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(57) ABSTRACT

Physical condition under stress can be controlled by using
adiponectin in blood as a stress marker and measuring a level
thereof. Moreover, endotoxin activity can be inhibited by
using adiponectin.
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METHOD FOR CONTROL OF INVASION AND
USE OF ADIPONECTIN

TECHNICAL FIELD

[0001] The present invention relates to a method for control
of invasion and use of adiponectin in the fields of biology,
medicine, and so on.

BACKGROUND ART

[0002] With increases in the proportion of population with
obesity in recent years, perioperative management for
patients with obesity is deemed to become more important in
the realm of surgery. In addition to difficulty in performing an
operation itself, obesity is often complicated with so-called
metabolic syndrome such as arteriosclerosis, hypertension,
and diabetes mellitus and has high possibilities of complica-
tions including post operative infection. Therefore, obesity is
thought to be an important risk factor in operations. However,
influences on surgical stress in patients having such a risk and
the risk of post operative complications could not be con-
verted previously into numbers. Adiponectin is known to
show low levels in patients with multiple risk factor syndrome
including patients with obesity. Perioperative adiponectin
measurement can determine influences on the surgery of
patients with multiple risk factor syndrome.

[0003] On the other hand, excessive operative invasion in
the perioperative period sometimes results in patients’ mis-
erable outcomes. How to control the generation of excessive
inflammatory cytokines at an early stage after surgery is
important for preventing post operative complications, par-
ticularly post operative infection, from occurring. While a
start has recently been made at introducing the immediate
measurement of cytokines in blood in post operative manage-
ment, it may be important for a method for control of cytok-
ines to control only excessive reaction and maintain funda-
mental vital reaction itself. It is considered that the more
detailed control of cytokines or custom-made treatment that
takes info consideration difference in the reaction of each
individual is required in the future. Thus, a more convenient
and unerring stress marker has been demanded strongly.
[0004] Moreover, studies on endotoxin have been con-
ducted actively in studies in the biological field and treat-
ments and studies in the medical field of recent years. Atten-
tion has been given particularly to the activation of the
immune system and the action of stimuli to cytokine produc-
tion. These actions directly have strong involvement in dis-
eases such as sepsis, liver failure, respiratory failure, DIC, and
multiple organ failure (MOF), and there has been consider-
able interest on measures against them for a long time.
Besides, it has recently been revealed that chronic endotoxin
stimulation and cytokines including TNF-c. induced by this
stimulation are involved in the conditions of medical diseases
including fatty liver and inflammatory bowel disease.

[0005] Although several techniques have been developed
previously as techniques for neutralization or removal of
endotoxin, their own problems have been pointed out. For
example, globulin replacement therapy using anti-core
polysaccharide LPS immunoglobulin falls short of preventive
effect on infection and improvement in death rate attributed to
shock. Monoclonal antibody therapy against lipid A also falls
short of improvement in death rate attributed to shock. With
progresses in antibacterial peptide (CAP18 peptide) therapy
found from human neutrophils and further in the analysis of
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signals via an endotoxin-specific receptor (TLR), the possi-
bility of anti-TLR antibodies as therapeutic drugs for endot-
oxin shock has been expected. However, none of them has led
to clinical application. Moreover, a polymyxin B-adsorbed
column, the only thing that is used clinically, employs extra-
corporeal circulation and as such, presents problems associ-
ated with cost efficiency, decreased blood platelets, and so on.
Additionally, it was unclear whether the column improves
cytokinemia, which essentially constitutes sepsis. As
described above, the conventional techniques are not efficient
as techniques for neutralization of endotoxin. Thus, the
improvement and development thereof have been demanded
strongly.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0006] Thepresentinvention has been achieved forthe sake
of solving a variety of problems of the conventional tech-
niques as described above. Namely, an object of the present
invention is to provide a stress marker on the basis of ideas
totally different from the conventional techniques.

[0007] Another object of the present invention is to provide
an endotoxin-neutralizing agent on the basis of ideas totally
different from the conventional techniques.

