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Abstract:    During the development and progression of severe acute pancreatitis (SAP), conspicuous immune dysregulation 
develops, which is mainly manifested as excessive immune response in the early stage and immunosuppression in the late stage. 
This process involves complex changes in a variety of immune molecules and cells, such as cytokines, complements, lymphocytes, 
and leukocytes. With the gradual deepening of studies on the development and progression of SAP, the role of immune dys-
regulation in the pathogenesis of SAP has attracted more and more attention. In this article, we review the advances in research on 
the immune dysregulation in SAP and the immunotherapy of this disease through exploring the formation of excessive immune 
response and immune suppression as well as their mutual transformation. 
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INTRODUCTION 
 

The causes of severe acute pancreatitis (SAP) 
mainly include gallstones, alcohol, iatrogenic, medi-
cations, and some rare diseases such as mitochondrial 
cytopathy. Although its origins vary, the develop-
ment of this disease has a close relationship with the 
imbalance of immune system (DiMagno and Di-
Magno, 2007; Skipworth and Pereira, 2008; Frossard 
et al., 2008). The nature of immune dysregulation is 
the dysregulation of T helper 1 (Thl)/T helper 2 (Th2) 
cytokines during the development and progression of 
diseases (Pietruczuk et al., 2006). Th1 and Th2 cells, 
which can secrete different cytokines, are derived 
from Th0 cells that are generated from the differen-

tiation of CD4+ T cells stimulated by antigens. Thl 
cells are often associated with cellular immune re-
sponses, while Th2 cells are often involved in hu-
moral immune responses. Thl/Th2 cytokines form an 
interactive network whose equilibrium is crucial for 
maintaining the body’s homeostasis. Some studies 
show that, in the early stage of SAP, the expression 
of peripheral blood lymphocyte activation markers, 
such as CD69, CD25, CD28, CD38, and CD122, is 
enhanced. Additionally, cytokines such as inter-
leukin-2 (IL-2), IL-4, IL-5, IL-10, Interferon gamma 
(IFN-γ), and tumor necrosis factor-alpha (TNF-α) 
also increase substantially and induce a cascade re-
action, thereby triggering excessive immune re-
sponse. In contrast, in the late stage of SAP, the 
number of peripheral blood lymphocytes decreases. 
Particularly, the number of B lymphocytes decreases 
more significantly than that of T lymphocytes. As a 
result, humoral and cellular immune responses are 
inhibited to varying degrees, thus decreasing immu-
nity of SAP patients and increasing their bodies’ 
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susceptibility to external infection (Pietruczuk et al., 
2006). 
 
 
EXCESSIVE IMMUNE RESPONSE 
 

When SAP develops, the massive release of Th2 
cytokines can exacerbate the transformation of Th0 
cells into Th2 cells. The increase in the number of 
Th2 cells can in turn promote the production of nu-
merous pro-inflammatory cytokines and intensify 
systemic inflammatory response (Pietruczuk et al., 
2006). Excessive immune response-induced multiple 
organ dysfunction in SAP patients, to a large extent, 
contributes to strong inflammatory response. Other 
immune factors, such as complement activation and 
enhanced activity of leukocytes, can also aggravate 
excessive immune response to a certain extent. 
 
Roles of Th2 cytokines in the development of ex-
cessive immune response in SAP 

In the early stage of SAP, the inappropriate ac-
tivation of phospholipases, elastases, and other di-
gestive enzymes activates the cascade of Th2 cyto-
kines such as TNF-α (Malleo et al., 2007), IL-6 
(Pooran et al., 2003), and other mediators of in-
flammation (Al Mofleh, 2008). Among of them, IL-6 
seems to be the most promising parameter for clinical 
assessment (Schütte and Malfertheiner, 2008). In 
contrast, during the phase of excessive immune re-
sponse in SAP, the release of some anti-inflammatory 
factors such as IL-4 and IL-10 is also intensified. 
However, these anti-inflammatory factors show no 
effect in reducing inflammatory reaction, which is 
mainly manifested as the following three aspects. 
First, although the secretion of anti-inflammatory 
factors increases in absolute levels during the phase of 
excessive immune response, their increase in relative 
levels is far less than that of pro-inflammatory factors. 
Ohmoto and Yamamoto (2005) found that, before 
treatment, the ratio of serum IL-10 and IL-6 signifi-
cantly decreased in SAP patients. After treatment, this 
ratio increased back. These results suggest that ex-
cessive pro-inflammatory reaction is the main con-
tributing factor of immune dysregulation in SAP 
patients. Second, the expression of cytokines such as 
IL-4 and IL-10 can promote the expression of Th2 
 

