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Abstract

Inflammation is a biological response of the immune system that
can be induced by a variety of factors. Two types of inflammato-
ry response exist, namely, the acute and chronic responses. Acute
inflammation is a physiological response to trauma, while chronic
inflammation is a pathological state which has an important role in
the onset and progression of many diseases, including autoimmune
diseases. The presence of chronic inflammation may impact the se-
verity of an acute inflammatory response.

The cells and mediators of the innate and acquired responses
are involved in both acute and chronic inflammation. Cytokines are
inflammatory modulators, the activation of which is mandatory for
any inflammatory response. Surgery and anesthesia induce acute
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inflammatory responses primarily by activating the cytokine produc-
tion pathway.

The dysregulation of cytokine activation plays a crucial role in
chronic inflammation and also underlies the pathogenesis of Sys-
temic Lupus Erythematosus (SLE), an autoimmune disease with a
multifactorial etiology that includes many immunological changes
that cause chronic inflammation and affect both innate and adaptive
responses.

In this review, we discuss the complex mechanisms of inflam-
mation and we focus on the correlations and roles of inflammatory
mediators in both acute and chronic inflammation with examples of
stress responses to surgery and systemic lupus erythematosus.

Keywords: Acute; Chronic Inflammation; Stress Surgery; Systemic
Lupus Erythematosus

Introduction

Inflammation is a biological response of the immune system that
can be caused by different factors, including trauma, pathogens, and
toxic compounds. There are two types of inflammatory responses:
acute inflammation, which is a physiological and protective reaction
to injury, and chronic inflammation, which plays an important role in
the pathogenesis of many diseases, including autoimmune diseases

[1].

Both acute and chronic inflammation involve the cells and me-
diators of the innate and acquired responses. Cytokines, as well-
known inflammatory modulators, combine these responses through
cross-communication in a complex information distribution network

[2].

Systemic Lupus Erythematosus (SLE) is an autoimmune disease
with a complex and heterogenous etiology. Many genetic and envi-
ronmental factors cause the characteristic hormonal and immuno-
logical dysregulations in innate and adaptive responses. No single
mechanism is known to explain the complexity of SLE’s pathogen-
esis. Chronic inflammation, with central roles played by neutrophils,
interferon-alpha, transcription factors, and signaling dysfunction, is
fundamental to the development and progression of SLE. Dysregula-
tion of apoptosis, defects in the removal of circulating immune com-
plexes and their deposition in tissues, the accumulation of B and T
helper lymphocytes, and an impairment in the function of suppressive
T lymphocytes also play pivotal roles in the development of this dis-
ease [1,2]. The diagnostic criteria for SLE are presented in (Table 1).

After surgical trauma, the inflammatory response, through the ac-
tivation of the immune and neuroendocrine systems, works to allevi-
ate the injury and return to a state of previous homeostasis. Moreover,
a reduction in protein synthesis has been observed, and the metabolic
changes seem to be proportional to the extent of the surgery [3]. The
intensity of a patient’s response to surgery stress depends on many
factors, including the extent and approach of the surgery, the general
condition and nutritional status of the patient, the presence of chron-
ic diseases and infections, and the use of medications (Chronic and
Perioperative) [4,5].
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DEVELOPMENT AND VALIDATION OF SLE CLASSIFICATION CRITERIA
ENTRY CRITERION
Antinuclear antibodies ANA at a titre of >1:80 on Hep-2 cells or an equivalent positive
test.
If absent, do not classify as SLE; if present, apply additive criteria.
Addditive criteria
Immunology
Clinical domains and criteria Weight domains and Weight
criteria
Constitutional Antiphospholipid antibodies
Anti-cardiolipin
or anti-p2GP1
Fever 2 antibodies or 2
lupus anticoag-
ulant
Hematologic Complement proteins
. Low C3 or C4 3
Leukopenia 3 Low C3 and C4 4
. SLE-specific
Th F 4
rombocytopenia antibodies
Anti-dsDNA or
Autoimmune hemolysis 4 anti-Smith 6
antibod.
europsychiatric
Delirium 2
Psychosis 3
Seizure 5
Mucocutaneous
Non-scarring alopecia 2
Oral ulcers 2
Subacute cutaneous 4
Acute cutaneous lupus 6
Serosal
Pleural or pericardial effusion 5
Acute pericarditis 6
Musculoskeletal
Joint involvement 6
Renal
Proteinuria of >0.5 g/24h 4
Renal biopsy Class I or VLN 8
Renal biopsy Class III or IV LN 10
CLASSIFY AS SLE WITH A SCORE OF >10
Aringer M. et al., European League Against Rheumatism/American College of Rheuma-
tology Classification Criteria for Systemic Lupus Erythematosus [65]
Table 1: SLE Classification Criteria.

