X1V. HLA AND TRANSPLANTATION MEDICINE

Introduction

1. TheHLA system includes a complex array of genes and their molecular products that are involved in
immune regulation and cellular differentiation.

2. Antigens of the HLA system have been variously designated histocompatibility locus antigens, human
leukocyte antigens, transplantation antigens and tissue antigens.

3. TheHLA gene products are glycoprotein antigens found on the surface membranes of all nucleated cells
of the body, including those of solid tissues and most of the circulating blood cells; namely lymphocytes,
granulocytes, monocytes and platelets.

4. Mature nonnucleated red cells usually lack HLA antigens demonstrable by conventional methods, but
immature, nucleated rbcs exhibit HLA reactivity.

5. The antigens of the HLA system are second in importance only to the ABO antigens in influencing the
survival of transplanted solid organs.

6. Immunologic recognition of differencesin HLA antigensis probably the first step in the rejection of
transplanted tissue.

7. Theantigensof theHLA system are determined by genes present in the major histocompatibility complex
(MHC) on the short arm of chromosome 6.

8. Genesof theMHC contributeto recognition of non-self, to coordination of cellular and humoral immunity,
to synthesisof several circulating proteinsand, quite possibly, to genetic susceptibility to variousdiseases.

9. HLA antigensareimportant in tissue and organ transpl antation, platel et transfusions, di sease associ ations
and very useful in parentage testing.

Discovery

1. TheMHC that encodes cell surface antigenswasfirst discoveredin skin graft rejection experimentswith
mice. When the antigens were matched between donor and recipient, the ability of agraft to survive was
remarkably improved.

2. Bytheearly 1960's, an associ ati on between human | eukoaggl uti nating anti bodi es and ti ssuetranspl antation
wasinferred from observations of accelerated skin graft rejection in recipients who were preimmunized
with peripheral blood leukocytes from the prospective donor.

3. The presence of HLA in humans was first recognized when multiply transfused patients experienced
transfusion reactions despite proper crossmatching.

4. 1t was discovered that these reactions resulted from leukocyte antibodies rather than antibodies directed
against RBC antigens.

General Considerations

1. The MHC isthe most complex immunogenetic system presently known in humans.
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2. The MHC includes several loci closely linked. Each of these loci involves numerous alleles, having at
least 10 to 40 alleles per locus that control the production of their corresponding antigens.

3. Some groups of these antigens exhibit cross-reacting characteristics that further increase the complexity
of the system.

4. Although HLA was originally identified by its role in transplant rejection, it is now recognized that
proteins encoded in this region are involved in many aspects of immunologic recognition, including
interaction between different lymphoid cells and between lymphocytes and antigen-presenting cells.

5. The products of HLA genes play acrucial rolein our immune system. The HLA genes encode for three
classes of molecules(MEMORIZE):

a. Classl mgjor transplantation antigensare serologically defined. ThisclassincludesthemainHLA-A,
B, and C antigens.

b. Class Il immune response gene region antigens are encoded in the HLA-D region and can be
subdivided into three families, called HLA-DR, DC (DQ), and -SB (DP).

c. Classlll moleculesbear no clear relationto class| and |1 molecules aside from their genetic linkage.
Class 11 molecules are involved in immunol ogic phenomena because they represent components of
the complement pathways.

6. Both class| and Class Il gene products are biochemically distinct, although they appear to be distantly
related through evolution.

7. Bothclassl and classll antigensfunction astargets of T lymphocytes that regulate the immune response.

a. In an infection, the invading microorganism infects cells or is engulfed by immune cells such as
monocytes.

b. Class| or class Il molecules act as receptors for fragments of these microorganisms.

¢. Once antigenic fragments have bound to the cell surface, receptors on T lymphocytes interact with
the antigen-MHC complex triggering both humoral and cellular immune responses.

d. T cell-specific cell surface molecules, CD8 and CD4, act to strengthen this cellular interaction and to
transmit activation signals.

e. Other cell adhesion molecules (CD2, LFA-3 or LFA-1) also act to increase the affinity of cellular
interactions.

f. Thesamepattern of interactionsbetween acell bearing an antigen-MHC complex andaT lymphocyte
occur not only in the recognition of infecting microorganisms but aso in the recognition of foreign
histocompatibility molecules (alloantigens) found on an alograft and in the recognition of self
antigens (autoantigens) during autoimmune disease.

7. Theimpact of studies of the human MHC on clinical medicine wasfirst felt in tissue transplantation, the
areathat gave the MHC its name.

8. Becauseforeign MHC moleculesarerecognized asantigensby thegraft recipient, itisbeneficial to ensure
that donor and recipient share HLA alleles.
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9. Sincethe MHC is extremely polymorphic, thisis often a difficult task and requires close collaboration
among the surgeon, the clinical HLA typing laboratory, and large organ-sharing networks.