cytokines in various ways, thereby enabling the 
equilibrium to move towards Th2 cells. For example, 
in the early stage of SAP, IL-4 expression can pro-
mote the differentiation and development of Th2 
lymphocytes (Romagnani, 2000), while IL-10 is in-
volved in inducing the apoptosis of Th1 lymphocytes. 
These effects can ultimately cause the dysregulation 
of Thl/Th2 cytokines (Ayala et al., 2001). Third, the 
interactions among cytokines can form a complex 
network, in which changes in the levels of one or 
several anti-inflammatory factors cannot play a deci-
sive role. 
 
Roles of other immune factors such as the com-
plement system and leukocyte activity in the de-
velopment of excessive immune response in SAP 

The complement system, as an important com-
ponent of non-specific immune system, plays an 
important role in inducing excessive immune re-
sponse in SAP. As complement components C3 and 
C5 can be activated directly by pancreatic enzymes 
and thus decomposed, the massive release of pancre-
atic enzymes in SAP has an important effect on the 
activation of the complement system (Roxvall et al., 
1991). After being activated, complements and their 
active fragments can promote macrophage recruit-
ment, enhance their phagocytic and digestive abilities, 
activate neutrophils and vascular endothelial cells, 
and alter fibrinolytic system activity and intravascular 
coagulation process, thus being involved in the lung 
injury in SAP (Gloor et al., 2003). Hartwig et al. 
(2006) found that injecting soluble complement re-
ceptor-1 into SAP rats could effectively inhibit the 
activation of leukocytes and endothelial tissue by the 
complement system and reduce pancreatic necrosis 
and lung injury. In addition, the activities of leuko-
cytes also increase significantly. Paulino et al.(2007) 
found that, under normal circumstances in in vitro 
experiments, the endothelial tissue injury induced by 
neutrophils needed the activation of endothelin (ET) 
via ET receptors. In contrast, the neutrophils isolated 
from SAP patients could induce more severe endo-
thelial tissue injury in an ET-independent manner. In 
the present studies, the platelet-activating factor (PAF) 
has been considered as a key mediator in the pro-
gression of SAP, which can lead to severe complica-
tions and high mortality rate (Chen et al., 2008). 
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IMMUNOSUPPRESSION 
 

With the massive release of various cytokines 
during the phase of excessive immune response in 
SAP, peripheral blood lymphocytes are urgently mo-
bilized. However, after experiencing the processes of 
activation, reaction, and apoptosis, the number of 
these cells gradually declines. Accordingly, the levels 
of pro-inflammatory and anti-inflammatory factors 
also decrease (Han et al., 2003). Subsequently, a large 
number of spleen lymphocytes enter into the blood 
circulation to maintain immune response. At this time, 
the decrease in the total number of peripheral blood 
lymphocytes is not significant, and immunosuppres-
sion is not obvious. However, with the intensification 
of inflammation, endogenous anti-inflammatory fac-
tors cannot effectively mitigate inflammatory re-
sponse. Thus, more spleen lymphocytes enter into the 
blood circulation. Ultimately, the spleen becomes 
overburdened. As a consequence, the number of 
spleen lymphocytes declines sharply. Due to the in-
sufficiency of the number of peripheral blood lym-
phocytes, the suppression of the immune system is 
caused (Yasuda et al., 2002). 

 
Decrease in the numbers of peripheral blood and 
spleen lymphocytes 

The vital roles of immunosuppression in the 
development and progression of SAP mainly attribute 
to the decrease in the numbers of peripheral blood and 
spleen lymphocytes. After examining 101 SAP pa-
tients with or without infection, Ueda et al.(2006) 
found that the levels of serum IgG and IgM as well as 
the numbers of lymphocyte-activated killer cells and 
natural killer cells were lower than the normal values 
by 50.0%, 65.0%, 45.5%, and 42.4%, respectively. 
Moreover, the numbers of CD4+, CD8+ and CD20+ T 
lymphocytes were also significantly lower than the 
normal ranges. The numbers of CD4+ and CD8+ T 
lymphocytes in patients with infection decreased 
more significantly. With the continuous development 
of immunosuppression, SAP can cause serious sec-
ondary infections and damages to multiple organs 
(Beger and Rau, 2007). Additionally, through exam-
ining the numbers of spleen and peripheral blood 
lymphocytes in SAP rats, Yasuda et al.(2002) found 
that, at 12 and 24 h after the onset of SAP, the weight 
of the spleen declined and the number of spleen 

lymphocytes decreased. At 6, 12 and 24 h after the 
onset of SAP, the number of peripheral blood lym-
phocytes decreased significantly, accompanied by an 
increase in nuclear debris and deoxyribonucleic acid 
(DNA) fragments. In contrast, the apoptosis of spleen 
cells could not be detected. These results suggest that 
a large number of spleen lymphocytes enter into the 
blood circulation to compensate for the loss of pe-
ripheral blood lymphocytes. 

