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Abstract: 

Graft-versus-host disease (GVHD) remains an important cause of morbidity and mortality after 

allogeneic hematopoietic cell transplantation (allo-HCT).  For decades, GVHD prophylaxis has 

included calcineurin-inhibitors, despite their incomplete efficacy and impairment of graft-versus-

leukemia (GVL).  Distinct from pharmacologic immune suppression, we have developed a 

novel, human CD83-targeted chimeric antigen receptor (CAR) T cell for GVHD prevention.  

CD83 is expressed on allo-activated, conventional CD4+ T cells (Tconv) and proinflammatory 

dendritic cells (DC); which are both implicated in GVHD pathogenesis.  Human CD83 CAR T 

cells eradicate pathogenic CD83+ target cells, significantly increase the ratio of regulatory T cells 

(Treg) to allo-activated Tconv, and provide durable prevention of xenogeneic GVHD.  CD83 

CAR T cells are also capable of treating xenogeneic GVHD.  We show human, acute myeloid 

leukemia (AML) expresses CD83 and myeloid leukemia cell lines are readily killed by CD83 

CAR T cells.  Human CD83 CAR T cells are a promising cell-based approach to prevent two 

critical complications of allo-HCT; GVHD and relapse.  Thus, human CD83 CAR T cells 

warrant clinical investigation in GVHD prevention and treatment, as well as targeting CD83+ 

AML.  
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Introduction 

Allo-HCT is a procedure performed with curative intent for high risk hematologic malignancies 

and bone marrow failure syndromes.  Annually, thousands of patients receive allo-HCT 

worldwide, and 34-89% will develop acute GVHD despite pharmacologic immune suppression 

(1, 2).  The current practice is to use broadly suppressive calcineurin-inhibitors combined with 

methotrexate, sirolimus, or mycophenolate mofetil to prevent GVHD.  Despite known off-target 

impairment of beneficial GVL and limited tolerance induction (3), calcineurin-inhibitors have 

been included in GVHD prophylaxis and treatment for over 3 decades (4-6).  While advances in 

donor and graft selection (7, 8), recipient comorbidity assessment (9, 10), and conditioning 

regimens have improved allo-HCT outcomes (11, 12), the use of calcineurin-inhibitors remains 

prevalent in GVHD prevention (1).  In particular, calcineurin-inhibitors are still incorporated in 

the popular use of post-transplant cyclophosphamide-based regimens as GVHD prophylaxis 

(13). 

 Beyond calcineurin-inhibitors, cell-based immune suppression is increasingly being 

studied in GVHD prevention.  Others and we have shown Tregs offer potent and potentially 

antigen-specific inhibition of alloreactive T cells (14-16).  Past clinical trials incorporating Tregs 

in GVHD prophylaxis, have proven that cell-mediated immune suppression delivers safe and 

effective control over donor T cells without impairing GVL (17-19).  Preclinical and clinical 

evidence also supports the translational potential of novel cell products, including natural killer 

(NK) cells, invariant NKT cells, myeloid derived suppressor cells, and type 2 innate lymphoid 

cells to reduce GVHD and preserve GVL(20-25).  Currently, these cell products remain largely 

investigational, though Tregs and NK cells have been widely studied in the clinical setting.   
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More recently, CAR T cells have demonstrated remarkable activity for treating 

relapsed/refractory acute lymphoblastic leukemia and diffuse large B cell lymphoma (26-29).  

Thus, FDA indications were given to CD19 CAR T cells for these hematologic malignancies.  

While CAR T cells are cytolytic and not inherently immune suppressive, they offer the potential 

to target cell mediators of GVHD.  Moreover, in animal models we have demonstrated that CAR 

T cells carry a reduced capacity to elicit GVHD when administered post allo-HCT as a donor-

derived product (30); providing a mechanism for the clinical observation that allogeneic CAR T 

cells do not mediate GVHD (28, 29). 

 CD83 represents a clinically relevant target to eliminate inflammatory dendritic cells as 

well as alloreactive donor T cells.  CD83 is a protein member of the immunoglobulin 

superfamily and is expressed on the surface of activated human dendritic cells (31).  Mature DCs 

can potentiate acute GVHD via allo-antigen presentation and proinflammatory cytokines (32).  

CD83 is also expressed on human T cells following stimulation by allo-antigen and is present on 

circulating T cells in patients with GVHD (31).  Targeting CD83 with monoclonal antibody 

reduces xenogeneic GVHD in mice without impairing GVL or T cell responses against 

pathogenic viruses (33).  However, the immune suppressive effect by the antibody is temporary 

and dependent upon NK-cell mediated antibody-dependent cellular cytotoxicity (ADCC) (33, 

34).   

 Herein we describe the production and preclinical efficacy of human CD83-targeted CAR 

T cells for GVHD prevention and treatment.  Unlike a monoclonal antibody, CD83 CAR T cells 

do not require ADCC to kill their targets.  Moreover, we demonstrate that CD83 CAR T cells 

provide lasting GVHD prophylaxis in a human T cell mediated xenogeneic GVHD model after a 

single infusion of cells.  Xenogeneic GVHD target organs exhibit essentially normal tissue 
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within mice treated with CD83 CAR T cells.  In part, this is due to the differential expression of 

CD83 on activated Tconv versus Tregs.  Thus, CD83 CAR T cells eliminate pathogenic Th1 

cells, and significantly increases the ratio of Treg to Tconv in vivo.  CD83 CAR T cells also 

deplete proinflammatory CD83+ DCs.  Moreover, we demonstrate that human AML expresses 

CD83 and myeloid leukemia is readily killed by CD83 CAR T cells.  CD83 CAR T cells 

represent an entirely novel, cell-based approach to GVHD therapy, and delivers durable, 

selective immune suppression, while providing anti-tumor activity against CD83+ myeloid 

malignancies. 
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Results 

Characterization of the human CD83 CAR T cell.  To produce our human CD83-targeted 

CAR T cell, an anti-CD83 single chain variable fragment (scFv) was paired to a CD8 hinge and 

transmembrane domain, followed by the intracellular 41BB co-stimulatory domain and CD3 

activation domain (Figure 1A).  To facilitate tracking of the CAR T cells, the construct contains 

an intracellular eGFP tag, which can be used to identify the CAR T cells among normal non-

CAR T cells (Figure 1A).  CD83-targeted CAR T cells were retrovirally transduced and 

generated as published (Figure 1A) (35, 36).. 

