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5. Comprehensive Discussion

This section has been divided into two parts for better understanding: [i] the study of the 

KIR gene profiles in different populations of the sub-Himalayan region and [ii]the study 

of the association of KIR genes with Rheumatoid Arthritis. Both these subsections are 

elaborated below. 

5.1. Study of the KIR gene profiles in different 

populations of the sub-Himalayan region 

This section is again divided into five sub categories, each corresponding to a particular 

population group. This has been done purposefully for facilitating in-depth and 

elaborative discussion regarding the KIR profile of each of the studied populations. 

5.1.1. Rajbanshi 

The geographical position of a region is the most important factor in shaping the its 

population structure. Similarly, in case of India too, its geographical location played the 

most important role in diversifying its population by exposing it to the several waves of 

human migrations. These included occupation by modern human during the Paleolithic 

period, Neolithic migration of the proto-Dravidian speakers from Zagros Mountain, Indo-

European migration from Central Asia and the lastly, but not the least, Austro-Asiatic and 

Tibeto-Burman migration from East/Southeast Asia (Rajalingam, et al., 2008). These 

migratory events resulted in extensive admixture of populations and genetic 

heterogeneity among the Indian populations.  

Rajbanshi people, having Indo-European linguistic background (Shrestha, 2009), are 

abundantly present in the Terai and Dooars region (outermost sub-Himalayan zones) of 

India. Many opinions have been put forwarded regarding their origin. However, the most 

accepted theory stated that the Bodo people entered India during the initial period of the 

Bikram Sambat and got settled along the bank of the Brahmaputra River. Later, they 

gradually migrated to Assam and to North and East Bengal. According to the historical 
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evidences, the Rajbanshis or the "dynasty of King" descended originally from the 

‘Koches’ who emerged as a very powerful political entity in the Kamata region during 

early 16th Century. During this period (1515-1540), Koch Bishwa Singha established the 

Koch Kingdom, which was later renamed as Kochbihar during the colonial period. 

Inspite of having mongoloid connections, the mighty king adopted Hindu religion and 

culture (Das, 2009). Thus, the historical evidences clearly point towards the influence of 

Sino-Tibetan lineage on the Rajbanshis. However, according to Sir H. H. Risley, the 

Rajbanshis are derived from the Dravidian stock with considerable influence from the 

mongoloid lineage (Risley, 1891). 

In the neighbor joining (NJ) tree (Figure 26), we can easily see that the Rajbanshis 

huddled with the Indian cluster close to the Mollukurumba and Maharashtrians. It is 

evident from the genetic distance measures that the Rajbanshis have the closest distance 

with the Tibetans among the members of the North East Asian cluster (Table 9). The 

PCA analysis (Figure 23) based on frequencies of the KIR genes also simulate the similar 

result and placed the Rajbanshis in the Indian Cluster. In the NJ tree, the Rajbanshis are 

placed in the same cluster with the Paravar and Kanikar populations of Tamil Nadu. This 

pattern of clustering suggest the relationship of the Rajbanshis with the populations of 

Indian origin (Figure 23). In Rajbanshis, the predominance of B haplotype over A 

haplotypes can be observed which is a characteristic feature of the Indian populations. On 

the contrary, it was quite interesting to find AA genotype ID 1 with considerably high 

frequency in the Rajbanshis, which is the characteristic of the Northeast and East Asian 

populations. After genotype ID 1 the most frequent genotypes in the Rajbanshis are 

genotype IDs 2 and 4, both of which are present among Indians as well as East/Northeast 

populations. 

The REML analysis showed that the Rajbanshis are closer to the Tibetans amongst the 

North East / East Asian populations. Furthermore, the REML based unrooted tree also 

indicated that both the East-Asian/Tibetan and the Rajbanshi/Indian clades have common 

ancestral connection (Figure 23 and Figure 27). Thus, significant Tibeto-Burman (TB) 

Influence is noticeable in the KIR gene repertoire of the Rajbanshis inspite of belonging 
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to the Indian cluster. This opinion received considerable support from the outcome of a 

Y-Chromosome haplogroup diversity based study, wherein it has been shown that O3 

haplogroup, which is totally absent in Indo European castes from Eastern part of India, is 

considerably shared between Rajbanshis and other TB groups, thereby supporting the TB 

connection of the Rajbanshi population (Debnath, et al., 2011). Moreover, the O3 

haplogroup has an estimated age of 8.1±2.9 X 103 years in the TB linguistic groups of the 

Himalayan Region. This is much earlier in comparison to the Indo European (IE) arrival 

roughly 3500 years ago. This observation suggested that the gene pool of the Rajbanshis 

received Tibeto-Burman influence much earlier than the Indo-Europeans (Debnath, et al., 

2011). 

Furthermore, the high frequency of a Y chromosome haplotype H8, in the Sino-Tibetan 

populations of Tibet and north-east India suggested the occurrence of a bottleneck effect 

during the migration events of the Tibeto-Burman founders (Su, et al., 2000). Su et. al 

(2000) suggested that the Proto-Tibeto-Burman people, who are actually a subgroup of 

the Proto-Sino-Tibetans, vacated their homeland in the Yellow River basin about 5-6 x 

103 years ago, marched probably across the Zang (Tibet)-Mien Corridor and inhabited the 

Himalayan range. Furthermore, he also suggested that the Baric branch crossed the 

Himalayas and populated the country of Bhutan, Nepal, northeastern India and northern 

Yunnan, while the Bodic branch eventually expanded across Tibet (Su, et al., 2000). 

Thus, connection of the Rajbanshi population with the Tibeto-Burman Lineage can be 

established based on the analyses of KIR genotypes from our study and from previously 

published Y-chromosome haplotype analyses. 

5.1.2. Rabha 

Historically, the Koch Rabhas are thought to have close relation with the Rajbanshis and 

are considered to have a common ancestral connection (Shrestha, 2009). This fact is 

noticeable from the χ2 analyses (Table 8) wherein, none of the KIR loci showed any 

significant differences between the Rabhas and the Rajbanshis. Moreover, Table 9 

showed that the Rabhas are genetically least distant from the Rajbanshis among other 

Indian populations. An earlier study by Guha et al. (2013) (Guha, et al., 2013) suggested 
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that the Indo-European speaking Rajbanshis from northern part of Bengal has Tibeto-

Burman influence inspite of having Indian origin. Thus, prominent inclination of the 

Rabhas toward the mongoloid ethnicity is evident from the genetic closeness between the 

Rabhas and the Rajbanshis.  

