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	1. Transplant
Immunology
DR. NATASORN LEKUTHAI
ALLERGY  AND IMMUNOLOGY FELLOWSHIP
 


	2. • Transplantation :  Replacing nonfunctioning organs and
tissues with healthy organs or tissues
• Graft : Tissues/organs which are used for
transplantation
• Donor: who provides the graft
• Recipient or host : who recieves the graft
Definition and Terminology
 


	3. Definition and Terminology
•  Autologous graft : Transplanted in same individual
• Syngeneic graft : Transplanted between two genetically identical
individuals
• Allogeneic graft (Allograft): Transplanted between two genetically
different individuals of the same species
• Xenogeneic graft(xenograft): Transplanted between different species
• Alloantigens : The molecules that are recognised as foreign in allograft
• Alloreactive : The lymphocytes and antibodies that react with alloantigens
or xenoantigens
 


	4. Type of transplantation
1.  Solid organ transplantation
2. Hematopoetic stem cell transplantation
 


	5. INNATE IMMUNE RESPONSE
  


	6. Cold Spring Harb  Perspect Med 2013;3:a015479
Complement
and
Toll-like receptor
 


	7. C3 ( Pivotal  protein)
- binding of the activated molecule on
pathogen surfaces and elimination by
phagocytic cells with receptors for
activated C3.
- focal point for the conversion of C5 into
an active form leading to the assembly
of membrane attack complex, C5b-9 as
lethal pores in the pathogen surface.
(Serum
Amyloid P)
Cold Spring Harb Perspect Med 2013;3:a015479
 


	8. First peak Second  peak
C5b-9 is known to mediate parenchymal
injury within the kidney, heart, and gut,
increasing the cellular release of
proinflammatory and fibrotic factors and
contributing to tissue infarction.
These pathological functions of
complement in I/R injury are
highly dependent on local
production of C3.
T cells, particularly of CD4 phenotype,
are indispensable for the activation of
local TLR-mediated proinflammatory
immune sequel.
Cold Spring Harb Perspect Med 2013;3:a015479
 


	9. Toll-like receptors roles
Kidney  International (2012) 81, 826–832.
 


	10. The period of  ischemia and
subsequent reperfusion
leads to rapid complement
activation.
TLRs are rapidly upregulated
during I/R injury esp. 24
hours after injury.
Kidney International (2012) 81, 826–832.
 


	11. ADAPTIVE IMMUNE
RESPONSE
  


	12. Major Histocompatibility Complex(MHC)
•  Major histocompatibility complex (MHC): HLA antigens
○ Targets of allograft rejection
○ Responsible for strong & rapid rejection reactions
○ Bind and present peptides to T cells
• Minor histocompatibility complex: ABO blood group antigens, etc
○ Induce weak or slower (more gradual) rejection reactions than do
MHC molecules
○ Play a more significant role in stimulating graft versus host responses
after HSC transplantation
 


	13. Human Leukocyte Antigen  (HLA)
• The human major histocompatibility
complex (MHC) comprises a 3.6
million bp genomic region (6p21)
located on the short arm of
chromosome 6.
• MHC is a family of genes that
encodes HLAs, which are expressed
on the surface of cells and have
crucial roles in defence against
foreign pathogens and in tumour
immune surveillance.
• The tremendous heterogeneity of
human MHC molecules affords the
human immune system its ability to
protect against diverse foreign
pathogens that are recognized as
non-self.
 


