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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 ThO cells that are generated from the differen-
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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-y), and tumor necrosis factor-alpha (TNF-a)
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.,
20006).

EXCESSIVE IMMUNE RESPONSE

When SAP develops, the massive release of Th2
cytokines can exacerbate the transformation of ThO
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-a (Malleo et al., 2007), IL-6
(Pooran et al., 2003), and other mediators of in-
flammation (Al Mofleh, 2008). Among of them, 1L-6
seems to be the most promising parameter for clinical
assessment (Schiitte 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 a/.(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 ef 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 ef a/.(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 Thl cytokines in the development of
immunosuppression in SAP

IFN-y 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-y
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-y
by these cells when compared with those in the con-
trol group. Rau et a/.(2006) found that treatment of
SAP rats with recombinant rat IFN-y 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 1L-2, 1L-12,
and IFN-y, 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. Kylanpaa-
Béck 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 ef 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-a, 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-a,
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-f (TGF-B) 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-y 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 TAI 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
TAT1, 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-y 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 [FN-y are inhibited. As a result, the disease is
aggravated. Hayashi et al.(2007) found that IFN-y
could exert anti-inflammatory effects through inhib-
iting nuclear factor-kB (NF-xB) induced pro-
inflammatory response, thereby mitigating the dis-
ease. Through in vitro supplement of IFN-y into the
blood samples from 28 SAP patients, Kylanpaa et
al.(2005) found that IFN-y could significantly in-
crease the level of TNF-a 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.

References

Al Mofleh, I.A., 2008. Severe acute pancreatitis: pathogenetic
aspects and prognostic factors. World J. Gastroenterol.,
14(5):675-684. [doi:10.3748/wjg.14.675]

Armutcu, F., Coskun, O., Giirel, A., Kanter, M., Can, M., Ucar,
F., Unalacak, M., 2005. Thymosin alpha 1 attenuates lipid
peroxidation and improves fructose-induced steatohepa-
titis in rats. Clin. Biochem., 38(6):540-547. [d0i:10.1016/
j.clinbiochem.2005.01.013]

Ayala, A., Chung, C.S., Song, G.Y., Chaudry, I.H., 2001.
IL-10 mediation of activation-induced TH1 cell apoptosis
and lymphoid dysfunction in polymicrobial sepsis. Cyto-
kine, 14(1):37-48. [doi:10.1006/cyt0.2001.0848]

Beger, H.G., Rau, B.M., 2007. Severe acute pancreatitis:
clinical course and management. World J. Gastroenterol.,
13(38):5043-5051.

Chen, C., Xia, S.H., Chen, H., Li, X.H., 2008. Therapy for
acute pancreatitis with platelet-activating factor receptor
antagonists. World J. Gastroenterol., 14(30):4735-4738.
[doi:10.3748/wjg.14.4735]

Chen, X.L., Huang, X.L., Wu, H., 2002. Modulation of dis-
order of inflammatory-associated cytokines with immuno-
suppressive agents in acute pancreatitis. Chinese Journal
of Bases and Clinics in General Surgery, 9(6):384-387 (in
Chinese).

DiMagno, M.J., DiMagno, E.P., 2007. New advances in acute
pancreatitis. Curr. Opin. Gastroenterol., 23(5):494-501.

Fink, M.P., 2008. Ethyl pyruvate. Curr. Opin. Anaesthesiol.,
21(2):160-167. [doi:10.1097/AC0O.0b013e3282f63c2e]

Frossard, J.L., Steer, M.L., Pastor, C.M., 2008. Acute pan-
creatitis. Lancet, 371(9607):143-152. [doi:10.1016/S0
140-6736(08)60107-5]

Fushimi, T., Okayama, H., Seki, T., Shimura, S., Shirato, K.,
1997. Dexamethasone suppressed gene expression and
production of interleukin-10 by human peripheral blood
mononuclear cells and monocytes. Int. Arch. Allergy
Immunol., 112(1):13-18.

