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ABSTRACT

Objective: Aortic stenosis (AS) is a disease characterized by narrowing of the aortic
valve (AV) orifice. In relation to this disease, the purpose of this study was to eluci-
date the relationships among factors such as expression of programmed cell death-
1 ligand (PD-L1, which is the ligand of PD-1 protein; together, they play a central role
in the inhibition of T lymphocyte function), clinicopathologic characteristics, infil-
trating immune cells, and disease severity.

Methods:We performed immunohistochemical analysis on the surgically-resected
AVs of 53 patients with AS. We used the resultant data to identify relationships
among PD-L1 expression, disease severity, and the infiltration of immune cells
including cluster of differentiation (CD8)-positive T lymphocytes, cluster of differ-
entiation 163 (CD163)-positive macrophages, and forkhead box protein 3 (FOXP3)-
positive regulatory T lymphocytes (Tregs).

Results: PD-L1 expression in resected AVs was significantly associated with being
nonsmoker, valve calcification, and the infiltration of CD8-positive T cells and
CD163-positive macrophages. Disease severity and valve calcification were signifi-
cantly associated with low infiltration of FOXP3-positive Tregs and high infiltration
of CD8-positive T cells and CD163-positive macrophages. Moreover, calcified AVs
with high PD-L1 expression showed active inflammation without FOXP3-positive
Tregs but with high levels of CD8-positive T lymphocytes and CD163-positive
macrophages.

Conclusions: Immune cell infiltration in the AVs and expression of the immune
checkpoint protein PD-L1 were associated with the calcification of AS and disease
severity. (JTCVS Open 2021;5:1-12)
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High PD-L1 and active inflammation were associ-
ated with calcified AS.
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CENTRAL MESSAGE

Immune cell-related inflamma-
tion and an immune checkpoint
protein are associated with AS
severity.
PERSPECTIVE
For the first time, we have shown that PD-L1
expression and active inflammation, characterized
by high infiltration of CD8-positive T lymphocytes
and CD163-positive macrophages and less infiltra-
tion of FOXP3-positive Tregs, is associated with
disease severity and valve calcification in patients
with AS. These findings begin to uncover the
mechanisms of this disease.

See Commentaries on pages 13 and 15.
Video clip is available online.
Aortic stenosis (AS) causes an increase in the pressure
burden on the left ventricle and results in poor prognosis
without therapeutic intervention.1,2 At present, surgical
aortic valve replacement, an invasive technique, and
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Abbreviations and Acronyms
AS ¼ aortic stenosis
AV ¼ aortic valve
CD8 ¼ cluster of differentiation 8
CD163 ¼ cluster of differentiation 163
FOXP3 ¼ forkhead box protein 3
HPF ¼ high-power field
ICI ¼ immune checkpoint inhibitor
PD-L1 ¼ programmed death ligand 1
a-SMA ¼ a-smooth muscle actin
Tregs ¼ regulatory T lymphocytes
VEC ¼ valvular endothelial cell
VIC ¼ valvular interstitial cell
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transcatheter aortic valve implantation, a less-invasive pro-
cess, are considered effective treatments for patients with
AS. However, these interventions and prostheses have
several limitations, such as procedure-related complica-
tions, postoperative anticoagulation therapy, and reopera-
tion. Therefore, to improve the quality of life of patients
with AS and to prevent disease progression, it is essential
to elucidate the fundamental mechanisms underlying the
disease.

Active inflammation due to increased infiltration of T
lymphocytes, macrophages, and inflammation-induced
osteoblast-like valvular interstitial cells (VICs) is known
to worsen the disease condition of AS and induce aortic
valve (AV) calcification, which leads to irreversible degen-
eration via mechanisms similar to those of osteogenesis.3,4

In relation to T lymphocytes, the programmed cell death-1
(PD-1) protein and its ligand (PD-L1) have been reported to
play a central role in the inhibition of T-cell receptor–
mediated lymphocyte proliferation and cytokine secretory
function.5,6 However, active inflammation is regulated by
both the PD-1/PD-L1 axis as well as several immune cells,
including forkhead box protein 3 (FOXP3)-positive regula-
tory T lymphocytes (Tregs) and macrophages.7,8

Taken together, these previous findings strongly suggest
that relationships exist among immune checkpoint proteins,
active inflammation related to T cells/macrophages, and the
severity ofAS (ie, stenosis and calcification in theAV).There-
fore, we hypothesized that the expression of the immune
checkpoint protein PD-L1 and Treg infiltration may act as
anti-inflammatory factors that might regulate infiltration via
inflammatory immune cells, including T lymphocytes and
macrophages, and therefore, modulate the AS disease state.
However, few studies have investigated whether the expres-
sion of the immune checkpoint protein PD-L1 in resected
AVs is associated with clinicopathologic factors, valve-
infiltrating immune cells, and AV conditions in clinical pa-
tients with AS. In our study, we performed an immunohisto-
chemical analysis of the surgically-resected AVs of 53
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patients with AS to examine the association of pro- and
anti-inflammatory components with the AS disease state.
METHODS
Patients and Samples

We selected a total of 53 consecutive patients (25 male and 28 female)

diagnosed with AS, each of whom underwent surgical resection and valve

implantation in Gunma University Hospital between 2010 and 2017, and

were included in this retrospective study. The median age of the patients

was 73 years (range, 56-87 years). Patients with traumatic aortic injury, in-

fectious aortic disease, or other connective tissue disorders were excluded

from this study. The diagnosis of valve dysfunction, disease severity, and

morphology was based on echocardiographic evaluations. The majority

of the patients were diagnosed with senile AS (n ¼ 24; 45.3%) and

tricuspid AV morphology (n ¼ 50, 94.3%). Postoperative complications,

such as infection, atrial fibrillation, and hospital mortality, were evaluated

throughout the hospital stay of patients with AS. Other characteristics of

the patients are summarized in Table 1. This study conformed to the tenets

of the Declaration of Helsinki and was approved by the Institutional

Review Board for Clinical Research at the Gunma University Hospital

(Maebashi, Gunma, Japan; approval number: HS2020-014).

