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Abstract

It is currently difficult for conventional treatments of
acute pancreatitis (AP), which primarily consist of anti-
inflammatory therapies, to prevent the progression of
AP or to improve its outcome. This may be because the
occurrence and progression of AP, which involves vari-
ous inflammatory cells and cytokines, includes a series
of complex immune events. Considering the complex
immune system alterations during the course of AP, it
is necessary to monitor the indicators related to im-
mune cells and inflammatory mediators and to develop
more individualized interventions for AP patients using
immunomodulatory therapy. This review discusses the
recent advances in immunomodulatory therapies. It has
been suggested that overactive inflammatory responses
should be inhibited and excessive immunosuppression
should be avoided in the early stages of AP. The optimal
duration of anti-inflammatory therapy may be shorter
than previously expected (< 24 h), and appropriate im-
munostimulatory therapies should be administered dur-
ing the period from the 3™ d to the 14™ d in the course
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of AP. A combination therapy of anti-inflammatory and
immune-stimulating drugs would hopefully constitute
an alternative to anti-inflammatory drug monotherapy.
Additionally, the detection of the genotypes of critical
inflammatory mediators may be useful for screening
populations of AP patients at high risk of severe infec-
tions to enable the administration of early interventions
to improve their prognosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Pancreatitis; Immunomodulatory therapy;

Systemic inflammatory response syndrome; Immuno-
suppression; Immunostimulation

Core tip: In light of the complex immune system altera-
tions that occur in acute pancreatitis (AP), it is neces-
sary to develop more individualized interventions for AP
patients by using immunomodulatory therapy instead
of inflammatory drug monotherapy. We first suggest
how we could monitor the immune status of these pa-
tients and identify optimal treatment methods. We also
demonstrate for the first time that the detection of the
genotypes of critical inflammatory mediators may be
useful for screening populations of AP patients at high
risk of severe infections.

Li J, Yang WJ, Huang LM, Tang CW. Immunomodulatory
therapies for acute pancreatitis. World J Gastroenterol 2014;
20(45): 16935-16947 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16935.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16935

INTRODUCTION

Acute pancreatitis (AP) is a common acute abdominal
disease. Despite advances in treatment, the mortality rate
of severe acute pancreatitis (SAP) remains as high as
10%-30%, and multiple organ dysfunction is the main
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cause of death”.

Currently, conventional treatments for AP include
fluid infusion, inhibition of pancreatic secretion and
organ support. However, fluid resuscitation cannot pre-
vent pancreatic necrosis*”. In addition, the inhibition of
pancreatic secretions has always been considered one of
the most important strategies for treating AP. Research
has shown that cell apoptosis or necrosis occurs in AP
patients, that the zymogen granules of acinar cells de-
crease in number and that pancreatic exocrine functions
are inhibited. Under such conditions, the inhibition of
exocrine pancreatic function cannot prevent the pro-
gression of AP or improve its outcomes'””. Because AP
consists of chemical inflammation, the prophylactic use
of antibiotics cannot lower the incidence of infection in
a necrotic pancreas or the mortality of AP, Although
organ support and symptomatic treatment may help
patients survive multiple organ failure"'? there is still a
lack of effective treatment for AP.

Until now, conventional treatments for AP have main-
ly been anti-inflammatory therapies. However, their ef-
fects have not proven to be as satisfactory as expectedm.
In fact, numerous studies have shown that a variety of in-
flammatory cells and cytokines are involved in the occur-
rence and progression of AP, which comprises a series
of complex immune events'”. A thorough understanding
of the AP immune response and its mechanism can aid
in the development of better AP treatment strategies.

AP IMMUNE RESPONSE
(INFLAMMATORY RESPONSE AND
IMMUNE SUPPRESSION)

The onset of AP generally includes the following im-

munological stages: systemic inflammatory response syn-
drome (SIRS), compensatory anti-inflammatory response
syndrome (CARS) and mixed anti-inflammatory response
syndrome (MARS)™*'"*", Tn light of the complex immune
system alterations that occur during the different phases
of AP, a more individualized approach to AP, such as the
use of immunomodulatory therapy, may be beneficial.

