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Sepsis is a common complication following infections, burns,

rauma, and major operations and has become the main cause

f death in non-coronary intensive care units. It was the most

ommon reason for hospitalization (except in live born infants)

n 2017, with 48.9 million cases reported worldwide. [1] A study

ound that sepsis led to 11.0 million deaths (which represented

9.7% of all global deaths) and has required the expenditure of

8.2 billion dollars for medical care. [1] 

The definition of sepsis had emerged from the consensus

eeting held by the American College of Chest Physicians and

ociety of Critical Care Medicine in 1992. It was first defined as

 systemic inflammatory response syndrome (SIRS) caused by

nfection (sepsis-1). The standard definition facilitates patient

election for clinical therapeutic trials and allows effective com-

unication among investigators. Although the criteria for SIRS

emonstrate adequate sensitivity, they have shown poor speci-

city over the past few decades. In addition, clinical trials target-

ng inflammatory cytokines have failed to demonstrate benefit

n these cases; this has led to uncertainties regarding the na-

ure of sepsis. In 2016, sepsis was redefined as life-threatening

rgan dysfunction caused by infection-induced dysregulation of

he host response (sepsis-3). [2] The new definition has shifted

he focus from an inflammatory reaction to severe organ dys-

unction and emphasizes the underlying mechanisms with re-

ard to abnormal host regulation. In this context, various sys-

ems are involved in the host response that maintains homeosta-

is; this includes the immune network, coagulation system, and

euroendocrine axis. Notably, the evolution of the definition of

epsis indicates a profound understanding of its pathophysiolog-

cal process. Infection-induced inflammation plays an important
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ole in the development of sepsis, and its regulation is largely

ependent on the immune response. 

nflammatory Reaction in Sepsis 

Inflammation is a defensive host reaction that is triggered by

oxious stimuli. The concept of inflammation is defined based

n pathological characteristics including redness, swelling, heat,

ain, and subsequent loss of organ function. These pathological

isorders are caused by increased permeability of blood vessels,

igration of fluid and proteins, and recruitment of leukocytes

o the site of infection or damaged tissue. 

Inflammation aims to localize and eliminate pathogens and

njurious agents and to remove damaged tissue components

o promote wound healing. However, excessive inflammation

ay occur in many diseases and is typically seen in sepsis.

n cases of infection or tissue injury in the host, the common

omponent of invading microorganisms (known as pathogen-

ssociated molecule patterns [PAMPs]) is recognized by pat-

ern recognition receptors (PRRs) such as Toll-like receptors

TLRs), nucleotide-binding oligomerization domain-like recep-

ors (NLRs), C-type lectin receptors, and absent in melanoma

-like receptors. [3] 

Although PRRs are distributed widely, they are mainly found

n innate immune cells including macrophages, neutrophils,

endritic cells (DCs), eosinophils, basophils, and mast cells

nd are able to rapidly respond to pathogen invasion. Cell

eath-mediated formation of intracellular molecules (known

s damage-associated molecular patterns [DAMPs]) can also

e recognized by PRRs; these include high mobility group

ox-1 (HMGB1) protein, mitochondrial deoxyribonucleic acid,
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Figure 1. Inflammatory reaction in sepsis. During the course of an infection, 

PAMPs and DAMPs are recognized by widely distributed PRR-expressing cells 

including immune, endothelial, and other types of cells. PRR activation trig- 

gers the induction of various inflammatory mediators, including chemokines, 

cytokines, vasoactive amines and peptides, complements, lipid mediators, and 

proteolytic enzymes, among others. These mediators transduce inflammatory 

signals to immune cells and promote their activation to eliminate pathogens. In- 

flammatory mediators can also affect the function of multiple organs. Although 

the organs do not directly participate in the defense against pathogens, they 

attempt to maintain homeostasis in the host by adapting to the inflammatory 

response. 

DAMPs: Damage-associated molecular patterns; PAMPs: Pathogen-associated 

molecule pattern; PRR: Pattern recognition receptor. 
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Figure 2. Effect of sepsis on immune cells. In the setting of sepsis, both innate 

and adaptive immune cells exhibit alternations in phenotype and function. The 

details are described in the main text. 

DC: Dendritic cell; NETs: Neutrophil extracellular traps. 
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nd heat shock proteins, among others. Upon specific recog-

ition of PAMPs/DAMPs, the relevant PRRs activate intracel-

ular signals to regulate the production of mediators including

ytokines, chemokines, vasoactive amines and peptides, com-

lements, lipid mediators, and proteolytic enzymes. [4] These

ediators subsequently transmit inflammatory signals to their

argets, which involve various host tissues and organs. In this

ontext, non-effective targets are affected by inflammatory sig-

als, but they do not directly participate in the elimination

f pathogens. These tissues and organs attempt to maintain

omeostasis in the host by adapting to inflammation via vari-

us mechanisms, which include an increase in cardiac output,

asodilatation, and acceleration of metabolism, among others.

onversely, immune cells serve as an effective target of inflam-

atory signals, which provide negative feedback to eliminate

athogens [5] ( Figure 1 ). 