	14. •3 classes
○ Class  I: HLA-A, HLA-B, HLA-C
○ Class II: HLA-DR, HLA-DQ,
HLA-DP
○ Class III: Complement
component (C2, C4, factor B),
21-hydroxylase, TNFs
 


	15. Direct alloantigen recognotion
T  cell responses to directly presented allogeneic MHC molecules are very strong
because there is a high frequency of T cells that can directly recognize any single
allogeneic MHC protein.
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	16. Molecular basis of  direct recognition
of allogenic MHC molecules
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	17. Indirect alloantigen presentation
In  the indirect pathway, donor
(allogeneic) MHC molecules are captured
and processed by recipient APCs, and
peptides derived from the allogeneic MHC
molecules are presented in association
with self MHC molecule.
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	18. Abbas AK, et  al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	19. TYPE OF GRAFT  REJECTION
• Hyper acute rejection
• Acute rejection
- Acute cellular rejection
- Acute antibody-mediated rejection
• Chronic rejection
 


	20. HYPERACUTE REJECTION
• characterized  by thrombotic occlusion of the graft vasculature.
• begins within minutes to hours after host blood vessels are anastomosed to graft
vessels.
• mediated by IgM : anti-ABO Abs(IgM)
• mediated by IgG antibodies directed against protein alloantigens, such as donor
MHC molecules, or against less defined alloantigens expressed on vascular
endothelial cells.
• Such IgG antibodies generally arise as a result of previous exposure to
alloantigens through blood transfusion, previous transplantation, or multiple
pregnancies.
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	21. HYPERACUTE REJECTION
Abbas AK,  et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	22. Acute rejection
- Divided  in 2 types
- Acute cellular rejection
- Acute antibody-mediated rejection
- begin several days to a few weeks but in current practices it can be occurs to
years after transplantation due to immunosuppressive drugs.
 


	23. ACUTE CELLULAR REJECTION
•  The principal mechanisms of acute
cellular rejection are CTL-mediated killing
of graft parenchymal cells and
endothelial cells and inflammation
caused by cytokines produced by helper
T cell.
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	24. ACUTE ANTIBODY-MEDIATED REJECTION
-Alloantibodies  cause acute rejection by binding to
alloantigens, mainly HLA molecules, on vascular
endothelial cells, leading to endothelial injury and
intravascular thrombosis that results in graft
destruction.
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	25. Chronic rejection
- A  dominant lesion of chronic
rejection in vascularized grafts is
arterial occlusion as a result of the
proliferation of intimal smooth muscle
cells, and the grafts eventually fail
mainly because of the resulting
ischemic damage (Graft
vasculopathy or accelerated graft
arteriosclerosis).
- develops insidiously during months or
years.
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	26. Chronic rejection
• The  likely mechanisms underlying the occlusive vascular lesions of chronic
rejection —> Activation of alloreactive T cells and secretion of IFNγ and other
cytokines that stimulate proliferation of vascular smooth muscle cells
• Non-immunological process:
○ Response to injury
○ Recurrence of underlying diseases
○ Drug-related toxicities
• Chronic rejection of different transplanted organs is associated with distinct
pathologic changes
○ Kidney and heart: Vascular occlusion and interstitial fibrosis
○ Lung: Thickened small airways (Bronchiolitis obliterans)
○ Liver: Fibrotic and nonfunctional bile ducts
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	27. How to reduce  the
immunnogenicity of allografts
 


	28. How to reduce  immunogenicity
• Aim to minimize
alloantigenic differences
between the donor and
recipient.
 


	29. • To avoid  hyperacute rejection;
• ABO blood group matching is important.
• In kidney transplantation,
• HLA-A, HLA-B, and HLA-DR is most important for predicting
survival of kidney allografts. (HLA-C is polymorphic)
• Patient can wait up to 72 hours.
How to reduce immunogenicity
 


	30. Immunogenicity testing
• Panel  reactive antibody (PRA) test
• Patients waiting for organ transplants are screened for the
presence of preformed antibodies reactive with allogeneic
HLA molecules prevalent in the population.
 


