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ABSTRACT 

NOD-like receptor family pyrin domain-containing 6 (Nlrp6) is an inflammasome related molecule 

expressed in intestinal epithelial and immune cells. While previous work showed that Nlrp6 in host non-

hematopoietic cells exacerbates gastrointestinal acute graft-versus-host disease (aGVHD), its role in 

donor T cells remained unclear. Here we show that donor T cell-intrinsic Nlrp6 exerts a protective effect 

in murine aGVHD models. Mice receiving Nlrp6 deficient (Nlrp6-/-) donor T cells had reduced survival 

and more severe GVHD than those receiving wild-type T cells. Mechanistically, Nlrp6-/- T cells showed 

enhanced proliferation, preferential Th1 differentiation, and upregulation of Th1 cytokines. Enhanced 

phosphorylation of Zap-70 and Erk1/2 indicated hyperactivation of proximal TCR signaling. Despite 

increased aGVHD, graft-versus tumor (GVT) responses preserved in Nlrp6-/- T cells. Clinically, T cells 

from aGVHD patients showed decreased Nlrp6 expression, supporting the relevance of our findings.  

Collectively, these data suggest that Nlrp6 negatively regulates allogeneic donor T cell responses, via 

Zap-70-Erk1/2 signaling, while sparing anti-tumor immunity. We conclude that beneficial effects of Nlrp6 

expression in donor T cells opposes the detrimental Nlrp6 effects in intestinal epithelial cells during 

aGVHD indicating Nlrp6 has cell type-specific and context-dependent antagonistic biological functions 

on controlling aGVHD inflammatory responses.    



4 

INTRODUCTION 

Acute graft-versus-host disease (aGVHD) is a life-threatening complication of allogeneic hematopoietic 

cell transplantation (allo-HCT). Donor T cells are necessary for the development of aGVHD1 but are 

also critical for the graft-versus-tumor (GVT) effect, which can be curative for hematological 

malignancies1. Current immunosuppressive drugs targeting allogeneic T cell activation tend to inhibit 

not only GVHD but also GVT. Therefore, developing therapies that prevent GVHD while preserving 

GVT may improve allo-HCT outcomes. 

The innate immune receptor nucleotide-binding oligomerization domain (NOD)-like receptor family pyrin 

domain-containing 6 (Nlrp6), is widely expressed in bone marrow-derived immune cells2 as well as in 

the intestinal tract3, 4, liver5, kidney6, and nervous system7. The conditioning regimen and aGVHD-

induced tissue injury cause the release of damage-associated molecular patterns (DAMPs) and 

pathogen associated molecular patterns (PAMPs) that are detected by and result in the formation of a 

multiprotein complex termed the inflammasome. Upon recruitment of the adaptor protein apoptosis-

associated speck-like protein (ASC), the inflammasome activates caspase-1 and caspase-11, that in 

turn cleaves the precursors of the inflammatory cytokines IL-18 and IL-1β into their active mature forms. 

Within the intestinal tract, Nlrp6 is expressed in intestinal epithelial cells where it maintains intestinal 

homeostasis by regulating mucus secretion, tissue regeneration and the microbiome. In murine models, 

the intestinal Nlrp6 inflammasome suppresses inflammatory bowel disease, inflammation-related 

colorectal cancer and hepatocellular carcinoma 4, 5, 8. In addition, Nlrp6 regulates bacterial and viral 

infections through both inflammasome-dependent and -independent mechanisms9. In contrast to its 

protective role in inflammation-associated tumorigenesis and colitis, Nlrp6 expression in intestinal 

epithelial cells exacerbates aGVHD10. Furthermore, the Nlrp6 inflammasome is not required for 

baseline colonic inner mucus layer formation or function in Nlrp6-/- mice 11-13. Collectively, these recent 

studies suggest Nlrp6 has inflammasome-dependent and -independent functions that vary according to 

the environmental context.   

Nlrp6 is also expressed in immune cells. In neutrophils, Nlrp6 negatively regulates their recruitment and 

function during Streptococcus pneumoniae infection14. In inflammatory monocytes, it is important for 
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promoting intestinal repair11, and in colorectal cancer it enhances monocytic myeloid-derived 

suppressor cells (MDSCs) thereby increase metastasis13. In CD4+ T cells, Nlrp6 deficiency has been 

reported to decrease T cell survival, increase T cell death, and reduce IFN-γ production of in vitro 

differentiated type 1 helper (Th1) cells in an inflammasome-independent manner15. These data suggest 

that innate and adaptive immune system function is influenced by Nlrp6 via both inflammasome-

dependent and -independent mechanisms. Since the role of Nlrp6 in donor T cells after allo-HCT is 

unknown, we tested the donor T cell-intrinsic effect of Nlrp6 expression in murine models of allo-HCT. 

Surprisingly, we found that Nlrp6-/- donor T cells exacerbate aGVHD whereas we previously found that 

Nlrp6 deficiency in non-hematopoietic host tissues protected against aGVHD10. Mechanistically, we 

found donor T cell intrinsic Nlrp6 deficiency enhanced T cell activation and proliferation after allogeneic 

stimulation that was associated with an augmentation of the Zap-70-Erk1/2 signaling pathway. 

Collectively, our results highlight the cell type-specific, divergent effects of Nlrp6 on aGVHD. 

 

 METHODS 

 Detailed procedures are described in the supplemental methods. 

Mice 

C57BL/6 (B6, H-2b), BALB/c (H-2d), B6D2F1 (H-2b/d) and B10.BR (H-2k) mice were purchased from 

vendors. C3H.sw and B6 background NLRP6 knock-out (B6-Nlrp6-/-) mice were provided by 

collaborators4. All experiments were approved by local institution animal care and use Committees.  

 

In vitro T cell stimulation 

CD90.2+ T cells were stimulated with anti-CD3 (1μg/ml) and -CD28 (1μg/ml) antibodies for various 

amounts of time.  

 

Bone Marrow Transplantation 

BMTs were performed as previously described16, 17. Briefly, donor splenic T cells were enriched and 

bone marrow T cells were depleted by MACS (Miltenyi Biotec). Recipients were irradiated with various 

doses  on day –1 and injected with T cells along with 5×106 T cell-depleted bone marrow (TCD-BM) 

cells from either syngeneic or allogeneic B6-WT or B6-Nlrp6-/- donors on day 018. Survival was recorded 

daily and body weight and systemic aGVHD clinical scores were measured weekly. Histopathological 
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analysis of gastrointestinal (GI) tract which is the primary acute GVHD target organ, was performed on 

day 14 as described previously utilizing a semiquantitative scoring system implemented by two blind 

reviewers19. 

 

Post allo-HCT analysis 

On days 7 and 14, spleens were removed from BMT mice and analyzed for donor T cell functions.  

  

Mixed lymphocyte reaction (MLR) 

Splenic T cells were co-cultured with BMDCs used as stimulators in an MLR.  

 

T cell proliferation assay with BrdU incorporation 

Proliferation was assessed using the CFSE cell division tracker kit and BrdU Flow Kit, following the 

manufacturer’s protocol.  

 

Flow cytometry 

Flow cytometry was performed as previously described10, 20, 21. Both cell surface and intracellular 

staining were performed using appropriate antibodies. TCR signaling kinetics were assessed by 

phospho-flow and Western blotting (Zap-70, pZAp-70, Erk1/2, pErk1/2). The ERK inhibitor FR180204 

was used during stimulation.    

 

Cytokine ELISA 

Serum and culture supernatant levels of TNF and IFN-γ were measured using BD OptEIA (BD 

Biosciences).  

 

T cell differentiation and Treg suppression assay 
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Naïve CD4+ T cells were polarized into Th1, Th2, or Th17 subsets using commercially available kits. 

The Treg suppression assay was performed by co-culturing conventional (CD4+CD25-) and regulatory 

(CD4+CD25+) T cells together with BMDCs.  

 

Western blot analysis 

T cells were lysed in radio-immunoprecipitation assay (RIPA) buffer and total proteins was extracted as 

previously reported18, 22.  

 

In vivo imaging of the GVT effect 

In vivo GVT effect was assessed using the IVIS imaging system.  

 

Cytotoxic T lymphocyte (CTL) assay 

CTL assay was evaluated against target tumor cells and quantified by Annexin V staining.  

 

Spectral flow from human PBMCs 

PBMCs were isolated and stained with multicolor antibody panels. The studies were approved by the 

Institutional Ethics Review Board of the Medical Center of the University of Freiburg, Germany (protocol 

no: 22-1047). Patient characteristics are listed in supplemental Table1.  

 

Statistical analysis 

Data are presented as mean ±SEM. Statistical significance was determined using the Mann–Whitney 

U-test or unpaired T-test. Survival data were analyzed using the Log-rank test.  

RESULTS 

T cell Nlrp6 expression increases early after stimulation.  

We first confirmed Nlrp6 expression in murine T cells, then examined its expression following in vitro T 

cell activation using anti-CD3 and -CD28 antibodies. Following activation, Nlrp6 mRNA expression 

increased within 1-3 hours (Supplemental Figure 1a) and the expression of Nlrp6 in both CD4+ T and 



 8 

CD8+ T cells were increased (Supplemental Figure 1b-d). These data demonstrated the dynamic 

expression of Nlrp6 following T cell activation opening up the possibility that Nlrp6 may be an important 

regulator of T cell responses.   

 

Nlrp6-/- donor T cells exacerbate acute GVHD independent of conditioning-induced DAMPs 

To determine if Nlrp6 regulates allogeneic T cell responses following allo-HCT, we assessed whether T 

cell development was altered in C57BL/6 (B6) Nlrp6-/- mice as compared to B6 wild-type (WT) mice. We 

found that the number of CD8+ T cells as well as CD4+ central memory and CD8 naïve T cell subsets 

in Nlrp6-/- mice were statistically, albeit modestly, less than WT mice (Supplemental Figure 2a-h). 

Thus, T cell development is minimally impacted in Nlrp6-/- mice as published elsewhere15. 

