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Abstract

Even when kidney allografts are well matched for HLA antigens andHamti
antibodies are undetected, graft rejection still occurs. There is evidence of hyperacute
rejectionin the absence of HLA antibodies, implicating other alloantigens. Studies
have shown that some patients with graft rejection or loss have antibodies specific

for the highly polymorphic MHC classrélated chain A (MICA) antigens.

This thesis investigad whether mismatching MICA alleles associates with MICA
antibody production and graft rejection, survival or dysfunction. Using commercial
assaysMICA and HLA antibody screening of 442 recipients was performed and
specificities were confirmed in a sgpoup of 227 recipients using single antigen
(SAg) multiplex technology. MICA antibody specificity was assigned using three
independent SAg assays. In addition, MICA alleles of 227 recipients and donors
were determined by development and application BADsequence based typing.
Acute rejection (AR) was assessed by renal pathologists and classified as acute
cellular rejection (ACR) or acute antibodyediated rejection (aAMR). Graft
function was assessed by estimated glomerular filtration rate (eGFR3eamch

creatinine measurements.

Among the cohort of 442 recipients, 33 (7.5%) produced MICA antibodies, which
correlated with ACR (P=0.03). Analysis of the MICA typed cohort revealed 17
patients (7.5%) had MICA antibodies and 13 (6%) developed MICA dgpexific
antibodies (DSA). Multivariate analysis revealed MICA mismatching as a
significant factor associated with the presence of MICA antibodies (P=0.009¥and
mismatched MICA residues significanttprrelatedvith MICA antibody production.
MICA and HLA antibodies significantly associated with AR and MIDSA and
HLA-DSA correlated with decreased graft function by univariate and multivariate
analysis. To conclude, mismatching of specific MICA epitopes in renal
transplantation is a mechanism leadittg production of MICA antibodies and
MICA-DSA that associate with AR and graft dysfunction.
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Chapter 1

CHAPTER 1

Introducti on

1.1 The Human Immune System

The immune system in humans employs of a variety of mechanisms involving intesaction
between different cells and tissues in the body, with the aim of protecting the host from
infections and cellular abnormalities. There aewesal levels of defence involved in
preventing unwanted pathogens such as bacteria, viruses, parasites and fungi from entering
the body and causing damage. The skin is the main barrier against infection and when
penetrated, cells and factors of the ienemune system can quickly eradicate pathogens,

as the first line of cellular defence. The next level of defence is provided by the adaptive

i mmune system where cells can acquire Omem
antigen and when prested with the same antigen again, can react with a fast and efficient
response. The adaptive immune response has evolved to provide an army of lymphocytes,
with eachcell capableof recognising a separate antigen from an almost infinite variety.
Therefae these specialist cells possess specificity and memory for any substance that is not

a constituent of 6sel f6 providing the carg

encountered in Bfetime (Bonilla and Oettgen, 2010)
1.1.1 Innate Immunity

Innate immunity, as the name suggests, is present from birth and lasts for the lifetime of the
individual. The term nosspeific immunity can also be used, referring not only to-cell
mediated defence against pathogens but also the physical and anatomical barriers that are
designed to prevent entry of organisms into the body. The first physical defence that must
be breached foa pathogen to establish an infection are the epithelial surfaces, such as the
skin, which provide the first defence against infection with a tough and impenetrable
barrier. The epithelial surfaces lining the body orifices of the respiratory, gasttiomites

and urogenital tractare more vulnerable to infection. They are known as the mucosal
surfaces or mucosa and are constantly bathed in mucous secreted by the epithelia forming a
thick fluid layer containing glycoproteins, proteoglycans and enzymais pfotect the
epithelial cells and limit opportunistic infectiofisnight and Holgate, 2003; M. W. Russell

and Mestecky, 2010; Turner, 2009}or example, secretions such as tears and saliva
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contain enzymes thatakie antibacterial properties, such §sozyme(McClellan, 1997)

To keep respiratory airways free from dust and microorganisms, specialised-agdslet

secret mucous, and their protruding cilia beat in a wikeemanner to move mucous and
particles towards the oesophagus where they can thewddwed(Knight and Holgate,

2003) Material that enters the stomach is also a potentiakcsaoof infection however the

acidic environment helps eliminate pathogéisliman and Silen, 1972)T hus, our bo
physical and chemical barriers can defend us against the magnitude of pathogens present in
the external environment. However, these barriers can be breached malptigsage,

such as wounds or burns, allowing entry of pathogens into the body where they face the

next level of defence: the inflammatawgsponse.

Effector cells such as neutrophils, macrophages and dendritic cells (DC) have the primary
function of identifying, ingesting and destroying microorganisms. Together, effector cells
mediate the inflammatory response. The process by which particles or bacteria are engulfed
is called phagocytosis, therefore neutrophils, macrophages and DCs can collectively be
referred to as phagocytes. Macrophages arelleed cells residing in infected tissues and

are the first phagocytic cells to come into contact with an invading microorganism,
secreting soluble proteins called cytokines that attract other cells suelitasphils to the

site ofinfection. Other factors are also secreted by macrophages and act-badcaetial

agents that amplify the inflammatory resporfs@lledor et al, 2010) Neutrophils are
shortlived cells specialised for phagocytosis of pathogens and are the primary and most
abundnt cell in inflamed tissues. They are rapidly mobilised, can act in aerobic and non
aerobic conditions and often die at the site of infection giving rise tg§wamerset al,

2010) Cytokines secreted by phagocytes can induce local dilation of bloodaciagiland
change the adhesive properties of the vascular epithelium allowing phagocytes and other
white blood cells to bind and migrate out of the blood into the inflamed t{tsyeet al,

2007) Infiltration of cells into inflamed tissues increases swelling, redness and dilation of
blood vessels allowing leakage of plasma into the inflamed are@&rf@@dand factors
secreted by effector cells can produce local pain. These physical features of inflammation
have been known for a long time and are traditionally defined by the Icatior, dolor,

rubor andtumor, meaning heat, pain, redness and swg(White et al, 2005)

Phagocytes can become activated by specifiogmition of structures that are unique to
pathogens through interaction of their Folke Receptors (TLR) with microbial antigens
such as lipopolysaccharide (LP8)rinchieri and Sher, 2007) There are an increasing

number of TLRs being recognised in humans and areetkfas pattern recognition
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receptors (PRR) that recognise pathegesociated molecular patterns or PAMPs such as
LPS or deoxyribonucleic acid/ribonucleic acid (DNA/RN@®eylanet al, 2006) As well

as cellbound PRR, soluble recogon molecules can enter sites of inflammation via
infiltrating plasma as a result of oedema. One member of the pentraxin family of plasma
proteins is Geactive protein (CRP), which can bind to several different species of bacteria
and fungi. A membeof the collectin family of plasma proteins is mannbsgading lectin

(MBL) and binds carbohydrates with a terminal mannose, typically found in microbial cell
surface glycoproteins and glycolipigdpostolopoulos and McKenzie, 2001)Therefore

both CRP and MBL have specificity for pathogggrived molecular patterns and have th
functi on of 6opsoni singbé6 or coating t he
complement activation. Complement is the name for a group of plasma proteins involved
in an enzymatic cascade, initiated by the binding of complement component C1q to CRP or
MBL on the surface of the microbe. Complement activation is a general effector
mechanism of the immune system, responsible for antibtetjiated cell lysis associated

with humoral adaptive immunity in addition to inna@munity (Tomlinson, 1993)
Complement proteins bound to pathogens associate with specific complement receptors
expressed by phagocytes, triggering their engulfment and elimination. The soluble
complement fragments released during the enzymatic cascade enable recruitment of
additional phagocytic effector cells to the site of inflammation, enhancing pathogen

clearancgTomlinson, 1993)

Another important cellular component of the innate immune response is a cell related to the
lymphocyte called the Natural Killer (NK) cell. Negells are derived from the same
lymphoid stem cell progenitor as T anecBlls andare characterised by their expression of
CD56 and absence of the CD3 molecule found on-aklis (Rees, 1990) They recognise
infected or stressed cells and respond quickly and directly, killing them by secretion of
potent inflammatory cytokines that mediate killing without prior activation, resulting in the
term o6 Nat (Kiessling eKal,| 19%a; &iesslinget al, 1975b) The effector
functions of Nkecells are to kill infected or stressed cells and activate macrophages to
destroy phagocytosed microbes by secreting interfgeanma(IFN-g). NK-cells contain
protein granules that are released by exocytosis and act on adjacent cells. One of the
granules, called perforin, initiates lysis by making a hole in the target cell through which
other granules called granzymes can enter ¢flecgtoplasm and cause the cell to undergo
apoptosis. NKcells have several important roles in the defence against intracellular
microbes and are able to directly kill virally infected cells in the early phase of viral
infection. When effector -Cells ae formed and arrive at the site of infection, they become
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the main source of IFg and celfmediated cytotoxicity and secrete an inhibitory cytokine
called IL-10, deactivating NKcells(Biron et al., 1999)

An important feature of Nicells is their sensitivity to cells lacking HLA class | molecules,
allowing them to identify virally infected cells that have escaped detection-¢sllg,
known as tsheel fé nmh ysiiSarrenbgeal i198@) Cell suface molecules
expressed by Niells can induce activatory and inhibitory signals to regulate their activity
and diverge into three groups called Kil=ll Immunoglobulinlike Receptors (KIR), the
C-type lectin domain and Leucocyte Immunoglobdike Receptors (LIRYSawickiet al,

2001) Activating signals must be blocked by inhibitory signals to preventcliK
activation which is achieved by the binding of KIRs to their HLA class | ligands.
Deficiency of HLA class | molecules leads to N¢€ll activation(Karreet al,, 1986; Lanier,

2005; Vilches and Parham, 2002Activating receptors on Ni€ells also recognise ligands
expressed on cells that have undergone stressn linfected by a virus or become
malignantly transformed, activating Néells without the requirement of a second signal.
One of the most studied N&ell receptors is NKG2D and its ligands are structurally similar

to HLA class | molecule@Baueret al, 1999; Wuet al, 1999) In humans these ligands are
MHC class #related Chain A and B (MICA and MICB) and UL-béhding proteins
(ULBP1-6) (Eagle and Trowsdale, 2007, Champsaur & Lanier, 2018mong thesge
MICA has been the most widely studied as it displays considerable polymorphism, may be
involved in autoimmunity and transplant rejection and has recently become recognised as
an important molecule in tumour immunosurveillan¢@alih et al, 2002) MICA
expression is wpegulated in response to stress as a danger signal toeMK effectively
marking the MICAbearing cell for destruction bgngagement of NKG2D and Neéell
degranulatior{Baueret al, 1999) Therefore NKcells are important for the normal d&y

day surveillance of the bodyds cell s, abl e

infection or malignantransformation.

