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1.0 INTRODUCTION 

Organ transplantation being a therapeutic  medicine,  is one of the most challenging and 

complex areas of modern medicine and it  is the order of the day where a clinical procedure is 

followed in which “an organ is removed from one body and placed in the body of a recipient, 

to replace a damaged or missing organ”.  Organs and/or tissues that are transplanted within 

the same person's body are called autografts. Transplants that are recently performed between 

two subjects of the same species are called allografts.  Organs that have been successfully 

transplanted include the heart, kidneys, liver, lungs, pancreas, intestine, and thymus. Tissues 

include bones, tendons (both referred to as musculoskeletal grafts), corneae, skin, heart 

valves, nerves and veins. Worldwide, the kidneys are the most commonly transplanted 

organs, followed by the liver and then the heart. Organ donors may be living, brain dead, or 

dead via circulatory death as well. Tissue may be recovered from the above within 24 hours 

past the cessation of heartbeat. Unlike organs, most tissues (with the exception of corneas) 

can be preserved and stored for up to five years, meaning they can be "banked". 

Transplantation raises a number of bioethical issues, including the definition of death, when 

and how consent should be given for an organ to be transplanted, and payment for organs for 

transplantation. A particular problem is organ trafficking. There is also the ethical issue of not 

holding out false hope to patients.  Some of the key areas for medical management are the 

problems of transplant rejection, during which the body has an immune response to the 

transplanted organ, possibly leading to transplant failure and the need to immediately remove 

the organ from the recipient. When possible, transplant rejection can be reduced through 

serotyping including  HLA typing to determine the most appropriate donor-recipient match 

and through the use of immunosuppressant drugs.  
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1.1 HLA typing and its complexity 

Antibodies against the human leucocyte antigen (HLA) play a major role in the causation of 

antibody-mediated rejection and graft loss, thus making it a critical barrier for solid organ 

transplantation[1-3]. Almost 60 years have passed since the introduction of complement-

dependent cytotoxicity (CDC) as the first technique for the detection of HLA antibodies in 

recipients before undergoing renal transplantation[4]. Since then, methodologies to detect 

HLA antibodies have progressed from purely target donor cell-based assays, such as CDC or 

flow cytometry to the more sensitive and specific HLA protein-based solid phase assay 

systems in the form of an enzyme-linked immunosorbent assay (ELISA) or HLA antigen-

coated fluorescence bead assay based on a Luminex platform[5].  

1.1.1 Classification 

MHC class I proteins form a functional receptor on most nucleated cells of the body. There 

are 3 major and 3 minor MHC class I genes in HLA: HLA-A,HLA-B and HLA-C; minor 

genes are HLA-E, HLA-F and HLA-G.  β2- microglobulin binds with major and minor gene 

subunits to produce a heterodimer. There are 3 major and 2 minor MHC class II proteins 

encoded by the HLA. The genes of the class II combine to form heterodimeric (αβ) protein 

receptors that are typically expressed on the surface of antigen-presenting cells[6].  

1.1.2 Nomenclature 

Two systems of nomenclature are applied to HLA. The first system is based on serological 

recognition. In this system, antigens were eventually assigned letters and numbers (e.g., 

HLA-B51 or, shortened, B51). Modern HLA nomenclature  begin with HLA- and the locus 

name, then * and even number of digits specifying the allele[7]. The nomenclature of the 
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HLA system is formally established by the World Health Organization HLA Nomenclature 

Committee.  

1.1.3 Variability 

Since the biologic function of the HLA molecules is presenting endogenous and exogenous 

antigens, they manifested high structural polymorphism. Until 2010, 2558 HLA class I and II 

alleles have been recognized [8]. HLA presents the highest degree of polymorphism of all 

human genetic systems. One mechanism of this polymorphism is due to gene conversion 

between variable alleles and loci within each HLA gene [9]. The number of variant alleles at 

class I and class II loci according to the IMGT-HLA database, last updated June 2012[10]. 

1.1.4 HLA typing and its influence on organ transplantation 

The selection of the optimal donor is based on high-resolution HLA typing. The MHC (Major 

Histocompatibility Complex) contains more than 200 genes which are situated on the short 

arm of chromosome 6 at 6p21.3 The role of HLA molecules is to present peptides to T cells 

(both CD4 and CD8 T cells), enabling them to recognize and eliminate “foreign” particles 

and also to prevent the recognition of “self” as foreign. HLA mismatches may occur at 

antigenic or allelic level; the first are characterized by amino acid substitutions in both 

peptide binding and T-cell recognition regions, whereas the latter are characterized by amino-

acid substitution in the peptide binding regions only]. When a human transplant is performed, 

HLA (human leukocyte antigens) molecules from a donor are recognized by the recipient's 

immune system by direct and indirect methods of allorecognition triggering an alloimmune 

response. Matching of donor and recipient for MHC antigens showed a significant positive 

effect on graft acceptance [11-12]. 

1.1.5 Techniques of tissue typing 
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Previously, HLA typing was done by two methods: serologic method using antiserum and 

mixed lymphocyte culture (MLC). After that a more precise DNA-based HLA typing 

methods using molecular techniques, such a  sequence specific oligonucleotide probe 

hybridization (SSOP), sequence-specific primer amplification (SSP), sequencing-based 

typing (SBT), and reference strand-based conformation analysis (RSCA), have been 

developed and are frequently used. 

1.2. Efficiency of immune system: HLA antibody screening 

Almost one  third of patients who are waitlisted for transplantation may have a degree of anti-

HLA antibodies detected. The usual route for sensitisation towards HLA antigens occurs in 

three instances; pregnancy, post blood transfusion and prior transplantation. Preformed 

antibodies increase the chances of immunological failure of the allograft by causing positive 

crossmatches and, thereby, result in the exclusion of donors. 

1.2.1 Cytotoxic (cell-based) antibody screening 

 The method is similar to that of serologic typing however here recipient serum is mixed with 

“cell donor” lymphocytes in individual wells along with complement and dye. Where the 

serum contains antibodies that bind to the cell surface with adequate density complement 

pathways are activated which results in cell death and uptake of the dye  (Figure 1, below: A: 

Cell based antibody screening; B: Solid phase (bead based) antibody screening).   
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The limitations of this method are that PRA percent can be different numerically without a 

corresponding change in the type or amount of antibody. Similarly, false negative results are 

possible as this is purely complement dependent that requires higher antibody titres to be 

activated[13]. The lack of a complement activation simply due to low titres allows a true 

antibody to be hidden. Precise, complete lists of antibody specificities are unacceptable.  

1.3.2 Standard immunological risk 

Where there is no evidence of donor directed sensitisation to HLA. 1High immunological 

risk: Hyperacute rejection is unlikely (reported only in cases with very high titre HLA-DR 

antibodies) but donor-specific HLA class II antibodies are increasingly recognised as being 

associated with refractory humoral rejection and poor transplant prognosis.  

1.4  Molecular typing: HLA Compatibility in terms of RT-PCR 
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1.4.1 Sequence-specific primer polymerase chain reaction: In this approach extracted 

DNA from the subject is amplified in several wells. Each well has primers that are 

complementary to specific HLA alleles. In wells where DNA probes are complementary to 

the specific sequence of the HLA molecule, an amplification product is formed. This is then 

instilled into an agarose gel and undergoes electrophoresis where they appear as a band. HLA 

typing is then allocated by matching the primers of the amplification product to DNA 

sequences of several candidate alleles. 

1.4.2 Sequence specific oligonucleotide probes: Amplified DNA is mixed with 

oligonucleotide probes that are complementary to specific segments of the DNA of different 

alleles. Unique HLA alleles are then identified using fluorescent tags. For a particular gene of 

interest, the precise order of nucleotides is determined through sequencing. HLA type is then 

assigned using available HLA allele sequences[14]. 

1.4.3 Direct DNA sequencing: This method determines the precise order of nucleotides in 

the gene of interest. Using published HLA allele sequences, HLA type is subsequently 

assigned by comparison. 

Molecular typing regardless of the method can clearly identify differences in HLA antigen 

between donor and recipient. Often with detail to the amino acid level that can provide 

insight to the risk accompanying mismatched donor-recipient antigens, epitopes and amino 

acid[15]. HLA typing based on polymerase chain reaction (PCR) is highly specific where 

specific alleles are identified with no cross-reactivity. However, a gene may occur in two or 

more forms called alleles. Cross-reactivity is the identification of an allele which is 

essentially similar to the allele of interest. While this feature is a key advantage of this 

method its acts as a double-edged sword. The disadvantage it poses is that new alleles not 

currently on the HLA sequence databank will fail to be identified. Primers used in HLA-
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typing are constructed on an HLA sequence databank that contains alleles available when the 

databank was designed[15]. 

1.5 HLA Typing by SSO and SSOP Methods 

Human leukocyte antigen (HLA) typing, utilising the sequence-specific oligonucleotide 

(SSO) and sequence-specific primer (SSP) technologies, has been in routine use in many 

tissue typing laboratories worldwide for more than 20 years since the development of the 

polymerase chain reaction. Both methods are very useful for clinical and research purposes 

and can provide generic (low resolution) to allelic (high resolution) typing results. This 

chapter provides an overview of the SSO and SSP methods in relation to HLA typing[16]. 

1.6  Clinical  Outcome 

Clinical HLA laboratories perform various tests to support the transplant programs; including 

HLA typing of the recipient and the potential donor, screening and identification of HLA 

antibodies in the recipient, and detection of antibodies in the recipient that are reactive with 

lymphocytes of a prospective donor (i.e., crossmatching). 

1.6.1 Serologic typing of HLA antigens 

The complement-mediated microlymphocytotoxicity technique has been used as the standard 

for serologic typing of HLA class I and class II antigens. HLA typing sera are mainly 

obtained from multiparous alloimmunized women, and their HLA specificities are 

determined against a panel of lymphocytes with known HLA types.   

1.6.2 Molecular typing of HLA alleles 

Research has revealed that the extent of HLA polymorphism  is far higher than previously 

known by the number of antigen specificities. Serologically indistinguishable variants or 
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subtypes of HLA class I and class II antigens were identified, and these variants are different 

from the wild type by a very few amino acid substitutions, but these can be functionally 

distinct and relevant in HLA matching for hematopoietic stem cell transplantation. Clinical 

molecular typing had to be developed in order to differentiate serologically indistinguishable 

but functionally distinct HLA allelic products [17].  

1.6.3  HLA antibody screening and lymphocyte crossmatching 

Preformed HLA antibodies can be detected by testing the patient's serum against a panel of 

lymphocytes with known HLA types. The complement-mediated microlymphocytotoxicity 

technique has been the standard, and the anti-human globulin (AHG) enhancement method 

provides higher sensitivity. This test is called HLA antibody screening and the results are 

expressed as the percentage of the panel cells that are reactive; this is called the % panel 

reactive antibody (% PRA) [18]. 

1.6.4  HLA  system and transplantation 

HLA-A, HLA-B, and HLA-DR have long been known as major transplantation antigens. 

Recent clinical data indicate that HLA-C matching also affects the clinical outcomes of 

hematopoietic stem cell transplantation, but HLA-DQ and HLA-DP[27-28] do not appear 

critical. 

Antibodies bound to the graft fix complement and cause damage to the vascular endothelium, 

resulting in thrombosis, platelet aggregation, and hemorrhage. Hyperacute rejection occurs in 

patients who already have antibodies specific to a graft. Natural antibodies against ABO 

blood group and preformed HLA antibodies induce hyperacute rejection. Natural anti-A and 

anti-B antibodies cause hyperacute rejection because AB antigens are expressed on 
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endothelial cells of grafts. HLA alloimmunization can be induced by blood transfusions, 

pregnancies, or transplants. Hyperacute rejection can be avoided in most cases by ABO-

identical or ABO-major compatible transplantation and by confirming negative lymphocyte 

crossmatching. Acute rejection is primarily the result of T cell-mediated response. Chronic 

rejection may be due to antibody and cell-mediated responses[19,20]. 

1.6.5 Solid organ transplantation 

All potential deceased donor organ transplant candidates are registered with the UNOS. In 

general, each patient is HLA typed, screened for preformed HLA antibodies, and evaluated 

for various clinical conditions, and each individual is given a numeric score. The UNOS 

algorithm for allocating deceased donor kidneys takes into account the HLA matching, time 

of waiting, HLA alloimmunization status, age, and previous organ donation. Pediatric 

transplant candidates and those with 80% or higher PRA are given preference. Pretransplant 

crossmatching is performed by the patient's transplantation program. The presence in the 

recipient of preformed HLA antibodies reactive with a donor's lymphocytes has been 

considered a contraindication to kidney transplantation[26]. Recently, desensitization 

protocols have been tried with some success in reducing the levels of preformed donor-

specific anti-HLA antibodies and converting a positive crossmatch to negative. These 

protocols include the administration of intravenous immunoglobulin and use of 

plasmapheresis. 

1.7 Statistical Implication 

The explosion of advanced computational and statistical methods, combined with advances in 

sequencing technologies in the recent years, allowed us to carry out integrative translational 

research to address the identification of relevant D/R non HLA variants prior to tx, that can 
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predict the risk of post-tx injury and, thus, advance on current methods of tx patient risk 

stratification in clinical practice. Two-Way Row-Matched (RM) Two-way RM ANOVA / 

MANOVA is being  used to compare the  function of cell populations in a range of cell ratio 

(two factors were type of sup-pressor cell and cell ratios) and to analyze graft rejection score 

and mice weight loss over time (two factors were the time and treatment). Bonferroni post 

test was used to compare suppressive activity for each ratio. 

1.8 Role of Cytokine and  HLA in organ transplants 

Cytokines orchestrate the specific immune response elicited by organ transplantation. 

Relevance of cytokines to the rejection reaction is multifactorial in nature: 

 1) promotion of the proliferation an differentiation of specific alloreactive T and B cells 

clones and differentiation and activation of CTL and NK cells, 

 2) chemotactic effect and induction of the expression of adhesion molecules, 

 3) enhancement of MHC class I and II expression, and  

4) direct cytotoxic effect on the target grafted cells.  

