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Introduction
The immune system (IS) evolved into a complex and efficient 

machinery to recognize molecules from foreign of the self (antigens). 
Thus, our body can recognize and commonly eliminate the deleterious 
microorganisms and tumors cells with minimal damage to the host 
cells.1,2 In 1960s, the discovery of highly polymorphic genes tightly 
clustered (loci) explained how the T cells elicit a specific Immune 
response against to foreign antigens (alloreactivity) in specific cells.3-5

The genes mentioned previously are termed as the Major 
Histocompatibility Complex (MHC) or Human Leukocyte Antigens 
(HLA) in Homo Sapiens. The molecule coded by MHC behaves as 
a platform for peptides processed the cells (antigenic presentation); 
thus, this allows the training of T lymphocytes for their selective 
recognition.6 Solid organ transplants, unfortunately, follow the same 
principle of alloreactivity; therefore, a tissue graft eventually will be 
destroyed by the recipient’s immune system (rejection). Depending 
on the timing of their development, the rejection has been classified in 
hyperacute, acute, and chronic.7 This article will explore the immune 
response behind organ rejection; besides, the emphasis will be placed 
on some details of this rejection. This is important for the study in a 
histocompatibility or immunogenetics laboratory.

MHC role in the organ rejection
HLA region is located on the short arm of chromosome 6 and it is 

divided into several classes. Their proximity causes all loci undergo 
low recombination rates during meiosis (linkage disequilibrium), thus 
these genes are inherited as a haplotype.8

The quaternary structure of class I has been displayed as 
polypeptide (α chain) associated with β 2 microglobulin (non-
polymorphic), which is coded in another chromosome. The HLA class 
I (A-C) appears in all nucleated cells; in addition, there are other loci 
expressed on few cells (E, F, G) with specialized functions. The loci 
A, B and C are the most polymorphic, also they usually display the 
antigenic presentation of endogenous peptides for CD8+ T cells. For 
that reason, A, B and to a lesser extent C are the most involved in the 
pathogenesis of graft rejection.9,10

The HLA Class II possesses the DR, DQ, and DP as heterodimer 
protein (α, β chains) for antigenic presentation of exogenous peptides 
for CD4+ T cells. However, there are individuals which carried more 
copies of the DR β chain gene (DRB3,4 and 5); hence it creates a 
greater combination of sets for antigen presentation. Likewise, HLA 
class II loci possess lesser polymorphic genes (HLA-DM, DO) 
with regulatory functions of antigenic presentation. Historically, 
the most important locus in graft rejection has been DRB; although 
new findings have revealed other loci play an important role in acute 
rejection and graft survival.11-14

Those polymorphisms in HLA molecules rise the chances to 
harbor differences alleles among individuals in a population. With 
the mentioned previously, the donor variable regions, different from 
recipient, can be recognized by recipient B cells. This recognition, 
therefore, produce donor specific antibodies (DSA) which have been 
involved in graft rejection due various effector mechanisms.6,15

On the other hand, there is a paradox of T cell recognition between 
self and foreign. T lymphocytes are trained by positive and negative 
selection in the thymus; thus, the identification only from recipient 
MHC molecules has been assumed.16 Three mechanisms have been 
postulated to explain the recognition of allogeneic MHC by T cells.17,18

Direct recognition: It consists in the recognition of a donor antigen-
presenting cell (APC) located in the transplanted organ, which 
migrates to the lymph nodes and interacts either with the allogeneic 
MHC-peptide or MHC itself with the recipient’s T lymphocytes. 

Indirect recognition: It involves uptake of donor cell debris by 
recipient APCs; this causes a processing of proteins to allogeneic 
peptides and carried out on their own MHC complexes. This mechanism 
has been seen important in the activation of B lymphocytes. 

Semidirect recognition: The recipient antigen-presenting cells can 
capture vesicles of apoptotic debris from donor cells and expose 
intact allogeneic MHC-peptide complexes to T lymphocytes on their 
surface.