Means for Solving the Problems

[0008] The present inventors have approached studies from
various angles for attaining the object and conducted research
and development. As a result, the present inventors have
found that invasion can be controlled by using adiponectin in
blood as a stress marker and measuring a level thereof.
[0009] The present inventors have also approached studies
from various angles for attaining the object and conducted
research and development. As a result, the present inventors
have found that human adiponectin is effective for inhibiting
endotoxin activity.

[0010] The present invention has been completed on the
basis of these findings.

[0011] Specifically, the present invention provides each of
the following inventions:

[0012] (1) A method for control of invasion comprising
using adiponectin in blood as a stress marker and measuring
a level thereof and a ratio of the adiponectin level after stress
to the adiponectin level before stress (e.g., a ratio of the
adiponectin level after surgery to the adiponectin level before
surgery).

[0013] (2) A system for control of invasion complying with
the method for control of invasion according to (1).

[0014] (3) A method for creating a clinical path using the
system for control of invasion according to (2) as a subclass.
[0015] (4) A method for predicting the manifestation of
post operative infection using the system for control of inva-
sion according to (2).

[0016] (5) A method for measuring surgical stress in a
patient with metabolic syndrome using the system for control
of invasion according to (2).

[0017] (6) Adiponectin as a stress marker used for sepsis,
hypercytokinemia, multiple organ failure, and so on.

[0018] (7) Use of adiponectin as a stress marker in control
of invasion.
[0019] (8) A method for analyzing stress factors, character-

ized by using adiponectin.
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[0020] (9) An endotoxin-neutralizing agent, characterized
by comprising human adiponectin in an amount effective for
inhibiting endotoxin activity.

[0021] (10) A treatment method for disease in need of inhi-
bition of endotoxin activity, characterized by directly admin-
istering an endotoxin-neutralizing agent comprising human
adiponectin into the body.

Advantageous Effects of the Invention

[0022] The use of a method for control of physical condi-
tion described in the present invention enables unerring con-
trol of post operative invasion or invasion during the treat-
ment of sepsis.

[0023] The use of an endotoxin-neutralizing agent
described in the present invention enables efficient treatment
of, for example, sepsis, multiple organ failure (MOF), DIC,
respiratory failure (ARDS), liver cirrhosis, fatty liver, liver
failure, inflammatory bowel disease, peritonitis, organ trans-
plantation, dialysis, burns, trauma, intravenous hyperalimen-
tation, and serious acute pancreatitis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.1showsaresult ofcalculating an average value
of the concentration of adiponectin in blood after surgery and
standard deviation, and is a graph showing that the level of
adiponectin in blood is decreased due to operative invasion;

[0025] FIG. 2 is a graph showing a result of comparison
between a group with infection (positive group for the level of
SLP in blood) and a negative group on 10 days after surgery.
The graph shows that the adiponectin level is significantly
decreased in the SLP-positive group after surgery as com-
pared with before surgery; and

[0026] FIG. 3 is a graph showing that a physiological con-
centration of adiponectin neutralizes a low concentration of
LPS and endotoxin.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0027] Adiponectin is an endocrine factor specific to adi-
pose tissue cloned by the inventor in Institute for Molecular
and Cellular Biology, Osaka University (Maeda K et al.:
Biochem Biophys Res Commun 221 (2): 286-9, 1996). Ithas
been revealed that its concentration in blood is decreased in
obese individuals, and that even at the same degree of obesity,
adiponectin in blood is decreased in arteriosclerotic diseases
such as myocardial infarction and angina pectoris and in
diabetes mellitus (Maeda K et al.: Annual Review 2004, Inter-
nal Secretion, Metabolism, p 15-19). Thus, adiponectin is
also considered to be effective for grasping general status
before and after surgery in patients with so-called metabolic
syndrome such as diabetes mellitus, hypertension, and hyper-
lipidemia.