Furthermore, both PCA score plot (Figure 23) and NJ tree (Figure 26) in this study 

showed the diversion of the Rabha population from the Indian cluster and their proximity 

to the mongoloid ethnicity. This view was further supported by the outcome of the 

REML analysis (Figure 27). Herein, the Rabhas shared the same clade with the Tibetan 

population.  Thus, it can be easily ascertained from the results of the above analyses that 

the mongoloid lineage has strongly influenced the gene pool of the Rabha population.  

Our findings received considerable support from the Y chromosome haplogroup diversity 

study, which have also demonstrated clustering tendency of the Rabhas with the North 

East Asians (Debnath, et al., 2011). Another study on Y chromosome haplogroup 

diversity by Su et al. in 2000 (Su, et al., 2000) also predicted the prehistoric Tibeto-

Burman migration to the Himalayas. An earlier study by Chakraborty et al. in 1986 

(Chakraborty, et al., 1986) have also shown the presence of mongoloid element in the 

Rabha gene pool. 

5.1.3. Bengali 

The Indian Bengali population is probably one of the most suitable examples of a 

population in India, which resulted from admixture of several populations due to human 

migration events. They constitute the major populating community of West Bengal 

region of Eastern part of India. In addition, they are dispersedly distributed all over the 

country, especially in the neighboring states.  

A large number of KIR genotypes have been detected in the Bengali population, 

suggesting a high KIR diversity (Table 7). Another striking observation is the 

predominance of B haplotypes on A haplotypes in the Bengali population, which is also a 

characteristic feature of the Indian populations. This suggests a subcontinental type of 

KIR distribution in the Bengalis. Interestingly, both the NJ tree (Figure 26) and the PCA 
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score plot (Figure 23) reflected similar results and placed the Bengali population in the 

Indian cluster, suggesting its strong connection with the other populations of Indian 

origin. It is noteworthy that the genetic distance between the Bengalis and the North 

Indians is least, suggesting the proximity of the Bengalis to the North Indian lineage. 

Our findings receive considerable support from Y-chromosome haplogroup diversity 

study of Debnath et al. in 2011 (Debnath, et al., 2011). Herein, it was shown that the 

West Eurasian or Indian specific haplogroups, such as H, J and R are present in the Indo-

European speaking Bengali population. More specifically, an Indian specific upper caste 

Y-haplogroup marker R1a1*-M17 has much higher incidence (40.7%) in the Bengalis, 

thereby implying the probable association of the Bengalis with the other ethnic Indian 

populations (Debnath, et al., 2011). In addition, another study by Singh et al. in 2009 

(Singh, et al., 2009) based on HLA markers  on the Bengali population of Siliguri 

revealed similar details, where it was mentioned that the frequencies of HLA-A*02 and 

A*11 are high in the Bengalis, as well as in the Sikhs, Gujratis Maharashtrians, and some 

caste groups of Western and Northern India. Furthermore, Singh et al. (2009) also 

documented the high frequency of A*24 in the Bengalis (Singh, et al., 2009). This feature 

was also prominently observed in the South Indian, North Indian and the Bangladeshi 

Indian populations. Singh et al. (2009) further observed that the B*07 and B*08 alleles 

that are found in the Bengalis are also found in the Sikhs, while the B*07 allele is highly 

frequent  among the North Indians. Moreover HLA-B*37 reported in the Bengalis, was 

also found in a South Indian population (Singh, et al., 2009). On comparing the HLA 

frequencies with other World populations, Singh et al. (2009) reported certain interesting 

observations that are relevant in this discussion. HLA-A*02 and A*11 reported in the 

Bengalis are also present in higher frequency in the Greeks and additionally HLA-B*07, 

present in the Bengali population, was also present at highest frequency in the Western 

European populations (Singh, et al., 2009). These genetic evidences not only suggest 

Dravidian and Aryan association of the Bengalis but also suggest their possible European 

connections. Our findings, based on KIR genotypes, largely approximated these previous 

observations based on HLA and Y haplogroup markers, thereby further confirming the 

heterogeneous nature of the Bengali population and the influence on their gene pool from 
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other groups such as Dravidians, North Indians along with some putative European 

admixture. 

It is evident from our study that most of the genotypes that are documented in the Bengali 

population are  also found in other previously reported Indian populations. In the present 

study, it has been found that the KIR AA genotype ID 1 is the most frequent genotype in 

Bengalis, which is a characteristic of the North East Asian and European populations. 

After genotype AA1, the most frequent genotypes are IDs 2 and 71, both of which are 

present in high frequency within the Indian populations as well as in the Europeans and 

East/Northeast Asian populations. Genotype IDs 6 and 69 are found in the South Indian 

Dravidian populations but not in the North Indian populations. This shows putative 

Dravidian influences on the Bengali gene pool. Genotype IDs such as 23, 208 and 260, 

reported in the Bengalis are not found in other previously studied Indian populations but 

are present in many other Middle East and European populations. Such genotypes may be 

present because of the admixture with populations from Middle East and Caucasians.  On 

the other hand, genotype IDs 195 and 341, present in the Bengalis are predominantly 

found in the Oriental populations including the North East Asians, possibly suggesting 

mongoloid influences on the Bengali gene pool.  

The REML analysis (Figure 27) have produced a similar clustering pattern as found in 

the PCA score plot (Figure 23) showing that the Bengalis are clustered with the Indian 

populations. A similar result was also evident from NJ tree (Figure 26). Therefore, based 

on KIR genotypic profiling, it can be said that, although the Bengalis of Northern part of 

West Bengal, India  share the same lineage with other Indian populations, significant 

influences of European and mongoloid lineages on the Bengali gene pool cannot be 

denied.  

