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Abstract

Circadian rhythms are daily oscillations of multiple biological processes. Re-
cently, relationships between circadian rhythms and immune functions have
also been described. In a mouse sepsis model, the death rate due to lipopoly-
saccharide (LPS)-induced endotoxic shock was found to be dependent on LPS
administration as determined by circadian time. In humans, a pronounced in-
flammatory response to endotoxemia differs depending on whether it is day-
time or night-time: Levels of tumor necrosis factor-alpha and interleukin-6
were higher during the night. Therefore, it is reasonable to assume that circa-
dian rhythms influence not only organ dysfunction and the prognosis induced
by LPS, but also the therapeutic effect of anti-LPS therapy such as Polymyx-
in-B direct hemoperfusion. We herein postulate the concept that it is impor-
tant to discuss septic shock treatment in terms of whether or not the treat-
ment is adjusted for the optimal time window as determined by circadian
rhythms.
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1. Text

Toll-like receptor (TLR) families on monocytes/macrophages are involved in the
injtiation of a chain reaction in response to an infection. More specifically, TLR2
and TLR4 are related to the recognition of gram-positive and gram-negative
bacteria, respectively [1]. In sepsis, mononuclear cells/macrophages are activated
via TLR to release early mediators such as interleukin-6 (IL-6) and IL-8, which
further stimulate mononuclear cells/macrophages. The cells also release a late
lethal mediator, High Mobility Group Box 1 (HMGB1) [2]. Once endothelial

cells are injured, they also release excessive HMGBI into the bloodstream. Ac-
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cordingly, in septic shock, it is obvious that the regulation of pro-inflammatory
cytokines is of the utmost importance in addition to the treatment of causative
disorders. We have previously reported that combination therapy with Polymyxin-
B direct hemoperfusion (PMX-DHP) and recombinant thrombomodulin (rTM)
is effective in septic shock that is accompanied by disseminated intravascular
coagulation (DIC), and that this was expected to improve patient survival rates
through HMGBI regulation [3]. Moreover, early induction of PMX-DHP was
found to be associated with amelioration of hemodynamic derangement and
mortality in patients with septic shock [4].

Circadian rhythms are daily oscillations of multiple biological processes, typi-
cal examples being cellular or animal activities such as feeding behavior and the
cell cycle, which are driven by an endogenous clock [5]. A protein heterodimer
composed of CLOCK and BMALLI is the core transcriptional regulator of the
circadian clock and facilitates the transcription of Period2 (Per2) and Periodl
(Perl) circadian genes [6] [7]. In the past, we have described the influence of
circadian rhythms on cell junctions in the rat [8]. We also reported on the rela-
tionship between the parathyroid hormone (PTH) circadian rhythm and cal-
cium-phosphorus metabolism in non-dialyzed, chronic kidney disease (CKD)
patients [9].

Recently, relationships between circadian rhythms and immune functions, in-
cluding those of macrophages [10], T cells [11], dendritic cells, and B cells [12],
have been described. TLR9, one of the HMGBI receptors, is controlled by BMAL1
and CLOCK binding to its promoter. Daily variations in TLR9 responsiveness
were found to influence disease severity in a TLR9-dependent cecal ligation and
puncture (CLP) mouse model of sepsis [13]. In another mouse sepsis model, the
death rate due to lipopolysaccharide (LPS)-induced endotoxic shock was found
to be dependent on the LPS administration time [14] [15]. Per2-deficient mice
were also found to be more resistant to LPS-induced endotoxic shock than con-
trol wild-type mice [14]. On the other hand, LPS was reported to downregulate
Perl and Per2 gene expression [16]. In humans, a pronounced inflammatory
response to endotoxemia differs depending on whether it is daytime or night-
time: levels of tumor necrosis factor (ITNF)-alpha and IL-6 were found to be
higher during the night [17]. Therefore, with regard to the pathophysiology in
response to septic shock, it is reasonable to assume that the circadian rhythm in-
fluences not only organ dysfunction and the prognosis induced by LPS, but also
the therapeutic effect of anti-LPS therapy in humans.

Studies of chronotherapy with regard to the circadian rhythm in the treatment
of chemotherapy or hypertension have recently been increasing [18]. However,
to the best of our knowledge, a study of the influence of chronotherapy in acute
blood purification to treat septic shock is lacking. PMX-DHP has been widely
used in Japan as treatment for septic shock. PMX-DHP therapy is designed to
remove endotoxin through direct adsorption and is generally administered for 2
h. If, however, chronotherapy is relevant to acute blood purification for septic

shock, we hypothesize that PMX-DHP would show an improved or even optimal
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therapeutic performance in time periods when LPS is most strongly toxic and
organ dysfunction becomes more severe. Namely, as shown in Figure 1, the
therapeutic effect of PMX-DHP may differ between time periods (D and @.