	31. Immunosuppression to prevent  or to
treat allograft rejection
 


	32. Immunosuppresive agents
• Inhibitors  of T Cell Signaling Pathways
• Antimetabolites
• Function-Blocking or Depleting Anti-Lymphocyte Antibodies
• Costimulatory blockage
• Drugs Targeting Alloantibodies and Alloreactive B Cells
• Anti-inflammatory drugs
 


	33. Abbas AK, et  al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	34. Inhibitors of T  Cell Signaling Pathways
• Cyclosporine
• Tacrolimus
inhibit transcription of certain genes in T cells,
most notably genes encoding cytokines such as
IL-2
• Rapamycin
• Tyrosine kinase JAK3
inhibitors (Tofacitinib)
 


	35. Cyclosporine
• fungal peptide  that binds with high affinity
to a ubiquitous cellular protein called
cyclophilin.
Cyclophilin
Nuclear factor of activated T cells
 


	36. Tacrolimus
- binds to  FK506 binding protein
(FKBP) and the complex shares with the
cyclosporine/cyclophilin complex the ability to
bind calcineurin and inhibit its activity.
 


	37. Rapamycin
- rapamycin/FKBP complex  binds to and inhibits
a cellular enzyme called mammalian target
of rapamycin (mTOR).
- inhibits the generation of effector T cells but
does not impair the survival and functions of
regulatory T cells (Tregs) as much.
- also involved in B cell proliferation and
antibody responses, and therefore,
rapamycin may also be effective in
preventing or treating antibody-mediated
rejection.
 


	38. Tyrosine kinase JAK3  inhibitors:
Tofacitinib
• Inhibit the signal transduction
from the common γ chain of
the cytokine receptors for IL-2,
IL-4, IL-7, IL-9, IL-15, and IL-21 to
the nucleus.
 


	39. Antimetabolites
• Azathiopine
• Mycophenolate  (MMF)
 


	40. Antimetabolites: MMF
Mycophenolic
acid
• metabolized  to mycophenolic acid,
which blocks the activity of inosine
monophosphate dehydrogenase, an
enzyme required for de novo synthesis of
guanine nucleotide.
• targets lymphocytes in a relatively
specific manner.
 


	41. Antimetabolites: Azathiopine
- acts  through its effects as an
antagonist of purine metabolism,
resulting in the inhibition of
deoxyribonucleic acid (DNA),
ribonucleic acid (RNA), and
protein synthesis.
 


	42. Function-Blocking or Depleting  Anti-
Lymphocyte Antibodies
• OKT3: Monoclonal antibody specific for
human CD3
• Anti-thymocyte globulin: Activating the
complement system to eliminate T cells or by
opsonizing them for phagocytosis
• Monoclonal antibodies specific for CD25
(Basiliximab, Daclizumab): Anti-α subunit of
IL-2 receptor: Prevent T cell activation by
blocking IL-2 binding to activated T cells and
IL-2 signaling
• Anti-CD52 (Alemtuzumab): Deplete most
peripheral B and T cells
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	43. Costimulatory blockage
● CTLA4-Ig  (Belatacept): High affinity
form of CTLA4-Ig, which binds to B7
molecules on APCs and prevents them
from interacting with T cell CD28
● Anti-CD40L antibody (CD154): Binds
to T cell CD40 ligand (CD40L), prevents
its interactions with CD40 on APCs. —>
Thrombotic complications
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	44. Drugs Targeting Alloantibodies  and
Alloreactive B Cells
• Plasmapheresis
• Intravenous immunoglobulin (IVIG) therapy
• Anti-CD20 antibody (Rituximab)
• Proteasome inhibitor (Bortezomib): Kills plasma cells
Use in Antibody-mediated allograft rejection
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	45. Anti-inflammatory drugs
• Corticosteroids:  Block the synthesis and secretion of cytokines —> Reduced
leukocyte recruitment, inflammation, and graft damage
 


	46. Drug use in  tranplantation
● Strong immunosuppression is usually started in allograft recipients at the time of
transplantation: Induction therapy
Ø Anti-thymocyte globulin or Anti-IL-2 receptor
● After a few days, the drugs are changed for long term maintenance of
immunosuppression
Ø Corticosteroid, Calcineurin inhibitor, Antimetabolite, mTOR
● Chronic rejection: Irreversible and poorly amenable to treatment
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	47. Hematopoetic stem cell
transplantation  (HSCT)
 


	48. Hematopoetic stem cell
transplantation  (HSCT)
• Allogeneic HSCs are rejected by even a minimally
immunocompetent host, and therefore, the donor and
recipient must be carefully matched at all MHC loci.
 