Gloor, B., Stahel, P.F., Miiller, C.A., Schmidt, O.I., Biichler,
M.W., Uhl, W., 2003. Predictive value of complement
activation fragments C3a and sC5b-9 for development of
severe disease in patients with acute pancreatitis. Scand. J.
Gastroenterol., 38(10):1078-1082. [doi:10.1080/003655
20310005965]

Han, X.C., Zhang, Y.C., Wang, Y., Jia, M.K., 2003. Clinical
evaluation of serum interleukin 10 in patients with acute
pancreatitis. Hepatobiliary Pancreat. Dis. Int., 2(1):
135-138.

Hartwig, W., Klafs, M., Kirschfink, M., Hackert, T.,
Schneider, L., Gebhard, M.M., Biichler, M.W., Werner,
J., 2006. Interaction of complement and leukocytes in
severe acute pancreatitis: potential for therapeutic inter-
vention. Am. J. Physiol. Gastrointest. Liver Physiol.,
291(5):G844-G850. [doi:10.1152/ajpgi.00016.2006]

Hayashi, T., Ishida, Y., Kimura, A., Iwakura, Y., Mukaida, N.,
Kondo, T., 2007. IFN-gamma protects cerulein-induced



498 Zhang et al. / J Zhejiang Univ Sci B 2009 10(7):493-498

acute pancreatitis by repressing NF-kappa B activation. J.
Immunol., 178(11):7385-7394.

Iwagaki, H., Hizuta, A., Uomoto, M., Takeuchi, Y., Kohoka,
H., Okamoto, T., Tanaka, N., 1997. Clinical value of
cytokine antagonists in infectious complications. Res.
Commun. Mol. Pathol. Pharmacol., 96(1):25-34.

Krivoruchko, I.A., Boiko, V.V, Pesotskii, O.N., Shevchenko,
R.S., Klimova, E.M., Drozdova, L.A., 2003. The role of
immune disorders information of local and systemic
complications of severe acute pancreatitis. Klin. Khir.,
(2):20-24 (in Russian).

Kylanpai-Back, M.L., Takala, A., Kemppainen, E., Puolak-
kainen, P., Kautiainen, H., Jansson, S.E., Haapiainen, R.,
Repo, H., 2001. Cellular markers of systemic inflamma-
tion and immune suppression in patients with organ fail-
ure due to severe acute pancreatitis. Scand. J. Gastroen-
terol., 36(10):1100-1107. [doi:10.1080/0036552017504
22738]

Kylanpaa, M.L., Mentula, P., Kemppainen, E., Puolakkainen,
P., Aittomaki, S., Silvennoinen, O., Haapiainen, R., Repo,
H., 2005. Monocyte anergy is present in patients with
severe acute pancreatitis and is significantly alleviated by
granulocyte-macrophage colony-stimulating factor and
interferon-gamma in vitro. Pancreas, 31(1):23-27.
[d0i:10.1097/01.mpa.0000164449.23524.94]

Ma, M., Geng, Z.Q., He, X.Y., 2002. Improving the prognosis
of severe acute pancreatitis by using dexamethasone in-
hibiting inflammatory mediators. Journal of the Fourth
Military Medical University, 23(10):932-934 (in Chi-
nese).

Ma, T., Kang, C., Shao, H., Qi, Q., Hu, W., 2006. Protective
effects of ulinastatin on proliferation and cytokine release
of splenocytes from rats with severe acute pancreatitis.
Eur. Surg. Res., 38(5):445-450. [doi:10.1159/000095087]

Malleo, G., Mazzon, E., Siriwardena, A.K., Cuzzocrea, S.,
2007. Role of tumor necrosis factor-alpha in acute pan-
creatitis: from biological basis to clinical evidence. Shock,
28(2):130-140. [doi:10.1097/shk.0b013e3180487ba1]

Matsumura, N., Takeyama, Y., Ueda, T., Yasuda, T., Shinzeki,
M., Sawa, H., Nakajima, T., Kuroda, Y., 2007. Decreased
expression of toll-like receptor 2 and 4 on macrophages in
experimental severe acute pancreatitis. Kobe. J. Med. Sci.,
53(5):219-227.