  

We previously showed that Nlrp6 deficiency in non-hematopoietic host tissues protected against 

aGVHD10. Others demonstrated that Nlrp6-/- T cells were less inflammatory and more susceptible to cell 

death15. Thus, we hypothesized that Nlrp6 expression could contribute to aGVHD pathogenesis and 

that Nlrp6-/- donor T cells would ameliorate aGVHD. To test this, recipient BALB/c mice were 

transplanted with either syngeneic BALB/c or allogeneic major histocompatibility complex (MHC) 

mismatched B6 WT bone marrow (BM) supplemented with syngeneic BALB/c, allogeneic B6 WT, or 

allogeneic B6 Nlrp6-/-   donor T cells. Contrary to our hypothesis, the survival of allogeneic recipients 

receiving Nlrp6-/- donor T cells was significantly worse than those receiving WT T cells (Figure 1A). 

Similar results were obtained using an MHC mismatched B6 into B10.BR model (Supplemental Figure 

3) and a haploidentical B6 into B6D2F1 model (Figure 1C). Consistent with acute GVHD driving the 

differences observed in mortality, acute GVHD histopathology scores in the small and large trended 

higher in recipients of Nlrp6-/- T cells (Figure 1E). Because we wanted to confirm whether Nlrp6 in 

donor T cells regulates GVHD severity and mortality independent of environmental factors, we utilized 

the same models as described above but performed these studies at both Yamagata University (Japan) 

and the University of Michigan (USA). We found that aGVHD-related morbidity and mortality were 

worse in allogeneic recipients of Nlrp6-/- T cells at both institutions (Figure 1A-D). These data 

suggested that the ability of Nlrp6 in donor T cells to ameliorate aGVHD was not specific to an 

individual breeding environment.  
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Nlrp6 plays an essential role in the inflammasome-mediated immune response to DAMPs3, 4. To 

determine whether conditioning-related tissue damage was required for less severe aGVHD observed 

following transfer of WT relative to Nlrp6-/- donor T cells, we used a conditioning-free B6 into B6D2F1 

aGVHD model. Similar to the models above that used radiation-based conditioning, we found that 

aGVHD-related mortality in the conditioning-free model was worse in allogeneic recipients of Nlrp6-/- 

donor T cells compared to recipients of WT donor T cells (Figure 1F). Thus, conditioning-related tissue 

damage was not required for the more severe aGVHD induced by allogeneic Nlrp6-/- donor T cells.   

 

T cell expansion and IFN-γ production are increased in allogeneic Nlrp6-/- donor T cells.  

To determine the cellular mechanisms for why B6 Nlrp6-/- donor T cells caused more severe aGVHD, 

we examined the expansion and activation of donor T cells in BALB/c recipients after allo-BMT. In the 

spleen on day 7, CD4+ and CD8+ donor T cell expression of activation (CD69, CD25) and exhaustion 

(Tox, Tim-3) markers were increased, whereas in the spleen on day 14, total and CD4+ donor T cell 

numbers were significantly increased in recipients receiving Nlrp6-/- compared to WT donor T cells 

(Figure 2A-B, Supplemental Figure 4a-e). At both time points, significantly higher numbers of donor 

splenic Nlrp6-/- vs WT CD8+ and CD4+ T cells expressed TOX (Figure 2B) and were IFN-γ-producing 

(Figure 2C). 

These increased CD4+ IFNγ+T cells tend to have high expression of T-bet (Supplemental Figure 4f). 

Therefore, Nlrp6 in activated T cells may regulate Th1 priming. In addition, these CD4+ IFN-γ+ T cells 

also co-expressed high levels of TOX (Figure 2D). Consistent with their propensity for heightened 

activation, early apoptotic (annexin V+ propidium iodide (PI)-) T cells likely indicative of increased 

activation induced cell death, were increased in Nlrp6-/- donor T cells (Figure 2E). These data suggest 

that Nlrp6 regulates allogeneic T cell expansion, apoptosis, and exhaustion early post- allo-BMT. 

Notably, serum TNF-α and regulatory T cells, IL-17A producing CD4+ and CD8+ T cells were 

unaffected (Supplemental Figure 4g-i) as were the inflammasome-associated cytokines IL-1β and IL-

18 (data not shown). We also examined donor T cell expansion in mesenteric lymph nodes and liver 

and found a trend for an increased absolute number of donor T cells in the liver (Figure 2F, 

Supplemental Figure 4j-l). Altogether, these data suggest that Nlrp6 in activated donor T cells 

regulates allogeneic donor T cell expansion, exhaustion, apoptosis, and IFN-γ production while 

inflammasome-related cytokine production remains unchanged. 

 

Nlrp6-/- T cell responses are increased after allogeneic and non-specific TCR stimulation. 
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To determine the cell-intrinsic effect of Nlrp6 in allogenic donor T cells, we measured proliferation and 

cytokine production in mixed lymphocyte reactions (MLR) and following non-specific TCR stimulation 

with anti-CD3 and -CD28 antibodies in vitro. Consistent with increased aGVHD severity and expansion 

of donor allogeneic Nlrp6-/- donor T cells in vivo, thymidine incorporation was increased in Nlrp6-/- T cells 

compared to WT T cells after both in vitro MLR (day 5) and non-specific TCR stimulation (day 1,2) 

(Figure 3A-B). IFN-γ production (days 4,5) and cell division (day 5), indicated by CFSE dilution, were 

also increased in allo-stimulated Nlrp6-/- T cells (Figure 3C-D). Next, we measured DNA synthesis by 

BrdU incorporation and found that following non-specific stimulation BrdU incorporation for the last 16 

hours on day 3 was increased in both CD4+ and CD8+ T cells from Nlrp6-/- T cells (Figure 3E). 

Because Nlrp6 can function as an inflammasome component, we also tested whether caspase 

inhibition altered T cell proliferation in Nlrp6-/- T cells but found no effect (Supplemental figure 5). 

Collectively, these data show that Nlrp6 negatively regulates T cell proliferation, cellular division, DNA 

synthesis, and inflammatory cytokine production following allogeneic or non-specific TCR stimulation.   

 

Nlrp6 regulates allogeneic donor T cell-mediated aGVHD.  

While the number of haploidentical and MHC mismatched HCTs have been increasing in recent years, 

MHC-matched related and unrelated HCTs are still the most common donor types. To determine 

whether Nlrp6 expression in donor T cells ameliorated aGVHD in the absence of any MHC mismatch, 

we used the B6 into C3H.sw MHC-matched, multiple minor histocompatibility antigen mismatched 

murine model of aGVHD. Surprisingly, survival of allogenic recipients of Nlrp6-/- donor T cell was 

equivalent to that of WT T cells (Figure 4A). Apart from differences in MHC and minor histocompatibility 

matching, the B6 into C3H.sw aGVHD model differs from our main MHC mismatched models, B6 into 

BALB/c and B6 into B6D2F1, by primarily being driven by allogeneic CD8+ rather than CD4+ T cells23. 

In CD4+ T cells, Nlrp6 promotes survival, pErk1/2 expression, and Th1 differentiation and cytokine 

production15. However, to our knowledge, its role in CD8+ T cells is unknown. Therefore, we 

hypothesized that Nlrp6 may preferentially drive CD4+ allogeneic T cell responses in which case B6 

Nlrp6-/- T cells would not cause more severe GVHD than WT T cells in the B6 into C3H.sw model that is 

dominated by allogeneic CD8+ T cell effects. To test this hypothesis, purified CD4+ and/or CD8+ T cells 

from B6 WT or Nlrp6-/- donors were transplanted into irradiated C3H.sw recipients. GVHD mortality was 

enhanced only when purified B6-Nlrp6-/- CD4+ but not CD8+ T cells were given (Figure 4B-C). To 

eliminate strain- dependent factors and determine whether Nlrp6 expression negatively regulates CD4+ 

but not CD8+ T cell-mediated aGVHD in an MHC mismatched model, we transplanted purified CD4+ or 

CD8+ T cells from B6 WT and Nlrp6-/- donors into BALB/c recipients. As observed in the CD8+ T cell-
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dominated B6 into C3H.sw GVHD model, the survival of BALB/c recipients receiving B6 Nlrp6-/- donor T 

cells was significantly worse than those receiving B6 WT donor T cells only when CD4+ and not CD8+ 

T cells were transplanted (Figure 4D-E). These data indicated that Nlrp6 expression in donor T cells 

may be beneficial for modulating aGVHD, especially CD4+ T cell-mediated allogeneic responses.  

 

Nlrp6 inhibits in vitro Th1 differentiation.  

Increased Th1 and Th17 polarization of CD4+ allogeneic donor T cells is associated with worse 

aGVHD1. Because only B6 CD4+ Nlrp6-/- T cells enhanced GVHD, we tested whether Nlrp6 regulates 

helper T cell differentiation into Th1, Th2, and Th17 subsets. Consistent with our in vivo data, T-bet 

expression and Th1 in vitro differentiation were enhanced in B6 Nlrp6-/- T cells (Figure 5A). By contrast, 

Th2 and Th17 differentiation were not altered by Nlrp6 (Figure 5B-C). It is possible that Nlrp6 might 

augment CD4+CD25+ regulatory T cell (Tregs) function thereby contributing to the more severe 

aGVHD caused by Nlrp6-/- allogeneic donor T cells. To determine if Nlrp6 could regulate Treg function, 

we performed an in vitro Treg suppression assay and found that Nlrp6-/- Tregs were equally as 

suppressive as WT Tregs (Figure 5D). Altogether, these results indicated that the absence of Nlrp6 

increases Th1 polarization which may contribute to more severe aGVHD caused by Nlrp6-/- CD4+ 

allogenic T cells.  

 

Nlrp6 regulates the Zap-70-Erk pathway. 

To determine the molecular mechanisms underlying Nlrp6 regulation of T cells, we tested whether Nlrp6 

influenced TCR signal transduction pathways. We focused on downstream activation of Zap-70 and Erk 

because they enhance Th1 differentiation24-28. After non-specific TCR stimulation as measured by flow 

cytometry, the expression of unphosphorylated Zap-70 protein at 24 hours decreased more in Nlrp6-/- 

compared to WT CD4+ T cells, suggesting that active phosphorylated Zap-70 (pZap-70) increased in 

Nlrp6-/- compared to WT CD4+ T cells (data not shown). Therefore, we next examined Zap-70 

phosphorylation by western blotting and found that pZAP-70 indeed was enhanced in non-specifically 

activated Nlrp6-/- T cells (Supplemental Figure 6a, c). Erk activation is downstream of Zap-70 in the 

TCR pathway29, and this pathway is enhanced by the absence of Nlrp6 in cells other than T cells7, 30, 31. 

