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Abstract
[bookmark: _Hlk119315541][bookmark: _Hlk119052533]Many mechanisms have been proposed to explain the hypothetical state of hepatic tolerance, which is described by eventual imbalances or deregulation in the balance of cytokines, mediators, effectors, and regulatory cells in the complex milieu of the liver. In this section, we will comment on the importance of donor-specific anti-human leukocyte antigen (HLA) antibodies (DSA) as well as the compatibility and pairings of HLA and killer-cell immunoglobulin-like receptor (KIR) genotypes in the evolution of liver transplantation. Thus, HLA compatibility, viral infections, and HLA-C/KIR combinations have all been linked to liver transplant rejection and survival. There have been reports of increased risk of acute and chronic rejection with ductopenia, faster graft fibrosis, biliary problems, poorer survival, and even de novo autoimmune hepatitis when DSAs are present in the recipient. Higher mean fluorescence intensity (MFI) values of the DSAs and smaller graft size were associated with poorer patient outcomes, implying that high-risk patients with preformed DSAs should be considered for selecting the graft placed and desensitization methods, according to the investigators. Similarly, in a combined kidney-liver transplant, a pretransplant with a visible expression of several DSAs revealed that these antibodies were resistant to treatment. The renal graft was lost owing to antibody-mediated rejection (AMR). The HLA antigens expressed by the transplanted liver graft influenced antibody elimination. Pathologists are increasingly diagnosing AMR in liver transplants, and desensitization therapy has even been employed in situations of AMR, particularly in patients with DSAs in kidney-hepatic transplants and high-class II MFI due to Luminex. In conclusion, after revealing the negative impacts of DSAs with high MFI, pretransplant virtual crossmatch techniques may be appropriate to improve evolution; however, they may extend cold ischemia periods by requiring the donor to be typed.
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Core Tip: This editorial aimed to raise realities, doubts, and ambiguities in the fundamental role of alloantibodies and the compatibility and association of the proteins encoded by the human leukocyte antigen and killer-cell immunoglobulin-like receptor genes in liver transplantation.

INTRODUCTION
In the vast majority of transplants performed today, there is a clear demonstration of the role played by the best human leukocyte antigen (HLA) compatibility and the absence of donor-specific anti-HLA antibodies (DSA) in its positive evolution, and it is an increasingly important role. The significance of the role of compatibility and killer-cell immunoglobulin-like receptor (KIR) genotypes (especially in hematopoietic stem cell transplantation) has not been demonstrated in the case of liver transplantation. This suggests that the classic concept of the liver is different and may be an “immunologically privileged” organ. Transplant (even if there is a positive pretransplant crossmatch and DSAs are known) without accounting for donor and recipient typing can lead to antibody-mediated rejection (AMR)[1]. However, there are articles where this has been re-evaluated, and new essential effects of antibodies and compatibility in acute rejection, chronic rejection (CR), fibrosis, and liver transplant survival appear.
The hypothetical state of tolerance of the liver has been explained by many causes (profusely explained in an article of its own), and is explained by eventual imbalances or deregulations in the balance of cytokines, mediator, effectors, and regulatory cells in the complex microenvironment of the liver, including increased or decreased expression of costimulatory or soluble molecules, specific genetic profiles, or even a protective role of Kupffer cells[2–9].
Here we focused on commenting on the role of DSA antibodies and the compatibility and pairings of HLA and KIR genotypes with the evolution of liver transplantation. Thus, HLA compatibility, viral infections, and HLA-C/KIR combinations have been classically related to liver transplant rejection and survival[10–13].

HLA ANTIBODIES AND HLA/KIR GENES IN LIVER TRANSPLANT IMMUNOLOGY
Regarding the existence of DSA antibodies present in the recipient, there are reports of increased risk of acute rejection and CR with ductopenia, accelerated graft fibrosis, biliary complications, worse survival, and even de novo autoimmune hepatitis[2,14]. However, some series and research groups reported different results and disparate causes (Figure 1). However, the literature on the role of DSAs and AMR is limited to clinical cases and small series[15].