The immune system’s response to surgical trauma can be de-
scribed from a local or a systemic perspective. The early inflammato-
ry response triggers local changes in the injured tissue with capillary
dilatation and an accumulation of neutrophils and monocytes. Leu-
kocytes gather at the site of the injury and stimulate the release of
pro-inflammatory cytokines. Cytokines, which participate in the de-
velopment of the acute inflammatory response, act via the activation
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of the innate response cells, blood proteins, and other inflammatory
mediators.

Then, in an acquired immunological response, the Antigen-Pre-
senting Cells (APCs), including Dendritic Cells (DCs), macrophages,
and B cells, retrieve antigens from the peripheral tissues and present
them to T cells. Acquired immunity is characterized by its specificity,
and it includes both the T- and B-cell populations of the lymphocytes.
The role of B lymphocytes is not limited to humoral responses. The
cellular immune response is carried out primarily by various T-lym-
phocyte subpopulations [6].

The next step comprises a compensatory response that triggers a
cascade of reactions. The released anti-inflammatory compounds are
mobilized to suppress the inflammation and restore homeostasis. The
process of inflammatory response reduction is characterized by a de-
crease in leukocyte accumulation at the site of the injury, initiation
of apoptosis, and a drop in the synthesis and release of the pro-in-
flammatory cytokines. Additionally, there is a decrease in lympho-
cyte proliferation and a release of anti-inflammatory cytokines such
as transforming growth factor (TGF-p), IL-10, soluble TNF receptor,
and IL-1 receptor antagonist (IL-1Ra) [6]. The inflammatory response
to surgical tissue damage is outlined in (Figure 1).

Figure 1: Inflammatory response to surgical tissue damage.

Local and systemic inflammatory responses to surgical trauma.
The cytokine network is an example of intercellular signaling and
communication based on the multidirectional activity of cytokines
linked by signal-dependent pathways. The cells of the innate immune
system,such as monocytes, macrophages, and neutrophils, are in-
volved in the local immune response, DAMPs, S100 and IL-1a are
released by damaged cells. Cytokines and chemokines play key roles
in the induction and maintenance of innate and systemic immunity,
including both cellular and humoral responses. The cytokine balance
between highlighted in red text, and the anti-inflammatory cytokines
are highlighted in black text. TNF-a tumor necrosis factor; IFN-y, in-
terferon y IL-1Ra, interleukin -1 receptor antagonist; TGF, transform-
ing growth factor; STNFRI1, soluble tumor necrosis factor receptor 1.

Chronic inflammation may modify the severity of an acute in-
flammation response by creating an imbalance between the pro- and
anti-inflammatory responses. A predominance of anti-inflammatory
factors was observed in patients with Rheumatoid Arthritis (RA)
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after orthopedic surgery (Postoperative Fluid Drainage). Moreover,
the acute inflammatory response (Local and Systemic) was positively
correlated with the age of the patient and the duration of the RA [7].

Chronic inflammation can also provoke an increased risk of
postoperative infection and delays in wound healing. Long-term,
drawn-out chronic inflammation followed by multiorgan immuno-
pathological changes is frequently mediated by vasculitis. Systemic
Lupus Erythematosus (SLE) is characterized by chronic systematic
inflammation, which causes the multiorgan damage outlined in (Fig-
ure 2) [8,9]. Acute and chronic inflammation pathomechanisms and
outcomes are presented in (Table 2).