Hence, we examined the phosphorylation of Erk and found that the expression of phosphorylated 

Erk1/2 was increased in Nlrp6-/- CD4+ and CD8+ T cells stimulated for 6 hours with anti-CD3/CD28 

antibodies (Supplemental Figure 6b, d). We also found that Erk phosphorylation two and five minutes 
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after T cell stimulation was enhanced in Nlrp6-/- CD4+ T cells (Figure 6A-B, Supplemental Figure 

6e). These data are consistent with previous work showing that phosphorylation of Erk1/2 is important 

for allogeneic T cell activation in aGVHD32. Importantly, there was no difference in the phosphorylation 

of Lck (Supplemental Figure 7a) in Nlrp6-/- T cells, indicating that Nlrp6 deficiency did not globally alter 

TCR signaling. Since the phosphorylation of Stat3 in T cells is also associated with GVHD32, we 

examined Stat3 phosphorylation and found no difference between WT and Nlrp6-/- T cells 

(Supplemental Figure 7b).  

 

To further test whether the ZAP-70-Erk pathway was necessary for enhanced activation of Nlrp6-/- T 

cells, we treated Nlrp6-/- and WT T cells with an Erk kinase inhibitor. We found that the Erk inhibitor 

reduced Erk signaling in both Nlrp6-/- and WT T cells, however, a significant decrease in CD4+ T cells 

was more consistently observed under in Nlrp6-/- T cells under various conditions, including different 

inhibitor concentrations and at both 2 and 5 minutes after stimulation. (Figure 6C, Supplemental 

Figure 6f-g). Collectively, our results suggested that the dampening of ZAP-70-Erk signaling following 

T cell activation by Nlrp6 is s more pronounced and consistent in CD4+ T cells.  

 

Nlrp6-/- T cells maintain GVT responses. 

Allogeneic T cell-mediated aGVHD and GVT responses are tightly linked1, making it difficult to target 

aGVHD without increasing the risk for relapse. CD8+ cytolytic activity is critical for GVT responses33. 

With this in mind, we were intrigued when CD8+ donor T-cell expansion, activation, and cytokine 

production 7 days after allo-BMT (Figure 2B-D, Supplemental Figure 2b, d-e) as well as proliferation 

after non-specific TCR stimulation (Figure 3E) were increased in Nlrp6-/- T cells, yet Nlrp6 deficiency 

did not affect CD8+ T cell-mediated aGVHD-related mortality (Figure 4C, E). Thus, we hypothesized 

that Nlrp6 would not influence GVT responses. To test this, we determined whether deficiency of Nlrp6 

in allogeneic T cells altered their anti-leukemia activity. For this, we used the B6 into BALB/c model 

described above but added Baf/3-ITD leukemia cells at the time of graft injection. We observed a small 

but statistically significant reduction in photon flux at day 14 in the Nlrp6-/- T cell group, indicating 

enhanced early-phase tumor clearance (Figure 7A, C). However, there was no difference in tumor 

related mortality (TRM) in vitro cytotoxicity, in vitro degranulation, or production of cytotoxic molecules 

(Figure 7B, D, supplemental Figure 8a-c). These data indicated that Nlrp6 mildly restrains early donor 

T cell GVT likely via its effects on the early phase of T cell activation and proliferation. However, Nlrp6 
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had no effect of T cell cytotoxicity and, consistent with this, did not influence global GVT as measured 

by TRM.  

 

NLRP6 expression is decreased in donor T cells from patients with aGVHD. 

To test whether decrease Nlrp6 expression in donor T cells was associated with aGVHD in human 

allogeneic HSCT recipients, we measured its expression in donor T cells from patients with aGVHD 

relative to healthy controls. Patient characteristics are shown in supplemental Table1. Consistent with 

our murine data, Nlrp6 expression was significantly decreased in peripheral blood CD4+ and CD8+ T 

cells from patients with aGVHD (Figure 8A-F, supplemental Figure 9a-f). Thus, decreased donor T 

cell Nlrp6 expression is associated with aGVHD in both humans and mice. 

 

DISCUSSION 

We previously reported that Nlrp6 deficiency in host non-hematopoietic cells ameliorated aGVHD in an 

inflammasome- and gut microbiome- independent manner10. In addition to host tissue-dependent 

factors, donor T cell-dependent factors are also critical for acute GVHD pathogenesis. 2-4, 9, 12, 34-41. 

Based on these observations, and prior to our work here, it was not known whether Nlrp6 in donor T 

cells regulated allo-immune responses. Therefore, we tested the role of Nlrp6 in donor T cells using 

multiple murine models of aGVHD. Based on Nlrp6’s effect in host tissues9, we hypothesized that Nlrp6 

deficiency in donor T cells would reduce aGVHD. To our surprise, we found that Nlrp6-/- T cells 

aggravated aGVHD in MHC mismatched and haploidentical aGVHD models thereby uncovering a 

unique, suppressive role for Nlrp6 in allogeneic T cell responses.  

 

Allogeneic HCT conditioning (e.g., total body irradiation and high dose chemotherapy) causes tissue 

damage leading to the release of PAMPs, such as lipopolysaccharide (LPS), and DAMPs, such as 

HMGB-142. PAMPs and DAMPs activate host- and donor-derived antigen presenting cells (APCs)43-45 , 

which subsequently stimulate donor allogeneic T cells. These stimulated donor T cells proliferate and 

migrate into target organs where they cause tissue damage resulting in clinical signs and symptoms of 

aGVHD1. DAMPs and PAMPs are recognized by the NLRP6 inflammasome, which then regulates 

inflammatory responses3, 4. In addition, DAMPs and PAMPs influence T cell activation and cytokine 

production18, 46. To determine whether conditioning-induced DAMPs and PAMPs contribute to the Nlrp6-

dependent regulation of allogeneic T cells, we utilized the conditioning free B6 into B6D2F1 model. 
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Even in the absence of cytotoxic conditioning, aGVHD was worse in allogeneic recipients of Nlrp6-/- T 

cells. These data suggested that Nlrp6 negatively regulates allogeneic T cells independent of 

conditioning-related induction of DAMPs and PAMPs. However, we can’t exclude the possibility that 

Nlrp6 in T cells may regulate these pathways directly.   

 

Nlrp6 plays an important role in microbiome-dependent intestinal immune responses3, 4. However, Nlrp6 

possesses both proinflammatory and anti-inflammatory abilities depending on cell and environmental 

context 9, 47. To eliminate environment factors, we performed BMT experiments in Japan and the United 

States. We observed similarly worsened aGVHD with allogeneic Nlrp6-/- T cells at both institutions, 

suggesting that Nlrp6 is a cell-intrinsic regulator of allogeneic T cell.  

 

Nlrp6 expression increased early after in vitro nonspecific TCR stimulation agreeing with a previous 

study showing that Nlrp6 expression increased upon Th1 differentiation15, 48. To determine the cell-

intrinsic role of Nlrp6 in allo-stimulated T cells, we assessed proliferation and IFN-γ production in vitro, 

both of which were increased in Nlrp6-/- T cells. We also found that Tox expression early after allo-BMT 

(at day 7 and 14) in donor CD4+ and CD8+ T cells was higher in Nlrp6-/- T cells. These data suggested 

an intrinsic inhibitory role for Nlrp6 on allogeneic T cell proliferation and IFN-γ production.  

 

Nlrp6 has inflammasome-dependent and -independent functions that can be either protective or 

deleterious and vary according to environmental context2-4, 9, 12, 34-40. As such, it is perhaps unsurprising 

that our data on proliferation and IFN-γ production in the context of alloimmunity are contrary to a prior 

study demonstrating that in the context of nonspecific polyclonal activation and an adoptive transfer 

model of colitis that Nlrp6-/- T cells proliferated to a similar extent, produced less IFN-γ, and had 

defective Th1 polarization15. The authors of the prior study concluded that Nlrp6-/- T cells produced 

lower levels of IFN-γ likely due to increased caspase-I activation and cell death, which are downstream 

of inflammasome activation. In our hands, Nlrp6-/- T cell proliferation was increased and unaffected by 

caspase 1 inhibition. The production of the inflammasome-activated cytokines, IL-1β and IL-18 was 

also unaffected by caspase 1 inhibition. However, we did observe increased apoptosis and exhaustion 

in Nlrp6 deficient allogeneic T cells on day 14 after allo-BMT. Therefore, the observed increase in 

proliferation of allogeneic Nlrp6-/- T cells may be a compensatory response to increased cell death, 

rather than reflecting isolated hyper activation. Collectively, the prior study and our data suggest that 
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Nlrp6 regulates T cell activation, IFN-γ production, apoptosis, and exhaustion in both an 

inflammasome-dependent and -independent manner depending on environmental context.   

 

One potential contextual factor driving the discrepancies between our studied and Radulovic et al. may 

be due to pleiotropic effects on Nlrp6 on T cells receiving a nonspecific TCR stimulus (polyclonal 

activation) versus allogeneic stimuli used in our studies. Further studies will need to clarify the 

mechanisms underlying these potential pleiotropic effects, potentially by using Nlrp6R39E&W50E mutant 

mice that enable the distinction between inflammasome-dependent and -independent functions of 

Nlrp641. Despite Nlrp6’s pleiotropic inflammasome-dependent and -independent effects, our in vitro 

results were consistent with our in vivo data where T cell accumulation, activation, and IFN-γ production 

were increased in allogeneic HCT recipients of Nlrp6-/- T cells. Our data are therefore the first to 

demonstrate allogeneic T cell-intrinsic regulation by Nlrp6. In addition, Nlrp6 expression was 

significantly decreased in peripheral blood CD4+ and CD8+ T cells from patients with aGVHD, which is 

consistent with our murine data. Collectively, these data suggested that decreased donor T cell Nlrp6 

expression is associated with aGVHD.  

