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2. Review of Literature

KIR molecules play active role in the regulation of immune responses owing to their 

expression on the surface of NK cells and cytotoxic T cell (Vilches, et al., 2000). 

However, these cells bear several other receptors on their surface apart from KIRs, whose 

signals integrate with each other including KIRs and thereby modify the outcome of the 

signal. Thus, a brief insight into these cells and their receptors is crucial to our 

understanding of KIR genes and their function in immune responses. 

2.1. NK cells and KIR 

NK cells, derived from lymphoid progenitor cells in the bone marrow, constitute 10 to 

15% of circulating leukocytes. These cells are known to participate actively in innate 

immune responses which is demonstrated by their unique ability to destroy tumor and 

virally infected cells (Ljunggren and Karre, 1990). Thus, these cells serve to bridge the 

gap between the onset of illness and the humoral and cell specific immune responses 

(Bancroft, 1993;Trinchieri, 1989). Partially activated NK cells, after getting released 

from bone marrow, circulate throughout the body developing self-tolerance and 

afterwards establish themselves in the lymph nodes, spleen and in the peripheral blood 

circulation (Pobezinskii, et al., 2005). These activated NK cells get up-regulated nearly 

100 folds in the presence of cytokines such as IL-12, IL-18, and IFN-γ produced by 

dendritic and stromal cells (Ferlazzo, et al., 2004;Gerosa, et al., 2002;Perussia, 1996). 

During infection, chemokines released from neutrophils and macrophages interact with 

surface receptors on NK cells thereby attracting these cells to the infection site 

(Loetscher, et al., 1996). 

Two hypothesis have been proposed for NK cell activation, namely the ‘missing self’ and 

‘induced self’ hypothesis (Elliott and Yokoyama, 2011;Lanier, et al., 1997;Ljunggren and 

Karre, 1990) (Figure 2). The ‘missing self’ hypothesis suggested that NK cells attack 

target cells having reduced or aberrant HLA class I self-molecules. NK cell activation is 

normally kept in check by the inhibitory receptor interacting with its ligand HLA 

molecule since the inhibitory signal dominates over the activating signal. 
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However, further studies have shown that the activation of th NK cells may be 

determined not only by the lack of HLA class I expression but also by the expression of 

ligands for activating the receptors (Cerwenka, et al., 2001;Diefenbach, et al., 

2001;Karre, 2008;Lanier, et al., 1997). On the other hand, the ‘induced self’ model 

suggested the recognition of cellular stress ligands by NK cells which are induced upon 

malignant transformation or viral invasion (Groh, et al., 2001). 

Figure 2: NK cell activation using “missing self” and “induced self” hypothesis. 

(Adapted from Elliott & Yokoyama, 2011) (Elliott and Yokoyama, 2011). 

Unlike T and B cells, NK cells lack antigen specificity as they do not express the 

specialized genes like those present in case of T and B cells for rearrangement of the T- 

and B-cell antigen receptor genes (Lanier, 2005;Moretta, et al., 2001;Murphy, et al., 

1987). However, a series of activating and inhibitory receptors are expressed on their 

surfaces whose signals combine together to control the activation of the NK cell (Pegram, 

et al., 2011;Raulet, et al., 2001). These receptors provide opposing signals which 

balances to either activate or inhibit the activation of NK cells. Intracellular signal 

transduction in inhibitory receptors occurs through immuno-receptor tyrosine-based 

inhibitory motifs (ITIMs) which are conserved sequences of amino acids that are found in 

the cytoplasmic tail of these receptors. In contrast, some activating receptors signal 

through immunoreceptor tyrosine-based activating motifs (ITAMs) which contained 
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associated molecules rather than the receptor itself. However, stimulation of only one 

activating receptor may not be sufficient to stimulate cytotoxicity and cytokine secretion, 

and therefore, stimulation of multiple receptor is required (Bryceson, et al., 2006). Other 

activating receptors like NKG2D use either DAP-10 or DAP-12 for generating alternate 

signaling mechanism. Stimulation of  CD244 receptor constitute the third signaling 

pathway in NK cells, wherein the cytoplasmic tail can recruit SH2 domain containing 

adapter proteins SAP or ERT (Veillette, 2006), having inhibitory and activating function 

respectively. 

Two main types of HLA Class I specific receptors are generally expressed on NK cells, 

namely- the Immunoglobulin superfamily (Ig) receptors and the C-type lectin Receptors. 

Apart from these, about 50% of the human NK cell population express CD8 molecules, a 

co-receptor for HLA Class -I association (Seaman, 2000). The Ig receptors include KIR 

and leukocyte immunoglobulin-like receptor family (LILR) which mediates the killing of 

viruses and tumor cells (Biron, et al., 1999). These are located on chromosome 19 as part 

of the 1 Mb Leukocyte Receptor Complex (LRC) encompassing over 25 genes. On the 

other hand, the C-type lectin receptors, which include the CD94/NKG2 heterodimers are 

located centromeric to the natural killer complex (NKC) on chromosome 12 (Barten, et 

al., 2001). These receptors are involved in the regulation of the adaptive and innate 

immune responses through the release of chemokines and cytokines (Biron, C. A., et al., 

1999). Several receptors on NK cells such as DNAM-1, the NKRP1 receptors and the 

PILR receptor are designated as co-stimulatory since they are not sufficient alone to 

trigger NK cell activation (Pegram, et al., 2011). Thus, they ensure that the NK cells may 

not get activated against normal or healthy tissue. Brief descriptions of the NK cell 

receptors have been enlisted in Table 1 below. 
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Table 1: Brief Description of the NK cell receptors 

Receptor Description 

1. Leukocyte
Immunoglobuli
n-Like
Receptors
(LILR)

2. (also known as
LIR, ILT or
CD85)

1. Inhibitory receptors expressed on NK cells that bind MHC
class I molecules .

2. They are considered as ancestors to KIR

3. They are located centromeric to KIR

4. Their structural and functional properties bear high degree of
resemblance to that of KIR

3. CD94/NKG2 1. C-type lectin receptor family and are found on the surface of
NK cells CD8+ T-lymphocyte subsets.

2. Disulfide linked heterodimers consisting of the protein
products of a single non-polymorphic CD94 gene as well as
NKG2 genes 1-5, located on chromosome 12 Similar signaling
mechanism to that of KIR receptors.

3. The ligand for CD94/NKG2A/C/E is the non-classical HLA-E.
Furthermore, the affinity of inhibitory NKG2A towards HLA-
E is stronger than that of activating NKG2C receptor.

4. The 2B4 
receptors also
known as 
CD244

1. Present on all human as well as mouse NK cells CD48
expressed on hematopoietic cells act as ligands

2. Signal outcome may depend on the stage of NK cell
maturation.

5. Killer cell 
lectin-like
receptor G1 
(KLRG1)

1. Inhibitory receptor that signals through an ITIM and causes
inhibition of NK cell function.

2. Classical cadherins, (E-, N- and R-cadherins) expressed in
healthy, solid tissues act as ligands. Thus this receptor may
have a role in the prevention of lysis of healthy tissues.

6. CD56
1. Iso-form of the neural-cell adhesion molecules (N-CAM).
2. Divides NK cells into two subtypes.

a. CD56dim (low levels of CD56) NK cells (90 %),
associated with active cytotoxic activity due to the
relative high level of KIR and other surface
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markers. 
b. (CD56bright (high levels of CD56) NK cells (10%),

associated with cytokine production including IFN-
γ, TNF-α/β) and IL-10 and 13 respectively. 

7. Killer-cell
immunoglobuli
n-like receptors
(KIRs)

1. Initially known as “killer inhibitory receptors
2. Glycoprotein molecules belonging to the Immunoglobulin

superfamily
3. Considered to participate in innate immune responses by

stimulating target cell apoptosis through cytotoxic effects.
4. Being the genetic markers of choice for this study,  this family

of receptors has been described in details below:

5. DNAM-1
receptor (also
known as
CD226)

1. Member of the Ig-superfamily constitutively expressed upon
approximately 50% of NK cells.

2. CD155 act as their ligand which gets unregulated on some
tumor cells, implicating the involvement of DNAM-1 in some
NK cell-mediated anti-tumor responses.

3. May help in stable interactions of NK cells with target cells.

4. Shown to be involved in co-stimulation of T cells.

6. The paired Ig-
like 2 receptor
(PILR)

Type 1 glycoprotein receptor having an inhibitory isoform 
(PILRα). 

Shown to be involved in NK cell-mediated recognition of 
carbohydrate chains on target cells, thereby widening the 
range of target cells that can be recognized by NK cells. 

2.1.1. KIR expression and function in NK cells 

Random expression of KIRs at NK cell surface generate NK cell repertoires with 

different combinations of KIR genes encoded in an individual’s genome (Valiante, et al., 

1997). Thus, variations can be observed between individuals in the frequencies of NK 

cells having a particular KIR protein (Gumperz, et al., 1996).. NK cells can also express 

different amounts of a particular KIR on the cell surface (Gardiner, et al., 2001;Yawata, 

et al., 2006). The number of copies of a given KIR gene in an individual also influences 

KIR expression. In other words, frequency of NK cells expressing a given KIR is higher 

in those individuals having two copies of the gene than those having only one copy 
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(O'Connor, et al., 2007;Yawata, et al., 2006). Methylation of the  KIR gene promoters is 

also known to affect KIR gene expression (Chan, et al., 2003;Santourlidis, et al., 2002). 

Some studies have concluded that the frequencies of NK cell subsets expressing 

particular KIRs are influenced by the possession of HLA class I ligands (Schonberg, et 

al., 2011;Shilling, et al., 2002;Yawata, et al., 2006;Yawata, et al., 2008), while others 

have found that the KIR repertoires of NK cells are expressed independently of HLA-

class I ligands (Andersson, et al., 2009;Bjorkstrom, et al., 2012). 

Along with other types of receptors that are expressed on NK cells, KIRs control the NK 

cell activation by binding HLA class I ligands following by signal transduction 

(Caligiuri, 2008). The classical mechanism describing the activation of NK cell is the 

“missing-self” hypothesis (Raulet, 2006) (discussed above). NK cells are “licensed” 

during education in the bone marrow, following the ligation of their receptors during 

development. Licensing renders NK cells functionally competent in respect to their 

activating receptors (Anfossi, et al., 2006;Kim, et al., 2008).  

2.2. T cells and KIR 

The T-cell repertoire of an individual includes a collection of T-cell clones, each bearing 

unique antigenic receptors and can respond to a plethora of antigens. However, such 

enormous diversity may instigate autoimmunity by recognizing self-antigens. Therefore, 

regulation of immune response of T cell is crucial not only for maintaining protective 

immunity but also for averting autoimmune responses. The two mechanisms controlling 

the above-mentioned immune responses are construction of the T-cell repertoire in the 

thymus and regulation of peripheral T cells. 

Each T cell bears a unique T cell receptor (TCR) on its surface as an outcome of selection 

and maturation in the Thymus. Mature T cells without antigenic exposure are inactive 

and are known as naive T cells. These naive cells enter the circulatory system, and reside 

in secondary lymphoid organs and are presented with antigens by dendritic cells via HLA 

molecules. Furthermore, recombination results in high variability of TCR, ensuring that 

at least a few naive T cells will have high-affinity antigenic recognition from virtually 
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any pathogen. A cascade of intracellular signals is triggered following the engagement of 

the TCR, finally causing the activation of the naive cells. These activated T cells, then, 

undergo rapid proliferation and migration to the sites of Ag invasion, followed by 

production of various cytokines and cell-mediated cytotoxicity. Helper T cells play a 

major role in antibody production by B cells and in stimulating other T cell effector 

functions. Additionally, they can also produce cytokines having direct toxic effect on the 

target. In contrast, cytotoxic T cells are responsible for the direct lysis of infected or 

malignant cells. After completion of their action, most effector T cells disappear except 

few, which form the memory T cells. These cells can mount secondary immune 

responses on finding the same antigen in the future. 

During thymic selection, two types of TCR appear namely the αβTCR and γδTCR. 

Majority of the T cells contain αβTCR and have a very diverse repertoire of Ag 

recognition receptors. Thus, these cells develop adaptive immune responses. There are 

several groups of αβTCR containing T cells based on lineage markers and functions. In 

contrast, γδTCR containing T cells are less numerous and heterogenic than αβTCR T 

cells. They may have an important role to play in the initial response to microbial 

invasion  

Furthermore, two major branches of the T cell lineage can be distinguished based on the 

presence of two co-receptor molecules, namely CD4 and CD8. CD4+ cells are activated 

by antigenic peptides presented by MHC class-II molecules while CD8+ lymphocytes 

recognize Ag in the context of MHC class-I molecules. Based on the production of 

signature cytokines Activated CD4+ T helper cells can be subdivided into Th1, Th2, 

Th17 and Treg subsets i.e. IFN-γ (Th1) versus IL-4, IL-5 (Th2) (Mosmann, et al., 2005). 

CD8+ lymphocytes also can be assigned to Tc1 or Tc2 subsets according to their 

cytokine profile (Croft, et al., 1994). 

2.2.1. KIR expression and functions in T cells 

KIRs can be expressed by both CD8+ and CD4+ T cells and may have a role in 

modulating their functions (van Bergen, et al., 2004). Furthermore, both activating and 
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inhibitory KIRs are expressed on subsets of CD8+ T cells (Anfossi, et al., 2001;Mingari, 

et al., 1996) and CD4+ T cells (van Bergen, et al., 2004). KIR expression on T cells is 

acquired after thymic development and TCR rearrangement, since T cells with the same 

TCR β chains can vary significantly in their KIR expression patterns (Bjorkstrom, et al., 

2012;Mingari, et al., 1996;Uhrberg, et al., 2001;Vely, et al., 2001). A number of studies 

have shown that KIR+ T cells have an effector memory (EM) phenotype, (Anfossi, et al., 

2004;Anfossi, et al., 2001;Mingari, et al., 1996;van Bergen, et al., 2004) (Anfossi et al., 

2004; Anfossi et al., 2001; Mingari et al., 1996; (Speiser, et al., 1999;Young, et al., 

2001). The most recent and comprehensive analysis showed that the major KIR-

expressing CD8+ T cell subset is CD45RA+ CD57+ CCR7− CD27− CD28− CD127− 

(Bjorkstrom, et al., 2012) . The frequency of KIR+ CD8+ and CD4+ T cells have been 

shown to increase with age, consistent with their EM phenotype (Anfossi, et al., 

2001;van Bergen, et al., 2004) (Abedin, et al., 2005;Li, et al., 2009). Acquisition of KIR 

by T cells with a memory phenotype or with increasing age may indicate their role in 

dampening the T cell mediated response. 

The repertoires of KIRs expressed on T cells compared to NK cells have been shown to 

vary significantly in the same individual (Abedin, et al., 2005;Bjorkstrom, et al., 

2012;Uhrberg, et al., 2001)  at both the level of epigenetic modifications and the 

recruitment of transcription factors to the KIR gene promoters (Chan, et al., 2003;Li, et 

al., 2009;Santourlidis, et al., 2002).  

Several studies have examined the effects of KIR expression on T cell function. 

Inhibitory KIR expression on CD8+ and CD4+ T cells have been demonstrated to inhibit 

cytokine production (especially TNFα and IFNγ) and effector cytotoxic function, while 

activating KIRs co-stimulates these functions (van Bergen and Koning, 2010). Inhibitory 

KIR expression on T cells has also been shown to promote cell survival. In 2DL3/HLA-

C1-transgenic mice, there was an accumulation of 2DL3+ CD8+ T cells due to a 

reduction in activation-induced cell death (AICD) (Ugolini, et al., 2001). Similarly, 

human KIR+ CD8+ T cell clones expressed higher levels of the anti-apoptotic molecule 

Bcl-2 and are more resistant to AICD than KIR− clones (Young, et al., 2001).Some 
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studies have shown that engagement of KIRs with HLA class-I molecules were required 

for the disruption of TCR signalling ((Fourmentraux-Neves, et al., 2008;Guerra, et al., 

2002;Henel, et al., 2006) , the reduction in AICD (Gati, et al., 2003;Ugolini, et al., 2001) 

and the decrease in T cell effector function (Bonorino, et al., 2007;van Bergen, et al., 

2009;van der Veken, et al., 2009). Conversely, others have demonstrated that KIR 

engagement was not required for inhibition of apoptotic pathways (Chwae, et al., 2002) 

and KIR-mediated reduction in CD8+ T cell effector function (Alter, et al., 2008;Anfossi, 

et al., 2004;Bjorkstrom, et al., 2012) . 

2.3. Killer Cell Immunoglobulin Like Receptor (KIR) 

2.3.1. KIR Nomenclature 

A subcommittee of the World Health Organization Nomenclature Committee for the 

HLA system in association with HUGO Genome Nomenclature Committee (HGNC) 

successfully completed the task of naming the KIR genes (Marsh, et al., 2003). 

