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MAJOR CONCEPTS IN 
TRANSPLANT IMMUNOLOGY

How does the immune system deal with a transplant, 
i.e. What are the mechanisms of rejection?

What are the current clinical strategies to block 
rejection?

What are the new and future strategies to promote 
specific immune tolerance?

What is the role of xenotransplantation?

What is graft versus host disease?



Content
Mechanisms
Rejection types

Hyperacute
Acute
Chronic

Laboratory tests
Management of rejection
Bone marrow transplantation, GvHD and GvL effect
In vivo imaging – cool images for those who are patient



ANTIGEN INDEPENDENT 
MECHANISMS

PERITRANSPLANT ISCHEMIA

MECHANICAL TRAUMA

REPERFUSION INJURY



Peritransplant injury induces chemokines 
that increase inflammation and immunity

Devries, 2003, Sem in Imm 15:33-48



Peritransplant injury as a risk factor for Acute Rejection

Early inflammatory injury to graft promotes continued chemokine 
expression that recruits lymphocytes and macrophages



Peritransplant injury as a risk factor for Chronic Rejection

Early inflammatory injury to graft promotes continued chemokine 
expression that persists and contributes to and chronic rejection



Transplants and the immune system
Discrimination between self/nonself
This is not good for transplants
At first the only possible transplants were 
blood transfusions
Otherwise the grafts were disastrous

Why are blood transfusions tolerated?



Immune mechanisms
Skin is transplanted to genetically 
different organisms



Graft



Cellular and Molecular Understandings

•Associated with graft rejections and immunosuppressive therapies

•Rejection has not been eliminated only reduced

Hyperacute rejection
Acute rejection
Chronic rejection



Hyperacute Rejection
•Occurs within a few minutes to a few hours

•Result of destruction of the transplant by performed antibodies (cytoxic 
antibodies)

•Some produced by recipient before transplant

•Generated because of previous transplants, blood transfusions, and 
pregnancies

•Antibodies activate the complement system then platelet activation and 
deposition causing hemorrhaging and swelling



Acute Rejection
Seen in recipient that has not been previously sensitized to 
the transplant
Mediated by T cells and is a result of their direct recognition 
of alloantigens expressed by the donor
Very common in mismatched tissue or insufficient 
immunosuppressive treatment
Reduced by immunosuppressive therapy



Allograft

1. Exam of rejection site reveals lymphocyte and 
monocytic cellular infiltration reminiscent of the 
delayed type hypersensitivity reaction

2. Animals that lack T lymphocytes do not reject 
allograft or engrafts

3. Rejection doesn’t occur at all in 
immunosuppressed individuals



Chronic rejection
Caused by both antibody and cell-mediated immunity
May occur months to yearsmonths to years down the road in allograft 
transplants after normal function has been assumed
Important to point out rate, extent, and underlying 
mechanisms of rejection that vary depending on tissue 
and site
The recipients circulation, lymphatic drainage, 
expression of MHC antigens and other factors 
determine the rejection rate
Inflammation, smooth muscle proliferation, fibrosis
Tissue ischemia



Histology of graft rejection



Role of MHC molecules
When T cells are exposed to foreign cells expressing 
non-self MHC, many clones are tricked into activation -
their TCRs bind to foreign MHC-peptide complex’s 
presented
T cells are reacting directly with the donor APCs 

expressing allogeneic MHC in combination with peptide. 
These donor APCs also have costimulatory activity to 
generate the second signal for the second reaction to 
occur
Minor H antigens are encoded by genes outside the 
MHC



T Cells and Cytokines
CD4+ and CD8+
DTH



Indirect – donor APC shed MHC that activate immune 
system that then reacts to transplanted organ



Laboratory Tests
ABO Blood typing
Tissue typing (HLA Matching)
(Lymphocytotoxicity test)
(Mixed leukocyte reaction)
Screening for Presence of Preformed
Antibodies to allogeneic HLA
Crossmatching



Prolonging Allograft Survival
Anti-inflammatory Agents
Cytotoxic Drugs
Agents that interfere with Cytokine 
production and signaling
Immunosuppressive Therapies
New Immunosuppressive strategies 



Prolonging Allograft Survival
Cyclosporine and Tacrolimus (FK-506)
Azathioprine
Mycophenolate Mofetil
Rapamycine
Corticosteroids
Anti-CD3, Anti-CD52, Anti-IL-2, Anti–
CD25



Prolonging Allograft Survival



Prolonging Allograft Survival



SITES OF ACTION OF MAJOR  
IMMUNOSUPPRESSIVE DRUGS

OKT3



ANTIGEN SPECIFIC TOLERANCE 
(VS GENERAL IMMUNOSUPPRESSION)

