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AbstractAbstractAbstractAbstractAbstract

AIM: To evaluate the cellular synthetic ability of cytokines
involved in pro- and anti-inflammatory reactions in patients
with AP.

METHODS: Sixty-seven patients with AP (16 severe,
51 mild) and 10 controls were included in the study.
Cultures of whole blood were performed in samples
obtained within the first 72 h from the onset of pain.
Serum levels of interleukins (IL) 6, 8, 10, and TNF-α
were measured at baseline and in the supernatant of
cultures with (functional reserve) or without stimulation
with phytohemaglutinin.

RESULTS: Basal levels of cytokines were significantly
higher in patients with severe AP. A significant increase
of all pro-inflammatory cytokines vs basal levels was
observed in the supernatant after 24 h of whole blood
cultures in patients, but not in controls. In contrast, IL-10
increased significantly in the supernatant of cultures only
in patients with mild AP. Cells showed a statistically
significant functional reserve for all IL in patients with
mild, but only for pro-inflammatory cytokines in patients
with severe AP.

CONCLUSION: A marked activation of immune system
may be observed in patients with AP, being balanced
between pro- and anti-inflammatory cytokines in patients
with mild but not severe AP. A reduced functional reserve
for the synthesis of IL-10 may be observed in patients
with severe AP, which might lead to a worst prognosis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Patients with acute pancreatitis (AP) show an exacerbated
local inflammatory reaction, likely as the consequence of
the pancreatic cellular injury[1,2], which may be followed by
a generalization of the process, leading to a potentially severe
systemic form of  the disease with multiple organ failure
and eventually death[3]. This clinical situation is at least
partially mediated by a marked host’s immune response
and a prolonged or exacerbated synthesis of pro-inflammatory
cytokines, such as tumor necrosis factor-α (TNF-α) and
interleukins (IL) 1, 6 and 8[4-8]. In fact, recent findings have
shown the existence of a significant correlation between
the serum levels of the mentioned cytokines and the severity
of AP[8-12].

The liberation of pro-inflammatory cytokines is followed
by the synthesis of anti-inflammatory cytokines, such as
IL-10, whose function is to counterbalance the hypothetical
deleterious effects of an exacerbated immune response[7,13].
There is scarce and conflicting information regarding the
possible effect of IL-10 in the control of the inflammatory
process in patients with AP[14,15].

A main drawback in the study of cytokines in any clinical
setting is its intermittent pattern of  secretion and short
half-life[16]. To overcome these complications, several
approaches have been considered, such as the measurement
of the more durable soluble cytokine receptors[9], or the
measurement of the cytokine secretion patterns in vitro either
by the culture of mononuclear cells[16] or whole blood with
or without the addition of cellular stimulants.

The in vitro model has been utilized in different clinical
settings[17,19], and it has revealed as simple, reproducible, and
accurate method for evaluation of the cytokine secretion
patterns, allowing the estimation of functional immune
cellular reserve[20,21]. To our knowledge, no study has evaluated
the usefulness of this method to investigate the inflammatory
response in patients with AP. Then, the aims of this study
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have been to investigate the in vitro secretion pattern of
pro- and anti-inflammatory cytokines by whole blood cultures
in patients with AP, and the estimation of the functional
cellular reserve.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Patients
A prospective series of patients with clinical diagnosis
of AP and less than 48 h from the onset of symptoms
admitted to the Gastroenterology Departments of  two
academic hospitals were consecutively included in a
prospective study. The diagnosis of AP was defined as
the presence of clinically compatible abdominal pain with
an increase of serum amylase three times above the upper
normal limit, evidence of  pancreatic swelling by imaging
techniques and exclusion of other possible causes of
abdominal pain.

Patients with severe or mild forms of  AP according to
Atlanta’s criteria[22] of severity were analyzed separately. A
group of healthy subjects were considered as controls. The
Hospital General Universitario Ethics Committee approved
the study protocol, and all patients gave their informed
consent for the inclusion in the study.

