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(57) ABSTRACT

The present invention relates to a method for diagnosing
and/or prognosing renal dysfunction. The method comprises
the steps of:—(a) determining the level of an anti-inflamma-
tory cytokine present in a urine sample from a subject prior to
physical trauma, prior to a hypotensive event, prior to sepsis,
and/or prior to septic shock syndrome; (b) determining the
level of the anti-inflammatory cytokine present in a urine
sample from the subject following physical trauma, following
or during a hypotensive event, following or during sepsis,
and/or following or during septic shock syndrome; (c) calcu-
lating the difference between the level of the anti-inflamma-
tory cytokine determined in step a) from the level of the
anti-inflammatory cytokine determined in step b), and (d)
providing a diagnosis and/or prognosis on the basis of a
comparison between the difference calculated in step ¢) and
the difference calculated in step ¢) when steps a) and b) are
practiced on a control group.
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DIAGNOSIS AND/OR PROGNOSIS OF RENAL
DYSFUNCTION

[0001] The present invention relates to a method for diag-
nosing and/or prognosing renal dysfunction.

[0002] Apart from the direct adverse impact of physical
trauma on the body (e.g. from lesions caused by surgery or car
crashes, or from surgical procedures such as blood bypass
through a heart-lung machine), subjects suffering physical
trauma often develop acute renal dysfunction. Other causes of
a similar acute renal dysfunction include prolonged hypoten-
sive states (associated with mucosal gut ischaemia and endot-
oxin translocation from gut to circulation), sepsis and septic
shock syndromes.

[0003] In a population of patients who have normal renal
function, diagnosis of post-trauma, hypotensive-induced,
sepsis-induced, and/or septic shock syndrome-induced renal
dysfunction can be made on the basis of a fall in Glomerular
Filtration Rate (GFR) as compared with the normal or base-
line GFR; as measured, for example by the MDRD test (ex-
plained in more detail below). The limitation of a diagnosis or
prognosis based on such measurements is that it usually takes
several days for MDRD estimated GFR values to fall. When
the GFR fall is detected, it is often too late to institute thera-
peutic measures to obviate further deterioration in renal func-
tion. The challenge facing for example the peri-operative
physician or intensive care physician is to identify a biologi-
cal marker of renal dysfunction 48 hours before such dys-
function materialises (i.e. while there is still a possibility of
preventative measures being taken in the intensive care unit;
such as running such patients on supra-normal blood pres-
sures, an intervention which in its own right is not without risk
in the post-operative context, unless justified by the presence
of an even greater risk of impending renal failure such as
could be identified by the test according to the present inven-
tion).

[0004] It is well documented that trauma to the body
induces an acute (often transient) plasma pro-inflammatory
response. It has been shown that the magnitude of this acute
plasma pro-inflammatory response correlates with post-
trauma renal dysfunction (Gormley et al., Anesthesiology,
2000, 93). Other causes of a similar acute reno-toxic pro-
inflammatory response include prolonged hypotensive states
(associated with mucosal gut ischaemia and endotoxin trans-
location from gut to circulation), or sepsis and septic shock
syndromes, all of which are usually either preceded by or
associated with a systemic inflammatory response (SIRS)
characterised by acute increases in pro-inflammatory media-
tors in the blood. A mechanism for how such acute pro-
inflammatory responses when filtered from the blood damage
renal tubules was suggested by Chatterjee who demonstrated
in vitro that TNF-a applied to proximal tubules in cell culture
leads to cell damage (Markewitz, J Clin Invest 1993; 91;
Chatterjee et al., Exp Nephrol 1999; 7:438-8). Following
challenge with the combination of inflammatory cytokines
IL-1 beta, TNF-alpha, and IFN-gamma, in vitro proximal
tubular cells exhibit a time-dependent increase in inducible
NO synthase induction and corresponding NO production to
cytotoxic concentration, an effect which was inhibited by
L-NMMA (Chatterjee et al., Exp Nephrol 1999; 7:438-8).
Stimulation of rat kidney epithelial cells with TNF-alpha and
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IFN-gamma dramatically increased the level of inducible
nitric oxide synthase mRNA (Markewitz, J Clin Invest 1993;
91).

[0005] Numerous publications show that levels of urinary
anti-inflammatory cytokines show dramatic increases after
trauma, and in fact mirror the aforementioned increase in
level of pro-inflammatory responses. See, for example:—
Gormley et al. Cytokine, January 2002, 21 17(2). Further to
this, it has been demonstrated that the magnitude of the post-
trauma increases in anti-inflammatory cytokines correlate
with the magnitude of renal injury and dysfunction. See, for
example:—Litalien et al., Pediatr. Nephrol., November 1999,
13(9); Gretchen et al., Anesthesiology, November 2000,
Gormley et al., Anesthesiology, 2000, 93, and; European
Patent Publication No. 1 962 092 A (Renovar, Inc.). Itis clear
from the presentation of these results in the aforementioned
publications that the dramatic increase in anti-inflammatory
cytokines is proposed as a directly proportional marker for
renal dysfunction.

[0006] The inventors were therefore surprised to find that
when they analysed the urinary anti-inflammatory cytokine
responses of a larger than previously analysed group of post-
trauma subjects that a population of those subjects presented
with only a modest or negligible anti-inflammatory cytokine
response following physical trauma, as opposed to the
expected dramatic rise in anti-inflammatory cytokine
responses previously reported and as experienced by the
majority of subjects. On further analysis of this sub-group, it
was surprising to find that its members were at elevated risk of
developing renal dysfunction when compared to those that
showed the expected dramatic rise in urinary anti-inflamma-
tory cytokine responses following physical trauma. Such
findings are contrary to the previously accepted conclusion
that post-trauma increases in urinary anti-inflammatory
cytokines correlate with the magnitude of renal injury and
dysfunction.

