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Abstract

Surgical trauma affects both the innate and acquired immunity. The severity of immune disorders is 
proportional to the extent of surgical trauma and depends on a number of factors, including primarily 
the basic disease requiring surgical treatment (e.g. cancer), often coexisting infections and impaired 
nutritional status. Disorder of the immune response following surgical trauma may predispose to septic 
complications burdened with the highest mortality rate. Extensive surgery in cancer patients is asso-
ciated with simultaneous activation of pro- and anti-inflammatory processes defined as SIRS (system-
ic inflammatory immune response) and CARS (compensatory anti-inflammatory immune response). 
However, it is generally believed that major surgical trauma is accompanied by sustained postopera-
tive immunosuppression, which is particularly important in patients operated on for cancer, since the 
suppression of the immune system promotes not only septic complications, but also proliferation and 
tumor metastasis. This paper reviews the main features of immune response to surgical trauma and 
possibilities of its regulation.
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Several experimental and clinical studies have shown 
that surgical trauma is associated with disorders of the im-
mune response, in terms of both innate and acquired im-
munity. The severity of immune disorders is proportional 
to the extent of surgical trauma and depends on a number 
of factors, including primarily the basic disease requiring 
surgical treatment (e.g. cancer), often coexisting infections 
and impaired nutritional status. It is generally believed 
that major surgical trauma is accompanied by sustained 
postoperative immunosuppression, which is particularly 
important in patients operated on for cancer, since the sup-
pression of the immune system promotes not only septic 
complications, but also proliferation and tumor metastasis.

Pro- and anti-inflammatory response 
following surgical trauma

Local inflammatory response in the surgical wound ob-
served in the early postoperative period is associated main-
ly with the activation of innate immune mechanisms – the 
influx of neutrophils and monocytes into the wound and the 
production of cytokines and chemokines. Local production 
of proinflammatory mediators increases in the periopera-
tive period, which can potentiate systemic inflammatory 
response, defined as systemic inflammatory immune re-
sponse (SIRS) [1]. During initial period after trauma or 
local infection, inflammatory response is considered as 

psychological, however, persistent infection of the wound, 
increasing malnutrition or the re-operation enhance sys-
temic inflammatory response and may lead to multi-organ 
failure (MOF). The inflammatory response associated with 
activation of the innate immunity is targeted to elimination 
of the infectious agent, reducing tissue damage, removal of 
residues of dead cells and the start of the healing process. 
Postoperative inflammatory reaction is characterized by 
massive production of proinflammatory cytokines – inter-
leukin (IL)-1β, IL-6 and tumor necrosis factor α (TNF-α). 
During pathological conditions (postoperative complica-
tions, persistent source of infection), uncompensated ex-
cessive and prolonged proinflammatory response in some 
patients may lead to multiple organ dysfunction syndrome 
(MODS). However, there are mechanisms maintaining ho-
meostasis of immune response. Research of immunological 
parameters in patients undergoing surgery show that in the 
postoperative period increased amounts of anti-inflamma-
tory agents [IL-4, IL-10, sTNFR1, IL-1 receptor antagonist 
(IL-1Ra), transforming growth factor β (TGF-β), cere-
brospinal fluid (CSF)] are produced. This phenomenon is 
considered to be a compensatory response of the immune 
system, aimed at reducing the severity and duration of the 
systemic inflammatory response [2]. Compensatory anti-in-
flammatory immune response (CARS) is a mechanism of 
adaptation mainly involving acquired (cellular) immunity, 
including, inter alia, dendritic cells and lymphocytes Treg 
[3]. The adverse effect of CARS may be prolonged and 
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increased immunosuppression, predisposing patients to sep-
sis, secondary infections or late MODS. Initial studies on 
the subject of systemic inflammatory response to trauma 
and its compensation based on the belief that these phe-
nomena follow each other – the initial phase of SIRS is 
followed by CARS. Currently the view of the parallel de-
velopment of SIRS and CARS response starts to dominate, 
although these phenomena are still poorly understood, mak-
ing their clinical interpretation difficult [4]. One example 
indicating the simultaneous production of anti- and proin-
flammatory mediators are studies assessing the relationship 
between the concentration of pro- and anti-inflammatory 
cytokines and septic complications and operating injuries in 
surgical cancer patients, published by Mokart et al. [5]. The 
authors of this paper observed a simultaneous, significant 
and correlated increase in the concentration of proinflam-
matory IL-6 and anti-inflammatory IL-1Ra in the first days 
after surgery compared to the pre-operative period. In ad-
dition, it was reported that IL-6 concentration was signifi-
cantly higher in the group of patients who developed septic 
complications, whereas IL-1Ra was significantly higher 
among patients who developed septic shock. Osuchowski 
et al. [6] observed a simultaneous production of anti- and 
proinflammatory cytokines in a murine model of sepsis. 
In the first five days of sepsis, the growth of IL-6, TNF, 
IL-1β, KC, macrophage inflammatory protein 2 (MIP-2), 
monocyte chemoattractant protein-1 (MCP-1) and eotaxin 
was accompanied by an increasing concentration of soluble 
TNF receptor (sTNFR), IL-10 and IL-1Ra, which supports 

