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ABSTRACT 

Background. Although kidney biopsy is definitive for the diagnosis of acute interstitial nephritis ( AIN) and acute tubular 
necrosis ( ATN) , its invasiveness limits its use. We aimed to identify urine biomarkers for differentiating AIN and ATN and 
to predict the response of patients with AIN to steroid treatment. 
Methods. In this prospective cohort study, biopsy-proven ATN ( n = 34) and AIN ( n = 55) were included. Urinary 
cytokine/chemokine [interleukin-9, monocyte chemoattractant protein-1 ( MCP-1) , regulated on activation, normal T cell 
expressed and secreted ( RANTES) , tumor necrosis factor- α, tumor growth factor- β and vascular endothelial growth 

factor] levels and the proportion of immune cells [expressing cluster of differentiation ( CD) 45, CD3, CD20] and 
proliferating tubular cells ( expressing Ki-67) were analyzed by immunohistochemistry. Cytokine/chemokine levels and 
intrarenal immunohistochemistry data according to the response to steroid treatment in the AIN patients were also 
analyzed. 
Results. The urinary RANTES/creatinine ratio and the percentages of intrarenal CD45-, CD3-, CD20- and Ki-67-positive 
cells were significantly higher in the AIN group than in the ATN group ( P < .05 for all) . Among steroid-administered 
patients with AIN, renal function improved significantly in the steroid responder group. These patients had higher 
urinary MCP-1/creatinine and intrarenal CD45 and Ki-67 levels than those in the non-responder group. 
Conclusions. The potential of the urinary RANTES/creatinine ratio as a noninvasive biomarker for differentiating AIN 

from ATN is highlighted. Urinary MCP-1/creatinine levels and the proportion of total intrarenal leukocytes and 
proliferating tubular cells may serve as indicators for predicting the response of patients with AIN to steroid treatment. 
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KEY LEARNING POINTS 

What was known: 

• Cell-mediated injury and delayed hypersensitivity reactio
( AIN) .

• Urinary tumor necrosis factor- α and interleukin-9 have bee
kidney diseases.

This study adds: 

• In a prospective cohort of biopsy-proven acute tubular ne
dependent association with AIN and demonstrated good d

• Among patients with AIN who were treated with steroids, 
intrarenal CD45 and Ki-67 were significantly higher in the

Potential impact: 

• The findings from this study may contribute to the early d

NTRODUCTION 

cute interstitial nephritis ( AIN) is a significant contributor to 
cute kidney injury ( AKI) , accounting for 10%–35% of such cases 
nd diagnosed in roughly 2.8% of all kidney biopsies [1 ]. Histo- 
ogically, AIN presents with interstitial edema and infiltration 
f lymphocytes, macrophages and eosinophils, consequences 
f hypersensitivity reactions to various antigens [1 , 2 ]. Among 
e the primary pathophysiology of acute interstitial nephritis 

orted as novel biomarkers for differentiating AIN from other 

is and AIN, urinary RANTES/creatinine ratio showed and in- 
ostic performance.
ry monocyte chemoattractant protein-1/creatinine ratio and 
id-responder group than in the non-responder group.

osis and clinical management of AIN.

ospitalized patients, acute tubular necrosis ( ATN) is the lead- 
ng cause of AKI [3 ]. Ischemic or toxic insults to renal tubular
pithelial cells induce cell death or detachment from the base- 
ent membrane, leading to tubular dysfunction [4 ]. In both AIN 

nd ATN, incomplete recovery occurs in over 30% and 20% of pa- 
ients, respectively, potentially progressing to end-stage kidney 
isease [4 , 5 ]. 



Urinary RANTES and MCP-1 for AIN 3

d
m  

a  

fi
l
t  

r  

i  

c
a
o

f  

a  

f
s  

m  

f
r

M

S

T
(
i
2  

o
l
n
A  

m  

D
b
C
2

D

C
a
r
c
u
t
w
t
u  

c

(
3  

t
c  

b  

i  

v
a  

c
a
t  

b

 

o  

t  

e
b
c  

b  

w  

i

S
a

B  

n  

t  

S  

d  

a  

s  

f  

o  

M  

a
 

n  

s  

e  

n
e
r  

(  

fl  

t  

j
c  

l  

e  

a  

C  

k  

V  

S
c
c

S
s

F
s
m  

c
m  

r  

c  

b  

1  

i  

C  

a  

i  

1  
Early diagnosis and prompt intervention, including with- 
rawal of offending agents and appropriate conservative treat- 
ent, are crucial for the successful management of both AIN
nd ATN [1 , 4 ]. While ATN diagnosis often relies on clinical
ndings, differentiating between ATN and AIN can be chal- 
enging, often necessitating invasive kidney biopsy for a defini- 
ive diagnosis of AIN [2 , 4 ]. However, kidney biopsy carries the
isk of bleeding and may not be feasible for all patients, lead-
ng to potential delays in diagnosis [6 ]. This highlights the
ritical need for noninvasive biomarkers to facilitate timely 
nd accurate diagnosis of AIN, ultimately improving patient 
utcomes [7 ]. 

Despite the common practice of high-dose steroid therapy 
or AIN, its effectiveness remains debatable [1 , 8 ] with several
dverse effects limiting its widespread application [9 , 10 ]. There-
ore, identifying reliable urine biomarkers to predict response to 
teroid therapy is crucial for selecting patients who will benefit
ost [9 ]. This study aimed to identify such biomarkers for dif-

erentiating AIN from ATN and predicting the successful steroid 
esponse in patients with AIN. 

ATERIALS AND METHODS 

tudy design and patient selection 

his prospective cohort study included adult patients 
 ≥18 years) with biopsy-proven ATN or acute-to-subacute 
nterstitial nephritis ( AIN) at Samsung Medical Center between 
001 and 2020. Patients with a history of kidney transplantation
r other concomitant histologic diagnoses, such as glomeru- 
onephritis, diabetic nephropathy, or hypertensive or benign 
ephrosclerosis, were excluded. Patients with only ATN or 
IN were included in the final analysis. All included patients
et the criteria of acute kidney disease proposed by Kidney
isease: Improving Global Outcomes. This study was approved 
y the Institutional Review Board of the Samsung Medical 
enter in compliance with the Declaration of Helsinki ( number: 
020-12-122) . 

ata collection and outcomes 

linical data regarding age, sex, body weight, comorbidities 
nd causes of AKI were extracted from electronic medical 
ecords. Laboratory data including baseline total white blood 
ell count; levels of hemoglobin, blood eosinophil count, blood 
rea nitrogen and serum creatinine; estimated glomerular fil- 
ration rate ( eGFR) , levels of electrolytes, albumin; urinalysis 
ith microscopic evaluation, spot urine protein to creatinine ra- 
io ( uPCR) , spot urine albumin to creatinine ratio ( uACR) , 24-h 
rine protein or albumin levels, and kidney biopsy results were
ollected. 