Figure 2: Inflammation in the course of SLE.

Acute inflammation Chronic inflammation

Causative factor

Persistent acute inflammation due to
non-degradable pathogens and autoim-
mune reactions

Pathogens, injured tissues

Primary mediators

IFN-a, other cytokines, growth factors,
reactive oxygen species, and hydrolytic
enzymes

Vasoactive amines, eicosanoids

Pathomechanism

Capillary dilatation
Neutrophil influx
Increased IFN-a levels and transcription
factors
Signaling dysfunction
Dysregulation of apoptosis
Defects in the removal of circulating ICs
Increased deposition of ICs in tissues
Accumulation of lymphocytes B and Th
Autoantibody hypersecretion
Decreased function of suppressive T cells

Neutrophils and monocytes accu-
mulation

Pro-inflammatory cytokines release
Activation of cells of the innate
response, blood proteins, and other

inflammatory mediators

APCs present antigens to T cells

Outcomes

Resolution, abscess formation,

L . Tissue destruction, fibrosis
chronic inflammation

Suppression of inflammation and
restoration of homeostasis
Decreased accumulation of

leukocytes
Initiation of apoptosis
Decreased synthesis and release of
pro-inflammatory cytokines
Decreased lymphocyte proliferation
Increased anti-inflammatory
cytokines (TGF-, IL-10, sTNF-R,
and IL-1Ra)

Multiorgan damage due to chronic
persistent inflammation and side effects
of treatment
Pre-term mortality

APCs, antigen-presenting cells; ICs, immunological complexes.

Table 2: Acute and Chronic Inflammation: Pathomechanisms and Outcomes

Therefore, patients with SLE, as well as patients with RA, require
particularly careful preoperative assessment and determination of
individual anesthetic management, depending on the degree of the
multiorgan disorders caused by SLE [10]. Patients with SLE typically
manifest renal insufficiency as a form of lupus nephritis, as well as
cardiovascular disturbances with symptoms of pericarditis, myocar-
ditis, arthrosclerosis, and myocardial ischemia. Respiratory problems
may involve pleuritis, pleural effusion, alveolar hemorrhage, and
interstitial lung disease [11]. The possibility of difficult intubation
also exists because of subglottic stenosis and/or laryngeal oedema.
Moreover, hematological disturbances associated with SLE, such as
anemia, thrombocytopenia, and lupus anticoagulant-hypoprothrom-
binemia syndrome, can increase the risk of bleeding complications
perioperatively [11]. The other key points are dysfunctions of the cen-
tral and peripheral nervous systems and a higher risk of postoperative
pancreatitis, protein-losing enteropathy, and malabsorption [12].

Management strategies for SLE include long-term treatment
with many immunosuppressants, including corticosteroids, which
are associated with a high risk of postoperative hypothalamic—pitu-
itary—adrenal axis insufficiency, infections, glucose imbalance, and
wound-healing complications [12].

In summary, SLE patients are particularly challenging for anes-
thesiologists and they require individualized management strategies
to ensure safe anesthesia.

In this review, we discuss the multiple components and mecha-
nisms of inflammatory responses, with a special focus on several of
the key pro-inflammatory cytokines and inflammatory mediators of
chronic and acute inflammatory responses involved in SLE and the
stress response to surgery.

Main Mechanisms of Inflammatory Responses in
Sle and the Stress Response to Surgery

Cytokines are major modulators of acute and chronic inflammato-
ry responses. Under conditions of pathology, an imbalanced dysregu-
lation of cytokines may result in systemic inflammatory responses or
immunosuppression, leading to autoimmune diseases.

Cytokines are a diverse group of molecules (glycoproteins, pep-
tides, and small proteins). They act via specific receptors and are in-
volved in many processes in both the innate and acquired immune
responses. A characteristic feature of their action is their interaction
via auto-, para-, and endocrine pathways, with synergistic or antago-
nistic effects.
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All cytokines exhibit pleiotropy (a single cytokine has multiple
biological activities) and redundancy (shared biological activity) to a
greater or lesser extent. These features of cytokines can be explained
by the binding of cytokines to common receptor subunits with the ac-
tivity of the corresponding intracellular signaling pathways [13, 14].