According to this system, the KIR genes were named based on two important structural 

features of their corresponding protein molecules, which include the number and type 

(2D or 3D) of the extracellular Ig domains and the characteristics of the cytoplasmic tails 

(short or long) (Figure 3). The first digit immediately after the KIR acronym signifies the 

number of Ig-like domains that are present in the protein molecule, followed by the letter 

‘D’ for ‘domain’. The D is then followed by either an ‘L’ or ‘S’ corresponding to ‘Long’ 

and ‘Short’ cytoplasmic tail respectively. However, in case of pseudogenes, D is 

followed by the letter ‘P’ instead of ‘L’ or ‘S’. The final digit corresponds to the ranking 

number of the gene that is coding for a protein molecule of this structure. If multiple 

genes have similar sequences and structures, then the same number is given except for a 

final letter to distinguish, as can be seen in case of the KIR2DL5A and KIR2DL5B genes 

(Gomez-Lozano, et al., 2002). 

The alleles of the KIR genes are named in a fashion similar to that of HLA alleles 

(Marsh, et al., 2003;Middleton and Gonzelez, 2010) (Figure 3). The first three digits after 

the separator are used to distinguish alleles that differ in exon sequences leading to non-
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synonymous changes. The next two digits distinguish alleles differing in exon sequences 

that cause synonymous changes while the last two digits represent differences only in an 

intron or other non-coding regions including the promoters. 

.

Figure 3: Nomenclature of KIR genes and alleles (Adapted from Middleton & Gonzelez, 

2010) (Middleton and Gonzelez, 2010). 

2.3.2. KIR structure  

KIR receptors consist of an extracellular region followed by a transmembrane and a 

cytoplasmic region respectively. The extracellular region consists of either two or three 

immunoglobulin like domains designated as D0, D1and D2 (Figure 4). Thus, KIR 

proteins are classified as 2D and 3D receptors depending on the number of these 

extracellular domains (Andre, et al., 2001). Among the three domains, the D2 domain is 

proximal to the membrane while D0 is the most distally placed. KIR2D receptors have 

two possible variants, namely type I KIR2D and type II KIR2D receptors. Type I 2D 

receptors, include KIR2DL1-3, KIR2DS1-5 as well as the pseudo-gene KIR2DP1 

(Vilches and Parham, 2002). These receptors are characterized by the presence of D1 and 

D2 domains but they lack a D0 domain. On the contrary, type II KIR2D receptors, which 

include KIR2DL4 and KIR2DL5, are equipped with a D2 domain and a membrane-distal 

D0 domain having similar sequence to that of KIR3D proteins. However, Type II KIR2D 

receptors lack a D1 domain (Boyton and Altmann, 2007). A stem region enriched with 
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proline and serine residues helps in linking the D2 domain to the transmembrane region 

of the KIR molecule. The transmembrane and the cytoplasmic regions have functional 

relevance since they determine the type of signal transduced by a NK cell (Colonna and 

Samaridis, 1995;D'Andrea, et al., 1995;Wagtmann, et al., 1995). The cytoplasmic 

domains of KIR is either Long (L) or Short (S). KIR molecules can have either long or 

short cytoplasmic domains irrespective of the number of extracellular Ig-like domains. 

Therefore, KIR2D and 3D receptors are further subdivided based on the length of their 

cytoplasmic tail (L or S) (Andre, et al., 2001).  KIR molecules with long cytoplasmic 

domains consist of immunoreceptor tyrosine-based inhibitory motifs or ITIMs in the 

cytoplasmic region rendering them inhibitory in function. In general, long cytoplasmic 

tails have two ITIM motifs, through which inhibitory signals are transmitted to the NK 

cell. Exceptions to this are KIR2DL4, KIR3DL2 and KIR3DL3 which contain only one 

N-terminus ITIM motif. 

Short cytoplasmic tailed KIR molecules transmit activation signals but they follow a 

passive pathway. The presence of  a positively charged amino acid residue in the 

transmembrane domain of these receptors help them to associate with DAP12 signaling 

molecule (Sigalov, 2010) (Figure 4). DAP-12 is a DNAX activation protein of 12kD 

molecular weight; this molecule is also known as killer cell activating receptor-associated 

protein or KARAP, which contains immunoreceptor tyrosine-based activation motifs 

(ITAMs), responsible for the activation signals (Vilches and Parham, 2002). In addition 

to a single ITIM, KIR2DL4 receptor also contain a charged Arginine residue in its 

transmembrane region, allowing this receptor to elicit both inhibitory and activating 

signals (Khakoo, et al., 2000;Maxwell, et al., 2002). 
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Figure 4: The structural characteristics of two and three Ig-like domain KIR proteins. 

The association of activating KIR to adaptor molecules are shown in green, 

whereas the ITIM of inhibitory KIRs are represented as red boxes. Adapted 

from IPD KIR database (Robinson, et al., 2010). 

The lengths of KIR proteins can vary within a range of 306 to 456 residues (Figure 5). In 

most of the KIR proteins, the leader peptide has 21 amino acid residues. However, a 

longer leader peptide is present in KIR2DL4 which may have resulted due to a different 

initiation codon (Selvakumar, et al., 1996). The D0 Ig-like domain present in Type II 

KIR2D proteins and KIR3D proteins is approximately 96 amino acid residues in length 

(Colonna and Samaridis, 1995;Wagtmann, et al., 1995). The D1 domain comprises of 

102 amino acid residues in case of Type I KIR2D and KIR3D proteins; while the length 

of the D2 domain is 98 residues in case of all KIR proteins (Colonna and Samaridis, 

1995) (Figure 5). The stem region is 24 residues long in most KIR proteins. However, its 

length is restricted to only seven residues in the divergent KIR3DL3 protein (Torkar, et 

al., 1998). In general, 20 amino acid residues are present in the transmembrane region of 

most of the KIR proteins, with the exception in case of KIR2DL1 and KIR2DL2, wherein 

the region is one residue shorter. This may have resulted due to a three base pair deletion 

in the exon 7 (Colonna and Samaridis, 1995;Wagtmann, et al., 1995). Finally, the number 
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of the amino acids in the cytoplasmic region of KIR proteins vary widely, ranging from 

23 residues in some KIR3DS1 alleles to 116 residues long in KIR2DL4 proteins 

(Dohring, et al., 1996;Long, et al., 1997;Selvakumar, et al., 1997). 

Figure 5: Approximate KIR protein domain and region lengths. The length of each 

domain or region is shown in digits above their corresponding boxes. Adapted 

from IPD KIR database (Robinson, et al., 2010). 

The structural folding of three KIR proteins, KIR2DL1-3 revealed that D1 and D2 

domains contain 40% sequence similarity, suggesting the domain duplication (Boyington, 

et al., 2000). It was further noted that the region flanked by the two Ig-like domains act as 

ligand binding region which interacts with HLA molecules (Boyington, et al., 2000). 

Chapman et al. 2003 showed that this hinge region is stabilized by a highly conserved 

inter-domain hydrophobic core (Chapman, et al., 2000). 

2.3.3. KIR gene organization 

The KIR locus representing a family of highly polymorphic genes maps to 

chromosome19q13.4 and is located within the broad region of Leukocyte Receptor 

Complex (LRC; 1 Mb) (Trowsdale, et al., 2001). These genes are encoded in a head to 

tail fashion within a 150 kb stretch of DNA of the LRC with the length of each gene 

varying approximately between 4 to16 kb as shown in (Figure 6) (Uhrberg, et al., 1997). 
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The loci are separated from one another by an approximately 2 kb DNA sequence, except 

for a 14 kb sequence situated upstream from KIR2DS4 (Wilson, et al., 2000). 

Figure 6: Location of KIR genes within the Leukocyte Receptor Complex (LRC). 

Adapted from IPD KIR database(Robinson, et al., 2010). 

There is little probability of two individuals inheriting the same KIR genotype. Once a 

NK cell is committed in expressing a particular combination of KIR genes, that pattern 

remains stable through time and cell divisions (Farag, et al., 2003). Different 

combinations of expressed receptors as well as different clonal number variations 

combine to form the heterogeneous repertoire (Kubota, et al., 1999). Expression of 

receptors does not seem to be random, with the entire KIR genotype being expressed 

selectively on all NK cells (Shilling, et al., 2002). Diversity at the locus may be the result 

of selection pressure and as such has been proposed to mimic HLA loci drift. 

2.3.4. KIR Exon/Intron arrangement 

All the KIR genes have a fairly consistent organization of the exon–intron structures and 

follow a basic pattern of arrangement. KIR proteins are encoded by eight exons in 2D 
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receptors and nine exons in 3D receptors which illustrates the similarities between these 

two receptors (Wilson, et al., 1997) (Figure 7). The first two exons, starting from the N-

terminus, encode the signal sequence. These are followed by the next three exons (exons 

3-5), each of which corresponds to a single Ig domain starting from the N-terminus i.e. 

D0, D1, and D2, respectively. The linker and transmembrane regions are each encoded 

by a single exon (6 and 7). The cytoplasmic domain is encoded by two final exons with 

the number of amino acids varying from 23 amino acids in 3DS1 receptors to 116 amino 

acids in 2LD4 receptors (Trowsdale, et al., 2001;Wilson, et al., 2000;Wilson, et al., 

1997). 

Two domain KIR genes are further categorized as Type I and Type II based on their exon 

content and the Ig-like domains they express (Figure 7). Type I 2DKIR genes include 

KIR2DL1, 2DL2 /3, and all 2DS genes (Vilches and Parham, 2002). All NK cells, at least 

express a single type 1 KIR2D molecule (Watzl, et al., 2000). They have identical exon-

intron arrangement to those genes encoding three domain KIR molecules except that their 

exon 3 is a pseudoexon,- which although remains in-frame but is eventually spliced out, 

possibly due to a 3 bp deletion (Vilches and Parham, 2002). This results in the absence of 

D0 domain in the protein products of Type I KIR2D genes (Vilches, et al., 2000). 

KIR2DP1, has the same exon content to that type I KIR2D genes but a single base pair 

deletion in exon 4, results in a frame shift and consequently producing a stop codon 

(Vilches and Parham, 2002) (Figure 7). 

The Type 2 two-domain KIR genes include 2DL4, 2DL5A, and 2DL5B (Vilches and 

Parham, 2002). Exon 4 is completely absent in these genes (Selvakumar, et al., 1997). 

and therefore, their protein products lack D1 domains (Selvakumar, et al., 1997). 

Three domain KIR genes are characterized by the complete presence of exons 3, 4 and 5 

resulting in the expression of all the Ig-like domains. Unlike other KIR3D genes, exon 6 

is missing in case of KIR3DL3 gene. Pseudogene KIR3DP1 contain only one leader 

sequence (other receptors contain two) due to a 1.5 kb deletion of exon 2 which results in 

its subsequent removal (Figure 7). Molecular characteristics of all the KIR genes have 

been described in the next section. 
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Figure 7: Organization of KIR genes. The coding regions of the exons are represented as 

blue boxes; their size in base pairs is shown in digits above them. The 

pseudoexon 3 and the deleted KIR3DP1 exon 2 are shown in red. Adapted 

from IPD KIR database (Robinson, et al., 2010). 
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2.3.5. KIR Molecular Characteristics 

2.3.5.1. Two domain KIRs 

2.3.5.1.1. KIR2DL1 

It is recognized by the monoclonal antibodies EB6 or HP-3E4 both of which also react 

with 2DS1 (Melero, et al., 1994;Moretta, et al., 1993). KIR2DL1 gene is a component of 

the ‘A’ haplotype, the most common haplotype in nearly all populations around the 

World (Witt, et al., 1999). At present, sequences of 15 alleles are publicly available. 

Recombination between 2DL1 and 2DS1 may have resulted in the formation 2DL1*004 

(Shilling, et al., 1998). Ligands for 2DL1 are HLA-Cw molecules that have Asn77 and 

Lys80 (Winter, et al., 1998). The crystal structure of KIR2DL1 in complex with 

HLACw4 has been elucidated (Fan, et al., 2001). According to a recent report, the 

phosphorylation of individual residues within the peptide can influence the binding of 

KIR2DL1 with MHC (Betser-Cohen, et al., 2006). 

2.3.5.1.2. KIR2DL2/3 

KIR2DL2 and KIR2DL3 are members of Type 1 KIR2D receptor family (Ferrini, et al., 

1994;Moretta, et al., 1990). Ligands for 2DL2 and 2DL3 are HLA-Cw molecules that 

have Ser77 and Asn80. Monoclonal antibodies GL183 (CD158b) and CH-L recognize 

2DL2 as well as 2DL3 and 2DS2 (Ferrini, et al., 1994;Moretta, et al., 1990). The crystal 

structure of KIR2DL2 and HLA-Cw3 complex has been clarified (Boyington, et al., 

2000). 

2.3.5.1.3. KIR2DL4 

KIR2DL4 is a member of the Type 2 subfamily of KIR2D receptors. 2DL4 may transmit 

inhibitory or stimulatory, or both types of signals. 2DL4 probably binds to HLA-G 

(Rajagopalan and Long, 1999) which awaits further supportive evidences. Being a 

framework locus, KIR2DL4 is present on most haplotypes. 2DL4 is the only KIR gene 

having homologues in all primate species (Grendell, et al., 2001;Guethlein, et al., 2002). 

Evidences suggested that despite being a long-tailed receptor, the structure of KIR2DL4 
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is such that it also has an activating function (Kikuchi-Maki, et al., 2003). Unlike other 

KIRs with inhibitory function (who have two cytoplasmic inhibitory motifs), KIR2DL4 

contains only one inhibitory motif which has been shown to retain inhibitory potential. 

Furthermore, 2DL4 has a charged arginine residue in the transmembrane region, which is 

a feature of activating KIR molecules and therefore, this receptor has an active role in 

target cell lysis. Evidences also suggested the association of FcRI-γ with KIR2DL4 to 

promote cell surface expression and signal transduction function (Kikuchi-Maki, et al., 

2005). 

2.3.5.1.4. KIR2DL5 

KIR2DL5 is the most recently KIR to be described (Vilches, et al., 2000). KIR2DL5 is a 

member of Type 2 subfamily of KIR2D receptors, transmitting inhibitory signals. While 

the ligand for KIR2DL5 is unknown, 2DL5 is a common constituent of the ‘B’ haplotype 

along with KIR2DL2 and KIR2DS2 (Uhrberg, et al., 2002). 

2DL5 is the locus that formed the extra RFLP fragment, which was originally reported by 

Uhrberg and coworkers while defining the KIR `B' haplotype (Uhrberg, et al., 

1997;Vilches and Parham, 2002). KIR2DL5 comprises of two paralogous loci, namely 

2DL5A and 2DL5B. KIR2DL5A is located in the telomeric region and has one known 

allele, 2DL5A*001. On the other hand, KIR2DL5B is found in the centromeric KIR 

region. This locus has three alleles out of which 2DL5B*002 remain unexpressed. 

2.3.5.1.5. KIR2DS1 

KIR2DS1 is a type 1 KIR2D receptor which transmit signal owing to its non-covalent 

association with the DAP-12 adaptor molecule. HLA-C molecules having Asn77 and 

Lys80 act as ligand for KIR2DS1 molecules. Monoclonal Antibodies EB6 (CD158a) and 

HP3E4 react with 2DS1, both of which also recognize 2DL1 (Melero, et al., 

1994;Moretta, et al., 1993). 
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2.3.5.1.6. KIR2DS2 

KIR2DS2 is another member of the Type 1 subfamily of KIR2D receptors. They bind 

with HLA-C molecules that have Ser77 and Asn80 residues. Like other activating KIR 

molecules, they signal via ITAM-bearing adaptor molecule, DAP-12. Similar to 2DL2 

and 2DL3, they are also recognized by monoclonal antibodies GL183 (CD158b) and CH-

L (Ferrini, et al., 1994;Moretta, et al., 1990). 

2.3.5.1.7. KIR2DS3 and KIR2DS5 

Both KIR2DS3 and KIR2DS5 are Type 1 KIR2D receptors. No ligands have been 

reported for either of these receptors. Its ligand is unknown and both the receptors signal 

via DAP-12 adaptor protein. 

2.3.5.1.8. KIR2DS4 

KIR2DS4 is a member of Type 1 KIR2D receptor. Like other activating receptors, they 

also signal via DAP-12 molecule. KIR2DS4 has been reported to interact with HLA-Cw3 

and Cw4 (Campbell, et al., 1998), wherein most of the interactions are weaker compared 

to those seen between inhibitory receptors and HLA-C. Most of the interactions described 

have been weaker than the interaction seen between inhibitory receptors and HLA-C. A 

recent report demonstrated the binding of KIR2DL4 to ligands found on melanoma cell-

lines (Katz, et al., 2004). 

An allelic variant of KIR2DS4 has a 22 nucleotide deletion in the coding sequence that 

leads to a truncated protein due to a premature termination codon following the first 

amino acid of the putative transmembrane domain (Maxwell, et al., 2002). This variant, 

initially termed as KIR1D, has a homologue in rhesus monkey. KIR1D is now known as 

KIR2DS4*003 (Hsu, et al., 2002;Maxwell, et al., 2002). 
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2.3.5.2. Three domain KIRs 

2.3.5.2.1. KIR3DL1/3DS1 

KIR3DL1 contains three Ig domains. It triggers inhibitory signal via ITIM motifs. 3DL1 

interacts with HLA-B molecules that contain a Bw4 motif. Moreover, HLA-A allotypes 

carrying the Bw4 motif (HLA-A23, A24, A25 and A32), also act as ligands. Monoclonal 

antibodies DX9 and Z27 bind to variants of 3DL1with varying degrees of affinity. Based 

on phenotype detection by the antibody DX9, the eight available allotypes of KIR3DL1 

can be divided into three groups corresponding to low, bimodal and high binding 

affinities respectively (Gardiner, et al., 2001). Furthermore, it was found that 3DL1*004 

does not bind DX9. Therefore, it was postulated that binding patterns are predictably 

determined by the alleles of KIR3DL1 an individual possesses (Gardiner, et al., 2001). 

