


Table 2. Characteristics of participants with and without AKI in longitudinal study

Characteristic

Patients with AKI (n=9) Patients without AKI (n=9)

Age (yr)

Men, n (%)

White race (n)

Mean baseline serum creatinine (mg/dl)
Baseline eGFR (ml/min per 1.73 m?)?
CABG

Valve or combined CABG/valve, n (%)

73.4+8.2 74.3%8.6
5 (56) 7(78)

9 9
1.2+x04 1.1+0.2
57.1+13.8 65.1+x12.4
1(11) 5(55)

8 (88) 4 (4)

Values for continuous variables given as mean*SEM. CABG, coronary artery bypass grafting.
®Baseline eGFR was calculated using the Modification of Diet in Renal Disease equation.

in patients with AKIL. Normalization to
urine creatinine accounts for variation
in water reabsorption along the neph-
ron. According to Waikar et al., “Lower
creatinine excretion in the setting of
acute kidney injury may amplify a tu-
bular injury biomarker signal, thereby
increasing its clinical utility.”1¢ The
AUC-ROC of plasma and urinary
KIM-1 to differentiate patients with
AKI from those without AKI was high
because of the cross-sectional nature of
these studies, where the diagnosis of AKI
was well established clinically (Figure
2C), compatible with prior studies.> In
prospective studies in which all nine
patients developed stage 1 AKI, the
AUC-ROC was lower (Supplemental
Table 3). In addition to the integrated
effects of kidney KIM-1 production
and release into the blood, plasma
KIM-1 levels will be influenced by the
volume of KIM-1 distribution and the
renal or extrarenal metabolism and
clearance of KIM-1. The correlation co-
efficient of 0.43 reflects a statistically sig-
nificant association between urinary
and plasma KIM-1. The strong correla-
tion between plasma KIM-1 and plasma
creatinine concentration in humans and
rodents in the setting of acute injury is
not unexpected given that renal tubular
injury will increase both these markers.

In patients with CKD of various
causes, blood KIM-1 levels were corre-
lated with increasingly advanced stages
of disease. Baseline serum KIM-1 perfor-
med very well as a predictive biomarker
for progressive kidney disease in a type 1
diabetic cohort even after other common
covariates, including urinary albumin-to-
creatinine ratio, hemoglobin Alc, and
eGFR, were taken into account.
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Further studies will be required to
fully assess the patterns of elevation in
blood KIM-1 to evaluate the potential
utility of blood KIM-1 levels to risk-
stratify patients, predict outcome (in-
cluding progression of CKD), and serve
as an efficacy biomarker in therapeutic
trials. Blood KIM-1 levels may have an
integrating function reflecting the extent
of ongoinginjury to thekidney over time.
A limitation of our studies is the small
sample sizes. How blood KIM-1 com-
pares with other blood and urinary
biomarkers of kidney injury and whether
the addition of other kidney injury bio-
markers would increase the performance
of blood KIM-1 to detect kidney injury,
risk-stratify patients, or predict outcome
require further investigation in large
cohorts.

In conclusion, we have identified
blood KIM-1 as a marker of kidney
injury in mice, rats, and humans. In
humans, blood KIM-1 levels are signifi-
cantly elevated in the setting of AKI and
CKD and predict progression of renal
disease in a type 1 diabetic cohort. This
biomarker may have potential utility
as a sensitive and specific diagnostic
and prognostic marker for kidney in-
jury. This is first blood biomarker that
specifically reflects injury to the proxi-
mal tubule of the kidney, the primary
site of injury for ischemia and most
nephrotoxicants.!8

CONCISE METHODS

Bilateral Ischemia Reperfusion Injury
in Mice

Ischemia was induced in male BALB/c mice
using a retroperitoneal approach by clamping
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both renal pedicles for 10, 20, or 30 minutes
and then releasing the clamps according to
published techniques from our laboratory.!®
Sham operations were also performed, manip-
ulating the pedicles without induction of ische-
mia. Twenty-four hours after reperfusion,
mice were euthanized, and urine, plasma,
and tissue samples were collected and ana-
lyzed. In another set of animals, ischemia was
induced for 30 minutes; urine and plasma
specimens were collected before the surgery
and 3, 6, 12, 24, 48, 72, 96, 120, and 144 hours
after the reperfusion. The institutional animal
care commiittee approved all animal protocols.