SIRS

Following stimulation by various pathogenic factors,
trypsin in the pancreatic acinar cells is prematurely ac-
tivated due to neutrophil involvement"”, This process
is closely related to the following pathophysiological
processes: high pancreatic duct pressure, the flow of
Ca”" into the pancreatic acinar cells and the activation
of transcription factors, such as nuclear factor-kB (NF-
kB)*"*"*l NF-«B is a core molecule of the innate im-
mune response. The amplification of inflammatory
signals generated by NF-xB is able to produce a large
number of inflammatory factors, such as tumor necrosis
factor (TNF)-q, interleukin (IL)-1f, IL-6 and monocyte
chemotactic protein (MCP)-1""!. In the presence of these
cytokines and chemokines, more neutrophils and lym-
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phocytes gather in the pancreas and intestinal tracts, thus
amplifying the inflammatory responseml. When these
pro-inflammatory cytokines are released into the blood,
the inflammation is no longer confined to the pancreas,
and, consequently, SIRS develops. The activated neutro-
phils and monocytes are then able to release proteases
and oxygen free radicals. These inflammatory mediators
can then cause damage to the vascular endothelial cells,
increases in vascular endothelial permeability and the ac-
cumulation of a large amount of fluid in the tissue. As
a result of these processes and other microvascular dys-
functions, tissue hypoxia and significant organ dysfunc-
tion developm.

In addition, intestinal ischemia-reperfusion during
AP can significantly upregulate the expression of pattern
recognition receptors, such as toll-like receptors (TLRs),
in the intestinal mucosa, potentially leading to an overac-
tive intestinal mucosal immune response and the rapid
progression of AP?". Animal experiments have shown
that TLR4-deficient mice rarely develop SAP™, Further-
more, TLR4 gene polymorphisms have been found to be
associated with susceptibility to severe infections in AP
patientsm].

CARS

With the release of pro-inflammatory cytokines, anti-
inflammatory cytokines are produced in the body. The
outcome of this disease depends on the balance between
the inflammatory and anti-inflammatory responses.
When the anti-inflammatory response is strong enough,
patients may recover. On the contrary, when the anti-
inflammatory response is not sufficiently strong, an
excessive inflammatory response can lead to early organ
dysfunction and SAP. During periods of overactive com-
pensatory anti-inflammatory responses, the following
changes may occur in AP: anergy in lymphocytes, thymus
and spleen atrophy and a decrease in the number of pe-
ripheral lymphocytes (mainly the T lymphocytes), which
could be associated with a depletion of lymphocytes or
with lymphocyte apoptosism‘zﬁ"zﬂ. The abovementioned
changes during immunosuppression are closely related to
infection in the late stage of SAP®,

In addition to lymphocyte-related defective defense
systems in AP, mononuclear cell dysfunction may occur,
which is characterized by a significant decrease in the ex-
pression of human leukocyte antigen (HLLA-DR) and the
synthesis of pro-inflammatory cytokines (e.g., TNF-o)".
The expression of low-density HLA-DR in mononuclear
cells indicates an impaired antigen-presenting function.
Mentula e al*™" reported that reduced expression of
HILA-DR in monocytes in early SAP most likely predicted
the occurrence of a secondary infection and fatal com-
plications in AP. HLLA-DR expression can be detected by
flow cytometry within 30-60 min; therefore, it can be used
as a routine test to identify the immune status of AP pa-
tients and to predict the outcomes of AP,

Furthermore, intestinal immune function can be im-
paired in early AP, manifesting as damage to the integrity

16936 December 7, 2014 | Volume 20 | Issue 45 |



Endothelial cells

Vascular permeability . PAF

Li J et a/. Immunomodulatory therapies for AP

&0 Neutrophil
- 3
@& |ymphocyte

&o l k.

Macrophage

NE -

Lo €0
Produce more inflammatory factors / \ Recruit more inflammatory cells
TNF-a IL-6 ICAM-1
LPS = — IL-1p chemokines
TLR4 w & / Cell membrane
— I-1R
HE“ <~—MyD88 N = Translation 1
MyD88 \\ MyDSZ;e\:LJaendent
independent '\ P Y
pathway IkB kinase J\N\N\) Cytoplasm
Degradation
Inactive NF-xB . Hﬁ
b S0 es
Nucleus