the hypothesis of simultaneous pro- and anti-inflammatory 
reaction during sepsis. Basing on the observations of pa-
tients treated in intensive care units (ICU) due to surgical 
complications, Gentile et al. [7] proposed a new term: per-
sistent inflammation, immunosuppression and catabolism 
syndrome (PICS) to determine patients who remain in the 
ICU due to the organ failure, but do not meet the criteria of 
late MODS. According to the authors, the clinical picture of 
these patients includes persistent, low intensity inflamma-
tion, protein catabolism, loss of lean body mass, impaired 
wound healing, suppression of the immune system, and re-
current infections. As a result of the prolonged immunosup-
pression and weight loss, these patients are more prone to 
nosocomial infections and rarely return to health. Thus, the 
care of these patients is a major challenge for intensive care 
units nowadays. Immunological and clinical disorders asso-
ciated with SIRS, CARS and PICS are presented in Table 1.

Effect of surgical trauma on innate 
immunity

The early immune response to the surgical trauma is 
associated with activation of innate immunity. As the first 
line of defense, immune cells with phagocytic properties 
and capability of antigen presentation migrate to the sur-
gical wound. These include neutrophils, macrophages, 
and dendritic cells. Severe SIRS and infection are accom-
panied by mobilization of massive amounts of immature 
neutrophils from the bone marrow into circulation. How-

Table 1. Main clinical and immunological features of SIRS, CARS and PICS. According to [1, 7, 36]

SIRS CARS PICS

Immunological 
disturbances

“Cytokine storm” – massive 
production of proinflammatory 
cytokines: TNF-α, IL-1, IL-6

Increased lymphocyte apoptosis, 
decreased production of cytokines

Decreased synthesis of IL-1β, IL-6, 
IL-8, IL-12, TNF by monocytes in 
response to LPS

Decreased apoptosis of neutrophils 
increased chemotaxis

Decreased production of IL-1β and  
IL-1Ra by neutrophils in response to LPS

Increased production of IL-10, IL-4

Inflammation – changes in 
concentrations of IL-6, IL-10, IL-1Ra

Monocyte dysfunction – decreased 
production of cytokines, decreased 
phagocytosis and expression of HLA-DR

T-cell anergy – expression of suppressive 
molecules, decreased proliferation, shift 
toward T

