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Background: Programed death-ligand 1 (PD-L1) is overexpressed on renal

tubular and vascular epithelial cells in inflammatory kidney diseases as well

as on aged kidney podocytes, contributing to chronic kidney disease (CKD)

progression. The association of serum soluble programed death-ligand 1 (sPD-

L1) levels and chronic kidney disease (CKD) progression is unknown.

Methods: To compare serum sPD-L1 levels among healthy individuals

and patients with various CKD stages, including those undergoing dialysis,

a secondary analysis was performed using clinical data and residual

serum samples from four distinct cohorts, each prospectively collected

for different research purposes: The Vaccine Cohort (2021–2022), the

Cancer Cohort (2010–2018), the Dialysis Initiation Cohort (2023–2024), and

the Dialysis Maintenance Cohort (2011–2015) included patients on stable

maintenance dialysis.

Results: The study analyzed serum sPD-L1 levels in 2,829 participants (mean

age, 54.2 years; male, 54.2%) across the four cohorts. In the Vaccine and Cancer

cohorts, sPD-L1 levels increased significantly with age (P < 0.001) and male

sex (P < 0.001). In the Vaccine Cohort, elevated median sPD-L1 levels (pg/mL)

were significantly associated with CKD stage progression (P < 0.001), showing

exponentially higher levels with CKD progression. A similar association was

observed and validated in the Cancer Cohort (P < 0.001). In the Dialysis Initiation

Cohort (n = 15), sPD-L1 levels significantly increased three months after dialysis

initiation compared to pre-dialysis levels (P = 0.03). In the Dialysis Maintenance

Cohort, sPD-L1 levels increased with longer dialysis duration (P < 0.001).

Conclusion: Serum sPD-L1 levels might increase with CKD stage progression,

dialysis initiation and longer dialysis duration. Further clinical investigation is

required to confirm these results.
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Introduction

As the world’s elderly population has grown, the number of
patients with chronic kidney disease (CKD) has increased in recent
decades. Multiple factors, such as kidney aging, glomerulonephritis
and comorbidities, influence the progression of CKD in the elderly.
While many innovative therapies for CKD have been developed, the
mechanism of kidney aging remains unclear and its understanding
has recently become an emerging topic.

In kidneys, aging leads to progressive nephron loss and
increased glomerulosclerosis. Podocyte senescence plays a key role
in this age-related glomerulosclerosis: Recent studies have shown
that podocyte loss is associated with kidney aging (1) and that
overexpression of programed cell death-1 (PD-1) in aged podocytes
leads to cell death by interacting with its ligand, programed
cell death ligand 1 (PD-L1), resulting in podocyte loss (2). As
immune checkpoint molecules, PD-1 and PD-L1 play crucial roles
in maintaining immune homeostasis. A representative example of
this interaction is the blockade of anti-tumor immunity; PD-L1 on
the membrane of cancer cells suppresses anti-tumor immunity by
binding to the PD-1 receptor primarily on activated T cells (3).
Previous studies have shown that in inflammatory kidney diseases
where T cells play a prominent role in immune responses, such
as allograft rejections, glomerulonephritis and tubulointerstitial
nephritis, PD-L1 is overexpressed on renal tubular and vascular
epithelial cells, suggesting the possibility of its renoprotective
function (4–6). In kidney aging, the interaction between PD-1
and PD-L1 has recently drown great attention. Pippin et al has
demonstrated overexpression of PD-1 in aged murine and human
podocytes, which correlated with lower eGFR, higher segmental
glomerulosclerosis, and vascular damage (2, 7). In turn, blocking
PD-1 with an antibody inhibited apoptosis of podocytes and
improved phenotype aging in murine kidneys (2). This activation
of PD-1 signaling needs its ligand PD-L1, but it has not been
determined how PD-L1 initiates the signaling in podocytes. Similar
to its membrane-bound form, soluble PD-L1 (sPD-L1) in the
blood is thought to exert inhibitory effects on immune function by
binding to PD-1 on T cells (8, 9), and elevated blood levels of sPD-
L1 are reportedly associated with various conditions, such as cancer
(10, 11), aging (12), pregnancy (13), and diseases (8), e.g., acute
coronary syndrome (14), severe viral infections, e.g., COVID-19
(15), and severe sepsis (16).