         Therefore, modulation of cvtokine activity either specifically (monoclonal antibody, 

soluble receptor, etc.) or aspecifically (cyclosporin, FK 506, Rapamycin, steroids, etc.) is 

essential in controlling graft rejection.  
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2.0 REVIEW OF LITERATURE  

2.1  HLA Typing 

      The HLA system includes a complex array of genes located on chromosome number 6 

and their molecular products that are involved in immune regulation and cellular 

differentiation. Human leukocyte antigen (HLA) molecules are expressed on almost all 

nucleated cells, and they are the major molecules that initiate graft rejection. There are three 

classical loci at HLA class I: HLA-A, -B, and -Cw, and five loci at class II: HLA-DR, -DQ, -

DP, -DM, and -DO. The system is highly polymorphic. The contribution of the allelic 

diversity of class I and II genes to immune recognition and alloreactivity can be analyzed by 

serological methods and molecular methods at the DNA level by different methods like 

sequence specific primer (SSP) and oligotyping with locus- and allele-specific 

oligonucleotide probes (SSOP)[1-5].  

2.2   Efficiency of Immune system 

When a foreign organ, such as a kidney, is transplanted into a non-identical individual of the 

same species, the organ is called an allograft. The immune response from the recipient to the 

allograft is termed an alloimmune response, which is initiated by T-cell recognition of 

alloantigens (commonly known as allorecognition). Allorecognition is the first step of a 

series of complex events that leads to T-cell activation, antibody production, and allograft 

rejection. This review will summarize the key concepts of transplant immunology and 

modern immunological assays, which are essential in our clinical practice. For kidney 

transplants, the long-term graft survival is best in HLA-identical living related kidney 

transplants. The major impact comes from the match of the DR antigen, and the order of 

importance for HLA match in kidney transplant is DR > B > A [5-10]. 

2.2.1.Non-HLA antigens/antibodies 
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Acute and chronic graft rejection can occur in HLA-identical sibling transplants, indicating 

the presence of immune response to non-HLA antigens. There are several non-HLA antigens 

and their antibodies derived from either alloimmunity or autoimmunity have been reported 

[10-11]. 

2.2.2 Minor histocompatibility antigens 

Minor histocompatibility antigens (MiHA) are small endogenous peptides that occupy the 

antigen-binding site of donor MHC molecules. They are generally recognized by CD8+ 

cytotoxic T-cells in the context of self-MHC, which leads to graft rejection. In bone marrow 

transplant, MiHA play an important role in graft-vs-host disease in patients who have 

received HLA-matched cells. As our knowledge in transplant immunology advances, there 

will likely be more alloreactive and autoreactive antibodies to uncove [12-13]. 

2.2.3 Allorecognition pathways 

Allorecognition can occur by one of three pathways: direct, indirect, and semi-direct]. In the 

direct pathway, recipient’s T-cells recognize intact allogeneic HLAs expressed by donor 

cells. In the indirect pathway, T-cells recognize peptides derived from donor HLAs presented 

by recipient APC. In the semi-direct pathway, recipient dendritic cells or other APC acquire 

intact HLAs from donor cells and present them to recipient T cells. The direct and indirect 

pathways are well understood in organ transplantation; the semi-direct pathway is not of 

clinical importance. The direct pathway is very important in the immediate post transplant 

period. Without appropriate immunosuppression, a strong and effective alloresponse would 

follow, which is primarily due to the high number of recipient T-cells that will recognize the 

graft antigens and cause acute cellular rejection[13-14].  

2.2.4  Signal models of t-cell activation 
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The combination of signal 1 and 2 activates three downstream signal transduction pathways: 

the calcium-calcineurin pathway, the RAS-mitogen activated protein kinase pathway, and the 

IKK-nuclear factor κB (NF-κB) pathway. These three pathways further activate transcription 

factors including the nuclear factor of activated T cells, activated protein-1, and NF-κB, 

respectively. Several new molecules and cytokines including CD25, CD154, interleukin (IL)-

2, and IL-15 are subsequently expressed. IL-2 and IL-15 deliver growth signals (signal 3) 

through the mammalian target of rapamycin pathway and phosphoinositide-3-kinase 

pathway, which subsequently trigger the T-cell cycle and proliferation (Figure 2.1: The 3-

signal model of T cell activation.  HLA: Human leukocyte antigens; IL: Interleukin; TCR: T-

cell receptors; NFAT: Nuclear factor of activated T cells; mTOR: Mechanistic target of 

rapamycin) 

 

                                                             (Figure 2.1) 

 



14 
 

 

The fully activated T-cells undergo clonal expansion and produce a large number of 

cytokines and effector T-cells, which eventually produce CD8+ T-cell mediated cytotoxicity, 

help macrophage-induced delayed type hypersensitivity response (by CD4+Th1), and help B 

cells for antibody production (by CD4+Th2) [15]. A subset of activated T-cells becomes the 

alloantigen-specific memory T-cells. 

2.2.5 Flow Cytometry 

 

The flow cytometry crossmatch (FCXM) was introduced into clinical practise by a few . The 

principle of the test involves incubating donor cells with recipient serum and then adding a 

fluorescein-labeled second anti-human immunoglobulin antibody that binds to patient 

antibody bound to the donor cells. The test is read on a flow cytometer, and the degree of 

positivity is expressed as a channel shift. The main advantage of the FCXM is its sensitivity 

for antibody detection over the conventional CDC crossmatch . In cases where the second 

antibody is anti- human IgG, it is not possible to discriminate between complement binding 

(CB) and non-complement binding (NCB) HLA antibodies. However, if that additional 

information is required, it is possible to use second antibodies to the IgG isotypes and also 

IgM . It is also possible to detect antibodies to both class . The figure represents the principles 

underlying the Luminex bead assay. Each bead has one or more different types of human 

leukocyte antigen (HLA) molecules attached depending on the level of testing being 

performed. If the test serum contains an HLA antibody it will bind to the appropriate HLA 

molecule. This binding can be detected by the use of a second phycoerythrin (PE)-labeled 

anti-human IgG [16-18].  

2.2.6 Immune responses in graft rejection 
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Innate immunity refers to the nonspecific natural immune system that involves macrophages, 

neutrophils, NK cells, cytokines, toll-like receptors, and complement components. 

Alloimmune is an adaptive immunity that involves recognition of alloantigen and confers 

antigen specificity and memory by T and B cells as discussed above. However, alloimmune 

response not only produces specific effector T cells and antibodies, but also secretes 

chemokines and cytokines, which recruit components of the innate immune system, such as 

complement activation and leukocyte migration from the circulation into a site of 

inflammation. On the other hand, ischemic injury of the allograft initially activates the innate 

immune response, which leads to increased antigen presentation to T-cells by up-regulating 

the expression of class II HLAs, adhesion molecules, and cytokines [18-20]. Therefore, the 

innate and adaptive immune responses are closely interrelated and both play important roles 

in allograft rejection and rejection-associated tissue damage. 

2.2.7 Panel reactive antibody 

Human sensitization is defined by the presence of antibodies in the recipient’s blood against a 

panel of selected HLA antigens representing donor population. It is reported as the percent 

panel reactive antibody (PRA). PRA estimates the likelihood of positive crossmatches to 

potential donors[21]. The higher the PRA level, the lower the chance of receiving a 

compatible kidney and longer the waiting time on the kidney waitlist, previous exposure to 

HLA antigens. Sensitization is caused by previous exposure to HLA antigens, usually 

through previous organ transplant(s), pregnancy or blood transfusion particularly relevant is 

the exposure of women to their partner’s HLA during pregnancy. This results in direct 

sensitization against the partner, potentially making the partner and/or their child an 

unsuitable donor. The percent PRA in an individual patient may vary from one testing date to 

another secondary to either a change in antibody titers, or a change in the usage of HLA 
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antigens in the assay. The technology of PRA assay has advanced from the initial CDC assay, 

to the enzyme-linked immunoabsorption (ELISA), to the current multiplexed particle-based 

flow cytometry (Luminex). Single antigen beads are increasingly used to characterize the 

preformed HLA antibodies before transplant as well as any de novo development of HLA 

antibodies (donor-specific antibodies, DSA) after transplant[22]. 

2.3 Immunogenetic Polymorphism 

Genetic polymorphism is the hallmark of human biology. Scientists who address the 

pathophysiology of disease are well aware of this and often resort to the simplification of 

human pathology through the development of animal models that eliminate this confounding 

dimension through generations of inbreeding. The immune system is clearly most profoundly 

affected by the genetic variation of the human species. This is why Jean Dausset observed in 

1952 that individuals who had received several transfusions from strangers developed 

antibodies against the donor's leukocytes. This observation eventually led to the identification 

of the Human Leukocyte Antigen (HLA) system, a nomenclature that refers to the human 

Major Histocompatibility Complex (MHC). It turned out that the MHC complex includes the 

most polymorphic genes in the human and wild animals' genomes and the implications of this 

polymorphism in relation to transplantation, immune response and autoimmune disease had 

stirred an ongoing debate [23-25].  

2..3.1. Correlation between HLA allele and HLA antigen specificity 

There is a fundamental difference in the result and biological significance between HLA 

serotyping and genotyping. In the HLA serotyping, HLA antibodies are used to identify the 

HLA antigens on the surface of lymphocytes. HLA antigens are proteins that can be 

recognized by the host immune system during blood transfusion, organ transplantation, as 
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well as pregnancy. Specific antibodies against HLA antigens are the basis of the 

identification of the HLA antigens. [15-17].  

2.3.3 HLA polymorphism 

The immune system, on the other hand, has the more complex task of responding to ever 

evolving environmental components that enter the organism through different routes in the 

form of pathogens. This adaptation can occur through genetic recombination throughout life 

as in the case of antibody formation. HLA molecules, which have the task of presenting intra-

cellular antigens on the surface of cells to cytotoxic and helper T cells, have adopted another 

strategy to increase their antigen presenting repertoire. This strategy included extensive 

duplication of genes with redundant function but subtle differences in the way such function 

is implemented. All classical HLA molecules present small portions of antigenic proteins 

(epitopes) to T cells; however the selection of these epitopic determinants markedly varies 

across the HLA genes and their alleles. Thus HLA molecules are generally conserved in 

domains of the protein responsible for interactions with conserved components of the T cell 

receptors and their co-receptors (like CD8 molecules) while displaying extensive 

polymorphism in domains responsible for antigen binding and interactions in variable regions 

of the T cell receptors [18].  

2.4.  Molecular Typing : HLA compatibility in terms of  RT-PCR 

The development and extensive usage of molecular methods soon substituted serologic 

techniques, for determination of individuals HLA type using realtime PCR. 

High-resolution typing at the four-digit level for all HLA loci is an unrealistic goal with these 

techniques. Molecular methods mainly focus on identifying polymorphisms in exons 2 and 3 
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of the class I locus and exon 2 of the class II locus, which are crucial for HSCT, as mentioned 

before [14-15]. 

2.4.5 Next Generation Sequencing NGS 

Over the past decade, next generation sequencing (NGS) has advanced remarkably, allowing 

its widespread  use in clinical settings.  Until recently, a genetic test aimed at answering a 

question that arose  from a specific clinical suspicion, pointing toward a selected genetic 

target.  This gene-centered approach, although very reliable to detect single mutations, was 

inefficient and expensive because it often required several attempts to make a diagnosis. In 

recent years, the introduction of NGS has accomplished the simultaneous analysis of a large 

number of genes, up to whole exome sequencing (WES) or even whole genome sequencing 

(WGS).   Nowadays, it is possible to sequence the complete human genome within a few 

hours at relatively low cost, using widely available technologies that are becoming  

ncreasingly powerful and whose limitations are more interpretative than technical.    Progress 

in DNA sequencing and genotyping array technology allow the detection of variants, 

deletions, and duplications at the genome level. Among these techniques, targeted gene 

sequencing (TGS) and WES are particularly useful to retrieve point mutations that are 

causative of monogenic diseases (MDs).    There is no doubt that genetic testing may 

contribute to a prompt identification of patients with aMD. Nevertheless, it is illusory to think 

that the recognition of a genetic defect can fully characterize the clinical features  of a 

Mendelian condition[26-27].  

2.4.6 Luminex Technology 

The introduction of fluorescently labeled beads revolutionized HLA antibody testing during 

the 1990s. Commercial kits are available (One Lambda, Immucor) which consist of beads 

impregnated with differing ratios of two fluorochromes resulting in a unique signal for each 

bead and which have one or several types of HLA molecules attached. The assay involves 
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first the incubation of a patient’s serum with the beads. If the patient has HLA antibodies the 

serum will react with the bead expressing the appropriate HLA molecule. After washing, the 

beads are incubated with a secondary antibody, usually with a phycoerythrin (PE)-labeled 

anti-human IgG.  Three levels of testing are possible depending on requirements. The first 

level provides a positive/negative result with respect to a patient’s antibody status. In this 

instance, the beads are bound with a large number of class 1 or class 2 molecules derived 

from lymphoblastoid cell lines. Beads used in second level testing are bound with molecules 

derived from a single cell line and hence express two HLA molecules for each of the HLA 

loci (HLA-A, -B, -C for class I and HLA-DR, -DQ and –DP for class II)[28] 

2.5 SSO and  SSOP 

Human leukocyte antigen (HLA) typing, utilising the sequence-specific oligonucleotide 

(SSO) and sequence-specific primer (SSP) technologies, has been in routine use in many 

tissue typing laboratories worldwide for more than 20 years since the development of the 

polymerase chain reaction. Both methods are very useful for clinical and research purposes 

and can provide generic (low resolution) to allelic (high resolution) typing results. This 

chapter provides an overview of the SSO and SSP methods in relation to HLA typing [29]. 

Total time taken for this method, including the DNA extraction, ranges from 2 to 3 hours. 56 

The remarkable advantages of SSP methods are that they are less time-consuming and more 

cost-effective, making them suitable for use as a screening method for preventing of HLA-

associated adverse drug reactions.  

2.6 Clinical Significance [Methods for immunogenetic profiling]  

The detection of genetic variation in a given population is important for the understanding of 

its role in physiological or pathological conditions [30]. Allelic discrimination has been 

predominantly conducted by polymerase chain reaction (PCR). However, PCR-based 
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methods can detect only known polymorphisms since the primers for PCR are designed based 

on known sites of sequence variation. Only unknown polymorphisms that accidentally occur 

in the region spanned by the primer can be discovered. Known SNP can be also readily 

detected using oligo-array-based techniques or comparable high-throughput systems. 

Oligonucleotide arrays are most commonly based on the principle of competitive 

hybridization of DNA to oligos containing the polymorphism at the centermost position. 