Currently ongoing is the EUPHRATES study, a randomized, double-blind
controlled, clinical trial undertaken throughout the US and Canada that com-
pares standard of care versus standard of care plus PMX-DHP using Spectral’s
EAA™ Endotoxin Activity Assay [19]. The results have not been completely
published, but, in future, we may have to reconsider such results from the point
of view of chronotherapy as described above. Recently, a duration longer than
the conventional 2 h of PMX-DHP therapy was expected to improve the hemo-
dynamics and pulmonary oxygenation capacity of patients with septic shock
[20]. The longer duration of PMX-DHP may not only allow an improvement in
the total removal of endotoxin, but may also be undertaken in time period @
(Figure 2).

Therefore, we herein put forward the concept that it is important to discuss
septic shock treatment in terms of not only how prompt PMX-DHP is initiated
after septic shock, but also whether or not the treatment is adjusted for the op-
timal time window as determined by circadian rhythms, with the purposes of
improving patient prognoses and investigating a more valid treatment for septic

shock patients.

2. Conclusion

We postulate a concept that it is important to discuss septic shock treatment in
terms of not only how prompt PMX-DHP is initiated after septic shock, but also
whether or not the treatment is adjusted for the optimal time window of circa-
dian rhythm.

Inflammatory
response by LPS

Increased therapeutic effect ‘ ‘ Decreased therapeutic effect

O) @
) )
PMX-DHP PMX-DHP

Circadian time

Figure 1. The therapeutic effect of PMX-DHP may differ between time periods (O and
@.
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Inflammatory
response by LPS

Increased therapeutic effect ‘ I Decreased therapeutic effect

longer duration of PMX-DHP

Circadian time

Figure 2. The longer duration of PMX-DHP may not only allow an improvement in the
total removal of endotoxin, but may also be undertaken in time period @.

Declaration of Interest

The authors have no conflicts of interest to disclose.

References

(1]

(2]

(3]

(4]

(8]

Takeuchi, O., Hoshino, K., Kawai, T., et al (1999) Differential Roles of TLR2 and
TLR4 in Recognition of Gram-Negative and Gram-Positive Bacterial Cell Wall
Components. Immunity, 11, 443-451.
https://doi.org/10.1016/S1074-7613(00)80119-3

Wang, H., Bloom, O., Zhang, M., et al (1999) HMG-1 as a Late Mediator of Endo-
toxin Lethality in Mice. Science, 285, 248-251.
https://doi.org/10.1126/science.285.5425.248

Yamato, M., Minematsu, Y., Fujii, J., et a (2013) Effective Combination Therapy of
Polymyxin-B Direct Hemoperfusion and Recombinant Thrombomodulin for Septic
Shock Accompanied by Disseminated Intravascular Coagulation: A Historical Con-
trolled Trial. Therapeutic Apheresis and Dialysis, 17, 472-476.
https://doi.org/10.1111/1744-9987.12112

Chihara, S., Masuda, Y., Tatsumi, H., et al (2017) Early Induction of Direct Hemo-
perfusion with a Polymyxin-B Immobilized Column Is Associated with Ameliora-

tion of Hemodynamic Derangement and Mortality in Patients with Septic Shock.
Journal of Artificial Organs, 20, 71-75. https://doi.org/10.1007/s10047-016-0922-9

Yang, G., Paschos, G., Curtis, A.M., et al (2013) Knitting up the Raveled Sleave of
Care. Science Translational Medicine, 5, 212rv3.
https://doi.org/10.1126/scitranslmed.3007225

Dunlap, J.C. (1999) Molecular Bases for Circadian Clocks. Cell, 96, 271-290.
https://doi.org/10.1016/S0092-8674(00)80566-8

Sassone-Corsi, P. (1998) Molecular Clocks: Mastering Time by Gene Regulation.
Nature, 392, 871-874. https://doi.org/10.1038/31821

Yamato, M., Ito, T., Iwatani, H., Yamato, M., Imai, E. and Rakugi, H. (2010) E-
Cadherin and Claudin-4 Expression Has Circadian Rhythm in Adult Rat Kidney.

%%
0:{5: Scientific Research Publishing

35


https://doi.org/10.1016/S1074-7613(00)80119-3
https://doi.org/10.1126/science.285.5425.248
https://doi.org/10.1111/1744-9987.12112
https://doi.org/10.1007/s10047-016-0922-9
https://doi.org/10.1126/scitranslmed.3007225
https://doi.org/10.1016/S0092-8674(00)80566-8
https://doi.org/10.1038/31821

M. Yamato, Y. Minematsu

[10]

(11]

[12]

(13]

[15]

(20]

Journal of Nephrology, 23, 102-110.