Active NF-«xB p50  p65 Transcription 1

SO

Inflammatory gene

Figure 1 Schematic presentation of the pathways involved in the inflammatory response during acute pancreatitis. Following lipopolysaccharide (LPS) stimu-
lation, the inhibitors of B (IxB) kinase are activated via the toll-like receptor 4 (TLR4)-myeloid differentiation factor 88 (MyD88)-dependent (blue) or -independent
pathway (purple). Thereafter, IkBa is rapidly phosphorylated by IxB kinase and then degraded. This process allows nuclear factor-kB (NF-kB) to translocate into
the nucleus and to increase the transcription of several important inflammatory genes, such as the genes encoding tumor necrosis factor-o. (TNF-cv), interleukin-1
(IL-1), adhesion molecules and chemokines. The up-regulation of these inflammatory mediators, in turn, either leads to further I«B kinase activation or mediates the
migration of the inflammatory cells to the site of inflammation, thus amplifying the inflammatory response. Meanwhile, platelet-activating factor (released from active
macrophages, endothelial cells or platelets) and endothelins (released from endothelial cells) are involved in the increased vascular permeability and extravasation of
inflammatory cells. TNF R: Tumor necrosis factor receptor; IL-1 R: Interleukin-1 receptor; ICAM-1: Intercellularadhesionmolecule-1; PAF: Platelet-activating factor; ET:

Endothelin.

of intestinal mucosal barriers, decreased levels of im-
mune cells and the absence of secretory immunoglobulin
A (sIgA) in the intestine. These events may in turn cause
translocations of intestinal bacteria and endotoxins, as

. . .. 31
well as infectious complications

MARS

SIRS, MARS and CARS are traditionally thought to ap-
pear successively in AP. MARS is regarded as a transient
dynamic balance in the transition from SIRS to CARS.
However, increasing evidence has revealed that there
is no distinct boundary between SIRS and CARS and
that CARS also occurs in the early stages of sepsis or
SAP"*, Therefore, MARS cannot be a transition pe-
riod from SIRS to CARS; instead, it may constitute an
independent reaction in tandem with an excessive in-
flammatory response and immune suppression in early

SAPIHHId

ANTI-INFLAMMATORY THERAPIES

In AP, the overactivity of pro-inflammatory cells and fac-
tors may aggravate local inflammation in the pancreas,
facilitating the development of SIRS. Anti-inflammatory
factors will not work effectively when their levels are be-
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low those of the pro-inflammatory factors”*, Theoreti-

cally, the modulation of immunocytes and inflammatory
mediators may be able to prevent overactive immune
reactions and to alleviate inflammatory injuries; this
hypothesis has been gradually confirmed by accumulat-
ing animal experiments and clinical trials over the past
20 years. Blocking these inflammatory pathways (Figure
1), moderately and at the appropriate time, may be an
effective treatment for AP. However, the inflammatory
reaction involves numerous factors and cells. Thus, treat-
ments targeting only certain factors or cells may be un-
able to terminate the entire overactive inflammatory reac-
tion on their own.

NF-«xB

NF-kB, a vital transcription factor, is activated early
in the course of AP and regulates the transcription of
many genes involved in inflammatory responses, such as
TNF-q, IL-1B and IL-6"" (Figure 1). It has been found
that the inhibition of NF-kB activity with amobarbital,
a NF-kB essential modifier binding domain peptide, or
pyrrolidine dithiocarbamate (NF-kB activity inhibitor)
attenuated AP-associated injuries in the pancreas and
lungs. Currently, these results are only based on animal

. [34-36
studies” .
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Table 1 Clinical trials of lexipafant in acute pancreatitis

Ref. Study design Severity of AP No. Interval Dosage and Major variables Outcomes
administration

Kingsnorth et al™ Multi-center Mix 8 <48h 60mg/d,iv., Organ failure Positive
1995 double-blind x3d OFS

RCT IL6, IL8
McKay et al”, Multi-center APACHEII > 5, 50 <72h 100mg/d,iv., OFS Positive
1997 double-blind Glasgowscore = 3, and x7d Systemic complications

RCT C-reactive protein = 120 mg/L Mortality
Johnson et al™, Multi-center APACHEII > 6 290 <72h 100mg/d,i.v., Systemic sepsis Positive in systemic sepsis
2001 double-blind x7d Pseudocysts and pseudocysts

RCT New organ failure.

Mortality

AP: Acute pancreatitis; No.: Number of patients; Interval: Time interval between AP onset and the initiation of octreotide treatment; RCT: Randomized
controlled trial; Mix: Mixture of APACHEII < 8 and APACHEII = 8 acute pancreatitis patients; i.v.: Intravenous infusion; OFS: Organ failure score; IL:

Interleukin; APACHE: Acute Physiology and Chronic Health Evaluation scale.