Cytokines participate in growth, differentiation, action, and apop-
tosis in populations of cells from the lymphocytic and hemopoietic
systems, which means that they are involved in inflammation pro-
cesses as stimulants and suppressors of the inflammatory response.
The complexity of connections and reactions, including the functional
interactions between the cells involved in the immune response, is
best described as a cytokine network [5].

Cytokines act by binding to specific receptors, which most com-
monly trigger the NF-xB (nuclear factor kB), MAPK (Mitogen-Ac-
tivated Protein Kinase), JAK (Janus kinases), and STAT (Signal
Transducers and Activators of Transcription) inflammatory signaling
pathways. Subsequently, active STAT proteins are transferred into the
nucleus of the cell, where they act as transcription factors regulating
the expression levels of various genes via the activation of transcrip-
tion factors NF«B and AP-1 (activator protein 1) [15-17].

There is evidence that cytokines such as tumor necrosis factor-al-
pha (TNF-a), interleukin 1 IL-1, interleukin 6 (IL-6), interleukin 3
(IL-3), interleukin 22 (IL-22), interleukin 10 (IL-10), and interferon
alpha (INF-a) play significant roles in the pathogenesis of SLE; for
this reason, they can be used as biomarkers for monitoring the sever-
ity and activity of this disease [18-20].

The first pro-inflammatory cytokines released by macrophages
and monocytes are TNF-a and IL-1. Then, they initiate the synthesis
and increased secretion of other pro-inflammatory cytokines, includ-
ing IL-6, IL-8, and numerous endogenous inflammatory mediators,
such as growth factors, components of the complement cascade, and
adhesion molecules [18].

The cytokine IL-6 is a major mediator in acute and chronic in-
flammation. I1-6 levels are significantly elevated in the early acute
response, especially in patients with impaired immune systems.
Chronic inflammation may also cause an increased risk of postop-
erative infection and complications in wound healing, which may be
correlated with preoperatively confirmed high levels of pro-inflam-
matory cytokines [7].

It should be emphasized that other pro-inflammatory cytokines
also take part in the development and course of the inflammatory re-
sponse. For example, it appears that dysregulation of the IL-10/IL12
balance is involved in the attenuation of the cellular response seen in
SLE [9].

Many previous studies have confirmed a link between the surgi-
cal approach, the risk of postoperative complications, and increases
in the plasma levels of cytokines (IL-6, TNF-a, and IL-1B) [21,22].
The overproduction of these cytokines is often associated with post-
operative complications, making cytokines appropriate prognostic
biomarkers [21,23,24].

The contributions of monocytes and B and T lymphocytes to the
dysregulation of cytokine synthesis and signaling manifest as an over-
production of IL-10 and IL-6, which has also been confirmed in SLE
patients [25]. Moreover, this predominance of IL-6 and IL-10 is cor-
related with SLE progression [20,26].

SLE activity is also associated with an increase in Th17 lympho-
cyte subpopulations, which leads to increases in IL-17A, IL17F, and
IL-22 levels. The imbalance between the subpopulations of Th17 and
T-regulatory cells is known as an abnormal characteristic of SLE. The
subpopulation of regulatory T lymphocytes (Tregs) primarily pre-
vents an excessive immune response and prevents the development of
autoimmune disorders. There is a significant reduction in the subpop-
ulation of regulatory T cells and their function in SLE. An increased
level of IL17 is observed in lupus nephritis. Moreover, the overex-
pression of Th17 has been confirmed in the skin, lungs, and kidneys
of patients with SLE [27].

Using animal studies, Ogura et al. confirmed the role of IL-17 in
the development of the acute and chronic inflammatory responses.
This process takes place through stimulation of inflammatory cyto-
kines and chemokines and an increased proliferation of neutrophils.
The immune cells are then transferred into inflamed tissues. The au-
thors also described the significant role of the mutual relationship be-
tween IL-17 and IL-6; the expression of IL-6 is increased after IL-17A
stimulation, and then IL-6 evokes the differentiation of Th17 that may
promote the release of IL-17 by Th17 [15].

