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ABSTRACT 

Background. Acute interstitial nephritis ( AIN) related to immune checkpoint inhibitors ( ICI-AIN) has a not completely 
understood pathophysiology. Our objectives were to analyze possible biomarkers for the differentiation between acute 
tubular necrosis ( ATN) and AIN, especially in cancer patients, and to study the participation of the immune checkpoint 
pathway in ICI-AIN. 
Methods. We performed an observational study. We recruited patients with incident diagnosis of ICI-AIN ( n = 19) . We 
measured soluble PD-1 ( sPD-1) , sPD-L1, and sPD-L2 in serum and urine at diagnosis and compared to it patients with 

non-ICI-related AIN ( non-ICI-AIN) ( n = 18) and ATN ( n = 21) . The findings were validated in an independent cohort from 

another institution ( n = 30) . Also, we performed PD-L1 and PD-L2 immunostaining of kidney biopsies from patients with 

ICI-AIN and compared to patients with non-ICI-AIN. 
Results. Urinary sPD-1 ( usPD-1) was higher in patients with AIN compared to ATN ( P = .03) . Patients with AIN also 
showed higher serum sPD-1 ( ssPD-1) than patients with ATN ( P = .021) . 

In cancer patients, usPD-1 < 129.3 pg/ml had a 71.43% sensitivity and 94.44% specificity to differentiate ATN from 

ICI-AIN, with a likelihood ratio of 12.86. In the external validation cohort, the same cutoff showed a sensitivity of 80%. 
In kidney biopsies, patients with ICI-AIN showed higher density of PD-L1 positive tubules than patients with 

non-ICI-AIN ( P = .02) . The proportion of patients having > 2.64/mm2 PD-L2 positive tubules was higher among patients 
with ICI-AIN compared to non-ICI-AIN ( P = .034) . There was a positive correlation ( P = .009, r = 0.72) between usPD-1 and 
the number of PD-L1 positive tubules. 
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Conclusions. UsPD-1 and ssPD-1 are higher in AIN than ATN. Moreover, there was a strong correlation between usPD-1 
and renal tubular PD-L1 expression. Our findings suggest a role of usPD-1 as non-invasive biomarker to differentiate 
ICI-AIN from ATN, especially in cancer patients, which has been confirmed in an external validation cohort. 

GRAPHICAL ABSTRACT 

Keywords: checkpoint, nephritis, PD-1, PD-L1, PD-L2 
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KEY LEARNING POINTS 

What was known : 

• Immune checkpoint inhibitor induced acute interstitial ne
condition.

• PD-L1 tubular immunohistochemistry has been found pos

This study adds : 

• Urinary PD-1 is higher in patients with immune checkpoin
this entity from acute tubular necrosis in cancer patients.

• This correlates with the number of PD-L1 positive tubules

Potential impact : 

• Urinary PD-1 is a potential non-invasive biomarker in the 
tial nephritis.

• It could help avoid kidney biopsies in cancer patients and
is has different pathophisiology from other etiologies of this 

 mainly in this specific etiology.

ibitor induced acute interstitial nephritis, and differentiates 

dney biopsies.

osis of immune checkpoint inhibitor induced acute intersti- 

 aid in the follow-up of these patients.



Urinary soluble PD-1 as a biomarker 3

I

T  

i
u
d
p
c  

w  

[  

a  

e
w

t  

a
a  

i  

o  

m

l
i
b
t  

h
 

c
v  

i
w  

t
h
p
q
i
t
i  

S  

t
i

 

o
d  

l
o  

m

m  

a  

m
h
f
n  

o  

fi  

u  

s  

n  

a
I  

A
o

M

S

D

W  

t  

l  

b  

p  

c  

d  

u  

l  

p
a  

u  

a
e

 

T  

C

V

P  

D  

r  

t  

c  

p  

v  

t  

d  

i  

C

B

S  

k  

1  

s
t
t  

M
 

Q
M
t

C

A  

a
K

 

t  

s
 

e
w  

s

NTRODUCTION 

he immune checkpoint pathway has a key regulatory role in
mmunity, modulating the immune response to antigenic stim- 
li and preventing autoimmunity phenomena. Programmed cell 
eath ligand 1 ( PD-L1) and 2 ( PD-L2) are expressed by antigen 
resenting cells and by some types of non-professional immune 
ells and binds to the programmed cell death protein 1 ( PD-1) ,
hich is mainly expressed in the surface of T, B, and NK cells