Single base mismatches at a central position of the probe reduce the affinity of the 

hybridization of the test samples compared to the hybridization of reference samples designed 

to perfectly match the oligo. Gain of signal indicates the presence of a perfect match. When 

two differentially labeled targets, one representing the test sample and the other representing 

the reference sample are used for hybridization, competition occurs between the two targets 

for binding to the two oligonucleotides specific either for the wild type (reference) sequence 

or the SNP. A SNP-specific hybridization of the test sample will be proportionally higher 

than the poor hybridization of the reference sample containing the wild type sequence 

resulting in reduced fluorescence of the reference sample (signal loss). Equal signal intensity 

in test and reference channels indicates no differences for that specific oligo. Signal loss 

improves the experimental and analytical effectiveness [31]. This technology is dependent 

upon the design of oligos containing known polymorphic sites and, therefore, it is limited in 

number of SNP that can be identified and cannot resolve unknown SNPs unless all possible 

permutations are empirically added. 

2.7  Statistical tools  

 Continuous data were presented as the mean ± standard deviation (SD), and were compared 

using Student’s t-test, Welch’s t-test or the Mann-Whitney U test, where appropriate. 

Categorical data were compared using Pearson’s chi-squared (χ2) test or Fisher’s exact test, 

where appropriate. The correlation between different methods was tested using Pearson’s chi-
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squared (χ2) test and was assessed by Cramér’s V-value (Cramér’s phi or φc), which 

measures the association between two variables. Kaplan-Meier probabilities of graft survival 

and recipient survival were compared using the log-rank test. Statistical analysis was 

performed using SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA). A P-value of <0.05 was 

considered to be statistically significant[32]. 

  2.8  Role of Cytokines  

Cytokine polymorphism(s) is becoming a major focus of attention for the understanding of 

several diseases [33]. Cytokines, are largely secreted molecules that act on the surrounding 

microenvironment by providing cell to cell signaling. Because of the signaling function, their 

expression is tightly regulated and most of them are not constitutively expressed. 

Interestingly, as later discussed, most of the polymorphic sites so far identified in cytokine 

genes have been in non-coding regions containing regulatory sequences. The perturbation of 

the balance among different cytokines could have implications for the clinical course of many 

immune diseases as well as organ transplantation [34]. What is the role that cytokine and 

cytokine receptor polymorphisms play in human disease? It is possible that balanced 

polymorphism of immune regulatory genes could have been selected evolutionarily for the 

beneficial effect of conferring selective advantage in the course of infectious outbreaks [35]. 
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3.0  AIM AND OBJECTIVES  

3.1 Aim: To tissue type organ transplants in the light of immune monitoring criteria     

                 towards  compatibility and clinical outcome 

3.2 Objectives 

3.2.1 To tissue type donor and recipient patients of organ [kidney, liver, heart and lung] 

         Transplants using HLA typing 

3.2.2  To assess the Efficiency of immune system in dealing with transplant-inection  

3.2.3   To identify and catalogue the genetic polymorphism in the backdrop of  

           histocompatibility and immunogenetics  

3.2.4   To decipher the influence of  HLA compatibility in organ transplantation  

            subjects in  view of RT-PCR, SSP and  SSOP 

3.2.5   To assess the HLA compatibility in terms of SSO and SSOP 

3.2.6   To correlate the tissues matching with clinical outcome and its significance 

3.2.7    To analyse the above outcome / output data  in the light of modern statistical  

             tools   such as  SAS, SPSS , ANOVA  and  MANOVA 

3.2.8    To develop  a detection mechanism for cytokines as it may help in deciphering  

             the  principle of tolerance and rejection. 
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4.0. RESEARCH METHODOLOGY : SAMPLES AND PROTOCOLS 

Forty two  individual patients paired by D/R[Donor- Recipient  with  20 kidney  donors  and  
recipient; 10 liver  transplants; 10 lung transplant ; 2  heart  transplant subjects were 
considered  from  MMC/ Rajive  Gandhi Government General  Hospital  and other city 
hospitals and  after obtaining  respective institutional  ethical clearance experimental samples 
were obtained  and subjected to HLA  typing  and allied as depicted under and  sequenced 
using blood cell, leucocyte DNA [vide schematic work flow design, 4.0] 

‘

 

 Each blood sample was obtained from the donor and the recipient prior to tranplantation. 
Recipients were also selected for the four  clinical categories and were assessed for  rejection 
in the first 3 months after transplant.  Overall study design and workflow. Detection of 
variant mismatches and statistical analysis for association with clinical endpoints and 
prediction using exome sequencing (exomeSeq) data  integrated with the analysis of 
publically available gene expression data  to perform enrichment analysis using different 
variant annotations following the  protocol of  36 and the  recipients  were  tested positive for 
DSA at the time of transplant.  Patients received thymoglobulin for induction and were 
maintained on steroids, tacrolimus, and mycophenolate antibody  for the maintenance of                                                                                                                             
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of immunosuppression regimen. Molecular HLA typing was performed by reverse sequence 
specific oligonucleotide hybridization.   Donor-specific HLA antibodies were evaluated using 
solid-phase immunoassays  having been performed on a Luminex platform. Unacceptable 
HLA antigen assignments and     calculations were based on 

specificities strong enough to yield a positive flow cytometric crossmatch. In this pursuit an  
integrated exomeSeq and clinical data with functionally relevant gene expression data 
leveraging selected publically available datasets were analysed.  DNA Extraction and 
exomeSeq DNA was extracted from the blood  cells [PBMCs] collected from donor and 
recipients. The DNA was measured using NanoDrop 2000 Spectrophotometer  and Kapa 
Hyper Library Prep kit for constructing  the respective [ Exome Kit v3.0] based on Roche 
Sequencing and thereby the  exome capture the High Output mode. Raw data were aligned to 
the human genome build 37 (hg19) using bwamem (0.7.15) (21).1 Fastqc (0.11.5) was used 
as a quality control tool for the sequence data. In the study the Genome Analysis Toolkit 
(GATK) was also used  to perform the subsequence analysis. This is a software package for 
analysis of high-throughput sequencing data. The genomic data were  annotated the variants 
using ANNOVAR  identifying a total number of  variants restricted to the autosomal 
chromosomes. From these variants, we only considered the variants that were called in at 
least 95% of the samples, resulting in a total number of variants for subsequent analyses. D/R 
Variant Mismatch We measured the variant mismatch between D/R pairs considering one 
allele difference in at least one of the individuals. An example of all the possible allele 
combinations that one pair may have for one specific variant aligned to the reference genome 
and the total mismatch is identified. With the total number of mismatches,  ANOVA-test was 
performed to account for the global association with the clinical endpoints (AMR, CMR, or 
No Rej) adjusting the model by a “genomic distance,” which takes into account the race and 
relatedness information of each D/R pair. 

To increase the power of the study because of the relatively small number of patients in the 2 
gender-mismatched groups (40 and 34), a more conservative probability level of P ≤.025 was 
used (instead of .05) to determine significant differences between groups. Pre-transplant 
baseline characteristics of the 4 groups were compared with logistic regression for categorical 
variables (using the paired comparisons contrasts procedure) and one-way analysis of 
variance (ANOVA) for continuous variables (using the Tukey paired comparisons test). 
analysis  was also  used to examine 3 continuous time-to-event outcomes: One-way ANOVA 
(with the Tukey test) was used to examine the rest of the continuous outcomes, and logistic 
regression (with the contrasts procedure) was used to examine the categorical outcomes. 

Methods of assessing  cytokines: A high-throughput detection kit was applied and altogether 
the  different cytokines were tested simultaneously on all the transplantation patients by 
comparing their HLA characters.  
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5.0 RESULTS  

As elucidated in the methodology, 42 donar- recipient[paired] samples were subjected to 

diverse HLA-typing protocols including modern statistical tools and the data were recorded 

and depicted in terms of tables, graphs and figures as given under. 

5.1  HLA Typing [TABLE 5. 1] 

PAIR 1 (INTERPRETATION) 

Donor organ : Kidney  

Donor type : Liver 

Recipient : Son 

Donor : Mother 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies post-transplant. 

PAIR 2 : Donor organ : Kidney 

Donor type : Live 

Recipient : Daughter 

Donor : Mother 
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HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies post-transplant. 

5.2  PAIR 3 [ TABLE 5.2] 

Donor organ : Kidney 

Donor type : Live 

Recipient : Brother 

Donor : Sister 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies following post-transplant. 

PAIR 4 (INTERPRETATION): Donor organ : Kidney 

Donor type : Live 

Recipient : Son 

Donor : Father 
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HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies following  post-transplant. 

5.3 PAIR 5 [TABLE 5. 3] 

Donor organ : Kidney 

Donor type : Live 

Recipient : Son 

Donor : Mother 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies following  post-transplant. 

PAIR 6 : Donor organ : Kidney 

Donor type : Live 

Recipient : Son 

Donor : Mother 



28 
 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies post-transplant. 

5.4 PAIR 7 [TABLE 5. 4] 

Donor organ : Kidney 

Donor type : Live 

Recipient : Son 

Donor : Father 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies following  post-transplant. 

PAIR 8 : Donor organ : Kidney 

Donor type : Live 

Recipient : Brother (1°) 

Donor : Brother (1°) 
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HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies following  post-transplant. 

5.5 PAIR 9  [TABLE 5.5] 

Donor organ : Kidney 

Donor type : Live 

Recipient : Brother (1°) 

Donor : Brother (1°) 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies following  post-transplant. 

PAIR 10 : Donor organ : Kidney 

Donor type : Liver 

Recipient : Brother (1°) 

Donor : Sister (1°) 
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HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a 1% Class – I and 5% Class - II  mismatch with matching 

outcomes from tests 1 to 4. Thus the donor-recipient pair is matched with no discrepancies at  

post-transplant. 

5.6 PAIR 11 [TABLE 5. 6] 

Donor organ : Kidney 

Donor : Cadaver 

Recipient : Adolescent female 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies during post-transplant phase. 

PAIR 12 : Donor organ : Kidney 

Donor : Cadaver 

Recipient : Adult female 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 
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Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% mismatch with matching outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies post-transplant. 

5.7 PAIR 13 [TABLE  5.7] 

Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult female 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a minimal 1% Class – I mismatch and 8 % Class -II mismatch, with 

discordant outcomes from tests 1 to 4. Thus the donor-recipient pair is matched with no 

discrepancies at post-transplant. 

PAIR 14 : Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult male 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-
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FCXM test result showed a minimal 6% Class – I  and 7% Class - II mismatch with 

discordant outcomes from tests 1 to 4. Thus the donor-recipient pair is matched with no 

discrepancies post-transplant. 

5.8 PAIR 15 [5.8  TABLE]  

Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult female 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result showed a 27% Class – I and 1% Class - II mismatch with discordant 

outcomes from tests 1 to 4. Thus the donor-recipient pair is matched with no discrepancies 

during post-transplant. 

PAIR 16:  Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult male 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result for Class – I & II showed a minimal 1% mismatch with matching outcomes 
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from tests 1 to 4. Thus the donor-recipient pair is matched with no discrepancies at post-

transplant. 

5.9  PAIR 17  [TABLE 5.9] 

Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult male 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA Class - I,II by Luminex Xmap was 

Negative. The donor-recipient pair for HLA-X match and PRA Class – I, II match by 

Luminex were negative. Subsequently, DSA-IgG HLA Class – I,II by Luminex technology 

yielded a negative result, with no loci at HLA-A,B and D. The donor-recipient pair for SAB-

FCXM test result for Class – I & II showed a minimal 1% mismatch with matching outcomes 

from tests 1 to 4. Thus the donor-recipient pair is matched with no discrepancies during  post-

transplant. 

PAIR 18: Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult female 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA by Luminex Xmap was Negative for 

Class – I and positive for Class - II. The donor-recipient pair for HLA-X match and PRA 

Class – I, II match by Luminex were negative. Subsequently, DSA-IgG HLA by Luminex 

technology yielded a negative Class – I and a positive Class - II result, with no loci at HLA-

A,B and D. The donor-recipient pair for SAB-FCXM test result showed a Class – I mismatch 
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of 3% and Class – II mismatch of 40% with discordant outcomes from tests 1 to 4. Thus the 

donor-recipient pair is matched with no discrepancies at post-transplant. 

5.10  PAIR 19 [TABLE  5.10] 

Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult male 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA by Luminex Xmap was Negative for 

Class – I and weak positive for Class - II. The donor-recipient pair for HLA-X match and 

PRA Class – I, II match by Luminex were negative. Subsequently, DSA-IgG HLA by 

Luminex technology yielded a negative Class – I and a positive Class - II result, with no loci 

at HLA-A,B and D. The donor-recipient pair for SAB-FCXM test result showed a Class – I 

mismatch of 1% and Class – II mismatch of 9% with discordant outcomes from tests 1 to 4. 

Thus the donor-recipient pair is matched with no discrepancies at post-transplant. 

PAIR 20:  Donor organ : Kidney 

Donor type : Cadaver 

Recipient : Adult male 

HLA X match at (1:2), (1:4) was Negative; HLA-PRA by Luminex Xmap was Negative for 

Class – I and positive for Class - II. The donor-recipient pair for HLA-X match and PRA 

Class – I, II match by Luminex were negative. Subsequently, DSA-IgG HLA by Luminex 

technology yielded a negative Class – I and a negative Class - II result, with no loci at HLA-

A,B and D. The donor-recipient pair for SAB-FCXM test result showed a Class – I mismatch 
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of 1% and Class – II mismatch of 1% with discordant outcomes from tests 1 to 4. Thus the 

donor-recipient pair is matched with no discrepancies during post-transplant. 

5.11  PAIRS 21 – 30 [ TABLE 5.11] 

Donor organ : Liver 

Donor type : Cadaver 

No discordance in HLA loci A, B and DRB1 

5.12  PAIRS 31 – 40  [TABLE  5.12] 

 Donor organ : Lung 

Donor type : Cadaver 

No discordance in HLA loci A, B, C, DRB1, DQB1 and DPB1 

5.13   PAIRS 41 – 42  [TABLE 5.13] 

 Donor organ : Heart 

Donor type : Cadaver 

No discordance in HLA loci A, B and DRB1 

 

[RESULT TABLES 5.1 -5.10; 5.11 – 5.13; VIDE FOLDER] 
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5.2  RESULTS 

5.2.1 KIDNEY [DESCRIPTIVE STATISTICS] 

The donor and recipient data were tabulated and the ranges were noted.  