Hyperacute Rejection
With the origin of the immune response synthesized above, the 

types of rejection could be explained better. Hyperacute rejection 
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Abstract

Non-identical transplants (allogeneic) have been a modern medicine milestone; however, 
the major pitfall for completed succeed is the recognition of foreign organ by the immune 
system. The myriad variations in sequence of the molecules of the major histocompatibility 
complex (MHC) or human leukocyte antigen (HLA) between individuals are the major 
cause of allograft rejection. Thus, the recognition by the B or T lymphocytes of the receptor 
occurs in the hypervariable regions of the HLA molecules that triggers to the graft 3 types of 
rejection: hyperacute, acute, and chronic. In addition, the rejection could be cause antibody-
mediated (ABMR), T-cell-mediated (TCMR), or both, which depends on the main branch 
is cause of rejection. This review will explore the mechanisms mentioned above and give 
an introductory insight into transplant immunology; thus, preparer the reader to delve into 
further reviews in a Histocompatibility or Immunogenetics laboratory purpose.
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occurs very early after the organ graft; it has been caused by 
ABO antibodies or preformed DSAs (e.g., previous transfusions, 
pregnancies, or transplants) in the recipient. Those antibodies interact 
with cognate-antigens of the endothelial cells located in the transplant 
vessels. Thus, the union and activation of the complement cascade 
are launched, where the C3a and C5a residues have proinflammatory 
functions and lead leucocyte migration. By other hand, C4b2A3b 
complex accomplishes the assemble of the membrane attack complex 
and destroy the cell.7,16,19

As a result of the inflammatory process and endothelial injury, the 
coagulation cascade is promoted, which generates the formation of 
clots in the capillary vessels (microtrombosis) with their subsequent 
occlusion. Therefore, adequate oxygenation of the organ is impaired, 
and it causes necrosis. Given the speed of the pathophysiological 
mechanism, there is no treatment for hyperacute rejection. For that 
reason, the transplant evaluation including the ABO matching; as well 
as the detection DSAs against the HLA molecules and the assessment 
if they match the donor´s HLA alleles to avoid them.20

Acute Rejection
This type of rejection appears weeks or months after the organ 

transplant because it requires the sensibilization recipient´s immune 
system. To reach this, the activation innate system is essential. This 
occurs by releasing molecules from damaged cells during ischemia-
reperfusion of the graft (inflammation), termed as damage associated 
molecular patterns (DAMPs). The event described before, allows the 
maturation of APCs, especially dendritic cells whom activating the 
adaptive immune system; therefore, it induces a lymphocytic infiltrate 
in the tissue.21

On the other hand, according with the pathological changes, the 
rejection could be classified by the branch of adaptive immune system 
is involved in the organ damage; nevertheless, it is important keep 
in mind that both are activated for the sensibilization.22 Antibody 
mediated rejection (ABMR) is characterized by de novo DSAs 
development with the complement process triggering (detected 
by C4d deposits) as was described above. Moreover, there is other 
relevant effector mechanism in ABMR, the NK cells and to a lesser 
extent macrophages activation. Those leucocytes attack cells by 
function-dependent cytotoxicity (ADCC) in the endothelium of the 
transplanted organ (capillaritis and/or glomerulitis). In addition, 
migrating leukocytes release proinflammatory cytokines that 
amplify the damage and lead the arrival of more cells of the immune 
system.18,23,24 According to the modern views, ABMR continues 
having the most important role in rejection and, due to the mechanism 
triggering, take together hyperacute and AMBR as a single process.25

Conversely, T-cell mediated rejection (TCMR) occurs when 
the recipient’s T cells are activated against allogeneic peptides or 
allogenic HLA-peptide complexes as described previously. This 
interaction allows the differentiation of CD4+ lymphocytes into a 
Th1 subset, which produce INF-ɣ and activation of cytotoxic CD8+ 
lymphocytes (CTL) for the induction of cell apoptosis (caspase 
mediated) in the tubular and arteriolar zone. CTLs exert their function 
mediated whether Fas-Fas ligand union or by granzymes releasing 
to the target cell.16 In addition, there is evidence that a percentage 
of cases in kidney (around 30%) both branches directly cause graft 
injury. According with Banff classification, this type of rejection is 
termed borderline.22,26