In case of individuals heterozygous for the two 3DL1 alleles, four distinct populations of 

NK cells are raised due to differential expression: those positive for either allele alone, 

those positive for both alleles and those negative for both alleles. Furthermore, different 

binding patterns were also observed between individuals of the same genotype, thereby 

suggesting the influence of variations in the promoter regions. 

In addition to the variable cell surface expression, different alleles also bind Bw4 with 

varying strength. As a result, different alleles display inhibitory functions differently as is 

found in the case of 3DL1*002, which is a much stronger inhibitory receptor than 

3DL1*007 (Carr, et al., 2005). 

KIR3DS1 was originally defined separately from KIR3DL1, but is now considered an 

allele of 3DL1, wherein long cytoplasmic tail was replaced by the shorter counterpart and 

associated DAP-12 molecule. No reports of 3DS1 binding Bw4 allotypes were found till 

date. This may result due to 6-12 amino acid difference in the structures of the Ig-like 

domains of 3DS1 and 3DL1, which may affect the binding affinities. It was also found 

that neither of the monoclonal antibodies DX9 and Z27 binds to 3DS1. 3DL1 and 3DS1 

can be found occasionally on the same haplotype (Williams, et al., 2003).  
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2.3.5.2.2. KIR3DL2 

KIR3DL2 is also a three-Ig-domain inhibitory receptor. Monoclonal antibody DX31 

interacts with 3DL2. Being a framework locus, KIR3DL2 is present on most of the KIR. 

HLA-A alleles act as their ligands. Hansasuta and co-workers have demonstrated that 

HLA-A3 and HLAA11 tetramers undergo peptide specific interaction with KIR3DL2 

(Hansasuta, et al., 2004). 

2.3.5.2.3. KIR3DL3 

KIR3DL3 is a three-Ig-domain receptor with unknown ligand. The 3DL3 gene has close 

resemblance with other 3D genes, except that exon 6 (stalk region) is missing in case of 

KIR3DL3. Being a framework locus, 3DL3 is present on most of the KIR haplotypes. 

The KIR3DL3 gene is the most centromeric of KIR genes identified (Hsu, et al., 2002). 

Originally thought to be a pseudogene, there is confirmed evidence that the mRNA is 

detectable in CD56bright cells (Trundley, et al., 2006). 

2.3.6. KIR haplotypes 

Being diploid, each autosomal gene is generally present in two copies in humans, one per 

chromosome. However, the KIR gene family violates this basic rule due to deletion or 

duplication. The number of KIR genes may differ substantially between the two 

chromosomes and so also their types (Rajalingam, 2011). 

Furthermore, KIR gene constitutions vary greatly between the individuals. The organized 

arrangements of inhibitory and activating KIR genes constitute a particular haplotype 

(Shilling, et al., 2002). More than 100 haplotype profiles have been described till date 

and this number is expected to grow with the discovery of new haplotypes (Gomez-

Lozano, et al., 2002;Hsu, et al., 2002;Uhrberg, et al., 2002). 

Two major groups of KIR haplotypes were defined based on their KIR gene content, 

namely A and B (Wende, et al., 1999). Originally, Restriction Fragment Length 

Polymorphism (RFLP) was used to distinguish between these two haplotype groups, 

wherein the presence of a ~24 Kb Hind III fragment defined the group B haplotype. This 
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fragment was later correlated to the presence of the KIR2DL5 gene (Uhrberg, et al., 

1997;Vilches and Parham, 2002). However, recently these haplotype groups are 

distinguished by the number of activating and inhibitory KIR genes they possess. Group 

B haplotypes possess different combinations of KIR2DL5, KIR2DS1, KIR2DS2, 

KIR2DS3, KIR2DS5 and KIR3DS1 genes, whereas group A haplotypes possess a single 

activating gene, KIR2DS4, as well as four inhibitory genes namely KIR2DL1, KIR2DL3, 

KIR3DL1 and KIR3DL2, which encode proteins having HLA class-I specificities (Marsh, 

et al., 2003) The A-haplotype is relatively simple and conserved, whereas group B 

haplotypes are expansive and their gene content vary greatly from haplotype to haplotype 

(Shilling, et al., 2002). Although, group A haplotypes show little variation in gene 

content but they show extensive variability on the allelic level (Shilling, et al., 2002). 

There are numerous people around the globe with no activating receptors in their 

haplotypes. However, no individual has been identified for which no inhibitory receptors 

are expressed (Thananchai, et al., 2007). This is due to the fact that inhibitory receptors 

are indispensable compared to the activating receptors, wherein lack of inhibitory 

receptors would result in limited or no inhibition of cytotoxic effects (Burshtyn, et al., 

2000). 

The centromeric and telomeric ends of all the haplotypes are flanked by KIR3DL3 and 

KIR3DL2 respectively (Wilson, et al., 1997). The centromeric half is delimited by 3DL3 

at the 5´-end and 3DP1 at the 3´-end, while the telomeric half is delimited by 2DL4 at the 

5´-end and 3DL2 at the 3´-end. These four genes together constitute the framework loci 

that are present in most if not all of the haplotypes (Martin, et al., 2000;Vilches and 

Parham, 2002;Wilson, et al., 2000). Each KIR haplotype is divided into two halves: the 

centromeric and the telomeric halves respectively (Wilson, et al., 2000) by a stretch of 14 

kb DNA enriched with L1 repeats placed between 3DP1 and 2DL4 divides the KIR 

haplotype into two halves: (Figure 8)  

While assigning genes to a specific haplotype, following assumptions were made: (i) the 

framework genes (KIR3DL3, 2DL4, 3DL2 and 3DP1) are present in all the haplotypes; 

(ii) KIR3DL1 and 3DS1 are likely equivalent to alleles of the same locus at the telomeric 
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half and (iii) KIR2DL2 or KIR2DL3 segregate as alleles of a single locus of the 

centromeric half (Middleton, et al., 2007;Norman, et al., 2002;Norman, et al., 

2013;Norman, et al., 2001). These two loci are present in almost all haplotypes. In other 

words, every individual KIR genome possesses either 2DL2 or 2DL3, and 3DL1 or 3DS1 

(Figure 8). 

Figure 8: Gene content of KIR haplotypes. Haplotype 1 represents group-A KIR 

haplotype and the remaining ones exemplify group-B haplotypes (haplotypes 

2-7). The framework genes are shown in red boxes; activating KIR genes in 

yellow boxes; and those encoding inhibitory receptors are shown in blue 

boxes. The pseudogenes KIR2DP1 and 3DP1 do not express a receptor. This 

figure has been adapted from Rajalingam, 2011 (Rajalingam, 2011).

Immunogenetic analyses revealed that both group A and group B haplotypes show 

significantly different distribution among different ethnic populations. All human 

populations have both group-A and -B haplotypes, but their distribution varies 

considerably among different populations. Almost equal distribution of A and B 

haplotypes were found in Caucasians and Africans population (Uhrberg, et al., 

1997;Yawata, et al., 2002). Homozygotes for A haplotypes (AA genotypes) are 

frequently found in the Northeast Asians, which include Chinese, Japanese, and Koreans 

(Jiang, et al., 2005;Whang, et al., 2005;Yawata, et al., 2002). Conversely, Bx genotypes 
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(either AB or BB) are found to be dominant in the American natives (Ewerton, et al., 

2007;Gendzekhadze, et al., 2006), Australia (Toneva, et al., 2001), and India (Kulkarni, 

et al., 2008;Rajalingam, et al., 2008;Rajalingam, et al., 2002). 

Linkage disequilibrium (LD) patterns of KIR loci have been studied for both the A and 

B-haplotypes (Witt, et al., 1999). The LD analyses of the centromeric and telomeric 

regions clearly indicate the evolutionary histories of these regions, which may have 

undergone different gene assortment and have been inherited separately during evolution. 

Members of group A haplotype needs to display both the centromeric (Cen A) and 

telomeric (Tel A) genotype organization A/A (Uhrberg, et al., 1997). Considering the 

inheritance pattern of KIR genes (which is the result of distinct diploid combinations of 

genotypes), it can be visualized that the haplotype A results only in case of Cen A/A and 

Tel A/A combinations, i.e., both parents pass Cen A and Tel A to their offspring who 

then possess CenAA/TelAA genotype (Cooley, et al., 2010). In case of A haplotype, it 

was found that KIR2DL3, KIR2DP1, KIR2DL1 loci are typically present in the 

centromeric portion while a single activating gene (KIR2DS4) could be found in its 

telomeric region together with KIR3DL1 (Figure 9). On the contrary, different B 

haplotypes may have mixed “B/x” genotypes (CenAA/TelAB, CenAB/TelAA, 

CenAA/TelBB, CenAB/TelAB, CenBB/TelAA, CenAB/TelBB, or CenBB/TelAB), 

which display all genes typical of group B, plus at least an additional KIR group A gene, 

or may have a pure B/B genotype without any A genes (CenBB/TelBB) (Cooley, et al., 

2010;Gourraud, et al., 2010;Hsu, et al., 2002;Middleton and Gonzelez, 2010;Pyo, et al., 

2010). In case of B haplotype associated KIR genes, it was noted that the unexpressed 

KIR2DL5B variant is usually present together with the KIR2DS3 while KIR2DL5A is 

frequently present with KIR2DS5 (Figure 9). 
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Figure 9: Centromeric and telomeric halves of KIR haplotypes. A 14 kb DNA stretch 

with numerous L1 repeats interconnects KIR3DP1 and KIR2DL4, thereby 

dividing the KIR haplotypes into two halves. The centromeric half is flanked 

by 3DL3 and 3DP1, while 2DL4 and 3DL2 delimit the telomeric half. The 

framework genes are shown in red boxes; activating KIR genes in yellow 

boxes; and those encoding inhibitory receptors are shown in blue boxes. The 

pseudogenes KIR2DP1 and 3DP1 do not express a receptor. This figure has 

been adapted from Rajalingam, 2011 (Rajalingam, 2011). 

It is interesting to note that in group A, the haplotype diversity is primarily associated at 

the allelic polymorphism. In particular, an analysis based on the genotype of only the four 

KIR2DL1, 2DL3, 3DL1 and 3DL2 loci showed that at least 22 different haplotype A 

members with only 0.24% of unrelated individuals shared an identical genotype (Shilling, 

et al., 2002). No LD has been noted for the A-haplotype at the gene level but patterns 

have been noted between different alleles (Shilling, et al., 2002). On the contrary, the 

group B haplotypes have greater diversity in gene content exhibiting only a moderate 

allelic polymorphism. These haplotypes are characterized by strong LD between many 

KIR genes demonstrating continual drift within this haplotype (Witt, et al., 1999). All B 

haplotypes except B1, have more KIR genes than group A and the gene content is biased 

towards stimulatory KIR genes, whose number may vary between two to five (Figure 

10). 
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Figure 10: The genomic organization of common haplotypes in the Caucasoid population. 

The centromeric half is flanked by 3DL3 and 3DP1, while 2DL4 and 3DL2 

delimit the telomeric half. The framework genes are shown in red boxes; 

activating KIR genes in yellow boxes; and those encoding inhibitory 

receptors are shown in blue boxes. The pseudogenes KIR2DP1 and 3DP1 do 

not express a receptor. The recombination model is based on published data 

(Hsu, et al., 2002;Yawata, et al., 2002). This figure has been adapted from 

Uhrberg, 2005 (Uhrberg, 2005). 

Inheritance of haplotypes with different gene content from mother and father (A+A, 

A+B, or B+B) generates extraordinary KIR diversity in humans (Figure 11). As for 

example, inheritance of two A haplotypes, one from each parent, result in individuals 

with seven functional KIR genes. In contrast, individuals who received both A and B 

haplotypes from their parents, may possess all the 14 KIR genes. More than 300 KIR 

genotypes have been reported from different studies conducted throughout the World, 

each having their unique KIR gene content. Furthermore, each population carries a 

distinct gene content profile (Ashouri, et al., 2009;Yawata, et al., 2002).  
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All human populations possess both group-A and -B haplotypes, but vary considerably in 

their distribution. Independent segregation of KIR and HLA gene families may result in 

individuals who expresses KIR receptors but lack cognate HLA class- I ligands, and vice 

versa. This phenomenon contributes enormously towards diversifying human genome by 

altering the  number and type of KIR-HLA gene combinations, which in turn can also 

modulate disease outcomes (Du, et al., 2007) (Figure 11). 

2.3.7. KIR diversification mechanisms 

2.3.7.1. Non-reciprocal crossing over 

New genes evolve frequently by duplication of an ancestral founder gene and sometimes 

remain together as a cluster of structurally and functionally related, but evolutionarily 

diverged genes, thereby forming a gene family (Nei, et al., 1997). Such a phenomenon of 

gene expansion is thought to be initiated by unequal crossing-over events, leading to non-

reciprocal recombination between non-allelic genes. A similar scenario was observed in 

the case of KIR gene family, wherein non-reciprocal recombination led to contractions 

and expansions of the family (Figure 12). However, most of the gene families might 

either keep a novel haplotype or go back to the ancestral one, whichever has greater 

selective advantage. In contrast, the KIR locus has a tendency to conserve divergent 

recombination products along with the already established ancestral ones, thereby 

propagating the novel haplotypes. The selective advantage of this feature of the KIR 

haplotypes can at best be speculative at present. A recent study postulated non-reciprocal 

recombination while describing a novel extended haplotype containing a region of three 

duplicated KIR genes (Martin, et al., 2003), wherein a hybrid gene was generated at 

recombining the promoter from KIR2DL5A genes and the coding region from the 

KIR3DP1 pseudogene. Later, it was shown that the resulting new allele, named 

KIR3DP1*004, is in fact transcribed and might be properly expressed as soluble KIR in 

NK cells (Gomez-Lozano, et al., 2005). Inspite of having the dissimilar gene content, 

both the haplotypes were maintained in a population (Martin, et al., 2003;Norman, et al., 

2002). 
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Figure 11: Mechanism of diversification of KIR-HLA combinations. The 4X4 table 

illustrates all four possible types of gametes from each parent assorted with 

different combination of one KIR haplotype and one HLA haplotype. 

Random associations of gametes result in zygotes having one of the 16 

possible KIR and HLA combinations, producing substantial diversity 

between offspring in the number and type of inhibitory KIR-HLA 

combinations and activating KIR genes inherited. This figure was adapted 

from Rajalingam, 2011 (Rajalingam, 2011).

In case of the KIR locus, alignment of truly homologous sequences during prophase of 

the first meiotic division is frequently restricted to the four framework genes only. 

However, pairing of nonallelic KIR genes is likely to happen when degree of similarity 

between the KIR genes (>90%) approaches that of allelic variants in other genes, for 

example HLA class- I (Parham, et al., 1995). Thus, homologous recombination of KIR 

loci during meiosis likely involves the pairing of nonallelic genes. Moreover, pairing of 

non allelic genes lead to the exclusion of KIR genes (usually from the longer haplotype) 

by looping out, which could not find any opposite sequence for alignment. When 

compared to the non-reciprocal recombination event involving the same two haplotypes 

(Gomez-Lozano, et al., 2005), it was seen that there is no principal distinction between 

the molecular events leading to the reciprocal or non-reciprocal recombination in the KIR 

locus. In both the cases, nonallelic genes undergo pairings if the involved haplotypes 

have dissimilar gene contents. 

2.3.7.2. Reciprocal crossing over 

The KIR locus is characterized by a remarkable modular architecture, wherein each KIR 

gene represents a highly similar building block arranged in a head-to tail fashion and 

separated by only 1–2 kb from the next KIR gene with an exception of 14-kb sequence 

largely made up of DNA repeat elements. This is found in the central framework region 

between KIR3DP1 and KIR2DL4 (Wilson, et al., 2000). The divergent structure of this 

region lowers the probability of mispairing with a non-homologous sequence region in 

the KIR locus. Instead, this region may provide a central anchor, which facilitates and 
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also stabilizes the proper alignment of divergent KIR haplotypes during meiosis. 

Although the central framework region represses non-reciprocal recombination, but it 

might be involved in the reciprocal crossing-over events (Figure 12). On careful 

comparison of the most frequent haplotypes of the most frequent haplotypes in the 

Caucasoid population, the KIR locus can be distinguished into two separate gene clusters 

– a centromeric and a telomeric one – which are separated by the very same unique

region of 14 Kb upstream of KIR2DL4 (Hsu, et al., 2002;Yawata, et al., 2002). LD values 

were much stronger between the KIR genes within a cluster than those located in 

different clusters. Three different centromeric (C1–C3) and three different telomeric (T1–

T3) clusters generate nine possible combinations, out of which eight combinations are 

frequently found and are sufficient to explain the structural origin of about 90% of all the 

haplotypes found in the Caucasoid population (Hsu, et al., 2002;Uhrberg, et al., 2002). 