Unilateral ureteral obstruction in
mice

Unilateral ureteral obstruction was induced in
male BALB/C mice, age 8—10 weeks, as de-
scribed previously.2® Mice were anesthetized
and the ureter of the left kidney was ligated
with 6-0 silk at two points proximal to the
kidney. In sham animals, flank incisions were
made and the kidney exposed, but the ureter
was not tied.

Liver Injury in Mice

As controls, male BALB/c mice were injected
intraperitoneally once with 0.5 ml/kg of 10%
CCly in vegetable oil (n=5) or vegetable oil
alone (vehicle, n=5), as previously de-
scribed.?! Forty-eight hours after CCl, ad-
ministration, mice were euthanized and
urine, plasma, and tissue samples were col-
lected and analyzed.

Gentamicin-Induced Nephrotoxicity
Male Sprague-Dawley rats weighing approx-

imately 230260 g were administrated 0.9%
saline, 50 mg/kg gentamicin, or 200 mg/kg
gentamicin intraperitoneally daily for 10
days. Rats were provided with free access to
food and water and subjected to a 12-hour
light and dark cycle. Rats were euthanized on
day 11, and urine, plasma, and tissue samples
were collected and analyzed. Tissue samples
were fixed in 10% neutral buffered formalin
or snap frozen. For histologic assessment,
3- to 5-um paraffin sections were prepared
and stained with hematoxylin and eosin. The
rat studies were undertaken in accordance
with criteria outlined in a license granted
under the Animals (Scientific Procedures)
Act 1986 and approved by the University of
Liverpool Animal Ethics Committee.
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Figure 3. Blood KIM-1 as a biomarker of CKD and predictor of progression of patients with
type 1 diabetes. (A) In a cross-sectional comparison, plasma KIM-1 levels were negatively
associated with eGFR in patients with CKD of various causes. (B) Plasma KIM-1 levels are
positively associated with increasing stages of CKD. (C) In a cross-sectional comparison of
124 patients with type 1 diabetes and proteinuria, serum KIM-1 was positively associated
with CKD stage. Median and 25th and 75th percentiles are shown. Numbers of patients in
each category are indicated. (D) Serum KIM-1 at baseline was associated with rate of renal
decline (eGFR slopes) during 5-15 years (median, 10 years) of follow-up (Spearman cor-
relation coefficient=0.52; P<0.001). The effect of serum KIM-1 remained very strong and
significant (P<0.001) in multiple regression analyses when other covariates, such as
baseline eGFR, urinary albumin-to-creatinine ratio, and hemoglobin Alc levels were
considered. (E) Serum KIM-1 level at baseline was a strong predictor of risk of progression
to ESRD. Kaplan-Meier survival analysis shows the proportion of patients remaining
without ESRD after 15 years of follow-up in patients with baseline serum KIM-1 below and
above the median (97 pg/ml) (P<0.01). The effect of baseline serum KIM-1 remained
significantin multivariable Cox regression analysis (P<0.01) when other covariates, such as
baseline eGFR, urinary albumin-to-creatinine ratio, and hemoglobin Alc levels were
considered. Analyses shown in D and E were performed in 107 patients with type 1 di-
abetes, proteinuria, and CKD stages 1-3 at baseline. More clinical information of these
patients is provided in Supplemental Table 4 and can be found in Rosolowsky et al.’®
(F) Western blot depicting 90-kD band of urinary KIM-1 in a patient with AKI (lane 2) and
plasma KIM-1 in patients with AKI (lanes 4 and 5), and CKD (lane 6). Urine (lane 1) and
plasma (lane 3) from healthy volunteers were also included for comparision.
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Selection of Patient Study Groups