The linguistic background of the Bengalis provides strong evidence in favour of such an 

extensive admixture and genetic heterogeneity among them. The Bengali community has 

a strong linguistic connection with the Aryans, although their language has received 

considerable influences from other dialects.  
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In the subcontinental history, the most important invasion was by the West Asian semi-

nomadic tribes around 2000 BC, who migrated East towards Persia and over the 

Hindukush mountains into the Indian subcontinent. They began conquering the regions in 

North India by subjugating the dark skinned Dravidian inhabitants of the Indus Valley 

civilization (Wolpert, 2000) and later came to be known as the Aryans. Moreover, 

repeated invasions over the centuries by the Persian, Greeks, Turks, Arabs and Mongols 

have added to the genetic and cultural diversity of the Indo-Pak subcontinent and have a 

large amount of genetic admixture resulting in shared ancestry (Mohyuddin, et al., 2002).  

Furthermore, Calcutta (now known as Kolkata), the present metropolitan city of West 

Bengal, was the capital of India during the British colonial period. Thus, it was the centre 

of all foreign trades. Aa a result, people from not only other parts of the Indian 

subcontinent, but also from other countries used to visit the place for purpose of trade and 

commerce. Eventually many people belonging to different ethnicities settled in Calcutta 

This fact may justify to some extent, the presence of European and Middle East specific 

KIR genotypes in our studied population. 

Moreover, West Bengal is geographically located at the neck of the North Eastern region 

of India.  This is a well-known corridor for Tibeto-Burman migration. According to 

Debnath and coworkers (Debnath, et al., 2011), the settlement of the Tibeto-Burman 

(TB) speaking groups in the sub-Himalayan regions of India occurred much before the 

arrival of the Indo-Europeans. These findings may support the presence of East Asian 

specific KIR genotypes in the Bengali population as has been reported in this study. 

Furthermore, Guha et al. (2013) (Guha, et al., 2013) documented the presence of 

mongoloid component in the Rajbanshi population which is one of the most dominant 

ethnic caste populations of West Bengal.  It may so happen that frequent marital relations 

between the Bengalis and the Rajbanshis during their early settlement in the region may 

be responsible for the contribution of the mongoloid elements into the genetic wealth of 

the Bengalis. 
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5.1.4. Gurkha 

A considerable number of genotypes have been observed in the Gurkha population (Table 

7). Careful observation revealed that both NJ tree (Figure 26) and the PCA score plot 

(Figure 23) are in agreement regarding the genetic relationship of the Gurkhas with other 

populations of the World. It has been shown in these analyses that The Gurkhas have 

prominent tendency to remain in close proximity to the NEAs and SEAs, suggesting 

strong connection with the populations of East Asian lineage. Measures of genetic 

distances and χ2 analyses also revealed the similar scenario.  

Several interesting facts are revealed from the study of distribution in the KIR genotypes. 

It is found that the majority of the genotypes, reported in the Gurkhas are seen in Indians 

as well as NEAs and SEAs. However, genotype ID 488 found in the Gurkhas was 

reported earlier only in China Shaanxi Province Han population (Wang, et al., 2011). 

In case of the Gurkhas, the REML phylogenetic tree (Figure 27) showed certain 

contradictions with the results of the NJ tree and the PCA score plot, wherein it is found 

that the Gurkhas branched away early from the Indian clade. Thus, it can be said that 

although the genetic structure of the Gurkha population has been influenced by Tibeto-

Burman lineage, the effect of Indian gene pool cannot be ignored which may have 

occurred due to admixture with other neighboring populations.   

Interestingly, it is observed that the frequency of the AB genotypes (56.8%) is far greater 

in the Gurkha population than that of BB genotypes (14.4%). Furthermore, the genotypic 

frequencies were tested for Hardy Weinberg Equilibrium and it is observed that the 

measured genotype frequencies are not significantly different from the expectations of 

Hardy-Weinberg equilibrium. It is found that group A KIR haplotypes (57.2%) occurred 

more frequently than group B KIR haplotypes (42.8%) in the Gurkhas. Reports from 

previous studies showed that the group A haplotypes are dominant over group B 

haplotypes among the North East Asians.  

Our observations on the genetic affinities of the Gurkha population based on KIR gene 

frequencies, received considerable support from previously published reports on other 
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genetic markers. Y-haplogroup analyses based on 103 binary markers revealed a high 

percentage of O3a5-M134 in the Tamang (86.6%) (Gayden, et al., 2009) which is 

comparable to the frequencies observed in Tibeto-Burman speaking groups from North 

East India (Gayden, et al., 2007;Gayden, et al., 2011). Furthermore, the presence of 

O3a5-M134 in Tibet indicated a common ancestral connection for this language family, 

as suggested by Su et al. (Su, et al., 2000;Su, et al., 1999). According to this study, the 

Tamang population have close genetic relationship with the populations. The study 

further concluded that descendance of the Tamangs from the Tibetans who underwent 

migration and settled in the southern region of the Himalayan range (Qian, et al., 

2000;Su, et al., 2000;Su, et al., 1999). On the other hand, the same study reported low 

frequency of O3a5-M134 haplogroup among the Newars, another caste group included in 

the Gurkhas of India, therefore revealing considerable influences from the Indian gene 

pool (Su, et al., 2000;Su, et al., 1999). These results along with elevated levels of Y-

haplogroup R in the Newars are consistent with a recent mtDNA study, wherein 

reciprocal maternal gene flow was reported between North India and Nepal, given the 

geographic vicinity as well as the historical and socio-cultural affinities shared between 

these two neighboring regions (Thangaraj, et al., 2008). Furthermore, the overall age 

estimation for haplogroup O3a5-M134 was more recent among the Tamangs and the 

Newars in comparison to their Southeast Asian counterparts. This implies the recent 

immigration of this haplogroup from south-east Asia into the Himalayan region. Such an 

observation extended further support to the proposal of Su et al. (2000) (Gayden, et al., 

2007;Gayden, et al., 2011;Gayden, et al., 2009;Su, et al., 2000), which stated that the 

people belonging to the Baric branch of the Tibeto-Burman language family were the 

first inhabitants of the Himalayan region, whereas the Tibetans, belonging to the Bodic 

branch, immigrated comparatively recently, subsequent to admixture with Central Asians 

gene pool (Su, et al., 2000;Su, et al., 1999). 

