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Case Report: Liver as a Source of Hematopoietic Stem Cells After Liver Transplantation Following Hematopoietic Stem Cell Transplantation
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Case Report: Liver as a Source of Hematopoietic Stem Cells After Liver Transplantation Following Hematopoietic Stem Cell Transplantation
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We report a child with Fanconi anemia who, after hematopoietic stem cell transplantation (HSCT) complicated by acute graft-versus-host disease (GVHD), underwent orthotopic liver transplantation (OLT). Approximately 1 month after OLT, the presence of third-party genetic material from the liver donor was noted and in the next few weeks, the chimerism assessment revealed 100% liver donor leukocytes in the peripheral blood. The rapidly progressing GVHD with gut involvement resulted in patient’s death 6 months after OLT. The liver can act as a clinically significant source of hematopoietic stem cells, and the liver donor’s young age must be emphasized as potentially predisposing to this phenomenon. Transfer of OLT hematopoietic stem cells may not have clinical significance unless the patient is not immunocompetent or develops liver-transplantation associated GVHD, that can result in lymphocyte mediated elimination of original hematopoiesis. Patients with preexisting immunity disorder (such as primary or secondary immunodeficiency) might require intensified immunosuppressive therapy in peritransplant period as a prevention of liver-transplantation associated GVHD. Close monitoring of hematopoietic chimerism after OLT is warranted in patients at risk, because cytopenia or OLT hematopoiesis can reflect subclinical GVHD and further studies are necessary to elucidate this phenomenon.
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INTRODUCTION

In patients with end-stage liver failure due to hepatic graft-versus-host disease (GVHD) after hematopoietic stem cell transplantation (HSCT), orthotopic liver transplantation (OLT) is the therapy of choice. OLT for this indication is very rare, and since the first attempts, only approximately one hundred cases have been described in adults and children (1–4). Among possible OLT complications, an incidence of liver transplant-associated GVHD was described, but only one such case was reported among patients with OLT transplanted after HSCT (5). Here, we report a patient who, after HSCT complicated by acute GVHD resulting in vanishing bile duct syndrome and progressing to chronic liver insufficiency, underwent OLT due to irreversible liver injury. She was the first HSCT and OLT recipient presenting fatal liver transplantation-associated GVHD, and replacement of bone-marrow donor hematopoiesis by liver donor hematopoiesis was confirmed by chimerism studies.



MATERIALS AND METHODS

At the time of the study, mononuclear cell (MNC) and T-lymphocyte chimerism was evaluated. The MNC isolation procedure employed from blood or bone marrow was a Ficoll-Hypaque gradient. Ficoll-Hypaque solution has a specific gravity of 1.077 at room temperature and is denser than lymphocytes, and monocytes, but less dense than granulocytes and RBCs, allowing for the successful separation of these cell populations. T-lymphocytes were enriched by positive selection using a magnetic cell separation technique with CD3 magnetic beads and MiniMACS separator (Miltenyi Biotec, Bergisch Gladbach, Germany) according to manufacturer instruction. All results of posttransplant chimerism studies were based on short tandem repeat fragment analysis of variable number short nucleotide repeats using the AmpFlSTR SGM PLUS amplification kit (Thermo Fisher Scientific, Warrington, United Kingdom) with a sensitivity of 1%.



CASE DESCRIPTION

A 13-year-old girl with Fanconi anemia was referred for allogeneic HSCT from 10/10 HLA-matched unrelated donors due to bone marrow failure. The patient was prepared according to the modified GEFA03 protocol: busulfan 4 × 0.5 mg/kg b.w., fludarabine 6 × 30 mg/m2, cyclophosphamide 2 × 20 mg/kg b.w. and anti-thymocyte globulin (ATG; Grafalon, Neovii, Rapperswil, Switzerland) 3 × 20 mg/kg b.w., and GVHD prophylaxis consisted of cyclosporin A (CsA) and mycophenolate mofetil (MMF). The posttransplant course was uneventful with typical but mild complications (such as neutropenic fever, mucositis, and BKV replication). Successful engraftment with complete donor chimerism was observed on posttransplant day +12. The patient was discharged home on day +28 but was readmitted 3 days later with BK virus-related hemorrhagic cystitis and cutaneous manifestation of microangiopathy. Antiviral treatment with cidofovir was administered, and CsA was stopped. The girl developed grade III acute GVHD with skin, gut and liver involvement and was treated with corticosteroids and MMF. Despite a good response in the skin and gut, liver injury was observed, with elevation of aminotransferases (ALT – 1877 U/l, AST – 689 U/l) and gamma-glutamyl transpeptidase activity (GGTP, 2521 U/l) and jaundice with a maximum total bilirubin concentration of 29.7 mg/dl.