Single spot urine samples and corresponding
plasma samples were obtained from healthy
individuals, patients undergoing cardiac sur-
gery, and patients admitted to the surgical
intensive care unit. Healthy volunteers
(n=48) who are self-reported to be free of
chronic inflammatory diseases, chronic in-
fectious diseases, and metabolic disease
were participants in the Brigham and Wom-
en’s Hospital PhenoGenetic Project, a large-
scale tissue bank that provides a sample
archive and longitudinal biosampling from
its cohort. Cardiac surgery and ICU patients
were participants in prospective AKI bio-
marker studies conducted at Brigham and
Women’s Hospital. Urine and plasma sam-
ples were obtained in 16 patients post cardiac
surgery to serve as a complementary non-
AKI cohort and in 28 patients with AKI
(15 patients met KDIGO stage 1 criteria
and 13 met stage 2 criteria) 22 patients fol-
lowing cardiac surgery and 6 non-cardiac
surgery ICU patients. For prospective studies
to determine the time course of biomarker
changes, we collected plasma and urine sam-
ples before surgery; at the end of CPB; and then
at 4 hours, 12 hours (urine only), and then
daily for 5 days after CPB. The primary out-
come variable was development of AKI, defined
as a =50% increase in plasma creatinine from
baseline within 7 days or a =0.3 mg/dl increase
within 2 days according to the KDIGO criteria.??

CKD urine and plasma samples were col-
lected from outpatients attending a general
nephrology clinic at Brigham and Women’s
Hospital. Urine and plasma samples were col-
lected at approximately the same time. Plasma
samples from patients with CKD were also ob-
tained at University of Liverpool. Diagnoses
included glomerular diseases (39.1%), diabetic
nephropathy in type 2 diabetes (17.4%), and
other causes of CKD (43.4%).

To examine the potential value of plasma
concentration of KIM-1 as a predictor of
progressive renal decline, we studied a sub-
group of patients with type 1 diabetes and
proteinuria who were previously included in
the Joslin Proteinuria Cohort.!> Of 423 pa-
tients participating in the cohort, a random
subgroup of 124 patients with a sufficient
amount of baseline serum was selected for
the current study. The baseline characteris-
tics of the selected patients are shown in
Supplemental Table 4. These patients were
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followed for 5-15 years (median follow-up,
10 years). During follow-up they had serial
serum creatinine measurements to estimate
the rate of renal decline rate of eGFR loss
(eGFR slopes) according to methods previ-
ously described.?? All human studies were
approved by institutional review boards.

KIM-1 Measurement
Microbead-based assays for rodent and hu-

man plasma and serum KIM-1 were devel-
oped, and extensive validation of the assays
were performed using previously described
approaches.?* Urinary KIM-1 in rodents and
humans was measured using microbead
based assays as described previously.>7-2526
Capture antibodies (MAB 1817 for mouse,
AF1750 for human [R&D Systems]),
MARKE?® antibody for rat (developed at
Brigham and Women’s Hospital) were con-
jugated with COOH polystyrene beads (Bio-
Rad) with an amine coupling kit (Bio-Rad)
using N-hydroxysuccinamide-1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide chemis-
try according to the manufacturer’s protocol.
Approximately 6000 beads in 50 ul of sample
diluent buffer (0.1M HEPES, 0.1M NacCl,
0.1% Tween-20, and 1% BSA; pH, 7.4; filter
sterilized) were incubated with 30 ul of sam-
ple or recombinant KIM-1 protein (1817-TM-
050-CF for mice, 1750-TM for humans [R&D
systems]), and KIM-FC for rats [developed at
Brigham and Women’s Hospital]) for 45 mi-
nutes. After incubation, beads were washed
three times with PBS with Tween and incu-
bated with biotinylated anti-KIM-1 detection
antibody (BAF 1817 for mice, BAF 1750 for
humans [R&D Systems]) and MARKE-2 for
rats [developed at Brigham and Women’s
Hospital]) for 30 minutes. Beads were
washed again with PBS with Tween and in-
cubated for 15 minutes with the streptavidin-
phycoerythrin solution (Invitrogen). The signal
from the fluorochrome, which is directly pro-
portional to the amount of antigen bound at
the microbead surface, is captured using the
Bio-Plex system (Bio-Rad). Data were inter-
preted using a five parametric logistic regression
analysis.

Western Blot Analysis
Plasma and urine specimens from healthy

volunteers and patients with AKI and CKD
were precleared with protein A agarose beads
for 30 minutes (Sigma-Aldrich), and 10 ul of
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the precleared specimens were analyzed us-
ing SDS-PAGE electrophoresis (4%—-12%
NuPage Gel, Invitrogen), transferred to a ni-
trocellulose membrane, and probed with
goat anti—-KIM-1 antibody (AF1750, R&D
Systems). The membrane was washed three
times with PBS with Tween-20, incubated
with horseradish peroxidase—conjugated sec-
ondary antibody (Cell Signaling Technology),
and developed using a chemiluminescence kit
(PerkinElmer).