[0007] Not wishing to be restricted by theory, but in the
interests of clarity, the inventors believe that the reason why
the earlier studies suggested that urinary anti-inflammatory
cytokines directly reflected renal injury was that the markers
of renal injury that were used in those earlier studies were
generally sub-clinical markers. It is now proposed by the
present inventors that these sub-clinical markers did not nec-
essarily reflect clinically significant renal dysfunction,
because the nephrotoxic effects of the injurious stimulus
which caused the sub-clinical injury were, in those patients
that did well, adequately counteracted by a simultaneously
generated adequate compensatory urinary anti-inflammatory
immune response. Those patients who do not develop a com-
pensatory adequate urinary anti-inflammatory immune
response are the ones, it is proposed by the present inventors,
that will go on to develop clinically significant renal injury; a
hypothesis that cannot be developed from the previously
available studies. In addition, because of financial con-
straints, the previous studies were practiced on a relatively
small number of people (less than 30 persons) which meant
that the sub-group of individuals with a poor compensatory
anti-inflammatory response did not provide a statistically
significant impact on the previously obtained results (the
present study was practiced on almost 400 persons).

[0008] The inventors have, following extensive experimen-
tation, provided evidence in support of the concept that by
monitoring for a reduced level of anti-inflammatory cytokine
response in a post-trauma or hypotensive subject, or in a
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subject suffering from sepsis or septic shock syndrome, one
can arrive at a diagnostic and/or prognostic method for renal
dysfunction.

[0009] Accordingly, in a first aspect of the present inven-
tion, there is provided a method for the diagnosis and/or
prognosis of renal dysfunction induced by physical trauma,
hypotension, sepsis and/or septic shock syndrome, wherein
the method comprises the steps of:—

[0010] a) determining the level of an anti-inflammatory
cytokine present in a urine sample from a subject prior to
physical trauma, prior to a hypotensive event, prior to
sepsis, and/or prior to septic shock syndrome;

[0011] b) determining the level of the anti-inflammatory
cytokine present in a urine sample from the subject
following physical trauma, following or during a
hypotensive event, following or during sepsis, and/or
following or during septic shock syndrome;

[0012] c) calculating the difference between the level of
the anti-inflammatory cytokine determined in step a)
from the level of the anti-inflammatory cytokine deter-
mined in step b);

[0013] d) providing a diagnosis and/or prognosis on the
basis of a comparison between the difference calculated
in step ¢) and the difference calculated in step ¢) when
steps a) and b) are practiced on a control group.

[0014] The control group is a group of individuals that do
not have renal dysfunction on the fifth day following physical
trauma, following or during a hypotensive event, following or
during sepsis, and/or following or during septic shock syn-
drome (i.e. the control group represent the “normal” indi-
vidual that does not develop renal dysfunction following
trauma, a hypotensive event, sepsis, and/or septic shock syn-
drome). All of the control patients will have sustained some
degree of sub-clinical renal injury but will have not had clini-
cally significant renal injury. Determining whether or not an
individual has renal dysfunction is a clinical question well
within the abilities of the skilled person. However, in the
interests of clarity, renal dysfunction is characterised by a
reduction in the capacity to excrete metabolic products which
accumulate systemically and are detectable clinicopathologi-
cally by renal function tests (in progressed states, renal dys-
function may be acute kidney failure, uremia or chronic renal
damage). For example, the MDRD method of determining
renal function is described below. The control group may
experience the same or similar event (i.e. the same or similar
trauma, hypotensive event, sepsis, and/or septic shock syn-
drome) to the subject being diagnosed.

[0015] The difference calculated in step ¢) when steps a)
and b) are practiced on a control group may be a pre-deter-
mined value. The pre-determined value may be established
from the following steps:—

[0016] a') determining the level of the anti-inflammatory
cytokine present in a urine sample from a control group
prior to physical trauma, prior to a hypotensive event,
prior to sepsis, and/or prior to septic shock syndrome;

[0017] b')determining the level of the anti-inflammatory
cytokine present in a urine sample from the control
group following physical trauma, following or during a
hypotensive event, following or during sepsis, and/or
following or during septic shock syndrome;

[0018] ') calculating the difference between the level of
anti-inflammatory cytokine determined in step a') from
the level of anti-inflammatory cytokine determined in
step b').
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[0019] Inmoredetail, steps a'), b") and ¢') may comprise:—
a') determining the average level of the anti-inflammatory
cytokine present in a urine sample from individuals in a
control group prior to physical trauma, prior to a hypotensive
event, prior to sepsis, and/or prior to septic shock syndrome;
b") determining the average level of the anti-inflammatory
cytokine present in a urine sample from individuals in the
control group following physical trauma, following or during
a hypotensive event, following or during sepsis, and/or fol-
lowing or during septic shock syndrome, and; ¢') calculating
the difference between the average level of anti-inflammatory
cytokine determined in step a') from the average level of
anti-inflammatory cytokine determined in step b'). The con-
trol group may comprise 30 individuals or more. The control
group may comprise 300 individuals or more.

[0020] Based on the findings by the inventors, those sub-
jects that present with a difference calculated in step ¢) that is
smaller than the difference calculated in step ¢) when steps a)
and b) are practiced on a control group are at greater than
normal risk of developing renal dysfunction (i.e. such sub-
jects are at an increased risk of developing renal dysfunction
than those in the control group (i.e. normal individuals)).
Such subjects may be at greater than normal risk of having
renal dysfunction 5-days following physical trauma, follow-
ing or during a hypotensive event, following or during sepsis,
and/or following or during septic shock syndrome. Those
subjects that present with a difference calculated in step c)
that is the same or larger than the difference calculated in step
¢) when steps a) and b) are practiced on a control group are at
a lesser than normal risk of developing renal dysfunction.
Such subjects may be at lesser than normal risk of having
renal dysfunction 5-days following physical trauma, follow-
ing or during a hypotensive event, following or during sepsis,
and/or following or during septic shock syndrome.