Moreover, Min et al., revealed that IL-17, as a pro-inflammato-
ry cytokine, can also play a significant role in the immune stress re-
sponse. IL-17A stimulates the production of the chemokines MCP1,
CCL3 (MIP-1a)), CCL7 (MCP3), and CCL20 (MIP-3a), and, through
this, it supports the translocation of macrophages and lymphocytes
into damaged tissues [28].

Zhang et al., observed different postoperative serum levels of IL-
1b, IL-17, and TNF-a in four groups of patients rated from excellent
(HHS>90) to poor (HSS<70) according to their Harris Hip Scores
(HHS). The authors confirmed lower postoperative serum levels of
evaluated cytokines in the patients with higher HHS. According to
the obtained results, they considered these cytokines to be potential
prognostic indicators of better patient recovery after surgery [29].
Moreover, Millar et al. confirmed the role of IL-17A, along with oth-
ers such as IL-1, IL-6, TNF-a, and chemokines, in early tendinopathy.
According to their research, the authors proposed IL17A as a potential
inflammatory regulator in tendon remodeling [30].

Interleukin-17A, as a member of the IL-17 family of cytokines, is
a pro-inflammatory mediator and is increasingly involved in a vari-
ety of immune and inflammatory disorders. The expression of IL-17A
has been described in several cell types, including Th17 cells. The
multiple activation of IL-17A can cause tissue destruction and cell
degeneration due to inflammation by inducing the synthesis of cyto-
kines, including IL-1, IL-6, TNF-a, and chemokines, by the cells of
the immune system [31].

Granulocyte—Macrophage Colony-Stimulating Factor (GM-CSF)
is the link between the chronic and acute inflammatory responses.
GM-CSF is derived from the Colony-Stimulating Factor (CSF) su-
perfamily. GM-CSF is released by lymphocytes and innate lymphoid
cells such as macrophages, monocytes, mast cells, vascular endothe-
lial cells, and fibroblasts [32]. The results of Torre et al. confirmed the
important role of GM-CSF in the regulation of polymorphonuclear
and mononuclear progenitors in wound healing. For example, in SIRS
patients, a significant reduction in serum GM-CSF levels was found
[33].
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It is worth emphasizing the role of GM-CSF in the context of the
chronic inflammatory process. GM-CSF plays significant but diverse
roles in some autoimmune diseases. For example, the effect of GM-
CSF is related to the progression of Rheumatoid Arthritis (RA) and
Multiple Sclerosis (MS). In contrast, a protective role of GM-CSF is
found in relation to other pathologies, such as SLE, Miastenia Gravis
(MG), Hashimoto’s Thyroiditis (HT), and Inflammatory Bowel Dis-
ease (IBD). In SLE, its protective role appears to be associated with
the amelioration of neutrophil apoptosis [34]. Therefore, it is worth
considering the therapeutic potential of GM-CSF in the context of
treating autoimmune diseases.

The dysregulation of innate immunity plays a critical role in the
pathogenesis of SLE. Type 1 interferons play a significant role in this
process, particularly IFN-a [1]. This leads to the activation and pro-
liferation of lymphocytes, dendritic cells, and natural killer NK cells,
which disrupts autoimmune tolerance. During infection, the presence
of genetic material of bacteria and/or viruses increases the production
of IFN-a/B, which, in turn, activate B cells to produce antinuclear an-
tibodies [35]. Normally, when the apoptotic process is not impaired,
immune pathway activation as a result of exposure to autoantigens is
prevented. In contrast, in SLE, the disruption of apoptosis leads to the
increased production of autoantybodies. As a consequence, the pro-
duction of IFN-a increases and immune processes intensify such that
T-helper cells are activated, antigens are presented by dendritic cells,
and the following cytokines are secreted: IL-1, -2, -4, -6, and -8 [1].

Additionally, in patients with SLE, IFN-y intensifies the transfor-
mation of monocytes in dendritic cells, which recognize antigens,
increase the production of IFN-y, and modulate other immune pro-
cesses [9].

