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 ABSTRACT  
One of the immunosurveillance mechanisms of the immune system is the expression of Major Histocompatibility 

Complex class I-related chain molecules A and B (MIC-A and B) on tumor cell surface. MIC-A and B are the ligands 

of an activating receptor, NKG2D expressed on the natural Killer cells (NK), therefore binding of NK cells to tumor 

cells through the interaction between NKG2D and MIC-A or MIC-B induces cytolysis of tumor cells. However, 

clinical observations of most of the human epithelial tumors are found to be MIC-positive rather than MIC-

negative, suggesting a functional compromise of the MIC ligand-NKG2D receptor system in cancer patients and 

therefore allow the growth of MIC positive tumor cells. This is made possible by the release of soluble forms of 

MIC-A/B from tumor cells which down regulates the NKG2D surface expression on effector cells. This review article 

therefore sought to discuss the mechanisms underlining the shedding of MIC from tumor cells and how they can 

be explored by researchers to design drugs for anti-cancer treatment. A literature search on the possible causes of 

MIC shedding was done. Endoplasmic reticulum protein 5 (ERp5) and A Disintegrin And Metalloproteinase 

(ADAM10 and ADAM17) have been implicated as responsible for the MIC shedding. Also the α3 ectodomain of the 

MIC has been identified as target site for these shedding agents. Anti-cancer drugs can possibly be designed using 

known inhibitors of ERp5, ADAM10 and ADAM17. We also believe, producing therapeutically effective amount of 

a purified antibody or a polypeptide comprising an antigen-binding fragment thereof that specifically binds to the 

α3 ectodomain of a MIC polypeptide is the way forward for cancer treatment. 
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INTRODUCTION 

The interaction between cancer and the immune 

system is basically characterized by three phases 

comprising; early immune-mediated tumor 

elimination, an equilibrium phase and the 

evasion of tumors from immunosurveillance [1, 

2, 3]. As was stated by Waldhauer and his 

research group [1] scientists face major difficulty 

in explaining how the immune system is able to 

recognize malignant autologous cells and to 

mount an anti tumor immune response in spite 

of its self-telerant attitude. One of the 

immunosurveillance mechanisms of the immune 

system is the expression of MHC class I-related 

chain molecules A and B (MIC-A and B) on tumor 

cell surface. MIC-A and B are the ligands of an 

activating receptor, NKG2D expressed on the 

natural Killer cells (NK) [4, 5]. Binding of NK cells 

to tumor cells through the interaction between 

NKG2D and MIC-A or MIC-B induces cytolysis of 

tumor cells [4, 5, and 6]. Nevertheless, clinical 

observations of most of the human epithelial 

tumors are found to be MIC-positive rather than 

MIC-negative [7-11]. This therefore suggests a 
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functional compromise of the MC ligand-NKG2D 

receptor system in cancer patients and therefore 

allows the growth of MIC positive tumor cells 

[11]. In vitro studies elsewhere have shown that 

engagement of soluble MIC-A/B to NKG2D 

results in significant reduction in surface NKG2D 

expression on NK and T cells [10, 11]. This leads 

to down regulation of NKG2D expression. 

Shedding of MIC-A/B from tumor cells surface 

accounts for most of the soluble MIC-A/B [12], 

therefore any therapeutic prevention of MIC-A/B 

shedding could lead to the discovery of new 

cancer treatments. This review article seeks to 

bring to light the relevance of MIC-A/B to cancer 

treatment and also some of the methods which 

have been used by other researchers elsewhere 

in obstructing the shedding of MIC-A/B as an 

option for cancer treatment.   

 

MATERIALS AND METHODS 

This review was done by compiling references 

from major databases like PubMed, Science 

Direct, Google scholar, Scopus, Online journals, 

Open J Gate, etc. 

 

MIC 

MIC-A/B (MHC class I chain-related gene A/B) 