Immunohistochemical Staining and Histopathology
Paraffin-embedded blocks of all surgically resected specimens were cut

into 4-mm thick sections and mounted on glass slides. Sections were depar-

affinized using xylene and then dehydrated in alcohol. Endogenous perox-

idase was inhibited using 0.3% H2O2/methanol for 30 minutes at room

temperature. After rehydration through a graded series of ethanol treat-

ments, antigen retrieval was performed in Immunosaver (Nisshin EM, To-

kyo, Japan) at 98�C to 100�C for 45 minutes, and PD-L1 was retrieved

using Universal HIER antigen retrieval reagent (Abcam, ab208572) at

120�C for 20 minutes in an autoclave. Nonspecific binding sites were

blocked by incubation with Protein Block Serum-Free (Dako, Carpinteria,

Calif) for 30 minutes. Subsequently, the sections were incubated at 4�C
overnight with primary antibodies against PD-L1 (28-8 Rabbit mAb,

1:200 dilution; Abcam), cluster of differentiation 8 (CD8; 9F3, Mouse

mAb, 1:400 dilution; Abcam), FOXP3 (Mouse mAb, 1:80 dilution; Ab-

cam), and cluster of differentiation 163 (CD163; D6U1J, Rabbit mAb,

1:500 dilution; Cell Signaling Technology). For the PD-L1 sections, the

Rabbit Specific IHC Polymer Detection Kit HRP/DAB (ab209101; Ab-

cam) was used for the secondary antibody. In the other sections, the Histo-

fine Simple Stain MAX-PO (Multi) Kit (Nichirei, Tokyo, Japan) was used

for the secondary antibody. The chromogen 3,30-diaminobenzidine tetrahy-

drochloride was also applied as a 0.02% solution; the solution contained

0.005% H2O2 in a 50 mM ammonium acetate–citrate acid buffer (pH

6.0). Finally, nuclear counterstaining was performed using Mayer’s hema-

toxylin solution.

For histopathologic analyses, von Kossa and hematoxylin and eosin

staining were each performed. To summarize, 4-mm-thick formalin-fixed,

paraffin-embedded sections were deparaffinized in xylene and rehydrated

using an ethanol series. They were then incubated with a 5% silver nitrate

solution while being exposed to a 60-watt incandescent bulb for 1 hour.

Subsequently, they were incubated with a 5% sodium thiosulfate solution

for 3 minutes at room temperature. Similarly, sections incubated in the dark

were used as negative controls. Excess silver precipitation was rinsed away

with distilled water and then nuclear red fast solution (NFS125; ScyTek

Laboratories, West Logan, Utah) was used for counter staining.

Assessment of AV Calcification and Inflammation
Status

We evaluated the inflammatory infiltrate status in the AVusing the quan-

tification method described by Sakata and colleagues9 with slight



TABLE 1. Phenotype and characteristics of the patients

Characteristics

All AS Low PD-L1 AS High PD-L1 AS

P valuen ¼ 53 (%) n ¼ 34 (%) n ¼ 19 (%)

Mean age � SD, y 73.0 � 7.1 73.4 � 7.5 72.3 � 6.5 .55

Female sex, n (%) 28 (52.8%) 15 (44.1%) 13 (68.4%) .08

Mean body, kg, weight � SD 54.8 � 10.9 55.3 � 10.9 53.9 � 11.0 .66

Mean BMI � SD 22.6 � 3.5 22.6 � 3.4 22.6 � 3.8 .97

Mean BSA � SD, m2 1.5 � 0.2 1.5 � 0.2 1.5 � 0.2 .57

NYHA classification

NYHA classification I-II, n (%) 34 (64.2%) 17 (50.0%) 17 (89.5%) .002*

NYHA classification III-IV, n (%) 19 (35.8%) 17 (50.0%) 2 (10.5%)

Valve diagnosis

AS alone, n (%) 45 (84.9%) 28 (82.4%) 17 (89.5%) .28

AS þ AR, n (%) 8 (15.1%) 6 (17.6%) 2 (10.5%)

Aortic valve morphology

Tricuspid aortic valve, n (%) 50 (94.3%) 32 (94.1%) 18 (94.7%) .93

Bicuspid aortic valve, n (%) 3 (5.7%) 2 (5.9%) 1 (5.3%)