Furthermore, it is also possible to integrate other less frequent haplotypes in this model, if 

additional centromeric and telomeric clusters are postulated (Yawata, et al., 2002). 

Therefore it can be said that homologous recombination contribute substantially towards 

the KIR haplotype diversity by recombining the two halves of the KIR locus in a cut and-

paste-like process. 

Figure 12: Reciprocal versus non-reciprocal recombination. (A) Hypothetical model 

representing alignment of KIR B1 and B6 haplotypes during meiotic 
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recombination in the prophase stage. In this model, it has been assumed that 

the chromatids are first aligned over the full length of the shorter haplotype. 

This is followed by the pairing of all homologous genes that are present on 

both haplotypes following which, pairing of the most similar nonallelic 

genes occur. (B) A hypothetical model representing nonreciprocal crossing-

over event between KIR2DL5A and KIR3DP1v (Gomez-Lozano, et al., 

2005). This figure has been adapted from Uhrberg, 2005  (Uhrberg, 2005). 

2.3.8. KIR allelic variability 

Variability at the KIR locus on chromosome 19 does not remain restricted only to the 

substantial variation in gene content across the haplotypes. Indeed, each KIR gene adds 

to the variability of the locus by exhibiting considerable nucleotide sequence 

polymorphism (Garcia, et al., 2003;Middleton, et al., 2007;Shilling, et al., 2002). 

Presently, 614 polymorphic nucleotide sequences corresponding to 321 distinct protein 

molecules have been deposited in a centralized repository called IPD-KIR database 

(http://www.ebi.ac.uk/ipd/kir/) (Release 2.4.0, 15 April 2011). Several workers on KIR 

gene suggested the influence of sequence polymorphism not only on KIR expression and 

ligand binding but also on the functional capacity of the molecule (Carr, et al., 

2005;Gardiner, et al., 2001;Parham, et al., 2011;Winter, et al., 1998;Yawata, et al., 

2006). It has been found that the allelic variants of each inhibitory KIR gene display 

amino acid substitutions, mostly at sites, which have no direct implications on HLA 

class- I ligand binding (Norman, et al., 2007;Vivian, et al., 2011). A number of these 

substitutions are shown to be the subject of positive selection, and thus the evolutionary 

pressure that drives KIR sequence polymorphism is presumably more than polymorphic 

HLA class- I recognition and possibly involves rapidly evolving pathogen recognition. 

2.3.9. KIR-Ligand Interaction 

KIR receptors present on human NK cells recognize specific HLA class- I molecules on 

target cells, which are the products of highly polymorphic MHC genes located on 

chromosome 6, thereby participating in the complex regulation of NK cell responses 
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(Figure 13). Therefore, expression of not only the receptor but also its ligand molecule is 

required in order to regulate NK cell activity. 

Figure 13: The complex of KIR2DL (red) and HLA-Cw4-1 (blue) molecules along with 

the peptide (purple). The figure was adapted from Fan et al. 2001. (Fan, et 

al., 2001). 

Each KIR molecule interacts directly with the distinct group of HLA alleles. In fact, NK-

mediated responses are dependent on the avidity of KIR-HLA interaction around the 

amino acid residue 80 of the α1-helix of the HLA molecule. Thus, this α1-helix region is 

considered to be directly responsible for defining the different NK alloreactivities. Many 

KIR receptors have protein variants of HLA-C as their ligands. In particular, inhibitory 

KIR2DL1, KIR2DL2 and KIR2DL3 receptors and to a lesser extent, the activating 

KIR2DS1 and probably KIR2DS2 are able to discriminate between HLA-C1 and HLA-

C2 alleles, which are essentially non-overlapping (Table 2). KIR2DL1 and KIR2DS1 

(weaker) are specific for HLA-C alleles (C2-group) sharing V76, N77 and K80 residues 

that include the majority of HLA-Cw2, 4, 5, 6 and some other alleles. In contrast, 

KIR2DL2 and to a lesser extent KIR2DL3 recognize HLA-C alleles (C1- group) 
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characterized by V76, S77 and N80 amino acids which are mainly defined by HLA-Cw1, 

3, 7, 8 and some other alleles. In addition, some geographically localized rare HLA-B 

allotypes, namely B73 and B46, possess a functional C1 epitope, which have originated 

by recombination events and share amino acids 66–77 with HLA-Cw3 alleles. These rare 

HLA-B allotypes interact with KIR2DL2 and KIR2DL3 (Abi-Rached, et al., 

2010;Biassoni, et al., 1995). Additionally, both KIR2DL2 and KIR2DL3 have also been 

found to show weak alloreactivities against some C2 allotypes, notably C*0501 and 

C*0202 (Moesta, et al., 2008;Pende, et al., 2009), probably due to the allelic differences 

within the C2 subgroup (Table 2) (Moesta, et al., 2008). Intriguingly, in humans at least 3 

inhibitory and 2 activating receptors are able to sense HLA dimorphisms encompassing 

all the known HLA-C alleles.   

It is a known fact that HLA-C evolved recently in humans and great apes like the 

orangutans. Apparently, interactions between KIR and HLA-C1 loci evolved before the 

KIR-C2 interactions, since neither HLA-C2 alleles nor C2-specific KIRs could be 

detected in the Orangutans (Older Aguilar, et al., 2010). KIR3DL1 loci encode specific 

receptors for HLA-B alleles having the Bw4 epitope corresponding to amino acids 77-83 

on the HLA class- I α1-helix with the exception of HLA-B*13:01 and HLA-B*13:02  

(Foley, et al., 2008). In addition, KIR3DL1 loci also encodes receptors for some HLA-A 

alleles characterized by Bw4-supertypic specificity like A23, A24, and A32 (Stern, et al., 

2008;Thananchai, et al., 2007). It has also been suggested that KIR2DL1 may recognize 

HLA-A*25 alleles (Foley, et al., 2008) although these data have not been confirmed by 

others (Stern, et al., 2008). KIR3DL1 interacts strongly with the target cells expressing 

homozygous Bw4 alleles having Isoleucine-80, while weak interaction was seen in case 

of homozygous Bw4 alleles sharing Threonine 80 (Table 2). Although KIR3DL2 showed 

specificity for HLA-A3 and -A11 allotypes, but such interactions have a limited ability to 

inhibit NK-mediated lysis (Dohring, et al., 1996;Pende, et al., 1996). 

Among the activating KIR receptors, only KIR2DS1 demonstrated the ability to bind 

directly to HLA ligands. However, the strength of interaction was found to be dependent 

on the dimorphism of amino acid residue 70 (Biassoni, et al., 1997). Although the role of 
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KIR3DS1 in HLA-B recognition has been hypothesized due to its ability to delay AIDS 

progression, but direct binding could not be demonstrated (Gillespie, et al., 2007;Martin, 

et al., 2002). However, recently a single KIR3DS1 allele (KIR3DS1*014), carrying 

glycine-138 instead than tryptophan, was found to have direct HLA-Bw4 binding 

capability (Norman, et al., 2007;O'Connor, et al., 2011) (Table 2). It was seen that non-

synonymous mutations in the extracellular domain of the activating KIR molecules 

linked with the HLA-specific interactions are crucial to binding the affinity (Biassoni, et 

al., 1997;O'Connor, et al., 2011). It was found that the affinity of the KIR2DS2 for HLA-

C1 ligand gets enhanced on experimental shuffling of residue 45 from tyrosine to 

phenylalanine, typical of 2DL2 receptor (Winter, et al., 1998). Such an outcome may be 

the result of the evolution followed by the selection pressure, since activating KIR may 

have evolved from the ancestral inhibitory receptors (Abi-Rached and Parham, 2005). 

Furthermore, it is also likely that the activating ones may have evolved to decrease the 

affinity of HLA recognition probably to prevent autoimmunity, but with time, they have 

acquired the potential to recognize the HLA class- I molecules presenting peptides of 

viral origin (Abi-Rached and Parham, 2005;Khakoo, et al., 2000;Vilches and Parham, 

2002). 

Class- I MHC tends to present peptides of ~9 amino acids in length which is positioned in 

their binding groove bounded by the α1- and α2- helices. The amino acid residue at 

position 8 of the peptide may be responsible for governing the KIR/HLA class-I 

interactions. Interestingly, this amino acid at position 8 is localized near the residue 80 

amino acid of the α1-helix. In particular, the KIR2DL/HLA-C and KIR3DL1/HLA-Bw4 

interactions are affected by the presence of residue 8 of the HLA peptide either having 

strong negative or positive charges (Malnati, et al., 1995;Peruzzi, et al., 

1996;Rajagopalan and Long, 1997). The relevance of pathogen derived-peptide is known 

to be associated with the positive association of both the KIR3DS1 and Bw4 gene loci in 

HIV-infected subjects and thus suggesting a possible role for HIV-associated peptides 

(Stewart, et al., 2005). Pathogens present in the environment may have participated in the 

shaping of genetic loci of activating KIR, thus explaining the hypothesis of recurrent 

acquisition and loss of activating KIR loci during evolution.  The KIR2DL4 receptor 
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binds to HLA-G molecules expressed on extravillous trophoblasts cells. Their interaction 

induces rapid production of IFN-γ, which in turn vascularize the maternal decidua, 

thereby providing blood to the placenta and respiratory gases and nutrients to the growing 

fetus (Kikuchi-Maki, et al., 2003;Moffett-King, 2002;Rajagopalan, et al., 

2006;Rajagopalan and Long, 1999). Besides having activation function, KIR2DL4 also 

exhibits inhibitory function owing to the presence of a single ITIM motif in the 

cytoplasmic domain (Faure and Long, 2002;Ponte, et al., 1999). 

Previously published reports suggested that KIR molecules interact with their ligands to 

influence the outcome of several human diseases. It is therefore necessary to define the 

KIR-ligand associations either in the positive or negative responses to several diseases 

and pathologic states by the advanced molecular techniques.  

Table 2: Ligands and function of the 14 structural KIR genes 

KIR Ligand Function 
2DL1 HLA-C2Lys80 Inhibition 
2DS1 HLA-C2Lys80(Weak) Activation 
2DL2 HLA-C1Asn80, HLA-B*73, -B*46,some HLA-C2 Inhibition 
2DL3 HLA-C1Asn80, HLA-B*73, -B*46 Inhibition 
2DS2 HLA-C1Asn80 (weak) Activation 

2DL4 HLA-G 
Activation 
Inhibition? 

2DL5A/B Unknown Inhibition 
2DS3 Unknown Activation 
2DS4 Various HLA-C1 and HLA-C2 alleles, HLA-A*11 Activation 
2DS5 Unknown Activation 

3DL1 
HLA-Bw4(I80>T80) except HLA-B*13:01/02 

HLA-A*23, -A*24, A*32 
HLA-A*25 

Inhibition 

3DS1 HLA-Bw4? Activation 
3DL2 HLA-A*3, -A*11 (weak) Inhibition 
3DL3 Unknown Inhibition 

I80>T80: indicates the affinity of interaction with KIR3DL1. 
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2.3.10. KIR signaling 

Interaction of KIR with HLA molecules may result in the following two outcomes: the 

first being “auto tolerant”, while the second is known as “auto aggression”, whereby 

target cells are programmed for cell death (Hsu, et al., 2002). Furthermore, there are two 

possible reasons for the induced “auto aggression”, the first being a consequence of 

“missing self” due to the reduced HLA expression. The second is attributed to the 

expression of abnormal or alternate HLA ligands, also known as “missing ligand” 

hypothesis (Ljunggren and Karre, 1990;Shimizu and DeMars, 1989) (Figure 14). 

A single KIR/HLA interaction does not determine the cell destruction, but rather a 

balanced of the inhibitory and activating KIR responses result in either destruction or 

protection of the target (Figure 14). In certain circumstances, it can be seen that the 

inhibitory signals can override activatory signals as a result of higher binding affinity of 

the inhibitory receptors, thereby providing increased protection against “auto-aggression” 

(Biassoni, et al., 1997;Vales-Gomez, et al., 1998). 

. 

Figure 14: NK cell interaction with target cells is modulated by KIRs(a) When inhibitory 

KIR receptors are bound by ligand (class I MHC) activating processes are 

inhibited (b) When the ligand is absent, activation continues resulting in 

target cell kill.
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2.3.10.1. NK receptors associated with ITAM-bearing transmembrane 

adaptor proteins 

The signaling pathways used by the receptors on NK cells share many common features 

with the immune receptors that are expressed on B and T lymphocytes. Numerous 

receptors that are found on NK cells, transmit signal via few biochemical pathways that 

have been hired by most of the leukocytes (Cerwenka and Lanier, 2001;Colucci, et al., 

2002;Diefenbach and Raulet, 2002;Moretta, et al., 2001). The activating NK cell 

receptors are characterized by the division of labor, wherein independent protein subunits 

are responsible for ligand recognition and signal transduction. These subunits are then 

assembled into the functional receptor complex. The NK cell receptors transmit signals 

by small transmembrane adaptor proteins that possess ITAMs in their cytoplasmic tails. 

NK cells express CD3ζ, FcεRIγ and DAP12 adaptor proteins. CD3ζ and FcεRIγ can be 

expressed either as homodimers or as heterodimers while DAP12 is exclusively 

expressed as disulfide-bonded homodimers. Activating receptors interact with these 

ITAM-containing adaptor proteins by using their transmembrane regions, often stabilized 

by salt bridges that are formed by pairs of of oppositely charged amino acids. Numerous 

human NK cell receptors pair with DAP12 (e.g. in humans several activating KIRs, 

CD94/NKG2C) and NKp44, CD3ζ or FcεRIγ (e.g. NKp30, NKp46) and CD16 in 

humans. is CD16. The biochemical events involved in the stimulation of most of the 

ITAM-based NK receptors are not well characterized, but are predicted to have similarity 

to the activation pathway of the most extensively studied activating NK cell receptor, 

CD16.  

ITAM-bearing receptor complexes interacts with ligands, to recruit and activate tyrosine 

kinases Syk and ZAP70, both of which are found on all the NK cells. The ITAM domains 

contain a (Y x x [L/V] x [6-8] Y x x L/V) repeat, valine (V) or luecine (L) is sub-repeated 

6-8 times within one ITAM. X stands for any amino acid, which has no functional role 

within the signalling process (Futterer, et al., 1998). ITAMs encoded within DAP10 or 

DAP12 proteins allow for the transphosphorylation of the tyrosine through the signalling 

process, once receptor clustering has occurred (Maxwell, et al., 1999). Altogether the 
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outcomes differ in case of DAP-10 and DAP-12 signaling, wherein signaling via DAP-10 

results only in cytotoxicity and signaling via DAP-12 results in cytokine secretion and 

cytotoxicity (Billadeau, et al., 2003;Zompi, et al., 2003). ITAMs are probably 

phosphorylated by a src family kinase. Phosphorylated ITAMs provide docking sites for 

zeta chain-associated protein 70 kilo Dalton (ZAP70) and spleen tyrosine kinase (Syk)-

family tyrosine kinases via the Src homology 2 (SH2) domain, both of which are 

expressed by all NK cells (Brumbaugh, et al., 1997;Leibson, 1997). Kinases activated by 

ITAMs lead to the recruitment and activation of downstream elements such as 

phospholipase C-γ (PLC- γ) and growth factor receptor bound 2 (Grb2). Both these 

cascade proteins have key role to play in the release of stored calcium, ultimately 

resulting in polarization and extocytosis of granules containg lytic enzymes (Maxwell, et 

al., 1999). Other downstream elements that undergo phosphorylation include SLP-76, 

3BP2, Shc, p85 PI3-kinase, c-Cbl, linker for the activation of T cells (LAT), Vav-1 and 

Vav-2. This is also followed by the elevation of intracellular Ca2+ levels, and the 

activation of Rho, Ras, p38 mitogen activated protein kinase (MAPK) and extracellular 

signal-regulated kinase (ERK). Ortaldo and colleagues (Ortaldo, et al., 2001) explored 

gene transcription which has been induced by activation through murine NK cell Ly49D–

DAP12 receptor complex using microarray analysis. Of interest, the most potently 

induced genes were certain chemokines, such as macrophage-inflammatory protein-1a or 

–1b (MIP-1a, MIP-1b), that might be involved in recruitment of other leukocytes to sites

of infection. 

2.3.10.2. Inhibitory NK receptor signaling 

Phosphorylated tyrosine then binds and activates SHP-1 and SHP-2 through their SH2 

domains. Indeed, the functional mechanism of the inhibitory NK cell receptors were 

explored, understood and analyzed much earlier than that of the activation receptors 

(Veillette, et al., 2002). All of the inhibitory KIRs possess ITIMs in their cytoplasmic 

domains. Most inhibitory KIR possesses two ITIM domains, although one or more 

than two have been reported (Bruhns, et al., 1999). ITIMs are made up of the protein 

sequence (I/V x Y x x L) where hydrophobic isoleucine/ valine (I/V) is positioned 

one residue upstream of a tyrosine (Y) (Butcher, et al., 1998). A further leucine (L) 
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is located two residues downstream of the tyrosine where x represents any amino 

acid. This pattern is then repeated within the cytoplasmic domain depending on the 

number of ITIMs present (Tomasello, et al., 1998). 

