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Cancer cells circumvent immune surveillance via diverse strategies. In accordance, a large number of complex

studies of the immune system focusing on tumor cell recognition have revealed new insights and strategies

developed, largely through major histocompatibility complexes (MHCs). MHC-I molecules are known as human

leukocyte antigens (HLA) and HLA class-I molecules are composed of classical (class-Ia) and the non-classical

(class-Ib) components.

MHC-I  immune evasion  major histocompatibility complexes (MHCs)

1. Introduction

In recent decades, cancer immunotherapies like chimeric antigen receptor-engineered T cell (CAR-T), checkpoint

blockade of PD-1/PD-L1, etc., are emerging in an endless stream which arrests the attention of physicians,

patients and researchers from all over the world for their different, genius and extraordinary efficiency on cancer

treatment compared with traditional chemotherapy and radiotherapy. This demonstrates that cancer generation and

development are closely bound up with immunological events in the body.

In general, extrinsic pathogens and abnormal intrinsic cells with senescent, malignant transforming, infected,

dysfunctional or other phenotypes should be targeted by immune cells and, in consequence, be killed. In specific

immune responses to the special antigens, there are major histocompatibility complexes, commonly including

MHC-I and MHC-II molecules that play key roles in cell-intrinsic and pathogen-extrinsic antigen targeting and

presentation, respectively. All nucleated cells in the body express MHC-I molecule and cellular-intrinsic antigens

are thereby processed and presented by MHC-I. For example, an infected cell combines pathogen peptide with

MHC-I and presents the complex, or a malignant cell combines cancerous peptide with MHC-I and presents the

complex. Those complexes can be recognized by cytotoxic T lymphocytes (CTLs), such as CD8 T cells, and

apoptosis of the targeted cell is initiated as a consequence, while extrinsic pathogens, including bacteria, fungi,

viruses, chlamydia or mycoplasma, can be recognized and engulfed by antigen-presenting cells (APCs) via

endocytosis. Thereafter, extrinsic peptides are presented by APCs through being combined with MHC-II molecules.

Usually, MHC-II molecules are identified by CD4 T cells which then play a role as a helper in mediating CD8 T cell

activation and inducing B lymphocyte differentiation, and then the latter two initiate cellular immunity and humoral

immunity, respectively.

2. MHC-I Reduction and Immune Evasion
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In cancer immune surveillance, T lymphocyte-mediated specific immune response plays a crucial role. However,

cancer immunity can be blocked through the alteration of the tumor microenvironment, leading to surveillance

evasion. Thus far, the related strategies include: decreasing cancer antigens’ immunogenicity and rendering cancer

cells less visible, muting APCs, inhibiting naïve T cell stimulation, depressing CTL infiltration into the tumor,

suppressing CTLs’ cytotoxic efficacy, etc. . Clinical cancer immunotherapies may, therefore, suffer from

cancer cell-mediated immune invisibility through immune evasion mechanisms, which usually result from the

downregulation of MHC-I expression or the failure of antigen presentation (Figure 1). In human cells, MHC-I

molecules are known as human leukocyte antigens (HLA) and HLA class-I molecules are composed of classical

(class-Ia) and the non-classical (class-Ib) components . In fact, HLA-Ia expression defects are always found

followed by uncontrolled growth of both primary and metastatic cancers , demonstrating their correlation with

high tumor grading and progression, decreased survival and ineffective immunotherapies . An MHC-I

expression defect could derive from reversible lesions and irreversible lesions. The former are aroused from

epigenetic modifications such as IFNγ-induced MHC-I expression , while the latter are aroused from less

common structural mutations. Through investigating the regulation of MHC-I expression, Kobayashi et al. found

that NOD-, LRR- and CARD-containing 5 (NLRC5) notably upregulated MHC-I, β2-microglobulin (β2M) and

transporter associated with antigen processing 1 (TAP1), while the latter two as indispensable parts play key roles

in the MHC-I antigen presentation pathway . This study also revealed that NLRC5 was induced by IFNγ in a

dose-dependent manner, indicating that NLRC5 probably plays a key role in the MHC-I antigen presentation

pathway. Subsequently, they also reported in the following studies that NLRC5 expression was lost in varying

cancers and the loss was correlated with the loss of CTL activation in several types of cancer .
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Figure 1. Illustration of MHC-I deficiency and immune evasion.

It seems that NLRC5 expression is not invariable in different tissues according to the studies: high levels were

shown in almost hematopoietic cells and tissues, particularly in CD8  and CD4  T lymphocytes, B lymphocytes,

Natural Killer (NK) cells and NK-T , whereas intermediate levels were shown in macrophages and

dendritic cells . Upregulated MHC-I expression is performed not only through the NLRC5 pathway itself,

but also in a synergistic way with the help of additional cis-regulatory elements’ (ISRE and enhancer A) activation.

