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                                                            Allogeneic hematopoietic stem cell transplantation (HSCT) represents a potentially curative therapy for various malignant and non-malignant hematologic diseases. However, a frequent and severe complication of this therapeutic approach is acute graft-versus-host disease (aGVHD) characterized by immune-mediated inflammation and tissue destruction.1 In this context, donor-derived CD4 T-helper (Th) cells and CD8 cytotoxic T lymphocytes (CTLs) play an essential role in the pathogenesis of aGVHD, which is based on their profound capability to produce various proinflammatory cytokines and to lyse target cells of the recipient.1
Dendritic cells (DCs) are professional antigen-presenting cells (APCs), which display a unique capacity to induce and expand proinflammatory CD8 CTLs and CD4 T cells.2 Recent murine models revealed that DCs essentially contribute to T-cell-mediated inflammation and tissue destruction in aGVHD.3 However, in contrast to mouse DCs, little is known about the potential role of native human DCs in the pathogenesis of aGVHD. In this context, it has been demonstrated that patients who develop aGVHD after HSCT show lower numbers of blood circulating DCs.4 Furthermore, it has been reported that human DCs are able to induce GVHD in a SCID mouse model and that the administration of anti-CD83 antibodies can prevent the development of GVHD.5 More recently, Bossard et al. demonstrated that native human plasmacytoid DCs, which may play an essential role in the pathogenesis of various autoimmune diseases, accumulate in intestinal tissues of aGVHD patients.6 The same group also found a significant increase of plasmacytoid DCs in affected skin of aGVHD patients, further substantiating their previous results.7
To gain novel insights into a potential participation of human myeloid DCs in the inflammatory processes underlying aGVHD, we explored the presence and cytokine expression of 6-sulfo LacNAc (slan) DCs (formerly termed M-DC8 DCs) in affected tissues. SlanDCs represent a particular proinflammatory subset of human myeloid blood DCs. In previous studies, we demonstrated that activated slanDCs produce large amounts of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, IL-12 and IL-23, efficiently stimulate CD4 and CD8 T cells, and promote the polarization of naïve CD4 T lymphocytes into Th1 or Th17/Th1 cells.8–11 In addition, we found that the high proinflammatory capacity of slanDCs is retained after granulocyte-colony stimulating factor (G-CSF) treatment of peripheral blood stem cell donors.12 Thus, G-CSF-mobilized slanDCs were able to secrete large amounts of proinflammatory cytokines and to promote the polarization of naïve CD4 T lymphocytes into Th1 cells. We also observed a significantly reduced frequency of slanDCs in the blood of patients with severe aGVHD13 that could be explained by an increased DC migration into affected tissues.
[image: ]

Table 1.Patients, disease and transplant characteristics.
Following these findings, we evaluated the presence of slanDCs in 124 tissue samples derived from 65 patients with aGVHD who underwent HSCT at the University Hospital of Dresden, Germany. Patients, donors and HSCT characteristics are summarized in Table 1. This study was approved by the institutional review board of the University Hospital of Dresden and patients gave their written informed consent. Patients underwent diagnostic colonoscopy, when symptoms of gastrointestinal aGVHD occurred, at a median time of 32 days (range 10–132 days) after HSCT. Histological grading was performed as described by Lerner et al.14 None had evidence of viral or bacterial infection. Most patients (n=58) received steroid treatment at the time of colonoscopy. The median time of steroid therapy until biopsies was four days (range 1–13 days). The density of slanDCs in formalin-fixed and paraffin-embedded colorectal biopsies from aGVHD patients was determined by using immunohistochemical analysis as described previously.11 For quantification of slanDCs in tissues, positively stained cells were counted in three different highpower fields (HPF) of a section with an Olympus BH-2 microscope and the mean value was determined. The mean number of slanDCs per HPF (area: 0.237 mm) was converted into square millimeters. Immunohistochemical staining revealed that slanDCs are present in 119 tissues at varying frequencies and were preferentially located in the stroma (Figure 1A and B). Previously, we had described that most patients displayed an almost complete donor chimerism of blood circulating CD11c myeloid DCs comprising slanDCs in blood on Day +28 after HSCT.15 Furthermore, Langerhans cells and dermal DCs also showed complete donor chimerism in most skin biopsies of patients at early time points after HSCT.16 These findings