1 , 2 ]. This binding counteracts stimulatory signals and induces
nergy in effector cells [3 ]. Some authors have described an over-
xpression of both molecules in renal tubular epithelial cells 
ithin an inflammatory milieu [4 , 5 ]. 
PD-1, PD-L1, and PD-L2 are transmembrane proteins, but in 

he recent years soluble forms of these molecules ( sPD-1, sPD-L1,
nd sPD-L2) have been identified. They are produced by cleav- 
ge of the membrane forms by proteases or by alternative splic-
ng, thus leading to many different splice variants. The affinity
f these splice variants for their ligand and their function in nor-
al and disease conditions remain to be elucidated [6 ]. 
As an escape mechanism from the natural immunosurveil- 

ance system, some neoplasms overexpress PD-L1 and PD-L2 to 
nhibit immune aggression. Immune checkpoint inhibitors ( ICI) 
lock these pathways therefore restoring the immune response 
hat acts against the tumor cells. These recently developed drugs
ave improved survival in various types of cancer [7 ]. 
Owing to its mechanism of enhancing immune system,

heckpoint inhibitors have well described immune-related ad- 
erse events ( irAEs) , which may affect various organs [8 , 9 ]. The
ncidence of acute kidney injury ( AKI) among patients treated 
ith ICI ranges between 1.4% and 30% [10 –12 ]. Acute intersti-
ial nephritis ( AIN) related to ICI ( ICI-AIN) is the most reported 
istopathological finding in kidney biopsies [10 , 13 ]; its exact 
athomechanism is not fully understood. The second most fre- 
uent histological finding is acute tubular necrosis ( ATN) . ATN 

s usually related to other treatments frequently prescribed 
o these patients ( non-steroidal anti-inflammatory drugs, plat- 
num derivatives, antibiotics…) or conditions of the patient.
ometimes ATN is clinically difficult to distinguish from AIN,
hus a kidney biopsy is necessary. Unfortunately, kidney biopsy 
s not widely available or suitable for all patients. 

To overcome this limitation, our group and others have previ-
usly proposed some urinary cytokines as biomarkers that may 
ifferentiate ATN from AIN [14 –16 ]. Some studies have been pub-
ished recently about distinct biomarkers for the differentiation 
f ICI-AIN from other entities, showing a growing interest in this
atter and its importance [17 –19 ]. 
On the other hand, the concentration of serum soluble 

olecules of the checkpoint pathway has been studied in some
utoimmune diseases [20 , 21 ]. They have been proposed as a
arker of activity. Moreover, the expression of these molecules 
as been studied by immunohistochemistry in kidney biopsies 
rom patients with ICI-AIN. Previous studies showed a predomi- 
ance of PD-L1 tubular staining in ICI-AIN compared to AIN from
ther causes ( non-ICI-AIN) , ATN, or controls [22 –24 ]. Despite this
nding, we do not know of any reports regarding the serum and
rine concentration of these molecules in kidney irAEs. In this
tudy, we aimed to comprehensively describe the serum and uri-
ary concentration of sPD-1, sPD-L1, and sPD-L2 in patients di-
gnosed with AIN, especially focusing on the patients presenting 
CI-AIN, as potential biomarkers in the distinction of AIN from
TN. In addition, we analyzed the differential renal expression 
f PD-L1 and PD-L2 in ICI-AIN compared non-ICI-AIN. 
ATERIALS AND METHODS 

tudy population 

iscovery cohort 

e recruited all patients with clinical suspicion of AIN or ATN in
he initial nephrology evaluation between 2017 and 2021 in Bel-
vitge University Hospital. The diagnosis of AIN was performed
y kidney biopsy in all patients after evaluation by an expert
athologist. For diagnosis of ICI-AIN, patients must have re-
eived a dose of ICI 6 months prior to the diagnosis. ATN was
iagnosed by kidney biopsy or by an expert nephrologist eval-
ation during the same period. Exclusion criteria were as fol-
ows: classification of AKI as secondary to obstructive uropathy,
rerenal AKI, glomerulonephritis, and unclassified nephropathy 
fter a complete nephrology work-up evaluation. Patients with
rinary tract infection, active sepsis, or an active flare-up of an
utoimmune condition with extrarenal involvement were also 
xcluded. 