Statistical Analyses
Scatterplots were used to graphically display

log-transformed normalized biomarker levels
in the clinical samples. Continuous variables
were compared using the Wilcoxon rank-sum
test and the Spearman correlation coefficient.
Diagnostic performance (i.e., the ability of a
biomarker to identify AKI) was assessed by
using the ROC curve. The area under the
ROC curve (AUC) and 95% ClIs were calcu-
lated using the nonparametric method of De-
Long.?” The eGFR was calculated using the
Modification of Diet in Renal Disease equa-
tion. P values <0.05 were considered to rep-
resent statistically significant differences.
Statistical analyses were performed using
MedCalc for Windows, version 12.1.4.0
(MedCalc Software, Mariakerke, Belgium).
For animal studies, all results are expressed
as mean=SEM. One-way ANOVA and ¢ test
were performed on control samples and
treated samples to evaluate the difference
in these groups. The level of significance
was set at P<<0.05 in all cases. The statistical
methods used to analyze the follow-up data
from the Joslin proteinuria cohort have
been described previously.??
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Supplementary Table 1. Characteristics of microbead-based plasma KIM-1 sandwich ELISA in various species.

Parameters Human Mouse Rat
Lower limit of 4.4 pg/mL 12.1 pg/mL 39 pg/mL
quantitation
Assay range 0.012-50 ng/mL 0.012-50 ng/mL 0.039-50 ng/mL
Intra assay %CV <11.45% <10.15% <11.4%
Inter assay %CV <12.3% <9.8% <13.7%
Recovery 87-115% 84-110% 85-125%
Linearity Linear dilutions: Linear dilutions: Linear dilutions:

1:8-1:32 1:4-1:32 1:5-1:20

CV=coefficient of variation



Supplementary Table 2. Demographics, serum creatinine, urine albumin, and urinary and plasma KIM-1 values in healthy volunteers
and patients

SCr on day
Age / sex / of collection Plasma KIM-1 Urine KIM-1 Urine KIM-1 Albuminuria
Subject Group race Baseline (mg/dL) (pg/mL) (ng/mg uCr) (ng/ml) (mg/g uCr)

1 HV 32/F/A - 0.79 101.65 0.47 0.058 2.1
2 HV 40/M/A - 0.88 16.51 0.49 0.265 3.0
3 HV 20/M/B - 1.07 53.29 0.07 0.115 4.0
4 HV 21/M/A - 0.97 86.44 0.23 0.073 2.2
5 HV 44/M/B - 1.12 65.27 0.07 0.038 10.2
6 HV 21/M/A - 0.87 46.37 0.44 0.178 8.1
7 HV 35/F/B - 0.76 140.27 0.07 0.005 0.3
8 HV 48/M/B - 1.11 18.53 0.11 0.059 35
9 HV 45/F/A - 0.85 36.43 0.23 0.164 4.1
10 HV 39/F/A - 0.85 46.37 0.41 0.396 10.6
11 HV 33/M/B - 1.04 49.59 0.13 0.063 42
12 HV 37/M/A - 0.87 29.53 0.23 0.054 2.1
13 HV 21/F/A - 0.83 29.53 0.14 0.112 0.4
14 HV 26/F/W - 1.04 59.08 0.22 0.322 0
15 HV 25/F/W - 0.9 33.01 0.19 0.064 2.0
16 HV 42/M/W - 0.89 240.03 0.24 0.129 L1
17 HV 33/M/W - 1.05 118.21 0.28 0.202 2.0
18 HV 50/M/W - 1.11 12.98 0.37 0.317 11.1
19 HV 24/M/W - 0.99 106.52 0.10 0.099 0
20 HV 32/F/B - 0.76 77.39 0.17 0.019 0
21 HV 29/M/A - 0.98 20.48 0.16 0.123 3.28
22 HV 28/M/B - 1.01 34.56 0.10 0.119 3.38
23 HV 46/M/B - 0.98 123.67 0.14 0.382 5.09
24 HV 28/F/B - 0.98 113.12 0.11 0.197 5.24
25 HV 43/M/B - 0.99 34.45 0.17 0.175 3.61
26 HV 45/M/W - 0.95 67.23 0.56 1.608 2229
27 HV 46 /M /W - 1 33.32 0.24 0.191 2.26
28 HV 42/M/W - 1 156.76 0.20 0.236 2.22
29 HV 19/F/W - 0.56 33.45 0.41 1.138 3.30