are transmembrane glycoproteins that function 

as ligands for human NKG2D. MIC-A and MIC-B 

are closely related proteins in that, MIC-A shares 

85% amino acid identity with MIC-B [4]. The two 

proteins are distantly related to the MHC class I 

proteins [4, 5]. They (MIC-A/B) are made up of 

three extracellular immunoglobulin-like domains 

but have no capacity to bind peptide or interact 

with β2-microglobulin [13]. The genes that 

encode MIC-A/B are found within the major 

histocompatibity complex (MHC) on human 

chromosome 6. The MIC-A locus is highly 

polymorphic with more than 50 recognized 

human alleles whereas MIC-B locus is 

polymorphic with a little over 15 recognized 

human alleles [14, 15]. MIC-A/B is usually 

expressed minimally on normal cells but is 

frequently expressed on epithelial tumors and 

can also be induced by bacterial or viral 

infections, acting as stress proteins.  Receptor for 

MIC-A/B, NKG2D, is an activating receptor 

expressed on NK cell, NKT cells, γδ T cells and 

CD8+ αβ T cells [14, 16]. The recognition of MIC-

A/B by the receptor NKG2D results in the 

activation of cytolytic activity or cytokine 

production by the effector cells. This recognition 

is involved in tumor surveillance, viral infections, 

bacterial infections and autoimmune diseases. 

Studies elsewhere have shown that, the release 

of soluble forms of MIC-A/B from tumor cells 

down regulate the NKG2D surface expression on 

effector cells resulting in the impairment of the 

anti-tumor surveillance system [10, 14, and 16].   

 

NKG2D 

NKG2D is an activating receptor found on NK 

cells and CD8+ T cells (αβ and γδ). It was first 

identified in 1991 and encoded by the KLRK1 

gene [17]. NKG2D is made up of two disulphide-

linked type II transmembrane proteins with short 

intracellular proteins which are not capable of 

transducing signals. To overcome this difficulty, 

they use two adaptor proteins DAP10 and 

DAP12, which associate a homodimer to the 

NKG2D and therefore the entire receptor 

complex appears as hexamer [18]. NKG2D 

function as an activating receptor was first 

described in 1999 [19] and its ligands are 

stressed induced proteins which include MIC-A, 

MIC-B and ULBP1-6 for human NKG2D, and Rae-

1, Mult 1and H-60 for murine NKG2D [20]. These 

ligands are induced during cellular stress such as 

infections or genomic stress (cancer), which 

renders the cell susceptible to NK cell mediated 

lysis. The function of NKG2D on CD8 T cells is to 

send co-stimulatory signals to activate them 

[21]. As cancerous cells are "stressed", NKG2D 
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ligands become upregulated, rendering the cell 

susceptible to NK cell-mediated lysis. It is 

therefore unsurprising that tumor cells have also 

developed strategies to evade NKG2D responses 

[18].   

 

Two Protein Agents Implicated for MIC-A/B 

Shedding 

1. ERp5 

Endoplasmic reticulum protein 5 (ERp5) is a 

member of a group of proteins called 

Endoplasmic reticulum proteins (ERps) which are 

widely expressed proteins that are associated 

with Endoplasmic reticulum (ER) and may act as 

proteases, protein disulfide isomerases, thiol-

disulfide oxidases or phospholipases [22]. ERp5, 

also called PDIA6 (protein disulfide isomerase 

family A, member 6) or TXNDC7 is a 440 amino 

acid protein that contains two thioredoxin 

domains and belong to the protein disulfide 

isomerase family. It is localized to the 

melanosome as well as to the lumen of the ER 

[22]. ERp5 functions as a catalyst to the 

rearrangement of disulfide bonds in different 

proteins. Through its catalytic activity, ERp5 is 

able to reduce the disulfide bond that binds MIC-

A/B to tumor cells, thereby releasing MIC-A/B 

and reducing the rate of tumor expression and 

down regulating NKG2D receptor [22, 23]. ERp5 

specifically binds to the amino acid sequence 

NGTYQT located in the α3 ectodomain of a MIC 

polypeptide therefore any therapeutic 

intervention should be targeted to this site to 

avoid ERp5 attachment which leads to the 

shedding of the MIC [24, 25].  

2. ADAM 

ADAM (A Disintegrin And Metalloproteinase) is a 

family of peptidase proteins [26, 27]. It is also 

referred to as the adamalysin family or MDC 

family (metalloproteinase-like, Disintegrin-like, 

Cysteine rich) [26, 28]. They are classified as 

sheddases because they are able to cut off 

extracellular portions of transmembrane 

proteins [29]. For example, according to Inja 

Waldhauer and his research group, ADAM10 and 

ADAM17 which are members of the ADAM’s 

family are associated with MIC-A shedding by 

tumor cells that promote tumor growth [30]. 

Therefore therapeutic ADAM inhibitors can 

potentially be anti-cancer therapy [30]. Fig. 1 

illustrates the potential functions of the family 

members of ADAM.     

