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Introduction

Organ transplantation can be defined as the surgical removal of  
a healthy organ from one person and its transplantation into an-
other person whose organ has failed or was injured. The vari-
ous types of  grafting techniques include by means of  allograft, 
isograft, allograft and xenograft. Organ transplantation includes 
the transplantation of  organs such as pancreas, kidney, lung, liver, 
small bowel, and heart and islet cell transplant [7]. Based on the 
Global Observatory on Donation and Transplantation by WHO-
ONT collaboration, in 2015 a total of  126,670 organ transplanta-
tion was done with an increase of  5.8% compared to 2014. There 
are approximately 114,955 patients in the waiting list for donors 
as of  May 2018 in the U.S.A [12].

When considering the organ transplantation (allograft), it is very 
important that there is an adaptive immunity between the donor 

and the recipient [9]. As the first thing to be triggered upon a for-
eign body involvement is the immunity. This is where the major 
histocompatibility complex (MHC) comes into action. The MHC 
molecules are cell surface molecules that have the capability to 
induce antigenic stimuli. 
 
The term cross match is often used in organ transplantation re-
ferring to the production of  antibodies in the recipient's body 
against the antigen of  the donor body. Both innate and adaptive 
immune response is necessary for the self-tolerance that is the 
avoidance of  self-destruction to its own tissue after transplanta-
tion [4].

The HLA typing test helps in identifying antigens, which act as 
markers on the cells of  your body to be able to differentiate be-
tween self  and non-self. This identification is very important for 
it allows the body to protect itself  by recognizing and attacking 
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something that does not belong to it such as bacteria or viruses 
[3].

However, when two individuals share the same HLA markers, the 
immune systems will not see each other as foreign and not attack 
each other. The HLA matching is usually based on either 8 or 10 
HLA markers [22]. According to Lakshmi et al the largest number 
of  thalassemia treatments were done only after HLA matching 
and another study stated how HLA can be used in diagnosis of  
tuberculosis granuloma and giant cell tumor of  the long bone 
[16].

Definition

Human Leukocyte Antigens (HLA) are proteins which are inher-
ited from our parents and thus it is a Major Histocompatibility 
Complex (MHC) of  man [1]. It was Gorer and Snell who first 
identified the major histocompatibility complex in mice. After 
which the World Health Organization Nomenclature Committee 
introduced HLA as the human version of  MHC [21]. The Human 
leukocyte antigens are actually proteins which are found situated 
on the surface of  white blood cells and other tissues [5].

The HLA typing is the process of  matching organ and tissue 
transplant recipients with its compatible donors by means of  tis-
sue typing where the “Tissue” refers to lymphocytes and “typing” 
denotes the human leukocyte antigens [6].

Classification

They can be classified into MHC Class I and MHC Class II. MHC 
Class I consists of  main genes that are HLA-A, HLA-B and HLC-
C whereas the minor genes are HLA-E, HLA-F and HLA-G. The 
MHC Class II can be subdivided mainly to HLA-DP (α-chain en-
coded by HLA-DPA1 locus & β-chain encoded by HLA-DPB1 
locus), [18]. HLA-DQ (α-chain encoded by HLA-DQA1 locus & 
β-chain encoded by HLA-DQB1 locus) and HLA-DR (α-chain 
encoded by HLA-DRA locus & 4 β-chains)(19).They are present 
in each type as many constituents of  specific proteins, such as the 
HLA-A has 59 various types of  specific proteins like HLA-A1 
and HLA-A2 [15].

ROLE OF HLA TYPING IN ORGAN TRANSPLANTATION
The HLA molecules have a very important task that is to express 
the peptides to the CD4 and CD8 T cells. This helps the T cells 
to recognize them as its own and prevents self-destruction [24].
However there are chances of  HLA mismatches which may occur 
at antigenic or allelic level; the first are characterized by amino 
acid substitutions in both peptide binding and T-cell recognition 
regions, whereas in the case of  allelic level they can be charac-
terized by amino-acid substitution in the peptide binding regions 
alone [23].