H
2 response

Increased number of Treg and 
suppressing activity

Clinical 
features

Body temperature > 38°C or < 36°C

Pulse > 90 beats/min

> 20 breaths/min

Hyperventilation PaCO
2
 > 32 torr

Leukocyte count > 12,000/mm3  
or < 4,000/mm3

> 10% immature neutrophils

*SIRS is diagnosed when at least 
two criteria are met

Skin anergy

Hypothermia

Leukopenia

Susceptibility to infection

Difficulties in controlling infection

ICU stay over 10 days

CRP > 150 µg/dl

TLC < 0,8 × 109/l

Weight loss > 10% during hospitalization 
or BMI < 18%

Albumins < 3.0 g/dl

Prealbumins < 10 mg/dl

Retinol binding protein < 10 µg/dl

SIRS – systemic inflammatory response syndrome; CARS – compensatory anti-inflammatory response syndrome; PICS – post incarceration syndrome
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ever, Drifte et al. [8], after studying ability of the imma-
ture neutrophils to perform an effective immune response 
(as measured by the ability to survive / perform apoptosis, 
expression of CD16, Toll-like receptor (TLR) 2, TLR4, 
CD14, D-2, HLA-DP, and chemotaxis and phagocytosis) 
in patients with sepsis and SIRS, found that despite its im-
maturity, these cells are able to fulfill their crucial task 
from the point of view of innate immunity.

Exposure of immune cells present within infected 
surgical wounds expressing pattern recognition receptors 
(PRR) to pathogen-associated molecular patterns (PAMPs) 
triggers a cascade of reactions, which results in the syn-
thesis of proinflammatory compounds. It was observed 
that the systemic inflammatory response accompanying 
operating injuries can also occur without the presence of 
an infectious agent. This phenomenon can be explained 
by the discovery of endogenous mediators released during 
cell destruction – damage-associated molecular patterns or 
danger-associated molecular patterns (DAMPS) also called 
alarmins [9]. Alarmins released from damaged tissue are 
recognized by TLRs expressed by macrophages and den-
dritic cells. Alarmins can be also recognized by intracellu-
lar NOD receptors (nucleotide-binding oligomerization do-
main-containing protein). Ligation of the alarmin to TLR 
or NOD receptor activates the signaling pathway leading 
to the activation of nuclear factor kappaB (NF-κB) and 
transcription of genes encoding proinflammatory cytokines 
(IL-1, IL-6, TNF-α) [10].

Toll-like receptors and surgical infections
Toll-like receptors are a group of evolutionarily con-

served proteins involved in innate immune response. They 
are present on monocytes, macrophages, neutrophils, den-
dritic cells and mast cells, however they are also expressed 
by cells of the adaptive immune response – T and B lym-
phocytes. Changes in the TLRs expression during sepsis 
and trauma has been shown in the cell culture and animal 
models [11]. A significant increase in TLR-2 and TLR-4 
expression on monocytes obtained from septic patients as 
compared with healthy controls was observed [12]. How-
ever, paradoxically, it was found that an increase in TLRs 
expression on monocytes during sepsis is accompanied by 
the decrease in proinflammatory cytokine production [13]. 
The authors of this study found that mononuclear cells ob-
tained from septic patients with an increased expression 
of TLRs after ex vivo lipopolysaccharide (LPS) stimula-
tion synthesize significantly less IL-1β than cells derived 
from patients after surgical trauma and from healthy con-
trols. Interestingly, it was also noted that mononuclear 
cells obtained from patients after surgical trauma without 
accompanying sepsis, also show an increased expression 
of TLR4, but upon stimulation with LPS produce signifi-
cantly more TNF-α and IL-1β than cells obtained from 
septic patients and healthy volunteers. It was also shown 

that LPS stimulation further enhances the expression of 
TLR receptors on monocytes in surgical patients and in 
the control group, while in the group of septic patients 
this phenomenon was not observed. Authors conclude 
that these observations may indicate reduced ability to re-
spond to the inflammatory secondary signal by peripheral 
blood mononuclear cells in septic patients. Tsujimoto et 
al. [11] investigated the relationship between the level of 
expression of TLR2, TLR4 and CD14 on monocytes and 
the severity of disease and mortality in sepsis. The authors 
did not observe any correlation between the expression 
of these particles and severity of disease pronounced in 
APACHE II scale (Acute Physiology and Chronic Health 
Evaluation). It was probably caused by the lack of increase 
in TLRs expression in patients with a score of APACHE II 
> 20 as compared with the patients with less severe sepsis.