     

Fig. 1 Health and Disease Conditions Associated with ADAM members [31] 
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I. ADAM10 

ADAM10 (A Disintegrin and metalloproteinase 

domain-containing protein10) is a protein 

encoded by the ADAM10 gene in human. It is 

known to involve in ectodomain shedding of 

various cell surface proteins such as growth 

factors, receptor and their ligands, cytokines and 

cell adhesion molecules [31]. As was reported by 

Inja Waldhauer and his group, it could play a role 

in the MIC-A shedding by tumor cells [30]. 

Although the exact mechanism of ADAM10 has 

not been thoroughly investigated, its active site 

is homologous to those of well studied zinc-

proteases such as carboxypeptidase. Therefore it 

is believed that ADAM10 utilizes a similar 

mechanism as these enzymes. As shown in Fig. 2, 

in zinc proteases, the key catalytic elements have 

been identified as a glutamate residue and a Zn2+ 

ion coordinated to histidine residue [32]. 

 

Fig. 2 Diagram of an ectodomain shedding ADAM metalloprotease[33]. 

 

 
II. ADAM17 

ADAM metallopeptidase domain 17 (ADAM17), 

also called TACE (tumor necrosis factor- α-

converting enzyme), is a 70-KDa enzyme [34]. It 

is known to be involved in the processing of 

tumor necrosis factor alpha at the surface of the 

cell. This process which is also known as 

shedding, involves the cleavage and release of a 

soluble ectodomain from membrane-bound pro-

proteins [30, 34]. Share most of the features of 

ADAM10 described above [30]. 

 

 

Proposed Therapeutic interventions to the 

Shedding of MIC from Tumor cells 

As already mentioned, MIC shedding is 

considered a principal mechanism of tumor cells 

to escape from NKG2D mediated 

immunosurveillance in human. This does not 

only lead to reduction of MIC surface density but 

also generates soluble MIC, which eventually 

down regulate NKG2D and therefore results in 

immunosuppression [30, 35, 36]. This 

constituted the reason for the research by Inja 

Waldhauer and his group [30]. They came out 

with the following results after their research; (a) 

MICA cleavage occurs at the surface of tumor 
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cells, (b) MICA is cleaved within the juxta 

membranous stalk, (c) MICA 

cleavage is dependent on the length but not on 

the sequence of the stalk, (d) MICA shedding is 

inhibited by broad-range metalloproteinase 

inhibitors but not by (Matrix metalloproteinase) 

MMP-specific Tissue inhibitor of 

metalloproteinase 2 (TIMP2), (e) MICA shedding 

is induced by protein kinase C (PKC), ( f ) 

constitutive and induced MICA shedding is 

variably affected by ADAM-specific inhibitors 

GI254023X and GW280264X, and (g ) shedding of 

MICA (and ULBP2) is suppressed on silencing of 

ADAM10 and/or ADAM17. They were however 

quick to state that, there is a possibility that 

other proteases additionally contribute to MIC-A 

shedding [30]. In another related research by 

Hermann C Altmeppen and his group on “Lack of 

a-disintegrin-and-metalloproteinase ADAM10 

leads to intracellular accumulation and loss of 

shedding of the cellular prion protein in vivo”, 

their findings supported the fact that ADAM10 

could play a role in the shedding of many 

proteins [37]. They used neuron-specific 

ADAM10 knockout mice to show that ADAM10 is 

the sheddase of PrPc and that its absence in vivo 

leads to increased amounts and accumulation of 

PrPc in the early secretory pathway by affecting 

its posttranslational processing [37]. All things 

being equal, application of appropriate ADAM 

inhibitors could obstruct the shedding of MIC 

from tumor cells. This could be explored further 

to develop treatment for cancer.  

 

Jennifer D. Wu worked on the topic “Methods of 

treating cancer by inhibiting MIC shedding” and 

subsequently received patent for her findings 

[38]. Her invention was based on the fact that 

expression of murine NKG2D ligands on tumor 

cells has been shown to be effective in activating 

NK-mediated tumor elimination experimentally 

[39]. Her invention describes methods for 

treating cancer comprising administering a 

therapeutically effective amount of an agent that 

prevents MIC shedding mediated by the alpha-3 

ecto domain of MIC of a tumor cell, thus 

rendering the tumor cell more sensitive to innate 

immune cell rejection [38]. One of the highlights 

of her invention was the proposed use of a 

therapeutically effective amount of a purified 

antibody or a polypeptide comprising an antigen-

binding fragment thereof that specifically binds 

to the amino acid sequence NGTYQT (SEQ ID NO: 