Upon engaging a MHC class- I ligand, these ITIMs are phosphorylated at the tyrosine 

residue which then binds and activates phosphatases to counteract cellular activation 

(Burshtyn, et al., 1996). The predominant phosphatases associated with the inhibitory 

KIRs are Src homology-2 (SH2) domain-containing phosphatases 1 or 2 (SHP-1 and 

SHP-2 respectively). The recruitment of phosphatases prevents the phosphorylation 

cascade via the removal of any phosphate added during activation within the receptor 

cluster, ultimately inhibiting NK cell activation (Campbell, et al., 1996). Substrate-

trapping experiments documented Vav as a central substrate of SHP-1. An alternative to 

SHP-1 is SH-containing inositol 5-phosphatase (SHIP) which also functions to inhibit 

activated tyrosine ITAMs, depending on the method of activation used within the cascade 

(Wang, et al., 2002). 

2.3.10.3. KIR2DL4 signaling 

One exception is the KIR2DL4 receptor, which contains one ITIM within its cytoplasmic 

tail, and as such has an inhibitory effect (Cantoni, et al., 1998;Rajagopalan and Long, 

1999). This receptor also contains a positively charged arginine residue in its 

transmembrane region which facilitates its interaction with DAP10 adaptor protein (Faure 

and Long, 2002;Yusa, et al., 2002). Thus, it has been reported that 2DL4 carries both 

inhibitory as well as activating functions depending onto which HLA it binds (Faure and 

Long, 2002;Yusa, et al., 2002). 

2.3.11. KIR and Diseases 

Gene families at KIR and HLA loci tend to segregate independent of one another. As a 

result, many individuals express KIR receptors for which they lack HLA class- I ligands, 

and vice versa and, thereby creating human diversity in KIR-HLA gene combinations 

that can modulate disease outcomes (Du, et al., 2007). However, evidences for 

coevolution of interacting KIR-HLA pairs exist at the population level (Gendzekhadze, et 
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al., 2009;Single, et al., 2007). NK cells lacking inhibitory receptors for self-MHC class- I 

molecules were hypo-responsive when compared to the NK cells that had a self-MHC 

class- I ligand (Kim, et al., 2005). The signals triggered upon interaction of inhibitory 

receptors to the specific self-MHC class-I ligand results in ‘licensing’ (Kim, et al., 

2005;Yokoyama and Kim, 2006), ‘arming’ (Raulet and Vance, 2006), or ‘educating’ the 

NK cells, (Anfossi, et al., 2006), altogether adding to the functional competence of the 

NK cells. Therefore, it would not be a over statement to say that at least one inhibitory 

KIR+HLA interaction is necessary for NK cell functional development and for 

controlling NK cell responses in different disease conditions. 

2.3.11.1. Infection 

Viral infection downregulates HLA Class- I expression on the surface of infected cells to 

escape the attacks from cytotoxic T lymphocytes. Consequently, these class-I negative 

cells become potential targets for lysis by NK cells following the principle of “missing 

self” mechanism. The contribution of NK cells towards anti-viral immune responses can 

be justified by the fact that NK cell deficiencies or impaired activities in patients cause 

them to suffer from recurrent viral infections.  

The HLA class-I alleles, B*27 and B*57, are widely known for providing protection 

against HIV infection. Both of them carry Bw4 epitope, which is a known ligand for 

KIR3DL1 and possibly for KIR3DS1. It has been proposed that HLA-Bw4I80 on HIV-1 

infected target cells act as ligand for KIR3DS1 on NK cells. Their interaction allows NK 

cell to kill the infected target (Martin, et al., 2002). Furthermore, the KIR3DS1-HLA-

Bw4I80 combination was also shown to provide protection from opportunistic infections, 

such as pneumocystis carinii pneumonia, cytomegalovirus (CMV) retinitis, and 

mycobacterium avium complex, and also correlate with lower viral load (Qi, et al., 2006). 

Surprisingly, it was also found that an interaction between the HLA-Bw4I80 and a subset 

of KIR3DL1 alleles with high inhibitory capacity demonstrated significant protection 

from AIDS progression and was associated with the lower mean viral loads (Martin, et 

al., 2002). It has been found to be more protective than the KIR3DS1/HLA-Bw4I80 
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interaction (Martin, et al., 2002). Both the activating and inhibitory KIRs should be 

efficiently engaged for protecting the host against viral infections (Rajalingam, 2011).  

Presently, hepatitis C virus (HCV) is believed to have infected 130-170 million people 

around the World. Their infection may either lead to acute infections or progress to 

chronic infection which in turn may lead to end-stage liver diseases (Alter and Seeff, 

2000). It has been reported that the combination of homozygous KIR2DL3 and HLAAsp80 

confer protection against chronic HCV infection (Khakoo, et al., 2004;Romero, et al., 

2008). Surprisingly, this protection is effective only in case of low inoculums of virus 

which include infections by intravenous drug use or accidental needle-stick injury, but no 

effect is observed in cases of high viral loads infected by transfusion of blood products. 

Such an outcome may be the result of low avidity binding of KIR2DL3 with HLA-C 

compared to other inhibitory KIRs (Winter, et al., 1998) resulting in weak inhibitory 

signals which being presumably are overridden by activating signals of activating 

receptors. KIR2DS4 is also considered to have a protective role in case of chronic HCV 

infection. Similarly, the B haplotypes having KIR2DL5, but marked with the absence of 

both KIR2DL3 and KIR2DS4, have been found to be associated with a poor response to 

treatment for HCV (Carneiro, et al., 2010). 

Combination of homozygous KIR2DL3 and HLA-C1/C1 group genotype has also been 

shown to provide the protection from hepatitis B (HBV) viral infection. In contrast, 

stronger interaction between KIR2DL1 and HLA-C2 group ligand has been shown to 

increase susceptibility to chronic hepatitis B infections (Gao, et al., 2010). Another study 

showed that KIR2DS2 and KIR2DS3 act as HBV susceptible genes able by inducing a 

persistent weak inflammatory reaction that results in continuous injury of live tissues, and 

ultimately to chronic hepatitis; whereas, KIR2DS1, KIR3DS1, and KIR2DL5 may 

provide protection by facilitating the clearance of HBV (Zhi-ming, et al., 2007). 

Reduced Human Cytomegalovirus (HCMV) infection after hematopoietic stem cell 

transplantation (HSCT) has been found to be associated with KIR2DS2 along with 

KIR2DS4, or at least 5 activating KIR loci (Zaia, et al., 2009). Again, activating 

KIR3DS1 and KIR2DS1 receptors have been found to trigger an effective early immune 
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response against Human Papilloma virus (HPV) infected targets to establish resistance to 

the development of recurrent respiratory papillomatosis (RRP) (Bonagura, et al., 2010). 

Furthermore, KIR2DL2 and KIR2DS2 genes could be associated in all asymptomatic 

cases of infections by Herpes Simplex virus (HSV) (Estefania, et al., 2007).  

Associations of KIR genes with the onset of psoriasis are still unresolved, since some 

researchers have found KIR2DS1 associated in the development of the disease (Holm, et 

al., 2005);(Luszczek, et al., 2003;Luszczek, et al., 2004;Suzuki, et al., 2004), while 

others could not find any association (Chang, et al., 2006;Williams, et al., 2005). 

However, a possible association between KIR2DS1 and psoriasis is intriguing, since this 

receptor may recognize the HLA-Cw6 alleles (C2-group) as ligands, which appear to be 

one of the most, associated loci with psoriasis (Nair, et al., 2006;Tiilikainen, et al., 1980). 

Another study revealed the association of KIR2DL5 with the development of psoriasis 

(Suzuki, et al., 2004). KIR2DS1 and KIR2DS2 have been found to be associated with the 

psoriatic arthritis (PsA) (Williams, et al., 2005).  

The frequencies of KIR2DL1 and KIR2DL3 were found to be at lower frequency in 

patients affected by Inflammatory Bowel disease (IBD), Crohn’s disease (CD) and 

Ulcerative Colitis (UC) compared to the healthy donors. Furthermore, the combination of 

KIR2DL1/HLA-C2 group is less frequent in IBD patients than in controls (Zhang, et al., 

2008). 

2.3.11.2. Autoimmune diseases 

NK cells not only have crucial role to play in the suppression of inflammatory responses 

and autoimmune disease development but also participate in their promotion. NK cells 

have been reported to have a protective role in animal models of diabetes (Lee, et al., 

2004), colitis (Fort, et al., 1998), and experimental autoimmune encephalomyelitis (Xu, 

et al., 2005). In contrast, autoimmunity was promoted by NK cells in models of neonatal 

autoimmune ovarian disease (Setiady, et al., 2004) and autoimmune myasthenia gravis 

(Shi, et al., 2000).  
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Epidemiological studies have revealed the association of distinct activating KIR in the 

pathogenesis of autoimmune diseases, wherein the activation signals are proposed to win 

over the HLA-dependent inhibition and, thereby aggravating NK cell response (Lanier, 

2005). Psoriasis vulgaris is a common inflammatory skin disorder having strong 

association with KIR2DS1 alone (Holm, et al., 2005;Suzuki, et al., 2004) or in 

combination with HLA-Cw6 (Luszczek, et al., 2004). In case of diabetes mellitus, a weak 

association of KIR2DS2:HLA-CAsn80 is observed (van der Slik, et al., 2003). 

Additionally, KIR2DS2 has been reported to be present in  12 % of the patients with 

scleroderma (12%) as compared to only 2% of the controls (Momot, et al., 2004). 

Dominant activating KIR genotypes, with more activating KIR than inhibitory KIR-HLA 

combinations, was found to be associated with certain uveitis conditions such as Birdshot 

Chorioretinopathy (BCR) (Levinson, et al., 2008), Vogt-Koyanagi-Harada (VKH) 

disease (Levinson, et al., 2010), and HLA-B27-associated Acute Anterior Uveitis (AAU) 

and axial spondyloarthropathy (Levinson, et al., 2010). 

2.3.11.3. Tumor immunity 

Evidences suggest the influences of KIR receptors on malignant tumors, especially in 

those that are associated with the viral infections. Cervical neoplasia involving HPV-

16/18 infection, has been shown to be associated with the presence of KIR3DS1 

(Carrington, et al., 2005). In contrast, KIR3DS1 and KIR2DS1 genes confer protection 

against the development of severe recurrent respiratory papillomatosis (RRP), caused by 

HPV strain, HPV-6/11 n the larynx and upper airway (Bonagura, et al., 2010;Hiby, et al., 

2008). Such conflicting roles of KIR3DS1 against different strains of HPV may result 

due to the interaction of 3DS1 with putative HPV strain-specific ligands. These 

interactions may either lead to tissue-specific inappropriate hyper-responsiveness causing 

development of cervical cancer or kill HPV-6/11-infected cells, thereby protecting the 

host from developing RRP. 

Page | 56 



2.3.11.4. Pregnancy 

An increased frequency of HLA-C2 group alleles in both mother and father, associated 

with the lack of KIR2DS1 in the mother, seems to increase the risk of abortion. These 

data are the first evidence of a male factor that increases the risk in spontaneous abortions 

(Hiby, et al., 2008). Another study has shown that mothers with recurrent miscarriages 

showed an increase of KIR2DS1 frequency, together with a decrease in frequencies of 

HLA-C2 group alleles, while the expression of KIR2DL1, the inhibitory receptor for 

HLA-C2 group, was unchanged (Wang, et al., 2007). In contrast, interactions between 

the KIR2DL4 and HLA-G on human trophoblasts are known to provide the protection 

against maternal NK cell mediated rejection of hemiallogeneic fetal cells (Witt, et al., 

2000). 2DL4 alleles may have varying ability to control the rejection of fetal cells as 

observed in transplantation (Witt, et al., 2000). 

2.3.11.5. Hematopoietic Stem Cell Transplantation (HSCT) 

Hematopoietic stem cells transplantation (HSCT) has gained wide application as a 

therapy for a number of malignant and nonmalignant hematologic diseases, including 

leukemia, lymphoma, aplastic anemia, thalassemia major, immunodeficiency diseases, 

and severe combined immunodeficiency (SCID) (Appelbaum, 2003;Armitage, 

1994;Thomas, 1995). HSCT is performed with HLA-matched donors to minimize T cell 

alloreactivities, which may cause adverse reactions such as graft rejection and graft-

versus-host disease (GVHD). The KIR repertoire of an HLA-matched donor may not 

match since HLA and KIR gene families are not linked to each other. The initial 

lymphocytes population to appear in the blood is the donor type NK cells (Shilling, et al., 

2002), which may become alloreactive on not finding their cognate HLA ligand in the 

recipient (Davies, et al., 2002;Giebel, et al., 2003;Ruggeri, et al., 2002). Such 

alloreactive cells are greatly beneficial in decreasing the rates of GVHD and graft 

rejection by mediating lysis of host T cells by NK cells. Furthermore, these NK cells 

release hematopoietic cytokines, thereby improving engraftment and decreasing relapse 

(Davies, et al., 2002;Giebel, et al., 2003;Ruggeri, et al., 2002). In addition, NK cell 

antiviral activity may enhance immune reconstitution and decrease complications due to 
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infections (Davies, et al., 2002;Giebel, et al., 2003;Ruggeri, et al., 2002). Expression of 

activating KIR receptors on donor NK cells also influences HSCT outcome. Donors with 

Bx genotypes provided superior protection to relapse and improved disease-free survival 

for Acute Myeloid Leukemia (AML) patients compared to donors with AA (Cooley, et 

al., 2010). 

Furthermore, it has also been revealed that the centromeric B homozygous (Cen-B/B) 

motif has the strongest protective effect on survivality (Cooley, et al., 2010). Recent 

studies reveal the strongest impact of activating KIR genes specific to telomeric B 

haplotype (Sivori, et al., 2011;Venstrom, et al., 2010). Previously published reports 

revealed the crucial role of activating KIR2DS1 in killing dendritic cells and T cell blasts 

and in mediating alloreactivities (Sivori, et al., 2011). Additionally, association between 

lower-grade GVHD and donor with KIR3DS1 gene has also been elucidated (Venstrom, 

et al., 2010). Furthermore, increase in the number of copies of donor KIR3DS1was 

accompanied by lowering of grade II-IV acute GVHD and transplantation related 

mortality. Furthermore, the lowest failure rate was evident among patients homozygous 

for donor KIR3DS1 (Venstrom, et al., 2010). Thus, it can be said that understanding the 

KIR genotype of the donor along with knowledge of the HLA types of both the donor and 

recipient will help to predict the degree of KIR-HLA interactions that may confer 

protection to limit GVHD and improve survival of grafts.  

2.3.12. Evolutionary aspect of KIR 

Rapid evolution of the KIR gene family is evident from comparative evidences of KIR 

sequences and haplotypes among different species which may have occurred probably in 

response to species-specific pathogenic organisms (Grendell, et al., 2001;Guethlein, et 

al., 2002;Khakoo, et al., 2000;Rajalingam, et al., 2001). Sequences similar to KIR have 

also been found recently in lower primates (Hershberger, et al., 2001;Mager, et al., 

2001), ungulates (McQueen, et al., 2002) and other mammals (Volz, et al., 2001). In 

chimpanzee, 10 KIR genes have been identified of which only three are direct orthologs 

of human KIR (Khakoo, et al., 2000). Non-orthologous KIR genes are also identified in 

pygmy chimpanzee (Rajalingam, et al., 2001), orangutan (Guethlein, et al., 2002), rhesus 
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monkeys (Hershberger, et al., 2001), and baboon (Mager, et al., 2001). Primate species 

show variations in ratios of long and short tailed KIR genes.  Although comparisons of 

KIR gene sequences have revealed the instability of the KIR genes in primate species, but 

the maintenance of 2DL4 in all primate species suggest the similarities. The KIR locus 

has been exposed to rapid evolutionary forces resulting in species-specific characteristics 

in different order of the mammals (McQueen and Parham, 2002). Ly49 receptors, found 

in rodents, are the members of the C-type lectin domain family. Although structurally 

unrelated to KIR, these receptors appear to perform similar function (Anderson, et al., 

2001). Furthermore, during early infections, KIR loci experiences additional selective 

pressures while mediating enhanced innate immune responsiveness. This phenomenon 

potentially increases the rate of evolution at the KIR loci at a speed greater than that of 

HLA class-I loci (Khakoo, et al., 2000;Martin, et al., 2000). 

2.3.13. KIR genotyping 

Locus specific KIR genotyping detects presence or absence of a particular KIR gene 

within a given individual, thus producing a KIR haplotype profile. The polymerase chain 

reaction (PCR) acts as a powerful tool for KIR genotyping in population cohorts. The 

most applicable method for KIR genotyping was SSP-PCR, first applied by Uhrberg et al. 

