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When facing an acute viral infection, our immune systems need to function with finite precision to enable the

elimination of the pathogen, whilst protecting our bodies from immune-related damage. In many instances however

this ‘perfect balance’ is not achieved, factors such as ageing, cancer, autoimmunity and cardiovascular disease all

skew the immune response which is then further distorted by viral infection. SARS-CoV-2 infection skews the

immune response towards an overwhelmingly inflammatory phenotype. Restoration of NK cell effector functions

has the potential to correct the delicate immune balance required to effectively overcome SARS-CoV-2 infection.

Natural Killer Cells  COVID-19  SARS-CoV-2

1. Introduction

Natural killer (NK) cells form part of the innate immune system, where they serve as a first-line defense against

acute infection and cancer, whilst also regulating the adaptive immune response . NK cell function is tightly

regulated by a balance of activating and inhibitory germline-encoded receptors. NK cell activation results in

cytotoxic degranulation and the production of inflammatory cytokines, killing target cells .  NK cells can be

divided into CD56  and CD56  subsets (Figure 1). CD56 CD16  NK cells are abundant in the blood and

are cytotoxic, expressing perforin and producing IFN-γ, CD56 CD16  cells on the other hand are found in

lymphoid tissues, these cells lack perforin activity and instead produce cytokines such as IFN-γ in response to

stimulation with IL-12, IL-15 and IL-18, increasing NK effector function .
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Figure 1. Natural killer (NK) cells: differences in effector function between CD56  and CD56

(ADCC = antibody-dependent cell cytotoxicity).

2. Functions of NK cells

Healthy cells express major histocompatibility complex class I (MHC I) molecules which mark these cells as ‘self’,

MHC I act as ligands for inhibitory receptors on NK cells and contribute to the ‘self-tolerance’, by preventing NK-

cell-killing of these cells . The MHC I–specific inhibitory receptors include the killer cell immunoglobulin-like

receptors (KIRs) (KLRG1, and TIGIT) and the lectin-like CD94-NKG2A heterodimers . Cellular stress, impaired

KIR engagement and MHC 1 downregulation, associated with infection or cancer growth, lower the inhibitory

signalling threshold, resulting in NK cell activity receptor upregulation . NK cells express numerous activating

receptors, which in response to infection or cellular distress, induce signalling pathways (NKG2D, CD244, NKp30,

NKp46) that trigger NK cell responses . Through co-activation these receptors overcome the NK regulatory

balance to mount an effective response . Activated NK cells induce killing through multiple mechanisms; (1) NK

cell activation can result in direct lysis of target cells, through cytotoxic degranulation by perforin and granzymeB,

(2) indirect elimination of target cells through the production of inflammatory cytokines, such as interferon-γ (IFN-γ)

and tumor necrosis factor-α (TNF-α), (3) NK cells express CD16, which allows for the detection of antibody-coated

target cells, leading to NK cell antibody-dependent cell cytotoxicity (ADCC) and (4) through interaction with

accessory cells such as monocytes, NK cells may indirectly also interact with infectious ‘nonself’ and Toll-like

receptor (TLR) ligands, inducing IFNγ production and enhancing cytotoxicity . NK function can also be

downregulated, this is achieved through ligand interaction with inhibitory receptors such as killer immunoglobulin-

like receptors (KIRs) and the C-type lectin-like receptor CD94-NKG2A which suppress NK cell activation .

Apart from their critical role in pathogen elimination, an equally important role of NK cells is their potential to limit

the immune response, specifically T cells. Indirectly this is achieved through the modulation of antigen presenting

cells (e.g., dendritic cells (DCs)) and directly through interactions with the T cells themselves . During acute

infection, NK cells can promote the differentiation of naïve CD4+ T cells into Th1 T cells through the secretion of

IFNγ, thereby leading to increased pathogen control, they can also decrease T cell priming through IL-10 . NK

cell promotion of mature DCs leads to increased antigen presentation and thus an increased cytotoxic (CD8+) T

cell response . Otherwise, NK cells also regulate the adaptive immune response through cytotoxic killing of

activated T cells. Activated T cells often express higher levels of activating ligands (NKG2D) and decreased

inhibitory ligands (MHC I), resulting in their recognition and elimination . Resultant reduction in T follicular

helper (Tfh) responses hampers the development of the B cell response, as Tfh are responsible for driving B cell

differentiation into memory B cells and plasma cells that produce antibodies .

3. Prospect
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When facing an acute viral infection, our immune systems need to function with finite precision to enable the

elimination of the pathogen, whilst protecting our bodies from immune-related damage. In many instances however

this ‘perfect balance’ is not achieved, factors such as ageing, cancer, autoimmunity and cardiovascular disease all

skew the immune response which is then further distorted by the viral infection. In SARS-CoV-2 infection, although

the vast majority of COVID-19 cases are mild,  over 890,000 (as of 8 September 2020) people have died . Many

of these deaths are associated with a severe inflammatory cytokine release, resulting in extreme clinical

manifestations such as acute respiratory distress syndrome (ARDS) and hemophagocytic lymphohistiocytosis

(HLH) . Severe complications are more common in elderly patients and patients with cardiovascular

diseases . Natural killer (NK) cells play a critical role in modulating the immune response and in both of these

patient groups NK cell effector functions are blunted .

In viral infection, defective cytotoxicity leads to the accumulation of antigenic stimuli, perpetuating inflammation and

in that triggering tissue damage. Preliminary studies in COVID-19 patients with severe disease suggests a

reduction in NK cell number and function, and elevated exhaustion marker levels , resulting in decreased

cytotoxicity and thus reduced clearance of infected and activated cells. Patients also suffer unchecked elevation of

tissue-damaging inflammatory markers, many of which further diminish NK cell effector functions .

Combined, these factors indicate that diminished NK cell cytotoxicity and immune regulation lead to a critical

inflammatory phenotype in SARS-CoV-2 infection.  Restoration of NK cell effector functions has the potential to

correct the delicate immune balance required to effectively overcome SARS-CoV-2 infection, reducing morbidity

and mortality in COVID-19 patients .

Natural killer cells play a central role in maintaining immune homeostasis, a critical requirement when facing the

challenge of a novel pathogen. SARS-CoV-2 infection has been shown to impede NK cell function, thus disrupting

this vital balance. With factors such as ageing and other comorbidities, leading to further skewing, the current trials

investigating drugs and biologicals, which improve NK cell function, may prove to be monumental in our fight

against COVID-19.
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