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To provide a novel biomarker that is useful for prediction of
early onset of acute kidney injury, estimation of prognosis
associated with a renal function, and differentiation of acute
kidney injury. Furthermore, to provide use of the novel biom-
arker. Midkine is used as a biomarker. The determination of a
possibility of the onset of acute kidney injury, estimation of
prognosis associated with a renal function or differentiation
of an acute kidney injury are carried out based on the detec-
tion result of the urinary midkine.
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FIG. 4
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FIG. 6

AKI: 33 cases, Otherers: 517 cases

comparison of AUC X SE p—value
MK vs NAG 0.965+0.022 vs 0.762+0.049 0.0004
MK vs IL18 k 0.965+0.022 vs 0.784=+0.048 0.0012
MK vs NGAL 0.965+0.022 vs 0.850-£0.043 - 0.0229
(normalized by Cr) ‘ AT
N.MK vs N.NAG ~0.9590.024 vs 0.804+0.047 0.0052
N.MK vs N.L18 0.9590.024 vs 0.733£0.051 0.0001

N.MK vs N.NGAL 0.959+0.024 vs 0.777:0.049 0.0014
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sensitivity(%) | specificity(%)

MK + NAG 60.6 95.3

MK / NAG 97.0 80.2

MK +IL-18 51.5 97.5

MK / IL-18 97.0 79.8

MK + NGAL 87.9 91.0

MK / NGAL 100.0 56.1

MK + NAG + IL-18 73.7 98.2

MK / NAG / IL-18 97.0 75.5

MK + NAG + NGAL 57.6 96.7

MK / NAG / NGAL 100.0 55.1

MK + 1L-18 + NGAL 48.5 97.8
MK / IL-18 / NGAL 100.0 53.7
MK + NAG +1L-18 + NGAL 42.4 98.2
MK / NAG / IL-18 / NGAL 100.0 52.9
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FIG. 8

Backgrounds of patients

AKI group (n=5) = non—AKI group (n=27)  p—value

Age (old) 74 5 72+8 0815
Gender (male%) 93 88 >0.999
BMI 23.8 + 2.0 231+30 0.421
CTR (%) 528+76 486+45 0.282
Dabetes, n (%) 1 (20) 7 (26) >0.999
Hypertension, n (%) ‘ -3 (60) 22 (81) | 0.296
Dyslipidemia, n () 3(60) . 19 (70) 0.637
“Coronary disease, n (%) 4 (80) 9(33) o 0.132
Cerebral stroke, n (%) 0(0) | 5 (19) ~ 0.564

EF, (%) 70.1 =103 64.4+84 -0.403
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FIG. 9

Pre—operative examination findings

AKI group (n=5) non—AKI group (n=27) p-value

Alb, (mg/dl) . 40%03 41+03 0.696

Hgb, (mg/d) 123 +22° 12.9 + 1.4 0533
Cr, (mg/dl) 149 +0.60 1.02 % 0.43 - 0.044
eGFR, (m/min/1.73m2)  38.2 % 20.0 60.4 =+ 20.7 0.049
eGFR60> , n (%) ©4(80) C1244) 0.333
Cys-C | 1.55 = 0.73 . 1.14+0.36 0.186
Urinary B2MG, (ng/ml) 2626 + 2362 2146 + 6131 .0.082
Urinary NAG, (Ul) 9.5+ 3.8 111 %95 0.836
Urinary L-FABP, (ng/ml) 39.8 =+ 44.8 14.6 = 20.1 0.389

Urinary MK, (pg/ml) 63.6 = 110.8 9.2 = 46.0 0.004
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FIG. 10

a84eyosip up

£A0d

S‘ZGOd‘

1d0d

_ WoodJ Jusned

Ads84ns jo pug

: ... duwejosp onJoy

B :. dwe|o onoy

uonoNpuUl
BISaY}Sauy

uonessdo_oud



Patent Application Publication

May 12, 2011 Sheet 11 of 32

US 2011/0111427 Al

FIG 11
Faann]
o o )
X & S o o =) o &
S e — o0 [0e] <t N [en) '
— N N A M N .‘ > QﬁjerSIp up
S ; f :
N X 3 ;
< : |
< :
C ’ ;
< & “
? 7 ¢ | 2ao0d
‘ c\: £2a0d
S fg 1A0d |
—-‘—;—: 'S wooJ Jusijed
\\j “(
Oy /\;‘ Aa984ns 4o pug
7y
JAC
[
@ — LG dwejoap o1poy
_ \
— = ‘ dweo oo
~ ; ﬁ; ) . [0.010Y
<|( < -1 uonRonpul
z g é %g ; BISayisouy
~ <L C z=ct5 f
et H
€ i z 3.8 .
= N oob B E /
o)) + (.i) =z 5T
& s g
uoeIado_a4
£ g g Tg o e
g g8 B8 8 8 °
- Lo N 0 & w




Patent Application Publication = May 12,2011 Sheet 12 of 32 US 2011/0111427 A1

FIG. 12
o o
o™ (=] [~4 [ (o]
- - [+2] (o) ~r
N H
3 H
A :
— B H
S ;
Q 5 :
N a2
@ .
» H
o Do >
& B & |4
» - I3
H e
¥ 5
73
. [
[
=4
©
[
>
©
@) a
= £200d
AN :
> 1aod
o
£
| .
- WooJ Jusled
; Aus3ans Jo pug
dweosp ooy
=
_g dwe|o ooy
= [
c mew (5 me— uonRonpul
5 x [@] g eIsayysauy
= < < i
N :
Q + :
] B
=0 & :
W ¥ y W — W W -
o o (=) L o (=) [=} o (=)
(=] [ ] o (=] [ ] o o o
(= [=] (=] [=] o o (= (=]
Te) [~ Te] (=] wn (= v w
o [a2} o™ N  ad - 1



US 2011/0111427 Al

May 12, 2011 Sheet 13 of 32

Patent Application Publication

FIG. 13

=
b

0ol

a&ueyosip uQ

£'2aod

Wwood Jusiled

1dod

Adeduns jo pug

eIsoyIsauy

uononpul

o
~
)
fe)
kel
@
=
o
o
)
S

(%

) 107

VN Adeunn

IMV
-uou

NV -

(lw/n) oUN

: ;

 GT




US 2011/0111427 Al

May 12, 2011 Sheet 14 of 32

Patent Application Publication

FIG 14

08

00i

oct

93Jeyosip uO

faannE®

wrpw s Ammm

(

%

430d

) 107

€2d0d
1aod

oz ........::..!........1.%\}“

«ww.,« . e
F ey , B
LT

S

N-SAD Aleuly

Aip3uns o puzg

uolzonpul

e1sayisauy

uonessdo—aig 290-°4d




Patent Application Publication = May 12,2011 Sheet 15 of 32 US 2011/0111427 A1

FIG. 15
for ,,_m.._dw%@;;;::m ot . 'r“‘@\—l LG Od
g | Asesns jo pug
}
Lo
g’ | @i? dwejosp o0y
<5 ~ \
< s # rdwejd ooy
H 1
?e | wononpu
: eIsayisauy
I N
NN e At &~ o :
(lw/Bu) TYON-N
- 8——-g+ | 100d
.. h
S 3\
w&f Q\ Au984ns 4o pug
- «%&@ dwejosp ooy
5 g
<¥c § ‘ «%@ dweo o1uoy
ey i\ ~
¢ e ?& uononpul
eISayIsouy
SRR
(lw/Bd) g1-n
4
<
25
<c g LdOd
X ]
P i Assdins jo pug
!
- ]
e !
. ‘ § dweosp o0y
. \”ﬁ{?‘ dwe)o oipoy
;;B uoI3oNpUI
: eIsayissuy
ETETE & e 55 s
Lo ] o o Q jan] o fom]
[w] j’e) o] Cyl jo) w 1
A o~ -~ !

{uyBd) MW-n



US 2011/0111427 Al

May 12, 2011 Sheet 16 of 32

Patent Application Publication

FIG. 16

8¢

(lw/3d)

L1ET 508 o1 0 0
. , , MIN Adeunn

Aep puooag

uoljedado jo uoljesado Sun| peasy ~ 8unppesy  uoijoONpul
Aep 1xaN  Jo puj [eloyl}e JO pu] [eldiie JO UBlS  eiS9Y}sauy

aulyosew 3un| Leay |eioijiie Wc_mz ‘
uoljeJado juswase|das aAjeA oeipJed 3ulodiapun Jaye Yy ‘/9 8de ‘qualjed sjews



Patent Application Publication = May 12,2011 Sheet 17 of 32 US 2011/0111427 Al

FI1G. 17
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' Kidney transplantation

Experiment protocol

Collect urine
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FIG. 28
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FIG. 30
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FIG. 32
case diagnosis plasma MK urinary MK
(pg/ml) (pg/ml)

1 control 3797 0
2 diabetic nephropathy 990 0 low selectivity
3 membranous nephropathy 1085 0 low selectivity
4  minimal change 2736 0 “high selectivity
5 AL amyloidosis 17741 0 low selectivity
6 ATN 63 216 ischemic AKI *
7 AN 409 3704 ischemic AKI
8 ATN 525 674 ischemic AKI
9 ATN 14117 1010 - septic AKI




US 2011/0111427 Al

BIOMARKER FOR THE ESTIMATION OF
ACUTE RENAL DISORDER AND PROGNOSIS
OF THE DISORDER, AND USE OF THE
BIOMARKER

TECHNICAL FIELD

[0001] The present invention relates to a novel biomarker
that is useful for examination of acute kidney injury, estima-
tion of prognosis associated with a renal function, and differ-
entiation of acute kidney injury, as well as use of the biom-
arker.

BACKGROUND ART

[0002] Diagnoses of acute kidney injury (hereinafter, also
referred to as “AKI”) are carried out by using urine output, a
serum creatinine (Cr) value, serum urea nitrogen, urinary
NAG, p2-microglobulin value, and the like, as indicators.
However, any indicator does not have diagnosis sensitivity
such that pathologic conditions in an acute stage can be diag-
nosed sharply. Actually, diagnosis is carried out comprehen-
sively based on the examination findings and clinical find-
ings. Therefore, it takes a long time to start effective
treatment, thus deteriorating the treatment results.

[0003] Inspite ofrapid progress of diagnosis and treatment,
the mortality rate of patients with serious acute renal failure in
intensive care units (ICU) has not been remarkably changed
at around 50% in the past 50 years, posing a problem to be
solved. Diseases presenting AKI include, for example, post-
operative conditions of open heart surgery or aorta replace-
ment surgery, septicemia, conditions after organ transplanta-
tion, and the like. Many of these diseases require
postoperative ICU management, and require understanding
of'the pathologic conditions on an hourly basis after the onset
of'such diseases. Actually, without early diagnosis of AKI and
early treatment interventions, life prognosis would not be
improved. In order to cope with this, recently, it has been
particularly emphasized that it is necessary to regard patho-
logic conditions in which the renal function is rapidly dete-
riorated as AKI, to classify the AKI into stages, and to start
diagnosis and treatment interventions in the earlier stage.
[0004] In the present situation, diagnosis of AKI is gener-
ally carried out using the increase of serum Cr as an indicator.
However, since it takes two to three days for serum Cr to
increase after the actual onset of renal disorder, at the time of
diagnosis of AKI, timing of treatment intervention may have
already been missed in most cases. Therefore, serum Cr is
insufficient as a diagnostic marker for AKI. Thus, it is urgent
to establish an early biomarker.