Regarding preformed antibodies in the recipient before implantation, there is literature that reveals that patients with preformed DSA presented a worse graft evolution in living donor transplantation[16]. Higher mean fluorescence intensity (MFI) values of the DSAs and small graft size were associated with worse patient outcomes, suggesting to the authors that high-risk patients with preformed DSAs should be considered for selecting the graft implanted and desensitization protocols. Likewise, a pretransplant with the tangible expression of multiple DSAs[17] in a combined kidney-liver transplant showed that these antibodies were refractory to treatment, and the renal graft was lost due to AMR. The elimination of the antibodies depended on the HLA antigens expressed by the implanted liver graft.
In this sense, pathologists diagnose AMR in liver transplants with increasing frequency, and desensitization therapy has even been used in AMR cases, especially in patients with DSAs in kidney-hepatic transplants with high-class II MFI due to Luminex[18-20].
Although it is daring to assert categorically that the presence of DSAs contraindicates transplantation due to the same scientific literature, which is disparate between series, authors, and transplant centers, it is not well-defined over time (studies of positive, negative, and neutral papers) and the best methods of antibody diagnosis, evaluation of biopsies, and anti-rejection treatments[15]. In this way, regular DSA-post-transplant monitoring cannot as yet be recommended in routine practice but may be helpful in selected cases.
In the case of combined kidney transplants, there is also controversy and disparity between studies and groups. Thus, pretransplant DSAs increase the risk of AMR in the kidney and liver and worsen survival[12], with no data on the case of heart and lung combined with the liver. It has also been observed that the pretransplantation presence of anti-HLA class II antibodies and especially with positive complement fixation C1q or C3d have a risk of early AMR and a worse evolution of the transplant due to association of the graft with deposits of C4d in sinusoidal endothelial cells, increased fibrosis, CR, cirrhosis, and centrilobular fibrosis[2,13,16].
Regarding the development of de novo DSA (dnDSA), it has been estimated that immunosuppression may also play a role in the development of dnDSA. Thus, the coefficient of tacrolimus variation and mean tacrolimus levels have been reported to be associated with no dnDSA generation[21].
Other authors found that patients with an immunosuppressive regimen without withdrawal calcineurin inhibitors (mTOR inhibitors and/or maintenance with mycophenolic acid) have a higher prevalence of developing dnDSA post-transplant than patients with a standard regimen[22]. However, dnDSAs with calcineurin-free immunosuppression were associated with normal graft histology. The use of rituximab induction among DSA recipients has also been considered[23]. A dose of rituximab > 300 mg/m2 was well tolerated and achieved a lower incidence of AMR.
In addition, everolimus combined with tacrolimus was associated with negative HLA and DSA antibody status[24]. Viral etiology of liver disease, hepatocellular carcinoma, and higher degrees of graft steatosis were associated with a lower rate of HLA antibodies. The impact of HLA and DSA antibodies was associated with higher levels of transaminases and bilirubin. In addition, a significant association was detected between higher degrees of inflammation and the presence of HLA and DSA antibodies. Thus, DSA would be associated with histological and biochemical inflammation of the graft after liver transplantation, while fibrosis seems unaffected.
There are also cases in the literature of living donor liver transplants who developed acute AMR after desensitization to perform DSA and were successfully treated with bortezomib and everolimus therapy[25]. In this regard, in sensitized combined liver-kidney transplant recipients, the “delayed” kidney transplant approach was associated with a significant reduction in total and class I DSAs after liver transplantation before kidney transplantation[26], allowing therapeutic interventions such as plasmapheresis, providing optimal results similar to those of crossmatched recipients.
Finally, regarding single or triple-therapy monotherapy, it has been reported that the development of class II DSA occurs more often with immunosuppressive monotherapy and may ultimately result in chronic rejection and graft fibrosis[27].
On the other hand, Shin et al[21] found that patients without T-cell rejection in pediatric liver transplantation were more likely to have dnDSAs for HLA-DQ7 and less likely to have these DSAs for HLA-DQ2. Therefore, they deduced that a load of mismatched epitopes predicted the non-generation of these DSAs. At the same time, the specificity of de novo DSAs could determine alloimmunity.
Also, references for the location and the importance of the correct detection of these DSAs would corroborate that the existence of intragraft DSA and intragraft union reaction of C3d (using a fluorescent analysis technique of capture of immunocomplexes) harms the outcome of the transplant, unlike DSA present in serum, with no impact[28].