30 HV 35/M/W - 0.87 29.67 0.10 0.199 17.70
31 HV 31/F/B - 0.67 89.65 0.26 0.416 2.65
32 HV 23/F/W - 0.73 18.47 0.28 0.009 49.52
33 HV 25/F/W - 0.76 88.97 1.52 1.600 1.73
34 HV 25/F/W - 0.8 65.78 0.27 0.516 4.33
35 HV 48 /F/W - 0.9 33.67 0.60 0.675 3.29
36 HV 26/F/W - 0.76 98.65 0.12 0.291 2.86
37 HV 30/F/B - 0.96 36.89 0.16 0.370 1.72
38 HV 30/M/W - 0.72 12.86 0.35 0.683 6.01
39 HV 27/F/A - 0.71 11.98 0.43 0.534 4.08
40 HV 36/M/A - 0.78 98.34 0.24 0.148 4.52
41 HV 35/F/M - 0.86 101.55 0.22 0.520 2.13
42 HV 27/F/W - 0.71 47.89 0.35 1.164 2.84
43 HV 20/M/A - 0.97 101.23 0.37 0.393 1.71
44 HV 20/F/W - 0.69 111.32 0.34 1.256 1.58
45 HV 49/F/B - 0.95 78.53 0.27 0.764 9.37
46 HV 43/M/A - 0.99 17.87 0.37 0.719 2.46
47 HV 51/F/B - 0.98 46.78 0.29 0.880 6.21
48 HV 41/F/B - 0.53 16.37 0.48 0.645 3.71
49 CS - no AKI 77/F /W 0.9 0.73 123.34 1.55 0.540 35.0
50 CS-noAKI | 75/M/W 1.31 1.04 957.70 0.69 0.389 53.8
51 CS-noAKI | 79/M/W 1.4 1.12 243.26 0.47 0.214 45.0
52 CS-noAKI | 76/M/W 1.21 0.84 37.92 0.72 0.530 23.6
53 CS-no AKI | 58/M/W 1.12 1.25 14.64 0.88 0.862 429.94
54 CS-noAKI | 83/M/W 0.94 0.93 26.49 1.38 0.803 0
55 CS-noAKI | 83/F/W 1.27 0.98 108.00 0.52 0.199 3.52
56 CS-noAKI | 76/M/W 1.49 1.55 123.34 0.98 0.323 10.6
57 CS-no AKI | 69/M/W 225 1.9 14.64 0.44 0.262 231.13
58 CS-noAKI | 78/M/W 0.98 0.83 339.58 0.47 0.214 20.1
59 CS-noAKI | 78/F/W 1.33 1.07 164.03 0.82 0.433 88.1
60 CS-noAKI | 82/F/W 1.15 0.94 60.06 0.97 0.980 31.0
61 CS - no AKI 57/F/W 1.03 0.81 253.01 0.88 1.243 59.38
62 CS-noAKI | 84/F/W 227 1.8 81.56 0.67 0.671 31.0
63 CS-noAKI | 59/M/W 1.45 1.38 17.12 0.75 0.199 2.0
64 CS-noAKI | 67/M/H 1.15 1.23 727.00 0.16 0.540 82.56
65 CS - AKI 81/M/W 1 2.23 2831.71 1.69 0.376 30.05




66 CS - AKI 67/M/W 1.49 3.11 184.07 0.95 0.549 406

67 CS - AKI 64/M/W 2.2 5 15579.65 7.47 5.429 400

68 CS - AKI 63/F/W 1.03 2.08 663.37 2.28 2.11 230

69 CS - AKI 56/M/W 1.82 4.1 6334.09 20.54 14.540 209

70 CS - AKI 71/M/W 1.08 2.9 971.10 5.31 2.752 202

71 ICU - AKI 41/M/W 0.9 421 922.42 3.42 0.487 120

72 ICU - AKI 62/M/W 1 4.05 1019.23 6.74 4.671 368

73 ICU - AKI 75/M/W 1 2.8 663.37 1.20 0.352 100.4
74 ICU - AKI 78 /M /W 0.8 3.05 572.40 1.25 1.275 45.7
75 ICU - AKI 80 /M /W 0.7 2.47 60.06 2.72 1.186 56.4
76 ICU - AKI 74/M/W 1.3 2.23 771.32 20.32 24.528 368