During transplantation, the HLA molecules from donors are rec-
ognized by the recipient's immune system by direct and indirect 
methods of  allo-recognition triggering an allo-immune response 
[14]. Since the adaptive immunity is the main response exerted to 
the transplanted tissue, the main target of  the immune response 
is the MHC molecules expressed on the surface of  donor cells. 
Thus, the T-cell activation leads to the production of  cytokines 
and chemokines which in turn may recruit components of  the 

innate immunity like NK cells or macrophages and complement 
[13].

Techniques

In the past, HLA typing was done by either serologic method 
using antiserum or mixed lymphocyte culture (MLC) [20]. How-
ever, as it did not provide a precise reading, DNA based HLA 
typing methods using molecular techniques was introduced [17].
The molecular techniques used were Sequence-Specific Primer 
Amplification (SSP), Sequencing-Based Typing (SBT), Reference 
Strand-Based Conformation Analysis (RSCA), a Sequence-Spe-
cific Oligonucleotide Probe Hybridization (SSOP) and Reverse 
Sequence Specific Oligonucleotide (rSSO)[10].

Reverse Sequence Specific Oligonucleotide (rSSO) is generally 
used for the HLA typing of  the low to intermediate resolution 
range. That includes HLA typing for HLA-DQA, HLA-DQB 
and HLA-DP. Whereas the Sequence-Based Typing (SBT) is done 
for the higher resolution identification.Later, many modifications 
were done such as the next-generation sequencing (NGS) which 
portrayed the ability to sequence larger regions of  genes, includ-
ing introns, without additional effort or cost. 

Additionally, another method using short tandem repeat (STR) 
genotyping was found for precise determination of  the extent of  
HLA identity in families where HLA haplotype inheritance was 
ambiguous, due to extensive homozygosity or shared parental 
haplotypes [11].

Examination Of  HLA Types

Serotyping

It is said to be a crude way of  identifying HLA receptors and 
receptor isoforms. In this procedure, blood from animals or hu-
mans is taken and the blood cells are allowed to separate from the 
serum, and the serum is diluted to its optimal sensitivity and used 
to type cells from other individuals or animals. Serologic method 
was also used in screening for HLA antibodies in the recipient. 
These antibodies are important because they are reactive with 
lymphocytes of  a prospective donor (cross matching).

Gene Sequencing

The sequence of  the antigens determines the antibody relativities, 
and so having a good sequencing capability (or sequence-based 
typing) obviates the need for serological reactions. In this way, the 
various serotype reactions may be indicating the need to sequence 
a person's HLA to determine a new gene sequence. The diversi-
ties in allelic level makes it necessary to use broad antigen typing 
followed by gene sequencing because there is an increased risk of  
misidentifying by serotyping techniques. 

Cellular Typing

Cellular typing is a mixed lymphocyte culture and it has been used 
to determine the HLA class II types. The cellular assay is more 
sensitive in detecting HLA differences than serotyping. This is be-
cause minor differences unrecognized by allo-antisera can stimu-
late T cells. This typing is designated as Dw types. 
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Haplotypes

HLA haplotype is a series of  HLA "genes" (loci-alleles) by chro-
mosome, one passed from the mother and one from the father. 
These haplotypes can be used to trace migrations in the human 
population because they are often much like a fingerprint of  an 
event that has occurred in evolution. 

Phenotyping

In this strategy, PCR primers called SSP-PCR which are specific 
to a variant region of  DNA are used. If  a product of  the right size 
is found, the assumption is that the HLA allele has been identi-
fied. New gene sequences often result in an increasing appearance 
of  ambiguity. Because gene typing is based on SSP-PCR, it is pos-
sible that new variants, in particular in the class I and DRB1 loci, 
may be missed [8].