[0021] Subjects that present with a calculated difference at
step ¢) that is progressively less than 100% that of the differ-
ence in step ¢) when steps a) and b) are practiced on a control
group are at progressively greater than normal risk of devel-
oping renal dysfunction. Thus, when the difference calculated
in step ¢) is 95% or less, 90% or less, 80% or less, 70% or less,
60% or less, 50% or less, 40% or less, 30% or less, 20% or
less, or 10% or less that of the difference in step ¢) when steps
a) and b) are practiced on a control group are at greater than
normal risk of developing renal dysfunction. Such subjects
may be at greater than normal risk of having renal dysfunction
5-days following physical trauma, following or during a
hypotensive event, following or during sepsis, and/or follow-
ing or during septic shock syndrome.

[0022] Not wishing to be restricted further, but in the inter-
ests of clarity, in one embodiment of the present invention
when the difference calculated in step ¢) when steps a) and b)
are practiced on a control group is 36000, 35500, 35000,
7500, 7600, 7800, 8000, or more pg of anti-inflammatory
cytokine in one ml of urine greater than the difference calcu-
lated in ¢) (when step a) and b) are performed on the subject)
then that subject is at greater than normal risk of developing
renal dysfunction. Such subjects may be at greater than nor-
mal risk of having renal dysfunction 5-days following physi-
cal trauma, following or during a hypotensive event, follow-
ing or during sepsis, and/or following or during septic shock
syndrome.

[0023] Renal dysfunction induced by physical trauma,
hypotension, sepsis and/or septic shock syndrome may be
further characterised by pro-inflammatory responses that are
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induced following these events. Such inflammatory
responses commonly follow the pattern of a classical sys-
temic inflammatory response (SIRS). Thus, the renal dys-
function to be diagnosed/prognosed according to the present
invention may be those that are induced by an acute (possibly
transient) urinary pro-inflammatory response (for example,
elevated urinary levels of 1L-18 and/or of neturophil gelati-
nase-associated lipocalin (NGAL)).

[0024] The renal dysfunction to be diagnosed/prognosed
may be early renal dysfunction, late renal dysfunction, or
general renal dysfunction.

[0025] Such acute forms of renal dysfunction can be dis-
tinguished from autoimmune mediated chronic renal dys-
function, a condition that is clinically apparent over a pro-
longed period of time in parallel with the co-existing
autoimmune condition (i.e. there is no requirement for a
biological marker to predict the development of renal dys-
function occurring a few days later because the renal dysfunc-
tion is already well established).

[0026] A physical trauma is the impact on the body from
external forces applied to the body, for example:—Ilesions
caused by surgery or by blows or cuts to the body (such as
might be experienced during a car crash), or; the impact on the
blood as it interacts with the foreign surface of a heart-lung
bypass machine. Renal dysfunction induced by physical
trauma may be post-operative renal dysfunction. The post-
operative renal dysfunction may be following cardiac, cardio-
vascular or cardiopulmonary surgery.

[0027] Whether or not an individual has hypotension is a
clinical question and therefore well within the skill of an
ordinary person in the art. For the avoidance of doubt however
hypotension in adults may be defined as a systolic blood
pressure <80 mmHg, or a mean arterial pressure (MAP)<50
mmHg. The hypotension may be prolonged, for example for
over 2 hours.

[0028] Whether or not an individual has sepsis is a clinical
question and therefore well within the skill of an ordinary
person in the art. For the avoidance of doubt however, sepsis
may be considered present if infection is highly suspected or
proven and two or more of the following systemic inflamma-
tory response syndrome (SIRS) criteria are met:

[0029] 1. Heart rate >90 beats per minute (tachycardia);

[0030] 2. Body temperature <36° C. (97° F.) or >38° C.
(100° F.) (hypothermia or fever);

[0031] 3. Respiratory rate >20 breaths per minute or, on
blood gas, a P,CO, less than 32 mm Hg (4.3 kPa) (tac-
hypnea or hypocapnia due to hyperventilation); and

[0032] 4. White blood cell count <4,000 cells/mm? or
>12,000 cells/mm> (<4x10° or >12x10° cells/L), or
greater than 10% band forms.

[0033] Whether or not an individual has septic shock is a
clinical question and therefore well within the abilities of an
ordinary person skilled in the art. For the avoidance of doubt
however, septic shock may be defined by the presence of the
following two criteria:

[0034] 1. Evidence of infection, through a positive blood
culture; and

[0035] 2. Refractory hypotension—hypotension despite
adequate fluid resuscitation and cardiac output. In adults
it is defined as a systolic blood pressure <90 mmHg, or
a MAP <60 mmHg, before institution of required resus-
citative inotropic support, or a reduction of 40 mmHg in
the systolic blood pressure from baseline. In children it
is BP <2 SD of the normal blood pressure.
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[0036] Whether or not an individual has SIRS is a clinical
question and therefore well within the abilities of an ordinary
person skilled in the art. For the avoidance of doubt however
SIRS may be diagnosed when two or more of the following
are present:

[0037] 1. Heart rate >90 beats per minute

[0038] 2. Body temperature <36 or >38° C.

