
Supplemental Figure Legend 
 
Supplemental Figure 1: Splenic and renal BTLA expression 
(A) Percentage of BTLA+ cells and (B) MFI of BTLA expression in splenic Tregs 
(CD3+CD4+Foxp3+), Th17 (CD3+CD4+RORyt+), Th1 cells (CD3+CD4+Tbet+), cDC1 
(MHC2+CD11c+Xcr1+), cDC2 (MHC2+CD11c+CD11b+) and B cells (CD19+) during 
homeostasis (d0) and at different time points throughout NTN. (C) Proportion of BTLA+ 

and (D) MFI of BTLA in indicated renal dendritic cell subpopulations (cDC1 and cDC2) 
and B cells. Depicted is one representative experiment of a total of two experiments. 
Student's t test *p<0,05 (determined by Student's t-Test) 
 
Supplemental Figure 2: BtlaKO mice show increased splenic T cell frequencies but 
do not develop spontaneous nephritis 
(A) Albumin-to-creatinin ratio and (B) BUN of unchallenged BtlaKO and littermate 
controls. (C) Quantification of renal histological damage. (D) Representative kidney PAS 
stainings. (n=3 vs 4) (E) Total splenocyte numbers, counted using a Neubauer counting 
chamber. (F) Flow cytometry analysis of splenic total T helper cells (CD3+CD4+), RORyt+ 

Th17 cells, Tbet+ Th1 cells and Foxp3+ Tregs. (G) Concentration of indicated cytokines 
in the supernatant of splenocytes isolated from healthy wt and BtlaKO mice and 
stimulated in vitro with anti-CD3 for 72h (n= 4 vs 5). All experiments were carried out 
using 8- month- old, male BtlaKO mice and littermate controls. 
**p<0,01 (determined by Student's t-Test) 
 
Supplemental Figure 3: Glomerular deposition of nephrotoxic sheep IgG 
Immunofluorescence staining of sheep IgG (magenta) and podocin (green) in kidneys of 
(A) WT and (B) BtlaKO animals after 10 days of NTN. No difference in sheep IgG 
deposition was observed in the two groups. 
 
Supplemental Figure 4: Renal immunity and NTS specific humoral response after 10 
days of NTN 
(A) IHC stainings reveal significantly more MAC-2+ glomerular macrophages in the 
kidney of BtlaKO mice. Flow cytometry analysis reveals no changes in renal (B) NKT 
cells, cytotoxic T cells, (C) yd T cells and upregulation of (D) CXCR3+ Tregs in BtlaKO 

mice. (E) Frequencies of renal Xcr1+ cDC1, CD11b+ cDC2 and Ly6ChiCD11b+ 

monocytes. (F) Serum titers of NTS-specific mouse IgM and total IgG as determined by 
ELISA. All analysis were carried out after 10 days of NTN. *p<0,05; ** p<0,01 
(determined by Student's t-Test) 
 

Supplemental Figure 5: Representative images of PAS stainings of BTLAKO and 
antibody treatment studies 
Representative low power images of renal damage after 10 days (A) and 21 days (B) of 
NTN in littermate controls and BtlaKO mice. (C) Representative images of healthy littermate 
control (left) and day 3 of NTN (right). Acute tubular damage and intratubular protein casts 
are visible. In addition, glomeruli show signs of mesangial expansion, representing early 
glomerular damage. (D) Histological damage after 14 days of NTN in control (left) and 
anti-BTLA-antibody treated mice (right).  
 

Supplemental Figure 6: ACR and immunophenotyping of BtlaKO and WT after 21 
days of NTN 
Additional experiment showing course of ACR as well as histological damage and flow 
cytometry analysis at day 21 of NTN. (A) Development of ACR up to 20 days after NTS 
injection in BtlaKO and WT littermates reveals significant increase at days 7 and 10 in BtlaKO. 
(B) Representative images and quantitative scoring of glomerular damage at day 21 of 
NTN. (C) Renal immune cell composition as determined by flow cytometry 21 days after 



NTS injection. BtlaKO mice show a significant increase in F4/80+ macrophages at this late 
stage of NTN, whereas no significant changes are observed in the other immune cell 
populations. (C) Splenic immune cell composition show a significant decrease in systemic 
Foxp3+ Treg frequencies. * p<0,05, ** p<0,01 (determined by Student’s t-Test) 
 
Supplemental Figure 7: scRNAseq analysis of renal T cell subclusters 
 
(A) Schematic workflow of scRNAseq experiment. Nephritic BtlaKO and wild type mice 
(n= 2 vs 2) were sacrificed at day 10 of NTN. Renal immune cells were isolated using 
MACS and FACS before library preparation and sequencing. (B) Heatmap of the T cell 
cluster showing the top 5 markers of each subcluster. 9 subclusters were identified  using 
an unsupervised clustering approach. (C) 4 T cell clusters are relatively expandet 
in BtlaKO mice, identified as Teff1 (Th1 cells), Tregs, cycling T cells and Teff3 (Th2-
like cells). Volcano plots of pseudobulk analysis showing significantly up (red)- and 
downregulated (blue) genes in (D) T effector 1, (E) T effector 3 and (F) Treg 
clusters. (G) Treemap displaying the positively enriched gene ontology (GO) terms in 
Tregs between BtlaKO and WT mice samples. The size of rectangles in the treemap are 
proportional to the significance of the enrichment. 
 