The CD83 CAR construct exhibited a high degree of transduction efficiency, with over 

60% of T cells expressing the eGFP-tagged CAR construct (Figure 1B).  While CD4 expression 

was similar among both groups, a reduction in CD8 expression was observed among CD83 CAR 

T cells compared to mock transduced T cells (Figure 1C).  However, the CD83 CAR T cells 

demonstrated robust IFNγ and IL-2 production when cultured with CD83+ target cells; such as 

cytokine-matured human, monocyte-derived DCs (moDC) (Figure 1D,E).  Additionally, CD83 

CAR T cells demonstrated potent killing of and proliferation against CD83+ moDCs, compared 

to mock transduced T cells (Figure 1F,G).  The target moDCs in these experiments were 

allogeneic to the T cells, therefore the lysis and proliferation by mock transduced T cells 

represent baseline alloreactivity (Figure 1F,G). 

 

CD83 is differentially expressed on activated human Tconv compared to Treg.  CD83 is an 

established marker of human dendritic cell maturation and is also expressed on activated human 

B cells (37, 38).  Using a CD83 reporter mouse system, it was previously shown that activated 

murine T cells also express CD83 (39).  It is known that CD83 is expressed on human T cells 
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after stimulation, and is detectable on circulating T cells from patients with acute GVHD (31).  

However, the precise expression of CD83 on CD4+ Tregs versus CD4+ Tconv or CD8+ T cells is 

unclear.  We confirmed that human T cell expression of CD83 occurs with stimulation, including 

allogeneic dendritic cells or CD3/CD28 beads (Figure 2A,B).  Importantly, we demonstrate that 

CD83 is differentially expressed on human CD4+ Tconv (CD127+, CD25+) compared to immune 

suppressive CD4+ Tregs (CD127-, CD25+, Foxp3+) or cytolytic CD8+ T cells in response to DC-

alloactivation (Figure 2A).  CD4+ Tconv expression of CD83 peaks at 4-8 hours of DC-

allostimulation and declines to baseline levels by 48 hours in vitro, with minimal amounts 

observed on Tregs or CD8+ T cells (Figure 2A).  The expression of CD83 is more abundant with 

supraphysiologic CD3/CD28 bead stimulation, which also causes a late increase in CD83 

expression on Tregs and CD8+ T cells by 48 hours of activation (Figure 2B).  Among CD4+ T 

cells, Th1 (CD4+, T-Bet+) and Th2 (CD4+, GATA3+) cells exhibit significantly increased CD83 

expression compared to Th17s (CD4+, RORγt+) following DC-allostimulation (Figure 2C).  

Given that CD83 expression is shared among proinflammatory, mature DCs as well as 

alloreactive Tconv, we investigated whether the CD83 CAR T cell could deplete either target 

cells in culture.  Human CD83 CAR or mock T cells were cultured with autologous peripheral 

blood mononuclear cells (PBMC) stimulated by allogeneic moDCs, and the amount of CD83+ 

target cells were evaluated at 8 hours of culture.  CD83 CAR T cells significantly reduced the 

amount of CD83+ T cell and non-T cell targets in vitro (Figure 2D).  Next, we evaluated the 

expression of CD83 on the eGFP+ CAR T cells over 48 hours.  CD83 expression on the CAR T 

cells was scant, and an increase in the proportion of eGFP+ CAR T cells was still observed by 48 

hours of culture (Figure 2E), providing evidence that the CD83 CAR T cells do not overtly 

succumb to CD83-mediated fratricide.  Consistent with the expression of CD83 on human T 
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cells after 8 hours of polyclonal activation, the CD83 CAR T cells significantly killed 

CD3/CD28-bead stimulated CD4+ T cells but not CD8+ T cells in vitro (Figure 2F).  Moreover, 

CD83neg T cells were still present in all experimental groups (Figure 2F), supporting that 

CD83neg T cells are not indiscriminately destroyed.   

 

Human CD83 CAR T cells reduce alloreactivity.  To test whether human CD83 CAR T cells 

reduce alloreactivity in vitro, we investigated their suppressive function in allogeneic mixed 

leukocyte reactions (alloMLR).  CD83 and mock transduced CAR T cells were generated from 

healthy donor, human T cells.  CD19 CAR T cells target B cells, an irrelevant cell type in the 

alloMLR, and were used as an additional control.  CD19 and CD83 CAR T cells were similar in 

that they both receive co-stimulation via 41BB.  CAR or mock transduced T cells were added to 

5-day alloMLRs consisting of T cells (1x105) and allogeneic, cytokine-matured (40), CD83+ 

monocyte-derived dendritic cells (moDCs, 3.33x103).  The CAR T cell: moDC ratio ranged from 

3:1 to 1:10.  CD83 CAR T cells potently reduced proliferative, alloreactive T cells (Figure 3, 

upper panel).  Conversely, mock transduced and CD19-targeted CAR T cells had no suppressive 

effect against alloreactive T cells (Figure 3, middle and lower panels).   

 

Human CD83-targeted CAR T cells prevent xenogeneic GVHD.  A xenogeneic GVHD 

model was used to evaluate the efficacy of human CD83 CAR T cells in vivo.  We used our 

established NSG mouse model (41), where recipients were inoculated with 25x106 human 

PBMCs plus either 1-10x106 autologous CD83 or mock transduced CAR T cells all on day 0.  

Transplanted mice were monitored daily for clinical signs of xenogeneic GVHD up to day +100.  