[0039] 3. Tachypnea (high respiratory rate)>20 breaths
per minute or, on blood gas, a P,CO,<4.3 kPa (32 mm
Hg)

[0040] 4. White blood cell count <4000 cells/mm? or

>12000 cells/mm? (<4x10° or >12x10° cells/L), or the

presence of greater than 10% immature neutrophils.
[0041] Steps a) and/or a') may be preceded by a step of
obtaining a urine sample from the subject or control group
recited in steps a) and/or a'), respectively. In cases where the
physical trauma, hypotensive event, sepsis, and/or septic
shock syndrome is planned or can be predicted, for example
surgical trauma, this may be relatively straightforward.
Where the physical trauma, hypotensive event, sepsis, and/or
septic shock syndrome is unexpected, for example when
induced by a car crash, the step of determining the level of an
anti-inflammatory cytokine present in a urine sample from a
subject prior to these events (i.e. step a)) is achieved by using
a control level for the anti-inflammatory cytokine. A control
level is the level established to be the average (i.e. normal)
human level of the anti-inflammatory cytokine in urine before
physical trauma, hypotensive event, sepsis, and/or septic
shock syndrome. Not wishing to be restricted further, but in
the interest of clarity normal control values may be as follows:
IL-1ra 6 000-10 000 pgml~* and TNFsr2 2 500-2 700 pgml~".
[0042] Steps b) and/or b') may be preceded by a step of
obtaining a urine sample from the subject or control group
recited in steps b) and/or b'), respectively. The urine sample
analysed in steps b) and/or b') may be obtained from the
subject/control group following physical trauma, hypoten-
sive event, sepsis, and/or septic shock syndrome by less than
48,36, 12, 6,4 or 2 hours. The urine sample analysed in steps
b) and/or b') may be obtained from the subject/control group
following the physical trauma, hypotensive event, sepsis,
and/or septic shock syndrome by between 2 to 48 hours, 4 to
36 hours, 6 to 24 hours, or 8 to 16 hours.
[0043] The anti-inflammatory cytokine may be any cytok-
ine capable of suppressing inflammatory responses in the
body and that can be detected in the urine. The anti-inflam-
matory cytokine may be one locally released in renal tissue.
The anti-inflammatory cytokine may be TNFsrl, TNFsr2 or
IL-1ra.
[0044] In one embodiment of the present invention, when
the cytokine is TNFsr2 the difference calculated in step c)
when steps a) and b) are practiced on a control group is 7500,
7600, 7800, 8000, or more pg of TNFsr2 in one ml of urine
greater than the difference calculated in ¢) (when step a) and
b) are performed on the subject) then that subject is at greater
than normal risk of developing renal dysfunction. Such sub-
jects may be at greater than normal risk of having renal
dysfunction 5-days following physical trauma, following or
during a hypotensive event, following or during sepsis, and/or
following or during septic shock syndrome.
[0045] In one embodiment of the present invention, when
the cytokine is IL-1ra the difference calculated in step c)
when steps a) and b) are practiced on a control group is 36000,
35500, 35000, or more pg of IL-1ra in one ml of urine greater
than the difference calculated in ¢) (when step a) and b) are
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performed on the subject) then that subject is at greater than
normal risk of developing renal dysfunction. Such subjects
may be at greater than normal risk of having renal dysfunction
5-days following physical trauma, following or during a
hypotensive event, following or during sepsis, and/or follow-
ing or during septic shock syndrome.

[0046] It has been found that basing the diagnosis and/or
prognosis on the analysis of the levels of more than one type
of anti-inflammatory cytokine can increase the sensitivity of
the diagnostic or prognostic methods according to the present
invention. For example, the methods according to the present
invention may further comprise the steps of:—

[0047] a") determining the level of one or more addi-
tional anti-inflammatory cytokine present in a urine
sample from a subject prior to physical trauma, prior to
ahypotensive event, priorto sepsis, and/or prior to septic
shock syndrome;

[0048] b") determining the level of one or more addi-
tional anti-inflammatory cytokine present in a urine
sample from the subject following physical trauma, fol-
lowing or during a hypotensive event, following or dur-
ing sepsis, and/or following or during septic shock syn-
drome;

[0049] c¢")calculating the difference between the level of
the one or more additional anti-inflammatory cytokine
determined in step a") from the level of the one or more
additional anti-inflammatory cytokine determined in
step b"), and;

[0050] d")providing a diagnosis and/or prognosis on the
basis of a comparison between the difference calculated
in step ¢") and the difference calculated in step ¢") when
steps a") and b") are practiced on a control group.

[0051] The diagnosis and prognosis being more sensitive
when the comparison found in step d) and step d") are con-
sidered together. The risk of the subject developing renal
dysfunction is greater when both (i) the difference calculated
in step ¢) is smaller than the difference calculated in step ¢)
when steps a) and b) are practiced on a control group, and (ii)
the difference calculated in step ¢") is smaller than the differ-
ence calculated in step ¢") when steps a") and b") are prac-
ticed on a control group.

[0052] Any combination of the aforementioned anti-in-
flammatory cytokines may be used in such a method. For
example the anti-inflammatory cytokine determined in steps
a) and b) may be IL-1ra and the one or more anti-inflamma-
tory cytokine determined in steps a") and b") may be TNFsr2.

[0053] Pro-inflammatory markers of impending renal dys-
function have been identified; pro-inflammatory mediators
NGAL and IL-18 (Mishra et al., Lancet, 2005; 365:1231-38).
Elevations of these substances in the urine of children have
been associated with heightened risk of developing renal
dysfunction several days later. Based on the hypothesis pre-
sented by the present inventors, however, establishing that an
individual has an elevated pro-inflammatory response alone
may not be sufficient to establish the risk of developing renal
dysfunction.