 Donor Recipient 

Age 27 to 59 years 14 to 54 years 

HLA-A Expression – Starting value 1 to 11 minutes 1 to 33 minutes 

HLA-B Expression – Starting value 8 to 51 minutes 7 to 51 minutes 

HLA-DRB1 Expression – Starting value 3 to 16 minutes 1 to 16 minutes 

HLA-A Expression – Ending value 2 to 68 minutes 2 to 68 minutes 

HLA-B Expression – Ending value 37 to 58 minutes 37 to 58 minutes 

HLA-DRB1 Expression – Ending value 7 to 16 minutes 7 to 16 minutes 

Overall, the ranges in age and HLA expression did not show sharp differences 
between the donor and the recipient groups. The range of HLA-B expression was higher than 
the expression of HLA-A and HLA-B expressions. 

DATA REPRESENTATIONS 

DONOR - RECIPIENT HLA EXPRESSIONS (Starting values) 
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     DONOR - RECIPIENT HLA EXPRESSIONS (Ending values) 
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BASIC DESCRIPTIVE STATISTICS 
 
PCR – SSOP - HLA (Class I & II) 
Typing – LUMINEX 

MIN MA
X 

MEA
N 

STD 
DEV 

SKEW KURT 

Donor - HLA-A* - Starting value 1 11 8.5 4.442617 -
1.25051 

-
0.49673 

Donor - HLA-B* - Starting value 8 51 24.9 16.13398 0.71841
7 

-
1.17273 

Donor - HLA-DRB1* - Starting 
value 

3 16 10.2 4.652108 -
0.18289 

-
1.37176 

Donor -HLA-A* - Ending value 2 68 26.45 24.03829 0.84175
9 

-
0.52281 
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Donor - HLA-B* - Ending value 37 58 49.85 7.761409 -
0.61737 

-
1.23067 

Donor - HLA-DRB1* - Ending 
value 

7 16 14.2 2.546411 -
2.54326 

5.77462 

Recipient - HLA-A* - Starting value 1 33 19.95 14.40934 -
0.34709 

-
1.93721 

Recipient - HLA-B* - Starting value 7 51 30.65 16.72463 -0.4927 -
1.24093 

Recipient - HLA-DRB1* - Starting 
value 

1 16 7.05 5.216119 0.51732
4 

-
0.94714 

Recipient - HLA-A* - Ending value 2 68 29.2 22.851 0.74290
5 

-
0.64348 

Recipient - HLA-B* - Ending value 37 58 50.9 8.328139 -
0.75837 

-
1.25792 

Recipient - HLA-DRB1* - Ending 
value 

7 16 13.55 2.723678 -
1.57128 

1.64803
1 

 
The data for PCR-SSOP assay was mostly negatively skewed. The expression ranged 

between 11 and 68 for Donors and 1 and 37 for Recipients. 
 
PAIRED TTEST 

Paired t test was done for the PCR –SSOP assay and the value was 0.007362. This 
shows that the data accepts the null hypothesis and explains that there is no significant 
difference in the data across the Donor and the Recipient groups. 

 
 
5.2.2 LIVER- DESCRIPTIVE STATISTICS 

Descriptive Statistics 

 N Minimu
m 

Maximu
m 

Mean Std. 
Deviation 

HLA-A* 20 1 68 22.55 19.378 

HLA-B* 20 7 58 40.90 16.908 
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HLA-DRB1* 20 1 16 11.75 4.898 

Valid N 
(listwise) 

20     

HLA-B had a high expression of range between 1 and 68 minutes. The expression of 
HLA-B ranged between 7 and 58 minutes. The expression of HLA-DRB1 was lowest in liver 
and ranged between 1 and 16 minutes. 

MANOVA (99% CONFIDENCE) 

Descriptive Statistics 

 HLA Mean Std. 
Deviation 

N 

HLA-A* HLA_Class
1 

15.50 12.222 10 

HLA_Class
2 

29.60 23.085 10 

Total 22.55 19.378 20 

HLA-B* HLA_Class
1 

29.50 16.284 10 

HLA_Class
2 

52.30 7.040 10 

Total 40.90 16.908 20 

HLA-
DRB1* 

HLA_Class
1 

8.90 5.527 10 

HLA_Class
2 

14.60 1.430 10 

Total 11.75 4.898 20 

The mean value of HLA-A expression in liver was 22.5 Units / minutes. The class 1 
HLA-A expression deviated from this mean value only by 12 minutes, whereas the class 2 
HLA-A expression deviated from this mean value only by 23 minutes. 

The mean value of HLA-B expression in liver was 41 minutes. The class 1 HLA-A 
expression deviated from this mean value only by 16 minutes, whereas the class 2 HLA-A 
expression deviated from this mean value only by 7 minutes. 
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The mean value of HLA-DRB1 expression in liver was 11.75 units /minutes. The 
class 1 HLA-DRB1 expression deviated from this mean value only by 5.5 minutes, whereas 
the class 2 HLA-DRB1 expression deviated from this mean value only by 1.4 minutes. 

Overall, the standard deviation of HLA Class 2 (23 for HLA-A, 7 for HLA-B and 1.4 
for HLA-DRB1) was lower than HLA Class 1 (12 for HLA-A, 16 for HLA-B and 5.5 for 
HLA-DRB1). 

Box's Test of Equality of Covariance Matricesa 

Box's M 25.179 

F 3.428 

df1 6 

df2 2347.472 

Sig. .002 

Tests the null hypothesis that the observed covariance matrices of the dependent variables 
are equal across groups. 

a. Design: Intercept + HLA 

Box’s M test is used to check the homogeneity of variance and covariance matrices. 
Here, Box’s M value was 25 and the significance was 0.002. As it is less than 0.05, we can 
suggest that the assumptions are not met.  

Effect Value F 

Intercept Pillai's Trace .960 127.249b 

Wilks' Lambda .040 127.249b 

Hotelling's Trace 23.859 127.249b 

Roy's Largest Root 23.859 127.249b 

HLA Pillai's Trace .634 9.235b 

Wilks' Lambda .366 9.235b 

Hotelling's Trace 1.731 9.235b 

Roy's Largest Root 1.731 9.235b 

Pillai’s Trace is high and hence the null hypothesis can be accepted. Wilk’s Lambda 
is low implying that the discriminatory ability of the function in MANOVA is high. 
Hotelling’s trace is the sum of Eigen values of the test matrix; the higher the value the greater 
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the effects that contribute to the model. Roy’s largest root gives the upper bound for the F 
statistic. 

Source Dependent 
Variable 

Type III 
Sum of 
Squares 

df Mean 
Square 

F Sig. 

Corrected 
Model 

HLA-A* 994.050a 1 994.050 2.914 .105 

HLA-B* 2599.200b 1 2599.200 16.517 .001 

HLA-
DRB1* 

162.450c 1 162.450 9.970 .005 

Intercept HLA-A* 10170.050 1 10170.050 29.810 .000 

HLA-B* 33456.200 1 33456.200 212.600 .000 

HLA-
DRB1* 

2761.250 1 2761.250 169.460 .000 

HLA HLA-A* 994.050 1 994.050 2.914 .105 

HLA-B* 2599.200 1 2599.200 16.517 .001 

HLA-
DRB1* 

162.450 1 162.450 9.970 .005 

Error HLA-A* 6140.900 18 341.161   

HLA-B* 2832.600 18 157.367   

HLA-
DRB1* 

293.300 18 16.294   

Total HLA-A* 17305.000 20    

HLA-B* 38888.000 20    

HLA-
DRB1* 

3217.000 20    

Corrected 
Total 

HLA-A* 7134.950 19    

HLA-B* 5431.800 19    

HLA-
DRB1* 

455.750 19    
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The F-statistic for the MANOVA done in liver HLA data was 2.9 for HLA-A, 16.5 
for HLA-B, and 9.97 for HLA-DRB1. The larger the F statistic, the more we can reject the 
null hypothesis. Here, the F statistic is lesser for HLA-A. This signifies that there is less 
variance among the group means and that the data is not compatible for a linear model. The F 
statistic was high for HLA-B and HLA-C. 

Dependen
t Variable 

Parameter B Std. 
Error 

t Sig. 1% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

HLA-A* Intercept 29.60
0 

5.84
1 

5.068 .00
0 

29.52
6 

29.67
4 

[HLA=HLA_Class1
] 

-
14.10

0 

8.26
0 

-1.707 .10
5 

-
14.20

5 

-
13.99

5 

[HLA=HLA_Class2
] 

0a . . . . . 

HLA-B* Intercept 52.30
0 

3.96
7 

13.18
4 

.00
0 

52.25
0 

52.35
0 

[HLA=HLA_Class1
] 

-
22.80

0 

5.61
0 

-4.064 .00
1 

-
22.87

1 

-
22.72

9 

[HLA=HLA_Class2
] 

0a . . . . . 

HLA-
DRB1* 

Intercept 14.60
0 

1.27
6 

11.43
8 

.00
0 

14.58
4 

14.61
6 

[HLA=HLA_Class1
] 

-5.700 1.80
5 

-3.157 .00
5 

-5.723 -5.677 

[HLA=HLA_Class2
] 

0a . . . . . 

 

The t statistic is the ratio of the departure of the estimated value from its hypothesized 
value. The t-value for HLA-A for Class 1 was 0.105 and that of HLA-DRB1 was 0.005 for 
Class 1. It was the lowest for HLA-B was 0.001. 

Spread-versus-Level Plots 
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Standard Deviations versus Means 

 
The mean value was 22.6 minutes and the standard deviation was 19.4 for HLA-A in 

Liver. 

 
The mean value was 41 minutes and the standard deviation was 17 for HLA-B in Liver. 
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The mean value was 12 minutes and the standard deviation was 5 for HLA-DRB1 in Liver. 

     Variances versus Means 
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    Observed * Predicted * Std. Residual Plots 
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The points in the residual plots for HLA-A, HL-B and HLA-DRB1 of Liver are 
randomly dispersed around the horizontal axis suggesting that a linear regression model 
might be suitable for Liver data. 

5.2.3 HEART- DESCRIPTIVE STATISTICS 

 N Minimum Maximu
m 

Mean Std. Deviation 

HLA-A* 4 1442.0 1861.0 1576.50
0 

197.7886 

HLA-B* 4 842.0 3121.0 1981.25
0 

1281.8893 

HLA-DRB1* 4 62.0 902.0 601.500 372.8811 

The expression of HLA-A ranged between 1442 and 1861units/minutes. HLA-B had a 
high expression of range between 842 and 3121 minutes. The expression of HLA-DRB1 was 
lowest in heart and ranged between 62 and 902 minutes. 

MANOVA (90% CONFIDENCE) 

Descriptive Statistics by Groups (HLA Class 1 & 2) 

 HLA Mean Std. 
Deviation 

N 

HLA-A* HLA Class 
1 

1651.500 296.2777 2 

HLA Class 
2 

1501.500 84.1457 2 

Total 1576.500 197.7886 4 

HLA-B* HLA Class 
1 

1981.000 1527.3506 2 

HLA Class 
2 

1981.500 1611.4964 2 

Total 1981.250 1281.8893 4 

HLA-
DRB1* 

HLA Class 
1 

721.000 84.8528 2 

HLA Class 482.000 593.9697 2 
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2 

Total 601.500 372.8811 4 

The mean value of HLA-A expression in heart was 1576.5 units/  minutes. The class 1 
HLA-A expression deviated from this mean value by 297 minutes, whereas the class 2 HLA-
A expression deviated from this mean value only by 84 minutes.  

The mean value of HLA-B expression in heart was 1282 minutes. The class 1 HLA-B 
expression deviated from this mean value by 1527 minutes, whereas the deviation of class 2 
HLA-B expression from this mean value was as high as 1611.5 minutes. 

The mean value of HLA-DRB1 expression in heart was 374 minutes. The class 1 
HLA-A expression deviated from this mean value only by 84 minutes, whereas the class 2 
HLA-A expression deviated from this mean value only by 594 minutes. 

Overall, the standard deviation of HLA Class 2 (296 for HLA-A, 1527 for HLA-B 
and 85 for HLA-DRB1) was higher than HLA Class 1 (85 for HLA-A, 1611 for HLA-B and 
594 for HLA-DRB1). 

Effect Value F 

Intercept Pillai's Trace .994 79.544b 

Wilks' Lambda .006 79.544b 

Hotelling's Trace 159.087 79.544b 

Roy's Largest 
Root 

159.087 79.544b 

HLA Pillai's Trace .232 .151b 

Wilks' Lambda .768 .151b 

Hotelling's Trace .302 .151b 

Roy's Largest 
Root 

.302 .151b 

Pillai’s Trace, Wilk’s Lambda, Hotelling’s Trace and Roy’s largest root are statistics 
that are generally calculated in MANOVA and MANCOVA. They are positive numbers 
ranging between 0 and 1. Here, Pillai’s Trace is small and hence the null hypothesis can be 
rejected. Lambda is the measure of percent variance in dependent variables. Here, Wilk’s 
Lambda is high implying that the discriminatory ability of the function in MANOVA is less. 
Hotelling’s trace is the sum of Eigen values of the test matrix; the smaller the value the lesser 
the effects that contribute to the model. Roy’s largest root gives the upper bound for the F 
statistic.  
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Source Dependent 
Variable 

Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected 
Model 

HLA-A* 22500.000a 1 22500.000 .474 .562 

HLA-B* .250b 1 .250 .000 1.000 

HLA-
DRB1* 

57121.000c 1 57121.000 .317 .630 

Intercept HLA-A* 9941409.000 1 9941409.000 209.599 .005 

HLA-B* 15701406.250 1 15701406.250 6.370 .128 

HLA-
DRB1* 

1447209.000 1 1447209.000 8.040 .105 

HLA HLA-A* 22500.000 1 22500.000 .474 .562 

HLA-B* .250 1 .250 .000 1.000 

HLA-
DRB1* 

57121.000 1 57121.000 .317 .630 

Error HLA-A* 94861.000 2 47430.500   

HLA-B* 4929720.500 2 2464860.250   

HLA-
DRB1* 

360000.000 2 180000.000   

Total HLA-A* 10058770.000 4    

HLA-B* 20631127.000 4    

HLA-
DRB1* 

1864330.000 4    

Corrected 
Total 

HLA-A* 117361.000 3    

HLA-B* 4929720.750 3    

HLA-
DRB1* 

417121.000 3    

The F-statistic for the MANOVA done in heart HLA-A data was 0.47 and the same 
for heart HLA-DRB1 was 0.32. The larger the F statistic, the more we can reject the null 
hypothesis. Here, the F statistic is lesser. It signifies that there is less variance among the 
group means and that the data is not compatible for a linear model. 
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Dependen
t Variable 

Paramete
r 

B Std. 
Error 

t Sig. 90% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

HLA-A* Intercept 1501.50
0 

153.998 9.75
0 

.010 1051.82
9 

1951.17
1 

HLA 
Class 1 

150.000 217.785 .689 .562 -485.930 785.930 

HLA 
Class 2 

0a . . . . . 