NSG mice infused with CD83 or mock transduced CAR T had no evidence of early xenogeneic 
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GVHD or toxicity compared to PBMCs alone (Figure 4A,B).  However, CD83 CAR T cells 

significantly improved xenogeneic GVHD survival after transplant, compared to PBMCs alone 

or mock transduced CAR T cells (Figure 4A).  Additionally, xenogeneic GVHD clinical severity 

was reduced by CD83-targeted CAR T cells (Figure 4B).  Remarkably, mice in both dose 

cohorts of CD83-targeted CAR T cells demonstrated 3-month survival of 90% or better (Figure 

4A).  In separate experiments, transplanted NSG mice received PBMCs alone or with mock 

transduced T cells (1x106) or CD83-targeted CAR T cells (1x106) and were humanely euthanized 

at day +21 to evaluate target organ GVHD severity.  GVHD path scores were determined by a 

blinded expert pathologist (41-43).  In xenogeneic GVHD models, the recipient lung and liver 

are critical target-organs involved in severe disease (41).  CD83 CAR T cells eliminated 

xenogeneic GVHD target organ tissue damage by human T cells in the recipient lung (Figure 

4C-E) and liver (Figure 4G-J), compared to PBMCs alone or mock transduced T cells.  

Moreover, few human T cells directly infiltrated the murine target organs, and they were not 

proliferative based on Ki-67 staining (Figure 4E,F,I,J).  We also tested the preclinical efficacy of 

human CD83 CAR T cells in GVHD treatment.  In these experiments, NSG mice first received 

human PBMCs with administration of CD83 CAR or mock transduced T cells delayed until day 

+14 when the mice began to show signs of clinical xenogeneic GVHD.  The CD83 CAR T cells 

rescued the mice from xenogeneic GVHD and significantly improved survival (Supplemental 

Figure 1A,B). 

Human CD83-targeted CAR T cells significantly reduce CD83+ DCs in vivo.  Mature, 

CD83+ dendritic cells are implicated in the sensitization of alloreactive donor T cells.  As such, 

we determined the effect of CD83 CAR T cells on the immune recovery of human CD1c+ DCs in 

transplanted mice.  NSG mice transplanted with human PBMCs plus CD83 CAR or mock 
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transduced T cells were euthanized on day +21.  Upon harvesting recipient spleens, we 

determined that CD83-targeted CAR T cells reduced the expansion of donor cells in vivo as 

indicted by much smaller spleens in this treatment group (Supplemental Figure 2).  CD83-

targeted CAR T cells significantly reduced the amount of human CD1c+, CD83+ and CD1c+, 

MHC class II+DCs in recipient mice (Figure 5A-C).  However, the proportion of total CD1c+, 

CD14- DCs among mice treated with CD83 CAR T cells was similar to mice transplanted with 

PBMCs alone (Figure 5A). 

 

Human CD83-targeted CAR T cells significantly reduce CD4+, CD83+ T cells, while 

increasing the Treg:Activated Tconv ratio in vivo.  Using the eGFP tag, we confirmed that 

infused human CD83 CAR T cells were detectable in murine spleens at day +21 (Figure 6A).  At 

day +21, the total amount of human CD4+ T cells in the spleens of mice treated with CD83-

targeted CAR T cells were significantly reduced (Figure 6B,C).  As we observed significant 

amounts of CD83+, CD4+ Tconv after DC-allostimulation in vitro, we confirmed that CD83+ 

Tconv were increased at day +21 among mice treated with PBMCs alone or with mock 

transduced T cells (Figure 6D).  Moreover, the amount of CD83+ Tconv was significantly 

decreased in recipients of CD83 CAR T cells in vivo (Figure 6D).  Overall, the CD83 CAR T 

cells provided robust elimination of CD83+ target cells by day +21, compared to mock T cells 

(Supplemental Figure 3A).  While higher numbers of circulating eGFP+ CAR T cells was linked 

to fewer CD83+ DCs at day +21, the reduction in CD83+ T cells was uniform across CAR T cell 

numbers in vivo (Supplemental Figure 3B,C).  In separate experiments, NSG mice were 

transplanted with human T cells alone or T cells plus dendritic cells.  While the lack of dendritic 

cells slightly delayed GVHD onset, the median GVHD survival was similar among both groups 
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(Supplemental Figure 4A,B).  This is consistent with work from others, showing purified human 

T cells are sufficient to induce xenogeneic GVHD (44).  In this model, eliminating human DCs 

alone fails to protect recipients from xenogeneic GVHD. 

We surmise CD83-targeted CAR T cells protect recipients from GVHD primarily by 

eliminating alloreactive Tconv implicated in GVHD, while enhancing the ratio of Treg to 

alloreactive Tconv (Figure 6E-G).  The frequency of human Tregs in murine spleens was similar 

among all experimental groups at day +21 (Figure 6E).  Like the reduction in total CD4+ T cells, 

the absolute number of Tregs was significantly decreased in mice treated with CD83-targeted 

CAR T cells (Figure 6F).  However, the ratio of Treg (CD4+, CD127-, CD25+, Foxp3+) to 

activated Tconv (CD4+, CD127+, CD25+) (41) was significantly increased in mice that received 

CD83 CAR T cells (Figure 6G).  Th1 cells and IFNγ contribute to GVHD pathogenesis (45, 46).  

Importantly, mice treated with CD83 CAR T cells exhibited a profound reduction in human 

CD4+, IFNγ+ Th1 cells (Figure 6H,I).  Additionally, the amount of spleen-resident, human Th2 

cells (CD4+, IL-4+) were also significantly decreased in the mice injected with CD83 CAR T 

cells (Figure 6H,J).  Conversely, CD83-targeted CAR T cells did not suppress the amount of 

human Th17 cells (Supplemental Figure 5A,B) in recipient spleens, compared to PBMCs alone 

or mock transduced CAR T cells.  We detected eGFP+ CD83 CAR T cells in the spleens of mice 

surviving to the day +100 endpoint in long-term experiments (Supplemental Figure 6).  Over 3 

months post-transplant, we observed a dose-dependent reduction in circulating CD83+ target 

cells among mice treated with a low (1x106) or high (10x106) dose of CD83 CAR T cells 

(Supplemental Figure 6).  While CD83 CAR T cells prevent and treat xenogeneic GVHD, they 

importantly did not impair the proliferation or function of anti-viral CD4+ or CD8+ T cells 
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responding to clinically relevant infectious peptides, including cytomegalovirus, Epstein-Barr 

virus, and influenza (Supplemental Figure 7A,B). 