1.1.2 Adaptive Immunity

Just as the innate immune system relies on specialised cellular functions, the adaptive
immune response has evolved complex and specialised mechanisms. The properties that
make these cells distinct from innatenmanity are their specificity for a particular antigen

and their capacity for memory of antigenic encounters. The ability to remember a primary
encounter with an antigen enables subsequent exposure to result in a much faster and more

potent cytotoxicrespase (Bonilla and Oettgen, 2010) This role is carried out by
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lymphocytes descended from a common lymphoid progenittiedc@-cells and Bcells;

their names reflecting the different sites at which they undergo maturation: the Thymus (T
cells) or the Bone marrow (Bells) (Prchalet al, 1978) T-cells and Bcells can be
characterised by their distinct cell surface markerscells express CD3 in additn to
either CD4 or CD8 molecules while@lls are characterised by expression of CD19, CD20
and CD21. Tcells are further categorised as either the more comafoor gd-T-cell
depending on the extracellular subunits of theitell receptor (TCR) and ka slightly
different functiongKang and Raulet, 1997)

1.1.3 Generation of effector 8ells

Upon activation, Bcells differentiateinto plasma cells and have a unique function in
immunity, as they are the only cell type able to synthesise and secrete antibody. Antibodies
are variable antigespecific proteins known as immunoglobulins (Ig) that circulate the
body as a major constitoke of plasma in blood and lymph and specifically target their
antigen by binding to it. There are five classes or isotypes of immunoglobulin: 1gG, IgA,
IgM, IgD and IgE that differ in their structure and effector functions. The binding of
antibody rendexr the pathogen susceptible to other components and cells of the immune
system, heralding its destruction. Each antibody has a unique specificity for a particular

antigen covering a vast array of substance

Antibodies are glycoproteins consisting of a basic unit of four polypeptide chains forming
two identical heavy chains and two identical but smaller light chains that create a structure
resembling the | etter 0YO0. Raoylcgnpidenaldlyiind e c |
their amino acid sequence but this variability is concentrated in one area called the variable
region. This variability is responsible for antigenic specificity and the heavy and light chain
variable regions form the two antigen bimgl sites. The remaining part of the antibody

does not differ and is called the constant region. Most genes are encoded by exons and
introns that are readily transcribed and this is the case for the leader peptide and constant
regions of Ilg. However, thvariable regions are encoded by two variable light chain and
three variable heavy chain gene segments and rearrangement is required to produce an exon
that can be transcribed. The light chain variable region is encoded by variable (V) and
joining (J) g@me segments and the heavy chain has an additional set of diversity (D) gene
segments. The V, J and D gene segments have a number of variants and can be randomly
rearranged by cutting and splicing the DNA, known as DNA recombinéf@minget al,,

1996) This process occurs during the development -@ieBs in the bone marrow and is
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called somatic recombination. The unique rearrangement of V, D and J gene segments
leads to the extremdiversity and specificity of immunoglobulin binding sites. Once the
antibody molecule encounters its antigen, the specificity can be enhanced by single
nucleotide changes within the variable region in a process known as somatic hypermutation
(Weill and Reynaud, 1996) This final change in specificity ensures that onhcdlls
producing antibdy with the strongest affinity will become antibeggcreting plasma cells

(Hozumi and Tonegawa, 1976; Lefranc and Lefranc, 1980)

Naive Bcells circulate the body and carry out immunosurveillance via their membran
bound antigerspecific IgM or IgD molecules. #Bells can become activated by an
encounter with antigen and undergo somatic hypermutation and clonal expansion leading to
the development of effector, plasma cells secreting antibody, and menelsB The

soluble IgM secreted by plasma cells is monoclonal and can inactivate antigens such as
extracellular pathogens or soluble toxins by neutralisation, opsonisation and complement
activation. Multiple epitopes can also be a target feceB receptors, giwmg rise to
polyclonal antibodies against a single antigen. Memowgels remain in the lymphatic
system and following a secondary exposure to the same antigen, can become plasma cells
and instead of IgM, produce IgG by isotype switching, giving ridertg-term immunity to

an antiger{Gowans and Uhr, 1966)Approximately 80% of serum Ig is in the form of IgG.
B-cells can also be activated by synergistic interplay with another cell of the adaptive

immune response, thecell (Gowans, 1966)

1.1.4 Generation of effector -tells

T-cells are the main component of the adaptive immune response and although originating
in the bone marrow, undergo educataord maturation in the thymus.-CElls can perform
cell-mediated immunity against intracellular pathogens including viruses, bacteria and
parasites, and like Bells generate memory as well as specificity. There are two broad
subsets of Icells based omeir expression of ceBurface markers CD4 or CD8 and each
have distinct functions. CD8+-@ells are known as cytotoxic T lymphocytes (CTLs) and
can directly kill or lyse cells that have been infec{edndegrenet al, 1982) CD4
expressingdc el | s give 6hel pd t o ot-helper (Th) eellslthatt y p e
can be divided into Thl, Th2 and Thl7 subtypes based on differential phenotypic
expression, cytokine secretion and the type of cells they help. Thl cells can stimulate and
activate macrophages andcBlIs via cytokine secretio(Stout and Bottomly, 1989) Th2

cells can activate HBells that have encountered their antigen via synergic recognition of an
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antigenic peptide presented on thecdl receptor, thus giving help to-&lls to
differentiate into antibodgecreting plasan cells. Th2 cell effector function is carried out

in the lymphoid tissues whereas Thl and CD8 CTLs must migrate to the site of infection
(Mosmann and Coffman, 1989a,. b)Th17 cells are a new addition to theh@lper cell
group, characterised by secretion of1IZA with the role of mediating recruitment of
neutrophils and macrophages to the sitenfgfction (Bettelli et al, 2007)

Recognition of antigen by-€ells is faciitated by the highly specific TCR. There are two
types of TCR, thab and thegd, the former being the most commonly expressed, while T
cells bearinggd-TCR arerelatively few (Kreslavsky and von Boehme2010) The ab-

TCR is a membranbound glycoprotein heterodimer composedacindb heavy chains

with variable regions at their distal domains. The specificity of the TCR variable region is
determined by gene segment rearrangement but does not intéractr wecognise intact
antigens, rather individugbeptides(Lanier et al, 1987) Therefore TFcells must be
presented with their specific antigen via other cell types known as professional antigen
presenting cells (APC), such as DCs ocdls. The Human Leucocyte Antigen (HLA)
gene in humans, locatedthin the Major Histocompatibility Complex (MHC), encodes the
cell surface molecules responsible for peptide presentationdellsS TCRs can only
respond appropriately to an antigen if presented by an HLA molecule of the host, a
phenomenon termed MHf&striction and originally observed by Zinkernagel and Doherty
(Zinkernagel and Doherty, 1974, 1979)

1.1.5 The Major Histocompatibility Complex

MHC molecules are essential for ensuring that the appropriatdl €lass is activated by
stimulation with a particular source of infection. There are two types, or classes, of MHC
molecules known as MHC class | and MHC class Il, with each presenting peptides to CD8
and CD4 Tcells, respectively. CDB8 -Tells recognise gptides of intracellular origin
presented by MHC class | molecules and CDdells present peptides from antigens of
extracellular origin via MHC class Il molecules. Specific interactions between CD4 or CD8
glycoproteins and MHC class | or Il occur whe@R recognises its specific peptide and
MHC molecule. This involvement of CD4 and CD8 with immune recognition gives them a

role as cereceptorfMcMichael, 1980)
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MHC class | and class Il molecules have similar thdeensional structures comprised of
differing elements. The MHC class | molecule has a transmembrane &edgin non
covalently complexed with a pien called b,-microglobulin.  The three extracellular
domains of the heavy chain are calted, a-2 anda-3, with the folding of the-1 anda-2
domains forming the peptie@nding region, which is supported Hy2-microglobulin
(Bjorkmanet al, 1987) Thea-3 domain provides the binding site for CD8-rexeptors
(Norment and Littman, 1988)MHC class Il molecules comprise two transmembeaaad

b heavy chains each havirtiggo extracellular domains. The dis@landb domains form
the peptide binding groove and tlR-domain nearest the cell membrane provides a

binding site for CD4 caeceptorgStern and Wiley, 1994)

Proteins derived from bacteria or viruses as well as proteins derived fremdetfules

must be processed and presentedeptides by MHC class | and Il molecules in order to be
recognised by a TCR. Proteins from within the cell are processed by the MHC class |
pathway and extracellular proteins by the MHC class Il pathway as illustrated and described

in Figure 1.1.1.