Nowadays, the acute rejection has been managed with 
immunosuppressive treatment (e.g., calcineurin inhibitors). However, 
on some circumstances, such non-adherence to treatment, more 

aggressive drugs should be placed by the physician. Nonetheless, the 
continuous biochemical follow-up and detection of de novo DSAs in 
the recipient is required for differential diagnosis of acute rejection 
from other pathologies and establish the correct management.27 
Therapeutic approach is more extensive than described previously; it 
shall be studied for further reviews.

Chronic Rejection
In this case, there is a combination of immune and non-

immune mechanisms (e.g., cytotoxicity to calcineurin inhibitors). 
Histologically, rejection is characterized by hypertrophy of the smooth 
muscle cells of the capillary vessel wall and presence of scar tissue 
(fibrosis) at the interstitial level. This process leads gradual occlusion 
of the capillary vessel, glomerulopathy and tubular atrophy in kidney 
transplants. In the heart and lung transplant chronic rejection has been 
described obliterating vasculopathy (obstruction of the vessel lumen) 
and Brochiolitis obliterans syndrome, respectively.28-30

From the immune perspective, the graft undergoes delayed 
hypersensitivity response (DTH) and repeated episodes of acute 
rejection caused by HLA and non-HLA DSAs (autoimmune manner) 
such as Anti-MICA (MHC peptide-related sequence A) or anti-ATR1 
(angiotensin II receptor 1). These events induce interstitial scar 
formation, smooth muscle cells proliferation and the activation of the 
endothelium on the vessel which produce his occlusion. Furthermore, 
the activation of endothelium triggers growth factors onset (PDGF, 
TGF-β) that induce the myofibroblasts development into tunica 
intima and cause fibrosis into arterioles.16,31,32

Additionally, this type of rejection could be showing a lymphoid 
tissue in the graft (tertiary lymphoid tissue), which creates its own 
nodules with anti-donor specific B and T cells. However, depending 
on the resident population (e.g., Tregs), the tertiary lymphoid tissue 
also plays a role in tolerance of graft.33 Finally, there is no effective 
treatment for chronic rejection, and it is major the cause of poor graft 
survival many years after the transplant.31 

Conclusion
Understanding of transplant rejection mechanisms and 

development of its treatment to avoid them have been a modern 
medicine succeed. However, as detailed in this review, the immune 
response against the graft still having issues to resolve. Consequently, 
a series of tests have been developed in the histocompatibility or 
immunogenetics laboratory to prevent hyperacute rejection and 
monitoring de novo DSAs after engraftment. The typing of the donor/
recipient haplotype, the physical/virtual crossmatch, as well as studies 
at different sensitivities and specificities of DSAs are examples 
of current analyses for guaranteed transplant safety.34 The study of 
these tests will be addressed in a second part of the Transplantation 
immunology review.

Acknowledgments
We want to give special thanks to Dr. Jose Pablo Marín who helps 

to us get educational training in Histocompatibility.

Conflicts of interest
The authors declares that there is no conflict of interest.

References
1. Palucka AK, Coussens LM. The Basis of Oncoimmunology. Cell. 

2016;164(6):1233–1247. 

https://doi.org/10.15406/jsrt.2022.07.00152
https://pubmed.ncbi.nlm.nih.gov/26967289/
https://pubmed.ncbi.nlm.nih.gov/26967289/


Transplant immunology I: mechanisms of rejection in solid organ transplants 24
Copyright:

©2022 Morazán-Fernández et al.

Citation: Morazán-Fernández D, Duran-Delgado M, Rodríguez-Amador F. Transplant immunology I: mechanisms of rejection in solid organ transplants. J Stem 
Cell Res Ther. 2022;7(1):22‒24. DOI: 10.15406/jsrt.2022.07.00152

2. Caton AJ, Weissler KA. Regulatory cells in health and disease. Immunol 
Rev. 2014;259(1):5–10. 

3. Levine BB, Ojeda A, Benacerraf B. Studies on artificial antigensIII. 
The genetic control of the immune response to hapten-poly-L-lysine 
congugates in Guinea Pigs. J Exp Med. 1963;118(6):1953–1957. 