 

CD83 is a cellular target for human AML.  According to longitudinal data from the Center for 

International Blood and Marrow Transplant Research (CIBMTR), over 1000 patients receive 

allo-HCT for high risk AML each year (47).  Even when patients can tolerate a myeloablative 

preparative regimen, relapse-free survival is limited to 67.8%, compared to 47.3% after reduced-

intensity conditioning (12).  Thus, strategies to prevent AML relapse are needed.  Given the 

potent lytic activity of the CD83 CAR T cell in xenogeneic GVHD, and that AML remains the 

number one indication for allo-HCT in adults, we investigated whether human myeloid leukemia 

potentially expressed CD83.  We discovered that CD83 is expressed on malignant myeloid 

K562, Thp-1, U937, and MOLM-13 cells lines (Figure 7A,B, Supplemental Figure 8A,B).  

Moreover, the CD83 CAR T cell demonstrated significant anti-tumor activity against K562 and 

Thp-1 cells in vitro using the xCELLigence platform (Figure 7C,D).  We also confirmed that 

CD83 CAR T cells could effectively kill MOLM-13 leukemia in vivo (Figure 7E,F).  Therefore, 

the human CD83 CAR T cell has the capability to prevent GVHD and provide direct killing of 

myeloid leukemia.  We further compared the expression of CD83 on freshly acquired AML 

blasts (n=15 patients) to that of CD33 or CD123 (Figure 7G,H), which are putative myeloid 

targets for anti-AML CAR T cells currently in clinical development.  The frequency of CD83+ 

myeloid blasts was significantly greater than the expression of CD33 or CD123 among patients 

with AML (Figure 7G). 

Human AML antigens are often shared with progenitor stem cells.  While the CD83 CAR 

T cell kills myeloid leukemia, we confirmed that they permit the growth and differentiation of 
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hematopoietic stem cells in colony forming units (CFU) assays (Supplemental Figure 9A-D).  

However, it should be noted that this CFU assay was performed after a 4 hour co-culture of CAR 

T cells and stem cells as described by Gill et al (48).  Therefore, killing of target cells is limited 

at this timepoint and may not provide a complete evaluation of potential bone marrow toxicity by 

targeting CD83.  Furthermore, as a first-in-human target we are evaluating the expression of 

CD83 in multiple tissues using microarrays (Supplemental Figure 10).  Identified CD83 

expression among these human tissues will need be evaluated to determine if the cells expressing 

CD83 are tissue-resident dendritic cells or others (Supplemental Figure 10). 
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Discussion 

The use of CAR T cells as cellular immunotherapy to prevent GVHD is an innovative strategy, 

distinct from pharmacologic immune suppression or adoptive transfer of donor Tregs.  Targeting 

cells that express CD83 efficiently depletes transplant recipients of inflammatory, mature DCs as 

well as alloreactive CD4+ Tconv.  While human dendritic cell-depletion did not reduce 

xenogeneic GVHD, we cannot exclude DC-targeting by CD83 CAR T cells as a possible 

mechanism in GVHD prophylaxis.  Further, potential cross-reactivity with murine CD83+ 

antigen presenting cells could impact the degree of immune suppression in this model.  However, 

the profound depletion of alloreactive T effectors by CD83 CAR T cells mediates a significant 

rise in the Treg:activated Tconv ratio, which is a clinically relevant index in controlling GVHD 

(49).  The kinetics of CD83 expression after CD3/CD28 stimulation and our cytotoxicity assays 

(Figures 1-2) suggest there is potential for T cell fratricide that could complicate CAR T cell 

production.  In our short 7 day CAR T cell production we did not detect a significant impact on 

CAR T cell production, but this could be an issue when production is scaled up.  Decreased CAR 

T cell production yields could be mitigated by inclusion of a CD83-blocking antibody during 

production.   

 CD83 CAR T cells significantly reduce pathogenic, human Th1 and Th2 cells in vivo.  

This is consistent with the observed high expression of CD83 on human Th1 and Th2 cells, 

compared to Th17 cells.  Experiments using STAT4 and STAT6 knock out donor T cells have 

shown that Th1 and Th2 cells independently mediate lethal GVHD in mice (45).  Additionally, 

the combination of Th1 and Th2 cells in vivo cooperatively worsen murine GVHD (45).  In part, 

Th1 and Th2 cells cause tissue-specific damage to the intestine and lungs respectively (50).  

During GVHD, T cell-derived IFNγ also mediates apoptosis of intestinal stem cells and related 
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epithelial tissue damage (46).  Novel strategies to target donor Th1 responses currently exist, and 

are largely driven by p40 cytokine neutralization or inhibition of relevant downstream receptor 

signal transduction (41-43, 51, 52).  However, few approaches concurrently target pathogenic 

Th1 and Th2 cells.  Thus, human CD83 CAR T cells represent a novel cell product to 

simultaneously suppress donor Th1/Th2 responses after allo-HCT.  We found that human Th17 

cells express very little CD83 and were largely unaffected by the CD83 CAR T cells, though the 

treated mice were clearly protected from GVHD.  While donor Th17 cells have the potential to 

contribute toward GVHD (53), the lack of available Th1 cells could theoretically mitigate the 

pathogenicity of the surviving Th17 cells (52).   

 Our data support that human CD83 CAR T cells provide durable protection from 

activated Tconv and GVHD mortality.  Though CD83 is not significantly expressed on human 

Tregs, mice treated with the human CD83 CAR T cells exhibited reduced amounts of Tregs.  