Echocardiographic parameters

LVDD � SD, mm 47.1 � 7.8 48.7 � 8.4 44.3 � 5.8 .03

LVSD, mm 31 (25.5-38.5) 31 (26-41.3) 29 (22-34) .09

IVS � SD, mm 11.8 � 2.8 11.4 � 2.5 12.6 � 3.2 .18

WT � SD, mm 12.0 � 2.0 11.8 � 1.9 12.4 � 2.0 .30

EF � SD, % 57.8 � 14.5 55.5 � 15.0 61.9 � 12.8 .11

Peak PG � SD, mm Hg 85.3 � 27.4 80.5 � 26.5 93.7 � 27.6 .10

Mean PG � SD, mm Hg 47.4 � 15.3 44.8 � 15.2 52.0 � 14.6 .10

AVA � SD, cm2 0.6 � 0.2 0.6 � 0.2 0.6 � 0.2 .42

Preoperative comorbidities

Arterial disease, n (%) 41 (77.4%) 27 (79.4%) 14 (73.7%) .64

CAD, n (%) 32 (60.4%) 20 (58.8%) 12 (63.2%) .76

ASO, n (%) 11 (20.8%) 8 (23.5%) 3 (15.8%) .51

Hypertension, n (%) 40 (75.5%) 25 (73.5%) 15 (78.9%) .66

Mean BNP, pg/mL 295 (152.5-631) 299.5 (157.3-664.3) 263 (139-579) .75

AODM, n (%) 20 (37.7%) 13 (38.2%) 7 (36.8%) .92

HbA1c, % 5.7 (5.3-6.1) 5.8 (5.4-6.5) 5.4 (5.2-6.1) .14

Dyslipidemia, n (%) 28 (52.8%) 16 (47.1%) 12 (63.2%) .26

LDL, mg/dL 93 (82-113) 91 (76.5-110.5) 96 (90-113) .27

Hyperuricemia, n (%) 11 (20.8%) 8 (23.5%) 3 (15.8%) .50

CKD, n (%) 26 (49.1%) 17 (50.0%) 9 (47.4%) .85

Cerebral infarction, n (%) 15 (28.3%) 6 (17.6%) 9 (47.4%) .02*

Postoperative complications

Postoperative infection, n (%) 14 (26.4%) 8 (23.5%) 6 (31.6%) .52

Postoperative atrial fibrillation, n (%) 20 (37.7%) 13 (38.2%) 7 (36.8%) .92

Hospital mortality, n (%) 5 (9.4%) 3 (8.8%) 2 (10.5%) .84

AS, Aortic stenosis; PD-L1, programmed death ligand 1; SD, standard deviation; BMI, body mass index; BSA, body surface area; NYHA, New York heart association; AR, aortic

regurgitation; LVDD, left ventricular diastolic diameter; LVSD, left ventricular systolic diameter; IVS, left ventricular septum thickness;WT, left ventricular wall thickness; EF,

ejection fraction; PG, pressure gradient; AVA, aortic valve area;CAD, coronary artery disease; ASO, arteriosclerosis obliterans; BNP, brain natriuretic peptide; AODM, adult-onset

diabetes mellitus; HbA1c, hemoglobin A1c; LDL, low-density lipoprotein; CKD, chronic kidney disease. *Statistically significant at P<.05.
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modifications. The numbers of valvular CD8- and PD-L1–positive cells

were individually counted in high-power fields (HPFs) and scored as fol-

lows: 0: no cells/HPF; 1þ: 1-30 cells/HPF; 2þ: 31-100 cells/HPF; and

3þ:>100 cells/HPF. For CD8 and PD-L1 staining, samples scored with

0 and 1þ were defined as low expression, whereas samples scored with

2þ and 3þ were defined as high expression.

CD163- and FOXP3-positive cell infiltration was defined as negative or

positive according to the absence or presence of positive cells. Valve
calcifications were assessed by von Kossa staining; we microscopically

examined the overall area of the stained section and identified the positively

and negatively stained regions in the tissue based on the presence of silver

deposits. The same HPF was used for all staining evaluations. Figure 1

shows representative immunohistochemical examples of PD-L1, CD8,

CD163, FOXP3, and von Kossa staining in the same specimen. Figure 2

shows representative images of immunohistochemical staining evaluations

for each target.
JTCVS Open c Volume 5, Number C 3



FIGURE 1. Representative images of a resected AV stained for various markers. Left panels show the histopathologic representative images of HE and Von

Kossa staining (350 magnification). In these panels, representative high-power fields are shown by squares, and the corresponding immunohistochemistry

staining of PD-L1, CD8, CD163, and FOXP3 are shown in themiddle and right panels (3400 magnification; scale bar: 50 mm).HE, Hematoxylin and eosin;

PD-L1, programmed death ligand 1; CD8, cluster of differentiation 8; CD163, cluster of differentiation 163; FOXP3, forkhead box protein 3.
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Multiple Immunofluorescence Staining
Multiple immunofluorescence staining was achieved using a Perki-

nElmer Opal Kit (NEL810001KT; PerkinElmer, Hopkinton, Mass); stain-

ing was optimized and performed according to manufacturer’s instructions.

Deparaffinization, antigen retrieval, peroxidase blocking, and blocking

were performed as described previously. Sections were incubated with pri-

mary antibodies against PD-L1, CD8, CD163, FOXP3, a-smooth muscle

actin (a-SMA) (Mouse mAb, 1:600 dilution; Sigma, St Louis, Mo), and

cluster of differentiation 31 (CD31; JC70A, Mouse mAb, 1:40 dilution;

Dako). Respective stainings were visualized as follows: PD-L1 with

Opal 520 fluorophore, a-SMA and CD163 with Opal 570 fluorophore,

FOXP3 with coumarin-tyramide, and CD31 and CD8 with Cyanine 5.

All sections were then counterstained with hematoxylin and examined un-

der an all-in-one BZX-710 fluorescence microscope (Keyence, Tokyo,

Japan).

Statistical Analysis
The JMP Pro 14.0 software package (SAS Institute Inc, Cary, NC) was

used to perform all statistical analyses. All continuous variables were as-

sessed for normality. Normal and categorical variables are expressed as

mean (standard deviation) and n (%), respectively, and non-normal vari-

ables are expressed as median (25%-75%) in the tables. The Student t

test, Wilcoxon test, c2 test, and Fisher exact test were used to analyze

the associations described in the present study.
RESULTS
PD-L1 Expression, Immune Cells, and Calcification
in Resected AVs

PD-L1 expression, valve calcification, and immune cell
infiltrations, including CD8-positive T lymphocytes,
CD163-positive macrophages, and FOXP3-positive Tregs,
were detected in the AV specimens, and representative re-
sults are shown in Figure 1. PD-L1 expression was detected
in the stromal area of the resected AVs. No positive staining
4 JTCVS Open c March 2021
was detected in the disease-free regions of the AV
(Figure 3).
Clinical Significance of PD-L1 Expression in
Resected AVs