	49. Type of HSCT
  


	50. Charley C, Babic  A, Arraut IB, et al. JACIE and Quality Management in
HSCT: Implications for Nursing. 2017 Nov 22.
 


	51. Stem cell resources
Hatzimichael  E., Stem Cells and Cloning: Advances and Applications
2010:3 105–117 Gennery AR. Stiehm’s Immune Deficiencies. 2014
 


	52. GRAFT-VERSUS-HOST DISEASE
• Acute  GVHD
• Chronic GVHD
 


	53. Billingham summarized the  donor and host requirements for induction of GVHD as
follows:
(1) The graft must contain immunologically competent cells.
(2) The host must possess important tissue antigens that are lacking in the donor.
(3) The recipient must be incapable of mounting an effective immunologic response
against the graft cells.
GRAFT-VERSUS-HOST DISEASE (GVHD)
 


	54. GRAFT-VERSUS-HOST DISEASE (GVHD)
•  GVHD is caused by the reaction of grafted mature T cells in the HSC inoculum with
alloantigens of the host.
• GVHD may also develop when solid organs that contain significant numbers of T
cells are transplanted, such as the small bowel, lung, or liver.
• The reaction is directed against minor histocompatibility antigens of the host
because bone marrow transplantation is not usually performed when the donor
and recipient have differences in MHC molecules.
Abbas AK, et al. Transplantation Immunology, Cellular and Molecular Immunology 9th edition
 


	55. • GVHD arises  when donor T cells respond to genetically defined proteins on host
cells.
• The most important proteins are human leucocyte antigens (HLAs) which are
highly polymorphic and are encoded by the major histocompatibility complex
(MHC).
• Class I HLA(A,B,andC)proteins are expressed on almost all nucleated cells of the body at various
densities.
• Class II proteins (DR, DQ, and DP) are mainly expressed on haemopoietic cells (B cells, dendritic
cells, and monocytes), but their expression can be induced on many other cell types after
inflammation or injury.
GRAFT-VERSUS-HOST DISEASE (GVHD)
Lancet 2009; 373: 1550–61
 


	56. Classification of GVHD
Human  Pathology (2009) 40, 909–917
 


	57. ACUTE GVHD
  


	58. Acute GVHD
• Acute  GVHD was defined as arising before day 100 post-transplant.
• Late-onset acute GVHD (after day 100) and an overlap syndrome with features of
both acute and chronic disorder which arise with greater frequency after
reduced-intensity conditioning.
• Prevalence of acute GVHD is directly related to the degree of mismatch between
HLA proteins. It ranges from 35–45% in recipients of full-matched sibling donor
grafts to 60–80% in people receiving one-antigen HLA-mismatched unrelated-
donor grafts.
Lancet 2009; 373: 1550–61
 


	59. Lancet 2009; 373:  1550–61
- Inflammatory mechanisms mediated by donor lymphocytes infused into
the recipient.
- the recipient’s tissues damaged by underlying disease, previous
infections, and the transplant conditioning regimen.
Danger signal
donor T cells proliferate and
differentiate in response to
host APCs
T-helper 1 cytokines
are released in large
amounts during acute
GVHD.
The cellular effectors of
acute GVHD are mainly
cytotoxic T lymphocytes and
natural killer cells.
 