HLA class | and class Il molecules also differ by the size of peptide that can be bound.
Peptides presented by HLA class | molecules are around nine amino acids in length and
bind the HLA molecule via anchor residues at either end of the peptide. Peptidesizd

with class Il molecules are generally longer, betwee34.@mino acids, and are fixed by
multiple anchor residues. Openings at either end of the binding groove allow extended
lengths of peptide to protrud®ladden, 1995)

The TCR is cpable of recognising an infinite number of peptides by rearrangement of gene
segments in a similar manner to antibody hypervariable regions. In addition, thymic
education attempts to ensure that immune responses are not inappropriately generated
against slf-antigens by a mechanism known as periph@igrance(Walker and Abbas,

2002) Immune responses against pathogenic orsehantigens can also be enhanced by

the conformabn of peptides bound to HLA molecules and depending on the HLA
molecule, a different repertoire of peptides may bind. These attributes, acquired through
polymorphism of HLA molecules, have occurred through evolution and natural selection as
a mechanism oénsuring that during pandemic infections, some individuals will remain
infectionfree (Bodmer, 1975; Parhaet al, 1989; Piazzat al, 1980)
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Figure 1.1.1: Antigen processing and presentation by MHC classand class Il molecules Peptides
presented by HLA class | molecules are produced by proteosomal digestion of intracellular components,
including pathogens, within the cytosol of cells and are shuttled to the Endoplastic Reticulum (ER) by a
protein callecthe Transporter associated with Antigen Presentation (TAP). Within the ER, MHC class |
molecules are transcribed and stabilised by chaperone molecules before bindib@-with Peptides
derived from proteosomal digestion of proteins associate with ntasged HLA class | molecules
making them stable. Complexes are transported in vesicles to the cell surface to engage with CD8+
TCRs. By contrast, HLA class Il peptides are derived from extracellular antigens engulfed by the cell in
a process called enddogis and transported inwards inside vesicles. Increasing acidity activates
proteases and hydrolases within the vesicle, degrading the antigen and producing peptides from the
proteins and glycoproteins. Inside the ER, newly transcribed class Il moleandestabilised by
chaperone molecules and are prevented from binding peptides by association with an invariant chain.
The class Il:invariant chain complex then leaves the ER in vesicles where the invariant chain is degraded
by enzymes, activated in chang pH, leaving a small fragment called CLIP in the peptide binding
groove. The vesicle then fuses with a vesicle containing peptides where a vesicle membrane protein,
HLA-DM releases CLIP. Peptides then become bound to HLA class Il molecules and fiexesnare

carried to the cell surface by outwardund vesicles where they present their peptide to CD4ell$
(Trombetta and Mellman, 2005)

1.1.6 HLA Polymorphism

The MHC molecules and other proteins involved in antigen processing and presentation, are
encoded by the MHC genes situated on the short arinroimmsome 6 (6p21.3Yiegleret

al., 1990) The striking feature of HLA class | and Il molecules is their resite
variability between individuals, termed polymorphism. HLA class | molecules are encoded
by HLA-A, B and C genes and class Il molecules by HDR, DQ and DP genes as shown

in Figure 1.1.2.
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Figure 1.1.2: Genomic organisation of the MHC region The human MHC region encompasses 3.6
Megabases on chromosome 6 and contains over 200 gene loci including all HLA genes and many
immune regulatory genes. HLA, B and C genes are encoded within the class | region andBRA

DQ and DP genes within the skall region(Klein and Sato, 2000)

HLA class | and Il molecules are encoded by inherited genes and ensure diversity by two
mechanisms. For each loci, two genes are expressed, one inherited from the mother and the
other from the father, thus a total of tweldifferent HLA molecules can be expressed from

the six classical HLA gene loci. The second mechanism of generating diversity of the
MHC is by genetic polymorphism that arises from changes in the nucleotide structure of
HLA gene loci and hence the amiaoid structure can be altered. This has resulted in the
evolution of thousands of HLA allelic variants making the HLA genes the most
polymorphic genetic system to be discovered. Currently (IMGT/HLA Release 3.4.0 April
2011) there are over 6400 HLA allsJeand those encoded by the classical HLA loci are
detailed in Table 1.1.(Robinsoret al, 2001)

Table 1.1.1:The allelic repertoire of classical HLA genes

HLA class | loci Alleles HLA class Il loci Alleles
HLA-A 1601 HLA-DRB 1027
HLA-B 2125 HLA-DQB1 153
HLA-C 1102 HLA-DPB1 149

YIMGT/HLA release 3.4.0, April 2011
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Extensive polymorphism of HLA allete ensures that most individuals will inherit a
different allele from each parent and therefore become heterozygous for all their HLA
genes. This is known as the heterozygote advantage as there is a greater chance that
infection can be overcome with tworgens of an HLA molecule, able to present slightly
different peptidegHughes and Nei, 1988)Genetic variation of HLA alleles has evolved
through positive selection resulting in differences that are concentrated in the regions
involving peptide bindig and interaction with the TCRi{1 anda-2 regions of the class |

loci and theb-1 region of class Il gene products). The combination of alleles that can be
inherited on each chromosome 6 is called a haplotype and heterozygous individuals have

two haploypes.

1.2Solid Organ Transplantation

Human organ transplantation is one of the most remarkable developments in medical
science in recent times, providing a routine -8fghancing procedure and facilitating
emergency lifesaving intervention. The firssuccessful livingelated donor kidney
transplant between identical twins took place in 1§#tformed byDr. Joseph E. Murray

at Peter Bent Brigham Hospital in Boston, USA. The transplant was from Ronald Herrick
into his identical twin Richard who livefdr a further eight years. Murray became a winner

of the 1990 Nobel Prize along with E.D. T
and cell transplantati on (Mumay, 1994 A inceasingne n t
understanding of the immunologicakrchanisms of graft rejection and the development of

drugs to inhibit them has brought about a revolution in organ transplantation.

An organ transplant or O6graftdé has sever al
an individual to another, faexample a skin graft. An isograft (also called syngeneic graft)

is between genetically syngeneic individuals, i.e., identical twins. An allograft is between
members of the same species but who are genetically different, for example siblings and
finally, a xenograft is between different species. The main two categories used are
autograft and allograft and these treat or cure many conditions as listed in Table 1.2.1. It
was recognised over a 100 years ago that autografts and isografts would succeesl wherea
allograftsfailed (Karamehicet al, 2008) Modern transplantation dates back to World War

Il when many burned airforce pilots were treated by attempting skin grafts, which was a
completefailure (Medawar, 1948) PeterMedawer described the inflammatory reaction

that was observed as rejection. ASkin gra
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undergo necrosis and (Madawar, d96d) A iepeat saamsplanh t o
using the same pair rejected more rapidly and experiments in mice and rabbits led to the
concl usi onc eélheartattende6 6raej ecti on of a second
lymphocytes and that graft rejection exhibits both memory and specifigigdawar,

1956) Other observations forming evidence of rejection being an immunological
phenomenon are infiltration of lymphocytes and monocytes as seen in biopsies of rejected

allografts.

Table 1.2.1: Typesf®olid organ transplantation and conditions they are used to treat

Transplanted Organ Reason

Kidney End-stage renal failure

Lung, heart/lung Pulmonary hypertension, cystic fibrosis
Liver Cirrhosis, cancer, biliary atresia

Heart Cardiomyopathy, congetai heart disease
Cornea Dystrophy, keratitis

Pancreas or islets Diabetes

Small bowel Cancer

Skin Burns

1.2.1 The immune response in organ transplantation

There are three stages involved in the immune response to alloantigens. The first stage is
the recognition of alloantigens presented to naive hastli§ either directly or indirectly.

The second stage is proliferation and activation of primed alloreactoetisSTand the third

stage is allograft destruction by effector cells. Figure 1.2.1ctteepnd describes the three

stages of the alloreactive response via the direct and indirect pathways.

Direct allorecognition occurs when donor APCs, mainly DCs migrate to the lymph nodes
and spleen where they stimulate CD4+ and CD8tells directly viadonor MHC
molecules on the surface of the DRogers and Lechler, 2001)ndirect allorecognition is

where host DCs engulf donor antigens (class | or class Il and also minor histocompatibility
antigens) that have been shed from the graft and after processing present them as peptides
to CD4+ T-cells in the context of seMHC (of the recipient) thus stimulating host CD4+
T-cells leading not only to cethediated immunity but also antibody productionBygells
(Bakeret al, 2001; Gokmert al, 2008)
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DIRECT RECOGNITION INDIRECT RECOGNITION
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Class IT with
allopeptide ——J4

Pl

CD4

IFN+ -\
7/'

Granule with
perforin and granzyme

Tubule within a
kidney graft

Figure 1.2.1: Diagrammatic representation of cellular events leading to an alloimmune response.
Antigen is recognised directly or indirectly bycElls interating with donor or recipient DCs, activating
effector cells. Activated cytotoxic CD8 cells recognising foreign MHC class | migrate to the allograft
where the release of perforin and granzyme granules Kills cells. Effector CD4 cells recognising foreign
MHC class Il kill graft cells by the interaction of Fas/FasL. Activated macrophages release cytotoxic

granules, and antibodies to graft antigens cause activation of complement. Modified from Leefoine
al., 2002 (Permission granted by Wolters Kluwer Health

The interaction of the TCR with antigen has high specificity but low affinity requiring a
second signal, or estimulation, before Tell activation can occur. Stimulation of the TCR
without the second signal results in thedll becoming anergisegdlatzinger,1999) Co
stimulatory molecules are expressed on activated donor and recipient APCs. B7 and CD40
ligands interact with CD28 and CD40L respectively on tkeell membrane resulting in the
induction of several intracellular signals. Interaction of CD28 B7 results in production
and secretion of H2 by the CD4+ Tcell recognising intact donor class Il molecules via the
direct pathway and donaterived MHC peptides via the indirggathway(Gokmenet al.,
2008) Either way, I1-2 activates host CD8+-@ells that recognise class | peptides of the
donor presented by donor DCs via direct allorecognition. The CD8+ cells bectivatea

and secrete IFNthat acts on CD4+ -Eells involved in direct and indirect allorecognition,
leading to a Thl response. Alloreactived@ls interacwith Thl CD4+ cells, arising from
the indirect pathway, and produce alloantibodiss Moine et al, 2002; Pettigrevet al,
1998) The end result is the production of effector cells. CD4+ and CD&ell$

recognise donor antigens and proliferate in response-# ITChe production of IFN) by
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the activatedT-cells activates macrophages and antigen recognition -bgll8 together
with help from activated CD4+-€ells leads to the proliferation of plasma cells secreting
alloantibodies. IFNy also upregulates the expression of donor MHC on the allograft

creding more targets for tissuestructionlLe Moineet al, 2002)