[0005] For treatment of AKI, clinical examinations of novel
therapeutic agents such as anti-apoptosis/anti-necrosis
agents, anti-inflammatory agents, anti-septic agents, various
growth factors, and vasodilator drugs have been carried out to
date, but satisfactory results have not been obtained. This is
because backgrounds of patients are complicated and causes
of AKI are various. Furthermore, this is in particular because
lack of early biomarker suitable for diagnosis of AKI makes it
impossible to carry out early intervention.

[0006] Recently, as a novel urinary biomarker for AKI, it
has been reported that neutrophil gelatinase-associated
lipocaline (NGAL) (Non-patent Document 1), interleukin 18
(IL-18) (Non-patent Document 2), kidney injury molecule-1
(KIM-1) (Non-patent Document 3), liver type fatty acid-

May 12, 2011

binding protein (L-FABP) (Non-patent Documents 4 and 5),

and the like, are useful (Non-patent Document 6).

[0007] [Non-patent Document 1] Mishra J, et al., Lancet.
2005 Apr. 2-8; 365 (9466): 1231-8.

[0008] [Non-patent Document 2] Prikh CR et al., Kidney
Int. 2006 July; 70(1):199-203. Epub 2006 May 17.

[0009] [Non-patent Document 3] Han W K et al., Kidney
Int. 2002 July; 62 (1): 237-44.

[0010] [Non-patent Document 4] Nakamura T. et al.,
American journal of Kidney Diseases, Vol. 47, No.
3(March), 2006: pp 439-444

[0011] [Non-patent Document 5] Yamamoto T. et al., J Am
Soc Nephrol 18: 2894-2902, 2007

[0012] [Non-patent Document 6] Coca S G. et al., Kidney
Int 19: December Review, 2007

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0013] Under the above-mentioned circumstances, an
object of the present invention is to provide a biomarker for
early grasping the possibility of the onset of AKI. Further-
more, the present invention also has an object to provide use
of the biomarker, for example, an examination method of
AKI. Furthermore, the present invention also has an object to
provide a biomarker useful for understanding prognosis asso-
ciated with a renal function and use thereof. In addition, the
present invention also has an object to provide a biomarker
useful for differential diagnosis of AKI. Furthermore, the
present invention also has an object to provide use of the
biomarker, for example, a differentiation method of AKI.

Means to Solve the problem

[0014] From the viewpoint ofthe above-mentioned objects,
the present inventors have paid attention to midkine (referred
to as “MK”), and studied its possibility as a biomarker.
Firstly, the present inventors have examined the urinary MK
concentration in various kidney diseases. As a result, they
have found the increase of the urinary midkine concentration
in patients with acute tubular necrosis (AIN) that is AKI in a
narrow sense. On the other hand, the present inventors have
examined the relation between AKI after abdominal aortic
aneurysm surgery and the urinary MK concentration. As a
result, they have found that cases in which the urinary MK
concentration is increased during the surgery developed AKI
after the surgery. That is to say, surprising findings have been
obtained in which the urinary MK concentration is increased
in the extremely early stage in patients with the future onset of
the AKI. In this way, it has been shown that the AKI onset can
be predicted from the extremely early stage, that is, during
surgery. Furthermore, the present inventors have examined
the relation between a renal function of the transplanted kid-
ney after kidney transplantation and the urinary MK concen-
tration; the relation between the kidney disorder due to con-
trast media and the urinary MK concentration; the relation
between cases undergoing partial nephrectomy and the uri-
nary MK concentration, and further, the urinary MK concen-
tration in minimal change cases. As a result, it is shown that
the urinary MK concentration is extremely effective as an
indicator for early prediction of the onset of AKI. In other AKI
cases, the same results are shown. Thus, as a result of inten-
sive study by the present inventors, it is shown that urinary
MK is a useful indicator (biomarker) for understanding the
possibility of the onset of AKI.
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[0015] On the other hand, the examination of the relation
between cases undergoing partial nephrectomy and the uri-
nary MK concentration has proved that the urinary MK con-
centration is useful as an indicator for estimation of progno-
sis. Furthermore, as a result of the examination of the relation
between acute kidney injury progressing after chemotherapy
or in nephrotic syndrome and the urinary MK concentration,
it has been revealed that the urinary MK concentration is
useful as an indicator for estimation of prognosis of not only
cases undergoing partial nephrectomy but also wide variety
of cases.

[0016] On the otherhand, it was proved that the urinary MK
concentration is remarkably high in patients that have been
diagnosed to have acute tubular necrosis (ATN) by pathologi-
cal diagnosis. Moreover, from the results of analysis of the
receiver operating characteristic curve (ROC curve),
extremely high sensitivity and specificity are shown. Further-
more, as a result of comparative examination with existing
biomarkers such as -N-acetyl-D-glucosaminidase (NAG),
urinary neutrophil gelatinase-associated lipocalin (NGAL),
and urinary interleukin 18 (IL-18), AUC (area under the ROC
curve) of urinary MK is significantly higher than that of the
existing biomarkers, thus proving that urinary MK is the most
excellent as a biomarker for differentiation of AKI. As men-
tioned above, as a result of the intensive study by the present
inventors, findings that urinary MK is extremely excellent as
a biomarker for differentiation of AKI have been obtained.
[0017] The present application provides the below-men-
tioned inventions made mainly based on the above-men-
tioned findings.

[0018] [1] A biomarker for early detection of acute kidney
injury, including midkine.

[0019] [2] A method for examining acute kidney injury,
wherein an amount of urinary midkine is used as an indicator.
[0020] [3] The examination method described in [2], which
includes the following steps (1) and (2):

[0021] (1) detecting urinary midkine; and

[0022] (2) determining a possibility of the onset of acute
kidney injury based on a detection result.

[0023] [4] The examination method described in [2] or [3],
wherein the acute kidney injury is acute tubular necrosis.
[0024] [5] The examination method described in [2] or [3],
wherein the acute kidney injury is ischemic acute kidney
injury, toxic acute kidney injury, or septic acute kidney injury.
[0025] [6] The examination method described in [5],
wherein the ischemic acute kidney injury is postoperative
ischemic acute kidney injury.

[0026] [7] The examination method described in [6],
wherein the step (1) is carried out by using urine collected
from a time of a surgery that causes an ischemic state to one
day after the surgery.

[0027] [8] The examination method described in [6],
wherein the step (1) is carried out by using urine collected in
three hours from a start of the surgery that causes an ischemic
state.

[0028] [9] The examination method described in any one of
[6] to [8], wherein the surgery is large blood vessel surgery,
open heart surgery using an artificial heart lung machine,
organ transplantation, or partial nephrectomy for a renal
tumor.

[0029] [10] The examination method described in any one
of [3] to [9], further including the following step (1') in
addition to the step (1), wherein the step (2) determines the

May 12, 2011

possibility of the onset of acute kidney injury based on the
detection results of the step (1) and step (1'):

[0030] (1') detecting one or more biomarkers selected from
the group consisting of urinary neutrophil gelatinase-associ-
ated lipocalin (NGAL), urinary interleukin 18 (IL-18), uri-
nary kidney disorder molecule-1 (KIM-1), (3-N-acetyl-D-
glucosaminidase (NAG), and urinary liver type fatty acid-
binding protein (L-FABP).

[0031] [11] The examination method described in [3],
wherein urinary midkine is detected by using urine of patients
with minimal change.

[0032] [12] A reagent for examining acute kidney injury,
including an anti-midkine antibody.

[0033] [13] A kit for examination of acute kidney injury,
including a reagent described in [12].

[0034] [14] A biomarker for estimation of prognosis asso-
ciated with a renal function, including midkine.

[0035] [15] A method for estimating prognosis associated
with a renal function, wherein an amount of urinary midkine
is used as an indicator.

[0036] [16] The method for estimating prognosis described
in [15], wherein prognosis of ischemic acute kidney injury,
toxic acute kidney injury, or septic acute kidney injury is
estimated.

[0037] [17] The method for estimating prognosis described
in [15], wherein the method comprises detecting urinary mid-
kine after kidney transplantation or partial nephrectomy, and
estimating prognosis according to the following criterion,
[0038] the increase of an amount of urinary midkine
observed from six hours after the surgery to 48 hours after the
surgery is transitional, the prognosis is excellent, and the
increase of the amount of urinary midkine observed from six
hours after the surgery to 48 hours after the surgery is not
transitional and the increased value is protracted or main-
tained, the prognosis is poor.

[0039] [18] The method for estimating prognosis described
in [17], wherein urinary midkine is detected by using urine as
a specimen, which is derived from the affected kidney and/or
urine derived from the healthy kidney.

[0040] [19] A reagent for estimation of prognosis associ-
ated with a renal function, including an anti-midkine anti-
body.

[0041] [20] A kit for estimation of prognosis associated
with a renal function, including a reagent described in [19].
[0042] [21] A biomarker for differentiation of acute kidney
injury, including midkine.

[0043] [22] A differentiation method of acute kidney injury,
wherein an amount of urinary midkine is used as an indicator.
[0044] [23] A differentiation method described in [22],
including the steps (1) and (2):

[0045] (1) detecting urinary midkine; and

[0046] (2) determining whether or not a cause of the acute
kidney injury is acute tubular disorder based on the detection
result.

[0047] [24] The differentiation method described in [22] or
[23], wherein the acute kidney injury is acute tubular necro-
sis.

[0048] [25] The differentiation method described in [22] or
[23], wherein the acute kidney injury is ischemic acute kidney
injury.

[0049] [26] The differentiation method described in [25],
wherein the ischemic acute kidney injury is postoperative
ischemic acute kidney injury.
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[0050] [27] The differentiation method described in any
one of [23] to [26], further including the following step (1') in
addition to step (1), wherein the step (2) determines whether
or not a cause of the acute kidney injury is acute tubular
disorder based on the detection results of the steps (1) and step
(1": (1") detecting one or more biomarkers selected from the
group consisting of urinary neutrophil gelatinase-associated
lipocalin (NGAL), urinary interleukin 18 (IL-18), urinary
kidney disorder molecule-1 (KIM-1), p-N-acetyl-D-glu-
cosaminidase (NAG), and urinary liver type fatty acid-bind-
ing protein (L-FABP).

[0051] [28] A reagent for differentiation of acute kidney
injury, including an anti-midkine antibody.

[0052] [29] A kit for differentiation of acute kidney injury,
including a reagent described in [28].

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1 is a graph showing the urinary MK concen-
trations of patients with kidney disease. The abscissa shows,
for the left side, patients with acute glomerular nephritis
(AGN) (five patients), patients with ANCA-related glomeru-
lar nephritis (anti-neutrophil cytoplasmic antibody related
GN) (41 patients), patients with acute tubular necrosis (ATN)
(33 patients), patients with focal segmental glomerulosclero-
sis (FSGS) (29 patients), patients with Henoch-Schonlein
purpura nephritis (HSPN) (10 patients), patients with IgA
nephropathy (IgAN) (124 patients), patients with minimal
change nephrotic syndrome (MCNS) (50 patients), patients
with membranoproliferative glomerulonephritis (MPGN)
(nine patients), patients with thrombotic microangiopathy
(TMA) (eight patients), patients with paraproteinemia-re-
lated nephropathy (15 patients), patients with lupus nephritis
(Lupus GN) (42 patients), patients with nephrosclerosis (15
patients), patients with autosomal dominant polycystic kid-
ney disease (ADPKD) (8 patients), patients with diabetic
nephropathy (Diabetic N) (35 patients), patients with tubu-
lointerstitial nephritis (TIN) (15 patients), patients with mem-
branous nephropathy (membranous GN) (74 patients),
patients with miscellaneous nephritis (37 patients), and
healthy volunteers (controls) (33 patients); and the ordinate
shows the urinary MK concentration (pg/ml).