TNF

TNF-a is a monocyte-derived pro-inflammatory cyto-
kine. In AP, TNF-q, was found to contribute to pancre-
atic acinar cell death and to the expression of other pro-
inflammatory factors, such as IL-1 and IL-6""" (Figure
1). Animal studies have shown that TNF-a blockade
with anti-TNF-q antibodies or soluble TNF-q recep-
tors was able to decrease the severity of AP and reduce
the associated mortality rate by prohibiting the effect of
TNF-o”"*. In addition, several case reports have dem-
onstrated that infliximab (monoclonal anti-TNF-q anti-
body) was effective in AP-complicated acute Kawasaki or
active Crohn’s disease and had a preventive effect on AP
in a patient with recurrent acute exacerbation of chronic
pancreatitis[44’45].

IL
Various pro-inflammatory interleukins, such as IL-1f,
IL-6, IL-8 and IL-18, are involved in the inflaimmatory
responses associated with AP"". Animal studies have
suggested that the inhibition of pro-inflammatory inter-
leukins with antibodies (e.g., anti-IL-6 receptor antibody
or anti-1L-8 antibody), receptor antagonists (IL-1 recep-
tor antagonist) or biosynthesis inhibitors (IL-1-converting
enzyme inhibitor) ameliorated pancreatic and lung inju-
ries in AP and reduced the associated mortality rate ">,
During the overactive inflammatory reactions of AP,
the anti-inflammatory cytokine 1L-10 is unable to inhibit
the inflammatory reactions effectively, as its serum level
is far below that of the pro-inflammatory factors, such
as TNF-¢"*"”. In animal experiments associated with
AP, exogenous IL-10 or supplementation with its effec-
tive fragment (IT9302), IL-10 gene transfer and insulin-
like growth factor administration were each reported to
result in the downregulation of serum TNF-q levels, the
alleviation of pancreatic injury and a decrease in death
rates by increasing the circulating levels of 1L-10 or its
effective fragment” . In clinical trials, there were con-
flicting results regarding the ability of IL-10 to prevent
post-endoscopic retrograde cholangiopancreatography
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% Different inclusion criteria and follow-

pancreatitis
up times may be responsible for the controversy. Never-
theless, persistent elevation in circulating 11.-10 levels has
been found to be one of the causes of immunosuppres-
sion in some AP patientsm.

Although the effectiveness of anti-inflammatory ther-
aples targeting IL has been confirmed by many animal
experiments, only treatment with II.-10 has been inves-
tigated through clinical trials. Larger randomized clinical
trials (RCTs) are required to assess the safety and efficacy
of these therapies.

Platelet activating factor

Platelet activating factor (PAF), a biologically active phos-
pholipid that is released from macrophages, endothelial
cells and platelets, has been shown to induce neutrophil-
platelet aggregation and to increase vascular permeabil-
ity[68J (Figure 1). Lexipafant, a PAF antagonist, is able to
inhibit the inflammatory response and to ameliorate the
severity of pancreatitis-associated intestinal and lung
damage in experimental models of AP Several large-
scale RCTs have also indicated that lexipafant led to
significant decreases in mortality and the incidence of
systemic complications of AP™™ (Table 1). The recom-
mended administration of lexipafant is intravenous infu-
sion at a dose of 100 mg/d for 7 d within 72 h after AP
onset’*™. However, a phase Il clinical trial indicated that
lexipafant had no effect on new organ failure or death