Lipopolysaccharide (LPS) represents a major component of

he cell wall in Gram-negative bacteria and is a common PAMP

hat triggers sepsis. Extracellular LPS conjugates with CD14 and

s transferred to the myeloid differentiation protein 2-TLR4 com-

lex. Dimerized TLR4 transduces intracellular signals to stimu-

ate the production of pro-inflammatory cytokines via myeloid

ifferentiation protein 88-dependent or Toll or interleukin (IL)-1

eceptor domain-containing adapter-inducing interferon (IFN)-

-dependent pathways. The former activates nuclear factor- 𝜅B,

ubsequently inducing IL-1 𝛽, tumor necrosis factor (TNF)- 𝛼, and

L-6; the latter is triggered by internalization of the TLR4/Toll or

L-1 receptor domain-containing adapter-inducing IFN- 𝛽 com-

lex into endosomes. This further promotes the transcription of

ype I IFN and the activation of mixed lineage kinase domain-

ike pseudokinase-dependent necroptosis. In addition to tran-
176
criptional regulation of pro-inflammatory cytokines, TLR4 acti-

ation and its associated intracellular signaling pathways appear

o be essential for inflammasome protein transcription; it is also

nvolved in coupling during inflammasome assembly, which re-

ults in cell pyroptosis. Excessive TLR4 activation is believed

o be responsible for the cytokine storm and consequent occur-

ence of sepsis. However, outer membrane vesicles extruded by

acteria enable cytosolic localization of LPS, which is TLR4-

ndependent. [6] Intracellular LPS directly activates caspase-11

n mice or caspase-4/5 in humans; this cleaves gasdermin-D to

orm membrane pores and leads to pyroptosis. The production

nd secretion of pro-inflammatory cytokines may be augmented

y either TLR4-dependent or -independent pathways to initiate

n inflammatory reaction. In addition to LPS, the widely dis-

ributed PRRs recognize other PAMPs (including flagellin pro-

ein, peptidoglycan, lipoteichoic acid, and nucleic acids of both

acteria and viruses) and trigger intracellular signaling. 

Among the DAMPs involved in the pathogenesis of sepsis,

MGB1 (a chromatin-binding protein) is the most studied. Fol-

owing extrusion from the cell, it is recognized by receptors for

dvanced glycation end products as well as TLR4. Extracellular

MGB1 also binds to LPS and facilitates its transport into the

ytoplasm via receptors for advanced glycation end products.

t additionally binds to other molecules and cytokines such as

eoxyribonucleic acid, ribonucleic acid, histones, nucleosomes,

L-1 𝛼, and IL-1 𝛽 to form heterocomplexes that are recognized by

RRs. HMGB1 may therefore act as a carrier for other DAMPs

n addition to being a pro-inflammatory mediator. [7] 

mmune Response in Sepsis 

Immune cells are the major source of inflammatory media-

ors and function as effective targets of inflammatory signals.

he immune response is therefore closely associated with the

ourse of the inflammatory reaction. Sepsis induces widespread

lterations in the population and function of both innate and

daptive immune cells ( Figure 2 ). 
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nnate immune response 

Neutrophils are essential for early control of invading

athogens; they concentrate at the site of infection along

hemokine gradients within hours. Activated neutrophils se-

rete cytokines that transduce inflammatory signals. In particu-

ar, activated neutrophils undergo NETosis, whereby they cap-

ure and destroy invading microorganisms by setting neutrophil

xtracellular traps (NETs) and ingesting them. In the absence

f activation, mature neutrophils progress to apoptosis within

–12 h; however, PAMP-activated neutrophils are resistant to

poptosis in cases of infection. The accumulation of neutrophils

eads to an abundance of pro-inflammatory cytokines, reactive

xygen species, and proteases, which participate in the cytokine

torm and tissue injury. Accumulated neutrophils also trigger

xtensive microthrombus formation at the base of the NETs;

hese are known as immunothrombi. NETs formation in the alve-

li impairs ventilation and directly induces acute respiratory dis-

ress syndrome (ARDS), which is one of the factors associated

ith mortality in sepsis. [8] 