77 CS - AKI 70/M/W 1.74 2.7 284.81 7.49 6.444 298.0
78 CS - AKI 85/F/B 0.95 1.35 311.24 0.87 0.958 35.1

79 CS - AKI 89 /F/W 1.18 2.14 403.11 4.93 1.822 82.8
80 CS - AKI 84 /F/W 0.87 1.6 184.81 0.82 1.571 105.6
81 CS - AKI 82/M/W 1.32 2.23 544.74 1.68 5.785 20.9
82 CS - AKI 90 /F /W 1.3 227 184.81 2.68 2.436 176.0
83 CS - AKI 96 /F /W 1.14 2 403.11 3.12 1.654 115.5
84 CS-AKI | 56/M/HW 2.6 4.01 258.64 9.76 3.416 811.4
85 CS - AKI 80 /M /W 0.66 1.4 1027.26 10.97 2.961 572.0
86 CS - AKI 72/M/W 1.52 2.5 258.64 5.54 8.535 14.2
87 CS - AKI 60/F/W 1.22 221 331.31 1.94 0.564 110.3
88 CS - AKI 79/F/W 0.82 1.57 544.74 2.99 1.437 43.1

89 CS - AKI 83/M/W 2.1 2.52 3291.32 28.96 6.949 169.8
90 CS - AKI 78 /M /W 1.19 2.6 518.15 3.48 1.183 74.5

91 CS - AKI 82/F/W 0.89 1.68 41231 1.76 0.810 65.6
92 CS - AKI 77/F/W 0.7 1.24 1293.48

Abbreviations: A, Asian; AKI, acute kidney injury; B, Black; CS, cardiac surgery; ICU, intensive care unit; HW, Hispanic White; M,

Multi-racial; W, White.




Supplementary Table 3. Biomarker values in patients undergoing cardiac surgery.

Pre

End

4h

12h

Day

Day

Day

Day

Day

Plasma KIM-1 (pg/mL)

AKI
Median (IQR)
[N]
128.8 (41.9,
167.5)
(8]
97.5 (41.7,
134.4)
(7]
90.5 (52.3,
133.5)
(8]

114.2 (58.1,
167.2)

(8]
230.2 (160.7,
365.1)
[o1*

241.1(144.7,
447.5) [8]

197.5(117.5,
458.5)

(9]
112.0(94.3,
244.1)

(6]

No AKI
Median
(I1QR) [N]

82.0 (49.8,
154.4)
[5]
76.9 (42.4,
100.2)
[9]
86.2 (51.5,
107.6)
[7]

81.3(62.3,
120.5)
(8]
103.9 (70.0,
155.1)
9)
125.3 (59.5,
169.6)
(9]
89.1(62.5,
137.3)
(7]

(1)

AUC-ROC

0.55 (0.26 -
0.82)

0.51(0.25 -
0.76)

0.59 (0.31 -
0.83)

0.55(0.29 -
0.79)

0.74 (0.48 -
0.91)

0.78 (0.52 -
0.94)

0.81 (0.54 -
0.96)

Urinary KIM-1 (ng/mg uCr)

AKI
Median (IQR) [N]

505.2 (398.6,
1531.9)

(8]
1499.3 (956.0,
2047.4)

(7]

444.6 (376.7,
1038.7)

(9]

972.9 (511.8,
1511.9)
(8]*
1464.0 (1198.3,
2055.8)

(9]
3643.1 (1355.0,
5092.8)

(9]
1570.6 (1017.3,
4101.7)

(8]
1285.1 (847.1,
2170.4)

(9]

785.5 (473.0,
1269.5)

(7]

No AKI

Median (IQR) [N]

358.4 (150.2,
682.9)

(5]
503.1(341.9,
1041.3)
(9]
585.7 (313.9,
643.1)

(7]
1033.6 (871.6,
2050.1)
(8]
1069.6 (608.3,
1646.8)
(7]
991.2 (532.6,
1487.2)
(8]
512.4 (323.0,
1083.2)
(9]
645.3 (477.7,
686.0)

(6]
348.7 (231.5,
466.0)

(2]