(Uhrberg, et al., 1997) whereby the primers are human specific as well as sequence 

specific for a particular KIR which only reacts to human KIR genes (Uhrberg, et al., 

1997). An alternative genotyping method used for KIR genotyping is sequence specific 

oligonuleotide probe-based PCR (SSOP-PCR) (Uhrberg, et al., 1997). In this method, an 

initial reaction amplifies the entire region of KIR DNA, flanking all KIR genes, followed 

by the addition of radioactive/fluorescent labelled “probes” targeting each KIR gene 

(Crum, et al., 2000). SSP-PCR makes the use of normal gel-electrophoresis as detection 

method, while SSOP-PCR detection methods include X-ray photography and 

densitometric readings. Still more complex methods, such as sequencing or real time 

PCR provide increased specificity and sensitivity; however, simplicity and cost are 

compromised. 
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A website named http://www.allelefrequencies.net has been designed to act as a 

repertoire of KIR frequency data in different populations across the whole World, and 

also in disease related association studies. This website offers free access and presently 

enriched with KIR data from 172 populations (19640 individuals) in two formats: KIR 

gene or allele frequencies and KIR genotype frequencies respectively (Middleton, et al., 

2003). 

More recently, KIR haplotypes have been completely sequenced using Next Generation 

Sequencer (NGS) (De Re, et al., 2011), and some of sequenced haplotypes are present on 

the IPD-KIR database (http://www.ebi.ac.uk/ipd/kir/sequenced_haplotypes.html)  (Robinson, 

et al., 2013). 

2.4. Rheumatoid Arthritis 

Rheumatoid arthritis (RA) is a widely reported chronic inflammatory disease in different 

populations throughout the World. It affects joints as well as extra-articular structures 

including the small joints of hands and feet in a symmetrical manner and causes pain, 

stiffness and loss of function. RA was first recognized in 1859 by Dr A. Garrod (Storey, 

2001), when he described widespread joint pain and stiffness. However, almost another 

century passed before it was hypothesized that RA might have an autoimmune origin. RA 

has a wide clinical spectrum ranging from mild joint symptoms to severe inflammation 

and damage to joints (Figure 15). RA is diagnosed on clinical, serological and 

radiological grounds. 

Figure 15: Structural differences between a normal joint and a joint affected by RA. 

(Adapted from Choy and Panayi, 2001) (Choy and Panayi, 2001). 
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A set of criteria, revised in 1987 by the American College of Rheumatology (ACR) 

(Table 3), was designed for helping to help differentiating RA from other inflammatory 

arthritis (Arnett, et al., 1988). These criteria were developed to define established 

diseases and to provide a standard for recruitment into clinical trials. However, in order to 

solve the purpose of earlier diagnosis and implementation of disease-suppressing therapy, 

a new classification system was developed by the ACR and European League Against 

Rheumatism (EULAR) in 2010 (Aletaha, et al., 2010) (Table 2). This new system 

redefined the pattern of RA diagnosis by focusing on the early-stage features of the 

disease rather than focusing on its late-stage features like rheumatoid nodules and 

existent erosions (Table 3). 

Table 3: ACR 1987 criteria (left panel) were intended to classify established rheumatoid 

arthritis. ACR/EULAR criteria 2010 (right panel) were designed to classify 

both early and established disease. The table has been adapted from Scott et 

al., 2000 (Scott, et al., 2010). 

ACR 1987 Criteria ACR/EULAR 2010 Criteria 

1. Morning Stiffness (at least 1
hour)

2. Arthritis of three or more joint
areas

3. Arthritis of hand joints (≥1
swollen joints)

4. Symmetrical arthritis
5. Rheumatoid nodules
6. Serum Rheumatoid factor
7. Radiographic Changes

(erosions)

(4 of the 7 criteria must be 

present 

Criteria 1-4 must remain for at 
least 6 weeks) 

1) Joint involvement (0-5)
• One medium to large joint (0)
• 2-10 medium to large joints (1)
• 1-3 small joints (large joints not counted)(2)
• 4-10 small joints (large joints not counted (4)
• >10 joints (at least 1 small joint)(5)

2) Serology (0-3)
• Negative RF and negative ACPA (0)
• Low positive RF or ACPA (1)
• High positive RF or ACPA (3)

3) Acute Phase Reactants (0-1)
• Normal CRP and ESR (0)
• Abnormal CRP or ESR (1)

4) Duration of symptoms (0-1)
• < 6 weeks (0)
• ≥ 6 weeks (1)

(Points are shown in parenthesis. Rheumatoid 
Arthritis present if 6 points or more) 
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2.4.1. Epidemiology 

RA is one of the most common inflammatory joint disease, with prevalence between 

0.5% and 1% worldwide (Dejaco, et al., 2006). Epidemiological data have shown that 

native American populations, such as Pima Indians have a considerably high RA 

prevalence and it is low in countries like China, Japan and Africa compared to the 

Caucasians (Wolfe, 1968) (Table 4). Although the occurrence of RA is possible in any 

age groups, its incidence increases with age and may vary depending upon the type of 

classification criteria used and population demography studied (Symmons, et al., 1994). 

The peak age of onset has risen to 50 years or more and is more common in women than 

men with a ratio of 3:1 (James, et al., 2004;Symmons, 2002;Young, et al., 2000). The 

occurrence of the disease show considerable variations among different populations 

worldwide (Alamanos, Y. and Drosos, A. A., 2005).

Table 4: Data on RA prevalence and incidence for several areas of the world and several 

countries(Alamanos and Drosos, 2005). 

Populations Country Prevalence Incidence 
North American USA (General) 0.9-1.1 0.02-0.07 

USA (Native) 5.3-6.0 0.09-0.89 
South American Argentina 0.2 

Brazil 0.5 
Columbia 0.1 

European England 0.8-1.1 0.02-0.04 
Finland 0.8 0.03-0.04 
Sweden 0.5-0.9 
Norway 0.4-0.5 0.02-0.03 
Netherlands 0.9 0.05 
Denmark 0.9 
Ireland 0.9 
Spain 0.5 
France 0.6 0.01 
Italy 0.3 
Greece 0.3-0.7 0.02 
Yugoslovia 0.2 

Contd….. 
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Populations Country Prevalence Incidence 
Asian Japan 0.3 0.04-0.09 

China 0.2-0.3 
Taiwan 0.3 
Indonesia 0.2-0.3 
Philippines 0.2 
Pakistan 0.1 

Middle East Egypt 0.2 
Israel 0.3 
Oman 0.4 
Turkey 0.5 

African 0-0.3 

2.4.2. Disease etiology 

The underlying causes of RA pathogenesis are still undetermined (Rindfleisch and 

Muller, 2005). However, interaction between genetic and environmental factors possibly 

has an important role to play in the development of disease in susceptible individuals 

(Jawaheer, et al., 2004). 

2.4.2.1. Genetic factors 

Family and twin studies indicate that the individuals with first degree relation with RA 

patients have an increased frequency of developing this disease, particularly if the 

patients had severe disease or were seropositive for rheumatoid factor (Lawrence, 1970). 

Identical twins have higher concordance rates of the disease compared to non-identical 

ones, supporting the genetic susceptibility (Lawrence, 1970;Silman, et al., 1993). 

However, RA is a polygenic and genetically heterogeneous disease and non-inherited 

factors are highly important in the development of the disease. In RA, the causative role 

of different genes may vary between the individual patients and various combinations of 

polymorphisms in a selection of different genes (genotype) may predispose to the clinical 

picture (phenotype). Some genes are responsible for the severity of the disease rather than 

the occurrence. Only few genes have been found to have consistent association with RA.  

The HLA region on chromosome 6 has been consistently linked to RA. The HLA genes 

encode individual’s tissue type and are divided into class- I (HLA-A, HLA-B, HLA-C) 
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and class- II (HLA-DR, HLA-DQ, HLA-DP) genes. The encoded proteins are crucial in 

determining the individual’s immune response to antigenic stimuli. HLA class- II genes 

are strongly linked to RA, especially HLA-DR4 and HLA-DRβ1. Particular HLA-DRβ1 

molecules in RA share a sequence that influences the peptides that are bound and viewed 

by the immune system. This core amino acid sequence is named the “shared epitope” and 

these epitopes have been linked with both predisposition to, and severity of RA (Del 

Rincon, et al., 2003;Gorman, et al., 2004;Gregersen, et al., 1987). 

A number of studies have shown the associations of non-MHC genes and RA. Among 

non-MHC genes, PTPN22 has been found to be consistently associated with RA 

(Reveille, 2006). The R620W polymorphism  of PTPN22 is associated with RA in 

patients from the U.S. and the U.K. and has also been confirmed in other Caucasoid 

groups (Reveille, 2006). Iwamoto and colleagues demonstrated significantly positive 

association between SNP PAD 4 gene and RA in both Japanese and European 

populations. This gene is expressed in synovial tissues and is associated with the  levels 

of CCPs (Iwamoto, et al., 2006). Other studies included TNF α gene polymorphisms, IL-

1 and IL-10 genes polymorphisms (Turesson, et al., 2004;van Aken, et al., 2003). 

2.4.2.2. Environmental factors 

Population studies have shown that non-inherited factors such as environmental triggers, 

particularly smoking and infections actively participate in the etiology of RA. Infectious 

agents, such as Mycobacterium tuberculosis, Escherichia coli, Proteus mirabilis, Epstein-

Barr virus (EBV) and Parvovirus B19, all been implicated as possible triggering factors 

for RA, but the results have been inconsistent (Albani, et al., 1995;Ebringer, et al., 

1989;Holoshitz, et al., 1986;Rashid, et al., 2007;van Eden, et al., 1988;Venables, 1988). 

Environmental agents are considered as triggers rather than directly being involved in the 

disease process and complex interplay between the genetic and environmental factors are 

probably important for the initiation of the disease process in the susceptible hosts. 

Certain viral and bacterial agents that contain identical peptide sequence to auto antigen 

and infection with these microbial agents, can induce an immune response that cross-

reacts with the auto antigen, termed “antigenic mimicry”. Antigenic mimicry is one of the 
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hypothesis to explain the induction of autoimmunity by environmental triggers. Another 

concept proposes that a local immune response to any environmental agents may release 

pro-inflammatory cytokines to up regulate the antigen-presenting capacity resulting in an 

immune mediated inflammatory cascade (Feldmann, 1989). Hormonal factors may also 

play a possible role in the etiology of the disease as suggested by increased female 

preponderance, high incidence during the premenopausal or post-partum period and 

protective effect of oral contraceptive pills presumably due to its progesterone content 

(Lahita, 1990). Diet and stress have also been considered to play a possible role in the 

disease expression (Buchanan, et al., 1991). Vitamin D and its metabolic derivatives may 

have inverse relationships with the disease activity in inflammatory polyarthritis or RA, 

due to their immunomodulatory effects (Patel, et al., 2007). Studies have shown that 

higher consumption of oil-rich fishes, fruit, vegetables, olive oil and beta-cryptoxanthin 

have protective effect on the development of RA, whereas lower consumption of food 

rich in antioxidants, could increase risk of RA, but the results were inconclusive 

(Pattison, et al., 2004). In addition, high intake of red meat and low intake of vitamin C 

might have an essential role to play in the development and pathophysiology of 

inflammatory polyarthritis (Pattison, et al., 2004;Pattison, et al., 2004). 

2.4.3. Pathophysiology of RA 

The most pronounced and fundamental pathophysiological feature in RA is the 

destruction of articular cartilage and subchondral bone by ectopic and hyperplastic 

synovium. T lymphocytes and macrophages are also seen in large numbers along with the 

dendritic cells, plasma cells and B-lymphocytes in the synovial fluid and membrane. The 

lining layer of the synovial membrane, which is normally two-cell thick, becomes much 

thickened with increased numbers of both macrophage-like and fibroblast-like cells 

(Isaacs and Moreland, 2011). In RA, the synovium becomes highly vascular with 

increased number of new blood vessel formation termed “angiogenesis”. The junction 

between synovial tissue, cartilage, and the bare area of bone within the joint capsule is 

prone to develop erosions early in RA. The synoviocytes proliferate as the disease 

progresses and invade the adjoining articular cartilage, where the secretion of cytokines, 
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and cartilage and bone-degrading enzymes result in characteristic destructive changes of 

RA. The invading, hyperplasic synovium is called “pannus” and the zone of invasion is 

called “cartilage-pannus junction”. The proliferative “pannus” is locally invasive and 

destroy articular cartilage and subchondral bone. Synovial membrane that lines the 

tendons and bursae also develop similar proliferative changes leading to destruction and 

deformity (Isaacs and Moreland, 2011;Szekanecz and Koch, 2001;Yamanishi and 

Firestein, 2001).  

Although the pathogenesis of RA is still unresolved (Hayer, et al., 2005), genetic studies 

have pointed towards the association of RA with the HLA–DRB1 alleles. The HLA–

DRB1 alleles encode for the shared epitope (SE). The SE motif is a conserved sequence 

of amino acids in the peptide-binding pocket of the DRB1 molecule and allows the 

presentation of an antigenic peptide to T cells. The Antigens could be either an 

exogenous Ag, (viral protein) or an endogenous protein which include citrullinated 

protein, human cartilage glycoprotein, and heavy chain binding protein, (Blass, et al., 

1999). Ag-activated CD4+ T cells use soluble mediators (IFN-γ and IL-17) and CD69 

and CD11 cell-surface signaling molecules to stimulate immune cells such as monocytes, 

macrophages and also synovial fibroblasts. These cells produce the key cytokines that 

drive inflammation in RA namely IL -1, IL-6, and TNF α. TNF α and IL-1 stimulate the 

release of matrix metalloproteinases especially stromelysin and collagenases, from 

synovial fibroblasts, osteoclasts and chondrocytes. These enzymes are thought to be the 

main mediators of joint damage in RA as they play essential role in degrading 

connective-tissue matrix. Furthermore, TNF α and IL-1 inhibit the production of tissue 

metalloproteinase inhibitors by synovial fibroblasts. These activated cells can also 

stimulate vascular angiogenesis as found in the synovium of RA patients. In the 

synovium, adhesion molecules expressed on the surface of endothelial cells promote the 

recruitment of inflammatory cells such as neutrophils into joints. Neutrophils release 

elastase and protease, which degrade proteoglycan in the superficial layer of cartilage 

(Figure 16). 
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Figure 16: Pathogenesis of RA. [A] Normal knee joint [B] Early RA and [C] Late RA. 

This figure has been adapted from Choy and Panayi, 2001 (Choy and Panayi, 

2001). 

Rheumatoid synovium contains a number of pro and anti-inflammatory cytokines, which 

are mainly produced by T cells and macrophages. A loss of balance between the pro and 

anti-inflammatory cytokines may be the main pathogenic mechanism in RA. Pro-

inflammatory mediators, particularly TNF-α and IL-1, have essential role to play in the 

inflammatory cascade, which lead to various articular and systemic manifestations during 

RA (Feldmann, et al., 1996;Fox, 1997;Isaacs and Moreland, 2011;Zhang and Bridges, 

2001). Other pro-inflammatory factors present within the RA synovium include nitric 

oxide, prostaglandins, leukotrienes, and free oxygen radicals. Rheumatoid synovium is 

highly vascular with angiogenesis. This is stimulated by various soluble factors such as 

vascular endothelial growth factor (VEGF) and vascular cell adhesion molecule-1 

(VCAM-1), which stimulate endothelial cell growth. There are other adhesion molecules 

that are abundantly present on the vascular endothelium such as E-selectin and 

intercellular adhesion molecules (ICAMs). Their expression is stimulated by 

proinflammatory cytokines, particularly TNF-α and IL-1, resulting in the recruitment of 

inflammatory cells via specific receptors. Chemokines such as monocyte chemotactic 

protein-1 and 2 (MCP-1 and MCP-2) and IL-8 are highly expressed in RA synovium and 

they stimulate progression of inflammatory cells into the joint (Isaacs and Moreland, 

2011;Liao and Haynes, 1995;Panayi, et al., 2001) The role of different cytokines in RA 

pathogenesis has been summarized in Figure 17. 
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Figure 17: Cytokine signaling pathways involved in inflammatory arthritis. Th2 denotes 

type 2 helper T cell, Th0 precursor of type 1 and type 2 helper T cells, and 

OPGL osteoprotegerin ligand. This figure has been adapted from Choy and 

Panayi, 2001 (Choy and Panayi, 2001). 

Tissue hyperplasia and lymphocyte proliferation as a result of immune response is 

normally counteracted by programmed cell death or apoptosis to prevent over 

accumulation of cells. In rheumatoid joints, apoptosis is actively inhibited despite the 

presence of pro-apoptotic stimulants such as hypoxia and TNF-α in rheumatoid 

synovium. Impaired synoviocyte apoptosis may contribute to the pathogenesis of RA 

(Isaacs and Moreland, 2011).  