Resident macrophages act as the first sensor of invasive

athogens in tissues. Activated macrophages exhibit the M1

henotype, which has the capacity to phagocytose and re-

ease pro-inflammatory cytokines and chemokines. However,

acrophages gradually differentiate to the M2 phenotype dur-

ng the course of sepsis; this phenotype typically secretes anti-

nflammatory cytokines including IL-10, transforming growth

actor (TGF)- 𝛽, and the IL-1 receptor antagonist (IL-1ra). Mono-

ytes from patients with sepsis are likely to exhibit LPS toler-

nce, which is characterized by an impaired ability to induce

ro-inflammatory cytokines (such as TNF- 𝛼, IL-1, IL-6, and IL-

2) even in the presence of LPS for further stimuli in vitro . Con-

ersely, the release of anti-inflammatory mediators, such as IL-

ra and IL-10, is neither impaired nor enhanced. The underly-

ng mechanism is complicated and not fully understood; how-

ver, it may involve alterations in extracellular conditions and

eprogramming of intracellular signaling. In recent years, py-

optosis of monocytes and macrophages has been found to be

redominantly responsible for the overwhelming inflammatory

esponse. Pyroptosis was originally considered to be a protec-

ive process that aimed to eliminate intracellular pathogens in

he early stages of infection. However, sepsis induces excessive

yroptosis in monocytes and macrophages; this leads to the se-

retion of large quantities of IL-1 𝛽 and the formation of other

ntracellular components that contribute to uncontrolled inflam-

ation and even tissue injury or organ dysfunction. [9] In this

ontext, studies on animal models of sepsis suggest that inhibi-

ion or genetic deficiencies of the pyogenic pathway (including

aspase-1, caspase-11, and gasdermin-D) significantly improve

urvival. [10 , 11] 

DCs are the most potent antigen-presenting cells; they

resent specific antigens to adaptive immune cells and induce

heir effective proliferation. They are therefore indispensable

o the link between innate and adaptive immune cells. No-

ably, DCs are extremely sensitive to sepsis-induced apopto-

is. In a postmortem study, patients with sepsis and trauma

emonstrated a considerable reduction in the number of splenic

Cs. [12] Those with severe sepsis also demonstrate a similar re-

uction in circulating DCs. [13] In a study where mice were sub-

ected to a lethal endotoxin challenge, selective overexpression
177
f the anti-apoptotic factor, B-cell lymphoma 2, in DCs improved

he survival rate. [14] In addition to apoptosis, surviving DCs

how a reduction in the expression of human leukocyte anti-

en (HLA)-DR, CD80, and CD86 and an increase in the levels

f IL-10; this prevents the induction of effective T-cell prolif-

ration and promotes T-cell anergy or regulatory T-cell (Treg)

xpansion instead. The loss of both numbers and function of

Cs is considered to be a major cause of immunosuppression in

epsis. 

daptive immune response 

Adaptive immunity plays an immunoregulatory role that

ims to maintain homeostasis in the host response and limit

amage after infection. Advances in the management of sepsis

upport the concept that most patients survive the early hyper-

nflammatory phase but progressively or concomitantly enter

nto the immunosuppressive state, which leads to secondary in-

ection and death. [15] Impairment of T cells that are involved

n adaptive immunity is a major factor responsible for immuno-

uppression and even death in patients with sepsis. 

In this context, T (especially CD4+ ) cells are susceptible to

epsis-induced apoptosis. Reports suggest that absolute counts

f CD4+ T cells are obviously reduced in sepsis; non-recovery

f sufficient counts lead to poor outcomes. [16] Surviving CD4+ 

 cells subsequently exhibit exhaustion or anergy. Studies have

ndicated a reduction in T-cell proliferation and a shift in po-

arization to the Th2 phenotype. This is evident from decreased

roduction of IL-2 and IFN- 𝛾 (from Th1 cells) and increased for-

ation of IL-4, IL-10, and TGF- 𝛽 (from Th2 populations) in pa-

ients with sepsis and murine models. [17 , 18] Additionally, the ex-

ression of inhibitory receptors (including programmed death-1

PD-1]) on CD4+ T cells is upregulated in patients with septic

hock. This is associated with an increased risk of secondary

osocomial infections and mortality and may be attributed to

he potent inhibition of cell proliferation. [19] 

Treg cells exert potential immunosuppressive effects by fur-

her reducing the proliferation of effector T cells and dampening

heir function. Unlike effector T cells, Treg cells are resistant to

epsis-mediated apoptosis and even undergo expanded differ-

ntiation owing to increased Foxp3 expression. Clinical stud-

es have consistently reported significantly higher Treg popu-

ations in patients with sepsis; persistently high proportions of

reg cells are associated with mortality. [20] In this context, sepsis

ay potentiate the immunosuppressive effects of Treg cells. In a

tudy, splenic Treg cells from septic mice produced more IL-10

nd TGF- 𝛽 than naturally differentiated Treg cells from healthy

ontrols; this further inhibited the proliferation of effector CD4+ 

 cells. [21] 

B cells have the ability to produce antibodies, which medi-

te humoral immunity. Recent studies have revealed additional

unctions of B cells, including antigen presentation and cytokine

roduction. Similar to T cells, B cells demonstrate a decline in

he number among patients with sepsis. The maturation and

unction of B cells are also impaired after sepsis, and their abil-

ty to secrete antibodies is reduced due to insufficient synthesis

f immunoglobulins. Several studies have suggested that regula-

ory B-cell numbers are significantly increased in patients with

epsis; this aggravates immunosuppression owing to the secre-

ion of IL-10 and IL-35. [22] 
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Figure 3. Therapeutic targets in sepsis. Previous intervention strategies fo- 

cused on the anti-inflammatory response (such as blockade of TLR4 and anti- 

inflammatory mediators). In recent years, novel immunomodulation has been 

considered to be more effective in improving outcomes among patients with 

sepsis. Some immunomodulatory agents mentioned in the main text include G- 

CSF/GM-CSF, IFN- 𝛾, T 𝛼1, and antibodies to PD-1 and PD-L1. 