rates in AP,

Endothelin

Endothelins (ETs: including ET-1, ET-2 and ET-3) and
their receptors (ETa and ETB) mediate the vasoconstric-
tion response and maintain vascular tension . Tt has
been found that elevated plasma endothelin-1 levels are
associated with low perfusion and pancreatic necrosis in
AP, Currently, it remains controversial whether ET
receptor antagonists have beneficial effects on pancreatic
perfusion and the mortality of APPH However, studies
have involved only animal experiments, and no relevant
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Ref. Study design Severity of  No. interval Dosage and Major variables Outcomes
AP administration
Wang et al®!), Prospective RCT P-SAP; P-SAP: <48h 50 ug/h, continued APACHEI], SIRS score,  Positive at higher dosage
2013 SAP 236 iv.,%3d+25pg/h, and MOF score Local
continued i.v., x 4 d, or complication
SAP: 136 25 pg/h, continued i.v., IL6, TNF-a
x7d
Yang et al®”, Multi-center MAP 161 <48h 50 pg/h, continued i.v., APACHE Il and MOF score Positive
2012 RCT x3d Local complication
IL6, TNF-a
Nikou et al™", Prospective RCT MAP 36 <12h 200 or 500 ng, i.h., 3 IL-6, C-reactive protein ~ Positive IL-6 outcome at
2004 times/d x 5 d higher dosages
Beechey- Prospective case- MAP 19 N 250 pg, i.h., then 0.5 ng/ Biochemical and Positive in serum
Newman'™, control study kg per hour, continued  physiological parameters calcium, albumin,
1993 iv,x10d hematocrit, hemoglobin,
PaO2
Binder et al™, Prospective trial Mix 8 N 100, 200 or 500 pg, i.h., 3 Complications Positive at two higher
1994 times/d x 10 d dosages
Paran et al'™, Multi-center RCT ~ MAP 38 N 100 pg, i.h., 3 times/d Organ dysfunction Positive in organ
1995 x14d Local complications dysfunction and length
Length of hospital stay of hospital stay
Mortality
Fiedler et al®™, Prospective SAP 39 N 100 pg, i.v., 3 times/d Organ dysfunction Positive
1996 case-control study x10d Mortality
McKay et al®”, Multi-center RCT Mix 58 N 40 pg/h, continued, i.v., Complications Negative
1997 x5d Mortality
Karakoyunlar Prospective Mix 43 N 250 pg/h, continued i.v., Biochemical, physiological  Positive outcomes for
et al®™, 1999 controlled study x2d and serum amylase levels,
radiological changes pancreatic edema and
Mortality earlier return to oral
intake
Paran et al™”, Case-controlled Mix 50 N 100 pg, i.h., 3 times/d, Organ dysfunction Positive in organ
2000 study x14d Local complications dysfunction, length
Length of hospital stay of hospital stay and
Mortality mortality
Nikou et al™,  Prospective RCT Mix 120 N 100, 200 or 300 pg, i.h., Duration of pain Little benefit only at two

2001

3 times/d, x 7 d

Organ dysfunction
Local complications

higher dosages

AP: Acute pancreatitis; No.: Number of patients; Interval: the time interval between AP onset and the initiation of octreotide treatment; RCT: Randomized
controlled trial; MAP: Mild acute pancreas; SAP: Severe acute pancreas; Mix: Mixture of MAP and SAP; P-SAP: Predicted SAP; N: Not mentioned; i.h.:
Subcutaneous infusion; i.v.: Intravenous infusion; APACHE: Acute Physiology and Chronic Health Evaluation scale; SIRS: Systemic inflammatory response

syndrome scale; MOF: Multiple organ failurescale; IL: Interleukin; TNF-o.: Tumor necrosis factor-o; PaO2: Arterial oxygen partial pressure.

clinical studies have been completed to date.

Somatostatin

Somatostatin (SST), a multifunctional neuropeptide, is
mainly released from sensory nerve endings and gastro-
intestinal neuroendocrine cells. Accumulating evidence
has suggested that SST' causes a significant anti-inflam-
matory effect in AP, in addition to its potential roles in
inhibiting exocrine pancreatic function and regulating the
tone of the sphincter of 0ddi”. Our previous animal
experiments demonstrated that SST could relieve inflam-
matory injuries by blocking the TLR4-myeloid differen-
tiation factor 88 (MyD88)-dependent and -independent
pathways (Figure 1), as well as by inhibiting the activity
of intestinal mucosal mast cells”*"*.. Over the past two
years, our clinical studies have indicated that plasma SST
levels decreased within 48 h after AP onset, along with
increased plasma levels of 1L-6 and TNF-o*". Thus,
an early replacement of exogenous SST or its analogue,
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octreotide, may be beneficial for patients with AP. Our
recent prospective RCTs have shown that octreotide
administration attenuated SAP to some extent and
prevented the development of SAP in obese patients
and other patients with predicted SAP by raising their
plasma SST levels and decreasing their circulating levels
of TNF-g, and IL-6™"". However, the effect of SST or
octreotide on AP remains controversial”” """, Different
timings, doses or durations of octreotide administration
may contribute to these disputed results (Table 2). More
research is needed to fully understand the roles of SST
and octreotide in AP and to identify the optimal treat-
ment timing and dosage.