From all AV specimens, 34 (64.2%) and 19 (35.8%)
specimens were assigned to the low and high stromal
PD-L1 expression groups, respectively (Table 2;
Figure 2). Of the patients’ assessed clinicopathologic fac-
tors (Tables 1 and 2), a high expression of stromal PD-L1
was significantly associated with being a nonsmoker
(P ¼ .0493), showing valve calcification (P ¼ .002),
and having a history of cerebral infarction (P ¼ .02).
No significant correlation was found between PD-L1
expression and postoperative infections. In this study
cohort, 2 (3.7%) surgical-site infections occurred in the
low PD-L1 expression group.
Association of PD-L1 Expression With Immune Cell
Infiltration in Resected AVs

PD-L1 expression was significantly associated with high
infiltration of CD8-positive T lymphocytes (P¼ .0439) and
CD163-positive macrophages (P ¼ .0175) (Table 3;
Figure 2).
Association of AS SeverityWith Active Inflammation
Related to T Lymphocytes and Macrophages

As shown in Table 4, the ejection fractions of patients did
not show any association with infiltration of immune cells
expressing CD8, CD163, or FOXP3. However, high mean



FIGURE 2. Representative images of immunohistochemistry scoring for various markers. Left panels (2 columns) show representative images of negative

and positive staining for von Kossa, CD163, and FOXP3. Right panels (2 columns) show representative images of each immunoscoring as described low and

high expression of PD-L1 and CD8. All images are shown at 3400 magnification. Scale bar: 50 mm. PD-L1, Programmed death ligand 1; CD8, cluster of

differentiation 8; CD163, cluster of differentiation 163; FOXP3, forkhead box protein 3.
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pressure gradient levels (�40 mm Hg) in patients were
significantly associated with high infiltration of CD8-
positive T lymphocytes (P ¼ .0005) and FOXP3-positive
Tregs (P¼ .0469). Moreover, the existence of AV calcifica-
tion as an irreversible degeneration was significantly related
to high infiltrations of CD8-positive lymphocytes
(P ¼ .0439) and CD163-positive macrophages
(P ¼ .0028), and to the lack of FOXP3 Tregs
(P ¼ .0165), in resected AVs.

Correlations Between PD-L1 Expression, T
Lymphocytes, Macrophages, and Tregs in Resected
AVs

Calcified AVs with high expression of PD-L1 showed
active inflammation without FOXP3-positive Tregs but
with high infiltration of CD8-positive T lymphocytes and
CD163-positive macrophages (Figure 4). In contrast, non-
calcified AVs with low expression of PD-L1 showed high
positivity for Treg cells but low infiltration of CD8-
positive T lymphocytes and CD163-positive macrophages
(Figure 4).
DISCUSSION
In this study, we demonstrated that the expression of stro-

mal PD-L1 in resected AV tissues from patients with AS
was significantly associated with being a nonsmoker, a his-
tory of cerebral infarction, valve calcification, and the infil-
tration of immune cells, including CD8-positive T cells and
CD163-positive macrophages. Moreover, disease severity
and valve calcification were significantly related to the
low infiltration of FOXP3-positive Tregs and high infiltra-
tion of CD8-positive T cells and CD163-positive macro-
phages. Thus, active inflammation with high levels of
CD8-positive T cells and CD163-positive macrophages
but without FOXP3 Tregs may have induced the valve calci-
fication and PD-L1 expression we observed in resected AV
specimens.
Smoking is a known risk factor for cardiovascular dis-

eases.10 Was�en and colleagues11 have previously reported
that smoking inhibits T-cell activation and soluble PD-L1
expression in patients with rheumatoid arthritis, whereas
T-cell activation can induce PD-L1 expression.12 In this
study, a high PD-L1 expression in the resected AS samples
JTCVS Open c Volume 5, Number C 5



FIGURE 3. Representative images showing immune cells and immune checkpoint protein expression in disease-free regions of the AVs. Images were taken

from two different samples, and the panels of all stainingmarkers are shown at3200magnification. Scale bar: 50mm.AV, Aortic valve;A. side, aortic side;V.

side, ventricular side; HE, hematoxylin and eosin; PD-L1, programmed death ligand 1; CD8, cluster of differentiation 8; CD163, cluster of differentiation

163; FOXP3, forkhead box protein 3.
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was associated with being a nonsmoker and the female sex
(Table 2). Interestingly, the female patients in our Japanese
cohort were significantly associated with nonsmoking sta-
tus (P ¼ .003, data not shown). These observations suggest
that the high PD-L1 expression in the resected samples from
female patients with ASmay be induced by T-cell activation
attributed to being a nonsmoker. To date, researchers have
6 JTCVS Open c March 2021
attempted to elucidate the molecular pathologic mechanism
of AS by investigating the roles of immune cell infiltration
and resident cells, such as VICs and valvular endothelial
cells (VECs), in the disease’s progression.12-15 These cells
have been the focus of research because macrophages and
T lymphocytes are major contributors to inflammation,
whereas VICs function in calcification and fibrosis during



TABLE 2. Characteristics of patients with AS according to low or high PD-L1 expression in resected AVs

Factors

PD-L1

P valueLow, n ¼ 34 (%) High, n ¼ 19 (%)

Age, �65 y 30 (88.2%) 18 (94.8%) .418

Sex, female 15 (44.1%) 13 (68.4%) .086

Smoking, yes 14 (41.2%) 3 (15.8%) .049*

Ejection fraction, �50% 26 (76.5%) 16 (84.2%) .498

Mean pressure gradient, �40 mm Hg 23 (67.7%) 16 (84.2%) .177

Aortic valve area, �1.0 cm2 34 (100.0%) 18 (94.8%) .149

Valve calcification

Negative 27 (79.4%) 7 (36.8%) .002*

Positive 7 (20.6%) 12 (63.2%)

PD-L1, Programmed death ligand 1. *Statistically significant at P<.05.
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disease progression. In one example, Oba and colleagues16

found a greater distribution of CD163-positive macro-
phages in calcified AVs than that in noncalcified AVs and
showed that the infiltrating CD163-positive macrophages
were expressing high levels of bone morphogenetic protein
2. Infiltrated macrophages are also known to be important
for VIC activation, inflammatory cytokine secretion, and
calcification.17 Consistent with these previous findings,
we showed that high infiltration of CD163 macrophages
was significantly correlated with AV calcification. In addi-
tion, we showed that PD-L1 expression was correlated
with CD163 macrophage infiltration in the calcified AVs.
These findings suggest that CD163-positive macrophages
play a pivotal role in PD-L1 expression and calcification
in active inflammation-mediated AS.