[0028] The present inventors have recently found that adi-
ponectin directly has the action of inhibiting endotoxin activ-
ity. Blood after surgery contains endotoxin at a relatively high
concentration. This leads to a decreased concentration of
adiponectin having the function of inhibiting the activation of
this endotoxin. This is assumed to be because adiponectin is
consumed as an endogenous neutralizer acting on endotoxin
or because the adiponectin concentration is decreased as a
result of hypercytokinemia caused by endotoxin or infection.
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Thus, it is still further useful for the control of physical
condition to pay attention to this adiponectin in monitoring
post operative invasion.

[0029] Endotoxin is a Gram-negative bacterial cellular
component having various bioactivities. Clinically, sepsis
(endotoxemia) is quite difficult to treat, and exhibits high
fatalities because an effective therapy for the disease is still
absent. Recently, the present inventors have created a rat
peritonitis model and measured adiponectin, endotoxin, and
TNF-a in blood. As a result, the present inventors have found
that endotoxin and TNF-at in blood are increased in this
peritonitis model as compared with a control group, whereas
adiponectin in blood is significantly decreased therein and
stands in the mirror-image relationship with TNF-a.. This
indicates the possibility that adiponectin is consumed as an
endogenous neutralizer acting on endotoxin in peritonitis,
which is hyperendotoxemia. Since the mutual inhibition of
adiponectin and an inflammatory cytokine TNF-a has been
reported in vitro, this decrease in adiponectin may be indirect
reaction associated with increase in TNF-ou activated by
endotoxin. In either case, adiponectin or an adiponectin pro-
duction enhancer may be capable of becoming a break-
through in sepsis difficult to treat.

[0030] Blood after surgery, particularly after abdominal
surgery, is considered to contain endotoxin at a relatively high
concentration. The present inventors have measured the lev-
els of adiponectin in blood before and after abdominal sur-
gery and found that the level of adiponectin in blood is
decreased after surgery as compared with before surgery, and
that the rate of this decrease is high in cases complicated with
post operative infection disease. The measurement of adi-
ponectin levels before and after surgery can determine the
degree of surgical stress and can provide the prediction of post
operative infection. Although CRP has frequently been used
clinically so far as a marker for post operative acute inflam-
matory reaction, this marker can hardly reflect changes of
actual inflammation in real time. It seems to be still further
useful for post operative management mainly composed of
measures against infection to pay attention to not only the
behaviors of inflammatory cytokines and CRP or rather the
behavior of adiponectin serving as an anti-inflammatory
cytokine during acute inflammation including operative inva-
sion. This technique is useful for a clinical path that has
recently been introduced nationwide in that patients canknow
how their own treatment schedules are or what stage the
treatment is in. Simultaneously, this method is strongly
expected as a technique that has a great impact on compre-
hensive medicine and medical economy. It is also possible to
use adiponectin in determining a therapeutic course for the
prevention of post operative infection, as in the case of the
consideration of the change of a post operative subclass in a
clinical path.

[0031] The significance of perioperative adiponectin mea-
surement is summarized as described below. In this context,
the term “perioperative (period)” means a period before, dur-
ing, and after an operation or surgery.

[0032] (1) Therisk of metabolic syndrome that has not been
converted previously into numbers can be evaluated.

[0033] (2) Decrease in the level of adiponectin in blood
after surgery that reflects surgical stress and a rise in inflam-
matory cytokine TNF-a after surgery serves as an index for
surgical stress.
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[0034] (3) Post operative infection can be predicted with a
correlation graph of the level of SLP in blood and adiponectin
on 10 days after surgery.