All patients included in this study signed informed consent.
his study was approved by Bellvitge University Hospital Ethical
ommittee ( PR143/19) . 

alidation cohort 

atients diagnosed with AIN and prospectively followed up at
octor Trueta University Hospital between 2015 and 2024 were
ecruited to form the validation cohort of the study. In all cases,
he diagnosis was confirmed by kidney biopsy. The exclusion
riteria were the same as in the discovery cohort. All sam-
les and data from patients included in the study were pro-
ided by IDIBGI Biobank ( B.0000872) , which is integrated into
he National Biobank Network of Spain. These samples and
ata were handled according to standard procedures follow-
ng the approval of the Ethical Committee and the Scientific
ommittee. 

iomarker assays 

erum and urinary samples were collected at diagnosis of the
idney condition. Samples were centrifuged at 2000 rpm for
0 min and stored at −80°C. To determine the concentration of
PD-1 and sPD-L2, a Multiplex Immunoassay ( Invitrogen Procar- 
aPlex, Thermofisher Scientific, Waltham, MA, USA) according 
o the manufacturer’s instructions was performed. A Luminex
AGPIX® reader was used to retrieve the results. 
For sPD-L1, we performed an ELISA using the PD-LA/B7-H1

uantikine ELISA commercial kit ( DB7H10 from R&D Systems 
inneapolis, MN, USA) following the manufacturer’s instruc- 

ions. 

linical data collection 

t baseline, the main demographic variables of interest ( age, sex)
nd prior medical conditions ( Diabetes, Hypertension, Chronic 
idney Disease) were recorded. 
For cancer patients, we recorded the type of neoplasm and

he oncologic treatments received before the obtention of the
amples. 

For patients with AIN, data regarding to the presence of
xtrarenal symptoms ( rash, fever, arthralgias, or other irAEs) 
ere obtained from medical records. Kidney biopsies were
tained with hematoxylin-eosin, periodic acid-Schiff, periodic 
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cid-methenamine silver ( Jones) , and Masson’s trichrome stains,
nd they were examined by an expert kidney pathologist. The 
resence and extent of the inflammatory infiltrate in the kid- 
ey biopsy were assessed in non-scarred areas of the cortex and 
ategorized as follows: absent ( < 25%) , mild ( affecting 25%–50%) ,
oderate ( affecting 50%–75%) , and severe ( affecting > 75%) . 
Central laboratory data ( complete blood count, serum 

reatinine, C-reactive protein, proteinuria, leukocyturia, and 
ematuria) at baseline were obtained. 

D-L1 and PD-L2 determination in kidney biopsy 

idney tissue biopsy specimens were collected ±8 days from the 
erum and urinary sampling and were paraffine embedded. For 
D-L1 staining, 5 μm sections were dewaxed, and antigen was 
etrieved at pH 6.7. PD-L1 was stained using mouse anti-human 
D-L1 antibody ( Clone 22C3, Agilent-Dako) as specified in the 
anufacturer protocols. After 30 min of incubation with the 
rimary antibody, the slides were treated with anti-mouse IgG 

nd binding was demonstrated using 3,3′ diaminobenzidine as 
 chromogen with avidin-biotin-peroxidase complex ( EnVision 
lex K8002 Visualization System) . For PD-L2 staining, 5 μm sec- 
ions were heated for 15 to 30 min at 60°C. Sections were de- 
axed and rehydrated using an autostainer. Antigen retrieval 
as performed with a pH 6 citrate buffer. Sections were incu- 
ated in Block Buffer for 1 h at room temperature. Afterwards,
hey were incubated overnight at 4°C for 2 h at room temperature 
ith primary antibody [PD-L2/B7-DC ( R&D Systems MAB 1224 
ouse IgG) ] diluted 1:100 in TBS. Thereafter, sections were incu- 
ated for 2 h at 37°C with secondary antibody ( anti-mouse IgG- 
y3) diluted 1:200, and then counterstained with DAPI and cover- 
ounted with three drops of home-made fluorescent medium.
he slides were stored flat at 4°C, and images were acquired 
fter a maximum of 7 days using an Axio Imager M2 micro- 
cope ( Zeiss; Jena, Germany) . We took one cylinder and mea- 
ured its area in the slide using Zeiss Zen version 3.3 and Im- 
geJ version 1.53 software. The number and percentage of PD-L1 
nd PD-L2 positive tubules per slide was blindly counted after- 
ards. Finally, we adjusted the number of positive tubules for 
he area of the tissue slide, thus calculating a number of posi- 
ive tubules/mm2 index. 