4. Mcdevitt HO, Sela M. Genetic control of the antibody response II Fur-
ther analysis of the Specificity of determinant-specific control, and ge-
netic analysis of the response to (H,G)-A-L in CBA and C57 mice. J Exp 
Med. 1967;126(5):969–978. 

5. Eckle SBG, Rossjohn J, McCluskey J. Alloreactivity. In: Zachary AA, 
Leff Ell MS, editors. Transplantation Immunology Methods and Proto-
cols. Vol 1034. Second. Human Press; 2013. 4–5 p. 

6. Deshpande A. The human leukocyte antigen system … simplified. Glo-
bal Journal of Transfusion Medicine. 2017;2(2):77–78. 

7. Actor JK. Transplantation Immunology. In: Actor JK, editor. Introduc-
tory Immunology. Second. Elsevier; 2019:133–142. 

8. Rajalingam R, Zhang Q, Cecka JM, et al. Transplant Antigen Biology. 
In: Kirk AD, Knechtle SJ, Larsen CP, Madsen JC, Pearson TC, Webber 
SA, editors. Organ Transplantation. John Wiley & Sons, Ltd; 2014:36–
48. 

9. Visentin J, Couzi L, Taupin JL. Clinical relevance of donor-specif-
ic antibodies directed at HLA-C: A long road to acceptance. HLA. 
2021;97(1):3–14. 

10. Aubert O, Bories MC, Suberbielle C, et al. Risk of antibody-mediated 
rejection in kidney transplant recipients with anti-HLA-C donor-specific 
antibodies. Am J Transplant. 2014;14(6):1439–1445.

11. Tambur AR, Kosmoliaptsis V, Claas FHJ, et al. Significance of HLA-DQ 
in kidney transplantation: time to reevaluate human leukocyte antigen–
matching priorities to improve transplant outcomes? An expert review 
and recommendations. Kidney Int. 2021;100(5):1012–1022. 

12. Seitz A, Mounsey K, Hughes P, et al. Isolated Pre-existing HLA-DP 
donor-specific antibodies are associated with poorer outcomes in renal 
transplantation. Kidney Int Rep. 2022:2251–2263.

13. Tang C, Unterrainer C, Fink A, et al. Analysis of de novo donor-specific 
HLA-DPB1 antibodies in kidney transplantation. HLA. 2021;98(5):423–
430. 

14. Fung MK, Benson K. Using HLA typing to support patients with cancer. 
Cancer Control. 2015;22(1):79–86. 

15. Montgomery RA, Tatapudi VS, Leffell MS, et al. HLA in transplanta-
tion. Nat Rev Nephrol. 2018;14(9):558–570. 

16. Moreau A, Varey E, Anegon I, et al. Effector mechanisms of rejection. 
Cold Spring Harb Perspect Med. 2013;3(11). 

17. Callemeyn J, Lamarthée B, Koenig A, et al. Allorecognition and the 
spectrum of kidney transplant rejection. Kidney Int. 2022;101(4):692–
710. 

18. Lin CM, Gill RG. Direct and indirect allograft recognition: Pathways 
dictating graft rejection mechanisms. Curr Opin Organ Transplant. 
2016;21(1):40–44.

19. Petty M. Antibody-mediated rejection in solid organ transplant. AACN 
Adv Crit Care. 2016;27(3):316–323.  

20. Najafian N, Riella L v. Transplantation Immunobiology. In: Himmelfarb 
J, Ikizler TA, editors. Chronic Kidney Disease, Dialysis, and Transplan-
tation: A Companion to Brenner and Rector’s The Kidney. 4th ed. Else-
vier; 2018. 555-569.e4 p. 

21. Cozzi E, Colpo A, de Silvestro G. The mechanisms of rejection in solid 
organ transplantation. Transfus Apher Sci. 2017;56(4):498–505. 