	60. Sign and symptoms
81%
54  %
(50%)
Lancet 2009; 373: 1550–61
SKIN : - usually first organ involved
- MP rash is pruritic, sparing scalp
- In severe, can be blister and
ulcerate
GI : - vomiting, anorexia, abdominal
pain
- Diarrhea in GVHD is secretory and
usually voluminous (>2 L per day)
- Bleeding, which has poor prognosis
LIVER : DDx veno-occlusive disease,
toxic drug effects, viral infection, sepsis,
or iron overload.
 


	61. Bone Marrow Transplantation
(2022)  57:1581–1585
 


	62. Skin manifestation in  acute GVHD
Grade I : minimal vacuolization in the epidermis
Grade II : vacuolization and dyskeratotic bodies
Grade III : sub epidermal cleft formation
Grade IV : separation of the dermis from the epidermis
Ghimire S, Weber D, Mavin E, Wang X, Dickinson AM and
Holler E (2017) Pathophysiology of GvHD and Other
HSCT-Related Major Complications. Front.
Immunol. 8:79.
 


	63. GI manifestation in  acute GVHD
Nat Rev Gastroenterol Hepatol. 2017 December ; 14(12): 711–726.
 


	64. Nat Rev Gastroenterol  Hepatol. 2017 December ; 14(12): 711–726.
The nuclei of the apoptotic
cells shrink in size, the
chromatin condenses and
nuclear fragmentation
occurs
multiple withered and
necrotic crypts
showing areas of extensive crypt loss
colonic mucosa with mucosal
oedema, loss of normal haustra
and complete loss of vascularity
deep ulcers and areas
of necrotic tissue
oedema, friability, loss of
vascularity and white
plaques
patchy, raised
erythematous lesions
(arrow) as well as localized
superficial mucosal
erosions
loss of normal plicae
circulares, the presence
of friable and
oedematous mucosa
and a complete loss of
normal vascularity.
 


	65. Grading and severity  of acute GVHD
 


	66. Risk of acute  GVHD
§ The degree of HLA mismatch
§ Receipt of a transplant from an unrelated donor
§ A female donor for a male recipient
§ The use of peripheral-blood stem-cell grafts ( Peripheral blood> bone
marrow> umbilical cord)
§ The intensity of the conditioning regimen
§ HLA-B*51:01 and HLA-C*14:02 —> Significantly associated with
§ an increased risk of severe aGVHD
Longo Dan L.; Zeiser, Robert; Blazar, Bruce. Acute Graft-versus-Host Disease — Biologic
Process, Prevention, and Therapy. NEJM 2017.
D.F. Moreno, J. Cid / Med Clin (Barc). 2019;152(1):22–28
 


	67. TREATMENT OF ACUTE  GVHD
• Steroids is gold standard.
• Prednisone 60 mg/m2/d for 14 days, followed by an 8-week taper, at days 14, 28,
and 56 after initiation of treatment.
• IVMP 2 mg/kg
Blood (2010) 115 (26): 5412–5417.
Bone Marrow Transplantation (2022) 57:1581–1585
 


	68. Digan, F.L., Et  al, Diagnosis and management of acute graft-versus-host
disease. Br J Haematol, 2012.
 



	70. Steroid-refractory acute GVHD
Leukemia  (2020) 34:1229–1240.
 


	71. CHRONIC GVHD
  


	72. CHRONIC GVHD
• Progressive/quiescent/De  novo
• Characterized by fibrosis and atrophy of one or more of the same organs,
without evidence of acute cell death.
 


	73. N Engl J  Med 2017;377:2565-79.
Impaired thymic deletion and
expression of tissue-restricted
antigens allow the release of
auto- reactive CD4+ T cells.
 


	74. N Engl J  Med 2017;377:2565-79.
Aberrant tissue repair promoted by activated
macrophages that produce TGF-β and platelet-
derived growth factor α (PDGF-α). This leads to
fibroblast activation.
 