Decreases risk of infections and secondary cancers
Enhance allospecific T regulatory cell stimulation
Monoclonal antibodies or protein blockers for costimulatory molecules 
Myeloablation followed by reconstitution with chimeric marrow - as T
cells mature in the thymus, the immune system is recreated 
Decrease graft immunogenicity
Transplant to privileged sites 
Inject thymus with alloantigen to induce clonal deletion with tolerance 
for donor antigens



T -regulatory cell function

Wood Nature Reviews Immunology 3; 199-210 (2003) 



If T reg cells can be 
induced to recognize 
the indirect antigen 
presentation, they 
exert a powerful 
suppressive effect on 
both indirect and 
direct CD4 and CD8 
cell activity through 
the secretion of IL-10 
and TGF-β

Induction of tolerance – Enhance allospecific T 
regulatory cell activity

Wood, 2003, Nature Reviews 
Immunology 3:199-210



Wood, 2003, Nature Reviews Immunology 3:199-
210

How to manipulate T reg activity to 
induce transplant tolerance?



Bone Marrow
Attempts to use these cells have been 
around for at least 60 years
Explored intensely since world war II
Used for treating blood diseases, severe 
combined immunodiffency and leukemia
This type of transplant is also called a 
form of gene therapy



Types of Transplants
Autologous Transplant

Patient’s own stem cells

Allogeneic Transplant
Stem cells from someone else=donor stem cells

In 2004, there were 22 216 hematopoetic stem cells (HSCT), 7407 
allogeneic (33%), 14 809 autologous (67%) and 4378 additional re- or 
multiple transplants reported from 592 centres in 38 European and five 
affiliated countries. 

Bone Marrow Transplant. 2006 Jun;37(12):1069-85. 



Early Allogeneic Transplants

Toxicity noted in early allogeneic studies:
“2° disease of diarrhea, liver necrosis & skin”
Termed Graft Versus Host Disease (GVHD)
Now well recognized toxicity of alloBMT

GVHD pts had less leukemic relapse
in 1968, of 14 AlloBMT patients
10/20 died of GVHD w/o evidence of leukemia
4/20 had no GVHD, died of recurrent leukemia
Same donor cells causing toxicity were anti-leukemic
Termed the Graft Vs Leukemic Effect (GVL)



GVL & GVHD is Immune Mediated
Donor Immune cells recognize Recipient cells as 
non-self
T-cell & NK cell response

Attack host cells: malignant and normal host cells
Balance of this immune response:

Minimize GVHD + Maximize GVL
1) Immunosuppressive Therapy with BMT
2) HLA-Match Donor & Recipient

Match major antigens to decrease GVHD
Mismatch of minor antigens results in GVL



Source of stem cells for Transplants

Bone Marrow graft
Peripheral Blood Stem Cells 

(PBSCT)
Umbilical cord



Source of stem cells for Transplants

Peripheral Blood Stem Cells (PBSCT)
Stem cells collected peripherally using apheresis (cell 
separator machine)

Less invasive; less discomfort; less morbidity than BM
Outpatient procedure
PBSCT results in more rapid hematopoietic recovery 
than BM
No difference in treatment outcome
Quickly replacing traditional BM

Using cytokine stimulation (G-CSF injections)
BM releases large number CD34 stem cells into circulation

Stem cells harvested via peripheral line



Complications

Infections
Early:

Potentially life threatening
Main complication in first 30 days
CMV infections have high mortality (so prophylaxis and 
early intervention important)

Late:
Immune function takes 1 year (autologous) to 2 years 
(allogeneic) to fully recover
Later opportunistic infections common, including 
pneumocystis carinii (PCP) and herpes zoster
Prophylaxis required for 6-12 months



Complications (Con’d)
GVHD

Allogeneic complication
Donor T cell response against recipient tissue cells
Prophylaxis against GVHD begins day +1 with 
immunosuppressive agents

Cyclosporine, methotrexate, mycophenelate
Acute GVHD first 3-6 months:

Skin, GI (especially diarrhea) or obstructive Liver dysfunction
>60% develop 

Chronic GVHD develops 12-18 months post transplant:
Autoimmune manifestations of Skin especially, as well as GI, 
Liver and Lung
30-40% develop



Complications (Con’d)

Veno-Occlusive Disease (VOD)
Obstructive liver disease due to microthrombi in 
liver venules
Patients with previous liver disease at greater 
risk
No good treatments

Graft Rejection
Rare in present day (<1%)











Xenogenic Transplantation
>50,000 people that need organs die while waiting for a 
donor
Studies are underway involving nonhuman organs 
Attention has been focused on the pig but the problem is 
the existence of natural or preformed antibodies to 
carbohydrate moieties expressed in the grafts endothelial 
cells
As a consequence activation of the compliment cascade 
occurs rapidly and hyperacute rejection ensues
Concern has given to debate about the safe use of 
xenografts and animal tissues that the tissues might 
harbor germs
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