It is possible that the circulating sPD-L1 also affects the PD-
1 signaling in podocytes. Thus, aging is hypothesized to elevate
sPD-L1 levels in blood, as well as PD-1 expression on podocytes,
potentially facilitating podocyte death via interaction between these
molecules, thereby advancing CKD stages.

It is important to have an understanding of the relationship
between serum sPD-L1 levels and kidney function before
proceeding with detailed investigations, which is the
aim of this study.

Materials and methods

Study design and cohort

This secondary study utilized clinical data and residual serum
samples from four previously conducted clinical studies: the

Vaccine, Cancer, Dialysis Initiation, and Dialysis Maintenance
cohorts. Participants provided informed consent, either in a written
or electronic form, allowing their clinical information and samples
to be used in subsequent studies, with the option to opt out of
post hoc analyses. All procedures were conducted in accordance
with the Declaration of Helsinki. The flowchart of the cohort
selection is shown in Figure 1.

Vaccine Cohort
This prospective cohort study investigated factors influencing

SARS-CoV-2 antibody titers. A total of 1,800 volunteers
aged ≥ 16 years were enrolled via the “MySOS” health app
in Japan from December 2021 to November 2022, regardless
of comorbidities. The study protocol was approved by the
Tentakai Clinical Research and Ethics Committee (2020-08[001]).
Their medical information was collected through application
questionnaires, and baseline serum samples were obtained at the
time of enrollment before vaccination. Of the 1,800 participants,
1,785 were tested for sPD-L1 using residual baseline serum samples
and enrolled in this study as the Vaccine Cohort.

Cancer Cohort
This cohort included 417 patients aged ≥ 30 years with

digestive tract cancer, enrolled in the AMATERASU randomized,
double-blind, placebo-controlled trial at the International
University of Health and Welfare Hospital, Tochigi, Japan,
from January 2010 to February 2018 (UMIN000001977) (17).
The inclusion criteria for the AMATERASU trial were: (1) a
histopathological diagnosis of epithelial carcinoma of the digestive
tract (esophagus, stomach, small intestine, colon, and rectum)
clinical stages I to III, (2) aged 30–90 years at entry, (3) diagnosis
and initial surgery at the International University of Health and
Welfare Hospital, (4) not taking vitamin D supplements or active
vitamin D, and (5) no history of urinary tract stones. The exclusion
criteria included: (1) tumors that were not resectable by surgery, (2)
serious postoperative complications at enrollment, (3) pathological
diagnosis other than epithelial carcinoma (such as malignant
lymphoma and sarcoma), and (4) pathological stage 0 or IV. The
study protocol was approved by the ethics committees of both the
International University of Health and Welfare Hospital (FK-1)
and Jikei University School of Medicine (21–216 [6094]). Of the
417 patients enrolled in the AMATERASU trial, 396 were tested for
sPD-L1 using residual serum samples and enrolled in this study as
the Cancer Cohort.

Dialysis Initiation Cohort
This cohort included 15 patients who began hemodialysis or

peritoneal dialysis at Jikei University Hospital between December
2023 and April 2024. Serum sPD-L1 levels were measured at the
start of dialysis (pre) and three months later (post). The study
protocol was approved by the Jikei University Institutional Review
Board (33-097 [10712]). All patients were enrolled as the Dialysis
Initiation Cohort.

Dialysis Maintenance Cohort
This prospective cohort study enrolled 724 hemodialysis

patients aged ≥ 20 years from 15 outpatient units in Tokyo, Japan,
between May 2011 and June 2015 (18). All patients had been on
dialysis for at least 3 months and received thrice-weekly sessions

Frontiers in Medicine 02 frontiersin.org

https://doi.org/10.3389/fmed.2025.1530804
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-12-1530804 January 31, 2025 Time: 11:35 # 3

Hayashi et al. 10.3389/fmed.2025.1530804

FIGURE 1

Flowchart of the four cohorts. * (1) a histopathological diagnosis of epithelial carcinoma of the digestive tract (esophagus, stomach, small intestine,
colon, and rectum) clinical stages I to III, (2) aged 30 to 90 years at entry, (3) diagnosis and initial surgery at the International University of Health and
Welfare Hospital, (4) not taking vitamin D supplements or active vitamin D, and (5) no history of urinary tract stones.