[0054] Basing the diagnosis and/or prognosis on the analy-
sis of the levels of one (or more than one type of) anti-
inflammatory cytokine and one or more pro-inflammatory
mediator can increase the sensitivity of the diagnostic or
prognostic methods according to the present invention, and
the sensitivity of those already known that are based on pro-
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inflammatory mediators alone. For example, the methods
according to the present invention may further comprise the
steps of:—

[0055] a") determining the level of one or more pro-
inflammatory mediator present in a urine sample from a
subject prior to physical trauma, prior to a hypotensive
event, prior to sepsis, and/or prior to septic shock syn-
drome;

[0056] b'™) determining the level of one or more pro-
inflammatory mediator present in a urine sample from
the subject following physical trauma, following or dur-
ing a hypotensive event, following or during sepsis, and/
or following or during septic shock syndrome;

[0057] c¢™) calculating the difference between the level
of the one or more pro-inflammatory mediator deter-
mined in step a™) from the level of the one or more
additional anti-inflammatory cytokine determined in
step b™), and;

[0058] d'")providing a diagnosis and/or prognosis on the
basis of a comparison between the difference calculated
in step ¢") and the difference calculated in step ¢"') when
steps a™) and b'"") are practiced on a control group.

[0059] The diagnosis and prognosis being more sensitive
when the comparison found in step d) and step d"™) are con-
sidered together (even more sensitive when d, d" and d" are
considered together). For example, the risk of the subject
developing renal dysfunction is greater when (i) the differ-
ence calculated in step c) is smaller than the difference cal-
culated in step c¢) when steps a) and b) are practiced on a
control group, and (ii) the difference calculated in step ¢™) is
the same or greater than the difference calculated in step c")
when steps a'™') and b™) are practiced on a control group.
[0060] The pro-inflammatory mediators may be any media-
tor capable of inducing an inflammatory response in the body,
that is implicated in the development of renal dysfunction and
that can be detected in the urine. The pro-inflammatory
mediators may be IL-18 and/or NGAL.

[0061] In a further aspect of the present invention, there is
provided a kit for use in the methods of the preceding claims,
wherein the kit comprises:—

[0062] (a) one or more reagents for the detection of the
amount of one or more anti-inflammatory cytokine;

[0063] (b)instructions forusing the one or more reagents
for detecting the one or more anti-inflammatory cytok-
ines.

[0064] The kit may further comprise one or more reagents
for the detection of one or more pro-inflammatory mediator,
and instructions for using the one or more reagents for detect-
ing the one or more pro-inflammatory mediator.

[0065] The kit may further comprise instructions for using
the detecting of the one or more anti-inflammatory cytokines
in order to arrive at a diagnosis or prognosis for renal dys-
function. In one embodiment the instructions are in accor-
dance with the steps for diagnosis or prognosis of renal dys-
function provided in the first aspect of the present invention.
[0066] The kit may further comprise instructions for using
the detecting of the one or more pro-inflammatory mediator
in order to arrive at a diagnosis or prognosis for renal dys-
function. In one embodiment the instructions are in accor-
dance with the steps for diagnosis or prognosis of renal dys-
function provided in the first aspect of the present invention.
[0067] As the instructions and reagents are to be capable of
being used in order to practice the methods described above in
accordance with the first aspect of the present invention, all
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features of the first aspect of the present invention may be
included in the second aspect of the present invention, where
the context permits. Consequently, for example, the anti-
inflammatory cytokines (or combinations thereof) and the
pro-inflammatory mediators mentioned in the first aspect of
the present invention may be those recited above in the second
aspect of the present invention.

[0068] In a third aspect of the present invention there is
provided a method of treating renal dysfunction induced by
physical trauma, hypotension, sepsis and/or septic shock syn-
drome, wherein the method includes the steps of: (i) diagnos-
ing or prognosing renal dysfunction according to any of the
methods of the first aspect of the present invention; and (ii)
when the subject is identified to be at increased risk of devel-
oping renal dysfunction, applying therapeutic measures to
treat or obviate the impending renal dysfunction. The advan-
tage of such a method over current therapeutic interventions
is that therapy may be administered at a stage when full renal
failure may be prevented. The therapeutic measures applied
in step (i) may be: maintaining a supra-normal blood pres-
sure; ensuring adequate tissue oxygen delivery; administra-
tion of steroids; renal replacement therapy; dialysis; or any
combination thereof. A further advantage of this invention
would be to allow intensive care managers to identify early in
the intensive care stay of the patient those individuals who are
likely to spend longer in intensive care than would otherwise
be anticipated providing earlier planning for staff deploy-
ment.

[0069] The presentinvention will now be described, by way
of example, with reference to the accompanying figures, in
which:—

[0070] FIG. 1 shows a graph showing urinary IL-1ra at
baseline (Sample UA) and 24 hours after revascularisation
(Sample UC) in patients whose day 1, 2 and 5 MDRD values
atany time were less than (n=297) or greater than (n=94) 15%
drop from the preoperative baseline. Within group compari-
son was by Wilcoxon Signed rank (***P<0.001) and between
group comparison at individual sampling times was by Mann
Whitney test (#P<0.05).

[0071] FIG. 2 shows a graph showing urinary IL-1ra at
baseline (Sample UA) and 24 hours after revascularisation
(Sample UC) in patients whose day 1 (D1) MDRD value was
less than (n=351) or greater than (n=32) 15% drop from the
preoperative baseline. Within group comparison was by Wil-
coxon Signed rank (***P<0.001) and between group com-
parison at individual sampling times was by Mann Whitney
test (P>0.05).

[0072] FIG. 3 shows a graph showing urinary IL-1ra at
baseline (Sample UA) and 24 hours after revascularisation
(Sample UC) in patients whose day 2 (D2) MDRD value was
less than (n=314) or greater than (n=68) 15% drop from the
preoperative baseline. Within group comparison was by Wil-
coxon Signed rank (***P<0.001) and between group com-
parison at individual sampling times was by Mann Whitney
test (P>0.05).

