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Acute cellular rejection (ACR) after heart transplantation (HTx) is a T cell-mediated process 

diagnosed histologically by endomyocardial biopsy (EMB) with severity ranging from 0R 

(no rejection), 1R (mild rejection), 2R (moderate rejection), to 3R (severe rejection) with 

symptomatic 1R ACR and any ACR ≥ 2R warranting treatment with corticosteroids.1 

Beyond basic characterization of immune infiltrates on histology, the specific mechanisms 

behind ACR remain poorly understood. Programmed death ligand 1 (PD-L1) on host 

cells interacts with programmed cell death protein 1 (PD-1) on immune cells to inhibit 

T cell activity.2 Recent data from patients with malignancy who developed myocarditis 

following treatment with anti-PD-1 therapies demonstrate robust upregulation of PD-L1 

in cardiomyocytes, underscoring a critical role for PD-1/PD-L1 signaling in cardiovascular

immune tolerance.3 We hypothesize that PD-L1 is differentially upregulated in cardiac tissue 

in the setting of ACR.

Nineteen patients with EMB samples corresponding to 0R, 1R, and 2R ACR were 

analyzed for percentage of cardiomyocytes expressing PD-L1 using previously validated 

immunohistochemistry and image analysis techniques.4 Representative images from this 

analysis are shown in Figure 1A. Demographic information was collected on these patients 
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as well as right heart catherization (RHC), electrocardiography (EKG), transthoracic 

echocardiogram (TTE), and laboratory data within 3 days of EMB. The study was approved 

by Vanderbilt’s Institutional Review Board and each patient gave informed consent prior 

to cardiac biopsy. The data that support the findings of this study are available from the 

corresponding author upon reasonable request.

In our cohort of nineteen patients, the majority of donors were male (68.4%) with a 

median age of 29 [23–37] years. The recipients had a median age of 48 [45–58] years 

with most being male (73.7%) and white (84.2%). The most common indication for 

transplantation was non-ischemic cardiomyopathy (63.2%); common comorbidities included 

hypertension (94.7%), hyperlipidemia (94.7%), chronic kidney disease (84.2%), diabetes 

(47.4%), and smoking history (47.4%). In addition to rejection, based on chart review 

up to December 2019, other complications included cardiac allograft vasculopathy ≥ 1 

based on the ISHLT grading system (36.8%), infection requiring hospitalization (21.1%), 

development of malignancy (10.5%), and death (10.5%).

Median percentage of cardiomyocytes expressing PD-L1 for 0R, 1R, and 2R ACR was 1.3 

[0.11–2.0], 1.8 [0.32–14.7], and 12.9 [3.6–34.8], respectively (Kruskal-Wallis p<0.0001) 

(Figure 1B). Post-hoc pairwise analysis found significant differences in PD-L1 expressing 

cells between 0R vs. 2R rejection (P < 0.0001) and 1R vs. 2R rejection (P = 0.015) but 

not 0R vs. 1R rejection (P = 0.091). Nine patients who were treated for 2R ACR with 

increased immunosuppression had post-treatment EMB samples available for analysis. In 

these patients, the percentage of PD-L1 expressing cells decreased significantly from 18.0 

[6.5–35.2] before treatment to 2.1 [2.0–4.7] after treatment (paired Wilcoxon p=0.039) 

(Figure 1C).

To see if PD-L1 expression from each EMB correlated with other clinical endpoints, 

we assessed several biomarkers taken within 3 days of that EMB including invasive 

hemodynamics from RHC, EKG findings, TTE data, and common laboratory values. An 

ordinal regression accounting for age and sex demonstrated that PD-L1 expression was 

significantly associated with mean pulmonary artery (PA) pressure (OR 2.4 [1.4–4.1]), 

pulmonary capillary wedge (PCW) pressure (OR 2.0 [1.4–2.9]), and B-type natriuretic 

peptide (BNP) (OR 1.6 [1.2–2.1]).

Our study reveals that PD-L1 expression is upregulated across cardiomyocytes in 

proportion to the severity of ACR after transplantation. Successful treatment of ACR 

with increased immunosuppression subsequently decreases PD-L1 expression. Moreover, 

PD-L1 expression correlates with hemodynamics (increased PA and PCW pressures) and 

established biomarkers (BNP) of myocardial dysfunction, supporting PD-L1 expression 

as a potentially clinically meaningful biomarker for detecting both cellular rejection and 

improvement after treatment. These findings support the role of PD-L1/PD-1 interaction as 

an important modulator of how the immune system interacts with the heart.

The main limitation of this study was its single-center, observational nature. We used paired 

samples to mitigate variation given the relatively small number of cases. However, it is 

possible that foci of lymphocytes were adjacent to biopsy samples and thus not apparent in 
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staining. This could have influenced initial grading of ACR by pathologists as well as PD-L1 

expression. Furthermore, we cannot presume that PD-L1 upregulation is a specific response 

to ACR as opposed to other forms of injury. Finally, we cannot exclude the effects of harvest 

injury on samples taken within the first few weeks of transplantation as well as the impact of 

differing rejection sequence on PD-L1 expression.

Though the results from this study do not obviate need for surveillance EMB in detecting 

ACR, one future avenue for our work could involve tracking soluble PD-L1 levels in the 

serum of patients during ACR episodes to see if increased myocardial PD-L1 expression 

translates to increased serum soluble PD-L1 levels.5 The results of such a study could 

potentially provide an alternative option to biopsy for detecting ACR after HTx.
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Non-standard Abbreviations and Acronyms:

ACR Acute cellular rejection

BNP B-type natriuretic peptide

EKG Electrocardiography

EMB Endomyocardial biopsy

HTx Heart transplantation

PA Pulmonary artery

PCW Pulmonary capillary wedge

PD-1 Programmed cell death protein

PD-L1 Programmed death ligand 1

RHC Right heart catherization

TTE Transthoracic echocardiogram
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Figure 1. 
Percent of cells expressing PD-L1. (A) Representative images of PD-L1 expression for 

patient 5. Images on left represent original staining after PD-L1 immunohistochemistry. 

Images on right represent alterations after manual annotation and software markup looking 

for PD-L1 positive cells. Brown is considered positive signal for PD-L1 expression. Blue 

depicts nuclei. (I) 10X magnification, 0R ACR, percent positive cells = 0.1. (II) 10X 

magnification, 1R ACR, percent positive cells = 15.42. (III) 10X magnification, 2R ACR, 

percent positive cells = 34.81. (B) Percent of cells expressing PD-L1 significantly differs 

between 0R and 2R rejection (P < 0.0001) as well as 1R and 2R rejection (P = 0.015) but 

not 0R and 1R rejection (P = 0.091). (C) Percent of cell expressing PD-L1 significantly 

decreases after treatment of ACR (paired Wilcoxon, P = 0.039).
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