[0054] FIG. 2 is a graph showing an analysis result of the
ROC curve (receiver-operating characteristic curve) of the
urinary MK concentration. The abscissa shows (1—specific-
ity), and the ordinate shows sensitivity. An area under the
ROC curve is 0.965. When the cut-off value is set to be 70
pg/ml, the diagnosis sensitivity and the specificity are 97.0%
and 90.3%, respectively.

[0055] FIG. 3 is graphs showing comparisons between the
urinary MK and the existing urinary biomarkers (NAG,
NGAL, and IL-18), respectively. Total 583 cases are divided
into three groups, that is, patients with ATN (acute tubular
necrosis), controls (healthy subjects), and patients with mis-
cellaneous kidney disease. The concentration of each urinary
biomarker is shown in box-and-whisker plot.

[0056] FIG. 4 shows comparison of the ROC curves for
various urinary biomarkers. By using an actual measurement
value (value that is not normalized by the urinary Cr concen-
tration) of each urinary biomarker, the ATN group and the
other groups (excluding healthy subjects) are differentiated.
AUC shows the highest value in urinary MK.

[0057] FIG. 5 shows comparison of the ROC curves for
various urinary biomarkers. By using a value normalized by
the urinary Cr concentration, the ATN group and the other
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groups (excluding healthy subjects) are differentiated. Simi-
lar to the case using the actual measurement value, AUC
shows the highest value in the urinary MK.

[0058] FIG. 6 shows comparison of AUC for various uri-
nary biomarkers. Comparison between the AUC of urinary
MK and the AUC of existing urinary biomarkers is carried
out. Upper part shows a comparison using actual measure-
ment values, and lower part shows a comparison using values
normalized by urinary Cr. It is shown that in both the case
using actual measurement values and the case using a value
normalized by urinary Cr, urinary MK is more excellent than
any other biomarkers. Note here that SE denotes standard
error.

[0059] FIG. 7 shows comparison of the sensitivity and
specificity when a plurality of biomarkers are combined. In
the combination expressed by a mark “+” when all the biom-
arkers included in the combination show positive (not less
than cut-off value), the result is determined to be positive.
Combination expressed by a mark /;” when at least one of the
biomarkers contained in the combination shows positive (not
less than cut-off value), the resultis determined to be positive.
[0060] FIG. 8 shows backgrounds of patients undergoing
an abdominal aortic aneurysm replacement surgery.

[0061] FIG. 9 shows findings of the preoperative test of the
patients undergoing an abdominal aortic aneurysm replace-
ment surgery.

[0062] FIG. 10 shows the process of the abdominal aortic
aneurysm replacement surgery and times at which the urinary
MK concentration is measured. Urine was collected over time
(at the time points shown by arrows), the urinary MK con-
centration was measured by ELISA.

[0063] FIG. 11 is a graph showing the change (ACr) of the
urinary MK concentration (U-MK) and the amount of urinary
creatinine (Cr). @: urinary MK concentration of the AKI
group, and O: urinary MK concentration of the non-AKI
group. 4: change amount (%) of urinary Cr of the AKI group,
and ¢: change amount (%) of urinary Cr of the non-AKI
group.

[0064] FIG. 12 is a graph showing the change of the urinary
B2 microglobulin concentration. B2 microglobulin did not
allow prediction of acute kidney injury (AKI) during surgery
that would be onset after surgery.

[0065] FIG. 13 is a graph showing the change of urinary
NAG concentration. NAG did not allow prediction of acute
kidney injury (AKI) during surgery that would be onset after
surgery.

[0066] FIG. 14 is a graph showing the change of urinary
cystatin C concentration. Urinary cystatin C did not allow
prediction of acute kidney injury (AKI) during surgery that
would be onset after surgery.

[0067] FIG. 15 shows graphs showing the change of con-
centrations of various biomarkers. The change of concentra-
tion of urinary MK (U-MK) is compared with that of existing
biomarkers. The urinary MK concentration (U-MK)
increases in an especially earlier stage as compared with the
urinary IL-18 concentration (U-1L18) and the urinary NGAL
concentration (U-NGAL).

[0068] FIG. 16 is a table showing the transition of the
urinary midkine (MK) concentration in a case undergoing
cardiac valve replacement surgery using an artificial heart
lung machine.

[0069] FIG. 17 shows a protocol of an experiment (relation
between a renal function of a transplanted kidney in kidney
transplantation and the urinary midkine (MK) concentration).
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[0070] FIG. 18 is a table showing measurement results of
the serum creatinine concentration and the urinary midkine
(MK) concentration immediately after kidney transplanta-
tion. The upper table shows the transition of the amount of
serum creatinine and the MK concentration of the initial
urine. The lower table shows the transition of the urinary MK
concentration after transplantation. PGF: prompt graft func-
tion, DGF: delayed graft function.

[0071] FIG. 19 shows an outline of an experiment protocol
(relation between kidney disorders by contrast media and the
urinary midkine (MK) concentration).

[0072] FIG. 20 shows an outline of an experiment protocol
(relation between a case undergoing partial nephrectomy for
superficial early kidney cancer and the urinary midkine (MK)
concentration).

[0073] FIG. 21 shows an outline of an experiment protocol
(relation between a case undergoing partial nephrectomy for
superficial early kidney cancer and the urinary midkine (MK)
concentration).

[0074] FIG. 22 is graphs showing the change of the MK
concentration of urine derived from the affected kidney (urine
from the renal pelvis) (left graph) and the change of the MK
concentration of urine from the urinary bladder in a non-AKI
patient (right graph).

[0075] FIG. 23 is graphs showing the change of the MK
concentration of urine derived from the affected kidney (urine
from the renal pelvis) (left graph) and the change of the MK
concentration of urine from the urinary bladder in an AKI
patient (right graph).

[0076] FIG. 24 is graphs showing the change of the MK
concentration of urine derived from the affected kidney (urine
from the renal pelvis) (left graph) and the change of the MK
concentration of urine from the urinary bladder in an AKI
patient (right graph).

[0077] FIG. 25 is a table showing the change of the urinary
MK concentration in serious cases.

[0078] FIG.26 is a table showing change of the urinary MK
concentration of patients with kidney disorder after chemo-
therapy using MTX.

[0079] FIG. 27 shows comparison of the urinary MK con-
centration between patients with minimal change nephrotic
syndrome (MCNS) with complication of acute tubular necro-
sis (ATN) and patients with minimal change nephrotic syn-
drome (MCNS) without complication.

[0080] FIG. 28 is a graph showing the relation between the
urinary MK concentration and the plasma MK concentration.
For an ATN group and a group of kidney diseases other than
ATN (515 cases), the urinary MK concentration and the
plasma MK concentration were measured and plotted. Pear-
son product-moment correlation coefficient is 0.23 (95% con-
fidence interval is 0.15 to 0.31, p<0.001).

[0081] FIG. 29 is a graph showing the relation between the
urinary MK concentration and the plasma MK concentration.
For patients undergoing an abdominal aortic aneurysm
replacement surgery, the urinary MK concentration and the
plasma MK concentration were measured and plotted.
[0082] FIG. 30 shows the principle of MK affinity chroma-
tography (left) and the results (right). A band that is predicted
to be a MK binding protein is denoted by X. X' is predicted to
be a fragment of X.

[0083] FIG. 31 is a table showing a comparison of the
urinary MK concentration and the plasma MK concentration
when heparin is administered to patients with amyloid kid-
ney-complicated chronic rheumatoid arthritis. When heparin
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is administered, the plasma MK concentration is increased,
but the urinary MK concentration is not increased.

[0084] FIG. 32 present that there is no relation between the
increase in the plasma MK concentration and the urinary MK
concentration. In case 1 (control), cases 2 to 5 presenting
nephrotic syndrome with different selectivity, plasma MK
concentration is high but the urinary MK concentration is
under sensitivity. On the contrary, in ATN of cases 6-9,
regardless of the plasma MK concentration, the urinary MK
concentration is high.

BEST MODE OF CARRYING OUT THE
INVENTION

1. Early Detection of Acute Kidney Injury (AKI)

[0085] A firstaspect of the present invention relates to early
detection of acute kidney injury. In this aspect, a biomarker
for the early detection of acute kidney injury and use thereof
are provided.

1-1. Biomarker for Early Detection of Acute Kidney Injury

[0086] The “biomarker for early detection of acute kidney
injury (hereinafter, also referred to as “AKI”) in this specifi-
cation denotes a biomolecule used as an indicator for a pos-
sibility of the onset of AKI. The “AKI” is a general name of
pathologic conditions in which a renal function is rapidly
deteriorated. Therefore, the “AKI includes prerenal kidney
injury, renal kidney injury (acute tubular necrosis (ATN),
tubulointerstitial nephritis, glomerular nephritis, and the
like), and postrenal kidney injury. Glomerular disease and
urinary tract infectious disease are not included in the “AKI”
when they do not cause acute tubular disorder secondarily.
Therefore, the present invention can be also applied to glom-
erular diseases and urinary tract infectious diseases when
they cause acute tubular disorder secondarily.

[0087] The AKI in a narrow sense denotes prerenal kidney
injury, that is, ATN that is a pathologic condition primarily
causing acute tubular disorder. The present invention is par-
ticularly effective for early detection of AKI in a narrow
sense. The ATN includes ischemic AKI, toxic AKI, or septic
AKI. Examples of the ischemic AKI include AKI developed
after surgeries, for example, a surgery of a large blood vessel
such as an abdominal aortic aneurysm replacement surgery,
open heart surgery such as cardiac valve replacement surgery
using an artificial heart lung machine, organ transplantation,
or partial nephrectomy of a renal tumor; AKI developed
accompanying congestive heart failure, administration of
contrast media (for example, examination using contrast
media for angina pectoris, myocardial infarct, and the like),
hepatorenal syndrome or thrombotic microangiopathy; AKI
caused by drugs such as calcineurin inhibitor, angiotensin
converting enzyme inhibitor, angiotensin II receptor antago-
nist, non-steroidal anti-inflammatory analgesic, and the like.
However, the AKI is not necessarily limited to these
examples. On the other hand, examples of the toxic AKI
include AKI caused by exogenous factors such as drugs, for
example, an antibacterial agent and an anticancer drug, and
endogenous factors such as heme pigment (hemoglobinuria,
myoglobinuria), abnormal protein in, for example, multiple
myeloma, crystalline components such as uric acid and meth-
otrexate, and the like.

[0088] The biomarker of the present invention consists of
midkine (MK). MK is a proliferation differentiation factor
that has been found as a product of a retinoic acid response
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gene, and is composed of basic amino acid and cysteine-rich
polypeptide having a molecular weight of 13 kDa (Ka-
domatsu, K. et al.: Biochem. Biophys. Res. Commun., 151:
1312-1318; Tomomura, M. et al.: J. Biol. Chem., 265: 10765-
10770, 1990). MK has multiple activities such as cell prolit-
eration, chemotaxis, angiogenesis, induction of inflamma-
tion, fibrinolytic activity, and the like. Furthermore, it is
suggested that the serum MK level is a promising tumor
marker (Ikematsu. S et al., Br. J. Cancer. 2000; 83: 701-706).
[0089] An amino acid sequence of MK registered in public
database (GenBank, ACCESSION:NP_ 001012333, DEFI-
NITION: midkine [Homo sapiens]) is shown in SEQ ID NO
1 of the sequence listing. Note here that not MK existing in a
living body but MK in a specimen collected from a living
body (that is to say, MK separated from a living body) is used
as the biomarker of the present invention.

1-2. Examination Method of Acute Kidney Injury (AKI)

[0090] The present invention also provides an examination
method of AKI as one of uses of the biomarker of the present
invention. The examination method of the present invention is
used for determination of the possibility of the onset of AKI
(early prediction of the onset). Preferably, it is used for deter-
mination of the possibility of the onset of AKI in a narrow
sense, that is, the possibility of the onset of acute tubular
necrosis (ATIN). The examination method of the present
invention is useful for determination of the possibility of the
onset of ischemic AKI, toxic AKI, and septic AKI.