The role and importance of FOXP3-positive Tregs in
AS has not previously been elucidated. Two aspects
must be addressed regarding the increased Treg positivity
in noncalcified AS. Tregs play a protective role by
secreting immunosuppressive cytokines or competing
with effector T lymphocytes in several cardiovascular
diseases, such as atherosclerosis. This may be related
to the pathophysiologic mechanism of AS.18,19
TABLE 3. Relationships among PD-L1 expression and immune cell infiltr

Factors

PD-L1

P value

CD

Low,

n ¼ 34 (%)

High,

n ¼ 19 (%)

Low,

n ¼ 37 (%)

CD8

Low 27 (79.4%) 10 (52.6%) .0439* –

High 7 (20.6%) 9 (47.4%) –

CD163

Negative 27 (79.4%) 9 (47.4%) .0175* 28 (75.7%)

Positive 7 (20.6%) 10 (52.6%) 9 (24.3%)

FOXP3

Negative 32 (94.1%) 15 (79.0%) .1025 32 (86.5%)

Positive 2 (5.9%) 4 (21.0%) 5 (13.5%)

PD-L1, Programmed death ligand 1; CD8, cluster of differentiation 8; CD163, cluster of di
Interestingly, we found that the infiltration of Foxp3-
positive Treg cells in the resected samples of patients
with AS was negatively associated with calcification
and disease severity. In contrast to our findings, Shimoni
and colleagues20 have reported that Treg cells circulate at
high levels in patients with AS and that these high levels
of circulating Tregs are related to the progression of valve
narrowing. However, we found that the infiltration of
Treg cells in the AV of patients with AS was negatively
associated with calcification and disease severity. There-
fore, further studies will be required to clarify the charac-
teristics and potential differences of circulating Tregs in
the blood and in the local lesions of AS, either with or
without calcification or valve narrowing. In addition, a
therapeutic strategy targeting Tregs has been suggested
as a promising approach for improving the survival of pa-
tients with advanced cancer.21,22 Based on our findings
and the protective effect of Tregs in cardiovascular dis-
ease, careless administration of Treg inhibitors to patients
with AS with advanced cancer may have a potential for
cardiovascular disease progression; this is the same as
that occurring with immune checkpoint inhibitor (ICI)
treatment, resulting in cardiovascular side effects.
ations in the AVs of patients with AS

8

P value

CD163

P value

High,

n ¼ 16 (%)

Negative,

n ¼ 36 (%)

Positive,

n ¼ 17 (%)

– – – – –

– – –

8 (50.0%) .0704 – – –

8 (50.0%) - -

15 (93.8%) .4208 33 (91.7%) 14 (82.4%) .3323

1 (6.2%) 3 (8.3%) 3 (17.6%)

fferentiation 163; FOXP3, forkhead box protein 3. *Statistically significant at P<.05.

JTCVS Open c Volume 5, Number C 7



TABLE 4. The associations among immune cell infiltration in resected AVs and disease severity in patients with AS

Factors

All cases, n ¼ 53

CD8

P value

CD163

P value

FOXP3

P value

Low

n ¼ 37 (%)

High,

n ¼ 16 (%)

Negative,

n ¼ 36 (%)

Positive,

n ¼ 17 (%)

Negative,

n ¼ 47 (%)

Positive,

n ¼ 6 (%)

EF, �50%, 28 (75.6%) 14 (87.5%) .3121 27 (75.0%) 15 (88.2%) .2489 37 (78.7%) 5 (83.3%) .7884

mPG, �40 23 (62.2%) 16 (100.0%) .0005* 24 (66.7%) 15 (88.2%) .0805 33 (70.2%) 6 (100.0%) .0469*

AVA, �1.0 cm2 37 (100%) 15 (93.8%) .1183 35 (97.2%) 17 (100%) 46 (97.9%) 6 (100.0%) .6222

Valve calcification

Negative 27 (73.0%) 7 (43.7%) .0439* 28 (77.8%) 6 (35.3%) .0028* 28 (59.6%) 6 (100%) .0165*

Positive 10 (27.0%) 9 (56.3%) 8 (22.2%) 11 (64.7%) 19 (40.4%) 0

CD8, Cluster of differentiation 8; CD163, cluster of differentiation 163; FOXP3, forkhead box protein 3; EF, ejection fraction; mPG, mean pressure gradient; AVA, aortic valve

area. *Statistically significant at P<.05.
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Previously, the origin of the PD-L1 protein in the AV had
not been reported; in the present study, we detected PD-L1
expression in the stromal area of resected AVs. In cancer
research, PD-L1 protein expression has been detected in
the cells of tumor tissues including tumor cells, stromal fi-
broblasts, intratumoral endothelial cells, and infiltrating
FIGURE 4. Multicolor immunofluorescence staining of immune cells and im

panels show calcified AVs with staining of PD-L1 (green), CD8 (purple), CD

show the same staining in noncalcified AVs. All images are shown at 3400 m

cluster of differentiation 8; CD163, cluster of differentiation 163; FOXP3, fork
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immune cells such as macrophages.23,24 In our additional
analysis, we evaluated the potential co-expression of PD-
L1, a-SMA (as a VIC marker), and CD31 (as a VEC
marker); we found that stromal PD-L1 protein was not ex-
pressed on the cellular membrane of fibroblasts or VECs,
but instead existed in the stromal area (Figure 5).
mune checkpoint protein markers in calcified and noncalcified AVs. Left

163 (red), and FOXP3 (blue), as well as a merged image. Right panels

agnification. Scale bar: 50 mm. PD-L1, Programmed death ligand 1; CD8,

head box protein 3.