Moreover, recent studies by Debnath et al. (2006) (Debnath and Chaudhuri, 2006) on the 

distribution of HLA genes also demonstrated the genetic connection of the Gurkhas with 

the Tibeto-Burman stock. It is a well-known fact that continuous passage across an Indo-

Nepal border near Siliguri, West Bengal, facilitates immigration of the Nepali speaking 
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Gurkha people to India in search of livelihood. This might have resulted into the 

continuous gene flow between Nepali speaking Gurkha population of India with the 

people of Nepal, whose gene pool has received considerable influence from both the 

South Asian and East Asian lineages (Debnath and Chaudhuri, 2006). 

5.1.5. Muslim 

The Muslim population from Northern part of Bengal witnessed considerable diversity in 

their KIR gene content as was evident from their KIR genotypes (Figure 24). Both the NJ 

tree and the PCA score plot placed the Muslim population within the Indian cluster in 

close proximity to the Bengalis. Both the results of Chi-Square analyses and genetic 

distance measures are in agreement with the above outcome, regarding the genetic 

relationship of Muslims with other populations around the World.  

The genotypes, reported in the Muslim population from our study,are also found in Asian 

Indians, Singapore Indians, East Asians (NEAs and SEAs) and in populations from 

Middle East  (Guha, et al., 2013;Jiang, et al., 2005;Kulkarni, et al., 2008;Lee, et al., 

2008;Rajalingam, et al., 2008;Rajalingam, et al., 2002;Whang, et al., 2005;Wu, et al., 

2009;Yawata, et al., 2002), (Ashouri, et al., 2009;Zhu, et al., 2010). . In case of the 

Muslims, the BB genotypes are found at considerable high frequencies (34.39%). 

Furthermore, group B haplotypes (60.36%) also occurred more frequently among the 

Muslims than group A haplotypes (39.64%). Previous studies reported the predominance 

of group B KIR haplotypes in populations of Indian subcontinent (Rajalingam, et al., 

2008;Rajalingam, et al., 2002). Phylogenetic tree based on KIR genotypes also showed 

compliance with that of the NJ tree (Figure 26) and the PCA score plot (Figure 23) and 

placed the Muslim population of Bengal closer to the Bengalis within the Indian cluster. 

Therefore, it can be said that the influence of the Indian KIR gene pool can be noticed 

prominently in the KIR gene distribution of the Muslim population of northern part of 

West Bengal. However, chances of admixture from East Asian and Middle East lineages 

cannot be overlooked as a whole. 
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Historical evidences unfolded certain interesting facts regarding the genetic affinities of 

the Muslims of West Bengal. The Partition of Bengal in 1947 divided the erstwhile 

British Indian province of Bengal between India and Pakistan (Barman, 

2012;Chakravartty, 2005;Fraser and Sengupta, 2006;Ghosh and Indian Academy of 

Social Sciences., 2002;Palit and Ray, 2004;Roy and Oxford University Press., 

2013;Saxena, 1987). The Western part of Bengal with predominantly Hindu population 

came to be known as ‘West Bengal’ and became a province of India by the same name, 

while the Eastern part with predominantly Muslim population became a part of Pakistan 

and later became an independent country as ‘Bangladesh’ after the 1971 Bangladesh 

Liberation War (Palit and Ray, 2004). Thus, after partition, considerable minorities of 

muslim were left in West Bengal, which inflated, to 27% of the state population at the 

present time (Palit and Ray, 2004). Furthermore, infiltrations by refugees from 

Bangladesh in search of food and shelter also added to the present population of Muslims 

in Bengal (Chari, et al., 2003;Datta, 2013;Rai, 1993;Singh, 2010). Therefore, it can be 

mentioned without any doubt that the present Muslim population of West Bengal share 

ancestral links to present Bangladeshi Muslims.  

Evidences from mitochondrial DNA researches suggested that one of the oldest mtDNA 

haplogroups found in the Indian sub-continent, M2a, is the third most common in 

Bangladeshi populations (Metspalu, et al., 2004;Sultana, et al., 2014). Furthermore, 

admixture of India-specific branches and gene flow from East Asia in context to mtDNA, 

has also been reported in the Bangladeshi population (Metspalu, et al., 2004).. Another 

study on 15 autosomal STR loci in the present day Bangladeshi population showed the 

close genetic relationship with Palia and Rajbanshi population from West Bengal, India 

compared to East Asian or Middle Eastern populations (Eaaswarkhanth, et al., 

2009;Hossain, et al., 2014). This observation supported the outcome of χ2 analyses 

(Table 8) in our study, wherein no significant differences were seen between the Muslims 

and the Rajbanshis for any of the KIR gene loci.  

According to a recent study, a shared Y-chromosomal pattern was observed between the 

Muslims and the Hindus in India, suggesting influence of prehistorical factors and 
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geographical distribution of populations on Y-chromosomal variation rather than the 

practices of Hinduism or Islam (Gutala, et al., 2006). Based on Y-chromosomal 

distribution, the study further demonstrated that the Muslim isolates in South India 

predominantly originated from local populations rather than from Muslims belonging to 

other parts of India, or outside the country, thereby supporting the diverse origin of the 

Muslims in India (Eaaswarkhanth, et al., 2009;Eaaswarkhanth, et al., 2010;Gutala, et al., 

2006). Thus, it can be said that the Muslim population from the Northern part of Bengal 

may exhibit differences in their genetic make-up form other Muslim populations of India. 

However, influences of Middle East lineages on the Muslim gene pool in this part of the 

country cannot be denied as a whole (Eaaswarkhanth, et al., 2010). Calcutta (now known 

as Kolkata), the present metropolitan city of West Bengal, was the capital of India during 

the British colonial period and was the centre of all foreign trades. As a result, Muslim 

people from different parts of the country come and settle in Bengal and eventually 

contributed to the diversity of the Muslim gene pool of the state.  