[0091] The examination method of the present invention
may be carried out at the time of hospital admission or when
a patient enters intensive care unit (ICU). The examination
method of the present invention may be carried out in order to
determine whether or not minimal change progresses to AKI.
Note here that in “minimal change” that is the most frequent
cause of nephrotic syndrome, it is known that 10-20% of the
patients presents oliguria acute renal failure.

[0092] Inthe examination method of the present invention,
an amount of the urinary MK is used as an indicator for
determination. Specifically, in the examination method of the
present invention, the following steps (1) and (2) are carried
out.

[0093] (1) detecting urinary MK; and

[0094] (2) determining a possibility of the onset of AKI
based on the detection result.

Step (1)

[0095] Instep (1), aurine specimen collected from a subject
is prepared and MK (urinary MK) existing therein is detected.
The “detecting urinary MK” in this specification has the same
meaning as measuring an amount of the urinary MK. Strict
measurement is not essential, the amount of urinary MK may
be measured by semi-quantitative measurement. For
example, the detection is carried out such that determination
of whether or not the amount of urinary MK exceeds a pre-
determined reference amount can be made.

[0096] The detection method of the urinary MK is not par-
ticularly limited. However, immunologic technique is prefer-
ably used. The immunologic technique enables the urinary
MK concentration to be measured rapidly and with high
sensitivity. Furthermore, the immunologic technique can be
carried out in an easy and simple manner. In the measurement
of the urinary MK concentration by the immunologic tech-
nique, a substance having a specific binding activity with
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respectto MK is used. As the substance, an anti-MK antibody
is generally used. However, the substance is not necessarily
limited to the anti-MK antibody, and any substances can be
used as long as they have a specific binding activity with
respectto MK and capable of measuring the binding amount.
[0097] Examples of the measurement method include a
latex agglutination method, a fluorescence immunoassay
(FIA) method, an enzyme immunoassay (EIA) method, a
radioimmunoassay (RIA) method, and a Western blotting
method. Preferable measurement method can be a FIA
method and an EIA method (including an ELISA method).
With these methods, detection can be carried out with high
sensitivity, rapidly and in a simple and easy manner. In the
FIA method, a fluorescent labeled antibody is used, and an
antigen-antibody complex (an immune complex) is detected
by using fluorescence as a signal. In the EIA method, an
enzyme-labeled antibody is used, an immune complex is
detected by using coloring and light emission based on the
enzyme reaction as a signal.

[0098] For measurement of MK, an excellent EIA method
(see Japanese Patent Application Unexamined Publication
No. H10-160735) and an ELISA methods (S. Ikematsu, et al.
Br. I. Cancer 2000; 83) have been developed, and these meth-
ods or methods according to these methods may be employed
in measurement. A person skilled in the art can easily modify
a part of the conditions or procedure according to the detec-
tion purposes. The ELISA method has many advantages, for
example, detection sensitivity is high, specificity is high,
quantitativity is high, an operation is simple, and multiple
specimens can be handled simultaneously. One example of a
specific operation in which the ELISA method is used is
described hereinafter. Firstly, an anti-MK antibody is immo-
bilized to an insoluble support. Specifically, for example, the
surface of'a microplate is sensitized (coated) with an anti-MK
antibody. A urine specimen is brought into contact with the
thus solid-phased antibody. As a result of this operation, when
an antigen (MK) against the solid-phased anti-MK antibody
is present in the urine specimen, an immune complex is
formed. Non-specific bonding components are removed by
washing, followed by adding an antibody to which an enzyme
is bound so as to label the immune complex. Then, the sub-
strate of the enzyme is reacted to develop color. Thus, the
immune complex is detected using an amount of color devel-
opment as an indicator. Since the detail of the ELISA method
is described in many text books or papers, when experiment
procedures or experiment conditions of each method are set,
such books or papers can be referred to. Note here that not
only noncompetitive methods but also competitive methods
(methods in which an antigen is added together with a speci-
men so as to allow them to complete with each other) may be
used.

[0099] A method of directly detecting MK in a specimen
with a labeled antibody may be employed or a sandwich
method may be employed. In the sandwich method, two types
of antibodies (a capturing antibody and a detecting antibody)
whose epitopes are different from each other are used.
[0100] The time (timing) at which a urine specimen is col-
lected is not particularly limited, but considering the fact that
the MK amount is increased in an extremely early stage in
patients who develop AKI, in determining the possibility of
the onset of ischemic AKI that can be developed after surger-
ies such as an abdominal aortic aneurysm replacement sur-
gery, a cardiac valve replacement surgery, organ transplanta-
tion, partial nephrectomy for a renal tumor, or the like, the
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step (1) is preferably carried out using urine collected
between a procedure that may cause ischemic state in the
surgery and one day after the surgery. Further preferably, the
step (1) is carried out using urine collected between a proce-
dure that may cause an ischemic state in the surgery and the
end of the surgery. Most preferably, the step (1) is carried out
using urine collected between the start of a procedure that
may cause an ischemic state in the surgery and in three hour
from the start of the surgery (the time may be during the
surgery or after surgery). By using urine specimen collected
in the early stage, the onset of AKI can be predicted early. The
“procedure that may cause ischemic state in the surgery”
herein corresponds to clamping of the blood vessel or artifi-
cial heart and lung surgery and the like. Specifically, in the
case of an abdominal aortic aneurysm surgery, aortic cross
clamping corresponds to the “procedure that may cause
ischemic state in the surgery.” Furthermore, the “end of the
surgery” denotes the time when abdominal suturing proce-
dure is carried out.

[0101] In determining the possibility of the onset of AKI
after the examination using contrast media for angina pecto-
ris, myocardial infarct, and the like, for example, urine col-
lected in four hours after the examination using contrast
media (the time when contrast media is injected is defined as
reference (time 0)) is used as a specimen. Preferably, urine
collected in two hours after the examination using contrast
media is used as a specimen. Furthermore, in determining the
possibility of the onset of AKI after drug administration, for
example, urine collected in four hours after drug administra-
tion is used as a specimen. Preferably, urine collected in two
hours after drug administration is used as a specimen. In the
case where subjects are patients with kidney disorder (for
example, patients in a group of minimal change), for
example, urine collected when a patient visits to a hospital to
see a doctor, when a patient is hospitalized, when a patient
undergoes kidney biopsy, and the like.

[0102] In one embodiment of the present invention, not
only urinary MK but also other biomarkers that may function
as an indicator for AKI are used, and the detection results of
the both biomarkers are used for determination of a possibil-
ity of the onset of AKI. That is to say, in this embodiment, in
addition to the step (1), the following step (1') is carried out.
In the step (2), the possibility of the onset of AKI is deter-
mined based on the detection results of the step (1) and step
(@)

[0103] (1") a step of detecting one or more biomarkers
selected from the group consisting of urinary NGAL, urinary
IL-18, urinary KIM-1, NAG and urinary L-FABP.

[0104] According to this embodiment, since determination
is carried out by using two or more different indicators,
examination results with high hitting rate and/or reliability
can be obtained. Changes of biomarkers (including MK) have
specific properties, respectively. Therefore, by combining a
plurality of biomarkers, the high hitting rate and/or reliability
of the possibility of the onset of AKI can be enhanced. Fur-
thermore, useful information for estimation of prognosis,
differentiation of acute tubular necrosis (ATN) and nephritis/
nephropathy can be obtained.

[0105] From the viewpoint of enhancing the hitting rate
and/or the reliability, in principle, the number of the biomar-
kersto be detected in the step (1') is as many as possible. Thus,
preferably, two or more biomarkers (for example, NGAL and
1L-18) are subjected to be detected in the step (1').
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[0106] The measurement method of each biomarker in the
step (1') is not particularly limited. For example, similar to the
measurement of MK, immunoassay can be employed. The
measurement of each biomarker may be carried out according
to standard methods or existing methods. For example, Non-
patent Document 1 describes measurement methods of
NGAL (Western blotting method and ELISA method). Non-
patent Document 2 describes a measurement method of
NGAL (ELISA method) and a measurement method of 1L.-18
(ELISA method). Non-patent Document 3 describes a mea-
surement method of KIM-1 (Western blotting method and
ELISA method). Non-patent Documents 4 and 5 describe a
measurement method of L-FABP (ELISA method).

[0107] The time (timing) at which a urine specimen is col-
lected when these biomarkers are measured is not particularly
limited. The time (timing) at which a urine specimen is col-
lected may be appropriately set with considering past reports
or according to the results of the preliminary experiments.

Step (2)

[0108] In the step (2), based on the detection result of the
step (1) (when the step (1') is also carried out, based on the
detection results of steps (1) and (1")), the possibility of the
onset of AKI is determined. The possibility of the onset may
be determined qualitatively or quantitatively. Examples of the
qualitative determination and quantitative determination are
shown below. Note here that, as is apparent from the deter-
mination criteria, the determination herein can be carried out
automatically/mechanically without depending upon the
judgment by persons having special technical knowledge, for
example, medical doctors or laboratory technicians.

(Example 1 of Qualitative Determination)

[0109] When a measurement value (a MK amount) is
higher than the reference value, it is determined that the
“possibility of the onset is high.” When a measurement value
is lower than the reference value, it is determined that the
“possibility of the onset is low.”

(Example 2 of Qualitative Determination)

[0110] When the reactivity is observed (positive), it is
determined that the “possibility of the onset is high.” When
the reactivity is not observed (negative), it is determined that
the “possibility of the onset is low.”

(Example of Quantitative Determination)

[0111] As shown below, the possibility of the onset (%) is
previously set for each range of the measurement values, and
the possibility of the onset (%) is determined from the mea-
surement value.

[0112] Measurement values a-b: possibility of the onset is
not more than 10%

[0113] Measurement values b-c: possibility of the onset is
10% to 30%
[0114] Measurement values c-d: possibility of the onset is
30% to 50%
[0115] Measurement values d-e: possibility of the onset is
50% to 70%
[0116] Measurement values e-f: possibility of the onset is
70% to 90%
[0117] One example of determination technique using

other biomarkers (one or more biomarkers selected from the
group consisting of urinary NGAL, urinary IL-18, urinary
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KIM-1, urinary NAG and urinary L-FABP) in addition to MK
is described. Firstly, the possibility of the onset is determined
based on the detection result of MK. When the determination
result shows that the possibility of the onset is high, the
detection of the other biomarkers is additionally carried out.
Then, based on the detection results from the other biomark-
ers, the possibility of the onset is finally determined. This
example employs a technique in which the detection result of
MK is used for primary determination and the detection result
ofthe other biomarker is used for final determination. On the
contrary, the detection result of the other biomarkers may be
used for primary determination and the detection result of
MK may be used for final determination.

1-3. Reagent and Kit for Examination of Acute Kidney Injury
(AKI)

[0118] The present invention further provides a reagent and
a kit for examination of AKI. The reagent of the present
invention includes an anti-MK antibody. Kinds or origins of
the anti-MK antibodies are not particularly limited as long as
the anti-MK antibody has a specific binding activity with
respect to MK. Furthermore, a polyclonal antibody, an oligo-
clonal antibody (a mixture of several to several tens of kinds
ofantibodies), and a monoclonal antibody may be employed.
As the polyclonal antibody or the oligoclonal antibody, in
addition to an antiserum-derived IgG fraction obtained by
immunizing animals, an affinity purified antibody by antigen
can be used. The anti-MK antibody may be antibody frag-
ments such as Fab, Fab', F(ab'),, scFv, dsFv antibodies.
[0119] The anti-MK antibody can be prepared by using an
immunologic technique, a phage display technique, a ribo-
some display method, and the like. The preparation of poly-
clonal antibody by the immunologic technique can be carried
out by the following procedure. An antigen (MK or a part
thereof) is prepared, and this is used to immunize an animal
such as a rabbit. By purifying the living body sample, an
antigen can be obtained. A recombinant antigen can be also
used. The recombinant MK can be prepared by introducing a
gene encoding MK (a part of the gene may be used) into a
suitable host by using a vector to obtain a recombinant cell,
and expressing the gene in the obtained recombinant in the
cell.

