Immunology
Transplantation
Chapter thirteen

The difﬁculty of surgically moving tissues/organs from one human to another is that the
entire immune response is designed to identify self vs. non-self. This is the very
foundation of protection from invading microbes and malignantly transformed cells,
and the immune system has no mechanism to recognize the “good intentions” of the
goal. The HLA is the most polymorphic genetic system in our species so by deﬁnition
even transplants between closely related individuals will eventually be recognized and
destroyed.
Deﬁnitions:
Transfusion
Transplantation of blood cells. Because erythrocytes have no HLA on their cell
membranes, there is no danger of immune rejection, although pre-formed
alloantibodies against ABO glycoproteins can cause hemolytic destruction.
Autograft
A transplant from one location to another on the same patient. This is used for skin
grafting following burns, and coronary artery bypass surgery. Since it is the patient’s
own tissue, there is no danger of rejection. The immune system recognizes foreignness,
not location.
Isograft
A transplant between monozygotic twins. Since mutational changes can occur during
gestation and development, even monozygotic twins are not genetically identical, and
therefore isografts will also require immunosuppression for success.
Allograft
A transplant between non-identical humans.
Xenograft
A transplant from an animal to human. Pig heart valves can be used in humans
because it is an avascularized tissue which does not perfuse with destructive immune
cells.
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Mechanisms of Host vs Graft Rejection

Figure 40
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Graft vs Host Disease
In the special case where the tissue transplanted is bone marrow (or to a lesser extent
liver), it is possible for immunocompetent cells in the transplant to react against the
recipient who has received them. This is the reverse of the direction of recognition of
foreignness in most transplants, with the graft cells recognizing the recipient as foreign.
It depends on the ability of the TH cells to proliferate to a level at which they can
become life-threatening to the recipient. Any rapidly proliferating cell population is at
risk of cytotoxic killing, and the result is rash, jaundice, diarrhea and gastrointestinal
hemorrhage.
Matching Donor and Recipient
In cases where a patient is critically ill and there is insufﬁcient time to do tissue
compatibility testing, surgery will proceed with only the requirement of ABO blood
grouping and cross-matching. This is essential because all humans have preformed
antibodies blood group antigens other than their own. Matching the donor and
recipient for ABO blood group avoids the possibility of hyperacute graft rejection from
these preformed antibodies. Cross-matching involves mixing the cells of the donor
with serum from the recipient. If there are any, as yet unidentiﬁed pre-formed
antibodies which react with the donor cells, this too would cause hyperacute rejection.
ABO blood testing is done by mixing erythrocytes with known sera. Agglutination
(clumping) of the red blood cells indicates that antibodies have recognized their
antigen and caused the erythrocytes to clump. Lack of agglutination indicates a failure
of the antibody to recognize its antigen. Humans are sensitized to cross-reactive
glycolipids found on the surfaces of their intestinal normal ﬂora. Self-tolerance protects
them from making antibodies against their own blood group antigens, but they will
produce IgM isohemagglutinins against the blood groups that are different from their
own.

•Persons with type O blood have neither A nor B antigens, and therefore produce anti-A
and anti-B isohemagglutinins. These persons are therefore considered the “universal
donor” for blood transfusions.
• Persons with A blood have A antigens and make anti-B antibodies.
• Persons with B blood have B antigens and make anti-A antibodies.
• Persons with AB blood have A and B antigens and make no isohemagglutinins. These
patients are safe to receive any blood type and are called “universal recipients” for
blood transfusions.
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HLA Matching of Donor and Recipient
In cases of potential living donor transplantation (kidney, partial liver, partial lung, bone
marrow), efforts are made to match the donor and recipient at as many loci as
possible. Remembering that this is the most polymorphic gene system in the human,
and that allele products are codominantly expressed, a “perfect” match would mean 12
identical alleles (6 class 1 and 6 class II), and this is rarely possible. For practicality, the
alleles tested are A, B and DR since these have been shown empirically to have the
most value in matching.
Because all of the signaling for proliferation is delivered at the MHC class II level (TH cells
receiving stimulation from APCs), it is best to try to match the class II alleles ﬁrst. This
may seem counterintuitive, since the signal for killing is delivered at the class I
recognition level, but remember that a lone CTL is not likely to cause much damage
unless it is stimulated to activate and proliferate by the cytokines of a TH1 cell.
The Mixed Lymphocyte Reaction (Class II testing)
The Ruebush Rule of Two’s states that MHC II stimulation leads to the production of
IL-2, which causes cells to divide in two, so this assay measures cell proliferation in
mixed cultures.
• Cells from donor are irradiated so that they cannot proliferate.
• Cells from recipient are added in culture.
• Culture is provided with a source of radiolabeled nucleotide precursor so that any
newly formed DNA will cause radioactivity of culture to rise.
• The “best” result would be NO increase in radioactivity over background: this would
signify that the recipient did not recognize the donor class II antigens as foreign.
Class I testing (Microcytotoxicity or Flow cytometry)
The discussion of ﬂow cytometry will follow in our ﬁnal chapter, but the microcytotoxicity
assay for class I antigens will be discussed here.
• Sequentially treat the cells of donor and recipient with antisera against the known
class I antigens. This requires a very large stockpile of speciﬁc antisera since there are
so many alleles, but some focus can be achieved by understanding the most
common haplotypes in particular ethnic groups.
• Add complement to each of the cultures. If the antibody added bound to the cells, it
will activate complement and cause the cell membrane to become leaky.
• Add a colored dye so that cells with leaky membranes (those identiﬁed by speciﬁc
antisera) will take up color and be visualized.
• Repeat this process until you have identiﬁed 2 A and 2 B alleles on the cells of donor
and recipient.
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Anti-Rejection Drug Strategies
With the advent of strong and effective immunosuppressive therapies the quality and
length of life after transplantation has been dramatically improved. Remember that all
grafts except autografts will need to be followed by life-long immunosuppression.
There are usually 4 categories of immunosuppressant maintenance drugs:
• Calcineurin inhibitors – cyclosporine and tacrolimus
• Anti-proliferative drugs – mycophenolate mofetil and azathioprine
• mTOR inhibitor – sirolimus
• Steroids – prednisone
Additionally, two monoclonal antibody therapies are now in use for the prevention of
acute rejection. Basiliximab and dacliximab bind the alpha chain of CD25, the high
afﬁnity receptor for IL-2 on the surface of activated T cells.
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Before you leave, can you…
1. Deﬁne the types of transplantation practiced in the United States today.
2. Explain the immunological mechanisms of graft rejection at the molecular level and
predict the timing under which they will be observed.
3. Explain how tissue compatibility testing is done.
4. Describe the pharmacotherapy of rejection avoidance.
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