Moreover, West Bengal is a well-known corridor for Tibeto-Burman migration since it is 

located at the neck of the Northeastern region of India (Gazi, et al., 2013). Debnath and 

coworkers (2008) suggested that earlier settlement of the Tibeto-Burman (TB) speaking 

groups in the sub-Himalayan regions of India occurred much before the Indo-Europeans 

influx (Debnath, et al., 2011). Such close proximity with the Tibeto-Burman may support 

their admixture, ultimately resulting in the presence of East Asian specific KIR genotypes 

in the Muslim population of Bengal. 

5.2. Study of the association of KIR genes with Rheumatoid 

Arthritis. 

Recent studies suggested the importance of the diagnosis of a disease in its early stages 

for implementation of proper treatment strategies (Klareskog, et al., 2009). In present 

time, different serological markers are available which are responsible for bringing 

revolutionary changes in the diagnostic approach to Rheumatoid Arthritis (RA). Two 

Page | 168 



such efficient markers, which have progressively gained importance in the diagnosis and 

therapy of RA, are the anti-CCP antibodies and RF titre. A recent study has revealed the 

prognostic importance of RF titres in RA disease activity (Geng, et al., 2012). 

Furthermore, RF titre constitutes one of the classification criteria of ACR 2010 (Binesh, 

et al., 2014). Moreover, anti-CCP has also been included into newly proposed diagnostic 

criteria for RA owing to its strong association with erosive arthritis (Visser, et al., 2002). 

Therefore, in this study, we have evaluated and compared the diagnostic performance of 

anti-CCP antibodies and Rheumatoid factor in RA patients and control groups wherein 

the subjects of both the groups were selected from Siliguri and its adjoining areas of 

Northern part of West Bengal, India. In our study, the patients were selected based on the 

ACR criteria 2010 as this system focuses on features at earlier stages of disease rather 

than late stage features. 

In our study, the sensitivity and specificity of the RF titre were found to be 78.18% and 

72.19%  respectively, which are more or less consistent with the previously published 

reports (Lin, et al., 2008;Schellekens, et al., 2000;Weinblatt and Schur, 1980), with the 

specificity being slightly higher. An earlier reported literature have shown that the 

sensitivity of RF titre in RA patients varied within a range from 26 to 90% (Shmerling 

and Delbanco, 1991). Such fluctuations may have resulted due to the influences of 

several factors which include, racial and geographical differences (Binesh, et al., 2014), 

genetic influences (Silman, et al., 1988) and even environmental factors (such as 

cigarette smoking) (Enzer, et al., 2002). In the current study, we found that RF titre was 

positive in 27.8% of the members of the control group. Similar results were also reported 

from the previously published works (Binesh, et al., 2014;Westwood, et al., 2006) where 

RF seropositivity was demonstrated in many non-rheumatic diseases and even in normal 

healthy subjects, particularly in older individuals (Westwood, et al., 2006). Thus, it can 

be said that lower to moderate specificity of RF titre may be one of the underlying 

reasons behind selecting anti-CCP antibodies as another important serological marker in 

RA diagnosis. 

The sensitivity and specificity of anti-CCP antibodies were estimated to be 76.36%and 

96.69% respectively, which are consistent with the outcomes of some of the previous 
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studies (Lee and Schur, 2003;Lin, et al., 2008;Zeng, et al., 2003), but were contrary to 

others (Maraina, et al., 2010). Such differences in the diagnostic evaluation of anti-CCP 

assay may occur due to the following reasons:  

• heterogeneous nature of anti-CCP antibodies directed against different citrulline

epitopes (van Jaarsveld, et al., 1999),

• differences in the patient population (especially based on disease duration)

(Binesh, et al., 2014) (Kamali, et al., 2005), and

• the race of the patient group (Mimori, 2005).

In our study, in spite of high specificity of anti-CCP assay, 5 false positive cases were 

found. According to Gaalen (van Gaalen, et al., 2004), future onset of RA can be 

predicted by anti-CCP. This may support the fact that patients having anti-CCP reactivity 

may develop RA at a later stage, although in our study, no signs and symptoms of RA 

progression were found in these patients.  

In our study, both Positive Predictive Value (PPV) and Negative Predictive Value (NPV) 

of anti-CCP assay are equivalent to previous reports (Lin, et al., 2008). It is evident from 

our study, that PPV of anti-CCP (94.38%) is higher than that of the corresponding RF 

titre (67.19 %) while the NPV of the both the assays are more or less similar (Table 14). 

Since the predictive value of any diagnostic test is related to its disease prediction ability, 

higher PPV of anti-CCP assay may increase the accuracy of RA diagnosis. Dot density 

graph (Figure 28a) illustrated that anti-CCP values showed a rather clumped distribution 

below 17 U/ml in case of the non-RA patients.  This result can well be correlated with the 

high specificity of the anti-CCP assays wherein we found the assay to be positive in only 

5 cases of the control group (n=151). Furthermore, the Pearson correlation coefficient 

between anti-CCP and RF titres were found to be 0.716 and 0.356 respectively, among 

the patient and the control groups, thereby signifying that the presence of both the factors 

i.e. anti-CCP and RF are relevant as far as the diagnosis of the disease is concerned 

(Figure 29).  

Box plot (Figure 28b) analyses revealed that the boxes representing anti-CCP and RF 

titre in the control samples are rather small, thereby demonstrating high level of 
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agreement among the values. However, in case of RA patients, tall boxes with unequal 

quartiles suggest wider distributions of both the assay values.  

It is observed from the ROC curve (Figure 30) that the Area Under the Curve (AUC) for 

anti-CCP is slightly greater than that of RF titre. However, there are several crossovers 

between the curves suggesting that neither of the serological markers is superior to the 

other in all circumstances of the study. Therefore, it may be suggested that performing 

both the tests in combination may be helpful in proper diagnosis of RA. 

In this study, we have also aimed to analyze the role of anti-CCP and RF tire in the 

prediction of DAS28 score (Table 15). Since ESR is a criterion for DAS28 measurement, 

all the multiple regression models consisted of ESR as the first predictor, followed by 

anti-CCP and RF titre as second predictors respectively. It is evident from the models that 

79.9% of the variance in DAS28 score can be predicted by ESR values in combination 

with anti-CCP while 80.2% can be predicted by ESR in combination with RF titre. 