Methods
Blood was obtained for routine hematological, biochemical,
and coagulation studies within 72 h from the onset of
symptoms. Ten milliliters of  blood was inoculated into
two rubber-sealed pyrogen-free tubes (Endo Tube ET,
Chromogenix AB, Vienna, Austria). One of the aliquots
was centrifuged 10 min at 3 500 r/min and stored at -70 
until analysis. Tubes were not exposed to free air.
Whole blood cultures  Blood was distributed in a 24-well
plate with or without the addition of 40 µL of phytohe-
maglutinin (PHA) at a concentration of 1 µg/mL for 24 h
at 37  in a humidified atmosphere with 50 mL/L CO2.
Supernatants were obtained by centrifugation at 2 500 r/min
for 5 min and stored at -80  until assay. The maximum
period of time between being frozen and thawing was
3 mo, and none of the specimens was thawed and refrozen
prior to analysis in the current study.
Measurement of TNF-ααααα, IL-6, IL-8, and IL-10

Immunoenzymometric assays for the quantitative
measurement of human TNF-α, IL-6, 8 and 10 in serum
samples and in the supernatant of whole blood cultures
were performed by handling Biosource IFN-γ EASIA Kit
(Biosource Europe SA, Nivelles, Belgium), human TNF-α
HS Quantikine®, and IL-6, IL-8 and IL-10 Quantikine®

(R&D Systems, Minneapolis, MN, USA) according to
manufacturer’s instructions. All samples were tested in
duplicate and read at 450 and 490 nm in a ThermoMax
microplate reader (Molecular Devices, Sunnyvale, CA,
USA). The lower levels of sensitivity for measurement of
cytokines were 1.7 pg/mL for TNF-α, 5 pg/mL for IL-6,
2 pg/mL for IL-8 and 10 pg/mL for IL-10.

We consider the presence of  a status of  cellular
pre-activation, when the levels of the different cytokines
measured in the supernatant of non-stimulated whole blood
cultures were significantly higher to that measured in basal

samples. We considered that cellular functional reserve exists
for the synthesis and secretion of cytokines, when the levels
of the different parameters measured in the supernatant
of whole blood cultures plus the addition of PHA were
higher to those measured in the non-stimulated cultures,
and conversely, no functional reserve was considered, when
the levels obtained with cellular stimulants were similar to
those obtained without PHA.

Statistical analysis
All the observations are reported as median and 25th and
75th percentiles. Statistical differences were analyzed using
the Mann-Whitney U test for the comparison among
different groups and the Wilcoxon test for the comparisons
within each group at different times. A P value <0.05
indicated statistical significance. Analyses were performed
with the SPSS Statistical package (SPSS Inc., version 11.0,
Chicago, IL).

RESULRESULRESULRESULRESULTSTSTSTSTS

Sixty-seven patients diagnosed of AP were included in the
study. AP was considered severe in 16 patients (6 male,
mean age 66±16 years) and mild in 51 cases (23 male,
mean age 61±16 years). Ten healthy subjects were studied
as controls (6 male, mean age 45±19 years). The etiology
of AP was biliary in 37 patients (55.3%), alcoholic in 8 patients
(11.9%) and others (hypertriglyceridemia, post-endoscopic
cholangiopancreatography (ERCP), drugs or idiopathic) in
22 cases (32.8%). We did not find statistically significant
differences in sex, age, and etiology of  AP among groups.
Five patients developed respiratory insufficiency (7.5%) and
one progressed to acute renal failure (1.5%). Regarding local
complications, five patients developed a pseudocyst (7.5%),
pancreatic necrosis was observed in five cases (7.5%), and
infected pancreatic necrosis in one patient (1.5%). Overall,
seven patients died during admission (10.4%), all being
considered as severe AP.

Table 1 shows the levels observed in all parameters
studied in basal conditions and in the supernatant of whole
blood cultures with all recorded statistical significances. Basal
levels of IL-6 in patients with SAP were significantly higher
than that observed in controls and patients with mild AP
(P<0.05). Basal IL-8 and TNF-α measured in patients with
severe AP were significantly higher than those in patients
with mild AP, but not vs healthy controls (P<0.01 in both
cases). Quite opposite, statistically significant differences
were observed when comparing IL-10 levels between
patients with severe vs mild AP (P<0.05), but not vs controls
(Figure 1).

When comparing basal values with those measured in
the supernatant of non-stimulated cultures, significant
differences were observed in all pro-inflammatory cytokines
in patients with mild or severe AP, but not in controls.
IL-10 increased significantly in these experimental conditions
only in patients with mild AP (Figure 2).

