cells. Fisetin 
(3,3',4',7-tetrahydroxyflavone) from flavonol's subclass of flavonoids 
had been proved to contribute in the inhibitory activity of lung cancer 
cells. Apart from its anti-inflammatory and anti-tumor properties, it had 
been shown to have dual inhibitory effects on phosphatidylinositol-3 
kinase (PI3K)/Akt and the mammalian target rapamycin (mTOR) sig-
naling in a study involving A549 human NSCLC cells. The cell viability 
and colony-forming ability of A549 cells were also inhibited. In vivo 
studies involving fisetin had shown promising results when fisetin given 
orally in B(a)P-induced lung cancer mouse model had induced apopto-
sis activity against lung cancer cells and it helps to reduce the mitochon-
drial dysfunction in the mouse model. When it is used as a combination 
with cyclophosphamide (CPA), a medication used as chemotherapy; it 
was noted that the anti-tumor activity of CPA was improved as com-
pared with fisetin or CPA alone without any harmful effects observed in 
Lewis lung carcinoma bearing mice (Shin et al., 2018).

On the other hand, other flavonol compound; Quercetin also has 
been widely studied in various types of cancer cells (Zhou et al., 2016). 
However, the effects of Quercetin treatment in lung cancer cells are lim-
ited. There was a study conducting in A549 lung cancer cells that had 
shown an anti-tumor property of Quercetin when treated with IC50 2.30 
± 0.26 μM against lung cancer cells. It induced growth inhibition of 
A549 lung cancer cells via apoptosis in a same way as observed in 
transplanted lung cancer nude mice at the dose of 8.4 mg/kg of 
Quercetin given (Zheng et al., 2012). Meanwhile, other previous study 
had suggested the mechanism of quercetin-induced growth inhibition 
and apoptosis in A549 lung cancer cells are via inactivation of Akt-1 
signalling and the increase in ERK-MEK1/2 phosphorylation (Nguyen 
et al., 2005). Although there were limited researches available on the 
effects of quercetin on lung cancer cells, it has been suggested that the 
consumption of total flavonoids and flavonols quarcetin had a signifi-
cant benefits towards reducing the risk of developing smoking-induced 
carcinogenesis and lung cancer (Woo et al., 2013).

CONCLUSION

In this review, the roles of NK cell-based therapy and flavonoids in 
fighting against lung cancer cells had been discussed with special atten-
tions being attributed to Flavonols and Flavones group of flavonoids. 
Both of these flavonoid's classes have been regarded to be a potential 
leader for anticancer research due to their properties as antioxidant and 
possess enzymatic inhibitory activity. The molecular mechanism of anti-
cancer properties of these two classes have been widely studied but their 
potentials in stimulating the innate immunity system via NK cells activi-
ty need to established further. 
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