Graft Rejection

Graft failure is the condition where the body does not accept the 
new component added to its surrounding and expresses this as 
swellings, fever or pain at site. The graft rejection can occur any 
time after organ transplantation or it may even develop and ap-
pear at a later stage. This is generally due to cases of  the recipi-
ent's immune response which acts against the donor’s immune-
hematopoietic cells. The other causes of  graft failure includes 
viral infections such as the cytomegalovirus infection, drug toxic-
ity and septicemia.

The failed immunological response can be due to various factors 
such as major histocompatibility complex (MHC), NK-mediated 
allograft rejection.

In transplantation immunology, the major impact in graft loss 
comes from the effects of  HLA-B and -DR antigens. The ef-
fects of  HLA-DR mismatches are the most important in the first 
6 months after transplantation, the HLA-B effect emerges in the 
first 2 years, and HLA-A mismatches have a deleterious effect on 
long-term graft survival [2].

Conclusion

Over the time, many have been saved by the great advancements 
of  organ transplantation. Thus, there is more significance of  hav-
ing to remove the factors which leads to failure or becomes an 
obstruction. It will become an advantageous action by bringing 
awareness amongst organ transplant patients and guardians. As 
the majority still do not recognize the importance of  undergoing 
factors such as HLA typing before accepting a donor.

The continuous research and development in the technologies are 
hoped to guide us accurately to the identification of  parameters 
that best correlates with and predict transplant outcomes. In cur-
rent years, serological methods have been replaced with DNA 
based typing methods. 

References

[1].	 Algiraigri AH, Wright NAM, Paolucci EO, Kassam A. Hydroxyurea for non-

transfusion-dependent β-thalassemia: A systematic review and meta-analysis. 
HematolOncol Stem Cell Ther. 2017 Sep;10(3):116-125.Pubmed PMID: 
28408107. 

[2].	 Anasetti C, Beatty PG, Storb R, Martin PJ, Mori M, Sanders JE, et al. Effect 
of HLA incompatibility on graft-versus-host disease, relapse, and survival af-
ter marrow transplantation for patients with leukemia or lymphoma. Hum. 
Immunol. 1990 Oct 1;29(2):79-91. 

[3].	 Ayala García MA, González Yebra B, López Flores AL, Guaní Guerra E. The 
major histocompatibility complex in transplantation. J. Transplant. 2012 Jan 
1;2012:842141. 

[4].	 Baekelandt, V. and Lobbestael, E. (2017) Disease-Modifying Targets in Neu-
rodegenerative Disorders: Paving the Way for Disease-Modifying Therapies.
Academic Press.

[5].	 Campbell I, Qiu W, Haviv I. Genetic changes in tumour microenviron-
ments. J Pathol. 2011 Mar;223(4):450-8. 

[6].	 Chinen J, Buckley RH. Transplantation immunology: solid organ and bone 
marrow. J. Allergy Clin. Immunol. 2010 Feb 1;125(2):S324-35. 

[7].	 Cooper, D. K. C. et al. (2012) Xenotransplantation: The Transplantation of 
Organs and Tissues Between Species. Springer Science & Business Media.

[8].	 Georgiev VS. NIAID: Programs in HIV Prevention. InNational Institute of 
Allergy and Infectious Diseases, NIH 2009 (pp. 363-373). Humana Press. 

[9].	 Gotoff SP, Vizral IF. The macrophage aggregation assay for delayed hyper-
sensitivity: development of the response, role of the macrophage, and the 
independence of humoral antibody. Cell Immunol. 1972 Jan;3(1):53-61. 
Pubmed PMID: 4550486. 

[10].	Gurkan S, Schröppel B, Murphy, B. ‘Immunology of Organ Transplantation’, 
Pathology of Solid Organ Transplantation.2009; 3–9. doi: 10.1007/978-3-
540-79343-4_1.