tatistical methods 

ata were analyzed using GraphPad Prism version 8.0 ( GraphPad 
oftware, La Jolla, 195 CA, USA) and IBM SPSS Statistics Version 
6.0 ( IBM Corp., Armonk, NY, USA) . Categorical variables were ex- 
ressed as total number ( n) and percentage ( %) . Continuous vari- 
bles were expressed as mean ± standard deviation. For com- 
arison between two groups, when variables were quantitative 
nd normally distributed, Student’s t -test was used, and Mann–
hitney U was performed when the variables were not normally 
istributed. Chi square or Fisher’s exact test were used for quali- 
ative variables. Spearman’s correlation was applied to compare 
ot normally distributed variables. Receiver operating charac- 
eristic ( ROC) curves were plotted to determine the accuracy of 
ertain biomarkers. The optimal cutoff—defined as the cutoff 
resenting the highest sensitivity and specificity—was selected 
sing the Youden method. 

ESULTS 

iscovery cohort 

. Urinary and serum sPD-1 differentiates ATN from AIN 
e screened 72 patients with suspicion of AIN or ATN 

 Supplementary Figure S1) . Fr om those, we finall y r ecruited 21 
atients diagnosed with ATN and 37 patients with AIN. Table 1 
epicts their clinical characteristics. 
We observed higher urinary sPD-1 ( usPD-1) concentration in 

atients with AIN compared to patients with ATN ( P = .0304) .
here was no correlation between serum creatinine and usPD- 
 in patients with AKI ( r −0.091, P = .517) . We then measured 
he level of the soluble molecules in serum. Interestingly, pa- 
ients with AIN presented increased levels of serum sPD-1 ( ssPD- 
) compared to ATN. To identify the soluble molecule that best 
lassified patients into AIN or ATN, we plotted ROC curves for 
sPD-1 and usPD-1. Although both ssPD1 and usPD-1 appeared 
o be good discriminators, ssPD-1 tended to yield a higher area 
nder the curve ( AUC) ( Fig. 1 ) . 
We found no differences between ATN and AIN in serum or 

rinary sPD-L1 or sPD-L2 ( Supplementary Table S1) . We then ex- 
mined the differences in usPD-1 according to the grade of the 
enal infiltrate present on kidney biopsies. Patients having mod- 
rate or severe renal interstitial infiltrate had higher usPD-1 con- 
entration compared to patients with absent or mild infiltrate 
 238.5 [132.7–892] vs 96.28 [35.99–361] pg/ml; P = .028) . We did 
ot find differences in sPD-L1 and sPD-L2 in urine according to 
he grade of the renal infiltrate. 

. Urinary and serum sPD-1 differentiates ATN from AIN in 
cancer patients 

s we were interested in ICI-AIN, we examined the ability of 
sPD-1 to discriminate AIN from ATN specifically in the subset of 
ancer patients. There were differences in usPD-1 between ICI- 
IN and ATN in cancer patients. We then generated a ROC curve 
o assess overall diagnostic performance in this setting. Surpris- 
ngly, this ROC curve yielded a higher AUC compared to the AUC 

f the plotted curve for the entire study group ( Fig. 2 ) . 
There were no differences between groups neither in ssPD-1 

or in serum or urinary sPD-L1 and sPD-L2. 

. usPD-1 depending on the cause of AIN 

o explore the differences in the concentration of the molecules 
etween ICI-AIN and non-ICI-AIN we subdivided our patients 
ith AIN into these two groups. The characteristics of the groups 
re provided in Supplementary Table S2. 