When analyzing the cellular functional reserve (i.e.,
values measured in the supernatant of non-stimulated vs
stimulated cultures), significant increases in pro-inflammatory
cytokines were observed in all groups of  patients (Figure 3).
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However, a significant functional reserve for IL-10 was
observed only in controls and in patients with mild, but not
severe AP (Figure 3).

For better measurement of  functional reserve, we
estimated the increase observed in each studied parameter
with values obtained in non-stimulated vs stimulated cultures
in all three groups, and observed that this increment is
higher in patients with mild than in severe AP, although
this reached significance only when measuring IL-6 and
IL-10 (Figure 4).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

Cytokines are soluble components of the inflammatory
cascade that play a seminal role in the pathogenesis of the
systemic response syndrome that usually takes place in
patients with AP [4-8]. Different works have shown a
relationship between the levels of different pro-inflammatory
cytokines reached in serum and the severity of AP, and
patients with highest levels of these factors in the early
phases of the disease are those developing systemic
complications[8-12].

Table 1  IL-6, IL-8, TNF-α and IL-10 levels in groups I–III

    IL-6 (pg/mL)     IL-8 (pg/mL)  TNF-α (pg/mL)               IL-10 (pg/mL)

SAP Basal 105.6 (52.0–210)a   46.8 (26.2–95)b   15.8 (7.1–21.7)b              17.7 (7.5–29.4)c

24 h 208.0 (140–476)e 872.0 (316–3 280)e   58.7 (52–132)e              12.5 (8.4–34.6)

24 h+PHA 925.0 (303–1 219)g                2 715.0 (760–8 599)g 473.0 (308–518)g                 7.2 (2.2–47.3)

MAP Basal    15.0 (5.4–33.2)   18.5 (1.2–33.6)     7.9 (4.1–17.7)                 7.3 (4.1-–1.6)

24 h 133.0 (53.6–856)e                1 611.0 (484–4 336)e   62.4 (45.5–100.5)e                            20.8 (6.5–44.1)e

24 h+PHA                2 057.0 (605–4 189)g                8 045.0 (3 377–28 209)g 540.5 (422–824.7)g               51.9 (32.1–131.3)g

Controls Basal      3.2 (0.9–6.7)   35.6 (17.9–93.7)      4.3 (2.2–6.1)                 9.4 (6–14.4)

24 h      7.1 (4.9–9.6)   46.9 (32.2–94.5)      7.1 (4.1–10.1)              21.3 (18.3–34.5)

24 h+PHA 610.0 (404.7–1 026)g                1 396.0 (962–3 065.2)g 792.0 (573.2–1 064.7)g              53.0 (43.4–80.1)g

Data are shown as median (25th–75th percentiles). SAP: severe acute pancreatitis; MAP: mild acute pancreatitis; controls: healthy controls; basal: samples obtained
within 72 h from the onset of symptoms; 24 h: supernatant of culture after 24 h without stimulation; 24 h+PHA: supernatant of culture after 24 h with addition of
PHA to the culture media; IL-6, IL-8, and IL-10: interleukins 6, 8 and 10 respectively; TNF-α: tumor necrosis factor-α. aP<0.05 vs the corresponding values in groups
II and III; bP<0.01 vs the corresponding value in group II; cP<0.05 vs the corresponding value in group II; eP<0.05 vs basal levels within each group; gP<0.05 vs 24 h
levels within each group.

Figure 1  Basal levels of pro- (A) and anti-inflammatory cytokines (B) in patients and healthy controls. aP<0.05 vs others.

Figure 2  Cellular pre-activation status: comparison of basal levels of cytokines with those measured in the supernatant of non-stimulated cultures, in patients with
severe (A) or mild AP (B), and healthy controls (C). aP<0.05 vs others.
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It has been recently described the anti-inflammatory role
of certain cytokines, namely IL-10, and the most accepted
hypothesis suggests that this is a mechanism devoted to
compensate the systemic inflammatory response that
precedes the development of multi-organ failure[7,13,23,24].
The existence of a misbalance between pro- and anti-
inflammatory cytokines would participate in the genesis of
the systemic complications that may develop in some patients
with AP[25]. The information available regarding IL-10 levels
in patients with AP is controversial, and the results obtained
in the different studies show a great variability[13-15,23,24].
However, the experimental administration of IL-10 in animal
models of induced AP has been shown to reduce cytokine
release, the severity of AP and also mortality[26-28]. Similarly,
the administration of this cytokine has been shown to reduce
the incidence of AP in patients undergoing ERCP[29].