FIGURE 5. Multicolor immunofluorescence staining of PD-L1, CD31, and a-SMA. Single color images show staining for PD-L1 (green), the VECmarker

CD31 (purple), and the VIC marker a-SMA (red) in AV tissue. A merged image is also included. Co-expression of PD-L1, a-SMA, and CD31 was not

observed in the sample (3400 magnification; scale bar: 50 mm). PD-L1, Programmed death ligand 1; a-SMA, alpha smooth muscle actin; CD31, cluster

of differentiation 31.
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Interestingly, 2 types of PD-L1 exist: membrane PD-L1 and
soluble PD-L1; high levels of soluble PD-L1 in the blood
are associated with poor prognosis in patients with soft-
tissue sarcoma, which suggests that soluble PD-L1 has an
important function in combating local tumor immunity.25

Given these observations, stromal PD-L1 in resected AV
specimens might be extracted from stromal cells including
fibroblasts, VICs, and VECs to regulate inflammation in the
AVs.

In cancer treatment, ICIs are used to target PD-1 and PD-
L1 and thereby improve patient survival.6 The adverse
events of ICIs were initially thought to be mild compared
with those of conventional cytotoxic anticancer drugs,
which can cause hematologic toxicity, organ failure, hair
loss, nausea, and vomiting.26,27 However, ICIs have now
been reported to cause characteristic immune-related
adverse events, associated with overactivated autoimmune
inflammation against several organs, in patients with can-
cer.27 The unexpected ICI-induced activation of autoim-
mune responses against the pancreas, thyroid, and colon
may lead to diabetes, dysregulation of thyroid function,
and severe colitis (similar to inflammatory bowel disease),
respectively.27 Interestingly, treatment with ICIs can also
cause cardiovascular toxicity shown as ICI-associated
myocarditis, myocardial infarction, and conduction disease
related to cardiovascular mortality28; thus, ICIs that target
the PD-1/PD-L1 axis could induce T-cell-mediated inflam-
mation related to myocarditis and coronary vasculitis
without atherosclerosis.29 In the present study, we found
that active inflammation caused by CD8-positive T lympho-
cytes and CD163-positive macrophages was associated
with the severity of the pressure gradient and valve calcifi-
cation in the AV, which is close to both the heart and the cor-
onary arteries. Moreover, the cumulative 5-year incidence
of sudden death in AS patients is reported to be 7.2%
(1.4% per year), despite the existence of asymptomatic pa-
tients.30 Given the evidence of ICI-associated cardiovascu-
lar toxicity and immune cell infiltration in AVs, we suggest
that activation of immune cell-related inflammation by ICIs
may affect immune tolerance against not only organs such
as the pancreas, thyroid, and colon but also cardiovascular
tissues such as AVs.
To show the clinical importance of immune cells/PD-L1

expression in the resected AS samples, we performed an
additional analysis of the preoperative comorbidity and
complications, shown in Table 1. Interestingly, low CD8
infiltration was significantly associated with postoperative
atrial fibrillation (data not shown, P ¼ .0127). Therefore,
our data suggested that an evaluation of immune infiltration,
particularly infiltrated low CD8 cells, in resected samples
JTCVS Open c Volume 5, Number C 9



FIGURE 6. Inflammatory and immune checkpoint markers are associated with AS severity. High PD-L1 and active inflammation were associated with

calcified AS. HE, Hematoxylin and eosin; PD-L1, programmed death ligand 1; CD8, cluster of differentiation 8; CD163, cluster of differentiation 163;

FOXP3, forkhead box protein 3.
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may be useful for identifying patients with high-risk AS,
which may be useful for cardiovascular surgeons. In the
future, we will evaluate the function of immune checkpoint
proteins, including PD-L1, as anti-inflammatory tools to
suppress the progression of AS. Moreover, we will investi-
gate the relationship between cardiovascular disease pro-
gression and Treg inhibitors because in this study, Treg
infiltration was significantly associated with a noncalcified
AS status and patients with cancer with Treg inhibition are
known to exhibit the induction of cardiovascular disorders.

Our study has several limitations. First, it is a retrospec-
tive single-institution study with a small sample size; these
conditions may potentially bias our results. Large-scale
clinical trials will therefore be needed to validate the rela-
tionships among PD-L1 expression, immune cell infiltra-
tion, and the severity of AS reported here. In addition, the
relationship of immune checkpoint protein/immune cells
10 JTCVS Open c March 2021
and infectious heart diseases could not be shown because
we excluded infectious heart diseases, such as aortic infec-
tions or endocarditis, in this study. Second, we discussed the
potential adverse events caused by immunotherapy treat-
ments for AS; however, none of the enrolled patients in
our study had undergone immunotherapy to target the
PD-1/PD-L1 axis, Tregs, or CD163. Finally, we did not
functionally analyze the association between immune
cell-induced inflammation, immune checkpoint protein
(PD-L1) induction, and the progression of AS.