1) located in the α3 ectodomain of a MIC 

polypeptide; wherein the interaction of the MIC 

polypeptide and ERp5 is inhibited; and whereby 

the shedding of said MIC polypeptide is 

inhibited; whereby said MIC-positive cancer is 

treated [38]. This demonstrates clearly that ERp5 

has something to do with the shedding of MIC 

from tumor cells and it does it by binding to α3 

ectodomain of a MIC polypeptide. Therefore any 

therapeutic intervention that can bind to this 

specific site or prevent ERp5 from binding to this 

site as has been discovered by Jennifer D. Wu 

could prove effective for treating cancer. 

Another research by Jennifer D. Wu and her 

research team entitled “Obstructing Shedding of 

the Immunostimulatory MHC Class I Chain-

Related Gene B Prevents Tumor Formation” 

actually identified the α3 ectodomain of MIC as 

the target site for shedding. After extensive 

research and study on the subject matter, they 

reported that partially replacing the α3 domain 

of MICB protects from tumor cell shedding. This 

was after they have generated mutant form 

MICB.A2 by replacing part of the α3 ectodomain 

of MICB (amino acids 215-274) with the 

corresponding residues from HLA-A2 and using 

ELISA assay to assess the degree of shedding, 

knowing very well that NKG2D only interacts 

with the α1 and α2 domain of MIC [11 ].   

In another research entitled MHC Class I chain-

related protein A antibodies and shedding are 
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associated with the progression of multiple 

myeloma, Masahisa Jinushi and his research 

team made a very striking conclusion which 

implicated ERp5 as the cause of MIC shedding 

from the tumor cell they worked on [40  ]. They 

observed that, during full-blown multiple 

myeloma (MM), the up-regulation of ERp5 

promotes efficient MICA shedding, which evokes 

NKG2D internalization and immune suppression. 

Thus, stage-specific alterations in MICA activity 

are associated with the conversion of immune 

equilibrium to immune escape [40]. 

 

In another development, Koji Yamanegi and his 

group’s quest to search for the remedy to the 

shedding of MIC from tumor cells led them to 

investigate the effect of sodium valproate (VPA), 

a histone deacetylase inhibitor, on the 

production of cell-surface and soluble MIC and 

NK cell-mediated cytotoxicity in four human 

osteosarcoma cells [6]. Their result showed that, 

VPA at 0.5 and 1.0 mM induced acetylation of 

histones bound to MICA and B gene promoters, 

increased cell-surface but not soluble MIC, and 

therefore augmented the susceptibility of 

osteosarcoma cells to NK cell-mediated 

cytotoxicity. They therefore concluded that VPA 

in combination with immunotherapy activating 

cytotoxic immune cells could be useful to treat 

osteosarcomas [6]. This should be investigated 

further since it could lead to the discovery of an 

anti-cancer treatment.  

 

CONCLUSION 

MIC shedding is considered a principal 

mechanism through which tumor cells escape 

from NKG2D-mediated immune surveillance in 

human [10, 11]. The shedding of MIC by tumor 

cells can therefore promote tumor growth. 

Considering the fact that MIC is a stress protein 

mostly expressed on stressed cells like tumor 

cells, it could have been easier to eliminate 

tumor cell through NKG2D-mediated 

immunosurveillance but for its shedding 

tendencies. To overcome this difficulty, 

researchers have tried understanding the 

mechanism of MIC shedding through research 

and have implicated ERp5, ADAM10 and 

ADAM17 as the likely cause [22, 30]. Also the α3 

ectodomain of the MIC has been identified as 

target site for the shedding agents [11]. Jennifer 

D. Wu has even gone further to identify the 

specific site the enzymes responsible for the 

shedding attaches [38]. We believe that armed 

with all this relevant information about MIC 

shedding, it is time researchers explored it to 

come out with efficient cancer treatment drugs, 

as it has been done by Jennifer D. Wu. Anti-

cancer drugs can possibly be designed using 

known inhibitors of ERp5, ADAM10 and 

ADAM17. We also believe, producing 

therapeutically effective amount of a purified 

antibody or a polypeptide comprising an antigen-

binding fragment thereof that specifically binds 

to the amino acid sequence NGTYQT (SEQ ID NO: 

1) located in the α3 ectodomain of a MIC 

polypeptide as prescribed by Jennifer D. Wu in 

her patent report is the way forward for cancer 

treatment [38].        
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