Alloreactive T-cells migrate out of the lymph node to the site of the graft, guided by a
chemeattractant gradient of chemokines released from the graft mainly due to ischaemia
and reperfusion injury (inflammati) but also by infiltrating alloreactive cells. Thecg&lls

are now cytotoxic and can to kill their targets by two main mechanisms, perforin/granzyme
and Fas/FaBigand (FasL). CD8+ cytotoxic -€ells synthesise and release perforin and
granzyme granule@Berke, 1995) leading to apoptosis. Fas/FasL interaction is the most
important mechanism for cytotoxic CD4+cCElls and results in the death inducing signal
complex leading to target cell apoptosis. Activated macrophagesse toxic molecules,

for example nitric oxide and tumour necrosis fa@pha(TNF-a) which also Kills target
cells. Alloreactive Bcells engulf the Ig and HLA complex and present the peptides via
their class Il molecule to CD4+ Th1l cells origingtitom the indirect pathway. The-co
stimulatory signal is provided by interaction of CD40L expressed on the Thl cell and CD40
expressed on the-8ell. Thl cells give help to the-&ell in the form of 1L-:2 to mature into
plasma cells and produce antibaigvhich opsonise the target célthinen and Buckley,
2010) Thesubsequent binding of IgM and IgG1 activates the complement cascadg, gi
rise to the membrane attack complex and target cell apoptosis. Additionalgelléknay

bind IgG1 with their Fg (CD16) receptor on antiboeyoated cells. The cro$isking of
NK-cells and Fgcauses perforin/granzyrmediated NK cytotoxicity, knwn as antibody
dependent cellular cytotoxicity (ADCC). Cytokines and factors, released by all effector
cells, attract other inflammatory cells to the site, leading to more imnmexkated damage

(Le Moineet al., 2002)

1.2.2 Classification of Allograft Rejection
Rejectionmay occur at any time following a transplant and the patient must be monitored to

detect problems and given treatment accordingly. The classification of rejection into early,

shortterm and longerm reflects the differing immunological mechanisms invdlve
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Hyperacute rejection

Hyperacute rejection (HAR) occurs rapidly, followingvascularisation of an allograft,
caused by preformed antibodies to the graft present in the serum of the patieAtiLAnNti
antibodies that occur in response to prior blaadgfusions, multiple pregnancies, previous
transplants or antibodies against the ABO blood group system all have the potential to cause
HAR (McAlack et al, 1987; Regeet al, 1987) HAR damages the endothelialldeing

of the blood vessels. Leakage of cells and fluid causes aggregation of platelets that block
the microvasculature, leading to ischaemia (restriction in blood supply) and loss of function
(Olszewski and Lukasiewicz, 1973HAR can be avoided by performing ABO blood group
matching, HLA antibody screening and crossmatching (described later).

Accelerated Rejection

Accelerated rejectionan occur within days or weeks of an organ transplant. gia# is

given to someone who has been-peasitised to antigens expressed on dhgan a
secondary reactivation of memory B anecdlls can ocur, leading to an acceleeator
antibodymediated rejection response. This can occur even if the crossmatch is negative,

although crossmatching significantly decreases thgAiskerson and Newton, 1975)

Acute rejection

Acute cellular rejection (ACR) occurs within a few weeks or months following a
transplant and early diagnosiss important to allow treatment. Most
immunosuppressive therapy is aimed at preventhoglTresponses tallografts. The
incidence of ACRis around 510% in the first year of transplantation for patients
without preformed HLA antibodie¢Colvin, 2007) Characteristic histological features
of ACR are accumulation of mononuclear cells in the interstitium with inflammation of
the tubulesand sometimes arteries. Mononuclear cells, mainly CD4+ and CB8+ T
cells, are found in the interstitial space around tubules and cause graft d@olge
2007) Infiltration of T-cells and macrophages into the tubular epithelium is called

tubulitis and is a characteristic lesion for ACR diagnosis.

Acute antibodymediated rejection (aAMR) is now widely accepted as a separate rejection
mechanism (Colvin, 2007) and antibodies directed against donor antigens cause
approximately 25% of AR episodes. Risk factors arefgmmed HLA antibodies, the
degree of HLA mismatching and decreased immunosuppressiorc@ngoiiance). In

addition, aAMR s resistant to all immunosuppression regimes and is therefore difficult to
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treat(Lorenzet al, 2004). Acute AMR usually occurs together with ACR, but can occur
independently, effecting targets other than HLA on endothelial cells such as ABO blood
group antigens. The symptoms for aAMR are similar to ACR and a biopsy is required to
confirm diagnosis. The histological pattern for diagnosis shows necrosis of graft vessel
walls with acute inflammation with accumulation of neutrophils and monocytes in

peritubular and glomerular capillaries as shown in Figure {Ra2useret al, 2003)
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Figure 1.2.2: Histological features of antibodymediated rejection. A. Glomerulitis showing
infiltrating monocytes and swollen endothelial cells in capillaries. B. Immunoperoxidase staining of
monocytes and macrophagesp(tarrow) and peritubular capillaries (lower arrow) magnification 400x.
Racuseret al, 2003 (Permission for reproduction granted by John Wiley and Sons).

Classic signs and symptoms of AR include swelling and tenderness of the allograft. In the
case ofrenal transplantation, decrease in renal function can be diagnosed by a decrease in
urine volume and estimated glomerular filtration rate (eGFR) or increasing blood urea,

nitrogen and creatininlevels(Torpeyet al, 2010, p. 237)

Chronic Allograft Dysfunction

Chronic rejection of renal allografts can involve either or both leelland antibody
mediated mechanisms, occurs over months to years and can be recognised by fibrosis
and vascular abnormalities with loss of graft function occurring over a prolonged
period. The pathogenesis of chronic rejection is less well understaodBhand has
become a major cause of allograft loss. Many processes, both immunological and non
immunological, are thought to be involved. The predominant cause of chronic
rejection, leading to organ failure, is arterial occlusion as a result of patidierof

intimal smooth muscle cell§Vathsala, 2005) This process is called transplant
arteriopathy and is often seen in failed cardiac and ralhadrafts. Initially called

chronic rejection, this condition has been renamed chronic allograft dysfunction (CAD)
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(Racuseret al, 1999)and can occur within six months to a year after transplantation

with progressive dysfunction occurring over many years.

Other histological features of CAD are transplant glomerulopathy, peritubular
capillaropathy, transplant arteriopathy, interstial fibrosis and tubular atrophy. These
lesions and their severity in renal lpsies form the basis of diagnosis of CAD as detailed

by the 2003 Banff Classification of Renal Allograft Pathology (Raceseh,1999, 2003).
Transplant glomerulopathy is characterised by duplication of the glomerular basement
membrane and most casa® associated with the presence of despacific HLA class |l
antibodies with approximately 380% demonstrating C4d deposition in the peritubular
capillaries(Colvin, 2007; Lorenzt al, 2004) Histological prof of antibodymediated
rejection has become possible by the introduction of the C4d stain by H&ecluht,

2003) C4d is an inactive component of the classical complement pathway and remains in
the tissue for several days after AMR. C4d deposition is visualised using
immunofluoresence as intense ring pattern staining in the majority of peritubular
capillaries as shown in Figure 1.2.3. An alternative method using immunoperoxidase can
be used although this is less sensitive. Transplant glomerulopathy revealed by histological

changes and C4d deposition by circulating dospecific antibodies is diagnostic of CAD.

Figure 1.2.3 Immunofluorescence method of C4d deposition detectionimmunofluorescence shows
peritubular capillary staining of C4d as bright ring patterns, indigafMR. Racuseret al, 2003
(Permission for reproduction granted by John Wiley and Sons).

Duplication or lamination of the basement membrane, as seen in glomeruli of patients with
transplant glomerulopathy, may also be seen in peritubular capillavdsen damaged
endothelium repairs itself, it forms a new basement membrane layer and multilamination
occurs by repeated injury caused to the graft by alloantibody. This can ocezlimscddly

and only become apparent following CAD or chronic rejectiautet al, 2007)
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Interstitial fibrosis and tubular atrophy is not specific for rejection but is an important
histological feature of CAD. Formerly, this lesion was known as chronic allograft
nephropathy (CANput this definition is now removed from the Banff systgSolezet al,
2007) Evidence of these changes indicates dapecific AMR or TFcell-mediated

rejection.

1.2.3 Prevention and treatment of immunologicalograft rejection

Screening and Crossmatching

ABO blood group testing is performed uniformly for all transplants to prevent HAR.
However it is possible to perform transplants from ABO incompatible donors when an
otherwise suitable live donor is foundn this situation there would be time to plan and
prepare the recipient who would require immunodepletion ofABO antibodies by a

process known as plasmapherésisielkeet al, 2007)

Patients awaiting organ transplantation are screenedthi®rpresence of preformed
antibodies reactive with allogeneic HLA molecules. These antibodies may have arisen
from previous pregnancies, transfusions or transplants and are a risk factor for hyperacute
or acute vascular rejection, both mediated by adiéso There are a number of different
tests used to screen organ transplant recipients for the presence of HLA specific antibodies.
ComplementDependant Cytotoxicity (CDC) utilises panels of volunteer sera with known
HLA antibodies and can define specify and distinguish complement binding IgG and
IgM, but may not be sensitive enough to define all specificities that can potentially be
recognised by the recipient. ELIS@Enzymelinked immunosorbent assagpn also be

used to detect HLA antibody and sfieity directed against immobilised, affinity purified

HLA molecules. Finally, flow cytometry (FC) and Luminex bead technology, are methods
similar to ELISA but more sensitive and can detect specific antibodies against donor
antigens. According to Brgh Transplantation Society guidelines, patients should be
screened every three months and following any sensitisation event, for example blood

transfusion\Wwww.bts.org.uk/transplantation/standasaisd-guidelines).