The exact mechanism behind destruction of cartilages and bones in RA is not understood, 

but may be related to a variety of destructive enzymes secreted by the “pannus”. The 

important ones are MMPs, which include collagenases, stromelysins and gelatinases, and 

serine and cysteine proteases such as cathepsins. These enzymes destroy the articular 

cartilage by acting upon collagen and proteoglycan matrix but are normally controlled by 
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physiological inhibitors such as TIMPs. An impaired regulatory mechanism between 

these destructive enzymes and their inhibitors may partly be responsible for the 

destructive nature of the disease (Goldring and Gravallese, 2000;Gravallese and 

Goldring, 2000;Isaacs and Moreland, 2011;Tak and Bresnihan, 2000). Other destructive 

factors include the cytokines TNF-α and IL-1, which activate osteoclasts leading to bone 

resorption. Bone destruction may also be mediated by factors such as osteoclast 

differentiation factor (ODF) or TNF-related activation induced cytokine (TRANCE) and 

receptor activator of nuclear factor κB (RANK). ODF interacts with membrane RANK 

that is present on osteoclast precursors, resulting in their differentiation and activation 

and subsequent bone destruction. The combination of TNF-α, IL-1 and ODF probably 

contributes to periarticular as well as systemic osteoporosis in RA. Activated CD4+ T 

cells express osteoprotegerin ligands, which then leads to bone degradation by 

stimulating osteoclastogenesis. Activated CD4+ T cells also activate B cells through 

surface contact and binding of αLβ2 integrin, CD154 (CD40 ligand), and CD28, and 

stimulate them to produce immunoglobulins, including Anti Cyclic Citrullinated 2 

Peptide Antibody (ACCP2A) and Rheumatoid Factor (RF) . The pathogenic role of RF 

may involve complement activation by forming immune complexes (Anderson, 

2004;Choy and Panayi, 2001). The comparative changes in the normal knee joint during 

early and late RA pathogenesis have been summarized in Figure 16. 

2.4.4. Cell populations in RA 

2.4.4.1. Monocytes/Macrophages 

Macrophages (MΦ) have phagocytic capacity and are central effectors of synovitis 

(Haringman, et al., 2005). They are found both in the synovial tissue and synovial fluid. 

There are two types of macrophages in the RA synovial tissue: the macrophage-like type 

A synoviocytes in the lining and the sublining macrophages which migrated as 

monocytes from the circulation and are distributed into the synovium.  Both types have 

multiple functions which include clearance of immune complexes, antigen presentation 

(MHC class-II are over expressed on MΦ), regulation of systemic inflammatory 

responses through the release of different cytokines and growth factors (TNFα, IL-
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1,6,10,13,15 and 18 and GM-CSF), regulation of migration of monocytes (Kinne, R. W., 

et al., 2007). Besides, they are also involved in stimulation of angiogenesis by 

chemokines and chemoattractants, tissue degradation and post-injury tissue remodelling 

by matrix metalloproteinases (MMPs) (Kinne, et al., 2007). They express several markers 

of the resident macrophage population including CD68, CD163 and CD14 (Bartok and 

Firestein, 2010).  

In addition to the monocytes/MΦ’s central role in inflammation they are also involved in 

bone erosions due to their ability to differentiate into osteoclasts. Upon stimulation with 

TNF-α, IL-1, IL-6 and IL-17, the synovial fibroblasts and activated T cells can upregulate 

RANKL expression on their surface which can engage with receptors on monocytes and 

drive them into osteoclastogenesis (Davignon, et al., 2013).  

2.4.4.2. Fibroblast-like synoviocytes 

Fibroblast-like synoviocytes (FLS) are non-phagocytic mesenchymal-derived cells.  The 

FLSs found in the lining layer of synovial tissue are highly activated and exhibit features 

with aggressive invasive properties. They have essential roles to play in the initiation of 

RA and maintenance of the chronic inflammation through cell–cell contact and through 

the elaboration of soluble products. FLS get stimulated not only in presence of 

environmental stimuli but also on interactions with different cells of the inflamed 

synovium and secrete several mediators like cytokines, chemokines, growth factors and 

several other pro-inflammatory molecules like prostaglandins and leukotrienes. It has 

recently been shown in a SCID mouse model of arthritis that FLSs can migrate to a 

distant unaffected joint and invade and degrade the cartilage and thereby promote 

articular involvement (Lefevre, et al., 2009). In a very recent study, citrullinated 

fibronectin (cFn) was shown to inhibit apoptosis and increase pro-inflammatory cytokine 

secretion of RA FLSs (Fan, et al., 2012). This could be one possible explanation for the 

increased number of FLSs that contribute to the hyperplasia in RA synovial membrane.  
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2.4.4.3. T cells 

The T cells constitute around 30-50% of all cell types in the sublining synovial tissue and 

the majority is CD4+ with T helper (Th) 1 phenotype (Bartok and Firestein, 2010). T 

cells are identified as CD3+ cells in the synovial tissue and are either CD4+ Th cells, 

CD8+ cytotoxic T cells or CD4+ regulatory T cells (Wagner, et al., 1998).  The Th1 

subset mediates cellular immunity and causes IFNγ secretion. The Th2 is involved in 

humoral immunity and forms mainly IL-13 and IL-4, while Th17, the newest member of 

the T cell family, which is identified through its signature cytokine, IL-17. Th17 cells are 

important promoters of autoimmunity in RA (Gaffen, 2009). Although synovial T cells 

demonstrate chronic immune activation but express low levels of cytokines and show 

signs of anergy (Cope, 2002).  

2.4.4.4. B cells 

B cells are mainly found in the sublining layer of synovial membrane. Around 5% of 

sublining synovial cells are B cells. The role of B cells in autoimmune responses has been 

attributed to autoantibody production that would drive the inflammation locally either in 

soluble form or as immune complexes (Marston, et al., 2010). B cells contribute to RA 

through both antibody-dependent and antibody -independent mechanisms. Examples of 

antibody-independent functions are antigen presentation, T cell activation and modulation 

of dendritic cells. Furthermore, extensive diversity in B cell phenotypes also contribute to 

its role in autoimmune responses (Anolik, et al., 2009). 

2.4.4.5. Neutrophils 

Both in number and function, the phagocytic neutrophils are the most important cells of 

the innate immune responses. Neutrophils are the first cells to be recruited at the sites of 

inflammation in the RA joint and accumulate mainly in the inflamed SF and to a lesser 

extent in synovial membrane at the site of active destruction, where they phagocytose 

immune complexes and release degrading proteases (Cascao, et al., 2010). Resting 

peripheral neutrophils have short life span, while activated neutrophils within the tissues 

have extended their life span and altered molecular properties. Such molecular changes 
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allow them to carry out many functions. Delayed apoptosis, together with synthesis of 

inflammatory mediators like IL-8, TNF-α, IL-1, IL-6, IL-12, TGF-β and BLyS, and 

ability to present antigen to T cells via MHC-II, makes tissue neutrophils capable of 

driving inflammatory processes. Several recent reports have suggested a possible direct 

contribution of neutrophils in early RA pathophysiology and bone remodeling (Poubelle, 

et al., 2007) by mediating Th17-responses (Cua and Tato, 2010), expressing PRRs 

(Greenblatt, et al., 2010;Hayashi, et al., 2003;Kerrigan, et al., 2009), and mediating bone 

resorption via activating osteoclastogenesis (Chakravarti, et al., 2009). The neutrophils 

use selectins, integrins and adhesion molecules to adhere to the endothelial wall while 

passing from the peripheral blood to the site of inflammation. This is followed by 

transmigration of the neutrophils through the blood vessel lining, and chemotaxis to the 

sites of inflammation. 

2.4.4.6. Dendritic cells [DCs] 

Dendritic cells have important role to play in the initiation of inflammatory arthritis as 

well as its perpetuation by presentation of antigens to auto reactive T cells. Through their 

potent antigen-presentation ability, they stimulate naive T cells, direct their effector cells 

function and polarize the T cell repertoire towards the Th1, Th2, or Th17 phenotypes. 

Myeloid DCs (mDCs) are considered especially important in promoting synovial 

inflammation. Plasmacytoid DCs (pDCs) are recruited in RA synovial tissue (Lebre and 

Tak, 2009) and constitute a population of antigen presenting cells (APC). These cells 

help in forming the local inflammatory environment by producing cytokines and by 

stimulating allogenic T cells. The number of synovial pDCs has been reported to be 

increased in ACPA positive RA patients (Lebre and Tak, 2009). 

2.4.4.7. NK cells 

NK cells affect RA pathogenesis either directly or indirectly (Ahern and Brennan, 2011). 

Dalbeth and Callan reported that a subset of NK cells (CD56bright) is greatly expanded 

within the inflamed (synovium) joints (Dalbeth and Callan, 2002). These cells can 

produce more IFN-γ than those NK cells that were taken from the blood of the same 
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patient (Aramaki, et al., 2009). Moreover, this subset of NK cells has the capability to 

differentiate monocytes into DCs thereby increasing the chance of initiation of 

autoimmune condition. Other example of this phenomenon is the “DC editing”, which is 

a crosstalk between the NK cells and the myeloid DCs and may cause activation of NK 

cells as well as maturation of DCs. This process may also lead to the clearance of 

immature DCs by NK cells (Moretta, et al., 2006). Furthermore, NK cells can also 

function as antigen presenting cells in some instances (Hanna, et al., 2004). 

Yen et al. reported that a unique population of CD4+CD28− T cells is uncommon in the 

healthy individuals but is abundantly present in the patients with RA complications (Yen, 

et al., 2001). Interestingly, CD4+CD28− T cells are functionally distinct from classical 

CD4+ TH cells. Instead, they have certain similarities with NK cells, such as expression 

of CD57 instead of CD40 and bulk production of IFN-γ, granzyme B and perforin (Yen, 

et al., 2001). 

TNF-α is a very potent osteoclastogenic cytokines and has a very crucial role to play in 

the pathogenesis of RA (Di Santo, 2006). TNF-α in combination with IL-15 can both 

induce and enhance receptor acquisition by NK cells (Lee, et al., 2010). TNF-α plus IL-

15 also activate NF-κB (Lee, et al., 2010), which has an important role in the growth and 

differentiation of NK cells.  

Therefore, NK cells are considered to have the essential role in RA pathogenesis and 

researches are being carried out worldwide to elucidate the role of these molecules and 

their receptors, especially KIR in RA development. 

2.4.5. Diagnosis 

2.4.5.1. Laboratory diagnosis 

Bony erosions and deformities seen in the case of RA are largely irreversible. 

Immediately after the diagnosis of RA, medications should be introduced within three 

months, since delay in therapeutic approach may result in substantially more radiographic 

damage at five years. Therefore, early diagnosis, although challenging, is critical. 
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Laboratory quantifications of antibodies and inflammatory markers in case of RA provide 

a way for early diagnosis. 

2.4.5.1.1. Antibodies 

The serum of RA patients contains a variety of autoantibodies against self-antigens 

among which the most widely known are the RF and anti-CCP antibodies. 

2.4.5.1.1.1. RF antibodies 

Rheumatoid factors (RF) are the auto-antibodies against the Fc portion of the 

Immunoglobulin G molecule and found in every immunoglobulin subclass (IgM, IgA and 

IgG) with the IgM class being the most common (Halldorsdottir, et al., 2000) (Figure 

18).This assay is a well-established test for diagnosing RA prognosis.  

Figure 18: Schematic presentation of IgM RF. (Adapted from Halldorsdottir, et al., 2000) 

(Halldorsdottir, et al., 2000). 

Lymphoid tissue of a normal human commonly possesses B lymphocytes with RF 

expression on the cell surface. However, in the absence of an antigenic stimulus, RF is 

not found in the circulation. A modified IgG may act as a stimulus to RF production, 

thereby serving as an important component of RA pathogenesis (Das, et al., 
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2004;Newkirk, et al., 2003). Co-stimulation of B cells, perhaps mediated by Toll-like 

receptors (TLRs), may allow B cells with low affinity receptors for IgG to become 

activated. Being the components of the innate immune system, TLRs provide signals 

after engaging various bacterial and viral products (Rifkin, et al., 2005;Shlomchik, et al., 

1993). B cells are stimulated to RFs CD14-positive monocytes derived from the bone 

marrow (Hirohata, et al., 1995). CD20(-)CD38(+) plasma cells derived from the 

synovium produce RF in the synovial fluid (Van Esch, et al., 2003). Circulating B cells 

require IL-10 for RF production (Perez, et al., 1995). Production of RF is also associated 

with the shared epitope of HLA DRB1*0401 (Mattey, et al., 2002). Cigarette smoking, a 

risk factor for more severe RA, is associated with an increased prevalence of RF 

(Padyukov, et al., 2004). Mutations within the heavy and light chain genes added 

significant heterogeneity to the RFs (Youngblood, et al., 1994). Thus, IgM RFs from 

patients with RA have the capability to react with different antigenic sites on IgG 

molecule (Carson, 1993). 

The potential physiological role of IgM RF includes the following: 

1. Binding and processing of antigens embedded in immune complexes.

2. Presentation of antigens to T lymphocytes in combination with HLA molecules.

3. Immune tolerance.

4. Amplification of the humoral response to bacterial or parasitic infection.

5. Immune complex clearance.

Although reasonably sensitive (60-80%) (Palosuo, et al., 2003), the specificity of RF in 

RA is low (70-80%) (Suzuki, et al., 2003). Therefore, other antibodies should be taken 

into consideration for RA diagnosis. 

2.4.5.1.1.2. Anti-cyclic citrullinated peptide (CCP) antibodies 

Anti-CCP antibodies show high specificity for RA (Masson-Bessiere, et al., 2001). 

Citrulline, a non-standard amino acid, is the antigenic determinant for these antibodies. 

Citrulline is generated by enzymatic citrullination (deimination) of arginine residues 

(Figure 19) in a post-translational event. This reaction is catalyzed by peptidyl arginine 
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deiminase (PAD). Within rheumatoid joints, arginine residues on fibrin and fibrinogen 

may be most favored sites for deimination (van Boekel, et al., 2002;Vossenaar, et al., 

2004;Vossenaar and Robinson, 2005;Vossenaar and van Venrooij, 2004). The RA-

associated HLA-DRB1*0404 allele has also shown association with antibody production 

to citrullinated fibrinogen protein (Goldbach-Mansky, et al., 2000). 

Figure 19:Citrullination (deimination) of peptidylarginine by peptidyl arginine deiminase 

(PAD). ( Adapted from van Boekel, et al., 2002) (van Boekel, et al., 2002).

Enzyme linked immunosorbent assay (ELISA) for detection of RA specific antigens 

gained progressive application in RA diagnosis. An ELISA was developed for detecting 

anti- Filaggrin antibodies. This test has high specificity and sensitivity for the diagnosis 

of RA (Palosuo, et al., 1998). Citrulline is the target amino acid in Filaggrin 

(Schellekens, et al., 1998). Subsequently, an ELISA assay for the detection of antibodies 

to a cyclic peptide containing citrulline was made commercially available, which was 

easier to standardize, and also had high sensitivity and specificity for the diagnosis of 

RA. This became the assay for the detection of anti-CCP antibodies. 

2.4.5.1.2. Inflammatory markers in RA 

Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) are two of the most 

commonly studied blood markers that have been identified and shown to be useful in the 

evaluation and treatment of RA. Elevation of ESR and CRP are the strongest predictors 
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of persistent, progressive disease in RA. If they are elevated in the early disease and do 

not improve with therapy, may lead to joint damage and other worse outcomes (James, et 

al., 2004;Lindqvist, et al., 2005). ESR and CRP are very sensitive to change in disease 

activity. 

2.4.5.1.2.1. Erythrocyte Sedimentation Rate (ESR) 

The ESR, an indirect assessment of inflammation, measures the distance that RBCs fall 

in a capillary tube over the course of an hour. The presence of inflammation causes the 

cells to fall more quickly due to the action of inflammatory proteins, such as fibrinogen 

or immunoglobulins, blocking the normal charge inhibition on RBCs. In many RA 

studies, an ESR level greater than 20 to 30 mm/h has been considered abnormal; 

however, considerable individual variability between normal and abnormal tests exists. 

2.4.5.1.2.2. C-Reactive Protein (CRP) 

CRP is a pentameric protein released in response to inflammatory stimuli. Because 

testing directly measures this protein, CRP levels are a more accurate measure of 

inflammation than the ESR. Measuring CRP in inflammatory conditions is preferred over 

the ESR as CRP responds much more quickly to inflammatory stimuli and can therefore, 

be used as a timely marker of active inflammation. The CRP level that has been 

determined to be abnormal in RA studies is generally greater than 1.0 mg/dL. But caution 

must be used when interpreting this value as many clinical labs report CRP in mg/L, 

resulting in a 10-fold higher value that may still be a normal result. 

2.4.6. Assessment of Disease Activity 

In RA, measurement of disease activity at specific time points or at regular intervals 

helps to evaluate disease progression and it is vital to assess treatment response, 

outcomes and prognostic factors. Various methods have been introduced and validated to 

measure disease activity in RA over the last few decades. These methods have been 

designed and modified to evaluate three different but interrelated aspects of the disease 

progression: clinical, radiological and functional. 
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2.4.6.1. Assessment of clinical disease activity 

In the early 1990s, core sets of disease activity measures have been proposed by the 

ACR, EULAR and WHO/International League of Associations for Rheumatology (ILR), 

to standardize disease activity assessments in the clinical trials involving RA patients 

(Boers, et al., 1994;Felson, et al., 1993;Tugwell and Bombardier, 1982). These measures 

included swollen joint count (SJC), tender joint count (TJC); and patient assessment of 

pain and global assessment of disease activity by the patient (PGA) and by the evaluator 

(EGA) and acute phase reactants, which include erythrocyte sedimentation rate (ESR) 

and C-reactive protein (CRP). The measures further included structural damages on 

radiographs and functional status (Aletaha and Smolen, 2006;Tugwell and Bombardier, 

1982). These measures are also very useful and crucial to assess the disease activity and 

treatment response in day-to-day clinical practice. 