Patients with ICI-AIN had significantly higher levels of usPD- 
 compared to non-ICI-AIN [429.8 ( 169.6–976.6) pg/ml vs 160.9 
 61.82–281.3) pg/ml; P = .009]. When comparing ICI-AIN with AIN 

elated to other drugs, we also found higher levels of usPD-1 
429.8 ( 169.6–976.6) pg/ml vs 153.3 ( 41.08–281.3) pg/ml, P value 
0057]. There were no differences between groups neither in 
sPD-1 nor in serum or urinary sPD-L1 and sPD-L2. 

alidation cohort 

o validate our findings, we recruited an external cohort con- 
isting of 27 patients diagnosed with AIN who were prospec- 
ively followed up in the Nephrology Unit of the Doctor Josep 
rueta University Hospital. In all cases, the diagnosis was con- 
rmed by kidney biopsy, evaluated by an expert pathologist.
upplementary Table S3 pr esents the main characteristics of pa- 
ients with AIN included in the validation cohort and a com- 
arison with those from the discovery cohort. Overall, there 
ere no significant differences in the evaluated variables, with 
he exception of the proportion of patients presenting leuko- 
yturia, which was significantly higher in the discovery co- 
ort compared to the validation cohort. In addition, three 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae200#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae200#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae200#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae200#supplementary-data
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Table 1: Baseline characteristics of the cohort. 

ATN AIN 

N = 21 N = 37 P value 

Age 66.5 ± 11.9 68.19 ± 11.91 P = .54 
Sex ( male) 15/21 ( 71, 42%) 21/37 ( 56.76%) P = .4 
Creatinine ( μmol/l, median [IQR]) 250 [162.5–585.5] 209 [173–389.5] P = .59 
Hypertension ( % patients) 14/21 ( 66.67%) 23/37 ( 62.16%) P = .78 
Diabetes ( %patients) 8/21 ( 38.1%) 8/37 ( 21.62) P = .23 
Pre-existing CKD ( %patients) 7/21 ( 33.33%) 6/37 ( 16.22) P = .19 
C-reactive protein ( mg/l, median [IQR]) 8.6 [5.33–21.28] 34.85 [8.9–81.1] P = .03 a 

Leukocyturia a ( %patients) 14/21 ( 66.67%) 32/37 ( 86.48%) P = .097 
Microhaematuria ( %patients) 8/21 ( 38.1%) 7/37 ( 18.92%) P = .13 
Eosinophilia ( %patients) 0/21 ( 0%) 8/37 ( 21.62%) P = .041 a 

Leukocytosis ( %patients) 6/21 ( 28.57%) 11/37 ( 29.73%) P > .99 

CKD: Chronic Kidney Disease. 
a Leukocyturia: > 12 leukocytes/microliter. 

Table 2: Kidney biopsy characteristics. 

Non-ICI-AIN ICI-AIN 

N = 11 N = 17 P value 

Infiltrate intensity Mild 1/11 ( 9.1%) 3/17 ( 17.6%) P = .63 
Moderate 4/11 ( 36.4%) 6/17 ( 35.3%) 
Severe 6/11 ( 54.5%) 8/17 ( 47.1%) 

Granulomas ( % patients) 1/11 ( 9.1%) 4/17 ( 23.5%) P = .62 
Eosinophils ( % patients) 6/11 ( 54.5%) 13/17 ( 76.5%) P = .41 
Plasma cells ( % patients) 5/11 ( 45.5%) 5/17 ( 29.4%) P = .044 
ATN ( % patients) 4/11 ( 36.4%) 3/17 ( 17.6%) P = .38 
Fibrosis ( % patients) 6/11 ( 54.5%) 10/17 ( 58.8%) P ≥ .99 
Tubulitis ( % patients) 6/11 ( 54.5%) 10/17 ( 58.8%) P ≥ .99 

ATN: Patients showing any degree of acute tubular necrosis. Non-ICI-AIN—cute interstitial nephritis not related to checkpoint inhibitor therapy. 
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levels. 
atients diagnosed with ATN from this institution were also 
ecruited.

In the validation cohort, we confirmed higher levels of usPD-
 in patients diagnosed with AIN compared to those with ATN
280.8 ( 132.4–493.5) pg/ml vs 64.765 ( 18.56–71.67) pg/ml, P = .045].
he usPD-1 levels in patients with AIN from the validation co-
ort were consistent with those in the discovery cohort [225.7
 121.5–771) pg/ml vs 280.8 ( 132.4–493.5) pg/ml, P = .79]. 