Immune cells and related factors

In AP, immune cells (macrophages, monocytes, neutro-
phils and lymphocytes) migrate to the sites of inflam-
mation and release pro-inflammatory cytokines and
chemokines with the aid of chemokines and adhesion

December 7, 2014 | Volume 20 | Issue 45 |



Li J et a/. Immunomodulatory therapies for AP

molecules, which recruit even more immune cells, aggra-
vating the inflammation'”. There is increasing evidence
that inhibiting the activation and migration of immune
cells may have a therapeutic effect on excessive inflam-
matory responses[zo’lm'm],

Macrophages are one of the major classes of immune
cells involved in the pathogenesis of AP. They mainly
present as M1 macrophages to release pro-inflammatory
cytokines and to aggravate pancreatic and systemic in-
flammation""""". In an 7 vitro study, IL-4 and IL-13 were
able to convert M1 macrophages into M2 macrophages,
which have an anti-inflammatory role. However, these
cytokines failed to show similar results iz zivd"". In addi-
tion, hemin and gadolinium chloride were able to attenu-
ate the inflammation and AP-associated organ injuries in
rats by inhibiting the pro-inflammatory effects of mac-
rophagesmz’mﬂ. Although there is no related clinical trial,
the results from the above animal studies may provide a
new direction for the development of immunomodula-
tory therapy for AP

Chemokines and their receptors contribute to the
migration of leukocytes to areas of injury and the de-
velopment of inflammation"". Chemokines can be
broadly divided into CXC and CC subgroups. In the
CXC subgroup, the first two cysteine residues (C) out of
four are separated by another amino acid (X), whereas in
the CC subgroup, the first two cysteine residues are adja-
cent""™"", Many animal experiments on AP have revealed
that the blockage of chemokine synthesis (monocyte
chemotactic protein-1 or fractalkine) or neutralization of
chemokines with antibodies (anti-cytokine-induced neu-
trophil chemoattractant antibodies or anti-CC receptor 5
ligand antibodies) was able to relieve inflammatory reac-
tions, increasing the survival rates""". In addition, the
inhibition of combined chemokines (CXC or CC) and
their receptors was also found to have a similar therapeu-
tic effect on AP However, those results have not
been confirmed by clinical trials.

Adhesion molecules are glycoprotein molecules that
are located on the cell surface and are involved in bind-
ing to other cells or the extracellular matrix. Intercellular
adhesion molecule-1 (ICAM-1) is one of the adhesion
molecules expressed on endothelial cells; it mediates
the adhesion and migration of immune cells, facilitates
leukocyte infiltration and exacerbates systemic inflam-
matory reactions™™'"" " Studies using animal models
of AP have shown that ICAM-1 antibodies attenuate in-
flammatory cell infiltration and pancreatic and lung inju-
ries™ 1M Unfortunately, there are no relevant clinical
research data currently available.

IMMUNOSTIMULATORY THERAPIES

In the late stages of AP, a decreased number of lympho-
cytes can lead to impaired cellular and humoral immune
function, including the inability to release cytokines and

reduced ratios of CD4"/CD8" T cells and Th1/Th2
helper T cells®™"”. These changes, together with mono-
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cyte dysfunction, will most likely render the host suscep-
tible to infection and death due to pathogenic invasion.
Therefore, immunostimulation targeting CD4" cells,
Th1 cells and monocytes may be effective for treating or
preventing infectious complications of SAP. Monitoring
immune cells and cytokines could be useful for predicting
the prognosis of AP,

Restoring the balance in number and function of
immune cells

It has been found that a reduction in the circulating
CD4" T cell levels and the CD4"/CD8" ratio may be
partly responsible for the development of immunosup-
pression in SAP"™!. The application of thymosin alpha 1
showed a protective effect against SAP in rats, improving
their survival rate by restoring serum CD4" T cell levels
and the CD4"/CD8" ratio™. Moreover, an imbalance
between Th1 and Th2 cells was also found to be associat-
ed with the pathogenesis of immunosuppression in SAP,
which included deficiencies in the number and function
of Thl cells and a large number and hyperfunctionality
of Th2 cells"*'*, Many studies have revealed that the
granulocyte-macrophage colony-stimulating factor (GM-
CSF) and/or interferon-y (IFN-y) have been able to re-
store the balance between Th1 and Th2 to some extent,
based on in vitro and in vive experiments associated with
AP However, clinical studies supporting these
findings remain sparse.