Multimodal immunosuppressive treatment with etanercept, basiliximab, ruxolitinib, plasmapheresis and extracorporeal photopheresis (ECP) was administered, but laboratory results showed that liver failure had progressed. Liver biopsy revealed vanishing bile duct syndrome – a typical histological picture related to end-stage liver GVHD. In view of the biopsy findings and Model of End-Stage Liver Disease (MELD) score of 19 points, the patient was placed on the liver transplant list. Eleven months later and 16 months after HSCT, she underwent a liver transplant from a deceased donor. Shortly after OLT, CMV replication was observed, and the patient was treated with ganciclovir, foscarnet and human cytomegalovirus immunoglobulin. Approximately 1 month after OLT, trilineage cytopenia with severe neutropenia not responding to filgrastim was noted. Bone marrow (BM) biopsy revealed aplasia with erythrophagocytosis, and secondary hemophagocytic syndrome related to CMV infection was initially suspected. The patient was transferred to the stem cell transplantation unit for hematological treatment. At that time, decreased bone marrow donor chimerism was recorded, and the patient was treated for 3 days with ATG, at a cumulative dose of 60 mg/kg b.w.

In hematopoietic chimerism studies, the presence of third-party genetic material was noted, and using frozen liver donor lymph node samples, the new genetic profile was identified to be compatible with the liver donor material. HLA typing confirmed complete HLA incompatibility between the patient (HLA-A*02:01/A*32:01, HLA-B*18:01/B*44:03, HLA-C*04:01/C*05:01, HLA-DRB1*03:01/DRB1*11:01, HLA-DQB1*02:01/DQB1*03:01) and the liver donor (A*24.33; B*38.51; DRB1*13.15).

The first chimerism measurement after ATG therapy revealed 78% liver donor MNCs in the peripheral blood, and the percentage increased up to 100% in the next few weeks. Bone marrow chimerism revealed 36% HSCT donor cells and 64% OLT donor cells and single chimerism assessment in the nucleated cells showed 84% OLT donor cells (Figure 1).
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FIGURE 1. Chimerism results in peripheral blood mononuclear cells (PB-MNCs) and T lymphocytes (A). T, B lymphocyte and NK cell counts (B), and T CD3+4+ and CD3+8+ counts (C) after HSCT and OLT. Absolute lymphocyte (LYMPH), monocyte (MONO) and neutrophil (ANC) counts in the peripheral blood (D). Dotted lines mark the time of liver transplantation, and arrows indicate the time of ATG therapy.


Due to a continuous decrease in HSCT donor chimerism and progressive hematopoietic failure, 3 months after OLT, CD34-enriched peripheral blood stem cells from the same BM donor at a total of 5.3 × 106 cells/kg b.w. were infused without conditioning as a stem cell boost but without any effect. One week later, the patient experienced severe abdominal pain with vomiting and bloody diarrhea, hyperbilirubinemia and elevated GGTP activity. Treatment with oral budesonide capsules, intravenous methylprednisolone at a dose of 2 mg/kg b.w. and etanercept was administered, but due to rapid clinical progression, basiliximab and ECP therapy were added. Endoscopic examinations revealed diffuse esophagitis, erosive gastritis and duodenitis with histological confirmation of acute GVHD. The rapidly progressing signs of GVHD with gastrointestinal tract functional obstruction led to the performance of surgical gastrojejunal anastomosis with the Roux-Y loop, which caused partial but transient improvement. As a consequence of fulminant GVHD progression with multiorgan failure, the patient died 21 months after HSCT.



DISCUSSION

Liver transplantation is feasible in end-stage liver disease HSCT survivors, but is associated with worse outcome than in general population. According to the multicenter survey conducted by Burdick et al. in patients after hematopoietic stem cell transplantation in childhood, the overall survival rate at 1 and 5 years after OLT was 74 and 63.2%, respectively (6). According to the study by Brockmann, best results of solid organ transplantations (SOT) after HSCT are achieved, if the SOT is carried up no sooner than 2 years after HSCT, from a living donor and with minimization of immunosuppressive treatment (3).