In conclusion, our data show that high PD-L1 expression
is associated with CD8-positive T cells and CD163-positive
macrophages in calcified AV samples (Figure 6 and Video
1), and that this active inflammation was related to PD-L1
expression, valve calcification, and disease severity in AS.
These results suggest that immune cell-induced inflamma-
tion in the AVs, anti-inflammatory components-infiltrated



VIDEO 1. Slide 1: Title page: Slide 2: Research background: AS leads to

increase in the pressure burden on the left ventricle and leads to poor prog-

nosis without therapeutic intervention. Only surgical intervention (surgical

aortic valve replacement or transcatheter aortic valve implantation) is used

for the effective treatment of AS. Requires elucidation of the fundamental

mechanisms underlying the disease to improve patient’s QOL. Slide 3:

Pathophysiology of calcified AS: Disease progression occurs by several

mechanisms, including inflammatory signaling pathways, phenotypic

transformation of VIC cells and changes in extracellular matrix such as cal-

cium accumulation. Slide 4: Hypothesis: We hypothesized that the expres-

sion of the immune checkpoint protein PD-L1 and Treg infiltration may act

as anti-inflammatory factors that might regulate infiltration via the inflam-

matory immune cells, including T lymphocytes and macrophages, and

therefore, modulate the AS disease state. Slide 5: Study Design: A total

of 53 consecutive patients diagnosed with AS, each of whom underwent

surgical valve replacement in Gunma University Hospital were included

in the study. Retrospective immunohistochemical analysis was performed

against PD-L1 (immune checkpoint protein), CD8 (T-cell marker),

CD163 (macrophage marker), and FOXP3 (regulatory T-cell marker).

Slide 6: Patients’ Background: Slide 7: Histopathologic findings: PD-L1

expression was detected in the stromal area of the resected AVs. Slide 8:

PD-L1 expression and clinicopathologic factors: PD-L1 expression was

associated with smoking, infiltrated immune cells, and valve calcification.

Slide 9: Associations among immune cell infiltration and disease condition

in patients with AS: Infiltrated immune cells and immune checkpoint pro-

tein defines the disease severity of AS. Slide 10: Multicolor staining of im-

mune cells and immune checkpoint protein expression in calcified and

noncalcified AVs: Infiltrated immune cells and immune checkpoint protein

in resected valves was associated with calcified AV. Slide 11: Conclusion:

Immune cell-induced inflammation, anti-inflammatory Treg infiltration,

and immune checkpoint protein PD-L1 in resected valves may determine

the disease condition of AS. Video available at: https://www.jtcvs.org/

article/S2666-2736(20)30147-9/fulltext.

Erkhem-Ochir et al Adult: Aorta
Tregs, and the immune checkpoint protein PD-L1 may
result in the AS disease state.
Conflict of Interest Statement
The authors reported no conflicts of interest.

The Journal policy requires editors and reviewers to
disclose conflicts of interest and to decline handling or re-
viewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.

We thank Dr Yuki Shimoda, Ms Mariko Nakamura, Ms Sawa
Nagayama, and Ms Fumie Takada for their excellent assistance.
References
1. Lindman BR, Clavel MA, Mathieu P, Lung B, Lancellotti P, Otto CM, et al.

Calcific aortic stenosis. Nat Rev Dis Primers. 2016;2:16006.

2. Otto CM. Timing of aortic valve surgery. Heart. 2000;84:211-8.

3. Lee SH, Choi JH. Involvement of immune cell network in aortic valve stenosis:

communication between valvular interstitial cells and immune cells. Immune

Netw. 2016;16:26-32.

4. Rajamannan NM, Subramaniam M, Rickard D, Stuart RS, Janis D, Margaret S,

et al. Human aortic valve calcification is associated with an osteoblast phenotype.

Circulation. 2003;107:2181-4.

5. Sun C, Mezzadra R, Schumacher TN. Regulation and function of the PD-L1

checkpoint. Immunity. 2018;48:434-52.

6. Akinleye A, Rasool Z. Immune checkpoint inhibitors of PD-L1 as cancer thera-

peutics. J Hematol Oncol. 2019;12:92.

7. Wu X, Gu Z, Chen Y, Chen B, Chen W, Weng L, et al. Application of PD-1

blockade in cancer immunotherapy. Comput Struct Biotechnol J. 2019;17:

661-74.

8. Okeke EB, Uzonna JE. The pivotal role of regulatory t cells in the regulation of

innate immune cells. Front Immunol. 2019;10:680.

9. Sakata N, Tashiro T, Uesugi N, Kawara T, Furuya K, Hirata Y, et al. IgG4-positive

plasma cells in inflammatory abdominal aortic aneurysm: the possibility of an

aortic manifestation of IgG4-related sclerosing disease. Am J Surg Pathol.

2008;32:553-9.

10. Banks E, Joshy G, Korda RJ, Stavreski B, Soga K, Egger S, et al. Tobacco smok-

ing and risk of 36 cardiovascular disease subtypes: fatal and non-fatal outcomes

in a large prospective Australian study. BMC Med. 2019;17:128.

11. Was�en C, Erlandsson MC, Bossios A, Ekerljung L, Malmh€all C, T€oyr€a

Silfversw€ard S, et al. Smoking is associated with low levels of soluble PD-L1

in rheumatoid arthritis. Front Immunol. 2018;9:1677.

12. Bazhin AV, von Ahn K, Fritz J, Werner J, Karakhanova S. Interferon-a up-

regulates the expression of PD-L1 molecules on immune cells through STAT3

and p38 signaling. Front Immunol. 2018;9:2129.

13. Lee SH, Choi JH. Involvement of inflammatory responses in the early develop-

ment of calcific aortic valve disease: lessons from statin therapy. Anim Cells

Syst (Seoul). 2018;22:390-9.

14. Leopold JA. Cellular mechanisms of aortic valve calcification. Circ Cardiovasc

Interv. 2012;5:605-14.

15. Cho KI, Sakuma I, Sohn IS, Jo SH, Koh KK. Inflammatory and metabolic mech-

anisms underlying the calcific aortic valve disease. Atherosclerosis. 2018;277:

60-5.

16. Oba E, Aung NY, Ohe R, Sadahiro M, Yamakawa M. The distribution of macro-

phage subtypes and their relationship to bone morphogenetic protein 2 in calci-

fied aortic valve stenosis. Am J Transl Res. 2020;12:1728-40.

17. Li XF, Wang Y, Zheng DD, Xu HX, Wang T, Pan Min, et al. M1 macrophages

promote aortic valve calcification mediated by microRNA-214/TWIST1

pathway in valvular interstitial cells. Am J Transl Res. 2016;8:5773-83.