Patients who received high-dose steroid 
 methylprednisolone, prednisolone or deflazacort) within 
 months after kidney biopsy were classified into the steroid
reatment group. Steroid treatment was carefully determined 
onsidering each patient’s age, underlying medical condition,
aseline kidney function, and the degree of tubular atrophy and
nterstitial fibrosis in the biopsy results. In most cases, intra-
enous methylprednisolone was administered first, followed by 
 switch to an oral formulation. Steroid treatment was usually
ontinued for 8–12 weeks unless steroid-associated serious 
dverse events developed. The data on duration of steroid 
reatment and eGFR were collected up to 6 months after the
iopsy. 
The primary outcome was a change in renal function. Sec-
ndary outcomes included differences in serum and urinary cy-
okine/chemokine levels, and the proportion of cluster of differ-
ntiation ( CD) 45-, CD3-, CD20- and Ki-67-positive cells identified 
y immunohistochemical staining, depending on the histologi- 
al diagnosis. In patients with AIN, the 6-month eGFR after renal
iopsy was analyzed based on steroid treatment. A responder
as defined as a patient whose eGFR after 6 months of biopsy

ncreased by at least 30% compared with their baseline eGFR. 

ample collection and multiple cytokine/chemokine 
ssays 

oth serum and urine samples were collected on the day of kid-
ey biopsy, before initiation of specific treatment from the pa-
ients who consented to additional blood and urine collection.
erum and urine samples were collected from seven healthy in-
ividuals as the control group. Urine samples were centrifuged
t 2500 rpm for 15 min under –4°C. The supernatant of each
ample was then aliquoted with 1.4 mL and 1.0 mL aliquots
or urine and serum, respectively. After adding 1/100 volume
f protease inhibitor and 0.1 M PMSF ( Sigma Aldrich, St Louis,
O, USA) to each sample, all samples were stored at –70°C until
nalysis. 

Six cytokines/chemokines previously reported to play a sig-
ificant role in the pathophysiology and differential diagno-
is of AIN and ATN, as well as the prognosis of kidney dis-
ase, were included for the following reasons [7 , 11 –14 ]. Tumor
ecrosis factor ( TNF) - α and interleukin ( IL) -9 reflect tubuloint- 
rstitial injury; monocyte chemoattractant protein ( MCP) -1, and 
egulated on activation, normal T cell expressed and secreted
 RANTES, CCL5) are important C-C chemokines that induce in-
ammation by stimulating T cells, monocyte and eosinophils;
ransforming growth factor ( TGF) - β1 induces acute tubular in-
ury through mitochondiral oxidative damage and inflammatory 
ell infiltration and renal tissue fibrosis; and vascular endothe-
ial growth factor ( VEGF) is essential for the differentiation of
ndothelial cells and angiogenesis. TNF- α was measured using
 TNF- α ELISA kit R&D Systems ( Novus Biologicals, Centennial,
O, USA) . IL-9 and TGF- β1 were measured using DuoSet ELISA
its ( R&D Systems, Minneapolis, MN, USA) . RANTES, MCP-1 and
EGF levels were measured using a Quantikine ELISA kit ( R&D
ystems) according to the manufacturer’s instructions. Urinary 
ytokine/chemokine levels were adjusted for urinary creatinine 
oncentrations. 

emiquantitative analyses of immunohistochemical 
taining 

ormalin-fixed renal tissue was immunohistochemically 
tained for CD45 ( leukocyte common antigen) , CD3 ( surface 
arker of T cells) , CD20 ( transmembrane protein of the B
ell surface) and Ki-67 ( cellular marker of proliferation) . Four- 
icrometer thick sections were deparaffinized in xylene,

ehydrated through a graded alcohol series, and placed in a
itrate buffer solution ( pH 6.0) . Antigen retrieval was enhanced
y heating the slides in a pressure cooker and microwave for
0 min. Endogenous peroxidases were blocked by immers-
ng the cooled slides in hydrogen peroxide solution ( Dako,
arpinteria, CA, USA) for 30 min. After overnight incubation
t 4°C with a serum-free protein block ( Dako) , the slides were
ncubated for 1 h at 25°C with the following antibodies at
:100 dilution: mouse anti-human antibodies CD45, CD20 and
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Figure 1: Study flow. Among all patients who underwent kidney biopsy at Samsung Medical Center between 2001 and 2020, 66 were diagnosed with ATN and 107 with 
acute to subacute interstitial nephritis ( AIN) . After excluding patients with coexisting histological diagnoses, 34 and 55 patients were assigned to the ATN and AIN 
groups, respectively. Serum and urine cytokine and chemokine levels were measured in 37 patients. 
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i-67, and polyclonal rabbit anti-human CD3 ( Dako) . Next, the 
lides were incubated for 30 min at 25°C with a mixed solu- 
ion of dextran coupled with peroxidase and goat secondary 
ntibodies ( Dako) . Finally, the slides were developed with 3,3 ́- 
iaminobenzidine tetrahydrochloride ( Dako) for a brown color 
nd counterstained with Mayer’s hematoxylin ( Dako) . QuPath 
 version 0.2.3; https://qupath.github.io; Queen’s University,
elfast, Northern Ireland) was used to analyze the percent- 
ges of CD45-, CD3-, CD20- and Ki-67-positive cells in renal 
issues [15 , 16 ]. 

tatistical analysis 

emographic and baseline clinical data are presented as 
edian ( interquartile range) or number ( percentage) , as ap- 
ropriate. Continuous variables were compared using the 
ann–Whitney U test and Kruskall–Wallis test, while cate- 
orical variables were compared using the chi-square test 
r Fisher’s exact test. Univariate and multivariate logistic re- 
ression analyses were performed to test the independent 
ssociations of cytokines/chemokines with ATN or AIN. Cy- 
okines/chemokines used as variables in the logistic regres- 
ion analysis were log-transformed. The area under the re- 
eiver operating characteristic curve ( AUROC) was analyzed to 
valuate the cytokine/chemokines’ discriminatory ability. All 
tatistical analyses were performed using IBM SPSS Statis- 
ics 25 ( IBM Corporation, Armonk, NY, USA) and R software 
 version 4.1.2; www.r-project.org; R Foundation for Statistical 
omputing, Vienna, Austria) . Statistical significance was set at 
 -value < .05. 