22. Jeong HJ. Diagnosis of renal transplant rejection: Banff classification 
and beyond. Kidney Res Clin Pract. 2020;39(1):17–31.

23. Thomas KA, Valenzuela NM, Reed EF. The perfect storm: HLA anti-
bodies, complement, FcγRs, and endothelium in transplant rejection. 
Trends Mol Med. 2015;21(5):319–329. 

24. Rajalingam R. The impact of HLA class I-specific killer cell immuno-
globulin-like receptors on antibody-dependent natural killer cell-me-
diated cytotoxicity and organ allograft rejection. Front Immunol. 
2016;7:585. 

25. Chong AS. Mechanisms of organ transplant injury mediated by B cells 
and antibodies: Implications for antibody-mediated rejection. Am J 
Transplant. 2020;20(4):23–32. 

26. Callemeyn J, Lamarthée B, Koenig A, et al. Allorecognition and the 
spectrum of kidney transplant rejection. Kidney Int. 2022;101(4):692–
710. 

27. Valenzuela NM, Reed EF. Antibody-mediated rejection across solid or-
gan transplants: Manifestations, mechanisms, and therapies. J Clin In-
vest. 2017;127(7):2492–2504. 

28. Benzimra M, Calligaro GL, Glanville AR. Acute rejection. J Thorac 
Dis. 2017;9(12):5440–5457. 

29. Nair N. Vascular rejection in cardiac allograft vasculopathy: Impact on 
graft survival. Front Cardiovasc Med. 2022;9(919036). 

30. Katsuma A, Yamakawa T, Nakada Y, et al. Histopathological findings in 
transplanted kidneys. Ren Replace Ther. 2017;3(1). 

31. Loupy A, Mengel M, Haas M. Thirty years of the International Banff 
Classification for Allograft Pathology: the past, present, and future of 
kidney transplant diagnostics. Kidney Int. 2022;101(4):678–691. 

32. Becker LE, Morath C, Suesal C. Immune mechanisms of acute and 
chronic rejection. Clin Biochem. 2016;49(4-5):320–323. 

33. Bery AI, Shepherd HM, Li W, et al. Role of tertiary lymphoid organs in 
the regulation of immune responses in the periphery. Cell Mol Life Sci. 
2022;79(7):359. 

34. Tait BD. Detection of HLA antibodies in organ transplant recipients - 
triumphs and challenges of the solid phase bead assay. Front Immunol. 
2016;7:570.