HLA-B* Intercept 1981.50
0 

1110.14
9 

1.78
5 

.216 -
1260.11

8 

5223.11
8 

HLA 
Class 1 

-.500 1569.98
7 

.000 1.00
0 

-
4584.84

0 

4583.84
0 

HLA 
Class 2 

0a . . . . . 

HLA-
DRB1* 

Intercept 482.000 300.000 1.60
7 

.249 -393.996 1357.99
6 

HLA 
Class 1 

239.000 424.264 .563 .630 -999.845 1477.84
5 

HLA 
Class 2 

0a . . . . . 

The t statistic is the ratio of the departure of the estimated value from its hypothesized 
value. The t-value for HLA-A for Class 1 was 0.69 and that of HLA-DRB1 was 0.56 for 
Class 1. 

PLOTS 

Spread-versus-Level Plots 
 
Standard Deviations versus Means 
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The mean value of HLA-A was 1576.5 and the standard deviation was 197.8 minutes. 

 
The mean value of HLA-A was 1981 and the standard deviation was 1281.8 minutes. 
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The mean value of HLA-DRB1 was as low as 601.5 units/ minutes and the standard 

deviation was 372.8 minutes. 

Overall, more deviation was observed in HLA-B expression from its mean value than 
the HLA-A and HLA-DRB1 in heart data. 

Variances versus Means 
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Observed * Predicted * Std. Residual Plots 
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A residual is the difference between the observed value of the dependent 

variable and the predicted value. The points in the residual plots for HLA-A, HLA-B 
and HLA-DRB1 of Heart are randomly dispersed around the horizontal axis 
suggesting that a linear regression model might be suitable for Heart data. 
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5.2.4 LUNG- DESCRIPTIVE STATISTICS 

Descriptive Statistics 

 HLA Mean Std. 
Deviation 

N 

HLA-A* HLA_Class
1 

481.000 254.5584 4 

HLA_Class
2 

228.500 170.3673 4 

Total 354.750 241.7163 8 

HLA-B* HLA_Class
1 

272.250 102.5000 4 

HLA_Class
2 

617.250 103.7895 4 

Total 444.750 207.6692 8 

HLA-C* HLA_Class
1 

677.500 179.3330 4 

HLA_Class
2 

406.500 361.3867 4 

Total 542.000 301.2270 8 

HLA-
DPB1* 

HLA_Class
1 

421.000 297.9933 4 

HLA_Class
2 

286.000 179.1647 4 

Total 353.500 238.7916 8 

HLA-
DQB1* 

HLA_Class
1 

196.750 76.3604 4 

HLA_Class
2 

226.500 89.6679 4 

Total 211.625 78.7254 8 

HLA- HLA_Class 495.500 341.4972 4 
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DRB1* 1 

HLA_Class
2 

513.500 315.1534 4 

Total 504.500 304.3668 8 

 

The mean value of HLA-A expression in lung was 355 units/ minutes. The class 1 
HLA-A expression deviated from this mean value by 255 minutes, whereas the class 2 HLA-
A expression deviated from this mean value only by 170 minutes.  

The mean value of HLA-B expression in lung was 445 minutes. The class 1 HLA-B 
expression deviated from this mean value by 102.5 minutes, whereas the deviation of class 2 
HLA-B expression from this mean value was as high as 104 minutes. 

The mean value of HLA-C expression in lung was 542 minutes. The class 1 HLA-C 
expression deviated from this mean value by 179 minutes, whereas the deviation of class 2 
HLA-C expression from this mean value was as high as 361 minutes. 

The mean value of HLA-DPB1 expression in lung was 353.5 minutes. The class 1 
HLA-DPB1 expression deviated from this mean value only by 298 minutes, whereas the class 
2 HLA-DPB1 expression deviated from this mean value only by 179 minutes. 

The mean value of HLA-DQB1 expression in lung was 212 minutes. The class 1 
HLA-DQB1 expression deviated from this mean value only by 76 minutes, whereas the class 
2 HLA- DQB1 expression deviated from this mean value only by 90 minutes. 

The mean value of HLA-DRB1 expression in lung was 504.5 minutes. The class 1 
HLA- DRB1 expression deviated from this mean value only by 341.5 minutes, whereas the 
class 2 HLA-DRB1 expression deviated from this mean value only by 315 minutes. 

Overall, the standard deviation of HLA Class 2 (170 for HLA-A, 104 for HLA-B, 361 
for HLA-C, 179 for HLA-DPB1, 90 for HLA-DQB1 and 315 for HLA-DRB1) was lower 
than HLA Class 1 (254.5 for HLA-A, 102.5 for HLA-B, 179 for HLA-C, 298 for HLA-
DPB1, 76 for HLA-DQB1 and 341.5 for HLA-DRB1). 

MANOVA (95% CONFIDENCE) 

Bartlett's Test of Sphericitya 

Likelihood Ratio .000 

Approx. Chi-
Square 

31.154 

Df 20 
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Sig. .123 

Tests the null hypothesis that the residual covariance matrix is proportional to an 
identity matrix. 

a. Design: Intercept + HLA 

Barlett’s test of Sphericity is used to test if k samples are from populations with equal 
variances (homogeneity of variances). Here, the significant value is less than 0.5 suggesting 
that the factor analysis might not be useful for Lung data. 

Source Dependent 
Variable 

Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected 
Model 

HLA-A* 127512.500a 1 127512.500 2.718 .150 

HLA-B* 238050.000b 1 238050.000 22.375 .003 

HLA-C* 146882.000c 1 146882.000 1.805 .228 

HLA-
DPB1* 

36450.000d 1 36450.000 .603 .467 

HLA-
DQB1* 

1770.125e 1 1770.125 .255 .631 

HLA-
DRB1* 

648.000f 1 648.000 .006 .941 

Intercept HLA-A* 1006780.500 1 1006780.500 21.461 .004 

HLA-B* 1582420.500 1 1582420.500 148.734 .000 

HLA-C* 2350112.000 1 2350112.000 28.878 .002 

HLA-
DPB1* 

999698.000 1 999698.000 16.538 .007 

HLA-
DQB1* 

358281.125 1 358281.125 51.658 .000 

HLA-
DRB1* 

2036162.000 1 2036162.000 18.858 .005 

HLA HLA-A* 127512.500 1 127512.500 2.718 .150 

HLA-B* 238050.000 1 238050.000 22.375 .003 
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HLA-C* 146882.000 1 146882.000 1.805 .228 

HLA-
DPB1* 

36450.000 1 36450.000 .603 .467 

HLA-
DQB1* 

1770.125 1 1770.125 .255 .631 

HLA-
DRB1* 

648.000 1 648.000 .006 .941 

Error HLA-A* 281475.000 6 46912.500   

HLA-B* 63835.500 6 10639.250   

HLA-C* 488282.000 6 81380.333   

HLA-
DPB1* 

362700.000 6 60450.000   

HLA-
DQB1* 

41613.750 6 6935.625   

HLA-
DRB1* 

647826.000 6 107971.000   

Total HLA-A* 1415768.000 8    

HLA-B* 1884306.000 8    

HLA-C* 2985276.000 8    

HLA-
DPB1* 

1398848.000 8    

HLA-
DQB1* 

401665.000 8    

HLA-
DRB1* 

2684636.000 8    

Corrected 
Total 

HLA-A* 408987.500 7    

HLA-B* 301885.500 7    

HLA-C* 635164.000 7    

HLA-
DPB1* 

399150.000 7    
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HLA-
DQB1* 

43383.875 7    

HLA-
DRB1* 

648474.000 7    

The F-statistic for the MANOVA done in lung HLA data was 2.72 for HLA-A, 22.4 
for HLA-B, 1.8 for HLA-C, 0.6 for HLA-DPB1, 0.26 for HLA-DQB1 and 0.006 for HLA-
DRB1. The larger the F statistic, the more we can reject the null hypothesis. Here, the F 
statistic is lesser for HLA-DPB1, HLA-DQB1 and HLA-DRB1. It signifies that there is less 
variance among the group means and that the data is not compatible for a linear model. The F 
statistic was very high for HLA-B and moderately high for HLA-A and HLA-C. 

Dependent 
Variable 

Parameter B Observed Powerb 

 

HLA-A* Intercept 228.500 .426 

[HLA=HLA_Class1] 252.500 .285 

[HLA=HLA_Class2] 0a . 

HLA-B* Intercept 617.250 1.000 

[HLA=HLA_Class1] -345.000 .973 

[HLA=HLA_Class2] 0a . 

HLA-C* Intercept 406.500 .663 

[HLA=HLA_Class1] 271.000 .206 

[HLA=HLA_Class2] 0a . 

HLA-DPB1* Intercept 286.000 .497 

[HLA=HLA_Class1] 135.000 .101 

[HLA=HLA_Class2] 0a . 

HLA-DQB1* Intercept 226.500 .994 

[HLA=HLA_Class1] -29.750 .071 

[HLA=HLA_Class2] 0a . 

HLA-DRB1* Intercept 513.500 .741 
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[HLA=HLA_Class1] -18.000 .050 

[HLA=HLA_Class2] 0a . 

Observed power is the statistical power of the test you have performed based on the 
effect size estimate from your data. It is directly related to p-value. P-value is the level of 
significance representing the probability of the occurrence of an event. Observed power for 
HLA-A Class 1 was 0.285, for HLA-B Class 1 was 0.973, for HLA-C Class 1 was 0.206, for 
HLA-DPB1 was 0.101, for HLA-DPB1 was 0.71 and for HLA-DPB1 was 0.05. 

Spread-versus-Level Plots 
Standard Deviations versus Means 

 
The mean value of HLA-A was 354.7 and the standard deviation was 241.7 minutes. 

 
The mean value of HLA-B was 444.7 and the standard deviation was 207.7 minutes. 



61 
 

 
The mean value of HLA-C was 542 and the standard deviation was 301 minutes. 

 
The mean value of HLA-DPB1 was 353.5 and the standard deviation was 238.7 

minutes. 

 
The mean value of HLA-DQB1 was 211.6 and the standard deviation was 78.7 minutes. 
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The mean value of HLA-DRB1 was 504.5 and the standard deviation was 304 minutes. 

 
Variances versus Means 
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Observed * Predicted * Std. Residual Plots 
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The points in the residual plots for HLA-A, HLA-B, HLA-C, HLA-DPB1, HLA-
DQB1 and HLA-DRB1 of lung are randomly dispersed around the horizontal axis suggesting 
that a linear regression model might be suitable for Lung data 
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5.3. HLA genotyping 

Though it is a well known fact that the gene for major histocompatibility complex is being  

located in the short arm of chromosome 6 and its gene products are called as Human 

Leuckocyte Antigens (HLAs), even in the same homosapiens population there an 

expressional variation. Primarily the success of an l engraftment of any organ transplantation 

is directly proportional to degrees of matching between the donor and the recipient 

corpuscles. The following chromosomal map depicts the location  or locus of  the for HLA 

along with the classes. The distance  or morgan unit decides the expression of these antigens 

on the blood corpuscles. Any variation or mutation can alter the locus which inturn results in 

differential phenotypic expression. Consequently matching or mismatching is directly 

proportional to the degree of alignment between the donor and recipient. In the present study 

an attempt has been made to align the donor and recipient gene / DNA sequences to visualise 

the degree of matching or mismatching and it offerered interesting results as under. Class I 

and II are highly expressed antigens on cells. Class I expressed in all nucleated cells while 

Class-II expressed only in the antigen presenting cells which are major responsible for 

immune activation and reaction.  The class I  has three domains[A,B&C] and are found  

karyotic blood corpuscles  having the functional role of  recognising pathogenic cells with the 

help of  cytotoxic T cells.  Similarly class II has a single domain  D, mostly found in 

leucocytes, in particular T and B lymphocytes and monocytes and it labours in and 

ascertaining foreign antigens using T helper cells.  By corollary, class III has   three domains 

just as classI, however, the domains [c2, c4 & B] are complementary and it synthesises  

plasma proteins to be antagonistic on  extrinsic pathogens.  Furthermore the MHC region of 

the chromosome also encloses the genes for  cytokines which are having two domains for 

plasma proteins with a functional significance of  cell cycle phase operations and 

cytodifferentiation. 
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5.3.1 Polymorphic Antigenic Profile of Human Leuckocyte : 

 As illustrated  polymorphism is the order of  all MHC genes  as disclosed by the 

human genome project in 2000.  Online Mendelian inheritance too confirm the above 

phenomenon.  As elucidated above  the acceptance or rejection of the tissue or organ by the  

immune system is practically based on this principle.  Studies on the single nucleotide  also 

confirms the above polymorphism and  it is solely based on  gene mutation or  point mutation 

.  Therefore molecular pursuit offers better insight on acceptance or rejection of a tissue or 

organ in the living body system. The allelism behind MHC genes hold the secrete  for 

compatibility between the donor and recipient and it is faithfully  inherited from parents as 

five possible  genotypes with corresponding expression of phenotypes.  Indeed the genotypes 

determines the phenotype even at cell / tissue/ organ level. The following  pairwise alignment 

between two sequences not only illustrates matching but also mismatch in terms of basepairs 

[A=T:C=G]as marked in the red box below. The alleles of HLA in the form of  HLA-DBR1 

and  DRB1*[010101 and DRB1*01:02:01] are different and hence, polymorphic.  Besides 

multiplesequence alignment also confirms matching with more than 99 % identitity promotes 

acceptance[ courtesy public domain database] 
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 HLA typing for deciphering the polymorphic allele between the recipient and donor 

are targeting at the  molecular level for discerning  the variation in the  exons sequence of 

HLA-A, B, C of Class-I genes and HLA-DRB of Class II genes.. Diverse molecular methods 

including Sequence Specific Oligonucleotide Probe hybridization (SSOP), Sequence Specific 

PCR (SSP-PCR)  and RNA-sequencing are currently being employed to assess  the success 

rate in different organ transplantation  strategies. Bioinformatic profiling on the HLA 

polymorphic genomics disclosed  115 genes involved in the expression [vide the tables and 

analysis out that follows] where an elevated incident of  CD8+T confirmed high level of 

Eomes.  Besides, pairwise analysis between donor and recipient on kidney data using BLAST 

revealed  homolog sequence of TBX21 and the alingnments are graphically represented [vide 

Figures 1,2,3,4 &5].  Kidney donors are at high risk of end stage renal diseases.  Totally 115 

genes are associated with renal diseases.  Each sequence along with gene name, locus, exon 

count and accession number were retrieved and identified using public domain database.  