TABLE 1 Baseline characteristics of patients in the four cohorts.

Characteristic Vaccine Cohort
(n = 1785)

Cancer Cohort
(n = 396)

Dialysis Initiation
Cohort (n = 15)

Dialysis
Maintenance

Cohort (n = 633)

Age, years 49 (40–57) 66.2 ± 10.6 63.4 ± 14.9 65 (56–72)

Sex, male, n (%) 807 (45.3) 265 (66.9) 12 (80.0) 447 (70.6)

Body mass index, kg/m2 22.8 (20.6–25.6) 21.9 (19.8–23.8) 23.1 21.4 (19.3–24.3)

Comorbidity, n (%)

Hypertension 247 (13.9) 155 (39.1) 15 (100) 413 (66.6)

Diabetes 64 (3.6) 65 (16.4) 8 (53.3) 242 (38.2)

Dyslipidemia 198 (11.1) 175 (44.9) – 182 (28.8)

Acute coronary syndrome 9 (0.5) 18 (4.6) 0 (0) –

Stroke 3 (0.2) 16 (4.0) 1 (6.7) –

Cardiovascular disease* 12 (0.7) 30 (7.6) 1 (6.7) 121 (19.1)

Cancer 25 (1.4) 15 (3.8) 3 (20.0) 11 (1.7)

Serum Cr, mg/dL 0.73 (0.63–0.86) 0.75 (0.64–0.87) 9.2 ± 2.6 11.7 ± 3.0

eGFR, mL/min/1.73 m2 76.1 (67.2–86.8) 74.1 (63.6–83.0) 5.3 ± 1.4 3.7 (3.2–4.5)

CKD stage, n (%)

Stage 1 342 (19.2) 153 (13.4) 0 (0) 0 (0)

Stage 2 1272 (71.4) 273 (68.9) 0 (0) 0 (0)

Stage 3a 154 (8.6) 54 (13.6) 0 (0) 0 (0)

Stage 3b 10 (0.6) 16 (4.0) 0 (0) 0 (0)

Stage 4 0 (0) 0 (0) 0 (0) 0 (0)

Stage 5 2 (0.1) 0 (0) 0 (0) 0 (0)

Stage 5d 2 (0.1) 0 (0) 15 (100) 633 (100)

*Cardiovascular disease includes acute coronary syndrome and stroke. eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease. Values are presented as the n (%),
mean ± standard deviation, or median (IQR, 25th to 75th percentiles).
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lasting 3 to 5 hours each. Patients with unstable conditions such
as having acute bleeding, active infection, and acute coronary
syndrome at baseline were excluded at the time of enrollment. The
protocol was approved by the Jikei University Institutional Review
Board (22-182 [6359]). Of the 724 patients, 633 were tested for sPD-
L1 using residual serum samples and enrolled in this study as the
Dialysis Maintenance Cohort.

Data collection

Clinical data (age, sex, body mass index, medical history,
comorbidities, baseline laboratory tests, dialysis details, etc.) were
obtained from the original databases. Serum samples were stored at
−80◦C until use.

Measurement of sPD-L1 levels

Serum sPD-L1 levels were measured in undiluted serum
samples using the Human PD-L1 ELISA Kit [28-8] (ab277712,
Abcam, UK) according to the manufacturer’s instructions, with
a detection range of 3.9–1,300 pg/mL. The lot number was
consistent within each cohort, but differed among the four cohorts.
Consequently, sPD-L1 levels were compared within the same
cohort, but not between different cohorts, except when sPD-L1
levels were compared between individuals treated with and without
dialysis. sPD-L1 levels were analyzed as continuous variables and
were divided into quintiles and tertiles.

Formula for estimated glomerular
filtration rate and CKD classification

Serum creatinine (Cr) levels were obtained from the medical
records of patients in the cancer, dialysis maintenance and
dialysis initiation cohorts, and creatinine was measured in
stored samples in the Vaccine Cohort. eGFR was calculated
using the Japanese creatinine-based formula (JPN-Cre), and
CKD stages were classified according to KDIGO guidelines
(eGFR < 60 mL/min/1.73 m2) (19).