This may be due to limited availability of CD4+ T cells for peripheral Treg induction or 

diminished IL-2 concentrations by the overall reduction in circulating donor T cells.  In rodents, 

CD83 participates in Treg stability in vivo and mice bearing CD83-deficient Tregs are 

susceptible to autoimmune syndromes (54).  However, in our xenotransplantation experiments 

the ratio of human Treg to activated Tconv was significantly increased in mice treated with 

CD83 CAR T cells compared to controls.  The increased ratio of Treg to Tconv is a clinically 

relevant immune indicator, and even correlates with response to Treg-directed GVHD therapy 

such as low-dose IL-2 (49, 55).  Moreover, the human CD83 CAR T cells were well tolerated 

and eliminated immune-mediated organ damage in vivo.  Thus, the role of CD83 may differ 

among murine and human Tregs. 
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 CD83 is a unique immune regulatory molecule.  In mice, soluble CD83 mediates immune 

suppressive effects by enhancing Treg responses through indoleamine 2,3-dioxygenase- and 

TGFβ-mechanisms (56).  The extracellular domain of human CD83 was also shown to impair 

alloreactive T cell proliferation in vitro (57).  Conversely, direct neutralization of CD83 with 

monoclonal antibody, 3C12C, significantly reduced xenogeneic GVHD mediated by human T 

cells in vivo (33).  The anti-CD83 antibody also preserved Treg and antiviral responses by donor, 

human CD8+ T cells (34).  This suggests that while soluble CD83 may have immune suppressive 

properties, targeting the cell surface expression of CD83 can prevent GVHD while retaining key 

effector and Treg function.  Distinct from a monoclonal antibody, CD83 CAR T cells elicit 

robust target cell killing alone; without the need for NK-cell mediated antibody-dependent 

cellular cytotoxicity(34).  This is an advantage when rapid, efficient elimination of alloreactive T 

cells is needed to prevent or treat GVHD.  Indeed, human CD83-targeted CAR T cells provided 

lasting GVHD prophylaxis and were detectable in mice up to day +100 even after a single 

infusion.  Moreover, the CD83 CAR T cells efficiently cured mice of active xenogeneic GVHD. 

 In addition to eliminating alloreactive T cells in GVHD prevention, CD83 appears to be a 

promising candidate to target myeloid malignancies.  We detected CD83 expression on 

malignant myeloid K562, Thp-1, U937, and MOLM-13 cells.  Additionally, CD83 was 

significantly expressed on blasts from patients with AML, compared to other putative AML 

targets like CD33 or CD123.  Moreover, CD83 CAR T cells effectively killed myeloid leukemia 

cell lines in vitro and in vivo.  We expect that the killing efficiency of CD83 CAR T cells against 

AML is dose dependent, and that subsequent infusions of CAR T cells could improve leukemia 

clearance.  This concept will be tested in an upcoming phase IB clinical trial in 

relapsed/refractory AML.   
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AML antigens are often expressed on progenitor stem cells, and we show robust CD83 

expression on blasts from donors with AML.  Therefore, we evaluated for stem cell killing in 

human CFU assays, which demonstrated negligible on-target, off-tumor toxicity.  Thus, CD83 

CAR T cells permit normal hematopoiesis after co-culture of CD83-targeted CAR T cells and 

stem cells for 4 hours.  However, this early timepoint may incompletely evaluate potential bone 

marrow toxicity due to limited time for cytotoxic killing by the CD83 CAR T cells.  As a first-in-

human target we are performing an extensive safety evaluation of CD83 for an Investigational 

New Drug application.  We have started by characterizing expression of CD83 in tissue 

microarrays (Supplemental Figure 10).  Considering the limitation of the CFU assays we will 

also evaluate for bone marrow toxicity in immune deficient mice engrafted with human 

hematopoietic stem cells followed by infusion of CD83-targeted CAR T cells.  Thus, the current 

level of evidence in our present work cannot make definitive claims regarding the potential 

safety of the CD83 CAR T cells.  That important aspect of these novel CD83 CAR T cells must 

be evaluated in a well-designed phase I trial.  However, potential risks for off-tumor, on-target 

toxicity mediated by CD83 CAR T cells can likely be mitigated by gene-engineering strategies 

such as RNA-based CAR gene transfer, drug-regulation of CAR expression, suicide gene 

inclusion, stem cell genome editing, or LOGIC gating.   

Allo-HCT is often necessary to treat high risk AML, though relapse remains an important 

cause of post-transplant failure and death.  Distinct from HLA-mediated classic GVL, CD83 

CAR T cells selectively kill CD83 expressing malignant cells.  Moreover, it was recently 

discovered that CD83 is also expressed on Hodgkin lymphoma (HL) (58).  Therefore, the CD83 

CAR T cells may have efficacy in treating AML or HL independent of allo-HCT.  This is 
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translationally powerful, given the clinical success of CD19 CAR T cells in ALL and diffuse 

large B cell lymphoma(26-29). 

In conclusion, CD83 CAR T cells represent the first human, programmed cytolytic 

effector cell designed to prevent or treat GVHD.  We demonstrate the translational potential of 

CD83 CAR T cells in managing GVHD, though we expect it to have merit in preventing 

rejection after solid organ or vascularized composite allograft transplantation too.  Furthermore, 

CD83 CAR T cells retain their killing activity even when expose to calcineurin-inhibitors.  We 

hypothesize that CD83 CAR T cells will overcome barriers of HLA disparity in hematopoietic 

cell and solid organ donor selection, and greatly extend the application of curative 

transplantation procedures to patients in need.  Importantly, CD83 CAR T cells provide a 

platform to eliminate alloreactive T cells without the need for broadly suppressive, nonselective 

calcineurin-inhibitors or glucocorticoids.  Moreover, CD83 CAR T cells preserve donor anti-

viral immunity against CMV, EBV, and influenza.  The ability of CD83 CAR T cells to kill 

myeloid leukemia cells further extends its clinical impact.  Unlike existing GVHD prophylaxis 

options that aim to preserve GVL at best, the CD83 CAR T cell has the potential to concurrently 

prevent GVHD as well as actively target life threatening AML relapse.  Thus, the CD83 CAR T 

cell carries high likelihood to reduce transplant-related mortality and improve outcomes after 

allo-HCT. 
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Methods 

CD83 CAR T cell Construct and Production 

The CD83 CAR was synthesized and cloned into SFG retroviral construct by GENEWIZ(35, 

36).  The CD83 SFG cloned construct was transfected into H29 cells using calcium phosphate, 

and retroviral supernatants were used to transduce RD114.  Retroviral supernatant of RD114 

cells was filtered through 0.45μm strainer (MilliporeSigma).  CD83 CAR T cells were generated 

by transduction of human T cells as described (35, 36).  Briefly, gammaretrovirus was produced 

using H29 and RD114 producing cell lines and certain aliquots were titered against NIH/3T3 

cells.  Leukocytes obtained from apheresis from a healthy human donor (All Cells) were isolated 

by density gradient centrifugation.  T cells were isolated using magnetic beads (Stem Cells Inc.) 

and stimulated with human CD3/CD28 activation beads (Thermo fisher) in RPMI with 

recombinant human IL-2.  Activated T cells were transduced with gamma retrovirus on 

RetroNectin (TaKaRa Bio Inc.) coated plates.  For all viral transduction 1 mL of virus was 

incubated with 1 mL of T cells.  CD83 CAR T cells were debeaded after 7-8 days.  Gene transfer 

or transduction efficiency was estimated by GFP+ cells using flow cytometry, given the CAR 

construct contains an intracellular eGFP reporter (Figure 1A,B).  