D. HLA and Disease

1. Morerecently, studiesof the MHC have been important in understanding many autoimmune diseases that
have immunologic imbalance or disturbances of immune regulation with an MHC associated genetic
component.

2. For some conditions, an association exists between HLA phenotype and occurrence of clinical disease.

3. Statistically significant associations have been noted between HLA antigens and a number of diseases.

4. Theuseof HLA profilesto identify individuals at risk is useful for some diseases in which an absolute
association inindividual families between transmission of these diseases and inheritance of certain HLA
hapl otypes has been proven.

E. Techniques for Detection of HLA Antigens

1. Lymphocytoxicity (AKA microlymphcytoxicity test)

a

€.

The standard technique used to detect HLA-A, -B, -C, -DR and -DQ antigens is the
microlymphocytotoxicity test.

A living lymphocyte suspension from peripheral blood or lymphatic tissue is mixed with antiseraand
complement.

In the presence of the corresponding antigen, complement is fixed and the cells are killed.

Cell death isdetermined by staining. A stain such astrypan blue penetrates dead cells but not living
ones.

Unaffected cells remain brilliantly refractile when observed microscopically.

2. Mixed Leukocyte Culture (MLC) Tests

a

b.

The HLA-D systemis determined by cellular eventsin MLC.

IntheMLC, lymphocytesfromtwaoindividual sare cultured together, allowing mutual exposureto cell
surface antigens.

If the HLA-DR and -DQ antigens are not completely identical, stimulation with lymphocyte
enlargement and proliferation occurs within 5 days.

Thisblast transformation and DNA synthesisis measured by adding aradiolabeled material after the
5-7 days incubation.

Uptake of the radiolabeled material is proportional to DNA synthesis in the dividing cells and is
indicative of an immune response.
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F.

3. Donor-Recipient Testing
a. MLCisusedtodetermineclass|l compatibility between arecipient and prospective organ donor, the
donor cell line is pretreated with a substance to prevent proliferation in response to the recipient's
antigens.

b. A unilateral reaction thus occurs in which the treated donor cells act only as stimulator cells and the
noninhibited lymphocytes of the reci pient respond to forei gn antigens present on the stimulating cells.

c. Kidney transplantsfrom recipient/donor pairswithlow reactivity inthe ML C have better survival than
those showing high reactivity.

d. TheMLCtakesseveral daystoperformandisusedto select living-related, prospective kidney donors,
but it is not practical for selecting cadaveric transplant donors.

e. TheMLCisalso used to select donorsfor bone marrow transplantation.
4. Primed Lymphocyte Typing (PLT)

a. PLTisafaster methodfor cellular compatibility testing, but ismoreexpensiveand morecomplex than
the routine MLC test.

b. If cellsinan MLC are continued in culture for 9-14 days, the stimulator cells die and the responder
cells, although till viable, cease to proliferate actively.

c. These"primed" responder cellsundergo very rapid proliferation if again exposed to the DR, DQ and
also, in this case, the DP antigens present on the original stimulating cell.

d. Thistechnique gives results within 24 hours rather than 4-7 days, but the results, although closely
associated with ML C results, are not identical .

e. The PLT system defines the system of antigens, designated DP, which do not cause sufficient
proliferation to be detected in primary MLC tests.

HLA Testing and Transplantation
1. Introduction

a. Transplantation of foreigntissueinducesboth humoral and cellular immuneresponsesintherecipient,
which leadsto graft rejection or, for bone marrow transplantation, graft vs host disease (GVHD).

b. The severity of rejection or GVHD may be reduced by:
1)  HLA-matching between donor graft and the host,
2)  giving steroids to decrease the humoral antibody response and,
3) inhibiting the cellular immune response with cyclosporin A, antithymocyte or antilymphocyte
globulin, azathioprine or monoclonal antibody to the T3 cell receptor.

2. Antigen Testing

a Both recipient and donor are ordinarily tested in most solid organ transplants for ABO, HLA-
DR, HLA-B and HLA-A antigens; listed in decreasing order of importance.

XI1V. HLA and Transplantation M edicine MLAB 2431+ 158



b.  Anti-HLA-C testing is sometimes performed.

c. The DQ and DP systems are under evaluation for their usefulness in predicting transplant
survival for solid organs but are known to be important in bone marrow transplantation.

d. A positive T-cell crossmatch by microlymphocytotoxicity testing indicates preexisting
antibodies and contraindicates performing akidney transplant since patients can continueto be
maintained on dialysis.

e Incompatibility between donor and recipient in the ABO system and preexisting antibodies in
the HLA-A and -B systems pose the possibility of hyperacute rejection.

f. HLA-A and-B typing is important in matching donors for recipients with preexisting HLA
antibodies, and also contributes to the likelihood for long-term kidney graft survival.