Supplemental Figure 8: Top 20 GO:Terms upregulated in total T cells and Tregs List 
of the 20 most significantly enriched GO:Terms of total T cells and Tregs, showing 
the genes associated with each term and p-values. 
 
Supplemental Figure 9: BTLA deficient nephritogenic T cells show similar rates of 
apoptosis 
Splenocytes isolated from nephritic BtlaKO and wild type mice were re-stimulated in vitro 
with sheep IgG and stained for apoptotic marker annexin V after 24h hours and measured 
using flow cytometry. Tregs were gated as CD4+CD25+CD127- cells. 7- AAD+ events 
represent dead cells, annexin V+, 7-AAD- events represent apoptotic cells. Three 
biological replicates per group. 
 
Supplemental Figure 10: Glomerular macrophage infiltration and C3 deposition 
in anti-BTLA antibody treated mice 
IHC staining for MAC-2+ glomerular macrophages reveal reduced numbers in the 
intervention group. (A) Representative images of glomerular macrophages and 
quantification of MAC-2+ cells per glomerulus (B) Representative images of C3 
deposition as detected by IHC. No differences were observed between the groups. 
 
Supplemental Figure 11: Treg and Th1 survival and humoral responses in anti-
BTLA-antibody treated mice 
Anti-BTLA antibody administration has no impact on frequencies of living Tregs and Th1 
cells in the kidney (A) and in the spleen (B). Percentages of living cells were determined 
by flow cytometry.  
In addition, splenic B cell frequencies and NTS specific humoral responses are not 
affected by antibody stimulation. (C) Splenic B cell frequencies of indicated groups as 
determined by flow cytometry. NTS specific total mouse IgG (D) and IgG subtypes (E) 
as determined by standard ELISA techniques.  
Gating strategy: renal Tregs CD45+CD4+CD3+Foxp3+RORyt-; splenic Tregs CD45+CD4+CD3+Foxp3+; 
renal and splenic Th1 cells: CD45+CD4+CD3+Tbet+. Fixable viability dye was used to gate for living cells. 
 
Supplemental Figure 12: Prophylactic anti-BTLA-antibody administration 
attenuate NTN 
Administration of an agonistic anti-BTLA antibody attenuates NTN as shown by 
significantly reduced (A) albumin-to-creatinin ratios and (B) BUN after 10 days of NTN. 



(C) Representative renal PAS stainings of indicated groups after 10 days of NTN. (D) 
Mice treated with the agonistic antibody show significantly reduced glomerular damage 
after 10 days of NTN. (E) Reduced numbers of glomerular and interstitial CD3+ cells 
are observed in the treatment group compared to controls, detected with IHC. (F) 
Representative IHC stainings for CD3 of indicated groups. Scale bars represent 20µm. 
* p<0,05, ** p<0,01 (determined by Student’s t-Test) 
 
 
Supplemental Figure 13: Flow cytometry analysis of prophylactic BTLA-antibody 
study 
Flow cytometry analysis of renal (A) macrophages, (B) dendritic cells (total, Xcr1+ cDC1 
and CD11b+ cDC2) and (C) B cells show a significant reduction of macrophages in the 
treatment group. (D) Frequencies of renal T helper subsets RORyt+ Th17 and Tbet+ Th1 
cells are significantly reduced in the treatment group with no changes seen in Foxp3+ 

Tregs. (E) Representative dot plots of renal Tbet+ T helper cells. (F) Analysis of splenic 
RORyt+ Th17 and Tbet+ Th1 reveal no differences between the groups, while Foxp3+ 

Tregs are significantly increased in the treatment group. (G) Representative dot plots of 
splenic Foxp3+ Tregs. * p<0,05 (determined by Student’s t-Test) 
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Supplemental Figure 1: Splenic and renal BTLA expression
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Supplemental Figure 4: Renal immunity and NTS specific humoral response after 10 days of NTN
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Supplemental Figure 6: ACR and immunophenotyping of BtlaKO and WT mice after 21 days of NTN
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Supplemental Figure 8: Top 20 GO:Terms upregulated in total T cells and Tregs
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Supplemental Figure 10: Glomerular macrophage infiltration and C3 deposition in anti-BTLA 
antibody treated mice

Control  BTLA-ab
0.0

0.5

1.0

1.5

pe
r 

gl
om

er
ul

us

MAC-2
BTLA-abControl

A

B



Supplemental Figure 11: Treg  and Th1 survival and humoral responses in anti-BTLA-antibody treated mice
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Supplemental Figure 12: Prophylactic BTLA-antibody administration attenuates NTN
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Supplemental Figure 13: Flow  cytometry analysis  of  prophylactic BTLA-antibody study
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