ESULTS 

tudy flow and patient characteristics 

rom 2001 to 2020, 66 and 107 patients were diagnosed with ATN 

nd AIN, respectively. After the exclusion of other concomitant 
istologic diagnoses, 34 patients were classified into the ATN 

roup, and 55 were classified into the AIN group ( Fig. 1 ) . 
Table 1 summarizes the baseline patient characteristics.

he median age was 61 years, with comparable comorbidi- 
ies between both groups. The median eGFR was 18.4 mL/min/ 
.73 m2 . The median uPCR and uACR were 910.0 mg/gCr and 
89.8 mg/gCr, respectively. Some 47.1% of patients with ATN and 
9.1% of patients with AIN showed a pattern with tubular pro- 
einuria ( uACR/uPCR ratio < 0.4) . The proportion of stage 1, 2 
nd 3 AKI in all patients were 47.2%, 6.7% and 46.1%, respec- 
ively. The most common cause of AKI was herbal medication,
ollowed by medications including antibiotics and non-steroidal 
nti-inflammatory drugs. 

enal outcome 

he median eGFR at 6 months after kidney biopsy was 41.0 [in-
erquartile range ( IQR) 27.1–64.6] mL/min/1.73 m2 in the ATN 

roup and 43.2 ( IQR 33.5–59.4) mL/min/1.73 m2 in the AIN group 
 Fig. 2 A) . Changes in eGFR did not show statistically significant 
ifferences between the two groups. 
Among 55 patients with AIN, 44 patients ( 79%) received 

teroid treatment for a mean duration of 9.8 weeks. The demo- 
raphics and laboratory results according to steroid treatment 
ere compared in Supplementary data, Table S1. Notably, the 
aseline eGFR was lower in the responder group than the non- 
esponder group. In the non-responder group, the median eGFR 
t 6 months [44.3 ( IQR 38.5–45.5) mL/min/1.73 m2 ] increased by 
.5 mL/min/1.73 m2 compared with the baseline level. In con- 
rast, the median value of 6-month eGFR in the responder group 
39.7 ( IQR 32.3–51.0) mL/min/1.73 m2 ] significantly increased by 
2.5 mL/min/1.73 m2 compared with the baseline level ( Fig. 2 B) .
he demographics and laboratory results of these patients were 
hown in Supplementary data, Table S2. The median time be- 
ween kidney biopsy and the initiation of steroid therapy was 
 days ( IQR 1–4) and was not different between the non- 
esponder and the responder groups. 

ytokine/chemokine analysis 

ix cytokines/chemokines were measured in the blood and urine 
f 37 patients and 7 normal controls. Compared with the control 
roup, urinary cytokines/chemokines except TGF- β1/creatinine 
ere significantly different among three groups ( Table 2 ) . Uri- 
ary RANTES/creatinine level was significantly higher in the 
IN group than in the ATN group [ATN vs AIN, 12.0 ( 0–23.3) vs 

https://qupath.github.io;
http://www.r-project.org;
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae354#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae354#supplementary-data
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Table 1: Demographics and laboratory results at the time of kidney biopsy. 

Variables Overall ( n = 89) ATN ( n = 34) AIN ( n = 55) P -value 

Age, years 61 ( 50–67) 56 ( 41–66) 63 ( 52–69) .25 
Male, n ( %) 43 ( 51.8) 18 ( 41.9) 25 ( 58.1) .26 
Body weight, kg 61.9 ( 55.0–68.3) 64.6 ( 55.4–77.0) 60.7 ( 55.0–66.5) .11 
Comorbid condition, n ( %) 

Diabetes mellitus 24 ( 28.9) 7 ( 23.3) 17 ( 32.1) .40 
Hypertension 39 ( 47.0) 13 ( 43.3) 26 ( 49.1) .62 
Ischemic heart disease 9 ( 10.8) 6 ( 20.0) 3 ( 5.7) .07 
Heart failure 7 ( 8.4) 5 ( 16.7) 2 ( 3.8) .09 
Cerebrovascular disease 5 ( 6.0) 2 ( 6.7) 3 ( 5.7) 1 .00 

Laboratory variables 
Hb, g/dL 9.9 ( 9.0–11.5) 9.9 ( 8.9–11.4) 10.0 ( 9.2–11.5) .77 
WBC, ×103 / μL 7.48 ( 5.79–10.0) 6.89 ( 5.02–8.87) 8.0 ( 6.0–10.7) .14 
Blood eosinophil count,/ μL 118.5 ( 40.4–258.5) 102.3 ( 27.2–219.3) 122.9 ( 47.6–303.2) .25 
BUN, mg/dL 30.3 ( 21.4–45.0) 32.6 ( 21.1–53.5) 29.1 ( 21.9–44.6) .53 
Serum creatinine, mg/dL 3.05 ( 1.80–4.62) 3.56 ( 2.01–6.36) 2.78 ( 1.71–4.47) .17 
eGFR, mL/min/1.73 m2 18.4 ( 11.2–33.5) 17.1 ( 8.1–32.8) 21.4 ( 12.4–34.7) .27 
Albumin, g/dL 3.8 ( 3.3–4.2) 3.9 ( 3.4–4.2) 3.8 ( 3.3–4.2) .90 

Urinalysis and proteinuria 
Blood, ≥2 + , n ( %) 34 ( 38.2) 11 ( 32.4) 23 ( 41.8) .37 
Protein, ≥2 + , n ( %) 19 ( 21.3) 8 ( 23.5) 11 ( 20.0) .69 
WBC ≥5/HPF, n ( %) 31 ( 34.5) 5 ( 14.7) 26 ( 47.3) .02 
RBC ≥5/HPF, n ( %) 25 ( 28.1) 7 ( 20.6) 18 ( 32.7) .22 
uPCR, mg/gCr 910.0 ( 330.0–1592.5) 905.0 ( 292.5–3102.5) 910.0 ( 337.5–1412.5) .37 
uACR, mg/gCr 189.8 ( 90.2–1086.3) 488.01 ( 97.70–1421.06) 169.1 ( 85.5–574.4) .35 
uACR/uPCR ratio 0.25 ( 0.15–0.56) 0.39 ( 0.17–0.59) 0.23 ( 0.14–0.47) .94 
24-h urine protein, mg/day 451.7 ( 226.3–808.5) 315.6 ( 157.0–892.7) 511.0 ( 316.8–766.8) .20 
24-h urine microalbumin, mg/day 101.9 ( 49.8–195.1) 103.0 ( 36.5–251.4) 101.5 ( 54.2–184.9) .86 

AKI stage, n ( %) 
Stage 1 42 ( 47.2) 13 ( 38.2) 29 ( 52.7) .34 
Stage 2 6 ( 6.7) 2 ( 5.9) 4 ( 7.3) 
Stage 3 41 ( 46.1) 19 ( 55.9) 22 ( 40.0) 

AKI cause, n ( %) 
Herbal medication 32 ( 36.0) 15 ( 44.1) 17 ( 30.9) .18 
Medications ( antibiotics, NSAIDs, others) 28 ( 31.5) 8 ( 23.5) 18 ( 32.7) 
Infections 7 ( 7.9) 3 ( 8.8) 4 ( 7.3) 
Others 9 ( 10.1) 6 ( 17.6) 3 ( 5.5) 
Unknown 15 ( 16.9) 2 ( 5.9) 13 ( 23.6) 

Data are presented as median ( IQR) or n ( %) . 