[0120] In order to strengthen the immune elicitation, an
antigen to which a carrier protein is bonded may be used. As
the carrier protein, KLH (Keyhole Limpet Hemocyanin),
BSA (Bovine Serum Albumin), OVA (Ovalbumin), and the
like, are used. For bonding of the carrier protein, a carbodi-
imide method, a glutaraldehyde method, a diazo condensa-
tion method, a MBS (maleimidobenzoyloxy succinimide)
method, and the like, can be used. On the other hand, it is
possible to use an antigen in which antigen (or a part thereof)
is allowed to be expressed as a fusion protein with GST, f§
galactosidase, maltose binding protein, or histidine (His) tag,
and the like. Such a fusion protein can be purified by a general
method in a simple and easy manner.

[0121] Immunization is repeated if necessary. At a time
when an antibody value is sufficiently increased, blood is
collected. The collected blood is subjected to centrifugation
so as to obtain serum. The obtained anti-serum is subjected to
affinity purification to give a polyclonal antibody.

[0122] On the other hand, the monoclonal antibody can be
prepared by the following procedure. Firstly, immunization is
carried out by the same procedure as mentioned above.
Immunization is repeated if necessary. At the time when an
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antibody value is sufficiently increased, an antibody produc-
ing cell is extracted from an immunized animal. Next, the
obtained antibody producing cell and myeloma cell are fused
s0 as to obtain hybridoma. Subsequently, this hybridoma is
made to be monoclonal. Clones capable of producing an
antibody having high specificity with respect to the objective
protein are selected. By purifying a culture solution of the
selected clone, the objective antibody can be obtained. On the
other hand, the hybridoma is allowed to proliferate to the
predetermined number or more. Then, the proliferated hybri-
doma are transplanted into the abdominal cavity of an animal
(for example, a mouse) and allowed to proliferate in the
abdominal dropsy. By purifying the abdominal dropsy, the
objective antibody can be obtained. For purification of the
above-mentioned culture solution or purification of the
abdominal dropsy, affinity chromatography using protein G
protein A, and the like, can be suitably used. Furthermore,
affinity chromatography in which the antigen is immobilized
to a solid phase can be used. Furthermore, methods such as
ion exchange chromatography, gel filtration chromatography,
ammonium sulfate fractionation, and centrifugation can be
also used. These methods may be used singly or may be used
in combination thereof.

[0123] Various modifications can be made to the obtained
antibody on the condition that specific connectivity is main-
tained. Such a modified antibody may be included in the
reagent of the present invention.

[0124] When a labeled antibody is used as the anti-MK
antibody, a binding amount of the antibody can be directly
detected by using a labeling amount as an indicator. There-
fore, a simpler and easier examination method can be estab-
lished. However, there are problems that it is necessary to
prepare an anti-MK antibody to which a labeling substance is
attached, and furthermore, the detecting sensitivity is gener-
ally lowered. Then, it is preferable to use indirect detection
methods such as a method using a secondary antibody to
which a labeling substance is attached and a method using a
secondary antibody and a polymer to which a labeling sub-
stance is bound. The secondary antibody herein denotes an
antibody having a specific binding activity to the anti-MK
antibody. For example, when the anti-MK antibody is pre-
pared as a rabbit antibody, an anti-rabbit IgG antibody can be
used. Labeling secondary antibodies that can be used in vari-
ous species such as rabbit, goat and mouse are available (for
example, products available from Funakoshi Corporation,
COSMO BIO Co., Ltd.), and appropriate antibodies can be
selected and used according to the reagent of the present
invention.

[0125] Examples of the labeling substances include
enzymes such as peroxidase, micro-peroxidase, horseradish
peroxidase (HRP), alkaline phosphatase, 3-D-galactosidase,
glucose oxidase, and glucose-6-phosphate dehydrogenase;
fluorescence substances such as fluorescein isothiocyanate
(FITC), tetramethylrhodamine isothiocyanate (TRITC), and
europium; chemiluminescence substances such as luminol,
isoluminol and acridinium derivative; coenzymes such as
NAD; biotin; as well as radioactive substances such as **'1
and >

[0126] Inoneembodiment, the reagent of the present inven-
tion is immobilized to a solid phase in accordance with the
use. Insoluble supports to be used for immobilization into a
solid phase are not particularly limited. For example, an
insoluble support made of a substance insoluble in water, for
example, resin such as polystyrene resin, polycarbonate resin,



US 2011/0111427 Al

silicon resin, and nylon resin, glass, and the like can be used.
An antibody can be supported to an insoluble support by
physical adsorption or chemical adsorption.

[0127] Thekit of the present invention includes the reagent
of the present invention as a main component. The kit may
include other reagents (buffer solution, blocking reagent, sub-
strate for enzyme, coloring reagent, and the like) used for
carrying out a examination method and/or a device or an
instrument (a container, a reactor, a fluorescence reader, and
the like). Furthermore, it is preferable that the kit includes
MK as a standard sample. Furthermore, the kit may include a
reagent for detecting biomarkers other than MK (one or more
biomarkers selected from the group consisting of urinary
NGAL, urinary 1L-18, urinary KIM-1, urinary NAG and uri-
nary L-FABP), other reagents necessary for using the reagent,
an instrument, and the like. In general, an instruction manual
is attached to the kit of the present invention.

2. Estimation of Prognosis Associated with Renal Function
[0128] A second aspect of the present invention relates to
estimation of prognosis associated with a renal function. In
this aspect, a biomarker for estimation of prognosis associ-
ated with a renal function and use thereof are provided. Here-
inafter, this aspect is described in detail. As to the matters
common to those of the first aspect, the description in the first
aspect is incorporated herein.

2-1. Biomarker for Estimation of Prognosis Associated with
Renal Function

[0129] The “biomarker for estimation of prognosis associ-
ated with a renal function” in this specification denotes a
biomolecule used as an indicator for estimation of prognosis
associated with a renal function. The “prognosis associated
with a renal function” is a future state of a renal function, and
includes a state of a future renal function of a patient under-
going an event that may cause renal dysfunction and a state of
a future renal function of a patient with renal dysfunction. The
“event that may cause renal dysfunction” includes all of
ischemic AKI, toxic AKI, and septic AKI. Examples of the
ischemic AKI include AKI developed after surgeries, for
example, a surgery of a large blood vessel such as an abdomi-
nal aortic aneurysm replacement surgery, open heart surgery
such as cardiac valve replacement surgery using an artificial
heart lung machine, organ transplantation, or partial nephre-
ctomy of a renal tumor; AKI developed accompanying con-
gestive heart failure, administration of contrast media (for
example, examination using contrast media for angina pec-
toris, myocardial infarct, and the like), hepatorenal syndrome
or thrombotic microangiopathy; AKI caused by drugs such as
calcineurin inhibitor, angiotensin converting enzyme inhibi-
tor, angiotensin II receptor antagonist, non-steroidal anti-
inflammatory analgesic, and the like. However, the AKI is not
necessarily limited to these examples. On the other hand,
examples of the toxic AKI include AKI caused by exogenous
factors such as drugs, for example, an antibacterial agent and
an anticancer drug, and endogenous factors such as heme
pigment (hemoglobinuria, myoglobinuria), abnormal protein
in, for example, multiple myeloma, crystalline components
such as uric acid and methotrexate, and the like.

2-2. Estimation Method of Prognosis Associated with Renal
Function

[0130] The present invention also provides a method for
estimating prognosis associated with a renal function as use
of the biomarker of the present invention. The method for
estimating prognosis of the present invention uses an amount
of urinary MK as a determination indicator, and includes a
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step (step (1)) for detecting urinary MK and a step (step (2))
for estimating the prognosis based on the detection result.
Since the step (1) is the same as the step (1) in the first aspect,
the description thereof is omitted herein. Note here that urine
derived from the affected kidney and/or urine derived from
the healthy kidney are used as specimens.

[0131] The subsequent step (2) estimates prognosis by
using the amount of urinary MK as an indicator. For example,
when the postoperative prognosis of surgeries, for example, a
surgery of a large a large blood vessel such as an abdominal
aortic aneurysm replacement surgery, open heart surgery
such as cardiac valve replacement surgery using an artificial
heart lung machine, organ transplantation, or partial nephre-
ctomy, is estimated, the prognosis can be estimated according
to the following criterion.

(Determination Criterion)

[0132] The increase of the amount of urinary midkine
observed from six hours after the surgery to 48 hours after the
surgery is transitional, the prognosis is excellent, and the
increase of the amount of urinary midkine observed from six
hours after the surgery to 48 hours after the surgery is not
transitional while the increased value is protracted or main-
tained, the prognosis is poor.

[0133] Note herethat, as is apparent from the determination
criteria, the determination herein can be carried out automati-
cally/mechanically without depending upon the judgment by
persons having special technical knowledge, for example,
medical doctors or laboratory technicians.

2-3. Reagent and Kit for Estimation of Prognosis Associated
with Renal Function

[0134] The present invention further provides a reagent and
a kit for estimation of prognosis associated with a renal func-
tion. The reagent of the present invention includes an anti-
MK antibody. The anti-MK antibody is the same as the case of
the reagent of the first aspect, the description thereof is omit-
ted herein. The kit of the present invention includes the
reagent of the present invention as a main component. The kit
may include other reagents (a buffer solution, a blocking
reagent, a substrate for enzyme, a coloring reagent, and the
like) and/or a device or an instrument (a container, a reactor,
a fluorescence reader, and the like) used for carrying out an
estimation method. Furthermore, it is preferable that the kit
includes MK as a standard sample. Note here that an instruc-
tion manual is attached to the kit of the present invention.

3. Differential Diagnosis of Acute Kidney Injury (AKI)

[0135] A third aspect of the present invention relates to
differential diagnosis of AKI. This aspect provides a biomar-
ker for differentiation of the kidney with acute kidney injury
and use thereof. Hereinafter, this aspect is described in detail.
As to the matters common to those of the first aspect, the
description in the first aspect is incorporated herein.

3-1. Biomarker for Differentiation of Kidney with Acute Kid-
ney Injury

[0136] The “biomarker for differentiation of the kidney
with acute kidney injury (AKI)” in this specification denotes
a biomolecule used as an indicator for differentiation of AKI
(determination of whether or not the case of AKI is acute
tubular disorder represented by acute tubular necrosis
(ATN)).

3-2. Differentiation Method of Acute Kidney Injury (AKI)

[0137] The present invention further provides a differentia-
tion method of AKI as one of uses of the biomarker of the
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present invention. The differentiation method of the present
invention permits determination of whether or not the cause
of AKI is acute tubular disorder represented by acute tubular
necrosis (ATN). Typically, determination results about the
cause of AKI: “the cause is ATN” or “the cause is kidney
disorder other than ATN” are obtained.

[0138] In the differentiation method of the present inven-
tion, the amount of urinary MK is used as a determination
indicator. Specifically, the differentiation method of the
present invention includes the following steps (1) and (2).
[0139] (1) detecting urinary MK;

[0140] (2) determining whether or not the cause of acute
kidney injury is acute tubular disorder based on the detection
result.