 
Roles of Th1 cytokines in the development of 
immunosuppression in SAP 

IFN-γ secreted by Th1 cells can not only protect 
tissues against virus-mediated injury but also induce 
self-damage to the body’s tissues. In SAP, IFN-γ 
secretion is inhibited, thus aggravating the disease. 
Ma et al.(2006) found that stimulation of spleen cells 
with antigen in SAP rats could lead to a significant 
decrease in the secretions of IL-2, IL-12, and IFN-γ 
by these cells when compared with those in the con-
trol group. Rau et al.(2006) found that treatment of 
SAP rats with recombinant rat IFN-γ could postpone 
the process of pancreatic tissue necrosis, reduce neu-
trophil infiltration and decrease the levels of IL-1 in 
pancreatic tissues. These results suggest that inade-
quate release of Thl cytokines, such as IL-2, IL-12, 
and IFN-γ, can aggravate the immunosuppression in 
SAP. 

 
Roles of other immune factors in the development 
of immunosuppression in SAP 

The levels of immunosuppression in SAP pa-
tients can be evaluated using the expression level of 
monocyte human leukocyte antigen HLA-DR, which 
is mainly expressed on the membranes of B lym-
phocytes, monocytes and endothelial cells. Kylänpää- 
Bäck et al.(2001) found that the expression level of 
HLA-DR showed a sustained decline in SAP patients. 
Patients surviving after SAP showed a back elevation 
in the expression level of HLA-DR, while dead pa-
tients showed no back elevation. Through observing 
57 cases of SAP patients, Krivoruchko et al.(2003) 
found that only 51.2% of SAP patients complicated 
with pancreatic necrosis and infection had HLA- 
DR-positive lymphocytes. Moreover, the activities of 
T cells were inhibited significantly and the activities 
of neutrophils were very low. In addition, the ex-
pression of toll-like receptors (TLRs) on the  
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surface of macrophages was also inhibited in SAP 
(Matsumura et al., 2007). Furthermore, the above-
mentioned Thl cytokines, such as IL-4 and IL-10, also 
play important roles in the development of immuno-
suppression in SAP. These factors work together with 
pro-inflammatory factors to form an inflammatory 
mediator network system that can ultimately lead to 
greater damage to the body. 
 
 
IMMUNOTHERAPY OF SAP 
 

Considering that immune dysregulation is pre-
sent in SAP, some researchers have suggested that 
immunotherapy is adopted to treat this disease by 
using cytokine- or endotoxin-specific antagonists to 
block the actions of inflammatory mediators or in-
flammatory cytokines. At present, anti-tumor necrosis 
factor monoclonal antibodies and soluble IL-1 re-
ceptor have been successfully developed. However, 
although these drugs show prominent effects in an-
tagonizing excessive immune response in animal 
experiments, the majority of them yield no expected 
effects in clinical trials. Instead, some of them may 
increase the mortality rates of patients, which is per-
haps due to the fact that the treatment is too unitary 
and limited (Iwagaki et al., 1997). Since the immune 
system is a whole system, there are complex feed-
back interactions among the cytokines that are in-
volved in inflammatory reaction. Once inflammatory 
reaction is started, a single factor cannot terminate 
the immune reaction of the entire network. Inappro-
priate immune intervention may further destroy the 
immune equilibrium. 