BUN, blood urea nitrogen; Cr, creatinine; Hb, hemoglobin; NSAIDs, non-steroidal anti-inflammatory drug; RBC, red blood cell; WBC, white blood cell. 
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4.0 ( 16.0–303.0) pg/mg, P < .01]. Urinary MCP-1/creatinine ratio 
lso tended to be higher in the AIN group than in the ATN group.
erum levels of these cytokines and chemokines were compa- 
able between the ATN and AIN groups ( Supplementary data,
able S3) . 

Multivariable analysis revealed that urinary 
ANTES/creatinine ratio showed an independent association 
ith AIN [odds ratio ( OR) 2.31, 95% confidence interval ( CI) 1.30–
.09, P = .01, Table 3 ]. Similarly, the urinary MCP-1/creatinine
atio showed a high OR for AIN, although it was not statisti-
ally significant. The AUROC of the urinary RANTES/creatinine 
atio in predicting AIN was 0.776 ( 95% CI 0.623–0.930, P < .01)
 Fig. 3 ) . 

emiquantitative analysis of intrarenal immune cells 
nd proliferating tubular cells 

mmunohistochemical staining for CD45, CD3, CD20 and Ki-67 
as performed on kidney biopsy specimens from 89 patients 

 Fig. 4 A) . Subsequent semiquantitative analysis revealed that the 
roportion of cells positive for CD45 [ATN vs AIN, 11.0% ( 7.4–18.3)
s 30.9% ( 17.5–41.0) , P < .01], CD3 [12.6% ( 9.6–16.2) vs 36.4% ( 23.2–
6.5) , P < .01] and CD20 [4.2% ( 3.5–7.0) vs 8.0% ( 5.1–9.8) , P < .01]
ere significantly higher in the AIN group than in the ATN group

 Fig. 4 B) . Additionally, the number of proliferating tubular cells
xpressing Ki-67 was significantly higher in the AIN group than
n the ATN group [0.8% ( 0.3–1.5) vs 1.3% ( 0.7–2.2) , P = .02]. 

nalyses of cytokine/chemokine levels and intrarenal 
mmunohistochemistry data according to the response 
o steroid treatment in the AIN group 

able 4 presents the cytokine/chemokine and intrarenal im-
unohistochemistry data for patients with AIN who received
teroid treatment. Notably, urinary MCP-1/creatinine was sig- 
ificantly higher in the responder group than in the non-
esponder group [non-responder vs responder, 592.5 ( 242.3–
268.8) vs 2141.0 ( 1586.8–4084.5) pg/mg, P = .01]. Furthermore,
he proportion of cells positive for CD45 and Ki-67 was signifi-
antly higher in the responder group than in the non-responder
roup. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae354#supplementary-data


6 S.I. Baeg et al.

Figure 2: Changes in renal function. ( A) Median eGFR was comparable in the ATN and AIN groups at 6 months post-biopsy. ( B) Changes in median eGFR over 6 months 
in patients with AIN treated with steroids. The responder group showed a significant increase in mean eGFR. Boxplots represent the median eGFR, with the upper and 

lower borders of the box representing the 25th and 75th percentiles, respectively. The whiskers extend to 1.5 times the IQR, and the dots indicate outliers. 

Table 2: Urinary cytokine/chemokine analysis results. 

Cytokines/chemokines ATN ( n = 14) AIN ( n = 23) Control ( n = 7) P -value 

TNF- α/Cr ( pg/mg) 1.0 ( 0–3.8) 3.0 ( 1.0–9.0) 0.0 ( 0.0–0.0) .01 
IL-9/Cr ( pg/mg) 65.0 ( 0.0–129.5) 73.0 ( 17.0–156.0) 0.0 ( 0.0–0.0) .02 
TGF- β1/Cr ( ng/mg) 8.5 ( 0.0–129.5) 12.0 ( 0.0–58.0) 0.0 ( 0.0–0.0) .17 
RANTES/Cr ( pg/mg) 12.0 ( 0.0–23.3) 64.0 ( 16.0–303.0) 0.1 ( 0.1–0.1) .001 
VEGF/Cr ( pg/mg) 325.5 ( 90.0–2040.0) 358.0 ( 193.0–1291.0) 0.1 ( 0.1–0.1) < .001 
MCP-1/Cr ( pg/mg) 1390.0 ( 292.0–3001.3) 1871.0 ( 86.0–4459.0) 5.6 ( 3.1–6.2) < .001 

Data are presented as median ( IQR) or n ( %) . 
Cr, creatinine. 

T inary

sis 

V

B
L
u
U
U
U
U
U
U

C

able 3: Association of blood eosinophil counts, leukocyturia and ur

Univariable analy

ariables OR ( 95% CI) 
lood eosinophil count 0.96 ( 0.60–1.45) 
eukocyturia 5.5 ( 1.16–40.71) 
PCR 0.76 ( 0.37–1.47) 
rine TNF- α/Cr 1.40 ( 0.84–2.65) 
rine IL-9/Cr 1.22 ( 0.88–1.71) 
rine TGF- β1/Cr 1.00 ( 0.71–1.41) 
rine RANTES/Cr 1.62 ( 1.14–2.49) 
rine VEGF/Cr 1.08 ( 0.68–1.79) 
rine MCP-1/Cr 1.42 ( 0.89–2.45) 

r, creatinine. 
 cytokine/chemokine levels with acute interstitial nephritis. 