Besides, the chromosome location, protein name and pathway association were predicted 

using a bioinformatics tool, KEGG.   Furthermore, a particular gene, PKHD1 has high exon 

count of 67 and is located at 6p12.3-p12.2.  Similarly SIX1 and SIX2 encode 

Homeosapiensbox protein having least exon count.  Most of the genes are dominant on 

chromosome 2, 16 and X however, a few genes have been found on 13, 15, 8 and 20.  But no 

genes were found on chromosome 5,18 and 21. 
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6.0 DISCUSSION 

The development of sensitive methods for alloantibody detection has been a significant 

advance in clinical transplantation. However, the complexity of the data from solid phase and 

crossmatch assays has led to potential confusion about how to use the results for clinical 

decision making. Sources of variability in both the solid phase and crossmatch assay are 

discussed. Although definitive approaches to alloantibody testing are not possible with our 

current knowledge,  a pragmatic approach has been outlined that we hope will enhance 

clinical management in this area. 

Despite improvements in patient selection and management, every transplant carries some 

risk of organ or  graft loss. Donor-specific alloantibody (DSA) either present at the time of 

transplantation or arising de novo post-transplant is a risk factor for antibody mediated 

rejection (AMR) and potentially allograft loss in almost all types of organ transplants [41-

45]. Ideally, all DSA would be avoided, but this is often impractical in the setting 

of organ scarcity and recipient sensitization. Instead, the clinician must estimate the risk of 

AMR in each situation, while considering the consequences of remaining on dialysis. 

Understanding the complexities and limitations of DSA detection techniques is the key for 

making an accurate risk assessment while improving access to transplantation. 

The prime aim of this study  is to provide a practical guidelines for using solid phase assays 

and crossmatch (XM) testing. It also provide possible explanations for ambiguous test results 

and recommendations for further investigation. A  major emphasis is made on pretransplant 

alloantibody assessment in kidney transplant candidates, but the basic principles apply 

posttransplantation and to other solid organ transplants such as  liver, heart and  lung as well. 
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          In the present investigation an assessment was made on the  potential 

renal transplant subjects involving HLA typing of the donor and recipient (Table 5.1 - 

5.10) , screening for alloantibody against HLA, and obtaining a history of sensitizing events. 

HLA typing ideally includes A; B; C; DRB1; DRB3,4,5; DQB1; DQA; DPB1; and DPA; but 

this is not always performed [46-47].  The single antigen bead (SAB) solid-phase assay is 

most commonly used as the first line of screening for alloantibody, but multi-antigen 

screening beads can also be used. In the tables mentioned above,  5.1 - 5.5 imply live donors, 

while the tables 5.6 - 5.10 are based on cadaveric donors. Furthermore, the criteria such as 

CDC HLA crossmatch, PRA Class - I and II HLA, PCR-SSOP are  pre transplant data, while 

the remaining such as DSA IgG HLA Class-I and II, SAB-FCXM HLA Class - I and II , NGS 

- Illumina MiniSeq are post transplant data. Besides in the current pursuit, more importance 

was given to renal transplant data, than liver, heart and lung. The data were also analysed in 

the light of advanced  statistical and computational tools and expressed as graphics and tables 

[5.21 - 5.24]. 

6.1 CDC HLA Crossmatch 

In this study, all the 20 donor-recipient pairs confirmed negative for CDC HLA crossmatch 

[Table 5.1 - 5.10]. This algorithm has the ability to predict early AMR and graft loss in a 

cohort of CDC-cross match–negative renal transplant patients. Sensitivity of the algorithms 

to identify patients at risk decreased with increasing the MFI threshold. Although all patients 

in our study had a negative CDC-CM at the time of transplantation, further studies are needed 

to clarify whether a combined approach is superior to using SAB testing alone for the 

identification of at-risk patients in the setting of a negative CDC-CM [47-50]. 

6.2 PRA 
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The role of antidonor antibodies remains an important issue in renal transplant and in solid-

organ transplant in general. It is well-recognized that antigen-specific immune mechanism 

and nonimmunologic factors play an important role in allograft rejection. The number of 

HLA antigen mismatches defines the degree of HLA incompatibility  between donor and 

recipient tissues, and the number of HLA mismatches correlates with graft outcomes.[51, 

52] Anti-HLA antibodies are significantly associated with pretransplant sensitization, 

nonprimary transplant, and posttransplant acute rejection episodes. Donor-specific antibodies 

are categorized into 2 major groups: antibodies against the major histocompatibility complex 

HLA, and antibodies against the non-HLA minor histocompatibility complex. The major 

histocompatibility complex HLA antibodies involve anti-HLA class 1 (A, B, and C) and class 

2 (DP, DQ, and DR) antibodies [53- 55]. 

Crossmatch and antibody detection techniques have improved over time with increasing 

sensitivity and specificity. Complement-dependent cytotoxicity assay has remained the 

criterion standard for determining preformed antibodies after they were first described in the 

1960s.[56] Although this technique had been  used  for many years, it was seen that there 

were patients with a negative complement-dependent cytotoxicity assay experiencing 

humoral rejection. Because of this negation, it was understood that complement-dependent 

cytotoxicity fails to detect some clinically significant antibodies. The new technique that was 

known as solid phase technology was introduced to detect anti-HLA antibodies more 

accurately. In the current study, among the 20 pairs, 10A, 13A, 14A and 19A were weak 

positive [Table5.5, 5.7, 5.10] ;15A [Table 5.8] was positive and the remaining are negative. 

Accordingly, 75% negative and 25% positive. It is interesting to note that the PRA profile 

and DSA are coinciding with regard to their impacts. 
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El-Awar9 reports that a single antigen bead allows complex sera reacting with many HLA 

molecules to be dissected and accurate detect antibody specificity. Among the techniques that 

we used to detect anti-HLA antibodies and donor-specific antibodies, we choose the Luminex 

screen, because it has been shown to be a sensitive and specific method to detect antibodies. 

 This study is an incidence to determine the panel reactive antibody positivity and determine 

the subgroups positivity for class I and class II antigens. In highly sensitized patients with 

antibodies against many different HLA alleles, the Luminex-supported single antigen bead 

test, because of its high resolution ability, is currently the only technique that allows the 

precise characterization of HLA antibody specificities. Those highly sensitized patients 

should preferably be transplanted from a deceased donor, rather than a living donor, because 

of the increased risk of antibody-mediated rejection and early graft failure and loss. 

6.3 DSA 

Even if donor HLA is expressed, sometimes DSA depicts low affinity and avidity that it does 

not produce a positive flow XM. Although ideally all DSA would be avoided, it is not always 

possible. Although the presence of DSA in the setting of positive CDC or T cell AHG is 

associated with AMR and allograft loss, the significance of DSA with low affinity/avidity 

with a corresponding negative flow XM is not as clear. If transplantation is performed in this 

setting, frequent early posttransplant DSA monitoring may be helpful. In the present study, 

among the 20 pairs, 4 pairs (10A [Table 5.5], 13A & 14A [Table 5.7], 19A [Table 5.10]) 

were weak positive, and 1 pair (15A [Table 5.8] was positive, and the remaining 15 pairs 

were negative. Thus, 75% matching and 25% mismatching are apparent.  

Although it is advantageous to completely avoid DSA, it is not always possible given a 

patient’s sensitization. Patient survival has been shown to be improved with positive XM 
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transplantation and desensitization as compared to waiting on dialysis for a negative 

XM transplant[58-60] For this reason, some programs accept the potential risk for AMR and 

proceed to transplantation in the setting of known DSA. Not all DSA is the same and its 

pathogenicity remains difficult to predict. Understanding DSA characteristics beyond positive 

and negative can help further stratify the risk of AMR.  It remains unclear whether there is a 

difference in long-term outcomes depending on the number of DSA the patient has at the 

time of transplant, independent of the DSA MFI or crossmatch results. Several groups have 

reported outcomes based on the immunodominant (highest MFI) at the time of 

transplantation[61-64] but this approach is complicated because a DSA that appears 

immunodominant pretransplant may not be immunodominant posttransplant. Other groups 

have correlated the MFI sum with long-term outcomes[65-66] .  In an ideal world, 

comprehensive DSA testing would be performed for each patient including antibody titer, 

non-HLA antibody, auto-flow XM etc., but this is not practical given time constraints and is 

not cost-effective. We suggest the evaluation be tailored based on type of donor (deceased 

versus living) and the patient’s sensitization.  Additionally, it is  recommend ed to have 

consultation with local tissue typing experts and consideration of clinical context. These 

algorithms are based on our personal recommendations and apply to 

renal transplant recipients only. These algorithms may differ depending on 

the organ transplanted. 

When a potential living donor has been identified, the timing of DSA testing is somewhat 

modified as shown in Table 5.1 - 5.10. Again, if the solid phase assay is completely negative, 

as in 1A to 10A, 11A to 12A, 16A to 20A, the risk for AMR is low, and the XM does not add 

considerably to the evaluation. 

6.4 HLA genotyping using PCR-SSOP 
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Luminex technology is a new flow cytometric technology enabling us to analyse numerous 

reactions in a unique tube or well. It is a multiplexed data acquisition and analysis platform of 

microsphere-based assays that performs simultaneous measurements of up to 100 different 

analytes. In the histo- compatibility field, individual sets of microspheres are modified with 

reactive components such as antigens in order to perform HLA antibodies identification, or 

with oligonucleotides in order to perform HLA typing after reverse PCR-SSO. Thus 

microspheres are the equivalent of a panel of HLA typed lymphocytes (for PRA 

determination and antibody identification) or equivalent to a large set of probes selected to 

assign HLA typing. This new tool can be very useful in HLA laboratories since it is very easy 

to use and the results are concordant with those obtained with reference techniques. 

 

 In this study, individuals carrying alleles for HLA in terms of A, B and DRB1 were analysed 

for both donor and recipient [Table 5.1 - 5.10] in order to establish specific alleles that could 

contribute to understand the mechanisms of MHC recombination. It is based on matching and 

mismatching, as given under, not only between parents, but also between the donor and the 

recipient. In the first pair [Table 5.1], absolute values were recorded between donor and 

recipient. Similarly in the second pair, mismatch was found varying only in HLA - DRB1 

(11 : xx and 15 : xx). The third pair [Table 5.2] showed same matching in HLA - B (40 : xx), 

but varying mismatch between HLA - A* and HLA - DRB1 ; in fourth pair, varying 

mismatch was found in both donor and recipient (11/02, 58/51,16/15); the fifth and sixth 

pairs [Table 5.3] showed absolute matching between donor and recipient. The seventh and 

eighth pair [Table 5.4] recorded  absolute matching values, while ninth (33/26, 40/40, 15/16) 

and tenth pair (11/02, 58/51, 16/15) showed variation in the matching [Table 5.5]. While the 

cadaveric donors showed certain degrees of variation, in the matching criteria between the 

donor and the recipient, particularly in HLA - A and DRB1. However, the eleventh 
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(11A.B),twelveth (12A,B), fifteenth (15A,B),sixteenth (16A,B), seventeenth (17A,B), 

eighteenth (18A,B)and nineteenth (19A,B) pair confirmed absolute matching [Table 5.6 - 

5.10]. The thirteenth pair revealed variation in HLA-A and DRB1, but absolute matching in 

HLA-B (40;xx), while the fourteenth pair expressed variation in all the three alleles (11/2, 

58/51,16/15).The twentieth pair also falls in line with nineteenth, but for HLA-DRB1 

(11/15)[Table 5.10].  The matching  criteria could be understood by deciphering the 

following  illustration. 

 

 

 

6.4.1 HLA Typing by PCR-SSOP on Liver Transplants  

The study also carries serological tissue typing for HLA using SSP-PCR (sequence-

specific- primer) on the subjects of liver transplants.  10 recipients of Liver transplants were 
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considered for the above protocol towards HLA-A, HLA- B, and HLA-DRB1 [Table 5.11]. 

All the subjects were examined for those three parameters and revealed dynamic variation in 

the expression of HLA-A, B and DRB1. For instance, the first recipient showed allelic 

variations of 33 for HLA, 7/40 for HLA-B and 11/15 for HLA DRB1; Similarly, the second 

pair showed 11/26, 35/40 and 16/16 respectively for the above genes. More or less similar 

trends were repeated by the remaining transplant recipients.  The loci were examined and 

used to calculate mismatch scores. The locus-specific type of HLA mismatch, as well as the 

degree of HLA mismatch, was then assessed. For each locus individually, the mismatch 

number was scored as 0, 1, or 2, on the basis of the number of donor alleles not shared with 

the respective recipient[67].  

6.4.1 HLA Typing by PCR-SSOP on Lung Transplants 

Lung transplantation is increasingly practiced for patients with end-stage lung disease. The 

successful outcome of solid organ transplantation today is severely impeded by the 

production of alloantibodies, mainly directed against the protein products of the HLA 

complex of the organ donor. In the present study, 5 recipients ageing from 32 to 66 were 

encountered and the polymorphic HLA genes A,B,C, DRB1, DQB1 have been identified for 

their alleles [Table 5.12]. The first transplant of 66 years of age, had an allelic configuration 

of 68/58/15/04/03 respectively of those 5 genes. Similarly, the second transplant subject had 

a value of 02/48/01/12/03/04 respectively. The third subject showed 02/08/07/04/03/02. The 

fourth subject revealed 03/35/04/14/06/04 respectively.  

This study also addresses the question of HLA matching in lung transplantation and current 

knowledge of the allogenicity of different HLA class I and II antigens. The role of the 

antibody mediated immune response is discussed as well as the importance of pre-transplant 
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or de novo post-transplant circulating antibodies. Finally, potential mechanisms, which may 

act individually or in combination, of antibody mediated damage to solid organ transplants 

are considered [68]. 