DAMPs: Damage-associated molecular patterns; G-CSF: Granulocyte colony- 

stimulating factor; GM-CSF: Granulocyte-macrophage colony stimulating factor; 

IFN- 𝛾: Interferon- 𝛾; IL-1: Interleukin-1; PAMPs: Pathogen-associated molecule 

pattern; PD-1: Programmed death-1; PD-L1: PD-ligand 1; T 𝛼1: Thymosin 𝛼1; 

TNF: Tumor necrosis factor; TLR4: Toll-like receptors 4. 
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The adaptive immune response regulates innate immunity by

roviding feedback, which limits excessive inflammation. Sep-

is can impair adaptive immunity and lead to the production of

arge quantities of anti-inflammatory cytokines (including IL-10

nd IL-4); this inhibits pro-inflammatory cytokine release and

eads to monocyte anergy by down-regulating major histocom-

atibility complex expression. 

herapeutic Targets in Sepsis 

Based on the first definition of sepsis, it was suggested that

ompensatory anti-inflammatory response syndrome (CARS) oc-

urs subsequent to SIRS; this aims to reduce excessive inflamma-

ion and leads to immunosuppression. Initially, SIRS and CARS

ere considered to occur consecutively. However, increasing

vidence suggests that these two key events occur concomi-

antly during the development of sepsis. In their study, Xiao

t al. [23] analyzed the transcriptome in circulating leukocytes

rom patients with severe trauma and burn injuries. They found

hat a global induction of gene expression was involved in both

ro- and anti-inflammatory responses. These findings were sup-

orted by reports that suggested pro- and anti-inflammatory cy-

okines to be simultaneously affected after the onset of sepsis. [24] 

he balance between pro- and anti-inflammatory responses ap-

ears to be important for the elimination of pathogens and the

romotion of recovery. Disturbance of the balance in favor of a

ro-inflammatory state leads to tissue injury and organ failure;

n the contrary, an overwhelming anti-inflammatory response

eads to anergy and immunosuppression. Continuous cross-talk

nd fine adjustments are needed to maintain this delicate bal-

nce. The underlying pathophysiological mechanisms of sepsis

re therefore not simple and linear; they involve a complicated

etwork of multiple pathways. In this context, numerous clin-

cal trials on the treatment of sepsis have failed over the past

ecade owing to a lack of comprehensive understanding of the

athophysiological nature of sepsis. 

nti-inflammatory agents 

TLR4 is an important target that is essential for the recogni-

ion of LPS. Numerous studies that employed anti-TLR4 agents

or treating sepsis have shown a significant reduction in cy-

okine production, in both animal models and in vitro experi-

ents. [25 , 26] Eritoran, a lipid A (of LPS) mimetic, competitively

inds to myeloid differentiation protein 2; it is a well-known

ntagonist of TLR4 in clinical trials. Unfortunately, treatments

ith eritoran do not reduce mortality in patients with sepsis

ven at high doses. [27] This unexpected failure may be attributed

o the involvement of other PRRs that are triggered by vari-

us PAMPs and DAMPs. Notably, although the inflammatory

eaction is sensed and triggered by TLR4, the subsequent cas-

ades amplify signals across multiple systems that are involved

n cross-talk or feedback regulation. Blockade of a single target

herefore does not sufficiently improve the final outcome. In this

ontext, anti-inflammatory agents that specifically target harm-

ul mediators have been developed. These include anti-TNF an-

ibodies, soluble TNF receptors, IL-1ra, and anti-prostaglandin

gents, among others. Although all the agents appeared to be

ffective in pre-clinical trials, none have significantly improved

urvival rates in clinical trials. [28] Notably, uncontrolled inflam-
178
ation and the cytokine storm may directly contribute to or-

an failure; however, targeting one of the harmful mediators

annot reverse progress (owing to the involvement of a compli-

ated network). In particular, patients who survive the initial

yper-inflammation develop a persistent inflammatory state in

onjunction with immunosuppression (due to anergy and ex-

austion of immune cells). 

mmunomodulatory therapy 

Therapeutic strategies that aim to modulate the immune re-

ponse have been developed in recent years ( Figure 3 ). [29] In

his context, granulocyte colony-stimulating factor (G-CSF) and

ranulocyte macrophage (GM)-CSF are cytokines that promote

he differentiation of neutrophils, monocytes, and macrophages.

umerous clinical trials have investigated the efficiency of

-CSF and granulocyte-macrophage colony stimulating factor

GM-CSF) in patients with sepsis. However, a meta-analysis

ound that treatment with either G-CSF or GM-CSF did not

educe in-hospital mortality. [30] Extensive activation of neu-

rophils and macrophages offers no benefit in overcoming in-

ections and may conversely induce hyper-inflammation, coag-

lation disorders, and tissue injury; patients with sepsis who

ave definite immunosuppression (especially in innate immu-

ity) may therefore benefit from treatment with G-CSF or GM-

SF. [31] 