Similar values of R2 change were observed in both the cases (Table 15). Furthermore, 

significant F changes in both the models suggest that both anti-CCP and RF titre have 

significant contribution in combination with ESR for the prediction of the DAS28 score. 

However, small changes in R2 values in both the models suggest that both anti-CCP and 

RF titre in combination with ESR predict shared variance in DAS28. Similar results are 

also obtained from the corresponding 3D scatter plots and contour diagrams (Figure 31), 

whereby it can be seen that higher DAS28 scores correspond to high ESR values with 

significant predictions from both anti-CCP and RF titre respectively. 

Several observations were made from the estimated results of the different clinical 

parameters that we have conducted on the blood samples of 50 RA patients and 50 

control subjects. Interestingly, it is observed that none of the four clinical parameters 

were 100% positive (above the threshold value) in all the disease individuals as are also 

evident from their sensitivity and specificity measures. These discrepancies have been 

explained below. In case of RF titre, it is found that 92% of the patients have values 

above the threshold level while 8 % have lower values. When compared with published 

data reported from other populations, it has been found that 80.56% of the RA patients 
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were RF positive in case of the Korean population, while 19.44 were found to be RF 

negative (Francois, 1965). In a similar study 66.5% of the Iranian RA patients were RF 

positive and the remaining 33.5% were RF negative (Scudder, et al., 1978). In another 

study, 53.33% of Turkish patients were positive for RF while the remaining were 

negative (Al-Timimi, 1977). Such variations in the percentage of positive and negative 

cases in different populations across the World may be explained based on some 

fundamental points. RA factors are antibodies that are directed against the FC region of 

the IgG molecule. They belong to different isotypes e.g. IgM, IgE, IgG, IgA and IgD. 

Thus, their detection may vary based on the proportion of the different isotypes that are 

present in the serum. Furthermore, RA titre may give seronegative outcomes in cases of 

patients suffering for not more than 6 months, which may later become positive along 

with the progression of the disease. In fact, three patients in our study population with 

seronegative RF titre have the history of suffering for only 4 months. However, the 

sensitivity and the specificity of the RA factor test as calculated in our study are 92% and 

88% respectively. Moreover, from Table 16 it is seen that the odds of exposure to RF are 

greater (84.33%) among the RA patient group compared to the control group. Therefore, 

it can be said that the RF titre assay may prove to be an essential clinical parameter for 

evaluating RA disease prognosis. C-reactive protein (CRP) and Erythrocyte 

sedimentation rate (ESR) are the two primary parameters that are frequently used for the 

clinical detection of acute phase reactions like inflammation. Their concentrations 

become relatively high during inflammation compared to normal level. Furthermore, they 

have relatively short lag time from the moment of stimulus, and are cost-effective too. 

Therefore, we have included these two parameters in our study. In a study conducted in 

Pakistan it was found that the CRP value ranged between 11.2 mg/dl and 108 mg/dl with 

a mean value of 39.1 mg/dl in severe RA patients, while the ESR estimation resulted in a 

mean value of 62.5 mm/hr [12 mm/hr to 146 mm/hr] (Al-Timimi and Dormandy, 1977). 

In another study conducted on a population group from Chandigarh, the mean CRP and 

ESR values were found to be 22.8 mg/dl and 51.3 mm/hr respectively (Stocks, et al., 

1974). Thus, these published results are very much in agreement with our reports. 
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CRP is produced in the liver under the inductive influences of proinflammatory responses 

derived from monocytes and macrophages. At first, these proinflammatory responses 

trigger the increased secretion of interleukin –1 β (IL-1β) and tumor necrosis factor – α 

(TNF-α), which then through the release of interleukin 6 (IL-6), stimulate the liver to 

secrete CRP. Recent studies have suggested direct involvement of CRP in inflammatory 

activities, wherein it stimulates the secretion of inflammatory cytokines such as IL-1β, 

IL-6 and TNF-α from the monocytes and directly provides proinflammatory stimulus to 

phagocytic cells (Bharadwaj, et al., 1999). CRP has a crucial role to play in the 

determination of microvascular endothelial dysfunction in RA patients (Galarraga, et al., 

2008). On the other hand, estimation of ESR is based on the principle that normally, 

erythrocytes tend to repel each other owing to the presence of net negative charges on 

their surface. However, during acute phase reactions, positively charged proteins such as 

fibrinogens promote rouleaux formation in blood. This results in further increase in the 

serum ESR level. These two parameters are crucial measures of RA prognosis since they 

are the measures of inflammatory processes, which play the central role in RA 

pathogenesis. However, sometimes, clinicians have to depend on additional diagnostic 

features for determining prognosis of RA since severe inflammation does not always 

authenticate development of RA. As evident from our results, both CRP and ESR are not 

always present above the threshold value in case of the RA patients. This may happen 

either due to the lack of prominent acute phase reactions in some of the patients or due to 

the tendency of these parameters to give lower values during early phases of the disease. 

However, the sensitivities and specificities of these two tests are quite high, establishing 

their crucial role for RA diagnostic purposes. 

Anti Streptolysin-O (ASO) titer is another essential clinical parameter for RA diagnosis 

and is included in our study to detect rheumatic fever caused by environmental triggers 

like streptococcus infection. This parameter measures the plasma levels of ASO 

antibodies produced against streptolysin by different streptococcal strains. It has been 

found that out of 50 samples, only 11 samples had higher ASO titer values than 200 

IU/ml. However, it is clearly evident that the mean ASO titre value is higher in case of 

the RA patients compared to the control samples (Table 16) since the ASO positive 
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patients have the titre values higher than threshold (200 IU/ml). Francois (1965) 

(Francois, 1965) showed higher prevalence of 3 groups of Streptococci in the RA patients 

compared to control samples. This may occur due to higher acquisition rate but reduced 

elimination rate resulting in prolonged infection followed by higher antibody response. 