https://doi.org/10.15406/jsrt.2022.07.00152
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4017240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4017240/
https://pubmed.ncbi.nlm.nih.gov/14112274/
https://pubmed.ncbi.nlm.nih.gov/14112274/
https://pubmed.ncbi.nlm.nih.gov/14112274/
https://pubmed.ncbi.nlm.nih.gov/6062007/
https://pubmed.ncbi.nlm.nih.gov/6062007/
https://pubmed.ncbi.nlm.nih.gov/6062007/
https://pubmed.ncbi.nlm.nih.gov/6062007/
https://www.gjtmonline.com/article.asp?issn=2468-8398;year=2017;volume=2;issue=2;spage=77;epage=88;aulast=Deshpande
https://www.gjtmonline.com/article.asp?issn=2468-8398;year=2017;volume=2;issue=2;spage=77;epage=88;aulast=Deshpande
https://www.elsevier.com/books/introductory-immunology/actor/978-0-12-816572-0
https://www.elsevier.com/books/introductory-immunology/actor/978-0-12-816572-0
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118873434.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118873434.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118873434.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118873434.ch3
https://pubmed.ncbi.nlm.nih.gov/33052032/
https://pubmed.ncbi.nlm.nih.gov/33052032/
https://pubmed.ncbi.nlm.nih.gov/33052032/
https://pubmed.ncbi.nlm.nih.gov/24804568/
https://pubmed.ncbi.nlm.nih.gov/24804568/
https://pubmed.ncbi.nlm.nih.gov/24804568/
https://pubmed.ncbi.nlm.nih.gov/34246656/
https://pubmed.ncbi.nlm.nih.gov/34246656/
https://pubmed.ncbi.nlm.nih.gov/34246656/
https://pubmed.ncbi.nlm.nih.gov/34246656/
https://www.kireports.org/article/S2468-0249(22)01513-3/pdf
https://www.kireports.org/article/S2468-0249(22)01513-3/pdf
https://www.kireports.org/article/S2468-0249(22)01513-3/pdf
https://pubmed.ncbi.nlm.nih.gov/34480415/
https://pubmed.ncbi.nlm.nih.gov/34480415/
https://pubmed.ncbi.nlm.nih.gov/34480415/
https://pubmed.ncbi.nlm.nih.gov/25504281/
https://pubmed.ncbi.nlm.nih.gov/25504281/
https://pubmed.ncbi.nlm.nih.gov/29985463/
https://pubmed.ncbi.nlm.nih.gov/29985463/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3808773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3808773/
https://www.kidney-international.org/article/S0085-2538(21)01143-1/fulltext
https://www.kidney-international.org/article/S0085-2538(21)01143-1/fulltext
https://www.kidney-international.org/article/S0085-2538(21)01143-1/fulltext
https://pubmed.ncbi.nlm.nih.gov/26575853/
https://pubmed.ncbi.nlm.nih.gov/26575853/
https://pubmed.ncbi.nlm.nih.gov/26575853/
https://pubmed.ncbi.nlm.nih.gov/27959315/
https://pubmed.ncbi.nlm.nih.gov/27959315/
https://pubmed.ncbi.nlm.nih.gov/28916402/
https://pubmed.ncbi.nlm.nih.gov/28916402/
https://pubmed.ncbi.nlm.nih.gov/32164120/
https://pubmed.ncbi.nlm.nih.gov/32164120/
https://pubmed.ncbi.nlm.nih.gov/25801125/
https://pubmed.ncbi.nlm.nih.gov/25801125/
https://pubmed.ncbi.nlm.nih.gov/25801125/
https://pubmed.ncbi.nlm.nih.gov/28066408/
https://pubmed.ncbi.nlm.nih.gov/28066408/
https://pubmed.ncbi.nlm.nih.gov/28066408/
https://pubmed.ncbi.nlm.nih.gov/28066408/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7482418/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7482418/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7482418/
https://www.kidney-international.org/article/S0085-2538(21)01143-1/fulltext
https://www.kidney-international.org/article/S0085-2538(21)01143-1/fulltext
https://www.kidney-international.org/article/S0085-2538(21)01143-1/fulltext
https://pubmed.ncbi.nlm.nih.gov/28604384/
https://pubmed.ncbi.nlm.nih.gov/28604384/
https://pubmed.ncbi.nlm.nih.gov/28604384/
https://pubmed.ncbi.nlm.nih.gov/29312755/
https://pubmed.ncbi.nlm.nih.gov/29312755/
https://pubmed.ncbi.nlm.nih.gov/35990962/
https://pubmed.ncbi.nlm.nih.gov/35990962/
https://rrtjournal.biomedcentral.com/articles/10.1186/s41100-016-0089-0
https://rrtjournal.biomedcentral.com/articles/10.1186/s41100-016-0089-0
https://pubmed.ncbi.nlm.nih.gov/34922989/
https://pubmed.ncbi.nlm.nih.gov/34922989/
https://pubmed.ncbi.nlm.nih.gov/34922989/
https://pubmed.ncbi.nlm.nih.gov/26851348/
https://pubmed.ncbi.nlm.nih.gov/26851348/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9188279/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9188279/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9188279/
https://pubmed.ncbi.nlm.nih.gov/28018342/
https://pubmed.ncbi.nlm.nih.gov/28018342/
https://pubmed.ncbi.nlm.nih.gov/28018342/

	Title
	Abstract
	Keywords
	Introduction
	MHC role in the organ rejection 
	Hyperacute Rejection 
	Acute Rejection 
	Chronic Rejection 
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References