 

6.4.2 HLA Typing by PCR-SSOP on Heart Transplants[HT}] 

Heart transplant is currently the definitive gold-standard surgical approach in the treatment of 

refractory heart failure (HF), a situation in which the patient presents with great functional 

limitation and high mortality rate.[69] Nevertheless, the scarcity of donors expressively limits 

the performance of a greater number of HT, a situation that has increasingly expanded the 

indication and use of mechanical circulatory assistance devices [  ].  In the present study only 

two HT subjects were studied and subjected to HLA-PCR-SSOP and assessed for three genes 

[HLA: A,B & DRB1]  [Table 5.13]: accordingly the first subject of  transplant disclosed an 

alleleic value of  24/51/11 for those three genes and second recipient revealed an expression 

value o0f  31/15/13 for the same  genes.  These genes play a vital role  in the 

histocompatibility of  transplant with respect to the immune system of the recipient [70]. 

Great strides have been made in the  development performance of transplants in general and    

HT in particular.  With an expressive increase in the number of HT until the mid-1990s, due 

to improvement in the clinical treatment of HF and the inherent limitation of donors, the 

number of HT in the world has remained stable pheneomenon. 

6.5  Solid Phase Single Antigen Bead (SAB) 

 Determining a negative SAB result is often the single most important aspect of alloantibody 

testing because it is used for donor selection and calculated panel reactive antibody  

assignment, yet this can be difficult because results are not dichotomous and depend on 
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laboratory conditions. In the present study, SAB was performed on 20 donor-recipient pairs 

[10 Live (1A,B to 10 A,B) and 10 Cadaveric (11A,B to 20 A,B) donors], and it revealed 1% 

Class-I and  II mismatch in 9 recipients [1A,B to 9A,B] of 10 live donors [Table 5.1 - 5.5]. In 

the case of the tenth live donor, however, the mismatch was found to be 1% in Class - I and 

5% mismatch in Class - II [Table 5.5 : 10 A,B]. Similarly, in the case of cadaveric donors, the 

mismatch was found to be 1 % each in Class-I and II in 4 donor-recipient pairs [12 A,B, 16 

A,B, 17 A,B and 20 A,B]: [Table 5.6, 5.8, 5.9, 5.10]. The eleventh donor-recipient [11A,B]: 

[Table5.6] pair showed a 0% mismatch in Class - I and 1 % mismatch in Class-II. 

Nevertheless, the 13th donor-recipient pair revealed a 1% and 8%; 14th pair revealed  6% and 

7% [Table 5.7]; similarly  15th pair : 27% and 1 % [Table 5.8]; 18th pair : 3% and 40% 

[Table 5.9]; 19th pair : 1% and 9 % [Table 5.10] respectively. Thus, 65% of samples [Table 

5.1 - 5.5, 5.6, 5.8 - 5.10], showed 99% match and 1 % mismatch, while 35 % samples showed 

varying degree ranging from 3% to 9%, with an exception of 40% by 18th donor [Table 5.9 : 

18A,B]. When SAB testing is completely negative (0%) in a patient, as in 11A,B [Table 5.6], 

the patient  has not shown a sensitizing event, XM testing is unlikely to add to the AMR risk 

assessment. The XM is most valuable whenever there is SAB positivity. Different XM 

techniques exist and each has its own set of limitations and varied sensitivity [71].  The flow 

cytometric crossmatch (flow XM) has improved sensitivity for the detection of both 

complement and non-complement binding class I and class II DSA as compared to the gold-

standard CDC-XM [72] . This method also reduces the subjectivity and inter-observer 

variability associated with the CDC-XM because it is reported as mean channel shift rather 

than a positive or negative result based on visual interpretation. Therefore, to best estimate a 

patient’s risk for AMR, it is  suggested to  use the flow XM as adjunct to SAB, as opposed to 

other methods. The international Antibody Consensus Group supported by the 
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Transplantation Society has not made any recommendations for or against the use of CDC 

versus flow XM [73]. 

The SAB assay does not measure antibody directly, but rather measures the binding of 

antibody towards an antigen, which is made up of multiple epitopes. This is essential to 

conceptualize when interpreting SAB results. When the HLA antigen is attached to the bead, 

a conformational change can expose cryptic binding sites that are otherwise not accessible on 

donor cells[74-77] Alloantibody binding to these denatured rather than intact HLA antigens 

leads to SAB positivity, yet the flow XM will be negative. Recognizing this phenomenon is 

valuable because antibodies toward denatured antigen alone are not clinically relevant and by 

making the corresponding HLA antigen acceptable for organ offers increases a patient’s 

access to transplantation. One way of detecting these antibodies is to treat the SABs with acid 

to denature all HLA antigens. If the antibody only binds denatured antigen, the SAB result 

will remain positive despite acid treatment [78].  Few studies have been done on this subject, 

but 21% to 39% of patients are thought to have at least one antibody towards a denatured 

antigen[79-80]. These antibodies have only been reported to be directed towards class I HLA 

and are not associated with previous sensitization[81]. Transplant recipients with 

alloantibody exclusively towards denatured antigen appear to have similar long-term allograft 

survival as compared to transplant recipients with no DSA[82-83].  Occasionally, the SAB 

test is mildly positive to multiple antigen specificities, yet the patient has not had a sensitizing 

event. Likewise, the MFI may be 800 on one occasion and 1200 the next. These results do not 

necessary indicate that the patient has alloantibody or even that there has been an increase in 

alloantibody. Inter- and intra-laboratory variability and background SAB fluorescence can 

sometimes lead to these results. The SAB assay is only semiquantitative, and the variation in 

MFI has been reported as high as 62%, especially when the MFI is relatively low [84] 
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Laboratory variability exists because of differences in the SAB product itself depending on 

the bead manufacturer, batch, or lot [85-87] Manufacturers have different antigen sources, 

distinctive specificity representation, and varied antigen density on the beads. Even with an 

identical product, intra-laboratory variability can occur depending on laboratory personnel, 

reagents, equipment, and conditions.[88-89] As with any test using flow fluorescent 

technology, there is also background fluorescence. Laboratories validate their assays with 

clearly defined positive and negative controls to compensate for this, yet it is important to at 

least consider. Whenever it is suspected that laboratory factors are contributing to positive 

SAB results, it is important to consult with local tissue typing expert for advice. 

6.6 NGS 

The Human leucocyte antigen (HLA) genes code for proteins playing a key role in immune 

responses and are notorious for being the most variable in the human genome. HLA gene 

sequences show high degree of polymorphism, not adequately captured by traditional typing 

tests, such as reverse sequence-specific oligonucleotide probes (SSOP), sequence-based 

typing (SBT), which is a Sanger sequencing reaction, and sequence-specific primers (SSP). 

Hence, a committee from the American Society for Histocompatibility and Immunogenetics 

(ASHI) focused on a list of common and welldocumented (CWD) HLA alleles [90-92]. Many 

of these alleles have only been partially characterized until now. 

In the present study, two loci were focussed for HLA-A, B and DRB1, and all those 20 

recipients, and the values were found to be significant [Table 5.1 - 5.10]. The data was very 

dynamic in all these pairs showing least homology. The first recipient declared a value of 

24:02:01 for HLA-A, 51:01:01 for HLA-B and 11:01:01 for DRB1, and it is exclusively for 

locus 1. For locus 2, the respective values were 26:01:01, 52:01:01, 15:02:01 ;s imilarly for 

the second recipient (2A), the respective values were 31:01:02, 15:01:01 and 13:01:01 for 
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those alleles, for the locus 1 ; For the locus 2, it is 24:02:01, 14:02:01, 01:02:01 for those 

three alleles respectively [Table 5.1]. The same dynamic data representation was observed in 

the remaining recipients as well [Table 5.2 - 5.10]. 

Furthermore, preliminary molecular testing is often followed by a second level of reflexive 

and confirmatory typing, increasing costs and time. In order to achieve allele information, a 

higher degree of resolution is offered by a combination of conventional SBT and also SSP to 

resolve ambiguities and/or confirm rare alleles. The highest possible resolution, covering the 

full HLA genomic region, is provided by various nextgeneration sequencing (NGS) 

platforms, which are available as public domain.  

 By the application of the NGS platforms, the list of HLA alleles increases dramatically [93-

95]. The debate is especially important since it revolves on what is beneficial for the 

transplant candidates. Reliance on antigen-based mismatch is indicated in ethnically 

homogeneous populations, but generally allele-based information by highresolution typing is 

recommended. Epitope fine analysis could offer important insight in the case of rare alleles 

and/or alleles, not present in SAB panel, which share epitope(s) with common alleles.  High-

resolution typing of the candidates for solid organ transplantation will provide sufficient 

information for all HLA loci helping in the generation of accurate critical alert systems at the 

transplant venues. It will decrease the errors in donor selection process and will favor the 

correct interpretation of unexpected positive crossmatches. It is true that NGS provides an 

enormous amount of genetic information; hence, the HLA clinical labs need to train the 

medical technologists investing on a new technology, hire biostatisticians, and pass strict 

validation procedures and the accreditation process. NGS technology is faster than the 

combination of traditional tests (SSOP, SBT, and SSP) till now used. Unsensitized pre-

transplant renal recipient may not consider NGS testing although it can be a useful post-

transplant, i.e., with the presence of de novo anti-HLA class II donor-specific antibodies 
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(DSA) [96]. For transplants of organs from deceased donors, quick typing of donor samples 

takes place at the local Organ Procurement Organizations (OPO) using real-time PCR or 

frozen prepared reverse SSOP trays, and highresolution typing is usually unavailable [97]. 

This causes uncertainty in reporting DSA and virtual crossmatching.  

6.7 Significance of Kidney transplant 

Renal transplantation has transformed the life of patients with end-stage renal disease and 

other chronic kidney disorders by returning endogenous kidney function and enabling 

patients to cease dialysis. Several clinical indicators of graft outcome and long-term function 

have been established. Although rising creatinine levels and graft biopsy can be used to 

determine graft loss, identifying early predictors of graft function will not only improve our 

ability to predict long-term graft outcome but importantly provide a window of opportunity to 

therapeutically intervene to preserve graft function before graft failure has occurred. Since 

understanding the importance of matching genetic variation at the HLA region between 

donors and recipients and translating this into clinical practise to mprove transplant outcome, 

much focus has been placed on trying to identify additional genetic predictors 

of transplant outcome/function.  

 Discussion is also made on the challenges faced by candidate gene studies, such as 

differences in donor and recipient selection criteria and use of small data sets, which have led 

to many genes failing to be consistently associated with transplant outcome. This review will 

also look at how recent advances in our understanding of and ability to screen the genome are 

starting to provide new insights into the mechanisms behind long-term graft loss and with it 

the opportunity to target these pathways therapeutically to ultimately increase graft lifespan 

and the associated benefits to patients. 
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Improvements in induction/immunosuppressant regimes, sharing of technical expertise 

between centers, the establishment of organ allocation networks and increased numbers 

of transplant centers have enabled kidney transplantation to become a successful treatment 

for patients with end-stage renal failure. Establishment of the Organ Procurement and 

Transplantation Network/United Network for Organ Sharing, Eurotransplant and other 

databases have lead the way in identifying donor and recipient features and measures of renal 

function which act as indicators of long-term transplant success, including cold ischemia 

time, deceased versus living donor and body mass index [98] Although donors and recipients 

are matched for clinical features shown to maximize transplant success, some immediate and 

early complications can occur after transplantation, including hemorrhage, thrombosis, intra-

abdominal infection, and acute rejection][99].  Many of these are treatable with surgery or 

changes in immunosuppressant/induction regimes, leading to 90% to 95% of cadaveric donor 

organs and approximately 100% of living donor organs still functioning 1 year after 

transplantation. Over time however kidney graft function declines, with greater than 50% of 

deceased donor transplanted kidneys failing within 10 years and greater than 50% of living 

related donor transplant kidneys failing within 17 to 18 years[100].  Although kidney biopsy 

and creatinine levels can determine graft failure, usually this is after substantial graft damage 

has occurred. 

Because of the importance of providing equity of access to kidney transplants across different 

ethnic and social-economical groups and with waiting lists outstripping organ supply, it is 

not always possible to match purely on the best clinical indicators of long-term graft survival. 

It is also important to bear in mind that although clinical features provide indicators 

of transplant survival and long-term function, they are not definitive predictors 
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of transplant longevity. One key feature of transplantation is that the donor and recipient, 

except between identical twins, differ in their genetic makeup. Utilization of HLA matching 

has enabled transplantation to become one of the first fields to translate genetic information 

into improved graft outcome [101] The use of genetic markers to predict disease outcome in 

common diseases has however been questioned as although genetic factors can predict 

disease outcome as well as clinical features, when added to well-established clinical 

predictors in common autoimmune and metabolic diseases, they do not improve disease 

prediction [102- 103].  In transplantation, where we do not have good clinical predictors of 

long-term graft survival/function, identifying genetic predictors of graft dysfunction could 

provide a window of opportunity to intervene therapeutically to prevent organ loss early on 

extending the benefits to patients of having a functioning graft. 

HLA antibodies represent a significant risk factor for hyperacute rejection and can contribute 

to chronic rejection [104] The HLA region encodes numerous molecules involved in 

presentation of exogenous and endogenous antigens for recognition by the immune system 

[8]. The immune system determines if antigens presented are self, triggering no response, or 

nonself, causing an immune response to be triggered. If the donor organ encodes different 

HLA molecules to those recognized by the recipient's immune system, when encountered by 

the immune system alloantibodies against the donor organ will be generated. Understanding 

that matching donors and recipients for HLA-DRB1, HLA-A, and HLA-B would lead to 

reduced alloantibody production and improved transplant outcome is a keystone of most 

clinical transplant protocols. 

6.8 Immunosuppression 

Immunosuppression is essential for graft accommodation and is achieved by use of induction 

regimes along with maintenance drugs throughout life. Calcineurin inhibitors, including 
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cyclosporine and tacrolimus, are the main forms of immunosuppressant. Calcineurin is 

activated by calcium signalling, causing dephosphorylation of its substrates, including 

nuclear factor of activated T cells (NFAT) complexes, which translocate to the nucleus and 

alter gene expression [105-107].  Inhibition of calcineurin and downstream NFAT proteins is 

key to inhibiting T-cell activation. Initial drug dosing is based on body weight, with 

therapeutic drug monitoring (TDM) of whole blood concentrations undertaken to titrate 

levels [108-110].  Achieving a balance between underimmunosuppression and 

overimmunosuppression is key to enabling long-term graft accommodation while preventing 

immunosuppressant side effects, including nephrotoxicity, new onset of diabetes 

after transplant (NODAT), hypertension, infection, and malignancies 

[111,112].  Interindividual genetic variation which alters/ablates expression of genes involved 

in drug metabolism pathways can impact on both drug titration in the short term and in the 

longer term potentially contribute to immunosuppressant side effects, suggesting that 

harnessing this variation could improve drug dosing [113-114]. 