Statistical analysis

Categorical variables were compared using chi-squared tests,
while continuous variables were analyzed using unpaired t-tests,
Mann-Whitney U tests, or regression analysis, as appropriate.
The Wilcoxon matched-pairs signed-rank test was used to
compare sPD-L1 levels before and after dialysis initiation in the
same patients. Survival analysis was conducted in the Dialysis
Maintenance Cohort, and was performed with cardiovascular
disease or all-cause death as the primary outcome, and infections
requiring hospitalization or all-cause death as the secondary
outcomes. Hazard ratios (HRs) and 95% confidence intervals (CIs)
were determined for these outcomes using a Cox proportional
hazards model. Statistical significance was set at P < 0.05. All
analyses were performed using Stata 18.0 (StataCorp LLC., College
Station, TX, United States).

FIGURE 2

Association between age in decades and sPD-L1 levels. (A) Vaccine
Cohort. (B) Cancer Cohort. (C) Dialysis maintenance cohort. sPD-L1
levels by age group with box plots: The number of participants and
the median sPD-L1 level with interquartile range of each age group
are presented below.
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FIGURE 3

Association between sex and sPD-L1 levels. (A) Vaccine Cohort.
(B) Cancer Cohort. (C) Dialysis maintenance cohort. The number of
patients and the median sPD-L1 level with interquartile range of
each group are shown below.

Results

Participants’ characteristics

Patient’s baseline characteristics are detailed in Table 1. The
study included a total of 2,829 participants with measurable
residual serum sPD-L1 levels (mean age, 54.2 years; male, 54.2%):
1,785 from the Vaccine Cohort (99.2% of the original sample),
396 (96.1%) from the Cancer Cohort, 15 (100%) from the Dialysis
Initiation Cohort, and 633 (53.2%) from the Dialysis Maintenance
Cohort. The Vaccine Cohort included a younger population
with fewer men and fewer comorbidities than the other three
cohorts. In the Dialysis Maintenance Cohort, all of whom were on
hemodialysis, median dialysis vintage was 80 (38–148) months, and
median Kt/V was 1.4 (1.2–1.5). In the Dialysis Initiation Cohort,
there were 13 (86.7%) hemodialysis and two (13.3%) peritoneal
dialysis cases. Blood access types were: 12 arteriovenous fistulas
(80.0%), two (13.3%) peritoneal dialysis catheters, and one (6.7%)
central venous catheter. Baseline urine output was maintained at a
median volume of 1631 ± 946 mL/day.

Age, sex, and sPD-L1 levels

Associations between age and sPD-L1 levels are presented
in Figure 2. In the Vaccine Cohort, sPD-L1 levels significantly
increased with age (P < 0.001) (Figure 2A), with a similar positive
association in the Cancer Cohort (P < 0.001) (Figure 2B). This
association between age and sPD-L1 levels in the Vaccine and
Cancer cohorts remained significant after adjusting for sex and
kidney function (Vaccine Cohort: P < 0.001, Cancer Cohort:
P < 0.001), but not significant in the Dialysis Maintenance
Cohort (Figure 2C). Notably, there was a substantial variation
in sPD-L1 levels even among individuals of the same age group.
Furthermore, in the Vaccine Cohort, median [IQR] sPD-L1 levels
were significantly higher in males than females (84.8 [70.4–
101.4] and 78.0 [65.4–93.7] pg/mL, respectively, P < 0.001)
(Figure 3A). This association between sex and sPD-L1 levels
remained significant even after adjusting for age (P < 0.001).
Similar sex-related differences were observed in the Cancer
Cohort (Figure 3B), but not in the Dialysis Maintenance Cohort
(Figure 3C).