Although IFN- 𝛾 is essential for activation of the innate im-

une response, it is produced in insufficient quantities during

 septic episode due to T-cell anergy. In a small clinical trial,

FN- 𝛾 was administered to patients with sepsis who demon-

trated low HLA-DR expression in monocytes. The findings sug-

ested that monocyte activation was restored (as evidenced by

nhanced HLA-DR expression and LPS-induced TNF- 𝛼 forma-

ion). This potential efficiency of IFN- 𝛾 was supported by the



H. Zhang, N. Dong and Y. Yao Journal of Intensive Medicine 4 (2024) 175–180

f  

a  

q  

t  

h  

p  

g  

i  

i  

c  

 

a  

m  

t  

r  

t  

t  

i  

i  

t  

a  

c  

p  

t  

b

 

t  

a  

a  

L  

a  

c  

i  

l  

c

H  

b  

t  

b  

d  

T  

t  

a  

m  

v

C

 

n  

i  

s  

c  

A  

c  

g  

m  

t  

n  

t  

s  

a

A

r  

s

A

F

 

N  

a  

m

E

C

 

n  

p

D

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

[  

 

[  

 

act that eight of nine patients with sepsis had survived. [32] In

 recent phase II clinical trial, critically ill patients who re-

uired mechanical ventilation were treated using IFN- 𝛾1b. The

reatment did not significantly reduce either the incidence of

ospital-acquired pneumonia or the 28-day mortality rate com-

ared to those who received placebo. [33] Owing to the hetero-

eneity among patients with sepsis and dynamic alterations in

mmune status, biomarker-guided therapy may offer more sat-

sfactory outcomes and safety; this is especially applicable to

ases where treatment aims to modulate host innate immunity.

Thymosin 𝛼1 (T 𝛼1) is a natural thymic peptide that acts as

n endogenous regulator of both the innate and adaptive im-

une systems. A multicenter clinical trial from China found that

reatment with T 𝛼1 improved monocyte HLA-DR expression and

educed mortality in patients with severe sepsis. [34] Combined

reatment with T 𝛼1 and the anti-inflammatory agent, ulinas-

atin, has been proposed to prevent the overactivation of the

nnate immune response. In this context, a meta-analysis that

ncluded 8 randomized controlled trials showed that combined

reatment with T 𝛼1 and ulinastatin reduced Acute Physiology

nd Chronic Health Evaluation II scores, the duration of me-

hanical ventilation, and 28-, 60-, and 90-day mortality rates in

atients with sepsis. [35] The strategy of employing combination

herapy has therefore proven to be reasonable; this concept may

e used for the development of novel protocols. 

PD-1/PD-ligand 1 (L1) has been demonstrated to have poten-

ial immunosuppressive properties as it is associated with T-cell

nergy in many human diseases, including septic complications

nd several types of cancer. Antibodies targeting PD-1 and PD-

1 have been successfully used in the treatment of cancers. In

nimal experiments, blockade of PD-1/PD-1 signals by mono-

lonal antibodies has been found to significantly prevent sepsis-

nduced lymphopenia and reduce mortality. [36] Treatment of

ymphocytes from septic patients with these antibodies inhibits

ell apoptosis and increases the release of IL-1 and IFN- 𝛾. [37] 

otchkiss et al. [38 , 39] recently evaluated the safety and tolera-

ility of anti-PD-1 and anti-PD-L1 antibodies among septic pa-

ients in phase Ib trials. Treatment with PD-1 and PD-L1 anti-

odies obviously upregulated monocyte HLA-DR expression and

id not increase the production of pro-inflammatory cytokines.

he results demonstrated these antibodies to be safe and well

olerated in the treated septic population. Therapeutic block-

de using immune checkpoint inhibitors is a more effective im-

unomodulatory strategy than specific reversal of T-cell anergy

ia down-regulation of negative signals. 

onclusions 

In conclusion, the underlying pathophysiological mecha-

isms of sepsis appear to be complicated and involve disorders

n excessive inflammation, immune dysfunction, and multiple

ystems. The complicated processes and various phenotypes are

losely related to the heterogeneity observed in septic patients.

s the inflammatory and immune responses are dynamic and

hange continuously in all cases, precision therapy needs to be

uided by appropriate biomarkers that reflect individual im-

une status. Notably, modulation of single targets could lead

o unexpected effects as the host response in sepsis involves a

etwork of pathways. It is therefore evident that the optimal

herapeutic strategy for septic complications needs to be con-
179
idered carefully, and the approaches need to be validated in

ppropriately designed studies. 

uthor Contributions 

Hui Zhang: Writing – original draft. Ning Dong: Writing –

eview & editing. Yongming Yao: Supervision, Funding acqui-

ition. 

cknowledgments 

None. 

unding 

This work was supported by grants from the Key Project of

ational Natural Science Foundation of China (Nos. 82130062

nd 82241062 ) and the National Key Research and Develop-

ent Program of China (No. 2022YFA1104604 ). 

thical Statement 

Not applicable. 

onflict of Interest 

The authors declare that they have no known competing fi-

ancial interests or personal relationships that could have ap-

eared to influence the work reported in this paper. 

ata Availability 

None. 

eferences 

[1] Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al.