If a potential donor is identified, therossmatch test will determine whether or not the
patient has antibodies that will react specifically with cells of the donor organ.
Crossmatching is performed giransplant in a similar manner to the detection of HLA
antibody specificity with the CDCets t , except the patientods
reactivity wi t h t he particul ar donor 6s
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crossmatching dramatically reduced the incidence of HRRBRtel and Terasaki, 1969)
however, up to 20% of patients still experienced early antiooelgiated AR. This
suggested that the CB&€ossmatchdid not detect all DSA leading to the introduction of
more sensitive techniques, including prolonging incubation t{@esco et al, 2008) The
flow-cytometry crossmatch (F& M) became avail ablisvolvésn t h
incubating donor lymphocytes with recipient serum and the presence of antibody reactive
with these cells is detected by FC. A positive G&8ssmatch reflects high titre DSA that
may cause HAR and is contraindication to transplant. HoweversiaveoT-cell FGXM

with a negative CD&rossmatch may only indicate increased risk of acute antibody
mediated rejection. As only-Bells express HLA class Il, a-ell positive, Fcell negative
FC-XM indicates donor specific HLADR, DQ or DP antibodiemay bepresent. If Bcell

and T-cell FG-XM are both positive then the recipient has HLA class | possiblyclass Il
alloantibodieqTait et al, 2009)

Alloantigens not epressed by Rells or Tcells such as molecules displayed on renal
endothelial surfaces, may also be targets of antibodies produced by the graft recipient. As a
consequence,-¢ell and Bcell FGXM cannot detect these néflLA antibodies and current

BTS gudelines do not require their identification. However, methods are being developed
to enable detection of antibodies reactive with donor endothelial cell antigens in organ

transplant recipients as discussed further at the end of this chapter.

HLA Matchin g

The perfectly matched donor and recipient would be syngeneic, for example monozygotic
twins, however this is rare and major and minor histocompatibility differences between the
donor and recipient usually exist. For kidney transplants from deceaseis dtoisoonly
necessary to match for broad HLA antigens and can be achieved in a few hours by
serological methods or PC&SP, prior to harvesting the organ from the donor. In practice,
matching is only performed for HL-A, -B andi DR based on criteria faallocation of

donor organs where a score is given for the number of mismatched HLA antigens. For
example a completely matched donor and recipient would have the s@ebeadd a
recipient and donor with a score of22 would have all HLAA, B and DR atigens
mismatched. Often the most suitable recipient is not a complete HLA match and

compromises are made to allow usage of all available organs.

Matching for HLA antigens has a beneficial effect on graft survival (GS) by reducing or

eliminating one or rmre arms of the immune response to alloantigens. Direct and indirect
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activation of Fcells responsible for ACR is dependent on differences in the structure of
class | and class Il molecules expressed on the allograft and by the recipient. As HLA
matchingis only performed for HLAA, B and DR, differences at other loci such as HLA

C, HLA-DQ and HLADP may occur. Additionally, minor histocompatibility (H)
mismatches will exist between related and unrelated individuals and may cause ACR,
although more slowland less intense. For example, cellular responses to proteins encoded
on the male Y chromosome, known asrHantigens can occur in females with a graft from

a male.

Patients who require more than one graft are complicated by the additional risk of
sengdisation to HLA and other antigens expressed by their first graft and may require closer
matching of a subsequent graft. HLA matching data from the United Organ Sharing
scheme (UNOS) show that 25% of-geafted renal transplant patients had no HLA
mismathes(Cecka, 1998) However, this means the patient will have to wait longer for a
suitable kidney with good HLA matching and some pasienith rare HLA types may
never find a suitably matched donor. For these patients it may be possible to match only for
HLA-DR and compensate with heavier immunosuppresgapelz, 1996)although this
doesincrease the risk of further sensitisation if the graft fails.

Immunosuppression

The strategies used in clinical practice to avoid or delay rejection are known as
immunosuppression. Immunosuppression is the major approach for the prevention and
managera n t of organ rejection and can be ta
combinations of immunosuppressive drugs can be used at three main stages before and after
transplantation. The first stage is induction therapy, given before the transplant as
prophylaxis against early AR. The combination of drugs taken routinely by patients
following an organ transplant isthe second stageknown as maintenance
immunosuppressn and can be adjusted by dode. the event of AR episodesicreased

dose or diffeent drugs can be used (third stage)

Drugs that inhibit or kill Fcells are the most widely used, the most important of which is
cyclosporine. Cyclosporin A (CsA) is a fungal macrolide produced by soil organisms
(Borel and Kis, 1991)and inhibits the transcription of genes bycCélls that encode
cytokines, most notably 2. CsA binds with high affinity to a ubiquitous cellular protein
called cyclophilin; the complex of CsA and cyclophilin binds to and inhibits the enzymatic

activity of the protein phosphatase, calcineurin. Calcineurin function is required to activate
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the transcription factor NIRT (nuclear factor of activated -@ells) thus blocking the
transcription of Il-2 and other cytokines, which abrogates2lldependent growth and
differentiation of Fcells(Walshet al, 1992) FK506, now known as tacrolimus, is another
fungal macrolide with immunosuppressive prdigsr similar toCsA (Tanakaet al, 1987)
Tacrdimus, and its binding protein FKBP, has the ability to bind calcineurin and inhibit its
action,blocking the transcription df.-2 by activated Icells. Tacrolimus is less toxtban

CsA and is most frequently used in liver transplant recipients and in cases where CsA has
not properly controlled kidnesejection(Funget al, 1991; Shapiret al, 1991)

Another type of immunosuppressigteug is the antibiotic rapamycin (also called sirolimus),
which has a different mode of action but its principal effect is to inhHogMproliferation.
Rapamycin binds FKBP in a similar manner to tacrolimus but the rapamycin and FKBP
complex does notinhibit calcineurin but binds to another molecule called MTOR
(mammalian target of rapamycin). The mechanism inhibitingell proliferation is not

fully understood but may regulate a protein kinase that participates in cell cycle control.
Combination ofcyclosporin A and rapamycin blocks -B. synthesis and H2 driven

proliferation, and are powerful inhibitors ofcell responsegvathsala, 2005)

Metabolic toxins inhibit the maturation of lymphocytes from immature precursors and also
kill proliferating mature Tcells that have been stimulated by alloantigens. The first such
drug to be developed for the prevention and treatment of rejection atsogzine. This

drug is still used but is toxic to precursors of lymphocytes in the bone marrow and
enterocytes in the gut. The newest and most widely used drug in this group is
mycophenolate mofetil (MMF). MMF is metabolised to mycophenolic acid, wliocks a
lymphocytespecific isoform of inosine monophosphate dehydrogenase, an enzyme
required forde novosynthesis of guanine nucleotides. There are few toxic effects because
MMF selectively inhibits the lymphocyspecific isoform of this enzyméMele and
Halloran, 2000) MMF is now routinely used in combination with cyclosporin A to prevent
AR (Chadbaret al, 2008)

Polyclonal Fcell depleting antibodies known as atfitymocyte globulin (ATG) target @3

CD4, CD8, HLA class I, HLA class I, cytokine receptors and adhesion molecules. The
ubiquitous targeting of ATG has numerous effects on immunosuppression but can also lead
to T-cell activation(Mohty, 2007) ATG is used for induction therapy in 35% of kidney

and 60% pancreas transplants in theAUfsit is used less often in théK (Torpey et al.,

2010, p. 150) Antibodies hat react with TCRs and deplete or inhibitdlls are used for
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induction therapy and to treat AR episodes. A mouse monoclonal antibody called OKT3 is
the most widely used and is specific for human CD3. OKT3 acts either as a lytic antibody
by activating the complement system to eliminatecdlls, or opsonises -Gells for
phagocytosis. Another antibody in clinical use targets CD25atkabunit of the IE2
receptor. There are two types of this drug called basiliximab (chimeric monoclonal
antibody) and dclizumab (humanised monoclonal antibody) and is used for induction
therapy, preventing -Cell activation by blocking I£2 binding to activated -Eells, or
depleting CD2Eexpressing activated-dells by mechanisms similar to OKT®/aid et al,

1991) Alemtuzumab or Campath fHis a monoclonal antibody specific for CD52
expressed on -€ells, Bcells, NK-cdls, monocytes and macrophages. CD52+ cells are
rapidly cleared from the circulation either by complermediated lysis or removal of

opsonised cells in the lymphoid orgdii®rpey et al., 2010, p. 154)

Anti-inflammatory drugs are also routinely used for the prevention and treatment of graft
rejection, the most powerful of whicre corticosteroids. These natural hormones and their
analogues block the synthesis and secretion of cytokines, includingaTadfd IL-1, by
macrophages as well as lymphocytes and DCs. This reduces graft endothelial cell
activation and recruitment of ilaimmatory cells. Corticosteroids may also block other
effector mechanisms of macrophages, such as the generation of prostaglandins, reactive
oxygen intermediates and nitric oxide. Table 1.2.2 summarises the immunosuppressive

drugs used and their modeaudtion.

The challenge facing the clinical transplantation team is to balance the individual needs of
each patient with drug efficacy and toxicity to provide adequate protection from AR and
prevent early graft | oss. CBA) mzathmoprimg/ and/ e a r ¢
corticosteroids was the gold standard immunosuppressive protocol for all solid organ
transplantation. The introduction of newer drugs such as tacrolimus and MMF and
widespread use of induction therapy drugs such as OKT3 have fulticeeased AR
however, nephrotoxic effects of calcineurin inhibitors such as CsA, increased
cardiovascular risk and development of malignancy associated with immunosuppression
have also become important considerations. An effective immunosuppressiocolproto
should provide prophylaxis against AR and maintenance immunosuppression sufficient to
prevent immunological graft damage and also limit toxic effects of drugs by using lower

doses or alternative products.
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Table 1.2.2:Methods of immunosuppressiondhnical use

Drug

Use and Mode of Action

Cyclosporin A and Tacrolimus

Mycophenolate mofetil (MMF)

Rapamycin (Sirolimus)

Anti-thymocyte globulin (ATG)

Basilizimab/Daclizumab

Alemtuzumab (Campath TH

Azathioprine

OKT3

Corticosteroids

Induction and maintenance therapy. Bloc
transcription of genes by -Gells that encode
cytokines, most notably H2.