sPD-L1 levels and CKD stages

Figure 4 illustrates the association between serum sPD-L1 levels
and CKD stages. In the Vaccine Cohort, higher sPD-L1 levels were
significantly associated with advancing CKD stage (P < 0.001),
even after adjusting for age, sex, hypertension, diabetes, and cancer
(β 0.031, 95% CI 0.019–0.043, P < 0.01) (Table 2). Median levels of
sPD-L1 (pg/mL) showed an exponential increase with CKD stage
progression, with levels from 77.0 (G1) and 80.7 (G2) in individuals
without CKD, 84.7 (G3a), 105.0 (G3b), and 124.2 (G5) in patients
with CKD, to 291.8 (G5d) in those undergoing dialysis (Figure 4A).
A similar pattern was observed in the Cancer Cohort (P < 0.001)
(Figure 4B). The association remained significant after adjusting
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FIGURE 4

sPD-L1 levels and CKD stages. (A) Vaccine Cohort: Linear regression analysis was performed to examine the association between sPD-L1 levels and
CKD stage, adjusted for age and sex. (B) Cancer Cohort: Linear regression analysis was used to assess the relationship between sPD-L1 levels and
CKD stage, adjusted for age and sex. (C) Dialysis initiation cohort: The Wilcoxon matched-pairs signed-rank test was used to compare sPD-L1 levels
before and after dialysis initiation in the same patients. The median sPD-L1 levels with interquartile range of before and after dialysis initiation are
shown below. (D) Dialysis maintenance cohort: Linear regression analysis was conducted to evaluate the association between quintiles of dialysis
duration and sPD-L1 levels, adjusted for age and sex. The number of patients and the median sPD-L1 level with interquartile range of each quintile
are shown below.

TABLE 2 Factors associated with soluble PD-L1 levels* by univariate and multivariate linear regression models in Vaccine Cohort.

Variables Univariate
Coeff. (95% CI)

p-value Model 1 Model 2

Multivariate
Coeff. (95% CI)

p-value Multivariate
Coeff. (95% CI)

p-value

Age 0.0013 (0.00081 to 0.0019) <0.001 0.00033 (−0.00026 to
0.00092)

0.276 – –

Sex, male 0.034 (0.021 to 0.046) <0.001 0.029 (0.017 to 0.042) <0.001 – –

Hypertension 0.039 (0.020 to 0.57) <0.001 0.020 (0.00095 to 0.039) 0.040 0.027 (0.0080 to 0.045) 0.005

Diabetes mellitus 0.0034 (0.00017 to 0.068) 0.049 0.011 (−0.024 to 0.045) 0.544 0.018 (−0.016 to 0.053) 0.292

Acute coronary syndrome −0.0081 (−0.097 to 0.81) 0.858 – – – –

Stroke −0.035 (−0.19 to 0.12) 0.647 – – – –

Cardiovascular disease** −0.015 (−0.092 to 0.062) 0.700 – – – –

Cancer 0.076 (0.022 to 0.13) 0.006 0.069 (0.017 to 0.12) 0.010 0.063 (0.010 to 0.12) 0.019

CKD stage 0.038 (0.27 to 0.048) <0.001 0.031 (0.019 to 0.043) <0.001 0.035 (0.024 to 0.046) <0.001

*Soluble PD-L1 and eGFR were transformed to an ordinary logarithm (log10). **Cardiovascular disease includes acute coronary syndrome and stroke. PD-L1, programmed death ligand 1;
CVD, cardiovascular disease; CKD, chronic kidney disease.
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for hypertension, diabetes, and cardiovascular disease, along with
age and sex (β 0.033, 95% CI 0.0074–0.059, P = 0.012) (Table 3).
In the Dialysis Initiation Cohort, sPD-L1 levels before and after
dialysis initiation in the same patients were compared, sPD-L1
levels increased significantly, from 277.5 pg/mL just before dialysis
to 337.6 pg/mL three months after dialysis initiation (P = 0.03)
(Figure 4C). In the Dialysis Maintenance Cohort, longer dialysis
duration was associated with higher sPD-L1 levels (P < 0.001)
(Figure 4D). This difference remained significant after adjusting
hypertension, diabetes, cardiovascular disease, cancer, and Kt/V,
along with age and sex (β 0.00030, 95% CI 0.00000016–0.000044,
P = 0.001) (Table 4).

sPD-L1 levels between dialysis-treated
patients and non-dialysis patients

Across the four cohorts, 650 patients were either undergoing
dialysis or about to initiate dialysis at the time of sPD-L1
measurement, while 2,179 individuals were either CKD patients
without dialysis or non-CKD individuals (CKD stage G1-G5). The
median [IQR] sPD-L1 level in dialysis patients was 232.0 [186.3–
285.3] pg/mL, which was significantly higher than that in non-
dialysis CKD patients or non-CKD individuals, whose median level
was 77.0 [62.6–94.6] pg/mL (P < 0.0001), representing a three-fold
increase in dialysis patients (Figure 5A). This difference remained
nearly unchanged after 1:1 matching for age and sex (Figure 5B).