Global, regional, and national sepsis incidence and mortality, 1990-2017: anal-

ysis for the Global Burden of Disease Study. Lancet 2020;395(10219):200–11.

doi: 10.1016/S0140-6736(19)32989-7 . 

[2] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al.

The third international consensus definitions for sepsis and septic shock (sepsis-3).

JAMA 2016;315(8):801–10. doi: 10.1001/jama.2016.0287 . 

[3] Li D, Wu M. Pattern recognition receptors in health and diseases. Signal Transduct

Target Ther 2021;6(1):291. doi: 10.1038/s41392-021-00687-0 . 

[4] Raymond SL, Holden DC, Mira JC, Stortz JA, Loftus TJ, Mohr AM, et al. Microbial

recognition and danger signals in sepsis and trauma. Biochim Biophys Acta Mol Basis

Dis 2017;1863(10 Pt B):2564–73. doi: 10.1016/j.bbadis.2017.01.013 . 

[5] Medzhitov R. The spectrum of inflammatory responses. Science

2021;374(6571):1070–5. doi: 10.1126/science.abi5200 . 

[6] Rathinam VAK, Zhao Y, Shao F. Innate immunity to intracellular LPS. Nat Immunol

2019;20(5):527–33. doi: 10.1038/s41590-019-0368-3 . 

[7] Andersson U, Yang H. HMGB1 is a critical molecule in the patho-

genesis of Gram-negative sepsis. J Intensive Med 2022;2(3):156–66.

doi: 10.1016/j.jointm.2022.02.001 . 

[8] Middleton EA, He XY, Denorme F, Campbell RA, Ng D, Salvatore SP, et al. Neutrophil

extracellular traps contribute to immunothrombosis in COVID-19 acute respiratory

distress syndrome. Blood 2020;136(10):1169–79. doi: 10.1182/blood.2020007008 .

[9] Zheng X, Chen W, Gong F, Chen Y, Chen E. The Role and mechanism of py-

roptosis and potential therapeutic targets in sepsis: a review. Front Immunol

2021;12:711939. doi: 10.3389/fimmu.2021.711939 . 

10] Salvamoser R, Brinkmann K, O’Reilly LA, Whitehead L, Strasser A, Herold MJ. Char-

acterisation of mice lacking the inflammatory caspases-1/11/12 reveals no contri-

bution of caspase-12 to cell death and sepsis. Cell Death Differ 2019;26(6):1124–37.

doi: 10.1038/s41418-018-0188-2 . 

11] Rathkey JK, Zhao J, Liu Z, Chen Y, Yang J, Kondolf HC, et al. Chemical disruption of

the pyroptotic pore-forming protein gasdermin D inhibits inflammatory cell death

and sepsis. Sci Immunol 2018;3(26):eaat2738. doi: 10.1126/sciimmunol.aat2738 . 

12] Hotchkiss RS, Tinsley KW, Swanson PE, Grayson MH, Osborne DF, Wagner TH, et al.

Depletion of dendritic cells, but not macrophages, in patients with sepsis. J Immunol

2002;168(5):2493–500. doi: 10.4049/jimmunol.168.5.2493 . 

https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100013290
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1038/s41392-021-00687-0
https://doi.org/10.1016/j.bbadis.2017.01.013
https://doi.org/10.1126/science.abi5200
https://doi.org/10.1038/s41590-019-0368-3
https://doi.org/10.1016/j.jointm.2022.02.001
https://doi.org/10.1182/blood.2020007008
https://doi.org/10.3389/fimmu.2021.711939
https://doi.org/10.1038/s41418-018-0188-2
https://doi.org/10.1126/sciimmunol.aat2738
https://doi.org/10.4049/jimmunol.168.5.2493


H. Zhang, N. Dong and Y. Yao Journal of Intensive Medicine 4 (2024) 175–180

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

 

[  

 

[  

 

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

 

13] Guisset O, Dilhuydy MS, Thiébaut R, Lefèvre J, Camou F, Sarrat A, et al. Decrease

in circulating dendritic cells predicts fatal outcome in septic shock. Intensive Care

Med 2007;33(1):148–52. doi: 10.1007/s00134-006-0436-7 . 

14] Gautier EL, Huby T, Saint-Charles F, Ouzilleau B, Chapman MJ, Lesnik P. Enhanced

dendritic cell survival attenuates lipopolysaccharide-induced immunosuppression

and increases resistance to lethal endotoxic shock. J Immunol 2008;180(10):6941–

6. doi: 10.4049/jimmunol.180.10.6941 . 