 

Monoclonal Antibodies and Flow Cytometry 

Fluorochrome-conjugated mouse anti-human monoclonal antibodies included anti-CD3, CD4, 

CD8, CD25, CD45, CD83, CD1c, CD127, MHCII, Foxp3, Ki-67, IFN-γ, IL-17A, and IL-4 (BD 

Biosciences, San Jose, CA. USA; eBioscience San Jose, CA. USA; Cell Signaling Technology, 

Boston, MA. USA) (Supplemental Table 1).  LIVE/DEAD Fixable Yellow or Aqua Dead Cell 

Stain (Life Technologies, Grand Island, NY) was used to determine viability.  Live events were 
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acquired on a BD FACSCanto II or LSRII flow cytometer (FlowJo software, ver. 7.6.4; TreeStar, 

Ashland, OR, USA).   

 

Cytokine Immunoassays 

CD83 CAR and mock transduced T cells (1x105) were co-cultured with CD83+ moDCs (1x104) 

for 24 hours. Supernatants were harvested and analyzed using a human luminex assay kit (R&D 

Systems) on a Luminex 100 system (Luminex) and Simple Plex Assay Kit (Biotechne) on an 

Ella instrument(Biotechne).  Manufacturers’ instructions were followed(36). 

 

Human CD83 CAR T cell Cytotoxicity and In Vitro Proliferation. 

Normalized CD83 CART cells (1x105 cells) were cultured with CD83+ moDCs, activated T 

cells, K562, or Thp-1 cells at an ET ratio of 5:1 or 10:1 in duplicates in E-Plate 96. Cytotoxicity 

assay was run on an xCELLigence RTCA (real-time cell analysis) instrument (ACEA 

Biosciences) according to manufacture’s instructions.  Similarly, human CD83 CAR T cells were 

co-cultured with moDCs at and ET ratio of 1:1 in non–tissue-culture-treated 6-well plates in 

triplicate. Cells were grown in human T cell complete medium supplemented with 60 IU/ml IL-

2. Cell viability and total cell numbers in each well were measured on day +1, +7 and +14 on a 

cell counter (Bio-Rad) with trypan blue staining.  

 

In vitro alloMLRs 

Human monocyte-derived dendritic cells (moDC) were cytokine-generated, differentiated, and 

matured as described(41).  T cells (105) purified from leukocyte concentrates (OneBlood or 

Memorial Blood Center) were cultured with allogeneic moDCs (T cell:DC ratio 30:1) in 100µl 
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complete RPMI supplemented with 10% heat-inactivated, pooled human serum(41-43).  Third-

party CD83 CAR, CD19 CAR, or mock transduced T cells were added to the alloMLR at a range 

of CAR to DC ratios.  T cell proliferation was measured after 5 days by Ki-67 expression. 

 

CD83 Expression on Human T cells (Time Course) and Bone Marrow Blasts 

Purified human T cells were stimulated with either allogeneic moDCs (T cell:DC ratio 30:1) or 

CD3/CD28 beads (T cell:bead ratio 30:1).  T cells were harvested from triplicate wells in a 96-

well plate at 4, 8, 24, and 48 hours of culture.  T cells were stained for CD3, CD4, CD127, 

CD25, and CD83, then fixed.  CD83 expression was evaluated in activated Tconv (CD3+, CD4+, 

CD127+, CD25+)(41), Tregs (CD3+, CD4+, CD127-, CD25+)(41), and CD8 T cells (CD3+, CD4-).  

Where indicated, CD83 CAR or mock T cells were cultured with DC-allostimulated PBMCs, 

and CD83 expression was evaluated among the CD3- and CD3+ target cells over 48 hours.  De-

identified, bank bone marrow samples from healthy donors (n=10) and patients (n=10) with 

active AML were acquired from University of Minnesota Malignancies Tissue Bank.  The frozen 

marrow samples were viably thawed and stained for live dead aqua, anti-human CD45, CD117, 

CD34, and CD83.  CD83 expression was determined by isotype control on CD34+ myeloid 

blasts.   

 

Colony Forming Units 

CFU assays were performed as described by Gill et al (48).  CD34+ cells isolated from normal 

human bone marrow were purchased from AllCells.  103 cells were co-cultured with either 

CD83-targeted CAR T cells, mock T cells, or media alone.  Cells were incubated for 4 hours at 

an E:T ratio of 10:1.  Following incubation, cells were plated in MethoCult medium (StemCell) 
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in 6-well SmartDish plates (StemCell) according to manufacture instructions and cultured for 14 

days.  At the end of the culture period, colonies were imaged, analyzed, and counted using the 

STEMvision software. 

 

Xenogeneic GVHD Model 

Recipient NOD scid gamma (NSG) mice received 25x106 fresh, human PBMCs (OneBlood) 

once on day 0 of the transplant.  As indicated, mice either received PBMCs alone, PBMCs plus 

CD83 CAR T cells (low dose: 1x106 or high dose: 10x106), or PBMCs plus mock transduced T 

cells (10x106).  Each independent experiment was performed with a different human PBMC 

donor, where the CAR T cells and mock transduced T cells were derived from the PBMC donor.  

Mice were monitored for GVHD clinical scores and premoribund status.  Where indicated, short 

term experiments were completed on day +21 via humane euthanasia to evaluate blinded GVHD 

target organ pathology, tissue-resident lymphocytes, and the content of human DCs and T cell 

subsets within the murine spleens(41-43).  Tissue samples were prepared, stained (Ventana 

Medical Systems), and imaged (Vista) to identify human Ki67+ T cells as previously 

described(41).  These mice were transplanted with PBMCs (25x106) with or without CD83 CAR 

(1x106) or mock transduced T cells (1x106).  Murine in vivo data were pooled from at least two 

independent experiments with 6-9 mice per experimental group.  All vertebrate animal work was 

performed under an AICUC-approved protocol.   