Multivariable analysis 

P -value OR ( 95% CI) P -value 
.84 0.82 ( 0.41–1.54) .54 

.05 5.00 ( 0.56–71.08) .17 

.41 0.14 ( 0.02–0.55) .02 

.24 

.23 

.99 

.01 2.31 ( 1.30–5.09) .01 

.74 

.16 1.62 ( 0.86–3.55) .16 
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Figure 3: The area under the receiver operating characteristic curve analysis of 
urinary RANTES/creatinine. The AUROC of urinary RANTES/creatinine in pre- 
dicting acute interstitial nephritis was 0.776 ( 95% CI 0.623–0.930, P < .01) . The 
optimal cut-off value for urinary RANTES/creatinine was 24.3 pg/mg. Sensitivity 
and specificity were 73.9% and 85.7%, respectively. Positive predictive value and 

negative predictive value were 33.3% and 10.5%, respectively. AUC, area under 
the curve. 
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Figure 4: Semiquantitative analysis of immunohistochemistry of intrarenal CD45-, CD

formed for CD45 ( leukocyte common antigen) , CD3 ( surface marker of T cells) , CD20 ( tran
Positive cells for each marker appear brown. ( B) Intrarenal immune cells expressing C
compared using semiquantitative analysis with QuPath. The AIN group showed signifi
group. Additionally, the proportion of proliferating tubular cells expressing Ki-67 was 

with the ATN group. 
ISCUSSION 

n this study, we investigated serum and urinary cy-
okines/chemokines as potential biomarkers for noninvasive 
ifferential diagnosis of ATN and AIN. Additionally, we aimed
o analyze intrarenal leukocyte infiltration and proliferating 
ubular cells to predict the response to steroid treatment in the
IN group. 
The urinary RANTES/creatinine ratio was significantly higher 

n the AIN group, demonstrating an independent association
ith AIN in the multivariable analysis. Urinary MCP-1/creatinine
lso tended to be higher in the AIN group. Additionally, uri-
ary RANTES/creatinine and MCP-1/creatinine were signifi- 
antly higher in the ATN and AIN groups compared with the
ontrol group. Notably, the number of total intrarenal leuko-
ytes, T cells, B cells and Ki-67-expressing proliferating tubu-
ar cells was significantly higher in the AIN group than in the
TN group. Furthermore, our study revealed significantly higher
evels of urinary MCP-1/creatinine, total intrarenal leukocytes 
nd proliferating tubular cells in the responder group of pa-
ients with AIN treated with steroids than in the non-responder
roup.

RANTES acts as a chemoattractant for memory T cells,
onocytes and eosinophils, thereby driving interstitial inflam- 
ation and disease progression [17 , 18 ]. A previous study
3-, CD20- and Ki-67-positive cells. ( A) Immunohistochemical staining was per- 

smembrane protein of B cell surface) and Ki-67 ( cellular marker of proliferation) . 
D45, CD3 and CD20, as well as proliferating tubular cells expressing Ki-67, were 
cantly higher infiltration of total leukocytes, T cells and B cells than did the ATN 
significantly higher in the AIN group than in the ATN group. * P < .05, compared 
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Table 4: Cytokine/chemokine levels and intrarenal immunohistochemistry results for immune cells and proliferating tubular cells in patients 
with AIN treated using steroids. 

Variables Non-responder ( n = 6) Responder ( n = 8) P -value 

Serum 

TGF- β1 ( ng/mL) 5.5 ( 4.0–6.3) 6.5 ( 4.0–9.5) .47 
RANTES ( ng/mL) 57.5 ( 26.5–70.5) 45.0 ( 29.3–89.3) .75 
VEGF ( pg/mL) 303.5 ( 256.5–609.8) 261.5 ( 175.8–749.8) .52 
MCP-1 ( pg/mL) 136.1 ( 105.2–160.4) 282.9 ( 138.0–348.8) .07 

Urine 
TNF- α/Cr ( pg/mg) 2.0 ( 0.8–16.0) 3.0 ( 0.5–7.8) .60 
IL-9/Cr ( pg/mg) 9.0 ( 0–112.3) 94.0 ( 37.8–467.0) .07 
TGF- β1/Cr ( ng/mg) 9.5 ( 1.5–29.8) 6.5 ( 0–113.8) .90 
RANTES/Cr ( pg/mg) 27.0 ( 14.3–78.8) 119.0 ( 9.0–308.5) .30 
VEGF/Cr ( pg/mg) 249.0 ( 79.0–651.5) 492.0 ( 215.0–1387.8) .12 
MCP-1/Cr ( pg/mg) 592.5 ( 242.3–1268.8) 2141.0 ( 1586.8–4084.5) .01 

Intrarenal immune cells 
CD45-positive rate 15.0 ( 10.5–21.0) 27.0 ( 23.3–35.0) .03 
CD3-positive rate 23.0 ( 19.0–39.3) 32.5 ( 19.8–40.5) .52 
CD20-positive rate 6.5 ( 3.8–8.8) 8.0 ( 5.5–10.0) .47 
Ki-67-positive rate 0 ( 0–0.3) 1.0 ( 1.0–3.3) .01 

Data are presented as median ( IQR) . 
Cr, creatinine. 
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nvestigating the distribution of CCR5, a receptor for RANTES,
ound a correlation between CCR5-positive cells and CD3 + 

 cells, specifically within the tubular epithelium and tubuli- 
is areas in AIN. Additionally, interstitial CCR5-positive cells in- 
reased alongside rising serum creatinine levels [19 ]. Consis- 
ent with these findings, our study revealed significantly higher 
rinary RANTES/creatinine ratios in the AIN group than in the 
TN group, supporting RANTES’ key role in interstitial inflam- 
ation pathogenesis. Furthermore, urinary RANTES/creatinine 

evels demonstrated an independent association with AIN and 
isplayed good performance in the AUROC analysis. This find- 
ng aligns with the significantly higher number of intrarenal T- 
ells expressing CD3 in the AIN group than in the ATN group,
urther supporting the critical role of T-cell-mediated injury in 
IN pathophysiology [20 , 21 ]. 
Potential urine biomarkers have been investigated for AIN 

iagnosis [22 –24 ]. MCP-1 has been shown to induce monocyte 
ecruitment and activate T cells, natural killer cells and ba- 
ophils, ultimately leading to tubulointerstitial injury [12 ]. Urine 
iomarker analyses in healthy adults and patients with AIN have 
dentified significantly higher urinary MCP-1 levels in the AIN 

roup [22 , 24 ], further correlating with the severity of inflam- 
atory cell infiltration [22 ]. Although we observed a trend of 
igher urinary MCP-1/creatinine ratio in the AIN group, this find- 
ng must be further validated. Nevertheless, urinary RANTES and 
CP-1 hold promise as potential noninvasive biomarkers for 
IN diagnosis. 
Urinary TNF- α and IL-9 have also been reported as valuable 