Discussion

In this study, serum sPD-L1 levels were found to increase
exponentially with CKD stage progression, independent of age,
sex, or other confounding factors, a finding further validated
by assessing another cohort. Although numerous studies have
evaluated sPD-L1, few have described its association with kidney
function. sPD-L1 is produced by either alternative splicing or
proteolytic cleavage of membrane PD-L1, and has a molecular
weight of approximately 37–56 kDa (8). sPD-L1 might be excreted
in urine (20, 21). Thus, serum sPD-L1 levels increase with reduction
of GFR, as evidenced by the fact that sPD-L1 levels increased with
CKD progression in the present study.

Furthermore, median sPD-L1 levels were found to be three
times higher in dialysis patients compared to non-dialysis
individuals. To determine whether this significant difference was
attributable to the dialysis procedure itself, sPD-L1 levels were
compared before and after the initiation of dialysis. Evaluation
revealed an increase of approximately 100 pg/mL in sPD-L1
levels three months after starting dialysis, suggesting that dialysis
contributes, at least in part, to the elevation of serum sPD-L1
levels. Additionally, sPD-L1 levels were directly related to dialysis
duration. The molecular weight cutoff for molecules filtered by
low-flux and high-flux hemodialysis membranes typically ranges
from 5 to 15 kDa and 50 to 60 kDa, respectively. Considering
its molecular weight, i.e., 37–56 kDa (8), it is likely that sPD-
L1 accumulates in the blood, as it is not effectively filtered by
low-flux dialysis, which was used in most patients in the Dialysis
Initiation and Maintenance cohorts in this study. In patients on T
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TABLE 4 Factors associated with soluble PD-L1 levels* by univariate and multivariate linear regression models in dialysis maintenance cohort.

Variables Univariate
Coeff. (95% CI)

p-value Multivariate
Coeff. (95% CI)

p-value

Age 0.0016 (0.00048 to 0.0027) 0.005 −0.00022 (−0.0012 to 0.00081) 0.677

Sex, male −0.0050 (−0.035 to 0.025) 0.744 −0.0099 (−0.037 to 0.017) 0.472

Hypertension −0.017 (−0.047 to 0.012) 0.251 −0.017 (−0.043 to 0.0084) 0.189

Diabetes mellitus −0.024 (−0.052 to 0.0044) 0.097 0.0041 (−0.026 to 0.027) 0.976

Cardiovascular disease 0.015 (−0.020 to 0.050) 0.409 0.011 (−0.020 to 0.042) 0.506

Cancer 0.015 (−0.016 to 0.046) 0.342 0.00030 (−0.020 to 0.044) 0.468

HD vintage 0.031 (0.0010 to 0.060) 0.043 0.00030 (0.000016 to 0.000044) <0.001

Kt/V 0.078 (0.069 to 0.088) <0.001 0.033 (−0.014 to 0.079) 0.166

*Soluble PD-L1 and eGFR were transformed to an ordinary logarithm (log10). **Cardiovascular disease includes acute coronary syndrome and stroke. PD-L1, programed death ligand 1;
HD, hemodialysis.

dialysis, urine volume progressively decreases as dialysis vintage
increases (22). It is hypothesized that initiation of dialysis reduces
urine volume, leading to a decrease in the amount of sPD-L1
excreted in urine, and hence, its elevation. Platelet activation (23)
and vascular endothelial cell damage or stimulation (8) caused
by hemodialysis procedure itself or an arteriovenous fistula might
also have contributed to the observed elevation in serum sPD-
L1 levels in dialysis patients in this study. Previous studies have
suggested that sPD-L1 levels are higher in patients with coronary
artery disease than in those without (8), and that elevated sPD-
L1 levels, induced during the development of atherosclerosis, are
associated with future cardiovascular events (24). These findings
suggest that sPD-L1 levels might reflect the severity and instability
of atherosclerotic lesions as well.