Yamato, M., Takaori, K., Tomiyama, Y., ef al (2016) Abnormal Diurnal Patterns of
Parathyroid Hormone Are Associated with Sustained Mild Hypercalcemia in
Non-Dialyzed Chronic Kidney Disease. Clin Lab., 62, 81-88.

Keller, M., Mazuch, J., Abraham, U., et al. (2009) A Circadian Clock in Macrophag-
es Controls Inflammatory Immune Responses. Proceedings of the National Acade-
my of Sciences of the United States of America, 106, 21407-21412.
https://doi.org/10.1073/pnas.0906361106

Bollinger, T., Leutz, A., Leliavski, A., et al (2011) Circadian Clocks in Mouse and
Human CD4+ T Cells. PLoS ONE, 6, €29801.
https://doi.org/10.1371/journal.pone.0029801

Silver, A.C., Arjona, A., Hughes, M.E., Nitabach, M.N. and Fikrig, E. (2012) Circa-
dian Expression of Clock Genes in Mouse Macrophages, Dendritic Cells, and B
Cells. Brain, Behavior, and Immunity, 26, 407-413.

Silver, A.C., Arjona, A., Walker, W.E. and Fikrig, E. (2012) The Circadian Clock
Controls Toll-Like Receptor 9-Mediated Innate and Adaptive Immunity. Immunity,
36, 251-261.

Liu, J., Malkani, G., Shi, X., et a/ (2006) The Circadian Clock Period 2 Gene Regu-
lates Gamma Interferon Production of NK Cells in Host Response to Lipopolysac-
charide-Induced Endotoxic Shock. Infection and Immunity, 74, 4750-4756.
https://doi.org/10.1128/1A1.00287-06

Curtis, A.M., Fagundes, C.T., Yang, G., et al (2015) Circadian Control of Innate
Immunity in Macrophages by miR-155 Targeting Bmall. Proceedings of the Na-
tional Academy of Sciences of the United States, 112, 7231-7236.
https://doi.org/10.1073/pnas.1501327112

Okada, K., Yano, M., Doki, Y., et al (2008) Injection of LPS Causes Transient Sup-
pression of Biological Clock Genes in Rats. Journal of Surgical Research, 145, 5-12.

Alamili, M., Bendtzen, K., Lykkesfeldt, J., Rosenberg, J. and Gogenur, 1. (2014)
Pronounced Inflammatory Response to Endotoxaemia during Night-Time: A Ran-
domised Cross-Over Trial. PLoS ONE, 9, e87413.
https://doi.org/10.1371/journal.pone.0087413

Selfridge, J.M., Gotoh, T., Schiffhauer, S., et al (2016) Chronotherapy: Intuitive,
Sound, Founded...But Not Broadly Applied. Drugs, 76, 1507-1521.
https://doi.org/10.1007/s40265-016-0646-4

Klein, D.J., Foster, D., Schorr, C.A., Kazempour, K., Walker, P.M. and Dellinger,
R.P. (2014) The EUPHRATES Trial (Evaluating the Use of Polymyxin B Hemoper-
fusion in a Randomized Controlled Trial of Adults Treated for Endotoxemia and
Septic Shock): Study Protocol for a Randomized Controlled Trial. 7rials, 15, 218.
https://doi.org/10.1186/1745-6215-15-218

Yamashita, C., Hara, Y., Kuriyama, N., Nakamura, T. and Nishida, O. (2015) Clini-
cal Effects of a Longer Duration of Polymyxin B-Immobilized Fiber Column Direct
Hemoperfusion Therapy for Severe Sepsis and Septic Shock. Therapeutic Apheresis
and Dialysis, 19, 316-323. https://doi.org/10.1111/1744-9987.12339

36

K2
o5
“2:0

Scientific Research Publishing


https://doi.org/10.1073/pnas.0906361106
https://doi.org/10.1371/journal.pone.0029801
https://doi.org/10.1128/IAI.00287-06
https://doi.org/10.1073/pnas.1501327112
https://doi.org/10.1371/journal.pone.0087413
https://doi.org/10.1007/s40265-016-0646-4
https://doi.org/10.1186/1745-6215-15-218
https://doi.org/10.1111/1744-9987.12339

o
+%%, Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best
service for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service

User-friendly online submission system

Fair and swift peer-review system

Efficient typesetting and proofreading procedure

Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact jpm@scirp.org



http://papersubmission.scirp.org/
mailto:jbm@scirp.org

	A New Approach: Chronotherapy in Acute Blood Purification for Septic Shock
	Abstract
	Keywords
	1. Text
	2. Conclusion
	Declaration of Interest
	References