Interferons (IFNs) are known as pleiotropic cytokines, and they
coordinate several biological functions such as antiviral, antitumor,
and immunomodulatory responses, in which they are primarily repre-
sented by IFN-a and IFN-B. The interferon-gamma (IFN-y) signaling
pathway takes part in the regulation of inflammation, apoptosis, and
the cell cycle. Interferon-gamma is released from stimulated Lympho-
cytes (Th1), Natural Killer (NK) cells, Natural Killer T Cells (NKT),
B cells, and APCs [36]. In particular, the role of interferon-gamma is
very important because of the involvement of IFN-y in macrophage
translocation at wound sites. Moreover, IFN-y acts as a pro-inflamma-
tory agent through the stimulation of cytotoxic T cells and the activa-
tion of the complement system [31].

Pattern recognition receptors (PRPs) such as Toll-Like Receptors
(TLRs) play another important role in the disruption of innate immu-
nity in SLE. TLR-3, TLR-7, TLR-8, and TLR-9 play important roles
in the pathogenesis of SLE due to their ability to bind dsDNA and
ssRNA. TLR-9 can activate dendritic cells and consequently increase
IFN-a production. TLR7 regulates the production of IL-1 and IL-23
and promotes the proliferation of Th17 [37,38].

Toll-like receptors are involved in both types of immune response.
They are found on monocytes, macrophages, neutrophils, dendritics,
and T and B lymphocytes.

TLRs recognize the Danger-Associated Molecular Patterns
(DAMPs) released by damaged cells and work by activating the intra-
cellular NF-kB signaling pathway [39, 40].

Another group of cytokines associated with SLE and the acute
inflammatory response are chemokines, which are a group of small
proteins with chemotactic properties that recruit cells to the site of
inflammation. Chemokines are released by various immune cells, pri-
marily monocytes, macrophages, and endothelial and stromal cells, in
response to inflammation. Furthermore, it should be noted that many
other activated cells are capable of releasing chemokines. Leukocytes
activated by pro-inflammatory cytokines are a source of chemokines
and should be considered a hard link between chemokines and cyto-
kines. Changes in leukocyte levels may potentially reflect the regula-
tion of chemokines. Chemokines are classified into four subfamilies
based on their chemical structure, which is related to the location of
the first two cysteines and the amino acid residues between them at
the N-terminal end of the polypeptide [41]. It is worth emphasizing
the double nomenclature of chemokines, which describes them as be-
longing to a subfamily and corresponds to their influence on cells as
described by researchers after their discovery. An example is CCL1,
which is known as a Monocyte Chemoattractant-1 (MCP1) protein
[42]. Through the activation of signaling pathways, chemokines are
involved in all protective and destructive immune and inflammatory
responses. They are also involved in the pathogenesis of many human
diseases, such as autoimmune diseases and neogenesis, where inflam-
mation is an essential part of the cancer microenvironment. Chemo-
kines act through receptors that are expressed on the cell surface as
7-transmembrane proteins that are structurally related to superfamily
G-Protein-Coupled Receptors (GPCRs) [43,44].

The results presented by Krzystek et al. revealed the important
role of chemokines in surgical stress. The authors showed temporary
changes in the chemokines responsible for leukocyte migration and
concluded that the upregulation of chemokines is related to the type
of surgical technique used and that it may be useful in assessing the
risk of postoperative complications [45].

Chemokines, along with other cytokines, are known to be part
of immunoregulatory networks that also play significant roles in the
pathogenesis of SLE. Chemokines may influence the course of SLE
and are associated with the early development of several complica-
tions, particularly lupus nephritis [46]. Chemokines are able to re-
cruit monocytes, neutrophils, and lymphocytes into the inflammatory
region and activate leukocyte subsets through their receptors. The
expression of some chemokines, including MCP-1/CCL2 and IL-8/
CXCLS, in the glomerular compartment during active SLE nephritis
confirms their involvement in renal injury [44]. A human study pre-
sented by Zeng et al. showed the relationship between serum CXCL1
chemokine concentration and disease activity in a patient with SLE.
The promotional role of CXCL1 in the pathogenesis of SLE was also
confirmed by revealing the relationship between a higher chemokine
concentration and disease activity [47]. Moreover, CXCLI1 has also
been described as a Growth-Related Oncogene a (GRO-a) that acts
through CXCR2 receptors to promote leukocyte accumulation during
inflammation. CXCL1 belongs to the CXC chemokine family, and its
participation in many processes, such as inflammation, angiogenesis,
and tumor progression, has been confirmed by evidence from many
studies. Therefore, GRO-a expression may be a potential therapeutic
target and prognostic marker in autoimmune and neoplastic diseases
[48-51].