The discrepancies found when studying the cytokine
profile in the clinical setting may be a reflection of several
drawbacks inherent to the study of cytokines, such as the
moment of  obtaining the blood samples, its intermittent
pattern of secretion, its autocrine or paracrine natural
way of action [16], and short half-life. The culture of
immunocompetent cells and measurement of cytokines and
effector molecules in the supernatant has revealed that it is
a useful method to investigate the inflammatory status and
cellular functional reserve in different clinical settings[17-19].
Although early attempts with the culture of monocytes
did not give satisfactory data, likely due to a different
environmental situation to what is expected to find in vivo

[16],

the culture of whole blood and measurement of cytokines
in the supernatant appears to be a simple, reproducible and
accurate method in the evaluation of synthesis of
components of the inflammatory cascade, since it closely
approximates to what is expected to find in vivo. In addition,
it allows the study not only of the basal status of cellular
activation, but also of  the cellular functional reserve, when
comparing the spontaneous cellular ability to synthesize
cytokines with that when the cells are further stimulated[20,21].
To our knowledge, this methodological approach has not
been explored in patients with AP.

We have observed a spontaneous and significant increase
in the synthesis of pro-inflammatory cytokines in patients,
when compared to controls after 24 h of non-stimulated
culture that represents the degree of cellular preactivation
(Figure 2), which likely supports the contention of the
existence of an inflammatory pre-activation status in patients
with AP. The fact that IL-10 increases significantly in
non-stimulated cultures with respect to basal values in
patients with mild AP (Figure 2B) likely suggests that an
anti-inflammatory response follows a parallel course to the
inflammatory reaction, probably as a balancing mechanism
in patients with mild AP. This situation is not found in
patients with severe AP (Figure 2A), and it is similar to
what is observed, when comparing the non-stimulated
IL-10 synthetic ability with that after culture stimulation
in this same subgroup of  patients (Figure 3A), suggesting
the absence of  cellular functional reserve for this anti-
inflammatory cytokine. The rest of the cytokines evaluated
in both groups of patients show a significant increase when
cultures are stimulated with PHA vs values obtained in the
supernatant of cultures without stimulation (Figures 2
and 3). Then, cells obtained from patients with AP, either
mild or severe, show a marked pre-activation status that
is reflected in the amount of pro-inflammatory cytokines
that spontaneously secrete in culture (Figure 2) and show a
certain degree of  cellular functional reserve when PHA is
added to the culture medium (Figure 3). This is not,
however, the case with respect to IL-10, as a key parameter
of anti-inflammatory cytokines, since in both situations, i.
e., in spontaneous culture, and after stimulation with PHA,
the levels of this cytokine stabilize or even decrease
(Figures 2 and 3). Figure 4 reinforces this concept when
analyzing the increments of all parameters evaluated in
different experimental situations.

Figure 3  Cellular functional reserve: comparison of levels of cytokines measured in the supernatant of stimulated whole blood cultures with values obtained in non-
stimulated cultures in patients with severe (A) or mild AP (B), and healthy controls (C). aP<0.05 vs others.

Figure 4  Cellular functional reserve represented as increments of all studied
cytokines in patients. aP<0.05 vs others.
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We cannot exclude that a continuous status of
inflammatory activation in patients with severe AP may lead
to an early depletion of anti-inflammatory cytokines and
incapacity to counterbalance the inflammatory cascade.
Following this same line of  thinking, it would be logical to
hypothesize that an insufficient anti-inflammatory response
might exert a causative effect in a subgroup of patients
with AP, favoring a worse clinical evolution. The conserved
cellular reserve in patients with mild AP (Figure 3B) likely
supports our hypothesis.

In conclusion, the practice of whole blood cultures and
measurement of cytokines either in non-stimulated vs

stimulated conditions allows the estimation of the pre-
activation status and the cellular functional reserve in patients
with AP. In our series, the synthetic pattern of cytokines
shows a different behavior in patients with mild or severe
AP, and suggests that a reduced ability to synthesize anti-
inflammatory cytokines in cases of severe AP may play a
role in the clinical evolution of patients.
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