 

MHC- matched hematopoietic stem grafts remain the most common donor type used clinically. To 

confirm that Nlrp6-/- donor T cells aggravated aGVHD in the absence of any MHC mismatch, we used 

the B6 into C3H.sw model49, 50. Unexpectedly, there was no difference in survival between WT and 

Nlrp6-/- T cell recipients. In comparison to our main MHC mismatched models, the B6 into C3H.sw 

model is primarily driven by CD8+ rather than CD4+ allogeneic T cells. To test whether the dominant 

CD8+ allogeneic T cell responses in the B6 into C3H.sw model were “masking” any CD4+ Nlrp6-

specific effects, we performed transplants using purified CD4+ or CD8+ donor T cells. In both MHC 

matched and mismatched models, aGVHD was aggravated only by CD4+ but not CD8+ Nlrp6-/- donor T 

cells. Thus, Nlrp6 ameliorates allogeneic CD4+ T cell-mediated murine aGVHD. The mechanistic 

reason for Nlrp6’s more prominent regulatory role in CD4+ T cells may relate to its greater effect of a 

Zap-70-Erk pathway downstream of the T cell receptor discussed below, which will require careful 

genetic confirmation in future in vivo studies.   

   

Helper T cells differentiate into subsets including Th1, Th2, Th17, and Tregs. Of these subsets, Th1 and 

Th17 cells primarily aggravate aGVHD whereas Th2 and Treg mainly ameliorate aGVHD1. Because the 



 16

effect on Nlrp6 on murine aGVHD was primarily restricted to CD4+ cells, we determined whether Nlrp6 

regulated CD4+ T cell differentiation. Consistent with our in vivo data, there was a trend towards 

increased Th1 in vitro polarization in Nlrp6-/- T cells whereas there was no effect on Th2 or Th17 

polarization. We also tested whether Nlrp6 influenced regulatory T cell suppressive function in vitro, but 

we did not observe any difference between WT or Nlrp6-/- Tregs. Our data are consistent with another 

report showing no effect of Nlrp6 on Th2, Th17, or Treg differentiation15. However, we observed 

enhanced Th1 differentiation in Nlrp6 deficient T cells whereas another group reported the opposite 

effect15. As discussed above, careful examination of differences in experimental protocols between our 

studies will be required to determine the reason for this discrepancy. Nevertheless, our finding that 

Nlrp6 deficiency augments Th1 priming is consistent with our in vivo data showing enhanced production 

of the Th1 cytokine IFN-γ by Nlrp6-/- allogeneic T cells. Collectively, our data suggest that Nlrp6 may 

partially inhibit Th1 priming rather than polarization, which may lead to protection against acute GVHD.  

 

Allogeneic T cell-mediated aGVHD and GVT responses are tightly linked, but CD8+ T cell cytolytic 

activity is critical for the GVT effect1, 33. Since Nlrp6 did not affect CD8+ T cell-mediated aGVHD-related 

mortality, we also tested if it affected GVT responses. Although CD8+ T cells from Nlrp6-/- mice showed 

greater activation than WT-T cells, surprisingly, tumor related mortality (TRM) and in vitro cytotoxic T 

cell killing were not altered. In addition, degranulation and cytotoxic protein production were not altered 

in CD8+ Nlrp6-/- T cells. However, a statistically significant reduction in photon flux was observed at day 

14 in the Nlrp6-/- group compared with WT, indicating enhanced early tumor clearance. These findings 

are consistent with our in vitro and in vivo GVHD studies, in which Nlrp6-/- T cells demonstrated 

increased expansion and Erk phosphorylation during early T cell activation. However, this early 

advantage may later be counteracted by increased apoptosis and T cell exhaustion observed at later 

time points in allogenic Nlrp6-/- T cells in comparable over GVT measured by TRM at later stages 

following allo-BMT.  

 

TCR signaling pathways are important for aGVHD pathogenesis and are targeted by many anti- 

aGVHD therapies1. With this in mind, we explored molecular mechanisms of Nlrp6-mediated regulation 

of CD4+ allogeneic T cells by determining whether Nlrp6 regulates their TCR signal transduction. We 

found that Nlrp6 negatively regulated a Zap-70/Erk pathway, but its absence did not globally alter TCR 

or cytokine receptor signaling because Lck and Stat3 activation were unaffected. Treatment with an Erk 

inhibitor had a greater and more consistent effect on Erk phosphorylation in both Nlrp6-/- and WT T 
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cells, albeit to a lesser extent in WT T cells. In addition, the inhibitor experiment demonstrates drug 

efficacy, not pathway mediation. These results are consistent with Zap-70 and Erk’s ability to enhance 

Th1 priming and the importance of phosphorylated Erk for allogeneic T cell activation in aGVHD. 

However, precisely how Nlrp6 exclusively regulates Zap-70/Erk signaling more prominently in CD4+ T 

cells is still under investigation.  

 

To confirm our murine findings in human, we measured Nlrp6 expression in T cells from patients with 

aGVHD versus healthy controls. Nlrp6 expression was significantly reduced in peripheral blood CD4+ 

and CD8+ T cells from patients with aGVHD. These results suggest that measuring and longitudinally 

monitoring Nlrp6 expression in T cells may serve as a potential biomarker of donor T cell activation and 

predict GVHD onset or severity. However, further clinical studies with larger patient cohorts will be 

necessary to confirm this.   

 

Chimeric antigen receptor (CAR) T cell therapy is increasingly being used for refractory and relapsed 

acute lymphoblastic leukemia, malignant lymphoma,51 and multiple myeloma52, 53. Current CAR-T cell 

products are all manufactured from autologous T cells; however, it is often not feasible to generate 

autologous CAR-T cells, particularly from heavily pre-treated patients54. Third-party allogeneic CAR-T 

cells may offer an off-the-shelf solution but are limited by their risk for causing aGVHD54. Thus, 

augmenting Nlrp6 expression in allogenic CAR-T cells may be an opportunity to mitigate their GVHD 

potential.    

 

There are several limitations of our study. First, Nlrp6 ligands are not yet defined thereby making it 

difficult to specifically modulate Nlrp6 function. Taurine may be an Nlrp6 activator in epithelial cells37, 

and it enhances anti-tumor CD8+ T cell upon PD-1 blockade55. Nevertheless, it is not known if taurine 

directly regulates Nlrp6 in T cells. Second, it is not clear exactly why and how Nlrp6 regulates the Zap-

70/Erk pathway only in CD4+ T cells. Third, while Nlrp6 expression was reduced in allogeneic T cells of 

patients with aGVHD, the functional impact of this reduced expression in clinical aGVHD is not yet 

established. Finally, it is possible that Nlrp6 has functions not identified here that are important for 

regulating allogeneic T cell function. Identifying these other functions may help avoid any unintended 

consequences of therapeutically targeting Nlrp6.  
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In conclusion, we uncovered a novel cell-intrinsic inhibitory function of Nlrp6 in CD4+ allogeneic T cells. 

Mechanistically, Nlrp6 limited CD4+ T cell activation, in part by inhibiting Zap-70-Erk1/2 signal 

transduction downstream of TCR activation, resulting in reduced GVHD and decreased inflammatory 

Th1 differentiation while maintaining robust GVT responses. Notably, the beneficial effects of Nlrp6 on 

donor T cells oppose its detrimental effects on intestinal epithelial cells during aGVHD indicating that 

Nlrp6 has antagonistic cell type- and context- specific functions in aGVHD. Therefore, ex vivo 

augmentation of Nlrp6 in donor T cells or selectively augmenting it in T cells in vivo might be useful for 

reducing aGVHD while preserving GVT.    
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Figure legends 

 

Figure 1. Nlrp6-/- donor T cells exacerbate acute GVHD in MHC mismatched and haploidentical 

BMT models.  

A-B, BALB/c recipients received 7 Gy (A) or 8.5 Gy (B) total body irradiation (TBI) on day −1 and were 

transplanted with 1×106 CD90.2+ syngeneic BALB/c or allogeneic major histocompatibility (MHC)-

mismatched B6 WT or Nlrp6-/- splenic T cells along with 5×106 WT syngeneic or allogeneic T cell-

depleted bone marrow (TCD-BM) cells. n=4-24 per group. Data are pooled from 2-3 experiments. C-D, 

B6D2F1 recipients received 11 Gy TBI on day −1 and were transplanted with 3.5×106 CD90.2+ 

syngeneic B6D2F1 or allogeneic MHC-haplotype mismatched B6 WT or Nlrp6-/- splenic T cells along 

with 5×106 WT syngeneic or allogeneic TCD-BM cells. n=7-17 per group. Data are pooled from 3 

experiments. Survivals is shown in each panel. BMTs were performed in Yamagata, Japan (A, C) or 

Michigan, USA (B, D). E, Representative histopathological images of the small bowel (top panels) and 

large bowel (bottom panels) 14 days after BMT in the model described in Figure 1 A are shown on the 

left side of panel E. Histopathological GVHD scores for the small and large bowel are shown on the 

right side of panel E (n=22-30 per group). Data are pooled from 7 experiments. F, Overall survival is 

shown of non-irradiated B6D2F1 animals that received 50×106 splenocytes from either syngeneic 

B6D2F1 or allogeneic MHC-haploidentical B6 WT Nlrp6-/- donors. n=3-11 per group. Data are pooled 

from 3 independent experiments. Statistical significance was analyzed using the Log-rank test (A-D, F) 

and a two-tailed Mann-Whitney U-test (E). * p<0.05, ** p<0.01. 

 

Figure 2. Expansion, activation, and IFN-γ production are increased in Nlrp6-/- donor T cells 

following MHC-mismatched BMT.  