This observation may justify the facts that although raised ASO titres (>150 IU/ml) are 

found in both the groups but their numbers in RA patients are higher than the control 

group. Furthermore, significantly higher ASO titres (> 300 U) are found  in the RA 

patients compared to the controls (see Figure 32b). One interesting observation was that 

the sensitivity of the test was as low as 22% which may have resulted due to the presence 

of only 11 patients having positive titre result i.e. ASO>200 IU/ml (Table 16). On the 

contrary, the specificity was 100%, which suggest that the test is always negative in the 

absence of acute phase reactions, which in turn, is a well-established pathophysiological 

condition in case of rheumatoid arthritis. Thus, ASO titre may also prove useful in the 

diagnosis of RA. 

Plasma ceruloplasmin and creatinine are generally not considered as essential diagnostic 

tool for RA diagnosis. However, serum ceruloplasmin has been included in the study as it 

has high correlation with serum antioxidant property (Scudder, et al., 1978) and may 

have considerable protective significance (Al-Timimi, 1977;Al-Timimi and Dormandy, 

1977) especially in presence of tissue damage or destruction. Serum creatinine estimation 

has also been carried out in this study, as it is an important metabolic by-product of 

creatine, which in turn is a very crucial amino acid for building and repairing of muscular 

tissues.  

It is interesting to observe that their levels showed significant differences among the 

blood samples of the RA patient and the control groups. During inflammation in RA 

patients, production of IL-1 and IL-6 is increased stimulating hepatocytes to release and 

increase the amount of ceruloplasmin in the blood plasma. Such increased level of 

ceruloplasmin has also been reported previously from other studies (Scudder, et al., 

1978). In a study from Poland, mean ceruloplasmin level in RA patients was estimated to 

be 0.3 g/L, which is very much comparable to our data (Strecker, et al., 2013). 
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Furthermore, earlier studies predicted the active role of ceruloplasmin in governing the 

serum antioxidant activity (Scudder, et al., 1978);(Stocks, et al., 1974), which when 

increased may have an important role to play in the systemic inflammatory response.  

On the other hand, the creatinine level showed moderate differences in between the RA 

and the control blood samples. Creatinine level in the blood generally rises only after 

marked damage of nephrons that can be observed in patients having long term RA and 

inflammatory responses. Thus, it may not serve as a very potent tool for early diagnosis 

of RA but can be useful for the detection and treatment of nephropathy during late 

Rheumatoid Arthritis. Moreover, these two tests have considerable sensitivity and 

specificity indicating that their results may prove affirmative with other clinical 

parameters that have been considered in our study for RA diagnosis. 

KIR has become a promising target for disease association studies owing to the polygenic 

and multi-allelic diversity of the KIR gene locus. The present study attempted to figure 

out the relevance of KIR gene polymorphism in RA. Our results revealed significant 

associations of KIR2DL3, KIR2DS2 and KIR2DL2 with RA when compared with control 

samples (Table 18). In our study, both the patient and the control blood samples were 

drawn from a homogeneous population of Siliguri and adjoining areas of West Bengal, 

India. Decreased frequency of KIR2DL3 among the RA patient group compared to the 

control group may imply the protective role of the gene against the incidence of RA. On 

the other hand, the frequencies of KIR2DS2 and KIR2DL2 among the patients are 

significantly increased in comparison to the control group (Table 18). This may indicate 

their role in amplifying the odds of the disease occurrence. Other KIR (both inhibitory 

and activating) genes showed no statistically significant differences among the patient 

and the control groups. Another study reported strong association of KIR2DL2 and 

KIR2DS2 with extra-articular manifestations in case of RA, wherein vasculitis has been 

considered as the major factor responsible for such associations. 

In our study, it has been observed that the frequency of the KIR2DL3 gene is decreased in 

RA patient group compared to control group. Earlier studies have shown that the receptor 

molecule encoded by the KIR2DL3 gene modulates the intracellular signaling pathways, 
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which in turn results in the blockage of cytotoxic secretion of IFN-γ like cytokines 

(Rajagopalan and Long, 2005). Interestingly, previous reports have shown that IFN-γ 

plays a pivotal role in RA auto-reactivity (Flodstrom-Tullberg, et al., 2009). These facts 

suggest the protective role of KIR2DL3 in case of RA. 

In our study, KIR2DS2 gene is more frequent among the RA patients compared to the 

controls with almost two fold increased risk (OR = 1.76) which indicate that KIR2DS2 

may act as a susceptible factor for RA (Table 18). In a previously published report, Yen 

et al. (2001) (Yen, et al., 2001) demonstrated the association of KIR2DS2 in Western 

European and Polish RA populations. This report is in agreement with our findings. 

However, our study contradicted with the outcomes of another study, conducted on 

Caucasian population with RA from Northern Ireland (Middleton, et al., 2007), wherein 

no associations of these genes were seen. This may be due to racial differences, which 

contributed to the differences in KIR gene frequencies. According to previously 

published reports, KIR2DS2 prominently increases IFN-γ secretion, which in turn results 

in enhanced production of perforin and granzymes, ultimately leading to the destruction 

of joints in RA patients (Yen, et al., 2001).There are two distinct mechanisms by which 

KIR2DS2 increases IFN-γ secretion. Firstly, non-covalent association of KIR2DS2 with 

DAP-12 adapter molecule lead to the intracellular signalling pathways in NK cells. 

Secondly, in case of CD28 null T-cells, KIR2DS2 has been reported to act as a co-

stimulatory molecule, causing increased T-cell receptor activation (Namekawa, et al., 

2000) 

KIR2DL2 gene has also been found at higher frequency in the RA patients, suggesting its 

role as a susceptible factor for the disease. Interestingly, our result contradicted with 

another study from North India, where low incidence for KIR2DL2 was found among the 

RA patients. Such contradictions may occur due to two distinct reasons: firstly, both 

these populations are genetically distant from one another, thereby differing in both KIR 

haplotype composition and frequencies. Secondly, environmental conditions vary 

between the two regions, which in turn, may enforce differential selection pressure on the 

functional activity of the KIR genes. Altogether, it can be said that the role of KIR2DL2 
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in RA incidence in a particular population may vary depending on the environmental 

selection pressure and the KIR repertoire of the population.  