iomarkers for differentiating AIN from other kidney diseases 
23 , 25 , 26 ]. Moreover, a recent study investigating AKI asso- 
iated with immune checkpoint inhibitors ( AKI-ICI) confirmed 
IN in all biopsy specimens and demonstrated the strong dis- 
riminatory power of urinary TNF- α in diagnosing AKI-ICI [27 ].
rimarily secreted by T cells, TNF- α and IL-9 ultimately con- 
ribute to tubulointerstitial injury [7 , 28 –30 ]. While we observed 
omparable levels of urinary TNF- α and IL-9 in the ATN and 
IN groups, urinary IL-9 showed a trend of being higher in the 
teroid-responder group of patients with AIN. Further studies 
ith larger cohorts are needed to establish the clinical relevance 
f TNF- α and IL-9 as biomarkers. 
Our study also employed semi-quantitative analysis of total 

ntrarenal leukocytes, T cells, B cells and Ki-67-positive prolif- 
rating tubular cells. The AIN group exhibited a predominance 
f interstitial infiltration by total leukocytes, T cells and B cells 
ompared with their prevalence in the ATN group. Notably, T 
ells expressing CD3 constituted the largest population ( 36.4%) 
n the AIN group. These findings align with previous reports 
emonstrating T cells as the most prevalent immune cell in- 
ltrating the renal interstitium in AIN [27 , 31 , 32 ]. CD45, the 
eukocyte common antigen, is known to play a crucial role in 
 cell activation via T cell receptor–CD3 complex and CD4/CD8 
33 ]. In our study, CD45 and CD3 expression levels were signifi-
antly positively correlated, further supporting the notion that 
 cell-mediated inflammation is the primary pathophysiologi- 
al mechanism underlying AIN [31 ]. Although B cells are typi- 
ally rare in the AIN renal interstitium [34 ], our study revealed a
onsiderable intrarenal infiltration of B cells, reaching up to 8% 

f total nucleated cells in the AIN group. Notably, previous re- 
orts have documented diffuse interstitial B cell infiltration in 
IN, and a positive correlation has been observed between the 
otal areas of CD3( +) T cells and CD20( +) B cells, suggesting a 
otential role for B cells in interstitial injury through secreting 
ytokines/chemokines [35 ]. 

The primary treatment approach for drug-induced AIN in- 
olves discontinuation of the offending medication. However,
he role of steroid therapy in AIN remains controversial [2 , 8 , 36 ,
7 ]. Despite steroid treatment, some patients experience insuf- 
cient renal function recovery and progression to chronic kid- 
ey disease [36 , 38 ]. A longer interval between discontinuing the 
ffending drugs and initiating steroid treatment has been as- 
ociated with incomplete renal recovery [8 , 38 ]. Therefore, early 
iagnosis alongside the identification of patients expected to re- 
pond favorably to steroid treatment are critical aspects in AIN 

anagement [39 ]. Interstitial fibrosis has been linked with poor 
esponse to steroid treatment in AIN [8 , 40 ], while neutrophilic 
nfiltration in renal tissue has been associated with a positive 
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esponse [40 ]. In our study, 61% of patients receiving steroids dis-
layed an eGFR increase of ≥30% compared with baseline levels.
n these steroid responders, urinary MCP-1/creatinine levels and 
he number of intrarenal cells positive for CD45 and Ki-67 were
ignificantly higher than those in non-responders. Notably, MCP- 
 has been implicated in the activity of inflammation in various
enal diseases, including renal vasculitis, and immunoglobulin A 

 IgA) nephropathy [41 ]. Additionally, the interstitial proliferation 
ndex, assessed using Ki-67 positivity, has shown a significant 
orrelation with disease activity in systemic vasculitis and IgA 

ephropathy [42 ]. High urinary MCP-1 levels and the proportion
f intrarenal total leukocytes and proliferating tubular cells may 
eflect active intrarenal inflammation and anticipate a favorable 
esponse to steroid treatment in AIN. 

Our study has several limitations. First, despite the prospec- 
ive design, blood and urine samples could not be collected
rom all patients. However, we believe that the analyses of
erum and urine samples collected on the day of renal biopsy
ere reliable for identifying novel biomarkers. Second, changes 

n cytokine/chemokine levels after the biopsy were not eval- 
ated. However, measuring cytokines/chemokines at the time 
f biopsy was the most appropriate approach, as our study fo-
used on the differential diagnosis of ATN and AIN. Third, the
ollow-up period for a significant portion of patients with AIN
as relatively short, with less than 1 year of data available.
ourth, it was difficult to determine the exact onset and du-
ation of AKI. Despite these limitations, our study’s strengths 
ie in its prospective design and inclusion of patients defini-
ively diagnosed with ATN and AIN, excluding other histologic 
ndings. 
In conclusion, our study demonstrates the potential of 

rinary RANTES and MCP-1 as noninvasive biomarkers for 
he differential diagnosis of AIN and the prediction of steroid
reatment response in patients with AIN, respectively. Further 
tudies with larger patient cohorts are required to validate and
tandardize the use of these biomarkers for AIN. 
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upplementary data are available at Clinical Kidney Journal online .

CKNOWLEDGEMENTS 

e deeply appreciate the technical support received from 

yungyi Choi, Ji Woo Kim and Wu Hyun Lee at the Sam-
ung Biomedical Research Institute, Samsung Medical Center,
ungkyunkwan University School of Medicine. 

UNDING 

his study was supported by the National Research Foun- 
ation of Korea ( grant numbers NRF-2019R1A2B5B01069346,
019R1A5A2027340 and 2022R1A2B5B01001298) . The funders 
ad no role in study design, analysis, reporting or decision to
ubmit this manuscript for publication. 

UTHORS’ CONTRIBUTIONS 

onceptualization: S.I.B., J.E.L., G.Y.K., W.H. and H.R.J.; formal 
nalysis: S.I.B. and H.R.J.; methodology: S.I.B., J.E.L., W.H. and 
.R.J.; writing—original draft: S.I.B. and H.R.J.; writing—review & 

diting: S.I.B., K.L., J.J., J.E.L., G.Y.K., W.H. and H.R.J. 
ATA AVAILABILITY STATEMENT 

he datasets used and/or analyzed during the current study
re available from the corresponding author upon reasonable
equest. 

ONFLICT OF INTEREST STATEMENT 

he authors report no conflict of interest. 