[0073] FIG. 4 shows a graph showing urinary IL-1ra at
baseline (Sample UA) and 24 hours after revascularisation
(Sample UC) in patients whose day 5 (D5) MDRD value was
less than (n=347) or greater than (n=32) 15% drop from the
preoperative baseline. Within group comparison was by Wil-
coxon Signed rank (***P<0.001; **P<0.01) and between
group comparison at individual sampling times was by Mann
Whitney test (###P<0.001).
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[0074] FIG. 5 shows a graph showing urinary TNFsr-2 at
baseline (Sample UA) and 24 hours after revascularisation
(Sample UC) in patients whose day 1, 2 and 5 MDRD values
atany time were less than (n=301) or greater than (n=95) 15%
drop from the preoperative baseline. Within group compari-
son was by Wilcoxon Signed rank (***P<0.001) and between
group comparison at individual sampling times was by Mann
Whitney test (##P<0.01).

[0075] FIG. 6 shows a graph showing urinary TNFsr-2 at
baseline (Sample UA) and 24 hours after revascularisation
(Sample UC) in patients whose day 1 (D1) MDRD value was
less than (n=360) or greater than (n=32) 15% drop from the
preoperative baseline. Within group comparison was by Wil-
coxon Signed rank (***P<0.001) and between group com-
parison at individual sampling times was by Mann Whitney
test (#P<0.05).

[0076] FIG. 7 shows a graph showing urinary TNFsr-2 at
baseline (Sample UA) and 24 hours after revascularisation
(Sample UC) in patients whose day 2 (D2) MDRD value was
less than (n=323) or greater than (n=68) a 15% drop from the
preoperative baseline. Within group comparison was by Wil-
coxon Signed rank (***P<0.001) and between group com-
parison at individual sampling times was by Mann Whitney
test (#P<0.05).

[0077] FIG. 8 shows a graph shows a graph showing uri-
nary TNFsr-2 at baseline (Sample UA) and 24 hours after
revascularisation (Sample UC) in patients whose day 5 (D5)
MDRD value was less than (n=351) or greater than (n=37) a
15% drop from the preoperative baseline. Within group com-
parison was by Wilcoxon Signed rank (***P<0.001) and
between group comparison at individual sampling times was
by Mann Whitney test (##P<0.01).

EXPERIMENTAL METHODS

[0078] Four hundred low risk (405) consecutive patients
undergoing elective cardiac surgery were studied. The
patients were recruited within the Cardiac Surgical Unit of the
Royal Victoria Hospital Belfast (n=310) and the remainder
from Papworth Everard Hospital in Cambridge England. All
patients in the study underwent heart surgery of low risk with
normal renal function preoperatively, including:—coronary-
artery bypass graft; off-pump coronary-artery bypass graft;
heart valve surgery; coronary-artery bypass graft and heart
valve surgery; coarctation of aorta; pericardiectomy. Other
exclusion criteria include known dialysis dependant renal
failure or significant renal disease prior to entrance into the
study and diabetes mellitus. (Patients on preoperative ACE
inhibitor therapy were not excluded from this study).
Throughout the hospital stay normal daily clinical measures
of major organ function were recorded. Data recorded in the
patient notes and on the Biochemistry Laboratory database
subsequently utilised in analysis. In addition to normal rou-
tine blood and urinary samples, additional urine samples will
be obtained as follows:
[0079] Sample 1 obtained after residual urine has been
discarded at catheterisation after anaesthesia induction.
[0080] Samples 2-5 obtained 2, 24, 48 and 72 hours
following cessation of cardiopulmonary bypass. All
urine samples assayed for TNF-sr2 and IL-1ra (at time
points 1 and 3 as above; i.e. baseline and 24 hours post
operation).

Cytokines Analysis (ELISA)

[0081] Cytokines are measured by R&D systems Quantik-
ine solid phase ELISA technique. This system consists of a
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conjugate, standard, assay diluent, calibrator diluent, wash
buffer concentrate, colour reagent A, colour reagent B, and a
stop solution. Reagents should be at the room temperature
before beginning the assay. The microplate-consists of 96
wells. This microplate is coated with capture antibody. To
each well assay diluent is added. Standards in duplicate and
the samples are added to the plate and incubated for 2 h at
room temperature. Any analyte present in the sample is bound
by the capture antibody (immobilized antibody). After the
incubation, the plate is aspirated and washed four times with
the supplied wash buffer to washout any unbound materials.
After washing, horseradish protease (HRP) labelled detection
antibody (conjugate) is added to the plate and further incu-
bated at room temperature. Once again, after the incubation
the plate is aspirated and washed 4 times. Any unbound detec-
tion antibody is washed away. In the next step prepared sub-
strate solution tetramethylbenzidine (TMB) is added to the
wells and a blue colour develops in proportion to the amount
of analyte present in the sample. After 20 minutes incubation
the colour develops (blue) proportional to the cytokine con-
centration. For analysis colour development is stopped turn-
ing the colour in the wells to yellow. The absorbance of the
colour at 450 nm is measured which is read in the microplate
reader.

Measurement of Renal Dysfunction

[0082] In 1989 Kopple et al as part of the Modification of
Diet in Renal Disease study group published their findings
investigating the impact of nutritional status on chronic renal
insufficiency in 95 patients. The effects on progression of
renal disease of a control diet of only mild dietary protein
restriction were compared with 3 study diets of varying
degrees of protein restriction and reduced phosphorus intake.
The authors found that malnutrition and lower energy intake
characterised patients with the lower GFR levels. There were
some gender differences with men demonstrating a correla-
tion between GFR and arm muscle area and percentage stan-
dard body weight especially at the onset of the experimental
diets. In women, GFR correlated with dietary energy intake
[Kopple et al., Kidney Int Suppl 1989; 27]. A logical devel-
opment of this study from the MDRD group was the idea that
analysis of patients’ age weight, gender and ethnicity together
with serum creatinine would allow GFR to be estimated. This
assumption recognised that serum creatinine concentration
alone does not adequately reflect renal function but should be
considered along with the factors identified as influencing
renal function in Kopple’s study.