AUC-ROC

0.73 (0.42 -
0.93)

0.81(0.54 -
0.96)

0.52(0.27 -
0.77)

0.61 (0.34 -
0.84)

0.65 (0.38 -
0.87)

0.89 (0.64 -
0.99)

0.73 (0.42 -
0.93)

0.83 (0.56 -
0.97)

0.86 (0.48 -
0.99)

AKI
Median (IQR)
[N]
120.9 (27.8,
137.5)
(6]
85.9 (23.3,
150.3)
(5]
30.5(13.5,
127.8)
(7]
44.2 (19.3,
64.9)

(6]
52.3 (42.2,
92.0)

(7]
72.7 (47.9,
213.2)
(7]
52.5(47.1,
104.9)
(7]
142.1 (70.0,
156.7)
(7]
46.4 (24.8,
85.5)

(5]

Urinary albumin (mg/g uCr)

No AKI
Median
(IQR) [N]
67.0 (14.0,
128.0)
(5]
27.1(13.3,
96.8)
(9]
19.9 (15.6,
33.9)
(7]
32.4(12.1,
41.8)
(8]
48.6 (18.7,
68.5)
(7]
46.8 (24.8,
52.4)
(8]
45.7 (22.3,
72.8)
[9]
45.8 (13.6,
72.2)
(6]
102.3 (70.7,
133.8)
(2]

AUC-ROC

0.63(0.31-0.89)

0.67 (0.37 - 0.89)

0.65 (0.36 - 0.88)

0.67 (0.37 - 0.89)

0.71(0.42-0.92)

0.77 (0.49 - 0.94)

0.65 (0.38 - 0.87)

0.76 (0.45 - 0.95)

Urine and plasma samples were not available from all patients at all time points. Abbreviations: AUC-ROC, area under the receiver
operating characteristics curve; AKI, acute kidney injury; End, end of the surgery. Asterisks mark the time point at which biomarker
levels were statistically significantly higher than baseline levels in patients with AKI.



Supplementary Table 4. Characteristics of two study groups of patients with CKD

CKD of various etiologies Type 1 Diabetes & Proteinuria

(n=46) (n=124)
Age (y) 49 +2 42+ 10
Male 35 (76%) 72(58%)
Race
White 30 123
African American 9 1
Asian & Others 7
sCr (mg/dL) 2.43+£0.2 1.39+0.9
eGFR* (mL/min/1.73 m?) 41.5 + 30 68 + 34
Blood KIM-1 (pg/ml)
CKD stage 1 83 +55(p) 89 +70 (s)
CKD stage 2 104 + 98 (p) 158 £ 173 (s)
CKD stage 3 201 =162 (p) 181 £ 178 (s)
CKD stage 4 261 =126 (p) 288 £ 336 (s)
CKD stage 5 360 £ 172 (p) 770 + 770 (s)

Note: Values for continuous variables given as mean + SD; values for categorical variables

given as number or number (percentage).

Abbreviations: CKD, chronic kidney injury; eGFR, estimated glomerular

filtration rate; sCr, serum creatinine; p, plasma; s, serum.

* Baseline eGFR was calculated using MDRD equation.



Supplementary Table 5. Various etiologies of chronic kidney disease

Pathology

Glomerular
IgA Nephropathy (N=10)
Focal glomerulosclerosis (N=4)
Membranous Glomerulonephritis (N=5)
Lupus (N=2)
Others (N=2)

Tubulointerstitial
Polycystic kidney disease (N=4)
Chronic interstitial toxicity (N=2)
Lithium Toxicity (N=2)

Other

Diabetes/Hypertension/others (N=15)
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Supplementary Figure 1. Performance of non-normalized urinary KIM-1. Plasma and

urine were collected from healthy volunteers, post cardiac surgery (CS) patients with or without

AKI. (A) Dot plot indicates non-normalized urinary KIM-1 for each subject. *p<0.001. B) ROC

curve analysis comparing performance of non-normalized urinary KIM-1 (AUC-0.91; 95%ClI:

0.85-0.97, p<0.0001) in patients with and without AKI (HV & CS-ICU non-AKI). C) Scatter

plot of non-normalized urinary KIM-1 levels vs. plasma KIM-1 levels in all subjects including

healthy volunteers and cardiac surgery ICU patients with or without AKI. (r = 0.23, p=0.025).