[11].	Howell WM, Carter V, Clark B. The HLA system: immunobiology, HLA 
typing, antibody screening and crossmatching techniques. J ClinPathol. 
2010 May;63(5):387-90.Pubmed PMID: 20418230. https://pubmed.ncbi.
nlm.nih.gov/20418230/

[12].	 Israni AK, Zaun DA, Rosendale JD, Snyder JJ, Kasiske BL. OPTN/SRTR 
2013 Annual Data Report: deceased organ donation. Am J Transplant. 2015 
Jan;15Suppl 2:1-13.Pubmed PMID: 25626346. 

[13].	Koclega A, Markiewicz M, Siekiera U, Dobrowolska A, Sylwia M, Dzierzak-
Mietla M, et al. The Presence of Anti-HLA Antibodies before and after Al-
logeneic Hematopoietic Stem Cells Transplantation from HLA-Mismatched 
Unrelated Donors. Bone Marrow Res. 2012;2012:539825.Pubmed PMID: 
23150827. 

[14].	Lechler RI, Sykes M, Thomson AW, Turka LA. Organ transplantation--how 
much of the promise has been realized? Nat Med. 2005 Jun;11(6):605-13.
Pubmed PMID: 15937473. 

[15].	Mehra NK, Baranwal AK, Tait BD. antibody repertoire and Graft outcome 
following Solid organ transplantation. Front. Immunol. 2017 Jun 9;8:648. 

[16].	Opelz G, Mytilineos J, Scherer S, Dunckley H, Trejaut J, Chapman J, et al. 
Survival of DNA HLA-DR typed and matched cadaver kidney transplants. 
The Collaborative Transplant Study. Lancet. 1991 Aug 24;338(8765):461-3.
Pubmed PMID: 1678443.

[17].	Pollack MS, Kirkpatrick D, Kapoor N, Dupont B, O'Reilly RJ. Identifi-
cation by HLA typing of intrauterine-derived maternal T cells in four pa-
tients with severe combined immunodeficiency. N Engl J Med. 1982 Sep 
9;307(11):662-6.Pubmed PMID: 7050708. 

[18].	Pratt JR, Basheer SA, Sacks SH. Local synthesis of complement component 
C3 regulates acute renal transplant rejection. Nat Med. 2002 Jun;8(6):582-
7.Pubmed PMID: 12042808. 

[19].	De Santis D, Dinauer D, Duke J, Erlich HA, Holcomb CL, Lind C, et 
al. 16th IHIW: review of HLA typing by NGS.Int. J. Immunogenet. 2013 
Feb;40(1):72-6. 

[20].	Schröppel, B. ‘Journal of Clinical Immunology’.2002;381–385. doi: 
10.1023/a:1020612500935.

[21].	Kumar A, Sherlin HJ, Ramani P, Natesan A, Premkumar P. Expression of 
CD 68, CD 45 and human leukocyte antigen-DR in central and periph-
eral giant cell granuloma, giant cell tumor of long bones, and tuberculous 
granuloma: An immunohistochemical study. Indian J Dent Res. 2015 May-
Jun;26(3):295-303.Pubmed PMID: 26275199. 

[22].	Simon TL, McCullough J, Snyder EL, Solheim BG, Strauss RG, editors. 
Rossi's principles of transfusion medicine. John Wiley & Sons; 2016 May 
23. 

[23].	Tiwari JL, TerasakiPI. ‘HLA and Disease Associations’.1985. doi: 
10.1007/978-1-4613-8545-5.

[24].	Turner NN, Lameire N, Goldsmith DJ, Winearls CG, Himmelfarb J, Re-
muzzi G, editors. Oxford textbook of clinical nephrology. Oxford University 
Press; 2015 Oct 29. 

http://scidoc.org/IJDOS.php

	Abstract
	Keywords
	Introduction
	Definition
	Classification
	Techniques
	Examination Of HLA Types
	Conclusion
	References