A-F, BALB/c animals received 7 Gy TBI on day −1 and were transplanted with 0.5×106 CD90.2+ 

splenic T cells along with 5×106 TCD-BM cells from allogeneic MHC-mismatched B6 WT or Nlrp6-/- 

donors. Donor T cells in the spleen of recipient mice were analyzed on day 7 or day 14 after BMT. The 

numbers of allogeneic donor T cells (H-2Kb+) are shown in A. (B) The number of donor CD4+ (left 

panels) and CD8+ (right panels) T cells expressing Tox are shown. (C) The number of donor CD4+ (left 

panels) and CD8+ (right panels) T cells expressing IFN-γ are shown. (D) The number of donor CD4+ 

(left panels) and CD8+ (right panels) T cells expressing IFN-γ and TOX are shown. (E) The number of 

donor CD4+ (left panels) and CD8+ (right panels) early apoptotic T cells are shown. (F) The number of 
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whole T cells (left panel), CD4+ T cells (center panel), and CD8+ T cells (right panel) in the liver are 

shown. N=4-10 per group. Data are pooled from 2-3 independent experiments (A-F). Statistical 

significance was analyzed using a two-tailed Mann-Whitney U-test (A-F). *p<0.05, ** p<0.01. Data are 

shown as the mean ± SEM. All sample numbers are shown in the figure. 

 

Figure 3. Proliferation, IFN-γ secretion, and DNA synthesis are increased in allogeneic and 

nonspecific TCR-stimulated Nlrp6-/- T cells.  

A, C-D, An in vitro, mixed lymphocyte reaction (MLR) was performed using splenic CD90.2+ T cells 

from either B6 WT or Nlrp6-/- mice that were co-cultured for 96 or 120 hours with BMDCs (A and C) or 

splenocytes (D) derived from allogeneic BALB/c mice. Proliferating T cells were measured by 3H-

thymidine incorporation (CPM, count per minutes) during the last 16 hours of incubation (n=4) (A). IFN-

γ secretion from T cells was measured by ELISA (n=4) (C). T cells were labeled with CFSE and 

analyzed by flow cytometry (n=3-5) (D). B, E, Proliferation of in vitro, non-specific TCR stimulated (anti-

CD3/28 antibodies) B6 WT and Nlrp6-/- T cells was measured following 3H-thymidine incorporation 

during the last 16 h of incubation (n=4) (B) or flow cytometric analysis of BrdU incorporation in CD4+ or 

CD8+ T cells at 72 hours after stimulation (E) (n=5). Statistical significance was determined using a 

two-tailed Mann-Whitney U-test (A-E).  *p<0.05, **p<0.01, ***p<0.001. Data are shown as the mean ± 

SEM. 

 

Figure 4. NLRP6 regulates allogeneic CD4+ T cell mediated murine acute GVHD.  

A, C3H.sw mice received 10.5 Gy TBI on day −1 and were transplanted with 1×106 CD90.2+ syngeneic 

C3H.sw or allogeneic minor histocompatibility antigens (miHAs)-mismatched B6 WT or Nlrp6-/- splenic T 

cells along with either 5×106 WT syngeneic or allogenic TCD-BM cells. n=6-10 per group. Data are 

pooled from 2 independent experiments. B-C, C3H.sw animals received 10.5 Gy TBI on day −1 and 

were transplanted with 0.5×106 CD4+ (B) or CD8+ (C) splenic T cells from either miHAs-mismatched 

B6 WT or Nlrp6-/- donors along with 5×106 TCD-BM cells from B6 WT mice. n=9-20 per group. Data are 

pooled from 2-4 independent experiments. D-E, BALB/c animals received 7 Gy TBI on day −1 and were 

transplanted with 0.5×106 CD4+ (D) or CD8+ (E) splenic T cells from either MHC-mismatched B6 WT or 

Nlrp6-/- donors along with 5×106 TCD-BM cells from B6-WT mice. n=10 per group. Data are pooled from 

2 independent experiments. Survival is shown in each panel. Statistical significance was analyzed 

using a Log-rank test (A-E). *p<0.05, **p<0.01. 
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Figure 5. Th1 in vitro differentiation was enhanced in Nlrp6-/- CD4+ T cells.  

A-C, CD4+ T cells from either B6 WT or Nlrp6-/- animals were cultured under Th1, Th2, or Th17 

polarizing conditions for 5 or 6 days. Th1 differentiation indicated by the percentage of T-bet+ (left) or 

IFN-γ+ (right) cells is shown (n=5) (A). Th2 differentiation indicated by the percentage of GATA-3+ (left) 

or IL-4+ (right) cells is shown (n=3-4) (B). Th17 differentiation indicated by the percentage of RORγt+ 

(left) or IL-17A+ (right) cells is shown (n=6) (C). Statistical significance was determined using a two-

tailed Mann-Whitney U-test (A-C). *p<0.05. Data are shown as the mean ± SEM. D, A Treg suppression 

assay was performed using BMDCs from BALB/c mice as stimulators that were co-cultured with 

effector T cells (CD4+CD25-) and Tregs (CD4+CD25+) from either B6 WT or Nlrp6-/- mice at different 

ratios. T cell proliferation was measured following 3H-thymidine incorporation during the last 16 hours of 

incubation. Data are representative of 4 independent experiments. 

 

Figure 6. Zap-70 and Erk activation are enhanced in Nlrp6-/- CD4+ T cells.   

A-B, T cells from either B6 WT or Nlrp6-/- mice were stimulated with anti-CD3/28 antibodies for 2-5 

minutes. Phosphorylated Erk1/2 was then measured by flow cytometry (n=4). (A) Representative 

histograms of unstimulated (grey) and 2 minutes after stimulation (blue or red) are shown. (B) 

Percentage of pErk1/2+ cells in CD4+ (left) or CD8+ (right) cells are shown (n=6). Statistical 

significance was determined using a two-tailed Mann-Whitney U-test. *p<0.05, **p<0.01. Data are 

shown as the mean ± SEM. C, T cells from either B6 WT or Nlrp6-/- mice were stimulated with anti-

CD3/28 antibodies for 2 minutes in the presence of an Erk kinase inhibitor (FR180204, 20 μM). 

Phosphorylated Erk1/2 was then measured by flow cytometry. Representative histograms of control 

(grey) and 2 minutes after stimulation (blue or red) are shown (left panel). Percentage of pErk1/2+ cells 

in CD4+ or CD8+ cells are shown (n=4, right panel). Statistical significance was determined using a 

two-tailed Mann-Whitney U-test (C). *p<0.05. Data are shown as the mean ± SEM. 

Figure 7. GVT responses of Nlrp6-/- and WT T cells to Baf/3-ITD leukemia cells were equivalent. 

A-C, BALB/c recipients received 7 Gy TBI on day -1 and were transplanted with 0.5×106 CD90.2+ 

splenic T cells from either syngeneic BALB/c or allogeneic MHC-mismatched B6 WT or Nlrp6-/- donors 

along with 5×106 WT syngeneic or allogeneic TCD-BM cells. Five hundred syngeneic Baf/3-ITD 

leukemia cells were co-infused with the graft. Leukemia cell growth was monitored using an In Vivo 

Imaging Systems (IVIS) on day 14 or 21 after allo BMT. Representative data from 1 of 3 experiments 
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are shown in A. Leukemia-related mortality is shown in B. Total ROI (photons/second) signal on post-

transplantation day 14 or 21 is shown in C. n=8-9 per group. Data are pooled from 3 independent 

experiments. D, A CTL assay was performed using bulk MLR-activated T cells from B6 WT or Nlrp6-/- 

mice co-cultured with Baf/3-ITD leukemia cells at a ratio of 1:10-1:40 for 4 hours. The percentage of 

Annexin V+ leukemia cells was measured by flow cytometry and is depicted in D (n=3). Statistical 

significance was analyzed using a Log-rank test for panel B and a two-tailed Mann-Whitney U-test for 

panel C. The functions of WT B6 versus Nlrp6-/- T cells were analyzed with the two-tailed Mann-Whitney 

U-test (D). *p<0.05, **p<0.01, ***p<0.001. Data are shown as the mean ± SEM.  

 

Figure 8. NLRP6 expression is reduced in T cells of aGVHD patients. 

PBMCs of healthy donors (n=13) and aGVHD patients (n=8) were analyzed by spectral flow. MFI of 

NLRP6 was evaluated on multiple T cell subsets. Normality was assessed using the Shapiro-Wilk test. 

Statistical significance was analyzed using a two-tailed unpaired T-test (A-B, D-F) or two-tailed 

unpaired T-test with Welch correction (C). *p<0.05.  Data are shown as the mean ± SEM. All sample 

numbers are shown in the figure. 

 

 



















Supplemental MATERIALS and METHODS 

Mice 
C57BL/6 (B6, H-2b) mice were purchased from the Jackson Laboratory (Bar Harbor, ME, USA) 

and CLEA Japan, Inc. (Tokyo, Japan). BALB/c (H-2d) mice were purchased from Charles River 

Laboratories (Wilmington, MA, USA) and CLEA Japan, Inc. (Tokyo, Japan). B6D2F1 (H-2b/d) mice 

were purchased from the Jackson Laboratory (Bar Harbor, ME, USA) and Japan SLC, Inc. 

(Hamamatsu, Japan). B10.BR (H-2k) were purchased from the Jackson Laboratory (Bar Harbor, 

ME, USA). C3H.sw mice were provided by Mie University, and were bred in our facility. B6 

background NLRP6 knock-out (B6-Nlrp6-/-) mice were provided by Dr. Chen GY1, the University 

of Michigan, USA, and were bred in our facility. All age-matched female mice (10-16 weeks old) 

were used for experiments. All animals were cared for according to regulations reviewed and 

approved by the University Committee on Use and Care of Animals of the University of Yamagata 

or University of Michigan, based on the University Laboratory Animal Medicine guidelines. The 

investigation was conducted in accordance with the Guide for the Care and Use of Laboratory 

Animals published by the US National Institutes of Health. 