EFERENCES 

. Raghavan R, Eknoyan G. Acute interstitial nephritis—a reap-
praisal and update. Clin Nephrol 2014; 82 :149–62. https://doi.
org/10.5414/CN10838

. Praga M, González E. Acute interstitial nephritis. Kidney Int
2010; 77 :956–61. https://doi.org/10.1038/ki.2010.89

. Thadhani R, Pascual M, Bonventre JV. Acute renal fail-
ure. N Engl J Med 1996; 334 :1448–60. https://doi.org/10.1056/
NEJM199605303342207

. Esson ML, Schrier RW. Diagnosis and treatment of acute
tubular necrosis. Ann Intern Med 2002; 137 :744–52. https://
doi.org/10.7326/0003-4819-137-9-200211050-00010

. Kim H, Jo SK, Ahn SY et al. Long-term renal outcome of
biopsy-proven acute tubular necrosis and acute interstitial 
nephritis. J Korean Med Sci 2020; 35 :e206. https://doi.org/10.
3346/jkms.2020.35.e206

. Stillman IE, Lima EQ, Burdmann EA. Renal biopsies in acute
kidney injury: who are we missing? Clin J Am Soc Nephrol
2008; 3 :647–8. https://doi.org/10.2215/CJN.01110308

. Martinez Valenzuela L, Draibe J, Fulladosa X et al. New
biomarkers in acute tubulointerstitial nephritis: a novel ap-
proach to a classic condition. Int J Mol Sci 2020; 21 :4690. https:
//doi.org/10.3390/ijms21134690

. Fernandez-Juarez G, Perez JV, Caravaca-Fontán F et al.
Duration of treatment with corticosteroids and recovery 
of kidney function in acute interstitial nephritis. Clin J
Am Soc Nephrol 2018; 13 :1851–8. https://doi.org/10.2215/CJN.
01390118

. Curtis JR, Westfall AO, Allison J et al. Population-based as-
sessment of adverse events associated with long-term glu-
cocorticoid use. Arthritis Rheum 2006; 55 :420–6. https://doi.
org/10.1002/art.21984

0. Saag KG. Low-dose corticosteroid therapy in rheumatoid 
arthritis: balancing the evidence. Am J Med 1997; 103 :31S–9S.
https://doi.org/10.1016/S0002-9343(97)90006-1

1. Krensky AM, Ahn YT. Mechanisms of disease: regulation
of RANTES ( CCL5) in renal disease. Nat Clin Pract Nephrol
2007; 3 :164–70. https://doi.org/10.1038/ncpneph0418

2. Kim MJ, Tam FW. Urinary monocyte chemoattractant 
protein-1 in renal disease. Clin Chim Acta 2011; 412 :2022–30.
https://doi.org/10.1016/j.cca.2011.07.023

3. Gentle ME, Shi S, Daehn I et al. Epithelial cell TGF β signaling
induces acute tubular injury and interstitial inflammation. J
Am Soc Nephrol 2013; 24 :787–99. https://doi.org/10.1681/ASN.
2012101024

4. Kim BS, Goligorsky MS. Role of VEGF in kidney development,
microvascular maintenance and pathophysiology of renal 
disease. Korean J Intern Med 2003; 18 :65–75. 

5. Bankhead P, Loughrey MB, Fernández JA et al. QuPath: open
source software for digital pathology image analysis. Sci Rep
2017; 7 :16878. https://doi.org/10.1038/s41598-017-17204-5

6. Apaolaza PS, Petropoulou PI, Rodriguez-Calvo T. Whole-slide 
image analysis of human pancreas samples to elucidate the

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae354#supplementary-data
https://doi.org/10.5414/CN10838
https://doi.org/10.1038/ki.2010.89
https://doi.org/10.1056/NEJM199605303342207
https://doi.org/10.7326/0003-4819-137-9-200211050-00010
https://doi.org/10.3346/jkms.2020.35.e206
https://doi.org/10.2215/CJN.01110308
https://doi.org/10.3390/ijms21134690
https://doi.org/10.2215/CJN.01390118
https://doi.org/10.1002/art.21984
https://doi.org/10.1016/S0002-9343(97)90006-1
https://doi.org/10.1038/ncpneph0418
https://doi.org/10.1016/j.cca.2011.07.023
https://doi.org/10.1681/ASN.2012101024
https://doi.org/10.1038/s41598-017-17204-5


10 S.I. Baeg et al.

1

1

 

1

2

2

2

 

2

2

2

 

2

2

 

2

2

3

3

 

3  

3

3
 

3

3

3

3

3

4

4

4

R

©
C
a

immunopathogenesis of type 1 diabetes using the QuPath 
software. Front Mol Biosci 2021; 8 :689799. https://doi.org/10.
3389/fmolb.2021.689799

7. Pattison J, Nelson PJ, Huie P et al. RANTES chemokine 
expression in cell-mediated transplant rejection of the 
kidney. Lancet 1994; 343 :209–11. https://doi.org/10.1016/
S0140-6736(94)90992-X

8. Zoja C, Donadelli R, Colleoni S et al. Protein overload stimu- 
lates RANTES production by proximal tubular cells depend- 
ing on NF-kappa B activation. Kidney Int 1998; 53 :1608–15.
https://doi.org/10.1046/j.1523-1755.1998.00905.x

9. Segerer S, Mac KM, Regele H et al. Expression of the C- 
C chemokine receptor 5 in human kidney diseases. Kidney 
Int 1999; 56 :52–64. https://doi.org/10.1046/j.1523-1755.1999.
00544.x

0. Liu H, Liu R, Yuan S. [A study on the infiltration of 
macrophages and lymphocytes in interrenal tissues in pa- 
tients with acute renal tubulointerstitial disease]. Hunan Yi 
Ke Da Xue Xue Bao 1997; 22 :145–8. 

1. Kobayashi Y, Honda M, Yoshikawa N et al. Immunohistolog- 
ical study in sixteen children with acute tubulointerstitial 
nephritis. Clin Nephrol 1998; 50 :14–20. 

2. Wu Y, Yang L, Su T et al. Pathological significance of a panel 
of urinary biomarkers in patients with drug-induced tubu- 
lointerstitial nephritis. Clin J Am Soc Nephrol 2010; 5 :1954–9.
https://doi.org/10.2215/CJN.02370310

3. Moledina DG, Wilson FP, Pober JS et al. Urine TNF- α and IL-9 
for clinical diagnosis of acute interstitial nephritis. JCI Insight 
2019; 4 : e127456 . https://doi.org/10.1172/jci.insight.127456

4. Yun D, Jang MJ, An JN et al. Effect of steroids and 
relevant cytokine analysis in acute tubulointerstitial 
nephritis. BMC Nephrol 2019; 20 :88. https://doi.org/10.1186/
s12882-019-1277-2

5. Moledina DG, Wilson FP, Kukova L et al. Urine interleukin-9 
and tumor necrosis factor- α for prognosis of human acute 
interstitial nephritis. Nephrol Dial Transplant 2021; 36 :1851–8.
https://doi.org/10.1093/ndt/gfaa169

6. Moledina DG, Eadon MT, Calderon F et al. Development and 
external validation of a diagnostic model for biopsy-proven 
acute interstitial nephritis using electronic health record 
data. Nephrol Dial Transplant 2022; 37 :2214–22. https://doi.org/
10.1093/ndt/gfab346

