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Supplemental Tables: 

Ctla4+/- Pdcd1-/- mice Ctla4+/+ Pdcd1-/- mice 

Heart 
Number of mice evaluated 54 59 

Percentage male 48% 56% 
Percentage female 52% 44% 

Mean age evaluated 154.5 days 164.4 days 

Male Female Male Female 
Percentage of mice with lymphocytic 

infiltrate 23% 39% 0.09% 19% 

Mean lymphocytic infiltrate histology score 
2.46 3.71 0.76 1.23 

Percentage of mice with T cell infiltrate 

34.6% 42.9% 15.2% 19.2% 

Mean T cell infiltrate score 
3.04 5.73 1.59 2.36 

Pancreas 
Number of mice evaluated 44 42 

Percentage male 48% 45% 
Percentage female 52% 55% 

Mean age evaluated 139.6 days 149.4 days 

Male Female Male Female 

Percentage of mice with lymphocytic 
infiltrate  71% 87% 11% 30% 

Mean lymphocytic infiltrate histology score 4.43 5.13 0.68 1.13 

Percentage of mice with T cell infiltrate 
62% 77% 39% 43% 

Mean T cell infiltrate score 3.15 3.27 1.22 1.52 

Percentage of mice with exocrine atrophy 
43% 57% 5% 0% 

Supplemental Table 1. Histological analyses of heart and pancreatic tissues of Ctla4+/- Pdcd1-/- 

mice and Ctla4+/+ Pdcd1-/- mice. 

Semi-quantitative histologic scores of heart and pancreatic tissues. Mouse characteristics including 

age, sex, and genotype are denoted. Lymphocytic infiltration was defined by a histologic score of 

greater or equal to 2 of H&E stained tissue section (see Methods). T cell infiltrate was defined by a 

histologic score of greater or equal to 2 for CD3 IHC stained tissue sections. 



Supplemental Table 2. Case series of patients with ICI-associated myocarditis treated with 

abatacept



Supplemental Figure 1
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Supplemental Figure 1: Pharmacological inhibition of CTLA-4 and PD-1 leads to increased cardiac immune 
infiltration in MRL-Faslpr mice.
A-D) Immunofluorescent staining of cardiac tissue from MRL-Faslpr mice treated with vehicle or checkpoint blockade 
therapy. 
E-F) Electron microscopy (EM) images of cardiac tissue from MRL-Faslpr mice treated with vehicle or checkpoint 
blockade therapy.



Supplemental Figure 2
A

Supplemental Figure 2: Generation and characterization transgenic mice with compound loss of function alleles of 
Ctla4 and Pdcd1.  

A) Schematic of the breeding scheme to generate all potential combinations of Ctla4 and Pdcd1 loss of function mutant alleles.
B) 100-SNP panel assessing strain background of Ctla4+/- Pdcd1-/- mice displaying clinical signs (affected) and not displaying 
clinical signs (unaffected). All tested mice harbored 96.5-100% C57BL6/J alleles. Non-homozygous B6 locus is defined as either 
heterozygous for B6/129 or homozygous for 129 alleles.
C) Kaplan-Meier survival curve of Ctla4+/- Pdcd1-/- (n = 350) and littermate Ctla4+/+ Pdcd1-/- (n = 400) mice derived from a Ctla4+/-

Pdcd1-/- by Ctla4+/+ Pdcd1-/- breeding cross performed at the MD Anderson Cancer Center (MDACC) vivarium. P-value 
represents the result of the Mantel-Cox Log-rank test.
D-F) Total CTLA-4 protein levels in in vitro stimulated T cells from Ctla4+/+ Pdcd1-/- and Ctla4+/- Pdcd1-/- mice lymph nodes. Mean 
fluorescence intensity (MFI) is displayed on a per mouse basis with mean and standard deviation. Isotype control stained 
samples for all groups are displayed as well as expression in wild-type C57BL6/J mice. *, p < 0.05 ANOVA with Tukey’s multiple 
testing correction.
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Supplemental Figure 3
A

Supplemental Figure 3. Characterization of CTLA-4 expression and thymic development in Ctla4+/- Pdcd1-/- mice.

A) Total CTLA-4 protein levels of thymus-derived T regulatory cells from wild-type C57BL6/J, Ctla4+/+ Pdcd1-/- and Ctla4+/- Pdcd1-

/- mice assessed by flow cytometry. Relative fluorescence intensity (RFI) is displayed on a per mouse basis with mean and 
standard deviation. Treg were identified as CD25+ FoxP3+ cells with newly generated and recirculating Treg cells defined as 
CD24high Cd44low and CD24low CD44high, respectively. RFI Expression levels are calculated as relative fluorescent intensities, 
normalized to CTLA-4 expression in C57BL6/J mice. *, p < 0.05 ANOVA with Tukey’s multiple testing correction.
B) Thymic cellularity of wild-type C57BL6/J, Ctla4+/+ Pdcd1-/- and Ctla4+/- Pdcd1-/- mice assessed by flow cytometry.
C) Thymic composition of wild-type C57BL6/J, Ctla4+/+ Pdcd1-/- and Ctla4+/- Pdcd1-/- mice assessed by flow cytometry. CD4+

CD8+ double negative (DN), CD4- CD8- double positive (DP), CD4+ single positive (CD4SP), and CD8+ single positive (CD8SP)

B C



Supplemental Figure 4

Supplemental Figure 4: Absence of lymphoproliferative or abnormal morphology in lymphoid tissues of Ctla4+/-

Pdcd1-/- mice.