2.4.6.2. Swollen and tender joint counts 

Joint involvement or inflammation in RA has traditionally been assessed using swollen 

(soft tissue swelling and effusion) and TJC (tenderness on pressure or motion). Over the 

years, different indices and counts have been developed which differ by the number of 

joints assessed or by the way several joints are clustered into regions (Aletaha and 

Smolen, 2006). Ritchie and coworkers introduced a graded TJC, assessing 26 joint areas 

with grades ranging between 0 to 3, depending upon the severity of joint tenderness 

(Ritchie, et al., 1968). Further modifications of the joint indices and simplifications of the 

extensive joint counts were carried out by other groups over the years, reducing the 

number of joints assessed (Egger, et al., 1985;Fuchs, et al., 1989;van der Heijde, et al., 

1992). These simplified joint counts have been validated and gained easy and reliable 

application in clinical practices (Prevoo, et al., 1993;Smolen, et al., 1995). 

2.4.6.3. Pain 

Pain is the primary symptom for majority of the RA patients and is usually measured on a 

visual analogue scale (VAS) of 100 mm, evaluating the symptom for one week before the 

study point. Horizontal VAS is more commonly used than vertical scales and there are 
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also other reliable methods of pain assessment such as, arthritis impact measurement 

scale (AIMS) and McGill pain questionnaire (Aletaha and Smolen, 2006). 

2.4.6.4. Global assessment of disease activity 

The overall assessment of the disease activity is done on a 100 mm VAS by both the 

evaluator and the patients. Patient’s global assessment (PGA) of disease activity  is a 

subjective measure and it is different from the patient assessment of global health (GH) 

as the latter include all possible domains of health outcomes, including those that are 

directly or indirectly related to the disease process. On the other hand, evaluator’s global 

assessment (EGA) of disease activity is comprised of subjective and objective measures 

that are available to the evaluator (Aletaha and Smolen, 2006). 

2.4.6.5. Acute phase reactants 

ESR and CRP are the most commonly used acute phase reactants (APRs) in RA to assess 

disease activity and progression. These inflammatory markers usually rise in direct 

proportion to the severity of disease activity and they correlate well with the clinical and 

radiographic disease progression and outcomes (Dawes, et al., 1986;Plant, et al., 

2000;van Leeuwen, et al., 1993). There are also other biomarkers of disease activity such 

as ILs, TNF-α, MMPs and RANKL, which are expensive and complex and so are mainly 

used as research tools. 

2.4.6.6. Disease activity scores and indices 

Composite disease activity scores have been developed over the years to give reliable 

identification of disease activity and to overcome methodological problems. These scores 

use special formulas integrating SJC, TJC, ESR or CRP and GH to measure overall 

disease activity (Aletaha and Smolen, 2006). In 1990, Van der Heijde and coworkers 

introduced the disease activity score (DAS) based on 44 SJCs (van der Heijde, et al., 

1993;van der Heijde, et al., 1990). Later, this score was modified as DAS28 as only 28 

joints were included. This score showed similar validity and reliability as that of DAS 

and has gained wide application (Prevoo, et al., 1995;Prevoo, et al., 1993;Smolen, et al., 
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1995). However, both these scores were modified in several ways to exclude the GH 

assessment (DAS-3 and DAS28-3) and to replace ESR with CRP (DAS-CRP and 

DAS28-CRP) (Aletaha and Smolen, 2006). 

Formulae to calculate DAS28 with 4 or 3 variables and with ESR or CRP. 

DAS28 = 0.56 x √(TJC28) + 0.28 x √(SJC28) + 0.70 x log(ESR) + 0.014 x GH 

DAS28-CRP = 0.56 x √(TJC28) + 0.28 x √(SJC28) + 0.36 x log(CRP+1) + 0.014 x GH + 

0.96 

DAS28 -3 = [0.56 x √(TJC28) + 0.28 x √(SJC28) + 0.70 x log (ESR)] x 1.08 + 0.16 49 

DAS28 -3 CRP = [0.56 x √(TJC28) + 0.28 x √(SJC28) + 0.36 x log(CRP+1) x 1.10 + 

1.15 

In order to overcome the complexities of the above formulae, simpler joint indices have 

been developed namely, clinical disease activity index (CDAI) and simplified disease 

activity index (SDAI) (Aletaha and Smolen, 2006). 

CDAI = TJC28 + SJC28 + PGA + EGA 

SDAI = CDAI + CRP 

2.4.6.7. Criteria to assess disease activity including remission 

After the introduction of the composite disease activity indices, a number of criteria have 

been validated, based on DAS, DAS28, SDAI and CDAI, to assess different levels of 

disease activity including remission. EULAR has adapted disease activity criteria based 

on DAS and DAS28, which have been widely used in several studies (Aletaha, et al., 

2005;Balsa, et al., 2004;Fransen, et al., 2004;Fransen and van Riel, 2005;Paulus, 

2004;Smolen, et al., 2003;van Gestel, et al., 1996). 

EULAR criteria based on DAS 

• DAS < 1.60 – remission

• DAS ≥1.60 and ≤ 2.40 - low disease activity

• DAS >2.40 and ≤ 3.70 - moderate disease activity

• DAS> 3.70 - high disease activity
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EULAR criteria based on DAS 28 

• DAS 28 < 2.6 – remission

• DAS 28 ≥ 2.6 and ≤ 3.2 - low disease activity

• DAS 28 >3.2 and ≤ 5.1 - moderate disease activity

• DAS 28 > 5.1 - high disease activity

SDAI criteria for disease activity 

• SDAI ≤ 3.3 – remission

• SDAI ≤ 11 - low disease activity

• SDAI ≤ 26 - moderate disease activity

• SDAI > 26 - high disease activity

CDAI criteria for disease activity 

• CDAI ≤ 2.8 – remission

• CDAI ≤ 10 - low disease activity

• CDAI ≤ 22 - moderate disease activity

• CDAI > 22 - high disease activity

The United States Food and Drug Administration (FDA) has also proposed remission 

criteria, which are based on ACR remission criteria, but also takes into account structural 

damage on x-rays and the status of the treatment at the time of assessment. According to 

this, 5 out of 6 ACR remission criteria have to be fulfilled plus radiographic arrest for ≥ 6 

months with no drug therapy (Paulus, 2004). 

2.4.6.8. Assessment of radiological progression 

Conventional radiography has been traditionally used to assess the structural damage in 

RA. X-rays of hands and feet and/or large joints have been used to define radiological 

damage at a given time point as well as the progression of structural damage over a 

period of time. The advantage of radiographic assessment of disease progression over 

other methods is that the damage seen on x-rays is largely irreversible and it represents 

the cumulative measure of disease activity and destructive process over time. Another 

major advantage is that, apart from providing permanent records, radiographs can also be 

randomized and blinded for clinical investigations of new therapeutic agents in clinical 
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trials (van der Heijde, 2000;Wollheim, et al., 1988). It has been widely recognized that 

radiological damage as seen on x-rays has to be quantified to define the disease status of 

the patient and more importantly to assess disease progression, treatment response and 

outcomes (Rau and Wassenberg, 2005;van der Heijde, 2000;Weisman, 1987). As there 

are no truly quantitative methods, semi-quantitative methods have been developed to 

translate the amount of structural damage on x-rays into a score value (Rau and 

Wassenberg, 2005). There are lots of abnormalities that can be seen on radiographs in 

patients with RA among which erosions and Joint space narrowing (JSN) are widely 

accepted and included in the scoring methods since they give reliable and additive 

information on radiological progression (Fries, et al., 1986;Sharp, et al., 1985).  

2.4.6.8.1. Included Joints 

Although any synovial joint can be affected in RA, it is not feasible to include all the 

joints in scoring the radiological damage. Hands (including wrists) and feet have been 

chosen to represent the overall radiological status of the disease as they are the most 

commonly involved joints in majority of patients with RA, wherein erosions and JSN can 

be seen very early (Drossaers-Bakker, et al., 2000;Scott, et al., 1986). The joints that are 

usually evaluated in the scoring methods include Proximal Interphalangeal (PIP) joints, 

metacarpophalangeal (MCP) joints, interphalangeal (IP) joints of thumbs, wrist joint as a 

whole or as individual joints, metatarsophalangeal (MTP) joints and IP joints of the 1st
 toe 

(van der Heijde, et al., 1999). Although RA is typically a symmetrical polyarthritis, 

radiological changes can appear asymmetrically and so both hands and feet should be 

included in the radiographic evaluation (van der Heijde, et al., 1999). Postero-anterior 

(PA) view of the hands and feet x-rays is the most commonly used technique for 

radiographic assessment (Mewa, et al., 1983). 

2.4.6.8.2. Scoring methods 

Several scoring methods have been developed and subsequently modified over the last 

few decades to quantify the radiographic damage in RA (Kellgren, 1956;Steinbrocker, et 

al., 1949). The global method of scoring have been designed to score erosions and JSN 

together with one overall score, while the composite method separately scores erosions 

Page | 82 



and JSN that are added together at the end to give an overall score. Although there are 

several scoring methods available to measure radiographic damage, Larsen and Sharp and 

their modifications, mainly SvdH, have been the most commonly used. Each of these 

scoring methods has their own advantages and disadvantages. The advantage of Larsen’s 

score is that an experienced reader can perform it quickly, whereas the SvdH method is 

more time consuming (Rau and Wassenberg, 2005;Sharp, et al., 2004). However, 

inclusion of soft tissue swelling in the Larsen’s score may lead to a relatively high 

baseline score, decreasing with response to treatment. This may reduce the total possible 

increased score due to progressive damage, contributing to low sensitivity to change (Rau 

and Wassenberg, 2005). The SvdH method is better than other methods owing to its 

sensitivity to detect a real change in x-ray progression over time (sensitivity to change) 

and in detecting the changes that are clinically meaningful, termed as minimal clinically 

important difference (MCID). MCID is the smallest radiographic change that necessitates 

the physicians to alter their treatment (Bruynesteyn, et al., 2002;Bruynesteyn, et al., 

2004;Drossaers-Bakker, et al., 2000;Guillemin, et al., 2005;Lassere, et al., 1999;Paimela, 

et al., 1998;Pincus, et al., 1997;Sharp, et al., 2004). 

2.4.6.8.3. Radiographic remission and healing 

The FDA has included radiographic status of the disease in their strict remission criteria. 

Accordingly, 5 out of 6 ACR remission criteria have to be fulfilled along with 

radiographic arrest (Larsen or SvdH method) for ≥ 6 months with no drug therapy 

(Paulus, 2004). However, different criteria are used in other studies for reporting 

radiographic remission. These criteria include the assessment of extension of existing 

erosions and development of new erosions between two time points (Makinen, et al., 

2005) or no increase in radiographic score (Larsen) by > 1 point between the study points 

(Jantti, et al., 2001). 

Interestingly, it has been reported that healing of radiographic damage or erosions can 

occur during sustained disease inactivity or remission in RA, as a result of treatment with 

DMARDS and/or biological agents (Rau, 2006). Radiographic healing has been 

described as a reparative process, which may be represented by various features, such as 
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recortication, sclerosis, filling in, remodelling and restoration (Rau, 2006;van der Heijde 

and Landewe, 2003) ultimately resulting in decreased or negative radiographic scores. 

2.4.6.9. Assessment of function 

Functioning is an important aspect of overall health status and it strongly influences 

Quality of Life (QoL). Functional assessment in patients with RA is a vital component in 

the evaluation of disease progression as it significantly correlates with disease activity, 

structural damage and long-term outcomes (Barrett, et al., 2000;Scott, et al., 2000;Wolfe 

and Hawley, 1998;Young, et al., 2000).  

The Health Assessment Questionnaire (HAQ) or HAQ-disability index (HAQ-DI) is a 

20-question fomat, which assesses the degree of difficulty a patient has in accomplishing 

his or her tasks in eight functional categories, such as dressing, rising, eating, walking, 

hygiene, reaching, gripping and usual day to day activities. For each question there is a 

four-level difficulty scale ranging from 0 to 3. The final score ranging from 0 to 3 is the 

mean value of the scores of the  eight categories, with higher levels indicating more 

disability (Fries, et al., 1980;Ramey, et al., 1992). The HAQ has been modified several 

times subsequently to simplify it and to make it user friendly and also to include other 

domains such as depression and anxiety (Pincus, et al., 1983;Pincus, et al., 1999;Wolfe, 

et al., 2004). However, an improvement in HAQ depends upon the duration of disease, as 

it assesses both reversible and irreversible components of functional impairment. It has 

been shown that during the early stages of the disease (<5 years duration), It has been 

shown that during the early stages of the disease (<5 years duration), the HAQ score is 

mainly influenced by joint pain and swelling due to inflammation, which can improve 

with treatment (reversible), whereas in the late stages, the HAQ scores strongly correlate 

with structural damage (irreversible) and so the reversibility of HAQ in patients with 

established RA may not be as significant as in early RA (Aletaha, et al., 2006). 

The Arthritis Impact Measurement Scale (AIMS) is another form of patient self -reported 

functional questionnaire, which includes assessment of depression and anxiety (Meenan, 
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et al., 1980). There are longer and shorter versions of the AIMS, which have been used to 

evaluate function in patients with arthritis including RA (Aletaha and Smolen, 2006). 

Objective quantitative instruments have also been used to assess function and these 

include measures of grip strength and locomotion (Pincus and Callahan, 1992) wherein a 

vigorimeter or a dynamometer is used to indicate the pressure attained by squeezing a 

compressible rubber bulb (Jones, et al., 1991;Pincus, et al., 1991). 

2.4.7. Treatments 

The goals of treatment in RA are to control inflammation, prevent progressive joint 

destruction, preserve and improve activities of daily living, and alleviate pain. In addition 

to drug therapy, non-pharmacological treatment, including patient education, 

physiotherapy, occupational therapy, orthotics, and surgery are important. 

A major transformation in the pharmacological treatment of RA occurred in the 1990s. 

The earlier therapeutic approach involved initial disease management using Non 

Steroidal Anti Inflammatory Drugs (NSAIDs) for few consecutive years and Disease 

Modifying Anti Rheumatic Drugs (DMARD) based treatment was withheld until clear 

evidence of disease progression was seen. DMARD mono-therapies were used in slow 

succession only if the disease show signs of progression even after the initial treatment 

with NSAIDs. This approach was generally termed as the therapeutic pyramid. This form 

of therapeutic approach has been replaced by early administration of DMARDs either 

individually or in combination. Apart from Methotrexate, other commonly utilized 

DMARDs include leflunomide, sulphasalazine, and hydroxychloroquine. Also 

cyclosporine, azathioprine, D-penicillamine, and gold salts remain in use. DMARD 

mono-therapy is partly effective, because of which, DMARD combination therapy has 

been used to maximize therapeutic effect and maintaining a tolerable toxicity alongside. 

Initial randomized controlled trials of mono-therapy versus combination therapy yielded 

conflicting results. However, more recently it has been shown that combination therapy 

has clear benefits and tolerable toxic effects in both early and chronic RA. In general, the 
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beneficial combinations have included methotrexate and 1 to 3 other DMARDs (O'Dell, 

et al., 2002;Suresh and Lambert, 2005). 

Corticosteroids, and biological response modifiers are also applied for treatment of RA. 

In recent years, new biological drugs, especially TNFα blockers have been introduced 

into clinical use which include infliximab and etanercept. In combination with 

methotrexate, they have been able to retard considerably or even stop the 

radiographically detected destruction of joints in RA (Feldmann and Maini, 2001). 

2.4.8. KIR in RA 

Associations of KIR genes: with RA have been demonstrated in Caucasian (Yen, et al., 

2001), Polish (Majorczyk, et al., 2007), Taiwanese (Yen, et al., 2006)  and Western 

Mexico populations (Ramirez-De los Santos, et al., 2012), wherein KIR2DS2 and 

KIR2DL2 were reported to be  associated with RA. In a study based on North Indian 

population Prakash et al. 2014, showed that KIR3DS1 and KIR2DS2 have risk 

association with RA (Prakash, et al., 2014). In contrast, Middleton et al 2007 (Middleton, 

et al., 2007) did not found such associations in RA patients from Northern Ireland. Yen et 

al., 2006 (Yen, et al., 2006) found association of KIR2DS4 gene with RA patients in 

Taiwanese population. McGeough et al. (2012), demonstrated the association of a 

positive clinical outcome in response to therapy with activating KIR2DS2+HLA-C 

homozygous genotype, while the relatively inhibitory KIR2DS2–HLA-C heterozygous 

genotype showed association with non-response to therapy (McGeough, et al., 2012). 

Thus, the KIR and HLA-C genotype of RA patients may provide information regarding 

the response to anti-TNF-α therapy. Thus, it can be seen that conflicting results make it 

difficult to predict real associations. Thus, there is a need to increase the sample size and 

to carry out such studies in different ethnic groups. Therefore, this study may prove 

helpful in extending the database of gene disease association in this region of the country. 

Furthermore, this study will also help us to predict the genetic factors of protection or 

susceptibility to the disease. 
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