Another example of a chemokine involved in the pathogenesis
of SLE is CXCL13, which is recognized as a B-cell-contributed re-
sponse chemokine and a B-Lymphocyte Chemoattractant (BLC) due
to its strong chemotactic effect on B cells. CXCL13 acts through
CXCRS receptors.
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The serum concentration of CXCL13 is significantly higher in
SLE patients, and this high level is also positively associated with
SLE Disease Activity Index (SLEDAI) score. In addition, animal and
human studies have shown that CXCL13 and CXCRS are overex-
pressed in the renal cortex of patients with lupus nephritis [41,52].

The S100 A8 and A9 (S100A8/A9) proteins are known as alarm-
ins belonging to the S100 family of calcium-binding proteins. Their
expression has been confirmed in many cells, including neutrophils,
monocytes, thrombocytes, and dendritic cells. Kinetic changes in the
concentrations of SI00A8/A9 in many diseases with chronic inflam-
matory etiology, such as SLE, joint diseases, diabetes mellitus, and
cardiovascular diseases, may indicate a potential role of these pro-
teins in diagnosis, prognosis, and therapy [53].

Alarmins are endogenous DAMP molecules that play different
roles under normal conditions, and are released when cells are dam-
aged as a result of cell necrosis or the activation of secretory path-
ways. Alarmins act through several receptors, including RAGE (a
pattern recognition receptor), TLR4, and Formyl Peptide Receptors
(FPRs) belonging to the category of G-protein-coupled receptors.
Alarmins, along with all DAMPs, are an integral part of the inflam-
matory response, promoting the synthesis of pro-inflammatory medi-
ators [40,54].

The results of several studies have confirmed that both acute psy-
chological and polytraumatic stress act to increase the levels of the
pro-inflammatory alarmins S100A8/A9 and sSRAGE (soluble recep-
tor) in serum [54-57]. Moreover, the results of these studies illustrate
the importance of these parameters and their potential use as early
predictive markers of increased risk of post-traumatic complications
as a result of organ dysfunction.

The results presented by Wei Qijiao et al. indicated the involve-
ment of SI00A8 dysregulation in the pathogenesis of SLE. The sci-
entists examined 13 genes, and an upregulation was confirmed (for
S100A8) in only in one case. The glomerular expression of SI00AS8
was significantly elevated in renal biopsies from SLE patients com-
pared to those from a control group of nephrectomy cancer patients
[58].

The cellular immune response is mediated by various T-cell sub-
populations (helper, cytotoxic, and regulatory T cells) that are capable
of recognizing specific antigens. The activation of B and T cells after
antigen presentation by Antigen-Presenting Cells (APCs), most often
Dendritic Cells (DCs), induces an acquired immune response. CD4+
Helper T (Th) cells are functionally divided into different subsets—
Thl, Th2, and Th17 cells—according to the cytokines they secrete
and their immune roles.

Thus, lymphocytes release the following cytokines: Thl cells re-
lease IFN-y, TNF-a, and IL-2 and Th2 cells release 1L-4, IL-5, IL-9,
IL-13, and IL-25 but not IFN-y, and Th17 cells release IL-17. More-
over, Th2 participates in the stimulation of B cells to produce antibod-
ies belonging to the humoral immune response [9,39,59].