[0083] To develop the prediction equation 1628 patients
were enrolled in the baseline period, of which 1070 were
randomly selected as the training sample whereas the remain-
ing 558 patients constituted the validation sample. The
authors then used stepwise regression to the training sample
to develop the equation which was then tested and compared
with the Cockcroft and Gault formula and creatinine clear-
ance measurements in the validation sample.

[0084] It was found that several measured variables were
associated with a lower GFR. These included higher serum
creatinine, higher serum urea and lower serum albumin levels
concentrations. Independent variables associated with lower
GFR included older age group, female gender and non-black
ethnicity (P<0.001 for all factors).

[0085] The multiple regression models explained 90.3% of
the variance in the logarithm of GFR in the validation sample.
Measured creatinine clearance overestimated GFR by 19%,
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and creatinine clearance predicted by the Cockcroft-Gault
formula overestimated GFR by 16%. After adjustment for
this overestimation, the percentage of variance of the loga-
rithm of GFR predicted by measured creatinine clearance or
the Cockeroft-Gault formula was 86.6% and 84.2%, respec-
tively.

[0086] MDRD study group estimated GFR is calculated
from the following formula:

X=32788xcreatinine-1.154xage-0.203xconstant

where the constantis 1 for white males, 0.724 for females, and
1.21 for African Americans.

[0087] MDRD estimated GFR in the present study was
calculated from the above formula.

[0088] According to the above formula MDRD GFR was
calculated at preop day 0 and at post operative days 1, 2 and
5. For each separate post op day as well as all post op days
together patients can be divided into normal and abnormal
renal function groups where “normal” and “abnormal” were
defined by those who sustained falls in MDRD GFR of less
than or greater than 15% of baseline respectively.

[0089] Insummary then foreach cytokine baseline and post
surgery cytokine values were compared between the normal
and abnormal groups where normality and abnormality were
defined according to the 4 definitions mentioned below.

[0090] Definition 1: ‘Abnormality’ is defined as having day
1 MDRD >15% drop from baseline. (Early renal dysfunc-
tion).

[0091] Definition 2. ‘Abnormality’ is defined as having day
2 MDRD >15% drop from baseline. (Early renal dysfunc-
tion).

[0092] Definition 3. ‘Abnormality’ is defined as having day

5 MDRD >15% drop from baseline. (Late renal dysfunction).
[0093] Definition 4. ‘Abnormality’ is defined as having at
least one MDRD value >15% drop from baseline during days
1,2, and 5. (General renal dysfunction).

Results

[0094] Twenty percent of patients (7%397) were registered in
the early renal dysfunction group (days 1 and 2). Of this
subgroup it was found that by the fifth postoperative day 56
(71%) had got better and only 23 (29%) still had renal dys-
function. This shows that over two thirds of patients who have
renal dysfunction in the first 48 hours postoperatively are
better at 5 days post operatively.

[0095] Ten percent of all patients (4%497) were registered as
having late renal dysfunction on the fifth postoperative day.
Of'this subgroup, 23 (57.5%) developed renal problems in the
immediate postoperative period. However 17 of these 40
patients (42.5%) only showed their renal problems several
days postoperatively despite normal post op renal function.
This shows that over one third of patients with late renal
dysfunction develop this complication without immediate
postoperative signs of renal problems.

Cytokine Results

[0096] Changes in the cytokines from baseline are com-
pared between normal and abnormal renal function groups.
Renal function is defined according to the criteria provided
above.

(1) Urinary IL-1ra and Urinary TNFsr-2 24 Hours Post
Operatively:

[0097] Patients who showed abnormal renal function on the
fifth postoperative day (day 5 MDRD ratio >15%) (n=32)
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demonstrated as early as only 24 hours postoperatively a very
significantly lower urinary anti-inflammatory response (uri-
nary TNFsr-2 and IL-1ra at 24 hours post op) than those
patients who later at day 5 showed normal renal function
(n=347) (day 5 MDRD r<15%).

(2) Urinary IL-1ra and TNF-sr2:

[0098] Patients who showed abnormal renal function on the
first and second postoperative days (day 1-2 MDRD ratio
>15%) (n=32 on day 1; n=68 on day 2) demonstrated as early
as only 24 hours postoperatively a significantly lower urinary
anti-inflammatory TNF-sr2 than those patients who showed
normal renal function on days 1 and 2 (day 1-2 MDRD
r<15%) (n=360 day 1; n=323 day 2).

[0099] This shows that urinary TNF-sr2 is reduced in the
urine of those patients who had early (days 1 and 2) as well as
late (day 5) renal dysfunction.

[0100] There was no significant difference in 24 hour uri-
nary anti-inflammatory IL-1ra between those patients who at
day 1 and 2 showed abnormal renal function as compared
with those who had normal renal function in the same period.
[0101] Urinary TNF-sr2 at 24 hours was significantly lower
in the renal dysfunction group of days 1 and 2 whereas urinary
IL-1ra in the same time period was not significantly lower in
the renal dysfunction group.

(3) The Cytokine Profile which Characterises Early Renal
Dysfunction:

[0102] Our results show that early postoperative renal dys-
function at days 1 and 2 have a 24 hour post operative cytok-
ine profile characterised by decreases in the 24 hour post op
urinary TNF-sr2 response but not IL-1ra.

(4) The Cytokine Profile which Characterises Late Renal
Dysfunction:

[0103] Renal dysfunction developing much later around
day 5 post operatively has a different cytokine profile being
characterised by very significant reductions in the 24 hour
post operative urinary IL-1ra and TNF-sr2 responses.