A-B) Representative photomicrograph images of H&E stained spleen tissue from 28-day old Ctla4+/- Pdcd1-/- and Ctla4+/+

Pdcd1-/- mice. Bar = 500 microns.
C-D) Representative photomicrograph images of H&E stained thymus tissue from 28-day old Ctla4+/- Pdcd1-/- and 
Ctla4+/+ Pdcd1-/- mice. Bar = 500 microns.
E-F) Representative photomicrograph images of H&E stained mesenteric lymph node tissue from 28-day old Ctla4+/-

Pdcd1-/- and Ctla4+/+ Pdcd1-/- mice. Bar = 500 microns.
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Supplemental Figure 5
A
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Supplemental Figure 5. Characterization of serum properties in Ctla4+/- Pdcd1-/- mice.

A) Serum levels of cytokine in Ctla4+/- Pdcd1-/- and Ctla4+/+ Pdcd1-/- mice. Mice analyzed were 29-362 days old. This combined 
two cohorts, including a young cohort with Ctla4+/- Pdcd1-/- mice that displayed clinical signs as well as aged mice. All 
comparisons included aged matched littermate controls.
B) Serum chemistry of Ctla4+/- Pdcd1-/- mice displaying clinical signs requiring euthanasia and control littermate mice. Mice 
analyzed were 40-50 days old. 
C) Serum troponin levels in Ctla4+/- Pdcd1-/- and Ctla4+/+ Pdcd1-/- mice. Mice analyzed were 40-50 days old.  *, P<0.05 T-test with 
multiple testing correction.
D) CD45+ heart infiltration in Ctla4+/- Pdcd1-/- mice where serum troponin levels were detectable via ELISA  vs. those where they 
were not.
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Supplemental Figure 6
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Supplemental Figure 6: Histopathology of skeletal muscle, colon and lung tissue in Ctla4+/- Pdcd1-/-

mice. Representative photomicrographs of skeletal muscle, colon, and lung from littermate 99-day-old, male 
heterozygous (A, B, C) and wild-type (D, E, F) Ctla-4 mice.  Note the increased cellularity of the interstitium 
in the lung of the heterozygous mouse.  Cellular infiltrates are not increased in skeletal muscle or colon, 
compared with the wild-type mouse (difference in degree of mucus distension of colonic goblet cells in the 
heterozygote is likely due to regional location of sample collection or secondary effects of Ctla-4 deficiency.)  
Hematoxylin and eosin.  Bar = 100 microns.
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Supplemental Figure 7

Supplemental Figure 7. Cardiovascular and pancreatic histopathology in Ctla4+/- Pdcd1-/- mice. 

A) Photomicrograph images of H&E stained heart tissue from Ctla4+/- Pdcd1-/- mice.
B) Photomicrograph images of H&E stained pancreatic tissue from Ctla4+/- Pdcd1-/- mice
C) PD-L1 mRNA expression in cardiac tissue assessed by qPCR.
D) Example of PD-L1 expression assessed by immunohistochemistry in cardiac tissue in “affected” Ctla4+/- Pdcd1-/- mice 
(displaying clinical signs), ”unaffected” Ctla4+/- Pdcd1-/- mice, and C57BL6/J wild-type mice for reference.
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Supplemental Figure 8

Supplemental Figure 8: Gating strategy/example for characterization of cardiac immune infiltrates Ctla4+/- Pdcd1-/-

mice.

Dissociated cardiac tissue from mice were gated for singlet status, viability,  and CD45 positivity, followed by enumeration of 
the identified populations.
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Supplemental Figure 9
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Supplemental Figure 9: Characterization of splenic populations among genotypes and survival analysis of female 
Ctla4+/- Pdcd1-/- Rag1-/- mice.
A) Flow cytometry analysis of cardiac immune populations expressed as a percent of total CD45+ cells (No statistically 

significant different between groups by ANOVA)
B) Flow cytometry analysis of immune populations in murine spleens, matched from Fig. 2E No statistically significant 

different between groups by ANOVA)
C) Kaplan-Meier survival curve of female Ctla4+/- Pdcd1-/- Rag1-/- (n=7) and littermate female Ctla4+/- Pdcd1-/- RAG1 

competent mice (n=11 and 2 for Rag1+/- and Rag1+/+, respectively).
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Supplemental Figure 10

Supplemental Figure 10: Clinical course, diagnostic labs, and therapy in 2 immune-related myocarditis patients 
treated with abatacept
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