Induction and maintenance therapy. Bloc
proliferation of lymphocyte precursors by preventi
DNA synthesis.

Induction, maintenance and AR therapy. Blox
lymphocyte proliferation by inhibiting guanin
nucleotide synthesis in lymphocytes.

Maintenanceherapy. Binds MTOR preventingdell
proliferation.

Induction therapy. Polyclonal antibody that targ
and depletes cells via numerous surface recej
including CD3, CD4, CD8 and HLA molecules.

Induction and AR therapy. Monoclonal antibod
Depletes Fcells by binding to CD3 and promotir
phagocytosis or complememntediated lysis.

Induction therapy. Monoclonal antibody. Targets
CD25 on activated -Eells and binding prevents 42
driven expansion of alloreactive-Gells.

Induction therapy. Monoclonal antibody targeti
CD52 expressed on-,TB- and NK-cells, monocytes
and macrophages resulting in depletion
phagocytosis or complementediated lysis.

Induction, maintenance and AR therapy. RedL
inflammation by inhibiting cytokine secretion.

1.2.4 Other factors associated with rejection and morbidity

Mechanisms that cause rejection can be due to either immunological-onmamologi@l

clinical factors, they may also be early or late events after transplantation.

Despite

advances in immunosuppressive therapy3@% of kidney allografts are affected by AR

episodes, although organ loss in the first few months has become rare dymdeedn

proceduregPascuakt al, 2002) The challenge remaining is overcoming chronic allograft

failure.
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In rend transplantation, the type of donor kidney used is one of the most important factors
determining longerm allograft survival. Organs from living donors lead to improved short
and longterm outcomes by avoiding the cakthaemic injury that occurs dugrthe time
between organ retrieval amelperfusionBryanet al, 2001) Thereis also an avoidance of

long waiting lists and progressive disease in the patient. Donor age is known to have a
considerable influence on GS and nullifies the effect loAHnatching with donors over 60
years(Arnol et al,, 2008; Koka and Cecka, 1990)

Later in the postransplant course, there may be problems with inadequate graft function
and malignancy. A particular problem posttransplant lymphoproliferative disorder
which is a lymphoma resulting from the reactivation of Epstein Barr virus (EBW)eoni

et al, 2000) This ismore of a problem when an EBV positive donor organvsmgito an

EBV negativerecipient(Le Moineet al, 2002) Primary problems in all transplants post
operatively include wound infection, early rejection, bleeding and gtaftmbosis
(Vathsala, 2005) Conditions such as cenorbid diabetes mellitus, hypertension,
hyperlipidaemia or the toxic effects of immunosuppressive drugs are also factors, along
with those described above, associated with chronic allograft failureolid ergan
transplantation(Pascualet al, 2002) As the liver has the ability to regenerate itself,

chronic allogaft failure is not such a problem.

Suboptimal immunosuppression can lead to kegn chronic allograft failure as a result

of inadequate dosage by the clinician or swwompliance of the patient with the
immunosuppressive druggime(Vathsala, 2005) In addition to chronic allograft failure,

some of these factors (as well as smoking and obesity) are also responsible for the
exacerbation of prexisting conditions such as cardiovascular disease, which is the major
cause of patient death with a functioning allograft. Other causes of death with a functioning
allograft are infectiongLe Moine et al., 2002and malignancy(Agraharkaret al, 2004)

Figure 1.2.4 summarises many of the factors involved in CAD.
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Immunological Factors Non-immunological Factors

Older donor or poor
Poor HLA matching and quality of graft
previous sensitisation

Brain-death injury,
Delayed Graft preservation injury,

5 function ) ( or ischaemic injury

Episodes of acute |

rejection Acute peritransplantational

I \ Chronic Allograft 4——  Injuries. Delayed graft
»

Dysfunction function
/- »

Subacute and chronic
alloimmune response

‘_‘\k Hypertension

Hyperlipidaemia

. \ Non-compliance . .
Sub-optimal of patient Chronic toxic effects of

immunosuppression cyclosporine or tacrolimus

Figure 1.24: Immunological and norrimmunological factors contributing to late allograft loss due
to CAD. Modified from Le Moineet al, 2002 (Permission granted by Wolters Kluwer Health).

1.2.5 Antibodies and their role in transplantation

The extent to which antibodies are implicated with graft destm and rejection has been

the centre of anegoi ng debate for many decades.
attempted to prove a link between rejection of allografts with the production of antibodies
(Medawar, 1948)and in 1950, Peter Gorer took ghwork further and established an
association of tumour graft destruction with the production of alloansgenific
antibodies(Gorer, 1950) However, it was not proven at this time that antibodies caused
any injury to the graft and some irstigators questioned whether graft destruction was
actually an immunological mechanism. A few years later, it was found that cells, not
antibodies, were responsible for graft destruction and reje@donhison, 1958)and since

then most attempts at limiggthe immune response to transplanted organs have focussed on
suppression of cellular immunity. Modern immunosuppression targeticgl Tunction
shows improved shoterm GS of 885% in the first year of renal and cardiac
transplantatiorfColvin and Smith, 2005)
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The first study of antibodies in renal patients following graft loss was published in 1968
(Morris et al, 1968)and revealed 38% of recipients with failed grafts had HLA antibodies.

In 1970, a strong association of circulating donor Hipecific antibodies and abmic
allograft arteriopathy was foundeanneet al, 1970) Later experimental mouse cardiac
allografts showed that passive transfer of alloantibodies induced the development of chronic
allograft arteriopathy but Bell deficient mice did not develop these lesi@RAsS. Russell

et al, 1997)

The percentage of patients with detectable HLA antibodies before graft rejection has
increased over time with improved techniques for their detection. Using FC, 95% of
patientswho rejected a kidney were found to have HLA antibodi¢mrmeret al, 1995)

In 2002, Lee and Terasaki published a study of 3@l transplant recipients who were
followed up for eight years and regularly tested for HLA antibodies using ELISA.
Although this is a rather small study, the authors found all 29 patients who developed

chronic rejection produced HLA antibodies beforafgfailure (P. C. Leeet al, 2002)

The association of HLA antibodies with rejection is evident but does not prove that
antibalies are causing rejection and so the argument has continued to the present day. The
difficulty was visualising the HLA antibodies histologically using the complement product

C3 as a marker, which was not easy to detect in renal tissues. A breakthesugtade in

the 1990s with the advent of C4d deposition in grafts as a marker of complement fixation
(Fewcht et al, 1993)and was followed by the discovery that C4d deposition is usually
associated with donespecific antibodieg¢A. B. Collinset al, 1999) This improvement in
diagnosis of antibodynediated rejection together with advancesmethods to detect
antibodies with greater sensitivity and specificity, has led to resurgence in the study of

antibodymediated allograft rejection.

There have been many studies investigating whether a relationship exists between the
production of HLA anbodies and graft failure. The problem is that the results are
extremely variable ranging from 1.6 to 60%kalin and Pascual, 200®f patients with
detectable HLA antibodies pestinsplant, probably relating to differences in methods used

to detect antibodies.This is complicated further by some centres measuring DSA and
others only detecting panel reactive antibodies (PRA). To complicate matters even further,
there is considerable variation in the patient populations that are studied, for example some
centres use randomly selected patients while others may select only patients with acute or

chronic rejection. The time of sample collection and testing also varies.
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The assays used to detect antibodies are discussed more fully later, but fall into two main
g oups. The CDC is a cellular assay that
serum by reactivity with a panel of cells collected from cell donors with common and rare
HLA types (PRA). Antibodies against HLA class | or Il can be detected Iog @siher T
orBcel |l s, respectively and results are rep
serum reacts with 20 of 40 different cells, the PRA would be 50%. Other tests are known as
solid-phase assays and use purifiederombinant HLA antigenBxed to a solid surface.

The ELISA was the first soligphase assay to detect HLA antibodies with greater sensitivity
than CDC but sensitivity was considerably increased with the introduction of FC beads,
coated with HLA antigens. Beads used for antibddiection may be coated with many
different HLA antigens for use in a screening assay, or an individual antigen can be used
with a specifiecoloured bead to identify the exact specificities of the antibodies in a
patient d6s sag.r Tinese Serisite technigues have the advantage of detecting
specificities undetected by CDC and as such are not a risk for HAR but may have
implications for aAMR in the early transplant period. Sensitive antibody detection is also
useful to detect the rise de novoHLA antibodies after transplantation. These tests are
however restricted to detecting ahtiLA antibodies in routine practice but other AdhA

antibodies may also be clinically relevant.

1.2.6 HLA antibodies and graft rejection

HLA antibodies present before transplantation

Most studies aimed at identifying HLA antibodies as a risk factor for acute and chronic
rejection focus ormle novoantibody production podtansplant, but it has been found that
preformed HLA antibodies can also affect GS. In aralgsis conducted for the
Collaborative Transplant Study (CT&usal and Opelz, 20023136 recipients of kidneys
from deceased donors from 28 centres were testetlgmgplant by ELISA for HLA class |

and Il antibodies and GS at two years was analysed. The study reveasedsitisation to
either HLA class | or Il was not a risk factor for graft loss whereas having both types of
antibody associated with graft refon (P<0.001). This was confirmed by the CTS in
another series of 5315 patients where, as before, patients who simultaneously produced both
classes of HLA antibody had an increased risk of graft failure (P<0.001), however
association of donespecific H.A antibodies was not investigaté8usalet al, 2009) In
another, albeit smaller studgQ. Zhanget al, 2005b) 20 of 49 patients (41%) were

sensitised to HLA antigens pteansplant, seen had class | antibodies, four had class Il and
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nine had both types as determined by ELISA. The presence of class | and/or class Il HLA
antibodies was significantly associated with aAMR (P=0.005), but not ACR. The-donor
specificity of preexisting HLA antibodies was not investigated, although presumably the
presence of HLA antibodies specific for donor antigens would have been a contraindication
to transplant. It is possible that patients with-pxesting HLA antibodies who developed

AR had nordonorspecific antibodies that crossacted with donor antigens.
Alternatively, these patients may have been more likely to develop HLA antibodies and

rejection was associated witdle novgproductionof donorspecific HLA antibodies.