 

In vivo Bioluminescence Experiments  

NSG-SGM3 mice were injected with 1x106 MOLM-13 EGFP/Luciferase+ cells.  

Bioluminescence (BLI) was performed (IVIS Systems) on day +9 and then the mice were 
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injected with 2.5x106 CD83 CAR or mock transduced T cells.  Mice were then imaged weekly 

for up to 4 weeks. 

 

Statistical Analysis 

Data are reported as mean values ±SEM.  ANOVA was used for group comparisons, including a 

Sidak’s or Dunn’s post-test for correction of multiple comparisons.  Mann-Whitney was used for 

all others.  For comparison of survival curves, a Log-rank test was used.  The statistical analysis 

was conducted using Prism software version 5.04 (GraphPad).  Statistical significance was 

defined by a two-tailed P < 0.05 (two-tailed). 

 

Study Approval 

NSG mice (male or female, age 6-24 weeks old) were purchased from Jackson Laboratory and 

housed within American Association for Laboratory Animal Care-accredited Animal Resource 

Centers at Moffitt Cancer Center or the University of Minnesota.  All mice were treated in 

adherence with the NIH Guide for the Care and Use of Laboratory Animals and the protocols 

used were approved by local institutional animal care and use committees. 
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Supplemental Materials:   

Supplemental Fig. 1. Human CD83 CAR T cells treat and rescue mice from xenogeneic GVHD. 

Supplemental Fig. 2. Human CD83 CAR T cells reduce the expansion of donor cells in vivo. 

Supplemental Fig. 3. Human CD83 CAR T cells eliminate CD83+ targets at day +21. 

Supplemental Fig. 4. DC-depletion does not prevent xenogeneic GVHD mediated by human T 

cells. 

Supplemental Fig. 5. Human CD83 CAR T cells do not reduce the amount of donor Th17 cells. 

Supplemental Fig. 6. Human CD83 CAR T cells are present at day +100. 

Supplemental Fig. 7. Human CD83 CAR T cells permit anti-viral immunity.   

Supplemental Fig. 8. Expression of CD83 on U937 and MOLM-13 cells. 

Supplemental Fig. 9. Impact of human CD83 CAR T cells on hematopoietic stem cells in vitro. 

Supplemental Fig. 10. Human CD83 tissue microarray. 

Supplemental Tab. 1. Antibodies and key reagents. 
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Figure Legends: 

Figure 1: Human CD83-targeted CAR T construct and functional characteristics.  A) An 

anti–CD83 single chain variable fragment is followed by a CD8 hinge and transmembrane 

domain, as well as a 41BB co‐stimulatory domain and CD3ζ activation domain.  The CAR is 

tagged with a fluorescent reporter at the 3’ end.  The CAR Reporter gene is cloned into an SFG 

retroviral vector.  B) Graph shows CAR gene transfer among T cells (mean ± SEM) by 

expression of the  intracellular eGFP reporter whereas mock transduced are eGFP negative and 

CD83 CAR T cell s are eGFP positive.  C) Graph demonstrates the relative amount of CD4+ or 

CD8+ subsets among the mock transduced or CD83 CAR T cells at day +7 post-production.  

n=2-3 independent donor experiments.  D, E) The amount of IFNγ and IL-2 released by mock 

transduced or CD83 CAR T cells after stimulation with CD83+ DCs.  F) CD83 CAR T cells or 

mock transduced T cells were co-cultured with CD83+ DCs and cytotoxicity was measured on a 

real-time cell analysis system.  The data are presented (mean ± SEM) as the average normalized 

cell index over time for duplicate wells.  Normalized cell index is calculated as cell index at a 

given time point divided by cell index at the normalized time point which is day 1 after addition 

of T cells.  1 representative experiment of 2 is shown.  G) CD83 CAR T cells or mock 

transduced T cells were stimulated by CD83+ DCs and the absolute number of T cells (mean ± 

SEM) was calculated weekly over a 14 day period.  1 representative experiment of 2 shown.  

ANOVA (D-G).  ***P=.0001-.001, and ****P<.0001. 

 

Figure 2:  CD83 is differentially expressed on human activated conventional CD4+ T cells 

(Tcon) compared to regulatory T cells (Tregs).  Human T cells were stimulated by allogeneic 

moDCs (DC:T cell ratio 1:30) or CD3/CD28 beads (Bead:T cell ratio 1:30).  CD83 expression 
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on activated Tconv (CD4+, CD127+, CD25+) or Treg (CD4+, CD127-, CD25+, Foxp3+) was 

measured at baseline, 4 hours, 8 hours, 24 hours, and 48 hours post stimulation.  Graphs show 

the amount of CD83+ Tconv or Treg (mean ± SEM) after A) allogeneic DC or B) CD3/CD28 

bead stimulation.  n=5 independent experiments.  C) Graph shows the frequency (mean ± SEM) 

of CD83+ Th1 (CD4+, T-bet+), Th2 (CD4+, GATA3+), or Th17 (CD4+, RORγt+) cells after 8 

hours of DC-allostimulation.  n=8 independent experiments.  Human CD83 CAR or mock T 

cells were cultured with DC-allostimulated PBMCs at a ratio of 1:10 over 48 hours.  D) Graph 

shows the frequency of CD83+, CD3+ and CD3- target cells when cultured with CD83 CAR or 

mock transduced T cells.  n=7 independent experiments.  E) Contour plots show the expression 

of CD83 among eGFP+ CAR T cells over time.  1 representative experiment of 2 is shown.  F) 

Human CD4+ or CD8+ T cells were activated with CD3/CD28 beads for 8 hours, then removed 

from the beads and co-cultured with autologous CD83 CAR T cells or mock transduced T cells 

for 24 hours (CAR T to T cell = ratio 5:1).  Graph shows the triplicate means ± SEM of live 

CD4+ or CD8+ T cells at the end of culture.  1 representative experiment of 2 is shown.  ANOVA 

(A-D, F).  ***P=.0001-.001 and ****P<.0001. 