Blood Transfusion in Kidney Transplantation

1

7.

Inthe early 1970's, many potential kidney recipientswere not transfused, or were transfused with D-RBCs
in order to minimize HLA immunization from exposure to white cells and platel ets.

Interestingly, however, kidney graft survival was poorer in these patients than in patients repeatedly
transfused with WB or RBCs.

Asaresults, someinvestigatorsdeliberately transfused potential kidney transplant patientswith nonfrozen
componentsthat contained abundant HL A-reactivematerial, and observedincreased kidney graft survival.

Some current protocol sto select living, rel ated kidney donorsinclude transfusing RBCsfrom the potential
donor in an attempt to improve graft survival.

These donor specific transfusions (DSTs) are examples of using a designated donor. If the recipient
produces HL A antibodies against the donor cells, transplantation does not occur. This spares both donor
and recipient major surgery.

If the donor does not produce antibodies following the DSTs, the likelihood of successin the subsequent
renal transplantation is high.

The mechanism by which blood transfusions enhance kidney graft survival remains an enigma.

Red Blood Cell Antigens and Kidney Transplantation.

1.

ABO compatibility isprobably the most important factor determining theimmediate survival of organ and
tissue transplants other than bone marrow.

An interesting exception to the requirement for ABO compatibility is the observation that A2 donor
kidneys survive as well as O donor kidneys in group O recipients.

Since ABO antigens are expressed in varying amounts on al cells of the body, transplanted ABO-
incompatible tissue comes into continuous contact with the recipient's ABO antibodies.

For bone marrow transplants, unlike other organ transplants, HLA identity between donor and recipient
is more important than ABO.
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Liver Transplants

1.

A clinical liver transplant program presents one of the greatest challengesto the donor center and hospital
transfusion service.

The demands of aliver transplant program require that the support be maximal in terms of preparedness,
supply and responsiveness.

Institutes that begin aliver transplant program must make a major commitment to this support.
Cooperation and communication are required between the hospital administration, staff of the operating
room, intensive care unit, respiratory therapy, radiology, gastroenterology, anesthesiology, coagulation

laboratory, transfusion service and donor center.

The institutional commitment must extend 24 hours a day and on weekends and holidays since advance
notice of aliver transplant may be minimal and may extend only for afew hours.

The surgical procedure frequently takes place at night or on weekends because of the availability of the
donor organ and in order not to disrupt the set operating room schedule. The transplant procedure may
take 6-24 hours and involve several surgical teams.

When the organ arrives the institution may have more than one patient waiting for a liver transplant,
therefore, the blood bank may have to crossmatch more than one patient.

This could involve patients with different ABO and D types (liver must be ABO compatible):

a.  One protocol involves Type and Screen and crossmatching the patient with 20 units of RBCs using
the coombs crossmatch procedure.

b. All additional unitsarereleased after an IS crossmatch only, if the antibody detection test is negative.

c. The protocol also involves the provision of the first 10 units of RBCs as D= for D= patients.
Subsequent units issued may be D+ until near the end of the procedure.

d. Thelast 10 to 15 units are provided as D=.

e. Anattempt to provide all D= blood for younger female adults and children.

f.  Thesame policy hasbeen used for patientswith specific clinically significant all oantibodies; thefirst
10 are antigen negative-next, additional units are antigen untested and thelast 10-15 unitsare antigen
negative.

g. Additionally, 10-20 units of FFP are thawed for initial transplant availability.

Adults use approximately 20 units of RBCs, 24 units of FFP, 25 units of PCs and 8 units of CRYO.
Children may use up to one-half of these amounts.
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Heart Transplants

1.

2.

3.

Blood bank support for cardiac transplantation is very similar to that routinely sued for other types of
open-heart surgery in which cardiopulmonary bypass is employed.

The heart must be ABO compatible with the recipient.

If two patients are waiting for a heart, the heart is given to the patient with the better HLA crossmatch.

Pancreas Transplants

1.

2.

3.

Pancreatic transplants have lesser transfusion requirements.

Either a Type and Screen or the complete crossmatching of afew RBC units should be established as a
routine.

Pancreas must be ABO compatible.

Autologous Bone Marrow Transplantation

1.

5.

6.

Autologous bone marrow transplantation (BMT) is used in patients with malignancies of the the marrow
itself or of solid tumors elsewhere in the body.

Preservation of the patient's harvested marrow allows the use of an otherwise lethal dose of radiation
and/or chemotherapy followed by reinfusion of the stored marrow to "rescue" the patient.

In patients with leukemia, the marrow may be collected during remission for storage or it can be treated
to remove the leukemic cells after harvesting and before storage.

Experimental methods to eradicate the leukemic cellsin vitro have included methods that depend upon
physical, chemical and immunological differencesbetween theleukemic cellsand normal hematopoietic.

The marrow is harvested by aspiration from multiple sitesin the iliac crest under general anesthesia.