Their expression is induced by IFNγ-caused STAT1 homodimer formation, which activates IRF1 and NLRC5 gene

promoters through binding gamma-activated sequence (GAS) . This was also confirmed by the involvement of

activated IFN and STAT1 in the increase in NLRC5 expression during the activation of CTLs and T helper (Th) cells

. In vitro, the efficiency of TCR transgenic CD8  T cells was activated and supported by NLRC5-deficient bone

marrow-derived macrophages (BMDM) provided with SINFEKKL peptide, which was as similar as the efficacy of

CD8  T cells induced by wild-type BMDCs, while it was failed with the application of NLRC5-deficient cells provided

with negative control . After in vivo intravenous loading of Listeria monocytogenes, the IFN-producing CD8  T
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cell was not aroused to an increase in the cell number in the spleen or the liver of NLRC5-deficient mice,

consequently resulting in severe infection compared with the CD8  T cell in wild mice . In addition to CD8

and CD4  T lymphocytes, NLRC5 is implicated in γδT cell activation as well and its expression positively correlated

with the induction of butyrophilin (BTN) family protein BTN3A1-3, whose gene contains SXY modules W/S, X1, X2

and Y boxes as cis-regulatory elements of the MHC-II gene promoter . All these studies suggest that NLRC5

plays a role in the activation of MHC-I transcription, and the facilitation of CD8  and CD4  T lymphocyte

development and immune function initiation (killing or helper).

In spite of numbers of studies proving NLRC5 expression in different tissues and its role in the MHC-I antigen

presentation pathway , the regulatory mechanisms of the expression have not been well-elicited.

These studies suggest that Chromatin NLRC 5 promoter accessibility is varied and modulated by different

transcription factors in different cell types, where epigenetic regulation of chromatin remodeling may be a key

pathway potentially adjusting NLRC 5 expression, such as in human cancers as well as cancer cell lines. NLRC 5

was involved in MHC-I expression attenuation through regulating promoter hypermethylation . NLRC 5

expression, like other functional proteins, can also be regulated at the post-transcriptional and post-translational

levels by long non-coding RNAs (lncRNAs) . Interestingly, it was recently reported that MHC-I and

APM expression was reduced by depressing NLRC5 in quiescent hair follicle stem cells and muscle stem cells in

order to protect from immune surveillance and destruction . Additionally, the reduction of MHC-I in cancer-

originating cells of different types of cancer disrupted CTL-mediated damage, leading to the formation of variants

that could escape immune surveillance and thereafter causing cancer recurrence . Compared with

immune evasion, these may suggest that NLRC5 and MHC-I reduction may facilitate the formation of a global

dedifferentiation phenotype in cancer cells, which suggests the progression of cancer growth and the initiation of

cancer cell communities.

As NLRC5 plays key role in the activation of MHC-I expression which is commonly lost in cancer immune evasion,

NLRC5 could be the point that can switch on antitumor immunity. Several relevant in vitro and in vivo studies

suggested that MHC-I expression in tumor cells could be more necessary than that expression in APCs to induce

protective antitumor immunity . Therefore, NLRC5 expression acquisition in tumor cells can enhance their

MHC-I expression and antigen presentation and put forward antitumor immune response and CTL-mediated

destruction . However, in contradiction with the studies above focusing on the antitumor aspects of

NLRC5, there are also studies implicating the role of NLRC5 in promoting tumor growth. According to their reports,

NLRC5 was shown to participate in vitro in modulating the biological behaviors of HCC, ccRCC, glioma and ESCC

cells, such as promoting cancer cell growth, motility and migration, and played a similar role in mice lacking the

functionality of an adaptive immune system , while NLRC5 in mice with a competent immune

system evidently suppressed the growth of melanoma and pancreatic ductal adenocarcinoma (PDAC) cells .

Considering that NLRC5 and MHC-I could be involved in progressive cancer growth and cancer cell population

initiation, those contrary phenomena may result from that NLRC5-elicited antitumor immune response overcoming

NLRC5-stimulated cancer growth in cancer cells originating from mice with normal immune function.
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Studies on how to compensate for insufficient MHC-I expression and blocked antigen presentation in tumor cells

are still progressing. IFN has been shown to potentially reverse the defect in MHC-I expression and accelerate

antigen processing in cancer cells through the modification of proteasome constituents . However, the limitation

of potential use of IFN is there, where its systemic toxicity and development of cancer unresponsiveness to IFN are

involved . Epigenetic drugs may derepress NLRC5 showing the capacity to restore MHC-I expression,

while their efficacy on solid tumors is limited and off-target effect is also a key challenge . In general,

genetic and epigenetic alteration-caused loss of NLRC5 paves the way for MHC-I deficiency, which is a common

mechanism of cancer unresponsiveness to immunotherapy.
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