 

Figure 3:  Human CD83 chimeric antigen receptor T cells reduce alloreactivity.  Human T 

cells were cultured with allogeneic, cytokine matured, monocyte-derived dendritic cells (moDC) 

at a DC:T cell ratio of 1:30 (ie 100,000 T cells and 3333 moDCs).  CD83 CAR T were added at 

specific ratios to the moDCs (3:1 to 1:10, where the lowest amount of CAR T added was 333 

cells).  T cell proliferation was measured by Ki-67 expression at day +5.  CAR T were gated out 

by their expression of GFP.  Controls included T cells alone (ie no proliferation), mock 

transduced T cells, and CD19 CAR T cells.  These mock transduced T cell did not express a 
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chimeric antigen receptor but were treated in an identical fashion as the transduced CD83 Car T 

cells.  The CD19 CAR T cell used an identical 41BB co-stimulation domain as the CD83 CAR T 

cells, but targeted an irrelevant antigen.  1 of 2 representative experiments is shown. 

 

Figure 4:  Human CD83 CAR T cells prevent xenogeneic GVHD.  A) NSG mice received 

25x106 human PBMCs and were inoculated with low (1x106) or high dose (10x106) CD83 CAR 

or (1-10x106) mock transduced T cells.  The CARs were autologous to the PBMC donor.  An 

additional control group of mice received PBMCs alone.  (A) Survival and (B) GVHD clinical 

scores are shown.  Clinical scores incorporate an aggregate assessment of activity, fur and skin 

condition, weight loss, and posture.  Pooled data from 3 independent experiments, up to 9 mice 

per experimental arm for survival, with a representative experiment depicting long-term GVHD 

clinical scores.  In separate experiments, recipient mice were humanely euthanized at day +21 

and tissue GVHD severity was evaluated by an expert, blinded pathologist.  Xenogeneic GVHD 

path scores, representative H&E images, amount of Ki-67+, CD3+ T cells/HPF, and 

representative IHC images (CD3=red, Ki-67=brown) are shown for recipient C-F) lung and G-J) 

liver.  Pooled data from 2 independent experiments, up to 6 mice per experimental arm.  Log-

rank test (A), ANOVA (C, G), Mann-Whitney (E, I).  **P=.001-.01 and ***P=.0001-.001. 

 

Figure 5:  Human CD83-targeted CAR T cells significantly reduce CD83+ DCs.  NSG mice 

received 25x106 human PBMCs plus 1x106 CD83 CAR or mock transduced T cells as described.  

Mice were humanely euthanized on day +21 and the spleens were harvested.  A) Representative 

contour plots show the frequency of human CD1c+, CD14- DCs; CD1c+, CD83+ DCs; and 
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CD1c+, MHC class II+ DCs in the mouse spleens at day +21.  Graph shows the absolute number 

(mean ± SEM) of human B) CD1c+, CD83+ DCs and C) CD1c+, MHC class II+ DCs in the 

mouse spleens at day +21.  Pooled data from 2 independent experiments, up to 6 mice per 

experimental arm.  ANOVA (B, C).  **P=.001-.01. 

 

Figure 6:  Human CD83-targeted CAR T cells significantly reduce CD4+, CD83+ T cells, 

while increasing the Treg:Activated Tconv ratio in vivo.  NSG mice received 25x106 human 

PBMCs plus 1x106 CD83 CAR or mock transduced T cells as described.  Mice were humanely 

euthanized on day +21 and the spleens were harvested.  A) Representative contour plots show 

the amount of eGFP+ CD83 CAR T cells in the inoculated mice at day +21, compared to mice 

that received mock transduced T cells.  B) Representative contour plots show the frequency of 

human CD4+ T cells in the recipient spleens.  Graphs show the absolute numbers (mean ± SEM) 

of C) CD4+ and D) CD4+, CD83+ T cells in the mouse spleens at day +21.  E) Contour plots 

depict the percentage of CD4+, CD127-, CD25+, Foxp3+ Tregs in the mouse spleens at day +21.  

Graphs show the amount (mean ± SEM) of F) Tregs and the G) Treg:Activated  Tconv at day 

+21 in the recipient mice.  H) Contour plots depict the frequency of CD4+, IFNγ+ Th1 cells and 

CD4+, IL-4+ Th2 cells in the mouse spleens at day +21.  Graphs demonstrate the absolute 

numbers (mean ± SEM) of I) Th1 and J) Th2 cells in the recipient spleens.  Pooled data from 2 

independent experiments, up to 6 mice per experimental arm.  ANOVA (C, D, F, G, I, J).  

*P<.05, **P=.001-.01. 
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Figure 7:  CD83 is a cellular target for human AML.  Histograms show CD83 expression 

among proliferating (A) K562 and (B) Thp-1 cells with MFI noted in the lower right-hand corner 

(FMO = unfilled).  Human CD83 CAR or mock transduced T cells were cocultured with fresh 

K562 or Thp-1 cells at an E/T ratio of 10:1.  C,D) Target cell killing was monitored using the 

xCELLigence RTCA  system.  A representative experiment for each is shown (triplicate means ± 

SEM).  NSG-SGM3 mice were injected with MOLM-13 EGFP/Luciferase+ 1x106 cells.  

Bioluminescence (BLI) was performed (IVIS Systems) on day +9 and then the mice were treated 

with 2.5x106 CD83 CAR T or mock transduced T cells. Mice were then imaged weekly. E) 

Graph shows fold change (mean ± SEM) for average radiance (p/sec/cm 2 /Sr) at 1 weeks post 

injection of CD83 CAR or mock transduced T cells.  F) Representative image shows weekly BLI 

intensities among each mouse per group over 4 weeks.  n=2 independent experiments with 7-8 

mice per experimental arm.  G) Graph shows the expression (mean ± SEM) of CD83 compared 

to CD33 or CD123 among freshly acquired, human CD34+ AML blasts.  H) Representative 

histogram shows CD83 expression among human CD34+ AML blasts (FMO = unfilled).  n=15 

patient samples.  ANOVA (C, D, E, G).  *P<.05, **P=.001-.01, ***P=.0001-.001, and 

****P<.0001. 
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