[0141] Since the step (1) is the same as the step (1) in the
first aspect, the description thereof is omitted herein.

[0142] In one embodiment of the present invention, not
only urinary MK but also other biomarkers that function as
indicators of AKI are detected, and the detection results of
both indicators are used for differentiation of AKI. That is to
say, in this embodiment, in addition to the step (1), the fol-
lowing step (1') is carried out. In the step (2), determination of
whether or not the cause of acute kidney injury is acute
tubular disorder based on the detection results of the steps (1)
and (1") is carried out:

[0143] (1") a step of detecting one or more biomarkers
selected from the group consisting of urinary NGAL, urinary
1L-18, urinary KIM-1, NAG, and urinary L-FABP.

[0144] According to this embodiment, since determination
is carried out by using two or more different indicators, dif-
ferentiation results with high hitting rate and/or reliability can
be obtained. Changes in biomarkers (including MK) have
specific properties, respectively. Therefore, by combining a
plurality of biomarkers, the high hitting rate and/or reliability
of the differentiation results can be enhanced. Furthermore,
useful information for estimation of prognosis can be
obtained.

[0145] From the viewpoint of enhancing the hitting rate
and/or the reliability, in principle, the number of the biomar-
kers to be detected in the step (1') is as many as possible. Thus,
preferably, two or more biomarkers (for example, NGAL and
IL-18) are subjected to be detected in the step (1').

[0146] The measurement method of each biomarker in the
step (1') is not particularly limited. Standard methods and
existing methods of each biomarker are described in the first
aspect.

Step (2)

[0147] In the step (2), based on the detection result of the
step (1) (when the step (1') is also carried out, based on the
detection results of steps (1) and (1), it is determined
whether or not the cause of AKI is acute tubular disorder. The
determination herein may be qualitative determination or
quantitative determination. Examples of the qualitative deter-
mination and quantitative determination are shown below.
Note here that, as is apparent from the determination criteria,
the determination herein can be carried out automatically/
mechanically without depending upon the judgment by per-
sons having special technical knowledge, for example, medi-
cal doctors or laboratory technicians.

(Example 1 of Qualitative Determination)

[0148] When a measurement value (amount of MK) is
larger than the reference value, it is determined that ““the cause
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is ATN” or “there is a high possibility that the cause is ATN.”
When a measurement value (amount of MK) is smaller than
the reference value, it is determined that “the cause is not
ATN” or “there is a high possibility that the cause is not KIN.”
When a measurement value is smaller than the reference
value, it can be determined that “the cause is kidney disorder
other than ATN” or “there is a high possibility that the cause
is kidney disorder other than ATN .’

(Example 2 of Qualitative Determination)

[0149] When the reactivity is observed (positive), it is
determined that “the cause is ATN” or “there is a high possi-
bility that the cause is ATN.” When the reactivity is not
observed (negative), it is determined that “the cause is not
ATN” or “there is a high possibility that the cause is not ATN”
or “the cause is kidney disorder other than ATN” or “there is
a high possibility that the cause is kidney disorder other than
ATN>

(Example of Quantitative Determination)

[0150] As shown below, “the possibility that the cause is
ATN (%)” is previously set for each range of the measurement
value, and “the possibility that the cause is ATN (%)” is
determined from measurement value.

[0151] Measurement values a-b: possibility that the cause
is ATN is not more than 10%

[0152] Measurement values b-c: possibility that the cause
is ATN is 10% to 30%

[0153] Measurement values c-d: possibility that the cause
is ATN is 30% to 50%

[0154] Measurement values d-e: possibility that the cause
is ATN is 50% to 70%

[0155] Measurement values e-f: possibility that the cause is
ATN is 70% to 90%

[0156] One example of determination technique using the
other biomarkers (one or more biomarkers selected from the
group consisting of urinary NGAL, urinary IL-18, urinary
KIM-1, urinary NAG and urinary L-FABP) in addition to MK
is described. Firstly, the possibility that the cause is ATN is
determined based on the detection result of MK. When the
determination result shows that the possibility that the cause
is ATN is high, the detection of other biomarkers is addition-
ally carried out. Then, based on the detection results of the
other biomarkers, the final determination that the possibility
that the cause is ATN is made. This example employs a
technique in which the detection result of MK is used for the
primary differentiation and the detection result of other biom-
arkers is used for the final differentiation. On the contrary, the
detection result of the other biomarkers may be used for the
primary differentiation and the detection result of MK may be
used for the final differentiation.

[0157] When two or more biomarkers are used in combi-
nation, the following determination method (1) or (2) may be
employed.

[0158] (1) When all of the biomarkers included in the com-
bination are positive (not less than a cut-off value), the result
is determined to be positive, and if it is not the case, the result
is determined to be negative.

[0159] (2) When at least one of the biomarkers included in
the combination is positive (not less than a cut-off value), the
result is determined to be positive, if it is not the case, the
result is determined to be negative.
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[0160] According to the study of the present inventors, it is
shown that the diagnosis sensitivity and the diagnosis speci-
ficity are different depending on the kinds and the number of
the biomarkers to be combined (see the below-mentioned
Examples). Therefore, the suitable combination of the biom-
arkers may be selected. For example, the combination in
which the diagnosis sensitivity is high is suitable for screen-
ing examinations. On the contrary, combination in which the
diagnosis specificity is high is suitable for examinations that
require high reliability (for example, secondary examination
and tertiary examination).

[0161] By combining the determination methods by vary-
ing the balance between the diagnosis sensitivity and the
diagnosis specificity, it is possible to improve efficiency,
accuracy or reliability. For example, after the combination of
biomarkers giving high diagnosis sensitivity is used so as to
narrow down the positive subjects (primary examination,
screening examination), the combination of biomarkers giv-
ing high diagnosis specificity is used so as to make the final
determination (secondary examination). Not only such a two-
step determination but also three-step determination can be
carried out.

[0162] Examples of the combinations of biomarkers
include a combinations of MK and NAG, a combinations of
MK and IL-18, a combinations of MK and NGAL, a combi-
nations of MK, NAG and IL-18, a combinations of MK, NAG
and NGAL, a combinations of MK, IL-18 and NGAL, as well
as a combinations of MK, NAG, IL-18 and NGAL. As shown
in the below-mentioned Examples, it is expected that such
combinations improve the diagnosis specificity except for the
combinations of MK and NGAL (in this case, result showing
a good balance of the sensitivity and specificity is obtained).

3-3. Reagent and Kit for Differentiation of Acute Kidney
Injury (AKI)

[0163] The present invention further provides a reagent and
a kit for differentiation of AKI. The reagent of the present
invention includes an anti-MK antibody. Since the anti-MK
antibody is the same as in the reagent of the first aspect, the
description thereof is omitted. The kit of the present invention
includes the reagent of the present invention as a main com-
ponent. The kit may include other reagents (buffer solution,
blocking reagent, substrate for enzyme, coloring reagent, and
the like) and/or a device or instrument (container, reactor,
fluorescence reader, and the like), which are used for carrying
out a differentiation method. Furthermore, it is preferable that
the kit includes MK as a standard sample. Note here that an
instruction manual is attached to the kit of the present inven-
tion.

Example

1. Urinary Midkine (MK) Concentration in Various
Renal Diseases

(1) Subjects

[0164] MK is a heparin-binding growth factor, and its
expression is strengthened in the proximal tubule in ischemic
disorder (Sato W. et al., J. Immunol. 2001 Sep. 15; 167(6):
3463-9). The relation between the urinary MK concentration
and AKI was examined in 583 subjects. The 583 subjects
include 33 patients with acute tubular necrosis (ATN) that is
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the main cause of AKI, 517 patients with renal diseases other
than AKI, and 33 healthy volunteers.

(2) Methods

[0165] After written consent was obtained, urine of each
subject was collected, and the urinary MK concentration was
measured. Specifically, by using 0.01 ml of urine specimen,
the urinary MK concentration was measured by sandwich
ELISA using two kinds of polyclonal anti-MK antibodies (a
chicken antibody and a rabbit antibody).

(3) Results

[0166] The measurement result (actual measurement
value) of the urinary MK concentration is shown in FIG. 1.
The result of the ROC curve (receiver-operating characteris-
tic curve) analysis is shown in FIG. 2. As compared with the
urinary MK concentrations of the control group or patients
with renal diseases other than AKI, significant increase in the
urinary MK concentration was observed in patients with
acute tubular necrosis (ATN) that is a main cause of AKI
(FIG. 1). AUC (area under the curve) of the ROC curve as an
indicator for the sensitivity and specificity of biomarker was
0.965, which was a especially excellent result for a single
biomarker (FIG. 2). In the existing urinary biomarkers (-N-
acetyl-D-glucosaminidase (NAG), urinary neutrophil gelati-
nase-associated lipocalin (NGAL), and urinary interleukin 18
(IL-18)), the concentration change specific to AKI as in the
urinary MK is not observed (FIG. 3). As shown in FIG. 4
(comparison of actual measurement values), FIG. 5 (com-
parison of values normalized by the urinary creatinine (Cr)),
and FIG. 6 (summary of comparisons), AUC of the urinary
MK concentration is significantly high as compared with
those of urinary NAG, urinary 1L-18, and urinary NGAL.
When the cut-off value of the urinary MK concentration was
set to 70 pg/ml, the sensitivity and the specificity in ATN
diagnosis using the urinary MK concentration were 97.0%
and 90.3%, respectively, which were superior to those of the
existing urinary biomarkers (NAG, NGAL, and IL-18).
[0167] As mentioned above, it has been shown that the
urinary MK concentration is a sensitive biomarker for AKI,
and it exhibits more usefulness than the existing biomarker.
That is to say, it can be said that the urinary MK concentration
is the most excellent biomarker in differential diagnosis of
AKI.

[0168] By the way, although most of the cases of acute
kidney injury are ischemic AKI, the cases also include other
categories such as septic AKI, toxic AKI accompanying
administration of anti-cancer drugs, and radiocontrast neph-
ropathy (which may be included in ischemic AKI). As shown
below, also in these acute kidney injury cases, an increase in
the urinary MK concentration was observed.

[0169] Septic AKI: 710 pg/ml (female patient, age 38), 750
pg/ml (male patient, age 75), 502 pg/ml (male patient, age 74)
[0170] Toxic AKI: 141 pg/ml (female patient, age 13)
[0171] Radiocontrast nephropathy: 272 pg/ml (male
patient, age 41)

2. AKI Diagnosis Using Combination of Biomarkers

[0172] AKI diagnosis was carried out by using a combina-
tion of the urinary MK concentration and other biomarkers,
and the sensitivity and specificity were calculated. As the
value of each biomarker, values normalized by Cr (corre-
sponding to the ROC curve shown in FIG. 5) were used.
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Furthermore, by the analysis of the ROC curve, the cut-off
value of each biomarker was set as follows.

[0173] Cut-off value of urinary MK concentration: 75.1
pg/mgCr

[0174] Cut-off value of urinary NAG concentration: 31.0
U/gCr

[0175] Cut-off value of urinary IL.-18 concentration: 173.6
pg/mgCr

[0176] Cut-off value of urinary NGAL concentration: 26.7

ng/mgCr

[0177] Various combinations were subjected to statistical
processing, and comparisons of the sensitivity and the speci-
ficity were carried out (Table of FIG. 7). In the case in which
the combination represented by a mark “+,” when all biom-
arkers included in the combination were positive (not less
than a cut-off value), the result was determined to be positive,
and the sensitivity and the specificity at this time were calcu-
lated. For example, in MK+IL-18+NGAL, when all of the
urinary MK concentration, urinary IL.-18 concentration and
urinary NGAL concentration are positive (not less than a
cut-off value), the result is determined to be positive, and if it
is not the case, the result is determined to negative. The
sensitivity (48.5%) and the specificity (97.8%) at this time are
shown. On the other hand, in the case in which the combina-
tion represented by a mark /" when at least one of the
biomarkers included in the combination was positive (not less
than a cut-off value), the result was determined to be positive,
and the sensitivity and the specificity at this time were calcu-
lated. For example, in MK/IL-18/NGAL, at least one of the
urinary MK concentration, urinary IL.-18 concentration and
urinary NGAL concentration is positive (not less than a cut-
off value), the result is determined to be positive, and if it is
not the case, the result is determined to be negative. The
sensitivity (100%) and the specificity (53.2%) at this time are
shown.