[0035] Inthis context, regarding (3), the preventive admin-
istration, of antimicrobial agents after surgery is basically
confined to the surgery day and the next day in Europe and
America, while they are often administered for several days in
Japan. When the patient is suspected of infection, several days
are required for obtaining the outcome of bacterial culture,
during which the administration of antimicrobial agents are
often continued. Currently, several university hospitals have
initiated large-scale clinical trials on whether an SLP level
measured on the day following surgery can be used as an
index for the presence or absence of continuation of admin-
istration of antimicrobial agents for the subsequent days. The
use of SLP, as described above, has just been started in the
prediction of post operative infection. It has been shown this
time that the level of SLP in blood on 10 days after surgery
correlates with adiponectin, and that adiponectin that reflects
surgical stress is also useful for the prediction of perioperative
infection. As described above, it is also possible to use adi-
ponectin in determining a therapeutic course for the preven-
tion of post operative infection, as in the case of the consid-
eration of the change of a post operative subclass in a clinical
path (approach for process control) from, for example, the
measurement of adiponectin levels before and after surgery.
[0036] The adiponectin targeted by the present invention is
not particularly limited by its type and includes full-length
protein forms and globular protein forms. Moreover, an ani-
mal from which the adiponectin is derived is not particularly
limited. For the purpose of post operative management for a
human, human adiponectin is used as a marker.

[0037] A method for measuring the marker may be per-
formed according to a standard method, and examples thereof
include, but not particularly limited to, a method performing
western blotting with a specific antibody and a method using
an ELISA kit manufactured by Linco. A sample may be blood
itself or blood from which blood corpuscle components have
been removed or may further be a concentrate thereof.
[0038] The control of invasion shown in the present inven-
tion is intended for the prediction and early treatment of post
operative infection and the creation of treatment schedules
including a subclass in a clinical path. Particularly, it is quite
important to convert into numbers, influences on surgical
stress in a patient with metabolic syndrome that is considered
to increase more and more in number in the future.

[0039] For the control of invasion, the concentrations of
adiponectin in the blood of an individual to be predicted may
be compared before and after surgery. In this context, at least
10% or more, preferably 20% or more, even more preferably
30% or more increase with respect to the concentration value
of adiponectin in blood before surgery makes it clear that the
individual to be predicted is susceptible to infection, insulin
resistance, sepsis, hypercytokinemia, and multiple organ fail-
ure attributed to stress.

[0040] The human adiponectin is not particularly limited
by its type and includes full-length protein forms and globular
protein forms. In the present invention, human adiponectin
that neutralizes a low concentration (50 pg/ml to 50 ng/ml) of
endotoxin is contained at a concentration of 0.1 to 100 pg/ml,
preferably at a concentration of 0.5 to 50 pg/ml, more pref-
erably at a concentration of 1 to 10 ug/ml. Adiponectin con-
centrations of 0.1 pg/ml or lower do not serve as sufficient
concentrations in blood. In contrast, adiponectin concentra-
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tions of 100 pg/ml or higher are not preferable because they
deviate from physiological concentrations in human.

[0041] The human adiponectin according to the present
invention is used as a preparation in various forms. Specific
examples thereof include, but not particularly limited to,
injections, suspensions, suppositories, ointment, creams,
gels, adhesive skin patches, and inhalants. Particularly, the
injections are prepared by dissolving human adiponectin in
an appropriate solvent and may be supplemented with a
buffer and a preservative.

[0042] The neutralizing agent shown in the present inven-
tion may also be in a form where human adiponectin has been
immobilized. A method for the immobilization is not particu-
larly limited and may be performed with a condensing agent
and so on known as a standard method. Moreover, the shape
of a carrier on which human adiponectin is adsorbed is not
particularly limited, and examples thereof include mem-
branes, fibers, hollow fibers, particulate matters, and non-
woven fabrics.

[0043] A pharmaceutical drug as the endotoxin-neutraliz-
ing agent shown in the present invention is not particularly
limited as long as its efficacy is recognized. Examples thereof
include therapeutic drugs for sepsis, multiple organ failure
(MOF), DIC, respiratory failure (ARDS), liver cirrhosis, fatty
liver, liver failure, inflammatory bowel disease, peritonitis,
organ transplantation, dialysis, burns, trauma, intravenous
hyperalimentation, and serious acute pancreatitis. Further-
more, the pharmaceutical drug is also expected as an anti-
TNF-a drug because human adiponectin inhibits the produc-
tion and action of TNF-q.