Graft-versus-host disease induced by liver transplantation is regarded as a severe and often fatal event occurring in 0.1–2.0% of OLT recipients, and is associated with a very high mortality rate, reaching 35% in children and 85% in adults (7, 8). Since the first report by Burdick et al. the pathogenesis was explained by the presence of a significant number of liver donor lymphocytes transferred with the organ in a number equivalent to the load in a bone marrow transplant (up to 109–1010 cells) (6). Liver transplantation-associated GVHD yields symptoms similar to those of transfusion-associated GVHD, with skin and gut involvement and bone marrow aplasia, but the liver may remain unaffected. Risk factors associated with an increased incidence of liver donor-mediated GVHD are recipient age greater than 50 years, donor-recipient age difference of more than 20 years, younger donor age, HLA class I mismatch and glucose intolerance (9).

The unusual clinical course in the reported patient was associated not only with liver donor GVHD but also with expansion of liver donor hematopoiesis, revealing an unknown phenomenon in which the mature liver can act as an organ containing hematopoietic stem cells. To fully understand the meaning of reported chimerism values it must be noted, that the MNC product of Ficoll-Hypaque isolation from healthy individuals contains on average 30% monocytes and 60–70% lymphocytes (10). Lymphocytes originate from common lymphoid progenitor, and monocytes are descendants of common myeloid progenitor – the same as granulocytes, megakaryocytes and erythroblasts/erythrocytes (11). In the reported patient, observation of 100% OLT chimerism in MNC fraction at multiple timepoints was an evidence of full OLT myeloid chimerism, due to the fact that monocytes and lymphocytes represent separate lines of hematopoiesis.

It can be hypothesized that both transfer and durable engraftment of OLT donor hematopoiesis were caused by a combination of a few uncommon factors. First, the transplant recipient was in a state of profound immunosuppression, which helped the passenger lymphocytes eliminate the recipient’s hematopoiesis and prevented the recipient’s immune system from eliminating the liver-derived hematopoietic stem cells. Second, the liver was collected from a 10-year-old donor, which might have had a physiologically higher ability to shield and transfer hematopoietic stem cells. The liver is the most important blood-producing organ in fetal life, with hematopoietic activity expiring at birth, except for rare pathological conditions, such as osteopetrosis or osteomyelofibrosis. Nevertheless, it is probable that the liver environment can act as a temporary niche harboring hematopoietic stem cells even without the ability to provide a functional hematopoietic site. There are scanty and historical data regarding the presence of such cells in an adult liver and of their reactivation after liver transplantation (12, 13). Only one report documented such a finding in a 9-year-old girl who underwent OLT from a 12-year-old donor but did not develop GVHD (14). In contrast to the case presented by Alexander et al. we observed rapid engraftment of liver donor hematopoiesis with severe and fatal GVHD. Both of these cases share young ages of both the donors and the recipients, which can be responsible for physiological differences compared with the adult population.



CONCLUSION

This case unravels the fact that the liver can act as a clinically significant source of hematopoietic stem cells, and the liver donor’s age factor must be emphasized as potentially predisposing to the expansion of liver donor hematopoiesis. Transfer of OLT hematopoietic stem cells may not have clinical significance unless the patient is not immunocompetent or develops liver-transplantation associated GVHD, that can result in lymphocyte mediated elimination of original hematopoiesis. Patients with preexisting immunity disorder (such as primary or secondary immunodeficiency) might require intensified immunosuppressive therapy in peritransplant period as a prevention of liver-transplantation associated GVHD. This stands in opposition to the recommendation on minimizing immunosuppression maintenance, suggested by Brockmann et al. but intensive immunosuppression should be used until the risk of transplantation associated GVHD subsides (3). According to study by Murali et al. median time to GVHD onset from liver transplantation was 28 days (interquartile range, 21–38 days) (8). Liver transplantation recipients must be surveilled on individual basis for hematological complications for at least 4–6 weeks. Close monitoring of hematopoietic chimerism after OLT is warranted in patients at risk, because cytopenia or OLT hematopoiesis can reflect subclinical GVHD and further studies are necessary to elucidate this phenomenon.
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