[0178] Asshown inthe Table of FIG. 7, depending upon the
kinds and number of the biomarkers to be combined, balance
ofthe sensitivity and the specificity varies. This means that by
selecting the combination of biomarkers according to pur-
poses, diagnosis corresponding to the purposes can be carried
out. In general, the combination in which sensitivity is high
(for example, MK/NGAL, MK/IL-18/NGAL, or MK/NAG/
IL-18/NGAL) is suitable for screening examination. On the
contrary, combination in which specificity is high (for
example, MK+NAG, MK+IL-18, MK+NAG+IL-18,
MK+NAG+NGAL, MK+IL-18+NGAL, or MK+NAG+IL-
18+NGAL) is suitable for examinations that require high
reliability, for example, secondary examination and tertiary
examination. For example, when an examination using the
former combination is carried out so as to narrow down posi-
tive subjects, and then an examination using the latter com-
bination is carried out to make a final determination, it is
possible to carry out AKI diagnosis (differentiation of AKI)
efficiently and with high reliability.

3. Acute Kidney Injury (AKI) after Abdominal
Aortic Aneurysm Surgery and Urinary Midkine
(MK) Concentration

(1) Subjects

[0179] Subjects were 32 patients who underwent a pallia-
tive surgery of abdominal aortic aneurysm from December
2005 to May 2007 in Nagoya University Hospital and who
submitted written consent. For the subjects, the relation
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between the urinary MK concentration and postoperative
AKIwas examined. Details of the backgrounds of'the patients
are shown in FIG. 8 and preoperative examination findings
are shown in FIG. 9, respectively.

[0180] Sex: 29 male patients, 3 female patients
[0181] Age: 72%8
[0182] Type of disease: upper renal artery: 2 cases, lower

renal artery: 30 cases

[0183] Artificial blood vessel: type I: 11 cases, type Y: 21
cases

[0184] Estimated GFR: 56.9+21.8 (ml/min/1.73 m?)

(2) Methods

[0185] A prospective observation examination was carried

out. The urinary MK concentration was measured by ELISA
over time along with a general examination (S. Ikematsu, et
al. Br. J. Cancer 2000; 83) (see FIG. 10). An AKI group
(defined by ACr=50%) and a non-AKI group were compared
and evaluated.

(3) Results

[0186] Examination results are shown in FIG. 11. From the
increase in Cr having a peak on day 2 after the operation
(POD2) and on day 3 after the operation (POD3), five cases
(16%) were diagnosed to be AKI. In the AKI group, prior to
Cr, the urinary MK concentration was increased in real time
(Two-way ANOVA between-group difference, p=0.001), and
showed the high value from the time of aortic cross clamping
to onday 1 after the operation (POD1). In particular, from the
time of aortic cross clamping to the end of the surgery (about
three hours after the aortic cross clamping), an extremely high
value was shown (peak was the time of aorta opening about
one hour after the time of aortic cross clamping).

[0187] From the above-mentioned results, it has been
revealed that the cases in which the urinary MK concentration
is increased during the surgery has extremely high possibility
that postoperative AKI develops. In other words, it has been
proved that when the urinary MK is used as a marker, the
prediction of the onset of AKI can be carried out in extremely
early stage such as during surgery. On the other hand, when
comparison with the existing markers such as urinary NAG,
urinary 32 microglobulin ((2 MG), and urinary cystatin C
(Cys-C) was carried out, such markers did not allow early
prediction of the onset (FIGS. 12 to 14). Furthermore, the
concentrations of urinary I[.-18 and urinary NGAL reported
to be early diagnostic markers for acute kidney injury, the
increase was observed after surgery (FIG. 15). Thus, with the
existing biomarkers (including biomarkers covered by insur-
ance), it is impossible to carry out early prediction as in the
case in which the urinary MK concentration is used. Note
here that urinary NAG, and urinary 2 microglobulin were
measured in an external institution. Furthermore, serum cys-
tatin C, urinary IL-18 and urinary NGAL were measured by
using commercially available ELISA measurement kit (for
urinary cystatin C, Mescoat GC cystatin C kit (gold colloid
aggregation method, available from Alfresa Pharma Corpo-
ration) was used; for urinary NGAL, NGAL ELISA Kit (Cir-
cuLex NGAL/Lipocalin-2 ELISA Kit/Cat#CY-8070/Cir-
culex) was used; for urinary IL-18, Human IL-18 ELISA Kit
(CODE No 7620, MBL) was used respectively by using 0.01
ml of urine specimen.

[0188] Note here that also in the cases in which AKI devel-
oped after a cardiac valve replacement surgery using artificial
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heart lung machine was carried out, significant increase in the
urinary MK concentration was observed during surgery (FIG.
16). Thus, results supporting usefulness of the urinary MK in
early prediction of the onset of AKI was obtained.

4. Renal Function of Transplanted Kidney after
Kidney Transplantation and Urinary Midkine (MK)
Concentration

(1) Subjects and Methods

[0189] In two cases undergoing living donor renal trans-
plantation, as shown in the protocol of FIG. 17, urine was
collected over time after blood flow was restarted to graft (0
hour), at the time of initial urine, after one hour, after two
hours, after six hours, after eight hours and for several days
thereafter, and the concentrations of blood creatinine and
urinary MK were measured.

(2) Results (FIG. 18)

[0190] In the case 1, survival after transplantation was
good, and the serum creatinine was recovered favorably from
the following day. In this case, urinary MK was 0 pg/ml from
the time immediately after transplantation to eight hours after
the start of diuresis. On the contrary, in the case 2, survival of
the transplanted kidney after transplantation was bad. Until
day 4 after the transplantation, a renal failure state was pro-
tracted. The urinary MK concentration of this patient was
high as 442 pg/ml immediately after the start of diuresis, then
reduced, and after four hours or later, the concentration was
under sensitivity.

(3) Discussion

[0191] By measuring the concentration of urinary MK
immediately after the start of diuresis, it is possible to predict
whether or not survival of the transplanted kidney is good
(very early diagnostic agent of acute kidney injury (AKI)). In
particular, in foreign countries, since many cases of cadaver
kidney are carried out, bad survival is protracted after surgery
in many cases. In these cases, by predicting whether or not the
survival is bad immediately after the surgery, treatment for
the survival of transplanted kidney is changed to more active
treatment method from a general protocol, and thus, the sur-
vival rate of the transplanted kidney can be increased.

5. Renal Diseases Due to Contrast Media and
Urinary Midkine (Mk) Concentration

[0192] (1) Subjects and methods

[0193] Examinations using contrast media are widely used
in daily medical care, but renal diseases due to contrast media
pose large clinical problem, thus increasing the necessity of
biomarkers capable of early diagnosing. Among them, there
are a large number of cases of coronary angiography and
coronary angioplasty of angina pectoris and myocardial inf-
arct. As shown in the protocol of FIG. 19, collection of blood
and collection of urine were carried out immediately before
and after, and following day of the cardiac angiography, and
serum creatinine, urinary MK concentration, urinary 1L-18
concentration and urinary NGAL concentration were mea-
sured.

(2) Results

[0194] Immediately after the use of contrast media for
patients with chronic renal diseases (serum creatinine was
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7.62 mg/dl), the urinary MK concentration, urinary IL-18
concentration and urinary NGAL concentration in the initial
urine were high as 272 pg/ml, 18.69 pg/ml and 68.88 ng/ml,
respectively.

(3) Discussion

[0195] The cardiac angiography is a diagnosis and treat-
ment method carried out all over the world. It is shown that the
measurement of the urinary MK immediately after the exami-
nation makes it possible to predict contrast media kidney
injury (toxic AKI), thus improving the prognosis after the
examination. That is to say, it is shown that the urinary MK
concentration is useful as a marker for very early diagnosis of
acute kidney injury (AKI).

6. Cases of Partial Nephrectomy for Superficial
Early Kidney Cancer and Urinary Midkine (MK)
Concentration

(1) Subjects and Methods

[0196] In partial nephrectomy for superficial early kidney
cancer, during nephrectomy for kidney cancer portion, the
affected renal artery was interrupted. After excision, renal
blood flow was restarted. In this surgery, since the renal artery
and the renal vein are completely blocked for about 30 min-
utes of partial nephrectomy of a tumor, ischemic kidney
injury occurs in the affected kidney. Originally, the kidney has
large reserve function, and even if total extirpation of one of
the kidneys is carried out, generally, the other kidney com-
pensates the extirpated kidney. Therefore, the Cr increase is
limited. However, in some cases, kidney disorder due to this
surgery is protracted. In this surgery, in order to carry out
observation of postoperative bleeding or check of urine out-
put, basic surgery procedure is carried out by inserting a
catheter into the affected renal pelvis to collect the affected
urine, and, on the other hand, collecting the urine derived
from the healthy kidney from a catheter indwelling in the
urinary bladder. According to the protocols shown in FIGS.
20 and 21, preoperative and postoperative blood and urine
were collected, and the urinary MK concentration was exam-
ined.

(2) Results

[0197] The urine derived from the excised kidney showed
diphase peaks in the urinary MK concentration, that is, the
first peak within one hour after the start of surgery and the
second peak within 6 to 48 hours after the surgery. The second
peak is also observed in the urine derived from the affected
kidney and the healthy kidney. This thought to be because
ischemic disorder occurring in the affected kidney extends to
organs in the whole body including the healthy kidney, which
reflect MK in which protein synthesis is newly promoted
from the both kidneys. Therefore, in cases in which the renal
function is slight, the first peak and the second peak show only
transitional increase (FIG. 22). On the other hand, in elderly
persons whose reserve function of the kidney is deteriorated
or patients with chronic kidney diseases, renal dysfunction is
protracted (FIGS. 23 and 24). In this case, the second peak of
the urinary MK concentration is not transitional, and the
increased value is protracted and maintained. This is thought
to be because production and secretion of MK protein are
newly promoted by a transcriptional factor called HIF-1
responding to the stress by ischemia. This shows that in cases
in which this second peak is protracted (cases 2 and 3), stress
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is maintained, that is, kidney disorder is strong. Thus, when
the second peak is noted, estimation of prognosis is possible.

(3) Discussion

[0198] Asmentionedabove, itis shown that the urinary MK
concentration is useful as an early marker for acute kidney
injury also in this disease group. Furthermore, it is proved that
the urinary MK concentration is useful as a “marker for early
diagnosis” but also “biomarker as a prediction factor of prog-
nosis” for acute kidney injury.

7. Kidney Disorder Progressing after Chemotherapy
or in Nephrotic Syndrome and Urinary Midkine
(MK) Concentration

(1) Subjects and Methods

[0199] The urinary MK concentration was measured in the
cases in which renal dysfunction progressed and was pro-
tracted after chemotherapy using, for example, methotrexate
(MTX) and during medical treatment of nephrotic syndrome.