Stimulation of Toll-like receptors without 
the participation of infectious agents – 
alarmins

Toll-like receptors may be stimulated without the in-
volvement of infectious agents, by interacting with alarm-
ins. During trauma a number of factors released from the 
dying and necrotic cells may be a ligand for TLRs. One of 
the activators of TLR4 is a prosthetic group of hemoglobin 
– heme. Free heme appears in the extravascular space in 
large amounts as a result of severe diseases accompanied 
by hemolysis, hemorrhages or rhabdomyolysis. Figueiredo 
et al. [14] demonstrated the induction of TNF-α synthesis 
by macrophages exposed to heme, in a mechanism depen-
dent on myeloid differentiation primary response protein 
(MyD88), TLR4 and CD14. However, heme did not in-
duce the synthesis of IL-6, which may indicate a different 
profile of activation of TLR4 than in the case of LPS.

One of the most important alarmins involved in immune 
response to trauma and infection is non-histone nuclear high 
mobility group box protein 1 (HMGB1). It can be found in 
all nucleated mammalian cells where it acts as a transcrip-
tion factor [15]. High mobility group box protein 1 can get 
into the extracellular space in the active or passive way. Pas-
sive release of HMGB1 into the extracellular space occurs 
during injury or tissue necrosis and as shown by recent stud-
ies, also during apoptosis [16]. Released from damaged cells 
HMGB1 is involved in the recruitment of macrophages and 
dendritic cells into the damaged tissue, as well as contribut-
ing to the activation of NK cells. Maturation and activation 
of dendritic cells allows the initiation of a response from 
T-helper lymphocytes. In the lymph node, mature dendritic 
cells present antigen complexed with major histocompat-
ibility complex (MHC) molecule to naive T lymphocytes 
and are the source of HMGB1, further increasing the pool 
of mature dendritic cells capable of activating naive CD4+, 
CD8+ and NK cells [17]. Active secretion of HMGB1 by 
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immune cells (monocytes, macrophages, dendritic cells) and 
non-immune cells (endothelial cells, platelets) is a result 
of exposure to PAMP (such as LPS) and proinflamma-
tory cytokines such as IL-1, TNF [18, 19]. High mobility 
group box protein 1 is actively secreted as a result of cell 
exposure to C5a anaphylatoxin, one of the components 
of the complement cascade [20]. As stated, produced in 
the course of experimental sepsis, anaphylatoxin C5a ad-
versely affects survival. C5a induces its proinflammatory 
actions through interaction with C5l2 C5aR receptors [21]. 
Stimulation of C5l2 receptor with C5a results in an active 
HMGB1 secretion and further amplifies proinflammatory 
responses. Blocking C5a with the specific antibody [22] 
or Pep inhibitory protein [23] significantly decreases the 
mortality due to sepsis in an animal model. HMGB1 se-
cretion from activated monocytes/macrophages starts 8-12 
hours after stimulation, which is a significantly delayed 
response in comparison with other proinflammatory fac-
tors produced by these cells [24]. As stated, the HMGB1 
concentration correlates with the severity of injury, fur-
thermore it has been shown to be significantly higher in 
patients who developed MODS [25].

When present in the extracellular space, HMGB1 reg-
ulates many processes – affects the production of inflam-
matory cytokines, influences angiogenesis and matura-
tion of dendritic cells, acts as a chemoattractant [26]. The 
mechanism of its action is associated with stimulation of 
RAGE (Receptor For Advanced Glycation End Products) 
and TLRs, including TLR2, TLR4 and TLR9 [27]. The 
interaction of HMGB1 with RAGE is responsible for its 
chemotactic properties, whereas interaction with TLR4 
induces strong proinflammatory reaction in a mechanism 
dependent on NF-κB activation. High mobility group 
box protein 1 may promote the recruitment of immune 
cells into the damaged tissue independently of RAGE, 
by creating heterocomplexes with chemokine CXCL12 
and interaction with CXCR4 receptor [28]. Stimulation 
of TLR4 by HMGB1 initiates a cascade of inflammato-
ry reactions similarly to the LPS stimulation. It requires 
MyD88 and involves the activation of the transcription 
factor NF-κB resulting in the synthesis of proinflammato-
ry cytokines [29]. Toll-like receptor 4 signaling pathway 
induced by ligation of HMGB1 and/or LPS is presented 
in Figure 1.