	75. Signs and symptoms
Lancet  2009; 373: 1550–61
 


	76. Sclerotic-type chronic GVHD  of
the skin. The skin has a diffuse,
shiny texture and a bound-
down appearance that is due to
dermal thickening
Oral chronic GVHD with
reduced and sclerotic gingiva.
sclerotic changes of the esophageal
wall in a patient with chronic GVHD
chronic GVHD of the fingernails, with
anonychia of the third and fourth digits
N Engl J Med 2017;377:2565-79.
 


	77. N Engl J  Med 2017;377:2565-79.
chronic GVHD of the
eye, with characteristic
hypervasculature
fibrotic changes (arrows) in the
lungs of a patient with chronic
GVHD of the lungs. Classic signs
of bronchiolitis obliterans
include concentric narrowing of
the bronchial lumen, air
trapping, bronchial-wall
thickening, and centrilobular
nodules.
skin section from a patient with sclerotic-type chronic
GVHD of the skin. The arrow indicates collagen deposition
(red fibers).
inflammatory cellular
infiltrates (arrow) in a
skin section from a
patient with
inflammatory chronic
GVHD of the skin.
shows inflammatory
cellular infiltrates (arrow)
in a lung section from a
patient with chronic
GVHD of the lungs.
shows inflammatory cellular
infiltrates (arrow) surrounding
the bile duct in a liver section
from a patient with chronic
GVHD of the liver.
 


	78. NIH scoring and  grading system
https://www.nejm.org/doi/suppl/10.1056/NEJMra1703472/suppl_file/nejmra1703472_a
ppendix.pdf
 


	79. Key points:
In skin:  higher of the 2 scores to be used for calculating global severity.
In lung: FEV1 is used instead of clinical score for calculating global severity.
OTHERS : - If the entire abnormality in an organ is noted to be unequivocally explained by a non-GVHD documented cause, that organ is not
included for calculation of the global severity.
- If the abnormality in an organ is attributed to multifactorial causes (GVHD plus other causes) the scored organ will be used for
calculation of the global severity regardless of the contributing causes (no downgrading of organ severity score).
N Engl J Med 2017;377:2565-79.
 


	80. High risk for  chronic GVHD
● The degree of HLA mismatch
● Older recipient/donor age
● History of acute GVHD
● A multiparous female donor for a male recipient
● Transplant performed for CML
● G-CSF mobilized peripheral blood progenitor cell grafts
• High intensity conditioning regimen
● History of splenectomy
● Latent viral infection
● Second allogeneic transplants
Hymes SR. Pathogenesis and clinical manifestations of graft-versus-host disease. J Am Acad Dermatol. 2012
Lanzkowsky’s Manual Of Pediatric Hematology And Oncology, 6th ed. 2016.
D.F. Moreno, J. Cid / Med Clin (Barc). 2019;152(1):22–28
 


	81. TREATMENT OF CHRONIC  GVHD
N Engl J Med 2017;377:2565-79.
 


	82. N Engl J  Med 2017;377:2565-79.
TREATMENT OF CHRONIC GVHD
 


	83. Treatment of chronic  GVHD
Saidu NEB ,et al.(2020) New Approaches for the Treatment of Chronic Graft-Versus-Host Disease: Current Status
and Future Directions. Front. Immunol. 11:578314
 


	84. Bone Marrow Transplantation  (2021) 56:2079–2087.
 


	85. Bone Marrow Transplantation  (2021) 56:2079–2087.
 


	86. Prevention of GVHD
•  Drugs in conditioning regimens ( Reduce-intensity regimens)
• Alemtuzumab is a monoclonal antibody that binds CD52
• anti-thymocyte globulin or anti-lymphocyte globulin preparations >> severe
side effects
• Calcineurin inhibitors; Cyclosporine , Tacrolimus
• MMF
• Sirolimus
• Induction of anergy
• Manipulation of inoculum
Lancet 2009; 373: 1550–61
 


	87. D.F. Moreno, J.  Cid / Med Clin (Barc). 2019;152(1):22–28
 


	88. D.F. Moreno, J.  Cid / Med Clin (Barc). 2019;152(1):22–28
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