(2) Results

[0200] During the treatment of nephrotic syndrome, the
urinary MK concentration maintained a high value (on day 7
to day 9 after kidney biopsy; urinary MK 730-770 pg/ml) in
the term during which renal dysfunction was protracted.
However, in accordance with the improvement of the renal
function, the urinary MK concentration was reduced (upper
table of FIG. 25). Also in patients with septic AKI, the same
tendency is observed (lower table of FIG. 25). Furthermore,
as shown in FIG. 26, also in the kidney disorder after chemo-
therapy using MTX, during the time in which renal dysfunc-
tion was maintained (on day 2 to day 6), the urinary MK
concentration maintained a high value.

(3) Discussion

[0201] In addition to the above-mentioned partial nephre-
ctomy of renal cancer, in AKI that follows primary and sec-
ondary glomerular nephritis such as AKI and nephrotic syn-
drome after chemotherapy, it is shown that the urinary MK is
useful as a “biomarker as a predicting factor of prognosis.”

8. Minimal Change Nephrotic Syndrome and
Urinary Midkine (MK) Concentration

[0202] Itis known that 10-20% of “minimal change” that is
the most frequent cause presents acute tubular necrosis
(ATN). The MK concentration of a urine sample collected at
the time of kidney biopsy from the kidney with minimal
change was examined. As a result, in acute tubular necrosis
(ATN) complication cases, the MK concentration was signifi-
cantly high (FIG. 27). Thus, it is shown that the urinary MK
concentration is useful for early detection of cases progress-
ing from the minimal change into ATN (AKI in a narrow
sense).

9. Relation 1 between Urinary MK Concentration
and Blood MK Concentration

(1) Subjects and Methods

[0203] The urinary MK concentration and serum MK con-
centration were measured for 515 patients with nephritis
(cross-section study). Furthermore, the urinary MK concen-
tration and serum MK concentration were measured a plural-
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ity of times in 32 patients undergoing an abdominal aortic
aneurysm replacement surgery (case control study). On the
other hand, the affinity column of MK was prepared to
attempt to identify the protein bonded to MK in the serum.

(2) Results

[0204] The measurement results of the urinary MK concen-
tration and the blood MK concentration are shown in FIGS.
28 and 29. It is shown that MK is not subjected to glomerular
filtration. On the other hand, as a result of examination of
components in serum bonded to affinity column of MK by
electrophoresis (FIG. 30), it was predicted that high molecu-
lar weight protein having a molecular weight of about 250
kDa (band shown by X in the drawing and band shown by X'
shown in the drawing was predicted to be a fragment of X)
was bound to MK. For the protein, the molecule was identi-
fied by TOF-MAS. From these results, almost all of blood
MK is bound to a heparin chain of the vascular endothelial
cell, even if soluble MK is present, it binds to protein having
a molecular weight of 250 kDa in blood. Therefore, it is
thought that MK in blood it is not leaked into urine (since
glomerular basement membrane has a size barrier (network
pores of collagen fiber, radius is said to be about 70 ang-
strom), when the molecular weight is 250 kDa, it is not
filtered).

10. Relation 2 of Urinary MK Concentration and
Blood MK Concentration

(1) Subjects and Methods

[0205] For patients with amyloid kidney-complicate
chronic rheumatoid arthritis, comparison of the urinary MK
concentration and the plasma MK concentration between
with administration of heparin and without administration of
heparin was carried out.

(2) Results

[0206] The MK concentration is surely increased by
administration of heparin (FIG. 31), but MK is not detected in
the urine even in a nephrosis state by amyloid kidney (glom-
erular basement membrane disorder is strong, and high mol-
ecule protein such as not only alb but also IgG leaks). That is
to say, basically, it is thought that MK does not leak from the
glomerulus.

[0207] Incases 1 to 5 of FIG. 32, although the plasma MK
concentration is high, MK is not detected in the urine. In
particular, cases 2, 3, and 5 show disease in which the selec-
tivity of protein is low (thatis to say, a typical disease in which
damage of the glomerular basement membrane is strong and
permeation is promoted, thus making even a high molecule
leak into the urine), which is worthy of attention. The cases 6
to 9 are ATN (AKI in a narrow sense) cases in which the
urinary MK concentration is high, and the plasma MK con-
centration is various from low to high. Most of AKIs are
basically developed from basic disease causing stress in the
whole body (for example, septicemia or after surgery), and
naturally, plasma MK may be increased in many cases. As
mentioned above, it is supported that MK is not subjected to
glomerular filtration.

INDUSTRIAL APPLICABILITY

[0208] Inthe examination method of the present invention,
the possibility of the onset of AKI is determined by using an
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amount of urinary MK as an indicator. The examination
method of the present invention permits very early prediction
of the onset of AKI, which cannot be achieved by existing
biomarkers (NGAL, IL-18, and the like). When the early

prediction of AKI becomes possible, treatment can be inter-

[0211]
cations, Patent Publications, and other published documents

Contents of the theses, Publication of Patent Appli-

referred to in this specification are herein incorporated by
reference in its entity.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 143

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Thr
10

Met Gln His Arg Gly Phe Leu Leu Leu Ala

1 5

Leu Leu

Leu Thr Ser Ala Val Ala Lys Lys Lys Val

25

Asp Lys Lys

Ser Glu Ala Glu Ala Pro

35

Pro Gly Cys Trp

40

Trp Gly Cys

45
Glu Thr
60

Ser Lys Val Phe Arg Gly Cys

50

Asp Cys Gly Gly

55

Thr
65

Gln Ile Val Asn

75

Arg Arg Cys Pro

70

Arg Cys Trp Lys

Ala Phe Glu Asn Ala

90

Gly Asp Cys Lys

85

Tyr Lys Trp Gly

Gly Thr Gly Thr Gln Thr Leu

100

Lys Val Arg Gly

105

Lys Lys

Ala Ile

120

Val Thr Pro

125

Gln
115

Cys Gln Glu Thr Arg Lys

Thr
130

Lys Lys Ala Lys Ala Lys Ala

135

Lys Lys Gly Lys

140

Gly

Leu Ala

15

Leu

Lys
30

Gly Gly

Thr Pro Ser

Gly Ala Gln

Glu Phe

80

Lys

Cys Asp

95

Gly

Ala
110

Arg Tyr

Cys Thr Pro

Lys Asp

vened in an early stage, thus improving the prognosis. The
urinary MK amount is also useful for estimation of prognosis
associated with a renal function. By using the amount of
urinary MK as an indicator, not only the possibility of the
onset of AKI but also estimation of prognosis associated with
a renal function can be carried out. The urinary MK has a
different response from that of the existing biomarkers. By
using the difference in the response, when the urinary MK and
the existing biomarkers are used together, determination with
higher accuracy and reliability can be carried out.

[0209] On the other hand, also in the differentiation method
of the present invention, by using the amount of urinary MK
as an indicator, differentiation of AKI can be carried out.
According to the differentiation method of the present inven-
tion, differentiation of AKI can be carried out with extremely
high sensitivity and specificity. By using both urinary MK
and existing biomarker, accuracy and reliability can be
improved.

[0210] The present invention is not limited to the descrip-
tion of the above exemplary embodiments and Examples. A
variety of modifications, which are within the scopes of the
following claims and which can be easily achieved by a
person skilled in the art, are included in the present invention.

1. (canceled)
2. (canceled)

3. The examination method for examining acute kidney
injury, comprising the following steps (1) and (2):

(1) detecting urinary midkine; and

(2) determining a possibility of the onset of acute kidney

injury based on a detection result.

4. The examination method according to claim 3, wherein
the acute kidney injury is acute tubular necrosis.

5. The examination method according to claim 3, wherein
the acute kidney injury is ischemic acute kidney injury, toxic
acute kidney injury, or septic acute kidney injury.

6. The examination method according to claim 5, wherein
the ischemic acute kidney injury is postoperative ischemic
acute kidney injury.

7. The examination method according to claim 6, wherein
the step (1) is carried out by using urine collected from a time
of'a surgery that causes an ischemic state to one day after the
surgery.

8. The examination method according to claim 6, wherein
the step (1) is carried out by using urine collected in three
hours from a start of the surgery that causes an ischemic state.
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9. The examination method according to claim 6, wherein
the surgery includes large blood vessel surgery, open heart
surgery using an artificial heart lung machine, organ trans-
plantation, or partial nephrectomy for a renal tumor.

10. The examination method according to claim 3, further
comprising the following step (1') in addition to the step (1),
wherein the step (2) determines the possibility of the onset of
acute kidney injury based on the detection results of the step
(1) and step (1):

(1") detecting one or more biomarkers selected from the
group consisting of urinary neutrophil gelatinase-asso-
ciated lipocalin NGAL), urinary interleukin 18 (IL-18),
urinary kidney disorder molecule-1 (KIM-1), (-N-
acetyl-D-glucosaminidase (NAG), and urinary liver
type fatty acid-binding protein (L-FABP).

11. The examination method according to claim 3, wherein
in the step (1), wherein urinary midkine is detected by using
urine of patients with minimal change.

12. (canceled)

13. A kit for examination of acute kidney injury, compris-
ing an anti-midkine antibody.

14. (canceled)

15. (canceled)

16. The method for estimating prognosis according to
claim 32, wherein prognosis of ischemic acute kidney injury,
toxic acute kidney injury, or septic acute kidney injury is
estimated.

17. The method for estimating prognosis according to
claim 32, wherein the method comprises detecting urinary
midkine after kidney transplantation or partial nephrectomy,
and estimating prognosis according to the following criterion,

an increase of an amount of urinary midkine observed from
six hours after the surgery to 48 hours after the surgery is
transitional, the prognosis is excellent, and the increase
of the amount of urinary midkine observed from six
hours after the surgery to 48 hours after the surgery is not
transitional and the increased value is protracted or
maintained, the prognosis is poor.

18. The method for estimating prognosis according to
claim 17, wherein urinary midkine is detected by using urine
as a specimen, which is derived from the affected kidney
and/or urine derived from the healthy kidney.

19. (canceled)

20. A kit for estimation of prognosis associated with a renal
function, comprising an anti-midkine antibody.
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21. (canceled)

22. (canceled)

23. The differentiation method for differentiation of acute
kidney injury, comprising the steps (1) and (2):

(1) detecting urinary midkine; and

(2) determining whether or not a cause of the acute kidney
injury is acute tubular disorder based on the detection
result.

24. The differentiation method according to claim 23,

wherein the acute kidney injury is acute tubular necrosis.

25. The differentiation method according to claim 23,
wherein the acute kidney injury is ischemic acute kidney
injury.

26. The differentiation method according to claim 25,
wherein the ischemic acute kidney injury is postoperative
ischemic acute kidney injury.

27. The differentiation method according to claim 23, fur-
ther comprising the following step (1') in addition to step (1),
wherein the step (2) determines whether or not a cause of the
acute kidney injury is acute tubular disorder based on the
detection results of the steps (1) and step (1'):

(1") detecting one or more biomarkers selected from the
group consisting of urinary neutrophil gelatinase-asso-
ciated lipocalin (NGAL), urinary interleukin 18 (IL-18),
urinary kidney disorder molecule-1 (KIM-1), B-N-
acetyl-D-glucosaminidase (NAG), and urinary liver
type fatty acid-binding protein (L-FABP).

28. (canceled)

29. A kit for differentiation of acute kidney injury, com-

prising an anti-midkine antibody.

30. The examination method according to claim 7, wherein
the surgery includes large blood vessel surgery, open heart
surgery using an artificial heart lung machine, organ trans-
plantation, or partial nephrectomy for a renal tumor.

31. The examination method according to claim 8, wherein
the surgery includes large blood vessel surgery, open heart
surgery using an artificial heart lung machine, organ trans-
plantation, or partial nephrectomy for a renal tumor.

32. A method for estimating prognosis associated with a
renal function, comprising the following steps (1) and (2):

(1) detecting urinary midkine; and

(2) estimating a prognosis based on the detection result.

* * * #* ok
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