While CKD typically advances with aging, there are cases
where its progression outpaces what would be expected based
solely on chronological age. The drivers of this accelerated decline
are complex and multifactorial, including cellular senescence,
inflammation, mitochondrial dysfunction, disruptions in sirtuin
and Klotho signaling, and dysregulation of the autophagy-
lysosome system (25). These overlapping mechanisms make it
difficult to pinpoint a singular cause. Nevertheless, Pippin et al.
demonstrated that PD-1 expression on podocytes increases with
age, a phenomenon closely tied to renal functional decline and
worsening glomerulosclerosis due to podocyte apoptosis caused
by PD-1/PD-L1 pathway upregulation (2). Interestingly, blocking
PD-1 with an antibody has been shown to reduce both podocyte
senescence and inflammation, thus extending the lifespan of these
critical cells (2). In the present study, sPD-L1 levels increased
significantly with age, independent of sex and kidney function,
and also exhibited significant variability even within the same
age and sex group. Contrary to the previous hypothesis, elevated
sPD-L1 in blood, beyond what is expected with aging, might
stimulate PD-1 on podocytes, thereby impairing renal function and
advancing CKD progression. However, PD-L1 overexpression can
also occur with aging podocytes, inflamed renal tubular epithelial
cells (26), renal interstitial tissues involved in fibrosis development
(27), and kidney function decline itself, suggesting that these
additional factors should be carefully considered in future clinical
investigations. Moreover, a recent meta-analysis of randomized

clinical trials demonstrated that combined use of anti-PD-1 or PD-
L1 antibodies with chemotherapy increased the risk of severe acute
kidney injury and the composite of all severe acute kidney adverse
events (28, 29). Therefore, blocking the interaction between PD-L1
and PD-1 with antibody therapy might not necessarily halt age-
related CKD progression, and could potentially worsen it, probably
through autoimmune mechanisms.

Limitations

This study has several limitations. First, each cohort was
primarily enrolled for different study purposes, resulting in
notable differences in baseline characteristics. The Vaccine Cohort
consisted of relatively healthy individuals with few comorbidities,
the Cancer Cohort included patients with esophageal, gastric,
or colorectal cancer, and the Dialysis Initiation and Dialysis
Maintenance Cohorts comprised patients who had newly started
dialysis or were on stable dialysis, respectively. Second, in the
Vaccine and Cancer Cohorts, since creatinine and sPD-L1 levels
were measured from the same blood samples, it was not possible
to determine whether elevated sPD-L1 levels led to renal functional
decline or vice versa. Additionally, since an association does
not necessarily imply a causal relationship, while patients with
elevated sPD-L1 levels in this study exhibited advanced CKD stages,
caution is needed when interpreting these findings. Third, although
a significant increase in sPD-L1 levels was observed after the
initiation of dialysis, the Dialysis Initiation Cohort included only
15 participants, which was fewer than in other cohorts, raising
the possibility that this could be a chance finding. Fourth, since
PD-1 on podocytes in the renal glomeruli were not evaluated
pathologically, it remains unclear whether the interaction between
circulating sPD-L1 and PD-1 on podocytes accelerated kidney
aging and contributed to CKD stage progression. Fifth, when
measuring sPD-L1 levels across the four cohorts, ELISA kit lot
numbers were consistent within each cohort, but differed between
cohorts. Hence, it was not possible to make subtle comparisons
between different cohorts. For example, while dialysis patients had
levels three times higher than non-dialysis patients, with the lot
number differences falling within the margin of error, in cases
where the differences were smaller, such as between cancer and
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FIGURE 5

sPD-L1 levels and dialysis. (A) Comparison of sPD-L1 levels between
dialysis patients and non-dialysis individuals. (B) Comparison of
sPD-L1 levels between dialysis patients and non-dialysis individuals
in a 1:1 ratio, matched for age and sex. The number of patients and
the median sPD-L1 level with interquartile range of each group are
shown below.

non-cancer patients, it was necessary to avoid combining patient
data across cohorts.

Conclusion

To the best of our knowledge, this is the first study
demonstrating the association between serum sPD-L1
levels and CKD progression, with sPD-L1 reaching the
highest levels in patients with stage 5 CKD. Serum sPD-
L1 levels also increased with dialysis initiation and dialysis
duration. Further investigation is needed to understand
the mechanism of sPD-L1 elevation and its impact on
patients with CKD.
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