Surprisingly, the association of inhibitory KIR2DL2 gene with RA may result from the 

presence of the corresponding KIR molecule on the surface of regulatory cells rather than 

effector cells, thereby contributing to the disease prognosis. Although known to be 

involved in RA pathology, the role of T and NK cells in different manifestations of the 

disease is not clear. Furthermore, NK cells and T cells show differences in the 

mechanisms of KIR inhibitory and activating functions. Thus, distinct KIR repertoire 

may contribute to the different forms of RA. Previous studies have shown that CD8+ T 

cells expressing inhibitory KIR have elevated levels of Bcl-2, making them less 

susceptible to activation induced cell death (AICD). Thus, they may have a survival 

advantage followed by their accumulation in vitro and in vivo. KIR2DL2 expressed on 

CD8+ T cells binds its HLA-C ligands so that the cells are less likely to undergo AICD 

when it is activated upon engagement of its TCR by the cognate HLA-peptide complex. 

If the CD8+ T cell is restricted by a detrimental HLA molecule, that binds the TCR and 

not KIR2D L2it will also survive for longer and its detrimental effects will be enhanced. 

However, its role as inhibitor of intracellular signaling could be blocked in RA patients 

by two hypothetical mechanisms as mentioned below. Firstly, as reported by Fadda et al. 

2010 (Fadda, et al., 2010), where differences in the peptide sequences of the HLA class I 

molecules can regulate the activity of NK cell by antagonizing inhibition mediated by 

KIR2DL2 and favoring activation by its counterpart KIR2DS2. Secondly, Matsui et al. 

2001 mentioned that 30% of RA patients have antibodies to KIR2DL2, which are 

responsible for the breakdown of self-tolerance (Matsui, et al., 2001). 

In our study, no significant differences are seen in the proportions of AA and Bx 

genotypes between the patient and the control group (Table 18). However, it is interesting 

to observe that when we divided the Bx genotypes into two groups namely AB and BB, it 

is seen that the frequency of the BB genotypes are significantly higher among the patients 

compared to the control. It is already a known fact that the BB genotypes are rich in 

activating KIR genes which may contribute significantly to the intracellular signaling 
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(Nelson, et al., 2004;Rajalingam, 2011) and activation of cytotoxic function. This may 

result in secretion of cytokines (Rajagopalan and Long, 2005;Williams, et al., 2005), 

thereby favoring the pathology of the disease  

Analyses of the KIR genotypes in the RA patients (Table 19) revealed that, genotype ID 

3 and 81 (BX) showed association with RA, suggesting their role as susceptible factors of 

the disease. Interestingly, both the genotypes contain KIR2DL2 and KIR2DS2 genes, 

which have been shown to be associated with the disease, but KIR2DL3 is present only in 

genotype ID 3 but not in ID 81. It is noteworthy that, both KIR2DL2 and KIR2DS2 genes 

are present in 28 out of the reported 38 KIR genotypes among the patient group, 

altogether comprising of 80 RA patients. Such an outcome clearly indicates the 

association of KIR2DL2 and KIR2DS2 with the odds of occurrence of RA. Interestingly, 

the number of genotypes slashed down to only 7 when KIR2DL3 has been included along 

with the two above mentioned genes, thereby demonstrating the possible protective effect 

of KIR2DL3 against RA incidence. In addition, KIR2DL3 has been found in 23 genotypes 

of the control group in comparison to only 14 genotypes among the patient group. 

In an earlier study by Ramirez-De los Santos (2012) (Ramirez-De los Santos, et al., 

2012), the researchers found two genotypes (G2 and G3) corresponding to 9 individuals 

in the RA group, which did not contain any of the genes that showed significant 

differences namely KIR2DL3, KIR2DL2 and KIR2DS2. They further analyzed that only 8 

genotypes with this feature corresponding to 27 individuals were found in different 

populations around the world (Gonzalez-Galarza, et al., 2011), but none of these 

individuals were RA patients. Interestingly, only one genotype with such feature 

corresponding to only two individuals was found among the RA patients in our study. 

In case of the Linkage Disequilibrium (LD)  analyses (Table 20), both Dˊ and r2 values 

are taken into consideration since they have different biological interpretations (Devlin 

and Risch, 1995) (Jorde, 2000). Dˊ detects only recombinational history. In other words, 

 means that the loci are in complete disequilibrium and are always co-inherited 

together, while  indicates that the loci are completely independent. On the other 

hand, r2 tells us whether one locus is a good predictor of the other in a two-locus 
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haplotype. This means that r2=1 signifies that one locus is the complete predictor of the 

other. Based on these two LD parameters (Table 20), it is found that five such significant 

combinations are reported having both the values high namely, KIR2DL2-KIR2DS2, 

KIR3DL1-KIR2DS4, KIR2DS1-KIR2DL3, KIR2DS1-KIR3DS1 and KIR2DS1-KIR2DS5. 

Among these combinations, highest values are reported for KIR3DL1-KIR2DS4 followed 

by KIR2DL2-KIR2DS2.Thus it can be seen that both KIR2DL2 and KIR2DS2 are good 

predictors of each other and are co-inherited roughly 87% of the time. 

Similar conclusions can be drawn in case of KIR3DL1-KIR2DS4 haplotype wherein co-

inheritance can occur in almost 96% of the cases. However, in our study, both these 

genes are found at low frequencies among the RA patients compared to the control group. 

Prakash et al., 2014, reported protective association of KIR3DL1 with RA in patients 

from North India (Prakash, et al., 2014), while Yen et al 2006 (Yen, et al., 2006) reported 

the risk association of KIR2DS4 with RA in patients from Taiwan.  

In a study by Nazari et al. (2015) on Iranian patients with RA (Nazari, et al., 2015), two 

activating KIR genes namely KIR2DS5 and KIR3DS1 were reported to have protective 

role against incidence of RA. Interestingly, in our study, both these genes showed non-

significant differences among the case and control groups. However, from the high r2 

values that they share with KIR2DS1, it can be said that they have good predictive 

association with KIR2DS1, which in turn co-inherited with KIR2DL3 in roughly 69% of 

the cases. Previous studies in different populations around the World suggested the 

protective association of KIR2DL3 with RA, which is in agreement with our report. 

, 
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