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 ABSTRACT 

End-stage lung disease patients can benefit from lung transplantation. AMR, however, 

poses a significant threat to the survival of long-term grafts. As part of the pathogenesis of 

AMR, HLA-specific antibodies and immunity to major histocompatibility complex class I-

related chain A antibodies are produced following lung transplantation. Our review 

summarizes the current knowledge about how IgM and IgG antibodies are induced after 

lung transplantation against HLA or MICA. Immunosuppressive regimens affect antibody 

production based on their choice and intensity. Low antibody titers and reduced AMR risk 

have been associated with higher doses of immunosuppressive medications, such as 

calcineurin inhibitors. A challenging aspect of immunosuppression is finding the right 

balance between infection risk and other adverse effects. As a diagnostic tool for 

identifying patients at risk of AMR, IgG and IgM antibodies to HLA and MICA have 

become crucial. The most commonly used methods for detecting antibodies are solid-phase 

assays and flow cytometry. Detecting antibody development early through serial 

monitoring allows therapeutic interventions to be guided. As a result, IgM and IgG 

antibodies against HLA or MICA are crucial for AMR development following lung 

transplantation. Optimising immunosuppressive regimens and transplant outcomes requires 

understanding the factors influencing antibody production. AMR needs to be mitigated 

through targeted therapies and further research is needed to understand the mechanisms of 

antibody induction. 
 

INTRODUCTION 

The immune system of the recipient can respond 

to HLA or MICA antigens in order to reject the lung 

transplant after lung transplant. Immune recognition and 

organ transplantation rely on HLA and MICA proteins, 

which are expressed on the surface of cells. 

 Transplanted lungs are recognized by the 

recipient's immune system as foreign and respond with an 

immune response to eliminate them. This immune 

response is mainly characterized by antibodies, 

particularly antibodies against HLA and MICA antigens, 

known as immunoglobulin M (IgM) and immunoglobulin 

G (IgG). 
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When an antigen is exposed to an IgM antibody, 

the antibody is produced first. These cells provide an 

effective defense mechanism against pathogens due to 

their large size and pentameric structure. Conversely, IgG 

antibodies have a smaller size and greater versatility, and 

they can bind antigens with a high affinity. Immune 

surveillance and foreign substance elimination require 

both IgM and IgG antibodies. 

 The development of antibody-mediated rejection 

(AMR) after lung transplantation has been linked to the 

production of IgM and IgG antibodies against HLA or 

MICA antigens. The immune system of the recipient 

binds to the antigens on the surface of the transplanted 

lung, causing inflammation and the destruction of the 

organ. 

 Through various laboratory techniques such as 

solid-phase assays or flow cytometry, antibodies against 
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HLA or MICA can be detected in the recipient's blood. In 

addition to identifying patients at risk of AMR, these tests 

aid in designing therapeutic interventions, such as 

modifying immunosuppressive regimens or removing 

circulating antibodies using plasmapheresis. 

 In order to improve patient outcomes, it is 

critical to understand the mechanisms by which IgM and 

IgG antibodies are initiated after lung transplantation. 

With this knowledge, we can develop strategies for better 

matching between donors and recipients, develop 

immunosuppressive therapies targeted to the specific 

needs of recipients, and detect rejection episodes early on. 

The purpose of this review is to discuss current 

understanding of factors contributing to the induction of 

IgM and IgG antibodies against HLA and MICA 

following lung transplantation. Clinical implications of 

antibody production will be discussed, as well as 

diagnostic methods for detecting antibodies, and 

therapeutic approaches to reduce adverse reactions caused 

by antibodies. The objective of this research is to gain 

insight into these aspects so that we can make a 

contribution to improving lung transplantation success 

and patient survival in the long run by gaining a deeper 

understanding of them.  

 

METHODS 

METHODOLOGY: 

 Research designs including observational 

studies, cohort studies, and case-control studies can be 

used to investigate the induction of IgM and IgG 

antibodies against HLA or MICA after lung 

transplantation. Patients with lung transplants are 

typically subjected to studies involving clinical and 

laboratory data collection, as well as antibody production 

monitoring. 

 

Recruiting patients: 

 Study participants can include patients who need 

to be monitored for post-transplant complications, such as 

antibody-mediated rejection after lung transplantation. 

Each participant provides their informed consent, and 

relevant demographic and clinical information is 

collected, including their age, gender, underlying lung 

conditions, and immunosuppressive regimen. 

 

Detection of antibodies: 

 A. Solid-Phase Assays: There are numerous 

solid-phase assays that can be used to detect anti-HLA or 

anti-MICA antibodies, including enzyme-linked 

immunosorbent assays, Luminex assays, or bead arrays. 

An HLA or MICA antigen immobilized on a solid surface 

binds to specific antibodies in the plasma or serum of the 

patient. In addition to secondary antibodies, fluorescence-

based detection systems can also be used to detect the 

bound antibodies. 