 
Immunosuppressants 

Since excessive immune response is the main 
immune event present in the early stage of SAP, ap-
propriate short-term use of immunosuppressants, 
under the prerequisite of using potent antibiotics, may 
be a safe, effective and economical way for the ther-
apy of SAP. Dexamethasone, as a glucocorticoid 
hormone, is able to significantly lower the levels of 
inflammatory mediators, mitigate pancreatic in-
flammation, and reduce the incidence rates of com-
plications and transit operations. Therefore, it is an 
effective drug for comprehensive treatment of SAP 
(Ma et al., 2002). Some studies have found that 

dexamethasone can promote the secretion of IL-10 by 
either peripheral blood monocytes or CD4+ T cells 
cultured in vitro (Fushimi et al., 1997). IL-10, as an 
important anti-inflammatory cytokine, has strong 
immunosuppressive effect. It can effectively inhibit 
not only the production of cytokines by mono- 
macrophages, such as TNF-α, IL-1, IL-6, and granu-
locyte-macrophage colony stimulating factor 
(GM-CSF), but also the expression of major histo-
compatibility antigen major histocompatibility com-
plex (MHC)-II by monocytes. An animal experiment 
(Chen et al., 2002) indicated that immunosuppressive 
drugs such as 5-fluorouracil (5-FU), cyclophos-
phamide, and methotrexate could significantly inhibit 
the expression of inflammatory cytokines TNF-α, 
IL-1 and IL-6 in SAP. Simultaneous with the decrease 
in the expression of inflammatory cytokines, the ex-
pression of anti-inflammatory cytokines transforming 
growth factor-β (TGF-β) and IL-10 also decreased. 
This result suggests that immunosuppressive drugs 
have bidirectional effects on the immune dysregula-
tion in SAP, through which abnormal immune status 
can return to normal one, the illness is mitigated, and 
the aggravation of SAP is prevented. Currently, it has 
been confirmed that other drugs such as ethyl pyru-
vate can improve survival rate, ameliorate distant 
organ injury, and significantly decrease serum TNF, 
IL-1 and IL-6 levels in experimental models during 
SAP, therefore having some potential clinical values 
(Fink, 2008). 

 
Immunomodulators 

Currently, the use of immunomodulators in the 
therapy of SAP is still in the experimental stage. 
Immunomodulators, of which thymosin alpha 1 (TA1) 
and IFN-γ are more often used, are mainly used in the 
immunosuppressive stage of the disease to improve 
immunity, prevent infection, and reduce the mortality 
rate.  

TA1, an extract from the thymus, has hormone- 
like activities. It has been increasingly used in clinical 
practice, since it has anti-aging, anti-tumor and 
anti-infection effects and is able to auxiliarily treat 
autoimmune diseases and acquired immunodefi-
ciency syndrome (AIDS) as well as modulate the 
neuroendocrine system. Some studies (Sjogren, 2004; 
Armutcu et al., 2005) have found that TA1 is also 
able to activate macrophages, dendritic cells,  
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mitogen-activated protein kinase (MAPK) signal 
transduction system and innate immune system, and 
inhibit the activity of lipid peroxides. It has been 
found that, in SAP rats subcutaneously injected with 
TA1, TA1 can improve tissue injury and reduce the 
mortality rate through modulating CD3+/CD4+ T cell 
ratio and reducing the release of inflammatory factors 
and cytokines (Yao et al., 2007).  

IFN-γ can upregulate the expression of MHC-1 
molecules in nucleated cells, activate macrophages, 
promote the secretion of IL-12 by macrophages, and 
inhibit the proliferation of Th2 cells, thus enabling the 
differentiation towards Th1 cells. In SAP, the activi-
ties of IFN-γ are inhibited. As a result, the disease is 
aggravated. Hayashi et al.(2007) found that IFN-γ 
could exert anti-inflammatory effects through inhib-
iting nuclear factor-κB (NF-κB) induced pro- 
inflammatory response, thereby mitigating the dis-
ease. Through in vitro supplement of IFN-γ into the 
blood samples from 28 SAP patients, Kylanpaa et 
al.(2005) found that IFN-γ could significantly in-
crease the level of TNF-α in a toxin-dependent man-
ner and raise the percentage of HLA-DR positive 
monocytes. 
 
 
CONCLUSION 
 

To sum up, excessive immune response is re-
lated with the multiple organ failure present in the 
early stage of SAP, whereas immunosuppression is a 
potential factor contributing to the infection present in 
the late stage of this disease. At present, it is yet not 
fully clear what relationship exists between excessive 
immune response and immunosuppression. When 
immunomodulatory approaches are clinically applied 
to treat SAP, the treatment should be conducted ac-
cording to doctors’ experience. The efficacy of im-
munomodulatory therapy on SAP still needs to be 
validated by using large-sample, multi-center, ran-
domized, double-blind studies. Immune interventions 
based on the changes in immune function in different 
stages of SAP have gradually become an important 
means for comprehensive treatment of this disease. 
We believe that immunotherapy of SAP represents an 
important direction for the treatment of this disease 
and therefore has broad prospects for application. 
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