15] Chen Y, Hu Y, Zhang J, Shen Y, Huang J, Yin J, et al. Clinical charac-

teristics, risk factors, immune status and prognosis of secondary infection of

sepsis: a retrospective observational study. BMC Anesthesiol 2019;19(1):185.

doi: 10.1186/s12871-019-0849-9 . 

16] Heffernan DS, Monaghan SF, Thakkar RK, Machan JT, Cioffi WG, Ayala A. Fail-

ure to normalize lymphopenia following trauma is associated with increased

mortality, independent of the leukocytosis pattern. Crit Care 2012;16(1):R12.

doi: 10.1186/cc11157 . 

17] Gupta DL, Bhoi S, Mohan T, Galwnkar S, Rao DN. Coexistence of Th1/Th2

and Th17/Treg imbalances in patients with post traumatic sepsis. Cytokine

2016;88:214–21. doi: 10.1016/j.cyto.2016.09.010 . 

18] Zhang H, Xu CF, Ren C, Wu TT, Dong N, Yao YM. Novel role of p53 in septic im-

munosuppression: involvement in loss and dysfunction of CD4+ T lymphocytes. Cell

Physiol Biochem 2018;51(1):452–69. doi: 10.1159/000495241 . 

19] Guignant C, Lepape A, Huang X, Kherouf H, Denis L, Poitevin F, et al. Pro-

grammed death-1 levels correlate with increased mortality, nosocomial infection

and immune dysfunctions in septic shock patients. Crit Care 2011;15(2):R99.

doi: 10.1186/cc10112 . 

20] Monneret G, Debard AL, Venet F, Bohe J, Hequet O, Bienvenu J, et al.

Marked elevation of human circulating CD4+ CD25+ regulatory T cells

in sepsis-induced immunoparalysis. Crit Care Med 2003;31(7):2068–71.

doi: 10.1097/01.CCM.0000069345.78884.0F . 

21] Zhang H, Wu T, Ren C, Dong N, Wu Y, Yao Y. p53 promotes the expansion of reg-

ulatory T cells via DNMT3a- and TET2- mediated Foxp3 expression in sepsis. Burns

Trauma 2023;11:tkad021. doi: 10.1093/burnst/tkad021 . 

22] Ma C, Liu H, Yang S, Li H, Liao X, Kang Y. The emerging roles and ther-

apeutic potential of B cells in sepsis. Front Pharmacol 2022;13:1034667.

doi: 10.3389/fphar.2022.1034667 . 

23] Xiao W, Mindrinos MN, Seok J, Cuschieri J, Cuenca AG, Gao H, et al. A ge-

nomic storm in critically injured humans. J Exp Med 2011;208(13):2581–90.

doi: 10.1084/jem.20111354 . 

24] Osuchowski MF, Welch K, Siddiqui J, Remick DG. Circulating cytokine/inhibitor

profiles reshape the understanding of the SIRS/CARS continuum in sepsis and predict

mortality. J Immunol 2006;177(3):1967–74. doi: 10.4049/jimmunol.177.3.1967 . 

25] Roger T, Froidevaux C, Le Roy D, Reymond MK, Chanson AL, Mauri D, et al. Pro-

tection from lethal gram-negative bacterial sepsis by targeting Toll-like receptor 4.

Proc Natl Acad Sci U S A 2009;106(7):2348–52. doi: 10.1073/pnas.0808146106 . 

26] Wang Y, Gong D, Yao C, Zheng F, Zhou T, Cao Q, et al. Human mono-

clonal antiTLR4 antibody negatively regulates lipopolysaccharideinduced inflam-

matory responses in mouse macrophages. Mol Med Rep 2020;22(5):4125–34.

doi: 10.3892/mmr.2020.11500 . 
180
27] Tidswell M, Tillis W, Larosa SP, Lynn M, Wittek AE, Kao R, et al. Phase 2 trial of eri-

toran tetrasodium (E5564), a toll-like receptor 4 antagonist, in patients with severe

sepsis. Crit Care Med 2010;38(1):72–83. doi: 10.1097/CCM.0b013e3181b07b78 . 

28] Minneci P, Deans K, Natanson C, Eichacker PQ. Increasing the efficacy of anti-

inflammatory agents used in the treatment of sepsis. Eur J Clin Microbiol Infect

Dis 2003;22(1):1–9. doi: 10.1007/s10096-002-0857-3 . 

29] Pei F, Yao RQ, Ren C, Bahrami S, Billiar TR, Chaudry IH, et al. Expert consensus on

the monitoring and treatment of sepsis-induced immunosuppression. Mil Med Res

2022;9:74. doi: 10.1186/s40779-022-00430-y . 

30] Bo L, Wang F, Zhu J, Li J, Deng X. Granulocyte-colony stimulating factor (G-CSF)

and granulocyte-macrophage colony stimulating factor (GM-CSF) for sepsis: a meta-

analysis. Crit Care 2011;15(1):R58. doi: 10.1186/cc10031 . 

31] Meisel C, Schefold JC, Pschowski R, Baumann T, Hetzger K, Gregor J, et al.