We subsequently aimed to examine the performance of 
sPD-1 as a biomarker of AIN in the validation cohort. Consid-
ring the optimal cutoff value established in the discovery co-
ort ( 129.3 pg/ml) , usPD-1 exhibited 76.92% sensitivity and 100% 

pecificity in discriminating AIN from ATN in the validation co-
ort. Moreover, focusing on cancer patients, the sensitivity in- 
reased to 80% in the validation cohort. 

Regarding ssPD-1, we observed a slightly worse performance 
s a biomarker for diagnosing AIN in the validation cohort com-
ared to the discovery cohort, with a sensitivity of 57.69% and a
pecificity of 33.33%. 

D-L1 and PD-L2 immunostaining of kidney tissue 

e aimed to explore the differences in the renal tubular expres-
ion of transmembrane checkpoint proteins between patients 
ith ICI-AIN and non-ICI-AIN. We studied PD-L1 by immuno- 
istochemistry and PD-L2 by immunofluorescence in 17 kidney 
iopsies from patients with ICI-AIN and 11 patients with non-
CI-AIN. Optical microscopy characteristics of the biopsies are
hown in Table 2 . 

Of note, 71.14% patients with ICI-AIN showed any grade of
D-L1 positive tubular staining compared to only 12.5% of pa-
ients with non-ICI-AIN ( P = .03) . We found higher density of
D-L1 positive tubules in ICI-AIN compared to non-ICI-AIN ( 0
ubules/mm2 [0–0.165] vs 1.4 tubules/mm2 [0.23–4.26]; P = .02) 
 Fig. 3 ) . 

For PD-L2 immunofluorescence, we calculated an optimal 
utoff point of 2.6 tubules/mm2 to determine high or low den-
ity of positive tubules using the Youden’s J statistic. Whereas
p to 80% of patients with ICI-AIN presented high density of PD-
2 tubular staining, it was only observed in 30% of patients with
on-ICI-AIN ( P = .034) . 
Finally, we integrated the results from the soluble molecules

tudies with the results obtained in the immunostaining stud-
es. usPD-1 in patients with > 25% of positive PD-L1 tubules in the
idney biopsy was higher in comparison to those patients who
resented a low percentage of PD-L1 positive tubules ( < 25%)
118.6 mg/ml ( 78.7–254.8) vs 429.8 mg/ml ( 346.3–976.6) ; P = .007].
ccordingly, we found a strong positive correlation between PD-
1 positive tubules per mm2 of kidney tissue and usPD-1 con-
entration ( r = 0.72 and P = .009) . We found no direct correlation
etween renal PD-L2 staining and the soluble urinary molecule
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Figure 1: ( a) ssPD-1 concentration in the different study groups. ( b) usPD-1 concentration in the different study groups. ( c) ssPD-1 ROC curve to differentiate ATN from 

AIN in the whole cohort. ( d) usPD-1 ROC curve to differentiate ATN from AIN in the whole cohort. ( e) Statistics and optimum cutoff values of biomarkers. PLR, positive 
likelihood ratio. 
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Images of the immunostaining are shown in Fig. 4 and 
upplementary Figure S2. 

ISCUSSION 

he development of AKI in patients on ICI therapy is a clini- 
ally relevant event, as it is associated with increased mortal- 
ty rate [25 , 26 ]. Evolution into CKD is the factor most associated 
ith death, probably because most drugs in oncology are not ap- 
roved for patients with certain degrees of CKD. 
With proper diagnosis and treatment, > 80% of patients 

ith ICI-AIN have a complete or partial recovery [27 ]. As a 
esult, accurate diagnosis and treatment of AKI is of paramount 
mportance. ICI-AIN is the most common histologic pat- 
ern seen in renal biopsies from these patients, but not the 
nly one [13 , 28 ]. Some of these individuals have comorbidi- 
ies that contraindicate renal biopsy, which highlights the 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae200#supplementary-data
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Figure 2: ( a) usPD-1 concentration in cancer patients. ( b) ROC curve to differentiate ATN from AIN in the subset of cancer patients. ( c) Statistics and optimum cutoff 
values of biomarkers. PLR, positive likelihood ratio. 

Figure 3: PD-L1 immunostaining findings. ( a) PD-L1 tubular positivity staining frequencies depending on the ethology of the AIN. ( b) Mean differences of the number 
of positive tubules indexed by mm2 . 
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rgent need for non-invasive biomarkers to diagnose this 
tiology. 