1. A method for the diagnosis and/or prognosis of renal
dysfunction induced by physical trauma, hypotension, sepsis
and/or septic shock syndrome, wherein the method comprises
the steps of:

a) determining the level of an anti-inflammatory cytokine
presentin a urine sample from a subject prior to physical
trauma, prior to a hypotensive event, prior to sepsis,
and/or prior to septic shock syndrome;

b) determining the level of the anti-inflammatory cytokine
present in a urine sample from the subject following
physical trauma, following or during a hypotensive
event, following or during sepsis, and/or following or
during septic shock syndrome;

¢) calculating the difference between the level of the anti-
inflammatory cytokine determined in step a) from the
level of the anti-inflammatory cytokine determined in
step b); and

d) providing a diagnosis and/or prognosis on the basis of a
comparison between the difference calculated in step c)
and the difference calculated in step ¢) when steps a) and
b) are practiced on a control group.

2. A method as claimed in claim 1, wherein those subjects
that present with a difference calculated in step c) that is
smaller than the difference calculated in step ¢) when steps a)
and b) are practiced on a control group are at greater than
normal risk of developing renal dysfunction.
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3. A method as claimed in claim 1, wherein subjects that
present with a difference calculated in step c) that is less than
100% that of the difference in step ¢) when steps a) and b) are
practiced on a control group are at greater than normal risk of
developing renal dysfunction.

4. A method as claimed in claim 1, wherein the renal
dysfunction is acute renal dysfunction.

5. A method as claimed in claim 1, wherein the urine
sample analysed in step b) is obtained from the subject fol-
lowing physical trauma, hypotensive event, sepsis, and/or
septic shock syndrome by less than 48 hours.

6. A method as claimed in claim 1, further comprising the
steps of:

a") determining the level of one or more additional anti-
inflammatory cytokine present in a urine sample from a
subject prior to physical trauma, prior to a hypotensive
event, prior to sepsis, and/or prior to septic shock syn-
drome;

b") determining the level of one or more additional anti-
inflammatory cytokine present in a urine sample from
the subject following physical trauma, following or dur-
ing a hypotensive event, following or during sepsis, and/
or following or during septic shock syndrome;

¢") calculating the difference between the level of the one
or more additional anti-inflammatory cytokine deter-
mined in step a") from the level of the one or more
additional anti-inflammatory cytokine determined in
step b"); and

d") providing a diagnosis and/or prognosis on the basis of
a comparison between the difference calculated in step
¢") and the difference calculated in step ¢") when steps
a") and b") are practiced on a control group.

7. A method as claimed in claim 1, further comprising the

steps of:

a'"") determining the level of one or more pro-inflammatory
mediator present in a urine sample from a subject prior to
physical trauma, prior to a hypotensive event, prior to
sepsis, and/or prior to septic shock syndrome;

b"") determining the level of one or more pro-inflammatory
mediator present in a urine sample from the subject
following physical trauma, following or during a
hypotensive event, following or during sepsis, and/or
following or during septic shock syndrome;

¢'"") calculating the difference between the level of the one
or more pro-inflammatory mediator determined in step
a") from the level of the one or more additional pro-
inflammatory mediator determined in step b™); and

d") providing a diagnosis and/or prognosis on the basis of
a comparison between the difference calculated in step
¢") and the difference calculated in step ¢"') when steps
a™) and b") are practiced on a control group.

8. A method as claimed in claim 1, wherein the anti-inflam-
matory cytokine, or the one or more additional cytokine is
selected from the group consisting of:—TNFsrl, TNFsr2,
IL-1ra, and any combination thereof.

9. A method as claimed in claim 8, wherein when the
cytokine is TNFsr2 and the difference calculated in step c¢)
when steps a) and b) are practiced on a control group is 7500
or more pg of TNFsr2 in one ml of urine greater than the
difference calculated in ¢) the subject is at greater than normal
risk of developing renal dysfunction.

10. A method as claimed in claim 8, wherein when the
cytokine is IL-1ra, and the difference calculated in step c)
when steps a) and b) are practiced on a control group is 35000



US 2011/0071121 Al

or more pg of IL-1ra in one ml of urine greater than the
difference calculated in ¢) the subject is at greater than normal
risk of developing renal dysfunction.

11. A method as claimed in claim 7, wherein the one or
more pro-inflammatory mediator is IL-18 and/or NGAL.

12. A kit for the diagnosis and/or prognosis of renal dys-
function induced by physical trauma, hypotension, sepsis
and/or septic shock syndrome, wherein the kit comprises:

a) one or more reagents for the detection of the amount of

one or more anti-inflammatory cytokine; and

b) instructions for using the one or more reagents for

detecting the one or more anti-inflammatory cytokines.

13. A kit as claimed in claim 12, further comprising one or
more reagents for the detection of one or more pro-inflam-
matory mediator and instructions for using the one or more
reagents for detecting the one or more pro-inflammatory
mediator.

14. A kit as claimed in claim 12, further comprising instruc-
tions for using the detecting of the one or more anti-inflam-
matory cytokines and/or for using the detecting of one or
more pro-inflammatory mediator in order to arrive at a diag-
nosis or prognosis for renal dysfunction.
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15. A kit for use in the method recited in claim 1.

16. A method of treating renal dysfunction induced by
physical trauma, hypotension, sepsis and/or septic shock syn-
drome, wherein the method includes the steps of:

(i) diagnosing or prognosing renal dysfunction according

to the method recited in claim 1; and

(i1) when the subject is identified to be at increased risk of

developing renal dysfunction, applying therapeutic
measures to treat or obviate the impending renal dys-
function.

17. A method as claimed in claim 16, wherein the thera-
peutic measures applied in step (ii) may be:

maintaining a supra-normal blood pressure; ensuring

adequate tissue oxygen delivery;

administration of steroids;

renal replacement therapy;

dialysis; or

any combination thereof.

18-19. (canceled)
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