Posttransplant de novoHLA antibody production

Studies have also investigated whether the type of HLA antibody, class | or class II,
developedde novoassociates with acute or chronic rejection. In an early gtddytin et

al., 1987)it was demonstrated using CERRA that mostde novoantibodies were anti

HLA class | (50%) and 36% had both classes | and Il. Shortly after, a study by Halloran
(Halloranet al, 1992)investigated HLA class | antibodies by CDC in 64 patients within
three months of transplant. They found that all the patientsdeitmovoclass | antibodies
developed AR compared to 41% of those with no antibodies. Moreover, those with class |
antibodies had more severe rejection that occurred earlier with a greater incidence of graft
loss.

I n Zh an ¢ 2&hanget al, d0p5b)de novaHLA antibodies were detected by ELISA

and the results show 12 of 49 patients developed class | antibodies (24%), eight (16%)
developed class Hntibodies and 10 (20%) developed both classes of HLA antibodgeand
novoHLA antibodies significantly associated with aAMR and ACR. Often cited is a paper
published by WorthingtorfWorthingtonet al, 2003)where 60% of patients with HLA
antibodes developed them before rejection, and again the majority had class | antibodies.
An association was also found between the-prasisplant production of HLA antibodies
detected by ELISA and AR and graft loss in another silidynandeZresnedoet al,

2003) These authors found 62.5% of patients with HLA antibodies (predominantly class I)
developed aAMR and all but one of the patients with HLA class | antibodies lost their grafts
due to AR. In a study of chranirejection(P. C. Leeet al, 2002)139 patients were
followed-up for eight years and tested for HLA antibodies using ELISA. Am2@g
patients with chronic rejection, 14 developds novoantibodies, all had class | antibodies
and 86% had class Il antibodies. Details were not provided of HLA class | and class Il
mismatching by Leeet al, but in the study by Worthington and colleaguand that of

Fernande#resnedcet al, class | mismatching was more frequent. This may indicate that
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the higher frequency of class | antibodies detectedtpmssplant reflects increased HLA
class | mismatching and not that class | antibodies are nikety Ito be produced.
Alternatively, as discussed further below, HLA class | antibodies may be produced earlier

than class Il antibodies, accounting for higher frequencies.

Pelletier and colleague@Pelletier et al, 2002) used FlowPRA beads to detect HLA
antibodies, revealing a different pattern to that emerging from the literature. In this study
pre-transplant sera was also tested and 18% of 277 recipients develepsavoHLA
antibodies. However, contrary pwevious studies, most of these patients produced HLA
class Il antibodies only (68%) and multivariate analysis revealed that production of class Il
antibodies and not class | was significantly associated with chronic rejection independent of
AR. Unfortunaely it was not possible to deduce from this paper whether there was less
HLA class | mismatching. Another stug€amposet al, 2006)also found association of

HLA class Il antibodies (ELISA) with chronic graftds, although pré&ransplant sera were

not tested. In this study of 512 first kidney recipients, sera were tested 4.4 years median
time posttransplant. Twenty (4%) had class | HLA antibodies, 55 (11%) had class Il and
16 (3%) had both, however detailsmafsmatching was not provided. Univariate analysis
showed that female gender, pregnancies and blood transfusions were associated with class |
antibodies and deterioration in graft function was associated with class Il antibodies. Using

multivariate analgis, HLA class Il antibodies were an independent risk factor for CAD.

A very large study of 4943 kidney graft recipients from 45 centres was carried out as part of
the 14" International Histocompatibility and Immunogenetics Workshop and Conference
(IHIWC) (Ozawaet al, 2007) In total, 27.2% developed HLA antibodies after more than
six months postransplant detected by ELISA, Flow beads or Luminex beads, and the
method of detection did not significantly influenthe results. A separate analysis of HLA
class | and Il antibodies showed association with chronic rejection was highest when both

antibody types were present (9.7%), 7.1% with class Il only and 6.1% with class | only.

Donor-specific HLA antibody production

In a study of 263 renal allograft recipiei&uponet al, 2001)the authors used a screening
ELISA and amore specific ELISA to detect DSA (HLA, B, C, DR and DQ) and
observed significant association between the presence of DSA against class Il HLA
antigens and acute and chronic rejection. Additionally, all five patients with both class |
and class Il HLADSA lost their grafts. WorthingtoWorthingtonet al, 2003)used the

same methods to detect HHASA and graft recipients were categorised as failure (previous
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graft loss) or functioning. All were negative for HLA antibodies before transplantatidn
sera was taken at regular intervals for folop. Among the 112 patients in the failure
group, 51% produced DSA compared to 1.6% of 123 patients with functioning grafts
(P<0.0001). In 60% of the HLA antibody positive recipients, antibody speieificitere
defined before graft failure with seventeen having cla@3$A, fourteen class IDSA and
three with both HLA class | and-DSA. These authors also noted a difference in time
taken to develop either clasDBA or class HDSA posttransplant, a class IDSA were
produced at a mean time of 627 days compared to 1542 days for -dA. 1|

One of the first studies to use beads coated with recombinant HLA single antigens (SAQ)
was published by Zhang and-emrkers(Q. Zhanget al, 2005b) In addition to ELISA
screening and DSA identification for HLA class | and Il antibodies, the authors also used
the Labscreen SAg HLAI&ss | Luminex assay (One Lambda). Feriye patients were
prospectively monitored for the development of HDSA and eight (16%) developed
aAMR, eleven (22.4%) were diagnosed with ACR and all patients were negative by CDC
and FCXM. Sensitisation prioto transplant was revealed in 20 of the 49 patients (41%)
among whom seven (35%) had class I, four (20%) had class Il and nine (45%) had both
antibody types. There was a significant correlation oftgaesplant class | and/or class II
HLA antibodies wih aAMR (P=0.005) but no association was found with ACR. Serial
analysis of postransplant sera from the 49 patients showed 22.4% developed DSA whilst
39% of patients had neaionorspecific antibodies (NDSA). Among those who developed
DSA, five had clas$-DSA, three had class-DSA and three had both class | and class |l
DSA. There was a highly significant correlation with HIDSA and both aAMR and ACR
(P<0.001) although seven of the eleven patients with ACR had concomitant aAMR, two
patients with HLADSA had ACR only. Patients who had only NDSA did not associate
with aAMR or ACR.

The concept that HLADSA are dangerous and NDSA are harmless was taken further by
Hourmant (Hourmant et al, 2005) who investigatd 1229 renal graft recipients by
prospective annual screening for HI}SA during a period of five years using Luminex

and ELISA screening followed by ELISA HLA SAg testing. The screening results showed
16.8% hadHLA antibodies postransplant and.5% of patients developed HLMDSA.

NDSA were detected in 11.3% and appeared between 1 and 5 years whereas DSA were
detected between 5 and 10 years. In multivariate analysis;-[BRAnismatching, prior
sensitisation and AR significantly associated with the dgveént of both DSA and NDSA

with patients producing HLA antibodies having lower GS and inferior function.
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A recent study(P. C. Leeet al, 2009)described SAg Luminex testing for class | and class

[l HLA antibodies in two groups of renal graft rp@nts, with a followup of twelve years.

One group of 25 recipients had graft failure due to chronic rejection and a total of 230 sera
were tested while the other group had functioning grafts and 305 sera were tested. Sixty
percent of the failure grougeveloped HLA antibodies within one year compared to none
with functioning grafts and teyear GS was 27% versus 80%. It was also found that HLA
class | antibodies were produced sooner at a median of 6.6 months and associate with rapid
graft loss, comparkto class Il antibodies which appeared by a median of 12.5 months and
associated with chronic graft | oss. I nt e
biopsies for clinical indication of rejection found that early biopsies did not associate with
HLA antibodies butde novoHLA class IFDSA associated with late biopsies and
subsequent graft failur@lidalgoet al, 2009)

Lachmann(Lachmannet al, 2009)included 10% deceased donor kidney recipients for
analysis of chronic graft loss and HLA antibodies. Thirty percent were found to have HLA
antibodies postransplant and a third of these patients had HRSA associating with
significantly lower GS of 49% versus 83%the HLA antibody negative group. This study
showed that HLANDSA also associated with reduced GS of 70% versus 83%.

Gaston(Gastonet al, 2010)also investigated late graft failure and association with HLA
DSA and included C4d deposition analysis. A total of 173 renal graft recipients with new
onset late kidney graft dysfunction were divided into four groups: C4d+ with and without
HLA-DSA and C4d with and without HLADSA. Among the 173 patients, 68 (39%)
demonstrated significant C4d staining whereas 105 (61%) had negative C4d staining.
Among those who were positive for HEBSA (41%) using SAg Luminex (One Lambda),

40 stained positive for C4d and 31 were negative. Altogether, 99 of the 173 patients (57%)
with graft dysfunction had C4d, DSA or both
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The relevance of HLA antibodies detected pogtansplant

The main finding by all the studies discussed above is that HLA antibodies are more
frequent in graft recipients who experience aAMR (or defined as ARJoarchronic
dysfunction, and both conditions associate with reduced GS. In the majority of studies
investigatingde novaproduction of HLA antibodies, HLA class | antibodies are implicated
with AR. | n (Halkolanebat, 499Hhe statad that LA class | antibodies

are injurious to the graft but class Il antibodies are of little or no consequence since class I
antigen expressn is limited. However, the study by Worthingt@Worthingtonet al,

2001) found that class | antibodies generally led to rapid graft failure whereas class I
antibodies were more associated with chronic graft deterioration. This was evidenced by
the differential time taken by each class of antibodie#al to graft failure and agrees with
Pelletier(Pelletieret al, 2002)a nd Hi d a |l g(bidalgoetfai, 2089) Hh ig grobable
Halloran did not detect significantsaciation with class Il antibodies because of the time
point for antibody testing. The relatively short follmp period of sixmonths may not

have allowed sufficient time for class Il sensitisation and hence did not appear significant.