7. Farooqui N, Zaidi M, Vaughan L et al. Cytokines and immune 
cell phenotype in acute kidney injury associated with im- 
mune checkpoint inhibitors. Kidney Int Rep 2023; 8 :628–41.
https://doi.org/10.1016/j.ekir.2022.11.020

8. Mehaffey E, Majid DSA. Tumor necrosis factor- α, kid- 
ney function, and hypertension. Am J Physiol Renal Phys- 
iol 2017; 313 :F1005–8. https://doi.org/10.1152/ajprenal.00535.
2016

9. Romagnani S. T-cell subsets ( Th1 versus Th2) . Ann Allergy 
Asthma Immunol 2000; 85 :9–18; quiz 18, 21. https://doi.org/10.
1016/S1081-1206(10)62426-X

eceived: 30.5.2024; Editorial decision: 3.10.2024 
The Author( s) 2024. Published by Oxford University Press on behalf of the ERA.
ommons Attribution-NonCommercial License ( https://creativecommons.org/l
nd reproduction in any medium, provided the original work is properly cited. F
0. Godfraind C, Louahed J, Faulkner H et al. Intraepithelial infil- 
tration by mast cells with both connective tissue-type and 
mucosal-type characteristics in gut, trachea, and kidneys 
of IL-9 transgenic mice. J Immunol 1998; 160 :3989–96. https:
//doi.org/10.4049/jimmunol.160.8.3989

1. Iványi B, Hamilton-Dutoit SJ, Hansen HE et al. Acute tubu- 
lointerstitial nephritis: phenotype of infiltrating cells and 
prognostic impact of tubulitis. Virchows Arch 1996; 428 :5–12.
https://doi.org/10.1007/BF00192921

2. Zand L, Monaghan M, Griffin BR et al. The role of type I hy-
persensitivity reaction and IgE-mediated mast cell activa- 
tion in acute interstitial nephritis. Clin Nephrol 2015; 84 :138–
44. https://doi.org/10.5414/CN108254

3. Altin JG, Sloan EK. The role of CD45 and CD45-associated 
molecules in T cell activation. Immunol Cell Biol 1997; 75 :430–
45. https://doi.org/10.1038/icb.1997.68

4. Husby G, Tung KS, Williams RC, Jr. Characterization of renal 
tissue lymphocytes in patients with interstitial nephritis.
Am J Med 1981; 70 :31–8. https://doi.org/10.1016/0002-9343(81)
90408-3

5. Heller F, Lindenmeyer MT, Cohen CD et al. The contri- 
bution of B cells to renal interstitial inflammation. Am J 
Pathol 2007; 170 :457–68. https://doi.org/10.2353/ajpath.2007.
060554

6. Clarkson MR, Giblin L, O’Connell FP et al. Acute interstitial 
nephritis: clinical features and response to corticosteroid 
therapy. Nephrol Dial Transplant 2004; 19 :2778–83. https://doi.
org/10.1093/ndt/gfh485

7. Raza MN, Hadid M, Keen CE et al. Acute tubulointerstitial 
nephritis, treatment with steroid and impact on renal out- 
comes. Nephrology ( Carlton) 2012; 17 :748–53. https://doi.org/
10.1111/j.1440-1797.2012.01648.x

8. González E, Gutiérrez E, Galeano C et al. Early steroid 
treatment improves the recovery of renal function in 
patients with drug-induced acute interstitial nephri- 
tis. Kidney Int 2008; 73 :940–6. https://doi.org/10.1038/sj.ki.
5002776

9. González E, Praga M. [When to use steroid treatment for 
those patients with drug-induced acute interstitial nephri- 
tis?] Nefrologia 2009; 29 :95–8. 

0. Surendra M, Raju S, Chandragiri S et al. Steroid therapy 
in drug induced acute interstitial nephritis- retrospective 
analysis of 83 cases. Saudi J Kidney Dis Transpl 2019; 30 : 
157–65. 

1. Dantas M, Romão EA, Costa RS et al. Urinary excretion of 
monocyte chemoattractant protein-1: a biomarker of ac- 
tive tubulointerstitial damage in patients with glomeru- 
lopathies. Kidney Blood Press Res 2007; 30 :306–13. https://doi.
org/10.1159/000107806

2. Nabokov A, Waldherr R, Ritz E. Demonstration of the prolif- 
eration marker ki-67 in renal biopsies: correlation to clini- 
cal findings. Am J Kidney Dis 1997; 30 :87–97. https://doi.org/
10.1016/S0272-6386(97)90569-2
 This is an Open Access article distributed under the terms of the Creative 
icenses/by-nc/4.0/) , which permits non-commercial re-use, distribution, 
or commercial re-use, please contact journals.permissions@oup.com

https://doi.org/10.3389/fmolb.2021.689799
https://doi.org/10.1016/S0140-6736(94)90992-X
https://doi.org/10.1046/j.1523-1755.1998.00905.x
https://doi.org/10.1046/j.1523-1755.1999.00544.x
https://doi.org/10.2215/CJN.02370310
https://doi.org/10.1172/jci.insight.127456
https://doi.org/10.1186/s12882-019-1277-2
https://doi.org/10.1093/ndt/gfaa169
https://doi.org/10.1093/ndt/gfab346
https://doi.org/10.1016/j.ekir.2022.11.020
https://doi.org/10.1152/ajprenal.00535.2016
https://doi.org/10.1016/S1081-1206(10)62426-X
https://doi.org/10.4049/jimmunol.160.8.3989
https://doi.org/10.1007/BF00192921
https://doi.org/10.5414/CN108254
https://doi.org/10.1038/icb.1997.68
https://doi.org/10.1016/0002-9343(81)90408-3
https://doi.org/10.2353/ajpath.2007.060554
https://doi.org/10.1093/ndt/gfh485
https://doi.org/10.1111/j.1440-1797.2012.01648.x
https://doi.org/10.1038/sj.ki.5002776
https://doi.org/10.1159/000107806
https://doi.org/10.1016/S0272-6386(97)90569-2
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

	INTRODUCTION
	MATERIALS AND METHODS
	Study design and patient selection
	Data collection and outcomes
	Sample collection and multiple cytokine/chemokine assays
	Semiquantitative analyses of immunohistochemical staining
	Statistical analysis
	RESULTS
	Study flow and patient characteristics
	Renal outcome
	Cytokine/chemokine analysis
	Semiquantitative analysis of intrarenal immune cells and proliferating tubular cells
	Analyses of cytokine/chemokine levels and intrarenal immunohistochemistry data according to the response to steroid treatment in the AIN group
	DISCUSSION
	SUPPLEMENTARY DATA
	ACKNOWLEDGEMENTS
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