 

RNA extraction and quantitative polymerase chain reaction (PCR) 
Total RNA was isolated from stimulated CD90.2+ cells using TRIzol® Reagent (Invitrogen). cDNA 

was synthesized from 1μg of total RNA using PrimeScript™ RT reagent Kit (TaKaRa Bio Inc, 

Shiga, Japan) and subjected to quantitative PCR with TB Green® Premix Ex Taq™ II (TaKaRa 

Bio) on a 7500 Real Time PCR System (Applied Biosystems, Waltham, MA, USA). All reactions 

were run in triplicate. Samples were normalized to the expression of Gapdh. Relative transcript 

expression of a gene is given as 2−ΔCT (ΔCT = CT target − Ct reference), and relative changes compared 

with control are 2−ΔΔCT values (ΔΔCT = ΔCT treated − ΔCT control). Sequences of Nlrp6 primers are 

forward:5’- CCAGGTGAAGACACTCAGGA-3’ and reverse: 5’- TGAGGGTCTTTAGGGAGCATT-

3’1. 

 

In vitro T cell stimulation 
Mice CD90.2+ T cells were stimulated at each time point with purified anti-CD3 (1μg/ml; clone 

145-2C11, eBioscience, San Diego, CA, USA or Biolegend) and CD28 (1μg/ml; clone 37.51, 

eBioscience or Biolegend) antibodies. Cells were cultured at 37°C under 5% CO2 in RPMI 1640 

supplemented with 10% fetal calf serum, 1mM sodium pyruvate, 10mM HEPES (4-[2-

hydroxyethyl]-1-piperazine-ethanesulfonic acid), 2mM L-glutamine, 10mM HEPES, 1% non-

essential amino acids, 100IU/ml penicillin, and 100μg/ml streptomycin (Gibco, Billings, MT, USA). 



 

Bone Marrow Transplantation 
BMTs were performed as previously described2, 3. Briefly, splenic T cells from donors were 

enriched, and the bone marrow was depleted of T cells by autoMACS (Miltenyi Biotec) utilizing 

CD90.2 microbeads (Miltenyi Biotec). We used well-established BMT models. BALB/c, B10.BR, 

B6D2F1, and C3H.sw animals were used as recipients and received either 8.5 Gy (137Cs source, 

BALB/c and B10.BR), 7 Gy (X-ray, BALB/c), 11 Gy (137Cs source or X-ray, B6D2F1), or 10.5 Gy 

(X-ray, C3H.sw) on day –1, and 0.5×106 (B6→B10.BR), 1×106 (B6→BALB/c and B6→C3H.sw), 

and 3.5×106 (B6→B6D2F1) CD90.2+ T cells along with 5×106 T cell-depleted bone marrow (TCD-

BM) cells from either syngeneic or allogeneic B6-WT or B6-Nlrp6-/- donors on day 0.  

BMTs using purified CD4+ or CD8+ T cells were performed in a same manner. BALB/c and 

C3H.sw animals were used as recipients and received either 7 Gy (X-ray, BALB/c) or 10.5 Gy (X-

ray, C3H.sw) on day –1, and 0.5×106 (B6→BALB/c) and 1-2×106 (B6→C3H.sw) CD4+ or CD8+ T 

cells along with 5 × 106 T cell-depleted bone marrow (TCD-BM) cells from allogeneic B6-WT or 

B6-Nlrp6-/- donors on day 0. 

Non-irradiated B6D2F1 animals received 50 × 106 splenocytes from either syngeneic or allogeneic 

B6-WT or B6-Nlrp6-/- animals4.  

 

Systemic analysis of GVHD. 
We monitored survival after allo-HCT daily and assessed the degree of clinical GVHD (body 

weight loss, posture, mobility, skin, and fur) weekly as described previously5. The investigators 

were not blinded to allocation during experiments and outcome assessment.  

 
Histopathological analysis of GVHD target organs 
GVHD target organs were harvested from recipient mice after allo-BMT, fixed in formalin, 

embedded in paraffin, sectioned, and stained with hematoxylin and eosin. Histopathological 

GVHD severity in the gastrointestinal tract was assessed using a semiquantitative scoring system. 
Two independent reviewers evaluated tissue sections in a blinded manner, and the average score 

was used for analysis. 

 

Post allo-HCT analysis. 
BALB/c animals were used as recipients and received irradiation 7Gy (X-ray) on day –1, and 

0.5×106 CD90.2+ T cells along with 5×106 TCD-BM cells from either syngeneic or allogeneic B6-

WT or B6-Nlrp6-/- donors on day 0. On days 7 and 14, spleens were removed from BMT mice and 



analyzed for donor T cell functions (activation and exhaustion markers). In addition, to measure 

the production of inflammatory cytokine, splenocytes were stimulated with Cell Stimulation 

Cocktail (1×) (eBioscience) for 4 hours.  

 

Isolation of liver leukocytes. 
 Livers were harvested from recipient mice after allo-BMT, minced, and mechanically dissociated. 

The cell suspension was passed through a cell strainer and washed with CMF-PBS containing 

5% FBS and 2 mM EDTA. Red blood cells were lysed when necessary, and the recovered cells 

were stained for flow cytometric analysis. 

 

Bone marrow-derived dendritic cell (BMDC) cultures. 
To obtain BMDCs, bone marrow cells from BALB/c mice were cultured with murine recombinant 

granulocyte-macrophage colony-stimulating factor (20 ng ml−1; PeproTech) for 7 days. BMDCs 

were isolated by autoMACS (Miltenyi Biotec) utilizing CD11c microbeads (Miltenyi Biotec). They 

were then utilized as stimulators for mixed lymphocyte reaction (MLR). 

 

Mixed lymphocyte reaction (MLR). 
Splenic T cells from B6-WT or B6-Nlrp6-/- animals were magnetically separated by MACS using 

CD90.2 microbeads and used as responders. BMDCs from BALB/c animals were used as 

stimulators in a mixed lymphocyte reaction. T cells (1×105 per well) and irradiated (20 Gy) BMDCs 

(2.5×103 per well) were co-cultured on 96-well U-bottom plates for 96 or 120 hours. The 

incorporation of 3H-thymidine (1 μCi per well, PerkinElmer) by proliferating T cells during the final 

16 hours of co-culture was measured by a Top Count plate reader (Perkin Elmer). When using 

splenocytes as stimulators, T cells stained with CFSE (4 ×105 per well) were cocultured with 

irradiated (20 Gy) red blood cell-lysed splenocytes (1×105 per well) in 96-well flat-bottom plates 

for 96 or 120 hours.  

 

CFSE staining. 
T cell proliferation was determined with CFSE Cell Division Tracker Kit (BioLegend). Briefly, 2×106 

cells/ml in PBS with 0.1% BSA (Sigma-Aldrich) were incubated at 37 ̊C for 20 minutes in a CFSE 

final concentration of 1 μM, washed two times in RPMI 1640 medium, and placed in cultures. 
 

T cell proliferation assay with BrdU incorporation. 



We used the BrdU Flow Kit (BD Biosciences) according to the manufacturer’s protocol. CD90.2+ 

T cells from B6-WT or B6-Nlrp6-/- animals were resuspended in RPMI 1640 medium with 10 μM 

BrdU, and placed in 48 well flat-bottom plates (5×105 per well). T cells were incubated for 72 

hours after non-specific TCR stimulation. Collected T cells were then stained with surface 

antibodies, fixed, and permeabilized. Next, T cells were treated with DNase to expose BrdU 

epitopes, and stained with FITC-conjugated BrdU for 20 minutes at room temperature. 

 

Flow cytometry. 
Flow cytometry was performed as previously described6-8. Briefly, to analyze T cell surface 

antigen, splenocytes from transplanted animals or T cells after stimulation in vitro were 

resuspended in 2% fetal bovine serum (FBS, Sigma-Aldrich) in PBS and stained with conjugated 

monoclonal antibodies (mAbs). The following mAbs were used for surface antigen staining; H2-

Kb (FITC: clone AF6-88.5, BioLegend / APC: clone AF6-88.5.5.3, eBioscience, 1:200), CD4 

(FITC: clone GK1.5, BioLegend / APC: clone GK1.5, BioLegend / APC-Cy7: clone GK1.5, 

BioLegend / Pacific Blue: clone GK1.5, BioLegend, 1:200), CD8a (APC: clone 53-6.7, BioLegend 

/ APC-Cy7: clone 53-6.7, BioLegend / Pacific Blue: clone 53-6.7, BioLegend, 1:200), CD25 (APC: 

clone PC61, BioLegend, 1:200), CD44 (APC: clone IM7, BioLegend, 1:200), CD62L (PE: clone 

MEL-14, BioLegend, 1:200), CD69 (PE: clone H1.2F3, BioLegend, 1:200), CD107a (LAMP-1) 

(PE: clone 1D4B, BioLegend, 1:200), and CD366 (Tim-3) (APC: clone RMT3-23, BioLegend, 

1:200).  

 

For intracellular staining of cytokines, cytotoxic granules, and transcription factors, cells were 

stimulated with Phorbol 12-myristate 13-acetate (PMA)/ inonocmysin for 5 hours and then 

permeabilized with Permeabilization wash buffer (1×) (BioLegend) after surface staining and 

fixation accoring to the manufacture’s protocol. Alternatively, the Foxp3/Transcription Factor 

Staining Buffer Set (eBioscience) was used according to the manufacture’s protocol. The 

following mAbs were used for staining; FoxP3 (PE: clone MF-14, BioLegend, 1:100), TOX (PE: 

clone TXRX10, eBioscience, 1:100). IFN-γ (PE: clone XMG1.2, BioLegend, 1:100), T-bet (PE: 

clone 4B10, eBioscience, 1:100), IL-4 (APC: clone 11B11, eBioscience, 1:100), RORγt (PE: clone 

B2D, eBioscience, 1:100), IL-17A (APC: clone TC11-18H10.1, BioLegend, 1:100), Granzyme B 

(PE: clone QA16A02, BioLegend, 1:200), and Perforin (APC: clone S16009B, BioLegend, 1:200).  

 



For intracellular staining to detect T cell receptor signaling molecules, T cells were immediately 

fixed, washed twice with Permeabilization wash buffer (1×), and stained with NLRP6 (PE: clone 

920631, IC9145P, R & D systems, 1:50).  

 

For intracellular staining to detect phosphorylated signaling molecules, T cells were immediately 

fixed and permeabilized with BD PhosFlow (BD Bioscience) according to the manufacturer’s 

protocol. The following mAbs were used: pErk1/2 (Alexa fluor® 488: clone 20A, BD Bioscience, 

1:100), pLck (PE: clone 4/LCK-Y505, BD Bioscience, 1:100), and pSTAT-3 (APC: clone 

LUVNKLA, eBioscience, 1:100).  