With improvementsn the detection of HLA antibodies due to the introduction of solid
phase assays such as ELISA and fluorescent bead technology, the identification of
antibodies specific for donor HLA antigens has become possible and is carried out routinely
in many laboatories. What is less clear is how DSA are defined and the relevance of
antibody detected in the periphery. While many studies find significant associations with
the presence of HLSA and graft dysfunction compared to those without DSA, some
studies ao show that NDSA can also affect graft outcomes. As HLA antibodies recognise
specific epitopes on HLA antigens, antibody crosactivity has been a problem since the
beginning of histocompatibility testing by serology. This has led to the establisifient
crossreactive groups or CREGs based on epitopes that are shared between different HLA
antigens and, if mismatched, could lead to an alloresponse. Therefore, HLA antibodies
classed as NDSA may in fact be able to react with epitopes expressed omfthigygr
recognising a particular epitope and therefore able to cause rejection. Alternatively, a
theory often used to explain naetection of peripheral HLA antibodies prior to rejection
that can then be detected after nephrectomy, is that alloantibardieftxed to the graft
where they are causing damage. In this case patients undergoing rejection may not have
detectable HLADSA because they are concentrated in the graft whereas NDSA are not and

may be detected in the periphery.
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What is not providedby all of the earlier studies and most studies from theIn®9 0 6 s , i
actual proof that the antibodies are the cause of the rejection and not the result. This can be
determined with the (Feuehtebdl, 1998)but tequides theC4 d
availability of biopsy samples and highly skilled preparation and analysis by clinical
pathologists. The@resence of both circulating DSA and evidence of C4d deposition is a
requirement of the Banff criteria for classification of chronic dysfuncf®acuseret al,

2003) Several studies have, however, used C4d de&posnalysis in conjunction with

DSA detection, including the one described ab@Bastonet al, 2010) However, the

results of many other studies show conflicting and inconclusive results. This could be due
to differences in interpretation of results, the different methods usmadtunofluorescence

or immunohistochemistry, or other technical difficulties. Now that C4d deposition testing

is used routinely in diagnosis, a clearer correlation with antiooelgiaed rejection may be

possible in the near future.

Overall, it is evident HLA antibodies are involved, at least in part, in the pathogenesis of
rejection and that the initial targets of graft destruction leading to early graft loss are HLA
class | antigens.These antibodies may be giegmed, de nove donorspecific or non
donorspecific as all have been implicated in aAMR. HLA class Il antibodies also associate
with AR but tend to appear later than class |, perhaps due to less ubiquitous expression of
HLA class Il antigens, and are often associated with chronic or late graft failure following
many years. Finally, most studies showptoduction of HLA class | and Il antibodies are
predictive of a poorer prognosis.

Treatment of antibody-mediated rejectian

Rejection of grafts by alloantibodies cannot be treated in the same way as cellular rejection
and treatment is usually much less effective. One approach is to remove antibodies from
the circulation to eliminate further antibocdyediated injury in a pra@ass known as plasma
exchange (PEX). PEX requires daily treatment together with-pbbde detection of DSA

until levels begin to fall and must be accompanied by intravenous immunoglobulin (IVIG)
administration. PEX also removes complement componentgshwiarther decreases
humoral rejection. An alternative approach is HDSA neutralisation using high dose

IVIG (Jordanet al, 2003) and intense immunosuppression using MMF in place of
azathioprine or CsA has been shown to reduce antibody IéDeldley et al, 2005)
Immunoadsorption with protein A was dwated in a randomised trial and it was found that
aAMR was reversed in all five cases whereas four of five patients without

immunoabsorption lost their graft8ohmig et al, 2007) Furthermore, it has also been

55



Chapter 1

demonstrated that MICA antibodies (discussed below) can be removed by
immunoadsorption with protein AYao et al, 2011) Once antibodies are successfully
removed, treatment with Rituximglant-CD20 monoclonal antibody) can be effective by
eliminating Bcells and limiting resynthesis, although this treatment is expensive and
plasma cells (CD2) are unaffected, therefore DSA production is not blodKexpey et

al., 2010, p. 254) However, none of these treatments have been shown to be completely

effective and su@ss depends on the titre of antibody before treatment.

Antibody responses directed against no#iLA antigens

In a report published by TerasdqHRierasaki, 2003he stated that 38% of graft failures were
due to norHLA, 18% to HLA and 43% to neimmunological factors. This implies tha
targets other than HLA antigens may also be involved in antiboeljiated graft injury.

The clinical importance of neHLA antigens is emphasised by reports of HAR of HLA
identical sibling transplant§Amico et al, 2008) and suggests that ndtLA antibody
targets are important in the pathogenesis of organ rejection. Many of these putative
antigens are tissugpecific such as vimentin, which is expressed on renal tubular and
stromal cells. Autoimmune responses timentin associate with acute and chronic
rejection of kidney and heart allograftdurcevicet al, 2001) and antibodymediated
responses to vimentin have been shown to associate with the generation of vimentin
specific autoreactive CD8-@ells (Barberet al, 2004) Other norHLA autoantibodies
include antinuclear, antinucleoprotein, abtNA and anticytoplasmic antibodies among
others(Nakanoet al, 2007) Another norHLA target of antibodies may be the angiotensin
type 1 receptor (ATR), which is a receptor for angiotensin Il in the glomerulus, regulating
arterial blood pressure and salt balance and is also expressed in other areas of the kidney.
Studies have shown that removal of AT1R antibodies by PEX improved renal function and
GS(Dragunet al, 2005)

Another target of alloantibodies that has emerged over the past ten years isthessical

MICA and MICB antigens. The genes that encode these molecules are not enly co
dominantly exprssed, as with HLA, but are also highly polymorphic and have emerged as
important targets for rejection in kidney, heart and lung transplantation. Furthermore,
recipients with MICA antibodies can be identified and associate with rejection or reduced

GS, agevealed by the results of many studies and discussed fully in the next section.
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1.3 MICA antibody prevalence and its significance in solid organ

transplantation

In 1994 two groups of researchers independently described a new family of genes encoded
within the MHC and related to HLA class | genes called MHC claskted chain A and B
(MICA and MICB) (Bahramet al, 1994)or Perth Beta block transcript 11 (PERB11)
(Leelayuwat et al, 1994) The World Health Orgarasion (WHO) nomenclature
committee for factors of the HLA system decided on the more descriptive name adopted by
Bahram and colleagues as official designation. The genes encode molecules that are
strikingly similar to HLA class,IhoweverMICA and MICB donot associate witb2M or

bind or present peptides to-CElls. MICA and MICB are ligands fothe NK-cell
activatory receptoNKG2D and expression is tpegulated due to stress such as infection
and malignancyBaueret al, 1999) Furtrermore, MICA and MICB gene products are
highly polymorphic with 76 MICA and 31 MICB alleleRRélease 3.4.0, April 20})1
currently listed on the IMGT/HLA databagobinsoret al,, 2001)

1.3.1 Genetic organisation and structure of MIC gene products

The MICA and MICB genes are situated within the MHC region of the genome on

chromosome 6p21.3 centromeric tA+B in the class | region (as shown in Figure 1.3.1).

Chromosome 6p21.3

Class Il Class Il Class |

Class Il

_"'%- . .

HLA-DQ HLA-DR

HLA-DP HLA-DM Proteosome
genes; TAP 1,2

Class Ill

N | I | |
— —

Complement proteins: Cytokines: LTB,
€2, C4, Factor B TNF-ai, LT

MICB  MICA Class | HLA-A HLAF

,// ‘\\ HLA-E HLA-G
-B H

HLA LA-C

Figure 1.3.1: Genomic organisation of the MHC region The human MHC region encompasses 3.6
Mb on chromosome 6, contains over 200 gene loci including all HLA genes and many immune regulatory
genes. MICA and MICB are situated centromeric to HIBAIn the class | regior{Klein and Sato, 2000)
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The MIC family consists of two expressed genes, MICA and MICB, and five pseudogenes,
MICC-MICG. MICA is in very close proximity to HLAB with a distance of onl$#6.4 Kb
(Shiinaet al, 1999)between the two genes resulting in a very strong linkage disequilibrium
effect between MICA and HL alleles. The MICA gene has 30% homology to HLA
class | genes, spans 11.7 Kb and comprises six exonatply five introns with intron

1, between exons 1 and 2, being the lar@gshram, 2000) The MICA coding sequence of
1383 nucleotide base pairs is transcribed as a 383 amino acid polypeptide of 43 kDaltons
including the leader peptid®ahramet al, 1994)consisting otthree extracellular domains
al-a3 encoded by exons2 (Figure 1.3.2), a transmembrane region encoded by exon 5
and a cytoplasmic tail region encoded by exon 6. The MICA crystal structure was
discovered by collaboration between Strong and Spies andedw&auctural differences
between MICA and HLA class | moleculéB. Li et al, 1999) As can be seen in Figure
1.3.2, the structure of MICA is very similar to HLA clasBut thea-2 helix is disordered

and flexible and the resulting groove is not suited for peptide binding.

Figure 1.3.2: Ribbon model derived from X-ray crystallographic analysis of the extracellular
domains of the MICA molecule The three alphaegions are indicated with-3 nearest the cell
membrane

In further contrast to HLA class | molecules, the platform formed by fhanda?2 regions
of the MICA molecule does not face outwards from the cell as with HLA class |, but is
flipped over by anangle of 113.5 and points downwards towards the cell membrane,

exposing its underside to the extracellular space. However, when MICA engages NKG2D,
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