[0044] The human adiponectin is not particularly limited
by its type and includes full-length protein forms and globular
protein forms. In the present invention, human adiponectin
that neutralizes a low concentration (50 pg/ml to 50 ng/ml) of
endotoxin is contained at a concentration of 0.1 to 100 pg/ml,
preferably at a concentration of 0.5 to 50 pg/ml, more pref-
erably at a concentration of 1 to 10 pg/ml. Adiponectin con-
centrations of 0.1 pg/ml or lower do not serve as sufficient
concentrations in blood. In contrast, adiponectin concentra-
tions of 100 pg/ml or higher are not preferable because they
deviate from physiological concentrations in human.

[0045] The human adiponectin according to the present
invention is used as a preparation in various forms. Specific
examples thereof include, but not particularly limited to,
injections, suspensions, suppositories, ointment, creams,
gels, adhesive skin patches, and inhalants. Particularly, the
injections are prepared by dissolving human adiponectin in
an appropriate solvent and may be supplemented with a
buffer and a preservative.

[0046] The neutralizing agent shown in the present inven-
tion may also be in a form where human adiponectin has been
immobilized. A method for the immobilization is not particu-
larly limited and may be performed with a condensing agent
and so on known as a standard method. Moreover, the shape
of a carrier on which human adiponectin is adsorbed is not
particularly limited, and examples thereof include mem-
branes, fibers, hollow fibers, particulate matters, and non-
woven fabrics.

[0047] A pharmaceutical drug as the endotoxin-neutraliz-
ing agent shown in the present invention is not particularly
limited as long as its efficacy is recognized. Examples thereof
include therapeutic drugs for sepsis, multiple organ failure
(MOF), DIC, respiratory failure (ARDS), liver cirrhosis, fatty
liver, liver failure, inflammatory bowel disease, peritonitis,
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organ transplantation, dialysis, burns, trauma, intravenous
hyperalimentation, and serious acute pancreatitis. Further-
more, the pharmaceutical drug is also expected as an anti-
TNF-a drug because human adiponectin inhibits the produc-
tion and action of TNF-q.

EXAMPLES

[0048] Hereinafter, the present invention will be described
more specifically with reference to Examples. However, the
present invention is not intended to be limited to them by any
means.

Example 1

[0049] The concentrations of adiponectin in blood before
and after surgery in 38 cases of abdominal surgery (19 male
cases and 19 female cases) were measured according to a
standard method to calculate an average value thereof and
standard deviation. The obtained results are shown in FIG. 1.
This shows that the concentration of adiponectin in blood is
decreased due to abdominal surgery. The concentrations of
adiponectin in blood before and after surgery were 10+1.0
pg/ml and 8.1+0.9 ng/ml, respectively, and the concentration
of adiponectin after surgery was significantly (p<0.0001)
decreased as compared with before surgery.

Exaniple 2

[0050] The ratio of the concentration of adiponectin in
blood after surgery to the concentration of adiponectin in
blood before surgery (adiponectin concentration after sur-
gery/adiponectin concentration before surgery) in 38 cases of
abdominal surgery was calculated and compared between a
positive group and a negative group for the level of SLP in
blood on 10 days after surgery. The obtained results are
shown in FIG. 2. The ratio was 0.71+0.05 in the SLP level-
positive group and 0.90+0.06 in the negative group, and the
positive group exhibited the significantly (p<0.03) low value.
This shows that perioperative infection can be predicted by
measuring the concentrations of adiponectin in blood before
and immediately after surgery, and that the ratio of the con-
centration of adiponectin in blood after surgery to the con-
centration of adiponectin in blood before surgery is useful for
the prediction of perioperative infection attributed to abdomi-
nal surgery. In this context, the SLP (Silkworm larvae plasma)
test is a method for measuring, in blood, the whole of f-glu-
can (derived from fungi) and peptidoglycan (derived from
Gram-positive cocci and Gram-negative bacilli), both of
which are bacterial cell wall components, and has previously
been shown to reflect bacterial translocation into blood
(Document: Crit. Care. Med., 2002).