 

For staining early apoptotic cells, T cells were treated with 1x Annexin V Binding Buffer (BD 

Bioscience) according to the manufacturer’s protocol. T cells were stained with Annexin V (APC, 

BioLegend, 1:100) and Propidium Iodide (PI) (BioLegend, 1:100).  

 

Flow samples were run on a FACS Canto Ⅱ or FACS Melody cell sorter (Becton, Dickinson and 

Company) and analyzed using FlowJo v10.8.1. 

 

Cytokine ELISA. 
Concentrations of TNF and IFN-γ were measured from serum or cell culture supernatant by ELISA 

with specific anti-mouse mAbs for capture and detection using BD OptEIA (BD Biosciences). 

Assays were performed according to the manufacturer’s protocol and read at 450 nm using a 

microplate reader (Model xMarkTM or 3550; Bio-Rad Labs). All samples and standards were run 

in duplicate. 

 

T cell differentiation assay. 
Naïve CD4+ T cells from B6-WT or B6-Nlrp6-/- animals were magnetically separated using CD4 

microbeads (Miltenyi Biotec) and resuspended in RPMI 1640 medium. Th1 cells were 

differentiated using CellXVivo Mouse Th1 Cell Differentiation Kit (CDK018, R&D systems). Naïve 

CD4+ T cells were resuspended in Differentiation Media and placed in 48 well flat- bottom plates 

(4×105 per well) with anti-CD3 Ab (2 μg/ml). Cells were incubated for 3 days, and transferred to a 

new plate adding fresh Differentiation Media. Th1 cells were harvested on day 6. Th2 cells were 

differentiated using ImmunoCult™ Mouse Th2 Differentiation Supplement (STEMCELL). Naïve 

CD4+ T cells were resuspended in Differentiation Media and placed in 48 well flat-bottom plates 

(1.5×105 per well) with anti-CD3 Ab (1 μg/ml) and anti-CD28 Ab (0.5 μg/ml). On day 2 and 4, cells 



were transferred to new plates and incubated with fresh medium. Th2 cells were harvested on 

day 6. Th17 cells were differentiated using CellXVivo Mouse Th17 Cell Differentiation Kit 

(CDK017, R & D systems). Naïve CD4+ T cells (3× 105 per well) were placed in 48 well flat-bottom 

plates with anti-CD3 Ab (2 μg/ml) and incubated. On day 3, the fresh differentiation medium was 

added. Th17 cells were harvested on day 5. Differentiated cells were stimulated with Cell 

Stimulation Cocktail (1×) (eBioscience) for 4 (Th1 and Th2) or 6 (Th17) hours and analyzed for 

cytokines and transcription factors. 

 

Treg suppression assay. 
CD4+CD25- and CD4+CD25+ T cells were isolated from the spleen of WT-B6 or B6-Nlrp6-/- 

animals using CD4+CD25+ Regulatory T Cell Isolation Kit (Miltenyi Biotec) and the autoMACS 

according to the manufacturer’s protocol. CD4+CD25+ T cells were serially diluted from 2×104 to 

2,500 cells/well and incubated with 2×104 CD4+CD25- T cells and 5×103 irradiated BALB/c-

derived BMDCs for 120 hours. The incorporation of 3H-thymidine (1 μCi/well) by proliferating cells 

was measured during the last 18 hours of culture. 

 

T-cell signaling assay. 
To measure early changes in TCR pathway signaling components, T cells from B6-WT or B6-

Nlrp6-/- mice were suspended in RPMI 1640 medium at 5×106 cells/ml and pre-treated with anti-

CD3 Ab (10 μg/ml) and anti-CD28 Ab (5 μg/ml) on ice. Stimulation was started by transferring the 

cells to a 37 °C water bath for 15 minutes9. To measure late changes in signaling, T cells were 

suspended in RPMI 1640 medium at 1×106 cells/ml and incubated in 48 well flat-bottom plates 

(1×106 per well) with anti-CD3 Ab (2 μg/ml) and anti-CD28 Ab (1 μg/ml) at 37°C under 5% CO2 

for the times indicated in the figure legends.   

 

Erk inhibitor treatment. 
T cells from B6-WT or B6-Nlrp6-/- mice were stimulated with anti-CD3/CD28 antibodies in the 

presence or absence of the Erk inhibitor. First, 25 mg of FK180204 (Sigma-Aldrich, SML0230-

25MG) was dissolved in 7.3673 mL of DMSO to prepare a 10 mM solution. Next, the required 

volume of 10% RPMI was added to the 10 mM FK180204 to prepare 1 mM and 2 mM FK180204 

solutions. 1 mM and 2 mM FK180204 solutions were then added to 100 μL of the T cell solution 

to adjust the drug concentrations in the respective cell solutions to 10 μM and 20 μM. Each DMSO 

control sample was adjusted to contain the same amount and concentration of DMSO. After 

adding the CD3/28 antibody, the cells were incubated at 37°C for 2 and 5 minutes. 



 

Caspase inhibitor treatment.  
 To examine the effect of caspase inhibition on T cell proliferation and TCR-induced Erk1/2 

activation, purified CD90.2+ T cells from B6-WT or B6-Nlrp6-/- mice were treated with Ac-YVAD-

cmk (Sigma-Aldrich, SML0429) at a final concentration of 20 μM or with an equivalent 

concentration of DMSO as a vehicle control. For CFSE-based proliferation assays, CFSE-labeled 

T cells were seeded at 2×105 cells in 100 μL per well and stimulated with anti-CD3 antibody (4 

μg/mL) and anti-CD28 antibody (2 μg/mL) in the presence of Ac-YVAD-cmk or DMSO. CFSE 

dilution was assessed by flow cytometry after 72 hours of culture. 

 

Western blot analysis. 
T cells were lysed in radio-immunoprecipitation assay (RIPA) buffer and total proteins were 

extracted as previously reported4, 10. Equal masses of protein were subjected to 10% sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride 

membranes. Membranes were blocked with 20 mM Tris-HCl, pH 7.4, containing 150 mM NaCl, 

0.1% Tween (TBS-T) and 5% milk or 5% bovine serum albumin (BSA). The membranes were 

probed overnight at 4 ̊C with the following primary antibodies: Zap-70 (clone 99F2, Cell Signaling 

Technology, 1:1000), Phospho-Zap-70 (Tyr319) / Syk (Tyr352) (clone 65E4, Cell Signaling 

Technology, 1:1000), p44/42 MAPK (Erk1/2) (clone 137F5, Cell Signaling Technology, 1:5000), 

Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (clone 197G2, Cell Signaling Technology, 

1:1000), and β-tubulin (Cell Signaling Technology, 1:3000). After incubation with horseradish 

peroxidase-conjugated secondary antibodies diluted in TBS-T containing 5% milk or 5% BSA, 

immunoreactive bands were detected using Clarity Max Western ECL Substrate (Bio-Rad 

Laboratories). Images were captured using the Light Capture II system and analyzed using CS 

Analyzer ver 3.0 software (ATTO, Tokyo, Japan). Protein expression levels were normalized to 

β-tubulin. 

 
In vivo imaging of the GVT effect. 
MHC-mismatched BMT (B6 into BALB/c) was performed as described above except luciferase-

transfected Baf/3-ITD tumor cells (500 cells per mouse, provided by Dr. Zeiser, University of 

Freiburg, Germany) were co-injected. The recipient mice were anesthetized and placed in the 

dark chamber for image acquisition on days 14 and 21. The tumor cells were imaged by IVIS® 

Lumina III imaging system (Perkin Elmer). Before imaging, 150 mg/kg of D-luciferin potassium 

salt solution was intraperitoneally injected into each mouse. After 10 minutes, the mice were 



anesthetized with isoflurane and imaged using the IVIS® Lumina III imaging system for 60 

seconds. 

 

Cytotoxic T lymphocyte (CTL) assay. 
Effector splenic T cells from B6-WT or B6-Nlrp6-/- animals were activated by co-culturing them 

with irradiated (20 Gy) red blood cell-lysed splenocytes from BALB/c mice at a ratio of 5:2 

(effector : responder) for 5 days. Activated effector T cells (1×105, 2×105, or 4×105 per well) and 

target cells (luciferase-transfected Baf/3-ITD tumor cells) (1×104 per well) were co-cultured on 96-

well U-bottom plates at 37°C under 5% CO2 for 4 hours. Cells were then washed with Annexin V 

binding buffer (BD Bioscience) and stained with Annexin V (APC: BioLegend, 1:100) for 15 min 

at room temperature in the dark. Cells were washed, resuspended in Annexin V binding buffer, 

and immediately analyzed by flow cytometry. 

 

Spectral flow from human PBMCs. 
PBMCs were isolated on the same day as peripheral blood draw using SepMate (Stemcell) 

according to the manufactures protocol and frozen in 10 % DMSO in FCS. All samples were 

stained and analyzed in parallel. Viability was analyzed with the Zombie NIR fixable dye. Fc 

receptors were blocked with anti-human CD16/CD32 (BioLegend) for 15 min at 4 °C, followed by 

surface staining with fluorochrome-conjugated antibodies for 20 min at 4 °C.  

 

The following ABs were used for surface antigen staining; TIGIT (BUV395: clone 741182, BD 

1:40), CD25 (BUV563: clone 2A3, BD 1:50), PD1 (BUV615, clone 612991, BD 1:66), CD3 (Pacific 

Blue, clone: UCHT1, BioLegend 1:250), CD8 (Spark Blue 550, clone SK1, BioLegend 1:400), 

CD4 (Spark Blue 547, clone SK3, BioLegend 1:100) CD45 (PerCP, clone: 30-F11, BioLegend 

1:100), CD69 (Spark NIR 685, clone FN50 1:40), and Tim-3 (BB700, clone: 344823, BD 1:200). 

 

Cells were fixed and permeabilized for 30 min at 4 °C using the Transcription Factor Staining 

Buffer Set (eBioscience) for staining of cytoplasmatic proteins and intranuclear proteins. 