Themarrow isprocessed and may be stored at 4C for up to 3daysor frozen at -196C for long term storage.

Homol ogous Bone Marrow Transplantation

1.

Introduction

a. Transfusions prior to homologous BMT are known to be detrimental since they compromise the
success of engraftment, particularly in patients with aplastic anemia.

b. Unfortunately, since most BMT candidates have aplastic anemia or leukemia, transfusions are
oftentimes necessary.

c. Family membersin particular, should be avoided asblood donors prior to transplant since one of them
may be used as the bone marrow donor.

d. Following BMT, the recipient must receive transfusion support until engraftment occurs and blood
cell production is adequate.
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e. RBCsareusualy givento maintain the hemoglobin at 9-10 mg/dL. Thisusually requires 6-20 units
in the 10 week posttransplant patient.

f. All blood components (except buffy coats from the donor) must beirradiated to prevent GVHD and
be anti-CMV negative (CMV-) if the recipient and donor are CMV-.

g. Platelet support may also be needed for BMT recipients and should be HLA identical, although this
is not always possible and random donor platelets are often used.

h. SinceanHLA-identical donor isusually required for bone marrow transplantation, the donor (usually
a sibling) may not have the same ABO and D identity as the patient. ABO and D identity or
compatibility between the donor and the recipient are not required for success of the BMT, but
incompatibilities may pose special problems for the blood bank.

2. Magjor ABO incompatibility

a. If thedonor and recipient have amajor ABO incompatibility (ie, donor isgroup A, recipient is group
0), then the group A red cells in the aspirated bone marrow would be rapidly hemolyzed when the
marrow is transfused into the recipient and could cause significant problems.

b. Theproblemisresolved by processing the aspirated marrow to depleteit of contaminating red cells.

c. Stem cellsdo not express A or B antigens.

d. Thegroup O recipient transplanted with group A marrow may continue to produce anti-A and anti-B
for 3-4 months.

e. The grafted marrow will begin to produce a new population of blood cells. Group A red cells will
appear in the circulation when the recipient's anti-A disappears.

f. If transfusion is necessary, washed group O RBCS, CMV-, can be given. All blood components
transfused to BMT recipients should be irradiated to prevent GVHD.

3. Minor Side ABO Incompatibility

a.  When marrow from agroup O donor isto be transfused into a non-O recipient, the plasmashould be
removed to reduce the amount of incompatible all oantibody given to the recipient.

b. Themarrow transfusion then isanalogous to a unit of group O RBCs used as a universal donor unit.
4. Chimerism

a. Inspiteof theintensive pretransplant chemotherapy and irradiation, some of the host's hematopoietic
cells may survive and subsequently co-exist with the transplanted donor's cells.

b. Thisresultsin what has been termed mixed hematopoi etic chimerism and thus the recipient may have
adual cell population.

c. This phenomenon does not mean that the recipient will necessarily have a recurrence of the
hematol ogic malignancy.
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5. Nationa Bone Marrow Donor Registry

a

€.

f.

Thisregistry was established for those patientsin need of abone marrow transplant who do not have
a suitably matched family member to serve as a donor.

HLA-A, -B (and/or -DR) typed volunteersareincluded in the central registry of potential bone marrow
donors for unrelated patients.

After preliminary HLA-A, B matching, -DR typing and ML C tests are performed as indicated.
When amatch isfound, and the vol unteer wishesto proceed, the donor may have hisher bone marrow
aspirated locally.

The aspirated marrow is then sent by airplane to the transplant center of the recipient.

Access to the registry is through participating transplant centers.

Hematopoietic Stem and Progenitor Cells

1.

2.

Replacing bone marrow transplants.

Hematopoietic stem cells are capable of self renewal and of differentiation into any blood cell lineage.

Progenitor cellsare committed to alineage pathway and do not have the capacity for infinite self renewal.

Hematopoietic stem and progenitor cells can be collected from bone marrow, circulating peripheral blood
and umbilical cord blood. Collection is performed by cell separator instruments and involves several
collections to ensure adequate numbers of cells are obtained.

Three types of transplant options:

a

b.

C.

Allogeneic, infusion of hematopoietic stem cellsfrom anindividual with genetic constitution different
from therecipient’s.

Syngeneic, transplant from an identical twin.

Autologous, patient donates their own, then is subjected to intensive chemotherapy and/or radiation
therapy to cure malignancy, then the autologous donation is infused to rescue the patient.

Umbilical cord blood is an alternative to bone marrow or peripheral blood as a source of hematopoietic
cells.

a

One study estimated that a single cord blood collection can provide enough stem cells for
transplantation and hematopoietic reconstitution of an adult.

The cord blood progenitor cells grow well in culture suggesting the possibility of using in-vitro
techniques to provide more stem and progenitor cells.
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