Granulocyte-macrophage colony-stimulating factor to reverse sepsis-associated im-

munosuppression: a double-blind, randomized, placebo-controlled multicenter trial.

Am J Respir Crit Care Med 2009;180(7):640–8. doi: 10.1164/rccm.200903-0363OC .

32] Döcke WD, Randow F, Syrbe U, Krausch D, Asadullah K, Reinke P, et al. Mono-

cyte deactivation in septic patients: restoration by IFN-gamma treatment. Nat Med

1997;3(6):678–81. doi: 10.1038/nm0697-678 . 

33] Roquilly A, Francois B, Huet O, Launey Y, Lasocki S, Weiss E, et al. Interferon

gamma-1b for the prevention of hospital-acquired pneumonia in critically ill pa-

tients: a phase 2, placebo-controlled randomized clinical trial. Intensive Care Med

2023;49(5):530–44. doi: 10.1007/s00134-023-07065-0 . 

34] Wu J, Zhou L, Liu J, Ma G, Kou Q, He Z, et al. The efficacy of thymosin alpha 1 for

severe sepsis (ETASS): a multicenter, single-blind, randomized and controlled trial.

Crit Care 2013;17(1):R8. doi: 10.1186/cc11932 . 

35] Liu D, Yu Z, Yin J, Chen Y, Zhang H, Xin F, et al. Effect of ulinastatin combined with

thymosin alpha1 on sepsis: a systematic review and meta-analysis of Chinese and

Indian patients. J Crit Care 2017;39:259–66. doi: 10.1016/j.jcrc.2016.12.013 . 

36] Brahmamdam P, Inoue S, Unsinger J, Chang KC, McDunn JE, Hotchkiss RS. Delayed

administration of anti-PD-1 antibody reverses immune dysfunction and improves

survival during sepsis. J Leukoc Biol 2010;88(2):233–40. doi: 10.1189/jlb.0110037 .

37] Chang K, Svabek C, Vazquez-Guillamet C, Sato B, Rasche D, Wilson S, et al.

Targeting the programmed cell death 1: programmed cell death ligand 1 path-

way reverses T cell exhaustion in patients with sepsis. Crit Care 2014;18(1):R3.

doi: 10.1186/cc13176 . 

38] Hotchkiss RS, Colston E, Yende S, Crouser ED, Martin GS, Albertson T, et al. Immune

checkpoint inhibition in sepsis: a Phase 1b randomized study to evaluate the safety,

tolerability, pharmacokinetics, and pharmacodynamics of nivolumab. Intensive Care

Med 2019;45(10):1360–71. doi: 10.1007/s00134-019-05704-z . 

39] Hotchkiss RS, Colston E, Yende S, Angus DC, Moldawer LL, Crouser ED,

et al. Immune checkpoint inhibition in sepsis: a Phase 1b randomized,

placebo-controlled, single ascending dose study of anti-programmed cell

death-ligand 1 antibody (BMS-936559). Crit Care Med 2019;47(5):632–42.

doi: 10.1097/CCM.0000000000003685 . 

https://doi.org/10.1007/s00134-006-0436-7
https://doi.org/10.4049/jimmunol.180.10.6941
https://doi.org/10.1186/s12871-019-0849-9
https://doi.org/10.1186/cc11157
https://doi.org/10.1016/j.cyto.2016.09.010
https://doi.org/10.1159/000495241
https://doi.org/10.1186/cc10112
https://doi.org/10.1097/01.CCM.0000069345.78884.0F
https://doi.org/10.1093/burnst/tkad021
https://doi.org/10.3389/fphar.2022.1034667
https://doi.org/10.1084/jem.20111354
https://doi.org/10.4049/jimmunol.177.3.1967
https://doi.org/10.1073/pnas.0808146106
https://doi.org/10.3892/mmr.2020.11500
https://doi.org/10.1097/CCM.0b013e3181b07b78
https://doi.org/10.1007/s10096-002-0857-3
https://doi.org/10.1186/s40779-022-00430-y
https://doi.org/10.1186/cc10031
https://doi.org/10.1164/rccm.200903-0363OC
https://doi.org/10.1038/nm0697-678
https://doi.org/10.1007/s00134-023-07065-0
https://doi.org/10.1186/cc11932
https://doi.org/10.1016/j.jcrc.2016.12.013
https://doi.org/10.1189/jlb.0110037
https://doi.org/10.1186/cc13176
https://doi.org/10.1007/s00134-019-05704-z
https://doi.org/10.1097/CCM.0000000000003685

	Optimal strategy for treatment of sepsis based on the host inflammatory reaction and immune response
	Introduction
	Inflammatory Reaction in Sepsis
	Immune Response in Sepsis
	Innate immune response
	Adaptive immune response

	Therapeutic Targets in Sepsis
	Anti-inflammatory agents
	Immunomodulatory therapy

	Conclusions
	Author Contributions
	Acknowledgments
	Funding
	Ethical Statement
	Conflict of Interest
	Data Availability
	References


