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Introduction
NK Cells

NK cells are derived from the bone marrow, identified as 
containing large granules, circulated in the blood and other 
lymphoid organs and having capability to spontaneously lyse 
tumor cells in vivo and in vitro without prior stimulation [1]. It is 
already identified that, the expression of MHC class-I molecules 
were down regulated or no expression on tumors cells [2]. NK 
cells recognize the abnormal cells on the bases of down regulation 
or absence of MHC I molecules (the “missing self” hypothesis) 
on the abnormal cells and kill them via different pathways like 
death receptor pathway, antibody dependent cell cytotoxicity 
(ADCC) pathway and perforin-granzyme mediated pathways [3]. 
Perforin creates the pores in tumor cells and through these pores 
granzymes enter into the cells and causes the cell death through 
apoptosis [4]. Additionally, NK cell crosstalk with DCs for antigen 
presentation, resulted Th1 priming and CTL mediated response 
for tumor cell killing. Through feedback mechanism, NK cells 
respond to many cytokines like IL-12, type–I IFN (α and β), IL-2  

 
and IL-15 released by other immune cells, which increase NK 
cell cytolytic, proliferative and anti-tumor functions [5]. 

The activation of NK cells depend on balancing signals 
between activating and inhibitory receptors. NK cells have 
another crucial role in the tumor immune surveillance in which 
it secrets different types of cytokines and chemokines for 
growth, activation and differentiation of other immune cells 
and their chemotaxis movement with help of their receptors 
[6]. They are always found to play positive role against tumor 
growth but the activity of NK cells may be up regulated or down 
regulated depends on tumor burden. It is reported that NK cell 
continuously work against tumor but at last stage of tumor 
burden the effectiveness of NK cell activity was suppressed. 
Generally the activity of NK cell is mainly governed by their cell 
surface activating or inhibitory receptors [7]. 

NK cell Regulation
NK cell regulation depends on many factors like involvement 

of different types of cytokines and chemokines and direct or 
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indirect association of immune cells. They are self-capable to 
recognize and kill tumor cells with help of their activating and 
inhibitory receptors. The regulation of NK cells also depends on 
modulated expression of their activating and inhibitory receptors 
subsequently the functions of NK cells altered [8]. Besides, NK 
cells can kill tumor or infected cells through the activation of B 
cells by self-releasing IFN-γ and TNF-α [9]. Subsequently, B cells 
produce antibodies against tumor or infected cells to eradicate 
them. In tumor microenvironment, NK cells secrets some 
regulatory molecules like IFN-γ, TNF-α, responsible for Th1 and 
CTL mediated immunity for tumor lysis [10]. The suppressive 
effect of Treg cells on NK cells is well known and responsible 
for maintaining their role in autoimmunity [11]. But during 
the tumor progression, the activity of Treg cells were found 
increased due to which the activities of NK cells are suppressed 
[12]. 

The functions of NK cells are modulated due to many factors 
come together at the site of infection. During tumor progression, 
tumor cells secrets several inhibitory cytokines like TGF-β, 
TNF-α, IL-6, IL-12 and many more to inhibit the functions of NK 
cells [13]. TGF-β secreted at tumor microenvironment not only 
inhibit the NK cell functions but also inhibit the CD4+, CD8+ T 
cells and Dendritic cells (DCs). Treg cells inhibit the functions 
of NK cells by direct contact with NKG2D (AR) and through 
membrane bound TGF-β on Treg cells [14]. In addition, some 
chemotherapeutic drugs are kwon to direct killing of tumor 
cells but they can also modulate the functions of immune cells 
including NK and Treg cells also. Further, there are several 
chemical compound which inhibit the activity of nTreg cells 
therefore may increase the effectors functions of NK cell. Anti-
cancer drug CYP also have stringent effect on immunomodulation 
mediated by nTreg cells [15,16].

Cyclophosphamide
Now a day’s many anticancer drugs are available but their 

immunomodulatory effects are not completely understood. 
CYP is one of the well-known anticancer drugs and available 
as proactive form and made up of cyclic phosphamide ester of 
mechlorethamine [17]. The mechanism of CYP is to prevent cell 
division by cross linking of DNA and RNA strands. CYP have not 
only anti-cancer property, but also act as immunosuppressive 
for immuno-suppressor cells like Treg and myeloid derived 
suppressor (MDSCs) when used as a metronomic dose [18]. 
Additionally, the higher dose treatments of CYP are used for 
preventing graft-versus-host disease and to minimize the chance 
of organ rejection in organ transplantation host [19]. The vital 
role of CYP is to influence the immunomodulatory effects in 
adaptive immunotherapy as a result of decline the expression 
of FoxP3 as well as reduce the number of Treg cells in tumor 
bearing host [20]. 

CYP treatment depletes the number and suppresses the 
functions of regulatory T cells in tumor bearing host. Moreover, 

it is already reported that Treg cells suppresses the effectors 
functions of NK cells through NKG2D mediated cell cytotoxicity. 
The study about regulation of NK cell effectors functions govern 
directly or indirectly via CYP is a thought to be the essential part 
of antitumor immune response [21]. It is well known that NK cells 
are important cells of innate immune system and play pivotal 
role in the anti-tumor immune response. But during tumor 
progression activities of NK cells is regulated by several factors 
including inhibitory cytokines, immunosupressive cells like Treg 
cells and chemokines. During tumor progression proliferation of 
Treg cells effectively down regulate NK cell activities [22].

Discussion
Our findings and study will be useful for the understanding 

the role of chemotherapeutic drugs in the encouragement of 
immune cells like NK cells in the tumor immunity. This study 
will give a new insight vision into the chemo-immuno host 
relationship, which will undoubtedly expand our knowledge 
about the mechanism(s) adopted by immune cells and breach 
the immunosuppressive cells response in the tumor bearing 
host. Further, this study will enable us for the designing and 
developing a novel therapeutic/immunotherapeutic regimen 
directed against the transformed cells or cancer.

Conclusion
Recently, new strategies like immunotherapy have been 

applied and evaluated in cancer patients, but a reliable clinical 
response has not been successfully obtained. Regulation of this 
rapid first line of defence against major threats to the host will 
be a key to controlling immunopathogenesis and to develop 
novel strategies for Treg-cell-based cancer immunotherapy. 
After several clinical responses, it is needed to overcome the 
tumor escape mechanisms with designing novel strategies of 
combination of immunotherapy and anticancer drug treatment. 
One of the novel strategies will be the use of anticancer drug as 
an immuno-modulator too. 
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