trauma infection

necrosis

apoptosis

active
secretion

HMGB1 LPS

TLR4 TLR4

MyD88 MyD88

IRAK

TRAF6

TAK

NF-kB

HMGB1

Proinflammatory cytokines gene transcription

Fig. 1. Toll-like receptor 4 signaling pathway
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Effect of surgical trauma on acquired 
immunity

Initiation of specific immune response requires in-
teraction between antigen presenting cells (APC) and  
T lymphocytes. In addition to immune cells involved in 
innate immunity, professional antigen presenting cells 
such as macrophages and dendritic cells move to injured 
tissue. Antigens present in injured tissue are taken up by 
APC and after intracellular processing are presented on 
their cell surface in a complex with MHC molecules so 
they can be recognized by CD4+ T cells having a specific 
T-cell receptor (TCR). Depending on the type of antigen 
and the cytokines interacting with CD4+ cells, they can 
differentiate towards Th1 or Th2 phenotype. The presence 
of IL-12 determines the differentiation of Th0 cell toward 
the Th1 phenotype, while IL-4 promotes differentiation to 
Th2. Th1 cells by production of interferon γ (IFN-γ) and 
IL-2 promote primarily a cellular response directed against 
intracellular pathogens (including viruses) and the elimina-
tion of tumor cells. Through the production of IL-4, IL-6 
and IL-10, Th2 cells promote humoral immune response 
directed against extracellular pathogens [30]. As a result of 
extensive surgical trauma in cancer patients, a shift in Th1/
Th2 balance towards Th2 was observed. Decker et al. [31] 
showed a decreased IFN-γ secretion and increased IL-4 
production by peripheral blood polymorphonuclear cells 
obtained from patients after cholecystectomy, suggesting 
silencing of cellular responses and enhancing of humor-
al immune response after a minor surgical procedure. 
A similar observation was made by Ishikawa et al. [32] 
however regarding larger surgical trauma (gastrointestinal 
cancer resection). A significantly reduced Th1/Th2 ratio 
observed on the second postoperative day did not return to 
normal until the fourteenth day after surgery. Additionally, 
it was observed that in patients who developed postoper-
ative complications, Th1/Th2 ratio remained significantly 
longer on a lower level as compared to patients without 
complications, despite the lack of differences on the sec-
ond day. These reports may suggest that suppression of 
both Th1 response and intensification of Th2 response 
may be one of the factors increasing the susceptibility to 
infections and septic complications. As demonstrated by 
numerous studies, trauma is associated with an increase 
in the leukocytes count, but also with a decrease in the 
number of lymphocytes, both CD4+ and CD8+, which can 
deepen immunosuppression [33]. One of the mechanisms 
responsible for the decrease in the number of lymphocytes 
are disturbances in the mechanisms regulating apoptosis of 
these cells. It has been shown that prolonged lymphopenia 
lasting over four days is associated with increased mor-
tality and a higher risk of extended hospitalization [34]. 
Experimental studies suggest that the prevention of lym-
phocytes apoptosis by blocking caspase or stimulation of 
the production of anti-apoptotic Bcl-2 protein might con-

tribute to a significant reduction in mortality in patients 
with severe infections [35].

Conclusions
Surgical trauma affects both the innate and acquired 

immunity and disorder of the immune response may pre-
dispose to septic complications burdened with the highest 
mortality rate. Immune disorders associated with extensive 
surgery in cancer patients are associated with simultaneous 
activation of pro- and anti-inflammatory processes, and are 
still a difficult but also an interesting object of study. More 
detailed knowledge of mechanisms contributing to postop-
erative immunosuppression and increased susceptibility to 
septic complications as well as exploring the possibilities 
of modulating the immune response to trauma is one of 
the most important goals of experimental and clinical im-
munology.
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