Additionally, monocyte dysfunction may result in AP-
associated immunosuppression, including impaired anti-
gen presentation capacity (marked by reduced HLA-DR
expression) and insufficient synthesis of pro-inflamma-
tory cytokines' . The administration of IFN-y or GM-
CSF was reported to raise the HLA-DR expression levels
on monocytes and to enhance their capacity for TNF-o
production in septic patientsms’m(ﬂ. The only related RCT
in the past five years also showed that the subcutaneous
injection of GM-CSF (4 mg/kg per day) for 8 d was safe
and effective for restoring monocytic immunocompe-
tence and shortening the course of sepsis-associated im-
munosuppression' ™. GM-CSF or IFN-y administration
in vitro was able to upregulate HLA-DR expression and
the TNF-q production of monocytes from SAP pa-
tients'"”. It has been suggested that combination therapy
of GM-CSF and IFN-y is able to completely reverse
monocyte dysfunction“27]. To date, GM-CSF and IFN-y
have been widely used in the treatment of sepsis. More
research is needed before GM-CSF and IFN-y can be

used in patients with AP-associated immunosuppression.

Restoring intestinal immune function

Intestinal immunosuppression may occur in early SAP
(within 24 h after AP onset) and is characterized by a
significant decrease in sIgA secretion and in the number
of CD4" T lymphocytes in the intestinal mucosa, which
is one of the most important causes for bacterial and
endotoxin translocation™. Restoring intestinal immune
function as early as possible may represent a promising
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treatment to prevent infectious complications in SAP. In
animal experiments on SAP, oral supplementation with ar-
ginine, glutamine and probiotics increased the number of
CD4" T lymphocytes and sIgA levels in the intestine and
circulation”""". Furthermore, clinical trials have reached
similar conclusions. Early enteral nutrition (within 48 h
after admission) has been suggested to cause an increase
in serum IgG levels and HLLA-DR expression in T lym-
phocytes, thus reducing the incidence of multiple organ
dysfunction syndrome, SIRS and pancreatic infection .
For patients with AP-associated immunosuppression,
proper immunostimulation may alleviate the disease and

130,132
[ !, However, those re-

prevent serious complications
sults are mainly based on animal ot iz vitro studies. More
large-scale RCTs are needed to evaluate the safety and ef-
ficacy of immunostimulatory therapies for AP-associated

Immunosuppression.

CLINICAL STRATEGIES FOR
IMMUNOMODULATION IN AP

As mentioned above, different treatment regimens should
be administered to AP patients according to their dif-
ferent immune statuses. However, it is currently unclear

how the immune status of patients can be monitored to
identify the optimal treatment timing, Genetic testing for
gene polymorphisms in certain inflammatory mediators
can be used to screen high-risk AP patients for severe in-

. . . . 23133134
fection, thus preventing severe infections' I,

Immune state monitoring of AP patients and
interventional window

Clinical trials have shown that peripheral blood lympho-
cyte levels are significantly reduced to approximately 67%
of the lower limit of normal within 24-72 h after a SAP
attack”™"?, This reduction may be associated with the
depletion of lymphocytes, lymphocyte apoptosis or gut
associated lymphocyte homingm’%zﬁ”wq. During the same
period, peripheral blood CD4" T cell levels, the ratio of
CD4"/CDS8" T cells and the ratio of Th1/Th2 helper T
cells all significantly decreased”?*' "% Moreover, the
antigen-presenting function of monocytes was also im-
paired (characterized by low HLA-DR expression) within
24-72 h after SAP onset”™""™. It has been reported that
a continuous decline of the above indicators from the 7"
to the 14" d in the course of AP could predict a higher
risk of infectious complications[27‘28’3o’123’124’138’140].