Intracellular markers were stained with fluorochrome-conjugated antibodies for 30 min at room 

temperature. The following ABs were used for intracellular staining: FoxP3 (Pe-Cy5.5, clone: 

236A/E7, BD 1:50), TOX (APC, clone: REA473, Miltenyi 1:50), T-bet (BV711, clone:4B10, 

BioLegend 1:40), NLRP6 (AF488, clone: 920631, R&D 1:50). 

All data were acquired on a SONY full Spectral Analyzer ID 7000 and analyzed with FlowJo v10 

(BD). 



 

We obtained written informed consent from all patients prior to analyses. The studies were 

conducted in accordance with the ethical guidelines of the Declaration of Helsinki and were 

approved by the Institutional Ethics Review Board of the Medical center, University of Freiburg, 

Germany (protocol no: 22-1047). Patient characteristics are listed in Table 1.  

 

Statistical analysis. 
Bars and error bars represent the mean and SEM, respectively. Statistical significance for 

outocomes other than survival was determined using a two-tailed Mann–Whitney U-test or two-

tailed unpaired T-test. A p<0.05 was considered statistically significant. We performed survival 

data analysis using the Log-rank test. All statistical analyses were performed using GraphPad 

Prism 9. Sample sizes of 3-6 per group were used for in vitro studies and 3-20 for individual in 

vivo studies based on our prior experience with these assays. As stated in the figure legends, 

data were combined from all experiments and shown collectively. All experiments, in vitro and in 

vivo were done more than 3 times, in some cases more than four times. 
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Supplemental Figure Legend 
 
Supplemental Figure 1. Nlrp6 expression increases early after stimulation.  
a-d, B6 WT T cells were stimulated with anti-CD3/28 antibodies in vitro. NLRP6 expression was measured 
by qPCR (n=2-3) (a) or flow cytometry (n=4-5) (c-d). Representative flow cytometry data are shown in (b).  
Data are shown as the mean ± SEM. %MFI values are expressed relative to the value at 0 minute. All sample 
numbers are shown in the figure. Statistical significance was analyzed using a two-tailed unpaired T-test (a) 
or a two-tailed Mann-Whitney U-test (c-d). *p<0.05, ** p<0.01, ***p<0.001, ****p<0.0001.  
 
 
Supplemental Figure 2. Phenotypic analysis of various T cell subsets and activation markers in naïve 
B6 WT and Nlrp6-/- mice. 
Splenocytes were isolated from naïve C57BL6 (B6) WT or Nlrp6-/- mice (n=5 per group). Absolute total 
splenocytes (a); the percentages and absolute number of CD4+ and CD8+ T cells (b); naïve (CD44-CD62L-), 
effector memory (EM: CD44+CD62L-), and central memory (CM: CD44+CD62L+) subsets (c); activation 
marker expression (CD25 and CD69) in CD4+ or CD8+ T cells (d-g); and regulatory T cells (Treg: 
CD4+CD25+FoxP3+) (h) were measured. Error bars show the mean ± SEM. A two-tailed Mann-Whitney U-
test was used for statistical analysis. *p<0.05. 
 
Supplemental Figure 3. Nlrp6-/- donor T cells exacerbate GVHD in the MHC mismatched B6→B10.BR 
models. 
Overall survival of B10.BR mice conditioned with 8.5 Gy TBI on day −1 and transplanted with 0.5×106 
CD90.2+ splenic T cells along with 5×106 TCD-BM cells from allogeneic MHC-mismatched B6 WT or Nlrp6-
/- donors is shown. n=6-10 per group. Data are pooled from 2 independent experiments. 
 
Supplemental Figure 4. T cell characteristics after MHC-mismatched HCT.  
a-l, Recipient BALB/c mice received 7 Gy TBI on day −1 and were transplanted with 0.5×106 CD90.2+ splenic 
T cells from allogeneic MHC-mismatched B6 WT or Nlrp6-/- donors along with 5×106 TCD-BM cells from WT 
B6 donors. Splenic T cells or serum cytokines from recipient mice were analyzed on day 7 or day 14 after 
BMT. (a) CD4+ donor T cells (H2-Kb+CD4+), and (b) CD8+ donor T cells (H2-Kb+CD8+) are shown. (c)The 
number of activated (CD69+) donor CD4+ and CD8+ T cells are shown. (d-e) The number of CD25+ (d) and 
Tim-3+ cells (e) in the H2-Kb+CD4+ gate (left) or H2-Kb+CD8+ gate (right) are shown. (f) The number of 
donor CD4+ T cells expressing IFN-γ and T-bet is shown. n=8-9 per group. (g) The number of IL-17A+ cells 
in the H2-Kb+CD4+ gate (left) or H2-Kb+CD8+ gate (right) are shown. n=4-7 per group. (h) The number of 
allogeneic donor Tregs (H2-Kb+ CD25+FoxP3+) is shown. n=6-8 per group. (i) The serum levels of TNF-α 
on day 7 is depicted. n=3-7 per group. (j-l) Expansion of donor T cells in MLNs was measured. Whole T cells 
(j), CD4+ T cells (k), and CD8+ T cells (l) in MLNs are shown. n=3-6 per group. 
Data are pooled from 2-3 independent experiments. Statistical significance was determined using a two-
tailed Mann-Whitney U-test (a-l). *p<0.05, **p<0.01. Data are shown as the mean ± SEM. All sample numbers 
are described in the figure. 
 
Supplemental Figure 5. Effect of caspase inhibition on T cell proliferation.  



T cells from B6-WT or Nlrp6-/- mice were stimulated with anti-CD3/CD28 antibodies in the presence of a 
caspase inhibitor (Ac-YVAD-cmk) or DMSO control. For CFSE-based proliferation assays, Ac-YVAD-cmk or 
DMSO was added at the start of culture, and CFSE dilution was analyzed after 72 hours.  
 
Supplemental Figure 6. The absence of NLRP6 enhances Zap-70 and Erk phosphorylation. 
a-b, Spleen T cells from either B6 WT or Nlrp6-/- mice were stimulated with anti-CD3/28 antibodies for 6 hours.  
Downstream signal transduction components of T cell receptor signaling were measured by western blot. 
Representative images of pZap-70 (a) and pErk1/2 (b) are shown. In addition, the pZap/Zap-70 (c) and 
pErk/Erk ratios (d) were calculated. (e) T cells from either B6 WT or Nlrp6-/- mice were stimulated with anti-
CD3/28 antibodies for 2-5 minutes. MFI (left panel) and %MFI values are expressed relative to the value at 
0 minute in CD4+ or CD8+ T cells (right panel) are shown. 
(f) T cells from either B6 WT or Nlrp6-/- mice were stimulated with anti-CD3/28 antibodies for 2 minutes in the 
presence of an Erk kinase inhibitor (FR180204, 10 μM). Phosphorylated Erk1/2 was then measured by flow 
cytometry (n=4). Representative histograms of control (grey) and 2 minutes after stimulation (WT-T cells: 
blue or Nlrp6-/- T cells: red) are shown (left panel). Percentage of pErk1/2+ cells in CD4+ or CD8+ T cells are 
shown (n=4, right panel). (g) T cells from either B6 WT or Nlrp6-/- mice were stimulated with anti-CD3/28 
antibodies for 2 minutes in Erk inhibitor-contained media. Erk inhibitor was added to media at a concentration 
of 10 μM or 20 μM. Phosphorylated Erk1/2 was then measured by flow cytometry. Percentage of pErk1/2+ 
cells in CD4+ or CD8+ T cells are shown (n=4). Statistical significance was determined using a two-tailed 
Mann-Whitney U-test (e-g). *p<0.05. Data are shown as the mean ± SEM. 
 
Supplemental Figure 7. NLRP6 does not affect phosphorylation of Lck or Stat3.  
a-b, T cells from either B6 WT or Nlrp6-/- mice were treated with anti-CD3/28 antibodies for 5-60 minutes or 
6-24 hours. Phosphorylation of Lck (a) and Stat3 (b) were measured by FACS (n=3-4). A two-tailed Mann-
Whitney U-test was used to determine statistical significance. Data are shown as the mean ± SEM. 
 
Supplemental Figure 8. GVT responses of Nlrp6-/- and WT T cells to Baf/3-ITD leukemia cells were 
equivalent. 
B6 WT or Nlrp6-/- CD8+ T cells were collected after bulk MLR and CD107a (a), Granzyme B (b), and Perforin 

(c) expression were measured by flow cytometry (n=4). Statistical significance was analyzed using the two-

tailed Mann-Whitney U-test. Data are shown as the mean ± SEM.  

 
Supplemental Figure 9. NLRP6 expression is reduced in T cells of aGVHD patients. 
PBMCs of healthy donors (n=13) and aGVHD patients (n=8) were analyzed by spectral flow. MFI of NLRP6 

was evaluated on multiple T cell subsets. Normality was assessed using the Shapiro-Wilk test. Statistical 

significance was analyzed using a two-tailed unpaired T-test (a-f). *p<0.05. Data are shown as the mean ± 

SEM. All sample numbers are shown in the figure. 
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Supplemental Table 1

Cohort GVHD patients
No. of patients 8

Age at HCT, years 54.8 (27.0–72.6)

Sex male 3
female 5

Primary diagnosis
AML 4
ALL 2
MDS 2

Conditioning regimen RIC 3
MAC 5

Donor type HLA-identical 5
HLA-mismatched 3

Graft source PBSC 8
BM 0

CMV serostatus Positive 3
Negative 5

Overall GVHD grade
2 3
3 4
4 1

GVHD prophylaxis

CyA/MMF 1
CyA/MMF/ATG 3

CyA/MMF/Cyclophosphamide 3
CyA/EC-MPS/ATG 1

Immunosuppression

None 1
Prednisolone 4

Prednisolone + Ruxolitinib 2
Prednisolone + Ruxolitinib + 

Budesonide 1
Sampling Days after GVHD diagnosis 20 (0–78)

Cohort Healthy controls
No. of patients 13

Age, years 41.88 (28.0–67.6)

Sex male 6
female 7