Our main finding showed that patients with AIN had higher
erum and urine levels of sPD-1 compared to ATN, demon-
trating a good performance as biomarkers for the differen- 
ial diagnosis between AIN and ATN. This observation is par-
icularly pronounced for usPD-1 in the cancer population. To 
alidate these results, we recruited an independent cohort of 
atients from another hospital in our area. Consistent with 
ur initial findings in the discovery cohort, usPD-1 in the val-
dation cohort demonstrated even higher sensitivity for this 
ifferential diagnosis, which was maintained when the anal- 
sis focused on cancer patients with AIN. The confirmation 
f our initial findings in a validation cohort adds robustness
nd validity to our study. Conversely, the sensitivity and speci-
city of ssPD-1 in the validation cohort were lower compared
o those in the discovery cohort. We hypothesize that in-
reasing the number of patients included may improve these
esults. 

In kidney tubule, PD-L1 and PD-L2 are expressed mainly in
roximal segments [4 ]. It has been proved that their proteomic
nd mRNA expression in healthy kidneys is low, but this expres-
ion can be upregulated by some inflammatory cytokines [5 ]. 

Given the inducible expression of PD-L1 and PD-L2 in the re-
al tubular cells, we assessed and quantified this expression by
mmunostaining of kidney biopsies. Consistent with previous 
ork, we found that tubular positive staining of PD-L1 was more
requent in patients with ICI-AIN than in non-ICI-AIN. 
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Figure 4: ( a) Image representative from a non-ICI-AIN kidney biopsy, negative for tubular PD-L1 staining ( magnification ×40) . ( b) Image representative from an ICI-AIN 

kidney biopsy, positive for PD-L1 staining ( magnification ×40) . ( c) Image representative from a non-ICI-AIN kidney biopsy, negative for tubular PD-L2 staining. ( d) Image 
representative from a ICI-AIN kidney biopsy, positive for PD-L2 staining. Original magnification ×400 for panels ( c) and ( d) . 
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We performed PD-L2 immunofluorescence staining and 
ound that ICI-AIN showed a greater density of PD-L2 posi- 
ive tubules. This finding has not been previously described. Al- 
hough PD-L2 did not better classify ICI-AIN from non-ICI-AIN 

han PD-L1 in our cohort of patients, its utility and pathologic 
mplication could be further explored. 

We found that there is a linear correlation between usPD-1 
nd tubular PD-L1 positivity. This reinforces that the determina- 
ion of the soluble molecule indicates activation of the pathway 
t the histologic level and makes biologically plausible its use as 
 biomarker. 

Altogether, the findings of our study suggest that the check- 
oint pathway is involved in the pathogenesis of AIN, espe- 
ially when it is related to treatment with ICI. Some authors 
ave hypothesized that ICI-AIN is caused by loss of regula- 
ory T-cell tolerance to a previously or concurrently admin- 
stered drug; if ICI enhances the immune response to that 
rug, AIN develops [29 ]. We hypothesize that by blocking the 
athway with checkpoint inhibitors, patients with tubulointer- 
titial injury due to drugs and/or an unknown personal pre- 
isposition may attempt to activate the protective pathway 
ithout success in preventing inflammation because of this 
lockade. This hypothesis could explain the findings of in- 
reased pathway activation in patients with ICI-AIN in our 
tudy. 

We were not able to demonstrate differences in sPD-L1 or 
PD-L2 levels neither between AIN and ATN nor between ICI-AIN 

nd non-ICI-AIN, despite the observed differences in the histo- 
ogic immunostaining of these molecules. The mechanisms that 
nhance the soluble or the transmembrane synthesis of the dif- 
erent forms of these proteins in different settings are unknown.
n fact, in the field of oncology the attempts to correlate sPD-L1 
nd tumor PD-L1 positivity have been lackluster. Another possi- 
le explanation could be that there are several isoforms of PD-L1 
nd PD-L2, synthesized by alternative splicing, so our assay may 
ot be able to detect the precise secreted form in this type of
nflammation. 

To summarize, we found that usPD-1 and ssPD-1 could 
e suitable biomarkers to differentiate AIN from ATN, espe- 
ially in cancer patients, and that its concentration is re- 
ated to the local tubulointerstitial activation. If confirmed,
his could be of the utmost utility for reaching the diag- 
osis in cancer patients with contraindication for kidney 
iopsy. 
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UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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