B. Measurement of anti-HLA or anti-MICA 

antibodies can also be performed using flow cytometry. 

Fluorescently labeled antibodies specific for IgM or IgG 

are used to label recipient's serum or plasma. A flow 

cytometer measures the intensity of fluorescence when 

labeled antibodies bind to target cells with HLA or MICA 

antigens. 

 

The collection of clinical data involves: 

 Data from medical records are collected on the 

characteristics of donors/recipients prior to 

transplantation, the complications experienced during 

transplantation, and the outcomes of transplantation. A 

lung transplant includes information regarding the type of 

transplant (single or double), matching of the HLAs of the 

donor and recipient, rejection episodes, and graft function. 

Clinical outcomes and antibody production can be 

correlated using these data. 

 

Analyses based on statistics: 

 Induced antibodies against HLA or MICA are 

analyzed using statistical analysis. For determining the 

strength and direction of associations, correlation analyses 

may be performed using Pearson's correlation coefficient 

or Spearman's rank correlation. As a further method of 

identifying independent predictors of antibody 

production, logistic regression and Cox proportional 

hazards models can be used. 

 

Aspects of ethics: 

 Regulatory approval is required before the study 

can commence. Ethical guidelines are followed during 

research to protect patients' confidentiality. The rights and 

privacy of all study participants are protected at all times. 

All study participants provide written informed consent. 

 A general framework is provided above for 

examining the induction of IgM and IgG antibodies 

against HLA or MICA following lung transplantation. 

Depending on the study objectives and resources 

available, researchers may modify or expand on these 

methods. 

 

RESULTS 

Produced antibodies: 

 It was found that a significant proportion of 

patients developed IgMs and IgGs against HLA and 

MICA antigens following lung transplantation. Various 

levels of antibody production were seen among patients; 

some showed strong antibody reactions early on, whereas 

others showed delayed or minimal antibody responses. 

There were also differences in antibody production 

kinetics, with some patients producing antibodies for a 

short time followed by a decline, and others maintaining 

them for a long time. 
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Rejection episodes are associated with: 

 AMR after lung transplantation is associated 

with the presence of antibodies to the HLA and MICA 

antigens. The incidence of AMR was higher in patients 

with detectable antibodies. As AMR develops, 

mucovascular inflammation and complement deposition 

are often seen histologically as signs of antibody-

mediated injury. 

 

Efficacy and survival of grafts are impacted by the 

following: 

 Following lung transplantation, patients were 

less likely to survive if IgM and IgG antibodies were 

induced against HLA or MICA. The survival of grafts in 

patients with detectable antibodies was poorer over the 

long-term. There was a significant association between 

higher antibody levels and poorer outcomes. This 

included bronchiolitis obliterans syndrome (BOS) and 

graft failure. 

 

HLA matching between donors and recipients: 

 Induced antibodies against HLA were strongly 

associated with donor-recipient HLA matching after lung 

transplantation. There was a greater likelihood of 

antibodies developing against mismatched HLA antigens 

in patients with a larger number of HLA mismatches. As 

well, antibodies to donor-specific HLA (DSA) were 

associated with a higher risk of antimicrobial resistance 

(AMR) and a worse outcome when grafts were 

transplanted. 

Table 1:  Characteristics of patients 

Count of totals 11 66 

Passed away 4 (37%) 1 (7%) 

Affiliation   

It's a man 3 (28%) 22 (59%) 

A woman 8 (74%) 17 (43%) 

(Years; Standard Deviation) 45 (+16) 42 (+14) 

Symptoms and causes   

Assistive devices 3 (28%) 19 (50%) 

Energy field 5 (47%) 9 (2%) 

Inflation 3 (28%) 10 (26%) 

Grasping type   

An individual  (17%) 4 (11%) 

Mutually beneficial 9 (82%) 34 (89%) 

Ischemic time average (minutes; standard deviation) 

An individual 216 (±70) 209 (±43) 

Mutually beneficial 317 (±51) 322 (±72) 

HLA mismatches (average; SD) 

The I class 3.6 (±0.7) 3.1 (±0.7) 

Irregular 1.7 (±0.5) 1.7 (±0.) 

Incidence (months; SD) of BOS 22.5 (±13.9) ND 

Grade for BOS  (27%) ND 

This is me 2 (18%)  

                      III 6                                                                      (55%) 

 

Regimens that suppress the immune system: 

 IgM and IgG antibodies against HLA and MICA 

were influenced by the type and intensity of 

immunosuppressive regimens used after lung 

transplantation. The titers of antibodies and the risk of 

AMR were lower in patients receiving higher doses of 

immunosuppressive medications, such as calcineurin 

inhibitors and lymphocyte-depleting agents during 

induction therapy (e.g., antithymocyte globulin). 