The dysregulation of acquired immunity plays a key role in the
disruption of tolerance-dependent T-lymphocyte dysfunction. This
leads to the dysregulation of the signaling pathway and, consequent-
ly, to abnormal cytokine secretion. Moreover, it ensures the activation
of B cells [1]. A characteristic feature of SLE is the chronic inflam-
matory process, with the release of autoantibodies by overactive B

lymphocytes that play significant roles in SLE pathogenesis though
participation in the synthesis of pro-inflammatory cytokines (such as
IL-1) and activities such as those of antigen-presenting cells [60].

In the pathogenesis of SLE, an imbalance in the proportions be-
tween Th1 and Th2 cells is observed. These cells are subtypes of CD
4+ T cells, and they are divided into the Th1 and Th2 subpopulations
according to the secretion of different types of cytokines. Th1 produc-
es TNF-qa, IL-2, and IFNs, which are involved in the inflammatory
process of autoimmunity. The subpopulation of Th2 cells produces
IL-4, IL-6, and IL-10, the key roles of which are the proliferation and
activation of B cells and the production of IgG. In SLE, the balance
between Thl and Th2 is impaired, and the growth of a subpopulation
of Th2 cells leads to the activation of B cells and the production of
autoantibodies is observed [1].

Surgery also induces various changes in the Th1/Th2 ratio. It may
be associated with an attenuation of the postoperative cell-mediated
response [61].

Decker et al., reported the effect of surgical stress on the Th1/Th2
balance, noting the downregulation of Thl and upregulation of Th2
humoral-mediated immunity. Moreover, the authors confirmed that
the intensity of this shift is linked to the surgical technique (open ver-
sus laparoscopic) [62]. In turn, Lee at al. assessed changes in the Th1/
Th2 ratio in cancer patients undergoing surgery. They found that a
shift towards an increased Th1 response without a rise in IL-6 levels
improved the prognosis for hepatocellular carcinoma in patients after
transarterial chemoembolization [63].

Research conducted by Lee assessed the effects of Dexmedetomi-
dine (an o agonist). The obtained results showed that intraoperatively
administered dexmedetomidine was associated with an increase in the
ratio of IFN-gamma/IL-4 and IL-17/IL-10, depending on the dosage
regimen. The results seemed to suggest a response to the Th1/Th2 and
T17/Treg balance shifting towards Th1 and Th17 [64,65].

Thus, the presented research results indicate that factors related to
surgical stress, in addition to the drugs used during anesthesia, con-
tribute to the modulation of the inflammatory response. For this rea-
son, in patients with impaired immune systems, careful consideration
should be given when selecting the type of anesthesia with regard to
changes in the immune system. The mechanisms of the surgical stress
response are presented in (Figure 1).

Concluding Remarks and Outlook for the Future

We are fully aware that the examples presented herein represent a
small part of the molecular link between acute and chronic inflamma-
tion. Serious immune system disorders induced by surgery in patients
with chronic inflammation may theoretically modulate both types of
inflammatory responses in unexpected directions, leading to poten-
tially high risk of complications. These problems may be dependent
on the context of the multifactorial response of the body and influ-
enced by multiorgan failure due to chronic inflammation in SLE pa-
tients.

In contrast to patients with properly functioning immune systems,
the choice of therapy related to the type of surgery and anesthesia in
immunocompromised patients has a decisive influence on the results
of the treatment and the further course of the chronic disease. The
idea of administering modified anesthesia to patients with impaired
immune systems could create new therapeutic benefits, as well as
challenges.
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It should be predicted that an increase in empirical knowledge
about the molecular mechanisms of the acute and chronic inflamma-
tory responses will facilitate improved decision making in personal-
ized therapy, taking into account the functioning of the immune sys-
tem.

Highlights

1. The acute inflammatory response due to surgical trauma is initiat-
ed through immune cell activity via various cytokine and chemo-
kine interactions.

2. Systemic lupus erythematosus is an autoimmune disease with
chronic inflammation in pathogenesis, with both impaired innate
and adaptive responses.

3. The presence of chronic inflammation modifies the acute inflam-
matory response.

4. The common components of and interactions between acute and
chronic inflammation are critical for understanding the molecular
mechanisms of the inflammatory response pathways in the surgical
immune responses of SLE patients.
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