suggest that the detected slanDCs in GVHD tissues are most likely of donor origin. Furthermore, we determined the frequency of slanDCs in histologically confirmed aGVHD grade 0–4 tissues. For statistical analysis, a linear mixed model incorporating random effects to take into account dependent observations per patient was applied. The significance of the results was determined by using the statistical software R v.2.15.1 and the ‘nlme’ package v.3.1–108. P<0.05 was considered as significant. As shown in Figure 1C, higher numbers of slanDCs were detected in aGVHD grade 1–4 tissues compared to grade 0 tissues. However, the relatively low number of analyzed aGVHD grade 0 tissues (n=7) limits the interpretation of this finding. In addition, we found that the density of slanDCs was comparable between aGVHD grade 1–4 (Figure 1D). These results further substantiate our recent findings demonstrating the presence of slanDCs in tissues of patients with inflammatory disorders such as rheumatoid arthritis, psoriasis and lupus erythematosus.9,11,17 Following our previous results indicating that activated slanDCs secrete large amounts of TNF-α and IL-23 and efficiently stimulate T cells,8,11 we investigated whether slanDCs locally express these proinflammatory cytokines and co-localize with CD3 T lymphocytes in affected aGVHD tissues. For immunofluorescence analysis, we applied antibodies and reagents as described previously.11 Slides were analyzed with a Zeiss Axioimager A1 microscope or a Keyence fluorescence microscope BZ-9000. As depicted in Figure 1E–G, approximately 40% of slanDCs locally express the proinflammatory cytokines TNF-α or IL-23, which are implicated in aGVHD pathogenesis.1,18 Thus, it has been documented that TNF-α is a key soluble factor of aGVHD by enhancing the ability of APCs to activate T cells and directly destroying target tissues.1 In addition, it has been shown in mice that IL-23 secreted by donor APCs plays an important role in the induction of proinflammatory cytokine production and pathological damage in the colon during aGVHD.18 In further experiments, we found that slanDCs co-localize with CD3 T cells, representing crucial proinflammatory and cytotoxic effector cells, in affected aGVHD tissues (Figure 1H).
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Figure 1.Proinflammatory slanDCs accumulate in colorectal tissues of aGVHD patients. (A–D) Immunohistochemical stainings were performed to detect slanDCs in 124 colorectal tissues from aGVHD patients. As representative examples, the presence of slanDCs in a histologically confirmed aGVHD grade 0 (A) and grade 2 (B) tissue is shown. Original magnification was ×200. Positively stained slanDCs were counted and their number per square millimeter was determined. (C) Box plots show the number of slanDCs in histologically confirmed aGVHD grade 1–4 tissues (n=117) in comparison to grade 0 tissues (n=7). Boxes within the plots represent the 25–75th percentiles. Median values are depicted as solid bold lines. The whiskers represent 1.5 times the interquartile range (IQR) between quartile 25 and 75. Circles indicate values more extreme than 1.5 times the IQR. Asterisks indicate a statistically significant difference (*P<0.05). (D) Dot plots demonstrate the number of slanDCs in histologically confirmed aGVHD grade 0 (n=7), grade 1 (n=30), grade 2 (n=44), grade 3 (n=30) or grade 4 (n=13) tissues. The horizontal line shows the mean value. (E, F) Immunofluorescence staining was performed to detect (E) TNF-α-or (F) IL-23-expressing slanDCs (arrows) in aGVHD tissues of 9 patients. As representative examples, images of single TNF-α, IL-23 or slanDC stainings as well as merged images are depicted. Original magnification was ×400. (G) Percentage of TNF-α- or IL-23-expressing slanDCs in aGVHD tissues. The results are presented as mean value ± s.e. of slanDCs in nine different aGVHD tissues. Between 17 and 50 slanDCs per tissue were evaluated for cytokine expression dependent on DC frequency. (H) Immunofluorescence staining was performed to detect T cells (anti-CD3 antibody; green) and slanDCs (anti-slan antibody DD2; red) in aGVHD tissues of 5 patients. As representative examples, images of single CD3+ T cell or slanDC stainings as well as merged images are shown. Original magnification was ×400.
In summary, we demonstrated that slanDCs accumulate in colorectal tissues from aGVHD patients, locally express essential proinflammatory cytokines and co-localize with T cells. Together with our previous observation that G-CSF-mobilized, donor-derived slanDCs retain various immunostimulatory properties,12 these novel findings indicate that slanDCs may contribute to the immunopathogenesis of aGVHD and may represent attractive targets for the prevention and treatment of this important HSCT-associated complication.
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