Many of the findings in the literature have revealed that
the serum levels of pro-inflammatory cytokines (e.g., 11.-8,
TNF-q, 116, T1.-2, TL-12 and TFN=y) 2R 504
anti-inflammatory cytokines (eg., IL-10 and T4 2514
were significantly elevated within 12-72 h after a SAP at-
tack; thereafter, the shared pattern diverged. Retrospec-
tive studies in the past two years have suggested that the
serum TNF-q, IL-6, IL-12 and IFN-y levels gradually
decreased in the 3-5" d after the onset of SAP*”'"". In
addition, the serum IL-10 and IL-4 levels of SAP pa-
tients with infections showed a continuous upward trend
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from the 3™ d to the 14" d after a SAP attack, whereas
the anti-inflammatory cytokine levels of patients with-
out infections declined continuously[()ﬂ. Despite certain
shortcomings, serum cytokine levels remain one of the
most important rapid indicators of a patient’s immune
status',

Monitoring the levels of immune cells and cytokines
could enable the eatly detection of the immune suppres-
sion state over the course of SAP, and their appropriate
modulation could be expected to reduce the incidence of
infection and death.

In addition, clinical research completed during the
past year showed that the overexpression of the factor-
associated suicide (Fas) ligand on T lymphocytes in SAP
patients resulted in the excessive apoptosis of T lympho-
cytes and a sharp drop in CD4" T cells, thus inducing
immune suppression and sepsis””’. Fas expression on
T lymphocytes in SAP patients was transiently reduced
within 48 h after AP onset but continuously increased
within 8 d thereafter™". Therefore, for AP patients with
continuously high expression of Fas for 10 d after AP
onset, appropriate immune stimulation may improve the
immune suppression state.

The interventional window for AP mentioned in the
previous studies refers to the timing of anti-inflammatory
therapy. Many researchers have found that this window
usually arose between 12-18 h and 2-3 d after the onset
of AP". However, accumulated evidence has indicated
that the timing for both anti-inflammatory and immune
stimulation therapies should be considered. Thus, accord-
ing to the above data, the duration of anti-inflammatory
therapy may be shorter than expected (< 24 h), as im-
munosuppression can occur within 24 h after SAP on-
setmz&m’m’123’124’137'14(”, whereas appropriate immune stimu-
lation therapy should be administered during the period
between the 3" and 14" d in the course of APP?%1#!
P Nevertheless, the optimal interventional window
of AP needs to be defined by further prospective studies.

Combination of anti-inflammatory and immune-
stimulating therapies

Many factors are involved in the pathogenesis and progres-
sion of AP. The studies available on monotherapies for
a certain factor did not yield the desired results. Thus, in-
creasingly more investigators have begun to focus on multi-
drug combination therapies for AP. Their studies have
confirmed that a multi-drug combination is more effective
than monotherapy. These therapies have comprised either
the combination of various types of anti-inflaimmatory
drugslm’mj or a combined drug treatment for immuno-
suppression'”". Currently, there are no published reports
on the combination of anti-inflammatory and immune-
stimulating therapies for AP, although this topic holds great
promise as a new approach to AP immunotherapy.

AP populations at high risk of severe infections

Genetic polymorphisms of certain inflammatory media-
tors were found to be closely related to infections in AP
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patients. It has been reported that AP patients with TL.R4
Asp299Gly mutations were prone to necrosis and infec-
tion of the pancreas™ and that SAP patients carrying the
11.-10-1082G"*, TNF2 and TNFB2 alleles*" were high-
ly susceptible to septic shock. Therefore, the detection
of these genotypes could be helpful in screening high-
risk AP populations for severe infections. These findings
suggest that we may be able to develop more successful
interventions for those patients in the future, potentially
preventing more severe infections.

CONCLUSION

In summary, immunomodulatory therapy will hopefully
improve the outcomes of AP. In the course of AP, it is
necessary to monitor the indicators related to immune

cells and inflammatory mediators and to develop more
successful and individualized interventions for AP pa-
tients using immunomodulatory therapies. During the
early stages of AP, treatment should include the inhibi-
tion of the overactive inflammatory responses while
avoiding excessive immunosuppression to maintain
normal immune function and to reduce the incidence
of infectious complications and organ failure. Further-
more, the duration of anti-inflammatory therapies may
be shorter than previously expected (< 24 h), whereas
appropriate immune stimulation therapy should be ad-
ministered between the 3™ and14” d of the AP disease
course. The combined therapy of anti-inflammatory and
immune-stimulating drugs may represent an alternative
to anti-inflammatory drug monotherapies. Finally, the
detection of the genotypes of critical inflammatory me-
diators would facilitate early interventions in AP popula-
tions at high-risk for severe infections to improve their

prognosis.
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