6.9 Immunogenetics 

The potential impact of immune system variation on rejection and long-term graft 

accommodation has led to numerous immune genes being screened for a role 

in transplant outcome, with particular focus on screening other parts of the HLA region, 

complement, autoimmune genes, and other immune response genes as detailed under. 

Because of the success of HLA matching in transplantation and the high density of immune 

response genes encoded within the HLA region, additional HLA genes have been screened 

[115]. Presence of strong linkage disequilibrium across the region, where variants within 

different HLA genes are inherited together in a nonrandom manner has hampered efforts to 
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determine additional effects independent of HLA class I and class II matching, with work 

ongoing to tease these out. 

The HLA class I molecules not only present endogenous antigens for recognition by the 

immune system but are also involved in inhibition of natural killer (NK) cells. The NK cells 

form part of the innate immune response against intracellular infections and tumor cells and 

secrete proinflammatory cytokines causing cell lysis. Natural killer cell cytotoxic activity is 

regulated through a balance between activating and inhibitory receptors present on their 

surface known as killer immunoglobulin-like receptors [116] Activating KIR recognize 

ligands expressed by cells undergoing stress and inhibitory KIR bind to HLA class I 

molecules [117].  If donors express different HLA class I molecules to the recipient, this 

could affect NK cell inhibition, with recipient NK cell alloreactivity suggested to 

influence organ transplant outcome. Some preliminary evidence for a role of KIRs in 

renal transplant has been found suggesting further investigation of genes associated with the 

HLA region is warranted[118]. 

6.10 Cytokines and Other Immune Response Genes 

Cytokines are produced by macrophages, T cells, and B cells and play a key role in initiating 

and regulating the immune response. This has made these genes obvious potential triggers of 

acute and long-term rejection in transplantation, and after the HLA region are the most 

studied genes for a role in transplantation. Over the years, various cytokines and other 

immune response genes have been investigated; however, a lack of consistent association of 

these genes with transplant survival has cast doubt over their potential role (as reviewed in 

the literatures [119-120].  Incomplete screening of all common variation within these genes, 

combined with small data sets may, in part, explain the lack of consistent association. As the 

immune response is dynamic and varies significantly across the lifetime of the graft, this 
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makes it inherently difficult to measure the impact of cytokines on transplant outcome. 

However, improvements in screening the genome and the use of larger data sets has enabled 

some evidence for a role of cytokines in transplant outcome to emerge.  

6.11 LIMITATIONS OF CANDIDATE GENE APPROACH 

Although progress has been made in identifying genetic predictors of 

kidney transplant function, for every gene identified, numerous others genes investigated 

showed no association or inconclusive results [120]. Several challenges have faced candidate 

gene studies, which may explain this, including sample size, incomplete gene screening, 

differences between cohorts, and lack of multivariate analysis.  Combined with these issues, 

investigating genes based purely on their potential or perceived function could miss novel 

gene pathways that could be targeted therapeutically to improve transplant outcome. Using 

nonbias genome screening techniques is one way of overcoming this. Recent advances in 

genetic screening methodology, including microarrays, GWAS, and next-generation 

sequencing, combined with greater collaboration between centers enabling establishment of 

larger kidney transplant datasets, with greater statistical power, are enabling many of these 

problems to be overcome. With breakthroughs in these areas starting to emerge, the 

remainder of this review will focus on how these new advances are being used in 

transplantation. 
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7.0  SUMMARY AND CONCLUSION 

The transplant of organs and tissues is one of the greatest curative achievements of this 

century. In organ transplantation, the adaptive immunity is considered the main response 

exerted to the transplanted tissue, since the main goal of the immune response is the MHC 

(major histocompatibility complex) molecules expressed on the surface of donor cells. Cell 

surface molecules that induce an antigenic stimulus cause the rejection immune response to 

grafted tissue or organ. A wide variety of transplantation antigens have been described, 

including the major histocompatibility molecules, minor histocompatibility antigens, ABO 

blood group antigens and endothelial cell antigens. The sensitization to MHC antigens may 

be caused by transfusions, pregnancy, or failed previous grafts leading to development of 

anti-human leukocyte antigen (HLA) antibodies that are important factor responsible for graft 

rejection in solid organ transplantation and play a role in post-transfusion complication Anti-

HLA Abs may be present in healthy individuals. Methods for HLA typing are described, 

including serological methods, molecular techniques of sequence-specific priming (SSP), 

sequence-specific oligonucleotide probing (SSOP), Sequence based typing (SBT) and 

reference strand-based conformation analysis (RSCA) method. Problems with organ 

transplantation are reservoir of organs and immune suppressive treatments that used to 

decrease rate of rejection with less side effect and complications.  

Considering the role of HLA matching in transplant outcome, in current years, serological 

methods have been replaced with DNA based typing methods. The main objective of this 

study is reviewing the important effect of HLA typing, polymorphism, classification, 

different techniques used and detecting antibodies against transplanted organ by diverse 

methods. Interpretation and clinical application of transplant immunology are crucial steps to 

a successful outcome. Understanding of crossmatch results and the caveats of individual tests 

can be quite challenging where clinicians have not had formal training in applied transplant 
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immunology. This case illustrated a common scenario and detailed the approach to testing 

and its interpretation. If we were to rely simply on the CDC-XM, we would have made an 

erroneous conclusion. It is crucial to realise that false positive report of CDC-XM can be due 

to autoimmune diseases where type III hypersensitivity occurs such as in Systemic Lupus 

Erythematosus. The false-positive B-lymphocyte crossmatch result from immune complexes 

binding to Fc-receptors[52-55]. Such a result may lead to inadvertent refusal of adequate 

kidney grafts. It has been previously reported that false positive CDC-XM could also be a 

result of medications such as Isoniazid and Hydralazine [56-60]. Detailed study of DSA by 

molecular technique would prevent erroneous exclusion of such donors. This can eventually 

lead to improved organ allocation and shorter waiting times in transplant lists. 

7.1 POWER POINTS 

 Transplantation is the process of moving cells, tissues or organs from one site to 

another for the purpose of replacing or repairing damaged or diseased organs and 

tissues. It saves thousands of lives each year. However, the immune system poses a 

significant barrier to successful organ transplantation when tissues/organs are 

transferred from one individual to another. 

 Rejection is caused by the immune system identifying the transplant as foreign, 

triggering a response that will ultimately destroy the transplanted organ or tissue. 

Long term survival of the transplant can be maintained by manipulating the immune 

system to reduce the risk of rejection. 

 Donor and recipient are carefully matched prior to transplantation to minimise the risk 

of rejection. They are matched based on their blood group, tissue typing, and how the 

recipient’s blood serum reacts to donor cells. 
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 Immunosuppressive drugs are used to prevent and to treat transplant rejection by 

dampening the overall immune response. However, immunosuppressive drugs are 

non-specific and leave patients more susceptible to disease as well as being associated 

with numerous unwanted side effects. 

 Further research on the immunological mechanisms of rejection will help improve 

cross matching, diagnosis and treatment, as well as facilitating the discovery of novel 

strategies for preventing. 

The alloimmune response is initiated by T-cell recognition of alloantigens through direct or 

indirect pathways. Three signal models have been established during T-cell activation, which 

subsequently produces various effector T-cells and antibody production. Sensitive crossmatch 

is routinely performed before kidney transplant to detect any significant DSA, so that 

hyperacute rejection can be eliminated. Solid phase based Luminex assay can further 

characterize HLA antibodies before and after kidney transplant to guide our clinical practice. 

In addition to the traditional anti-HLA antibodies, alloreactive and autoreactive antibodies 

against non-HLA antigens have now been increasingly recognized to play an important role 

in humoral rejection of allograft 

7.1.2 IMMUNOGENETIC POLYMORPHISM INCLUDING CYTOKINES 

In summary, polymorphism is widespread throughout the human genome and most likely to 

increase in prevalence as the analysis of individuals from different ethnic back grounds will 

expand. Because of its evolving relationship with environmental pathogens, it is likely that 

the immune system includes a relatively larger number of genes characterized by 

polymorphisms of functional significance. As a consequence, immune polymorphism may 

play an important role in disease susceptibility and responsiveness to therapy. It is likely, that 

most polymorphism relevant to immune pathology are still unknown as suggested by the 
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rapidly increasing databases [95-97]. The analysis of the impact of individual loci diversity 

on disease and treatment may be too restrictive. This may be particularly true in complex 

disease resulting from the involvement of multiple genes having variable effects, which 

moreover, can vary according to ethnic groups. High throughput technologies of moderate 

cost should be considered in the future as part of the tools utilized for the interpretation of 

clinical trials especially in experimental settings. "HLA" laboratories should, therefore, 

broaden their scope to the immunogenetic profiling of genomic regions that might influence 

not only on transplant outcome but also on autoimmune, infections and neoplastic pathology. 

7.1.3 XENOTRANSPLANTATION 

Transplanting organs from animal sources, xenotransplantation (XT), remains in the 

experimental stage. Hyperacute rejection due to the presence of galactose-α1,3-galactose 

(Gal) antibodies in man against the Gal-αl,3-Gal antigen present in the pig organs [98-100], is 

the major barrier to XT. This is being overcome by breeding transgenic pigs that express 

human decay accelerating factor on their vascular endothelium.  Alternatively the production 

of cloned α-1,3-Gal knockout pigs, through elimination of the gene that encodes for the α1,3-

galactosyl transferase enzyme necessary for the generation of α-Gal epitope, may prevent 

complement activation and hyperacute rejection . Xenozoonoses derived from the transfer of 

porcine endogenous retrovirus is the major risk of xenotransplantation.  Other strategies used 

are the establishment of xenogenic tolerance through mixed chimerism and other  

transplantation [101-105].  

7.2 CONCLUSIONS 

Understanding of the immunology related to RT, advances in the techniques of detection and 

characterisation of antibodies before and after RT and the crossmatch techniques have 
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significantly improved the outcomes of RT over last two decades. A late allograft loss from 

chronic antibody-mediated rejection still remains a major problem, which needs further 

research to advance our understandings of the immunological process involved that would 

help to reduce the transplant losses. 

7.2.1 Molecular perspective as per  RT-PCR] 

Usually, only exons 2 and 3 of HLA class I genes and exon 2 of HLA class II genes are 

assessed for polymorphisms, while other parts of HLA genes are not, due to time and cost 

constraints. Many databases, such as dbMHC, AFND, IMGT/HLA, and others [105-110] 

keep a record of known HLA allelic sequences and track newly found polymorphisms. Most 

HLA allelic sequences are maintained there as CDS or partial exonic regions. This way, 8-

digit HLA typing resolution, which is the ultimate goal, cannot be achieved. 

To address this issue, complete genomic sequence analysis of all HLA exons, along with 

other important HLA regulatory sequences and also other significant genes, must be 

performed. 

The high-resolution HLA typing of NGS is advantageous compared with the existing 

PCR/SSO, PCR/SSP, and PCR/SBT techniques, but infers limitations that seem impossible to 

overcome, the most important being their incapability of sequencing long enough fragments, 

in order to confront without ambiguity the allele phasing issue [111]. 

This is important because HLA is a highly polymorphic region, therefore it is quite difficult 

to determine which variants are associated with the final phenotype, the latest resulting from 

the complete end-to-end haplotype, meaning all variants across the MHC and also other 

genomic loci [115]. 
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The above issues, of HLA ambiguity and phasing multiple short-read fragments, are resolved 

with third-generation sequencers able to analyze long-reads that cover entire intronic-exonic 

regions of whole genes. Further optimization and gradually reducing the cost and error rates 

of these sequencers will establish their dominance in the field of HLA typing. 

7.2.2 KIDNEY : The HLA expression started from the first minute for HLA-A, and from the 

Eighth minute for HLA-B. The ending time of HLA expression extended up to 68 minutes for 

HLA-A, whereas it was as low as 16 minutes for HLA-DRB1. The data was negatively 

skewed. The ranges and the paired t test value (0.007362) between the donor and recipient 

groups showed that there’s not much difference in expression data of HLA-A, HLA-B and 

HLA-DRB1. 

 

7.2.3 LIVER: In liver, the expression of HLA-A, HLA-B and HLA-DRB1 was studied. The 

deviation was low for HLA-DRB1 but higher for HLA-A and HLA-B. For liver data, the null 

hypothesis was accepted implying that there was no variation in the HLA expression data. 

 

7.2.4 HEART : Overall, expression of HLA-B was more deviated than the expression of 

HLA-A and HLA-DRB1. Various statistics calculated on the HLA expression data in heart 

showed that the null hypothesis could be rejected but the effects contribute less to the model. 

The F statistic was as low as 0.32 for HLA-DRB1 signifying that the variance is less in the 

group. Residual analysis showed the data points randomly dispersed around the horizontal 

axis suggesting that the data might not fit in to a linear model. These observations possibly 

suggest that the contribution of HLA-A, HLA-B and HLA-DRB1 expression to 

transplantation acceptance (or rejection) by the recipient in heart is equal. 
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Heart transplant subjects with OHT assessment will grow dramatically over the next few 

decades. OHT is a component of a multifaceted advanced heart failure strategy and should 

be provided by an  expertise in all  areas to identify and manage the anatomical and 

physiological challenges. Recognition of the different sub-groups of ACHD heart failure 

patients should lead the medical community to develop novel astrategies for a death-free 

survival at long term follow-up. There are some powerful insights to be known in this conext: 

Adults with moderate and complex congenital heart disease (ACHD) have higher mortality 

than the general 

cardiovascular causes; Cardiac transplant for ACHD has a relatively high early mortality; 

Underlying congenital diagnosis has no influence on subsequent mortality or chance of 

transplantation.  

7.2.5 LUNG : In lung, the expression of HLA-A, HLA-B, HLA-C, HLA-DPB1, HLA-DQB1 

and HLA- DRB1was studied. 

Overall, in kidney, the HLA expressions across donor and recipient have been 

significantly matched. 
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