Example 3

[0051] Aqueous solutions of lipopolysaccharide (Escheri-
chia coli-derived lipopolysaccharide, 0111: B4, Catalog No.
4391, manufactured by Sigma) (final concentrations: 50
ng/ml, 5 ng/ml, 500 pg/ml, and 50 pg/ml) were prepared, and
each 100-ul aliquot thereof was mixed with 100 pl of distilled
water or 100 ul of a solution of 50 pg/ml adiponectin (Techne
human recombinant adiponectin, Catalog No. 21065X). After
incubation in a thermostat bath at 37° C. for 1 hour, the
lipopolysaccharide concentrations were measured by turbi-
dimetric time assay. The obtained results are shown in FIG. 3.
This shows that a physiological concentration of adiponectin
neutralizes a low concentration of LPS.
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Example 4

[0052] The concentrations of adiponectin in blood before
and after surgery in 30 cases of abdominal surgery (15 cases
with post operative infection and 15 cases without post opera-
tive infection) were measured. The ratio of the concentration
of adiponectin in blood after surgery to the concentration of
adiponectinin blood before surgery was 0.68 in the cases with
post operative infection and 1.00 in the cases without post
operative infection, and this ratio was shown to be signifi-
cantly high in the cases with post operative infection. This
shows that the measurement of adiponectin levels before and
after surgery can determine the degree of surgical stress and
can provide the prediction of post operative infection.

INDUSTRIAL APPLICABILITY

[0053] According to a method described in the present
invention, the measurement of adiponectin levels before and
after surgery can determine the degree of surgical stress and
can provide the prediction of post operative infection. This
technique is useful for a clinical path that has recently been
introduced by many hospitals in that patients can know how
their own treatment schedules are or what stage the treatment
is in. Thus, this method is strongly expected as a technique
that has a great impact on, for example, comprehensive medi-
cine and medical economy. Thus, the present invention is a
quite useful invention in the fields of medicine, biology, and
S0 on.

[0054] According to the present invention, endotoxin is
neutralized by administering adiponectin. Therefore, endot-
oxin level can be decreased, and in addition, stimuli by endot-
oxin to the production of cytokines including TNF-c. can be
inhibited. Furthermore, the use of anti-TNF-o action of adi-
ponectin enables the treatment of disease conditions caused
by high TNF-a levels. This method is strongly expected to be
applied 1o, for example, the neutralization of endotoxin and
anti-cytokine (anti-TNF-o) during sepsis. Thus, the present
invention is a' quite useful invention in the fields of medicine,
biology, and so on.

1-24. (canceled)

25. A method for control of invasion, wherein the control of
invasion is control of post-operative infection, comprising:
(a) measuring adiponectin level in the blood before and after
operation to calculate a ratio of the adiponectin level after
operation to the adiponectin level before operation and (b)
predicting post-operative infection from the ratio.

26. The method for prediction of post-operative infection
according to claim 25, wherein the operation is a transplan-
tation treatment.

27. The method for prediction of post-operative infection
according to claim 25, wherein the infection is involved in
sepsis, hypercytokinemia, or multiple organ failure.

28. A method for prediction of post-operative infectionin a
patient, comprising: measuring adiponectin level in blood
before and after a patient’s operation and predicting the
patient is more susceptible to infection ifthe adiponectin level
in blood after the operation is decreased as compared to the
adiponectin level in blood before the operation.

29. The method for prediction of post-operative infection
according to claim 28, wherein the patient is predicted to be
more susceptible to infection if the adiponectin level in blood
after the operation is at least 10% less than the adiponectin
level in blood before the operation.
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30. The method for prediction of post-operative infection
according to claim 28, wherein the patient is predicted to be
more susceptible to infection if the adiponectin level in blood
after the operation is at least 20% less than the adiponectin
level in blood before the operation.

31. The method for prediction of post-operative infection
according to claim 28, wherein the patient is predicted to be
more susceptible to infection if the adiponectin level in blood
after the operation is at least 30% less than the adiponectin
level in blood before the operation.

# % % k&
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