Finally, it has been reported that the incidence of DSA after liver transplantation is higher in children than in adults, that DSAs directed against HLA class II molecules, mainly DQ, occur more often, and that the presence of such anti-class II DSA (DQ/DR), especially of the complement-binding IgG3 subclass, may be associated with endothelial injury, T-cell-mediated rejection (TCMR), inflammation, and fibrosis[29-31].
Regarding the positive, negative, or neutral role of the compatibility of the HLA and/or KIR genes, it is a subject of almost as much debate as the subject of antibodies. Historical studies have commented on any of the possibilities[10-12,32], and at the moment, there is no consistency in all the studies reviewed in this editorial. Regarding the role of HLA incompatibility and the evolution of the liver allograft, it is not separate from promoting the development of DSAs, with the logical criterion that the more incompatibilities, the more possibilities exist to develop antibodies DSAs de novo. Thus, the new molecular HLA incompatibility (MM) improves the prediction of the evolution of the transplant. Thus, in a study by Ono et al[33] on liver transplantation from a living donor, the risk of TCMR and the development of dnDSA were evaluated using eplets. MM in HLA-DQB1 eplets was associated with TCMR. The predicted indirectly recognizable HLA epitopes II (PIRCHE-II) score for the HLA-DQB1 gene was also significantly higher in patients with TCMR. Moreover, DQB1-EpMMs ≥ 9 and DQB1-predicted indirectly recognizable HLA epitopes II score ≥ 3 were predictors of dnDSA formation. Thus, MM analysis may be applied toward tailored immunosuppression based on individual risks.
In this sense, a very recent article[34] on living donor transplants found that the more HLA incompatibilities there are, the worse the patient’s survival was (for A + B + DR, A + B + C, DR + DQ, and A + B + C + DR + DQ). For HLA-B + DR mismatches, the risk of a TCMR was more pronounced in adults but not in children. It has also been reported in 1042 liver transplants and 9.38 years of follow-up that HLA-A mismatch was strongly associated with graft failure and mortality, especially with two mismatches[35].
However, other groups commented that incompatibility was not associated with acute rejection, early allograft dysfunction, or survival in living donor liver transplants[36]. The impact of HLA-A and HLA-DR incompatibility on cytomegalovirus reactivation and sepsis were significant but with very low significance and were not conclusive.
There is very little published and consistent literature on KIR compatibility, particularly in liver transplantation[10,16,32,37-41]. From more recent authorship, we know that the incidence of acute rejection does not correlate with HLA compatibility nor with KIR alleles or genotypes of the recipient, but the frequency of C2+ donors did increase in the rejection group and was more frequent when the recipient expressed KIR2DS4[39].
In another study, grafts from donors without HLA-C2 alleles produced more rejection than in recipients from donors with at least one HLA-C2 allele[42], consistent with a previous study of ours[32], which showed that HLA-C2 homozygotes receiving HLA-C1/C2 grafts had a higher risk of rejection than HLA-C1 homozygotes. Other groups, however, did not find this association in their series[38], so the issue is still under open debate.

CONCLUSION
In conclusion, after demonstrating the adverse effects of DSAs with high MFI, perhaps pretransplant virtual cross match protocols could be appropriate to improve evolution, although they could increase cold ischemia times by having to type the donor. Although today, there is no particular problem as the times of typing results have been shortened, which also allows the optimization of compatibility and HLA and KIR genotypes[15,43].
In our modest opinion, monitoring of dnDSAs should also be universally adopted in all transplant centers to avoid possible post-transplant complications as much as possible. More extensive cohort studies, including the MFI intensity of each DSA in the donor, the role of the different HLA and KIR compatibility, and particular combinations between donor and recipient, are needed to clarify their actual role in the post-transplant period.
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Figure Legends
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Figure 1 Potential associations of donor-specific anti-human leukocyte antigen antibodies and human leukocyte antigen and/or matching with the evolution of liver transplantation. AMR: Antibody-mediated rejection; HCV: Hepatitis C virus; HLA: Human leukocyte antigen; KIR: Killer-cell immunoglobulin-like receptor.
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