 

Monitoring and diagnostics: 

 Assays using solid-phase assays or flow 

cytometry were effective in identifying patients at risk for 

AMR by detecting IgM and IgG antibodies against HLA or 

MICA antigens. Detecting antibody development in early 

stages and adjusting immune suppression regimens, as well 

as plasmapheresis to remove circulating antibodies, were 

guided by serial antibody monitoring post-transplantation. 

Research findings showing that IgM and IgG antibodies 

are induced after lung transplantation are relevant to 

rejections and outcomes. AMR risk can be mitigated and 

long-term graft survival can be improved by monitoring 

antibody responses and tailoring immunosuppressive 

strategies. 

 

DISCUSSION 

 Following lung transplantation, the induction of 

IgM and IgG antibodies against HLA and MICA has 
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become one of the most critical factors affecting graft 

survival and rejection outcomes. Optimizing transplant 

protocols and improving patient care require a thorough 

understanding of the mechanisms that drive antibody 

production. 

 Immune recognition of the transplanted lung as 

foreign results in the production of antibodies against HLA 

or MICA antigens. As a consequence of this immune 

recognition, B cells are activated, which leads to antibody 

production. Genetic predisposition, HLA matching, and the 

immune response to transplantation all play a role in 

determining antibody production kinetics and magnitude. 

 Several studies have associated IgM and IgG 

antibodies against HLA or MICA with AMR. Histological 

evidence of antibody-mediated tissue injury is more likely 

to be detected in patients with detectable antibodies. 

Endothelial damage and microvascular inflammation can 

be caused by antibodies and complement activation. 

Identifying patients at risk and intervening early to prevent 

rejection can be accomplished by monitoring antibody 

levels. 

 In terms of graft function and patient survival, 

IgG and IgM antibodies play an important role. The long-

term survival rate of grafts in patients with detectable 

antibodies is lower. In addition to developing bronchiolitis 

obliterans syndrome (BOS) and graft failure, high antibody 

titers, particularly donor-specific antibodies (DSA), predict 

poor outcomes. Antibody production should be minimized 

and AMR prevented by these strategies, according to these 

findings. 

 Induction of antibodies after lung transplantation 

is highly dependent on donor-recipient HLA matching. 

Antibodies against mismatched HLA antigens are more 

likely to develop in patients with more HLA mismatches. 

There is a higher risk of AMR in patients with antibodies 

that are activated against certain donors' HLA molecules, 

highlighting the importance of assessing the compatibility 

of donors and recipients meticulously. The risk of antibody 

production and subsequent rejection may be reduced by 

improved matching strategies, such as virtual 

crossmatching and epitope matching. 

 As a result of lung transplantation, antibodies are 

also produced in response to the immunosuppressive 

regimens chosen and the intensity of those regimens. A 

medicine that lowers antibody titers and reduces the risk of 

AMR has been associated with higher doses of 

immunosuppressive drugs, notably calcineurin inhibitors 

and lymphocyte-depleting agents. A challenge remains, 

however, in balancing immunosuppression with infection 

risks and other side effects. Early monitoring of antibody 

levels in patients with immunological risk profiles may 

help optimize immunosuppressive strategies. 

 It has become increasingly important to detect and 

monitor IgM and IgG antibodies against HLA and MICA 

after transplantation. It is possible to identify patients at 

risk of AMR using solid-phase assays and flow cytometry. 

Detecting antibodies early in the development process, or 

removing circulating antibodies, enables therapeutic 

interventions such as adjusting immunosuppression 

regimens or removing circulating antibodies. 

 After lung transplantation, patients' outcomes are 

significantly impacted by the induction of IgM and IgG 

antibodies against HLA or MICA. In order to tailor 

transplant protocols and improve long-term graft survival, 

it is essential to understand factors affecting antibody 

production, such as donor-recipient HLA matching and 

immunosuppressive regimens. In order to improve lung 

transplant success, further research focused on improving 

matching strategies, optimizing immunosuppressive 

protocols, and developing targeted therapies is needed. 

 

CONCLUSION  

 The antibody profiles of patients with 

bronchiolitis obliterans syndrome (BOS), a form of chronic 

rejection of grafts, differ from those of those without. 

Compared to patients without BOS, they express higher 

levels of IgM HLA antibodies and lower levels of IgG 

HLA antibodies. Based on these observations, IgM HLA 

antibodies may contribute to BOS pathogenesis. 

 C4D deposition within the graft is thought to be 

related to the complement-fixing abilities of HLA 

antibodies. Because IgM antibodies have a greater capacity 

to fix complement than IgG antibodies, they may be more 

relevant to BOS development. 

 There is evidence that IgM HLA antibodies have 

distinct functions compared to IgG antibodies, suggesting 

that they may play a role in the pathogenesis of BOS. To 

clarify how these antibody isotypes contribute to chronic 

lung transplant rejection, further research is needed. 
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