18. Albany CJ, Trevelin SC, Giganti G, Lombardi G, Scott�a C. Getting to the heart of

the matter: the role of regulatory T-cells (Tregs) in cardiovascular disease (CVD)

and atherosclerosis. Front Immunol. 2019;10:2795.

19. Raddatz MA, Madhur MS, Merryman WD. Adaptive immune cells in calcific

aortic valve disease. Am J Physiol Heart Circ Physiol. 2019;317:H141-55.

20. Shimoni S, Bar I, Meledin V, Gandelman G, George J. Circulating regulatory T

cells in patients with aortic valve stenosis: association with disease progression

and aortic valve intervention. Int J Cardiol. 2016;218:181-7.

21. Verma A, Mathur R, Farooque A, Kaul V, Gupta S, Dwarakanath BS. T-regula-

tory cells in tumor progression and therapy. Cancer Manag Res. 2019;11:

10731-47.

22. Kurose K, Ohue Y, Wada H, Iida S, Ishida T, Kojima T, et al. Phase Ia study of

FoxP3þ CD4 Treg depletion by infusion of a humanized anti-CCR4 antibody,

KW-0761, in cancer patients. Clin Cancer Res. 2015;21:4327-36.

23. Grabie N, Gotsman I, DaCosta R, Pang H, Stavrakis G, Butte MJ, et al. Endothe-

lial programmed death-1 ligand 1 (PD-L1) regulates CD8þ T-cell mediated

injury in the heart. Circulation. 2007;116:2062-71.
JTCVS Open c Volume 5, Number C 11

http://refhub.elsevier.com/S2666-2736(20)30147-9/sref1
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref1
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref2
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref3
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref3
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref3
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref4
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref4
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref4
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref5
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref5
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref6
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref6
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref7
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref7
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref7
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref8
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref8
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref9
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref9
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref9
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref9
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref10
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref10
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref10
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref11
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref11
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref11
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref11
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref11
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref11
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref11
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref12
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref12
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref12
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref13
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref13
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref13
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref14
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref14
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref15
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref15
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref15
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref16
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref16
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref16
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref17
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref17
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref17
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref18
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref18
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref18
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref18
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref19
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref19
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref20
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref20
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref20
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref21
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref21
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref21
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref22
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref22
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref22
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref22
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref23
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref23
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref23
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref23
https://www.jtcvs.org/article/S2666-2736(20)30147-9/fulltext
https://www.jtcvs.org/article/S2666-2736(20)30147-9/fulltext


Adult: Aorta Erkhem-Ochir et al
24. Liu Y, Zugazagoitia J, Ahmed FS, Henick BS, Gettinger SN, Herbst RS, et al.

Immune cell PD-L1 colocalizes with macrophages and is associated with

outcome in PD-1 pathway blockade therapy. Clin Cancer Res. 2020;26:970-7.

25. Asanuma K, Nakamura T, Hayashi A, Okamoto T, Iino T, Asanuma Y, et al. Sol-

uble programmed death-ligand 1 rather than PD-L1 on tumor cells effectively

predicts metastasis and prognosis in soft tissue sarcomas. Sci Rep. 2020;10:9077.

26. Choi J, Lee SY. Clinical characteristics and treatment of immune-related adverse

events of immune checkpoint inhibitors. Immune Netw. 2020;20:e9.

27. Da L, Teng Y, Wang N, Zaguirre K, Liu Y, Qi Y, et al. Organ-specific immune-

related adverse events associated with immune checkpoint inhibitor monother-

apy versus combination therapy in cancer: a meta-analysis of randomized

controlled trials. Front Pharmacol. 2020;10:1671.
12 JTCVS Open c March 2021
28. Chen DY, HuangWK, Chien-ChiaWu V, ChangWC, Chen JS, Chuang CK, et al.

Cardiovascular toxicity of immune checkpoint inhibitors in cancer patients: a re-

view when cardiology meets immuno-oncology. J Formos Med Assoc. 2020;119:

1461-75.

29. Lyon AR, Yousaf N, Battisti NML, Moslehi J, Larkin J. Immune checkpoint in-

hibitors and cardiovascular toxicity. Lancet Oncol. 2018;19:e447-58.

30. Taniguchi T, Morimoto T, Shiomi H, Ando K, Kanamori N, Murata K, et al. Sud-

den death in patients with severe aortic stenosis: observations from the CUR-

RENTAS registry. J Am Heart Assoc. 2018;7:e008397.

Key Words: aortic stenosis, PD-L1, calcification

http://refhub.elsevier.com/S2666-2736(20)30147-9/sref24
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref24
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref24
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref25
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref25
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref25
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref26
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref26
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref27
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref27
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref27
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref27
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref28
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref28
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref28
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref28
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref29
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref29
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref30
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref30
http://refhub.elsevier.com/S2666-2736(20)30147-9/sref30

	Inflammatory and immune checkpoint markers are associated with the severity of aortic stenosis
	Methods
	Patients and Samples
	Immunohistochemical Staining and Histopathology
	Assessment of AV Calcification and Inflammation Status
	Multiple Immunofluorescence Staining
	Statistical Analysis

	Results
	PD-L1 Expression, Immune Cells, and Calcification in Resected AVs
	Clinical Significance of PD-L1 Expression in Resected AVs
	Association of PD-L1 Expression With Immune Cell Infiltration in Resected AVs
	Association of AS Severity With Active Inflammation Related to T Lymphocytes and Macrophages
	Correlations Between PD-L1 Expression, T Lymphocytes, Macrophages, and Tregs in Resected AVs

	Discussion
	Conflict of Interest Statement

	References