Ohmoto, K., Yamamoto, S., 2005. Serum interleukin-6 and
interleukin-10 in patients with acute pancreatitis: clinical
implications. Hepatogastroenterology, 52(64):990-994.

Paulino, E.C., de Souza, L.J., Molan, N.A., Machado, M.C.,
Jancar, S., 2007. Neutrophils from acute pancreatitis

patients cause more severe in vitro endothelial damage
compared with neutrophils from healthy donors and are
differently regulated by endothelins. Pancreas, 35(1):
37-41. [doi:10.1097/MPA.0b013e31805¢c177b]

Pietruczuk, M., Dabrowska, M.I., Wereszczynska-Siemiat-
kowska, U., Dabrowski, A., 2006. Alteration of periph-
eral blood lymphocyte subsets in acute pancreatitis.
World J. Gastroenterol., 12(33):5344-5351.

Pooran, N., Indaram, A., Singh, P., Bank, S., 2003. Cytokines
(IL-6, IL-8, TNF): early and reliable predictors of severe
acute pancreatitis. J. Clin. Gastroenterol., 37(3):263-266.
[doi:10.1097/00004836-200309000-00013]

Rau, B.M., Kriiger, C.M., Hasel, C., Oliveira, V., Rubie, C.,
Beger, H.G., Schilling, M.K., 2006. Effects of immuno-
suppressive and immunostimulative treatment on pan-
creatic injury and mortality in severe acute experimental
pancreatitis. Pancreas, 33(2):174-183. [doi:10.1097/01.
mpa.0000226895.16817.a1]

Romagnani, S., 2000. T-cell subsets (Thl versus Th2). Ann.
Allergy Asthma Immunol., 85(1):9-18.

Roxvall, L., Bengtson, A., Sennerby, L., Heideman, M., 1991.
Activation of the complement cascade by trypsin. Biol.
Chem. Hoppe. Seyler., 372(4):273-278.

Schiitte, K., Malfertheiner, P., 2008. Markers for predicting
severity and progression of acute pancreatitis. Best Pract.
Res. Clin. Gastroenterol., 22(1):75-90. [doi:10.1016/j.bpg.
2007.10.013]

Sjogren, M.H., 2004. Thymalfasin: an immune system en-
hancer for the treatment of liver disease. J. Gastroenterol.
Hepatol., 19(s6):S69-S72. [doi:10.1111/.1440-1746.2004.
03635.X]

Skipworth, J.R., Pereira, S.P., 2008. Acute pancreatitis. Curr.
Opin. Crit. Care, 14(2):172-178. [doi:10.1097/MCC.
0b013e3282f6a3f9)

Ueda, T., Takeyama, Y., Yasuda, T., Shinzeki, M., Sawa, H.,
Nakajima, T., Ajiki, T., Fujino, Y., Suzuki, Y., Kuroda,
Y., 2006. Immunosuppression in patients with severe
acute pancreatitis. J. Gastroenterol., 41(8):779-784.
[doi:10.1007/s00535-006-1852-8]

Yao, W., Zhu, Q., Yuan, Y., Qiao, M., Zhang, Y., Zhai, Z.,
2007. Thymosin alpha 1 improves severe acute pan-
creatitis in rats via regulation of peripheral T cell number
and cytokine serum level. J. Gastroenterol. Hepatol.,
22(11):1866-1871. [d0i:10.1111/j.1440-1746.2006.046
99.x]

Yasuda, T., Takeyama, Y., Ueda, T., Takase, K., Nishikawa, J.,
Kuroda, Y., 2002. Splenic atrophy in experimental severe
acute pancreatitis. Pancreas, 24(4):365-372.  [doi:10.
1097/00006676-200205000-00007]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


