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SUMMARY

Introduction/Objective Acute pancreatitis (AP) is a relatively common disease which in most patients
has favorable course. However, in approximately 20% patients, the course of the disease is more severe
with high mortality (40-50%). The evaluation of disease severity is now primarily based on protocols that
includes clinical, laboratory, and radiographic diagnostic procedures, APACHE Il score, Ranson score, CT
index, and CT necrosis score. Key cells in the immunopathogenesis of AP are T-lymphocytes, and recent
studies indicate the role of Th2 and their effector cytokines: interleukin (IL) -4 and interleukin (IL) -5.
The purpose of our study was to determine the potential clinical value of IL-4 and IL-5 as biochemical
markers for predicting development of severe, necrotizing form of acute pancreatitis with systemic
complication such as systemic inflammatory response syndrome (SIRS).

Methods This prospective study included 240 patients hospitalized at The Clinic for Emergency Surgery
of Clinical Center of Serbia as AP. Levels of IL-4 and IL-5 in serum were detected using commercial Bender
Med Systems (BMS716FF) kits.

Results IL-4 and IL-5 were statistically significant increased on the second day of hospitalization with
maximum values on the third day. In patients with severe AP complicated with necrosis and/or sepsis
values were rising all through the seventh day.

Conclusion Levels of IL-4 and IL-5 in peripheral blood correlate with SIRS, Ranson score and clinical
outcome in AP patients, therefore these cytokines are potential early biomarkers of disease progression
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and related complications.
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INTRODUCTION

Acute pancreatitis (AP) is a common inflam-
matory condition with a highly variable clinical
course that can cause severe local and extra-
pancreatic organ dysfunction and failure. The
most common causes are gallstones and alco-
hol, accounting for up to 80% of cases [1]. The
diagnosis of AP requires the patient to pres-
ent with abdominal pain consistent with AP
and the elevation of serum amylase or lipase
(> 3 times upper limit of normal). Although
advancement in diagnosis and treatment of
AP has been made, this disease is still serious
and potentially lethal [2]. The clinical course of
AP can show minimal organ dysfunction with
recovery in several days, but patients may ex-
perience a severe attack involving organ fail-
ure and severe complications as well as a high
mortality rate. Severe acute pancreatitis (SAP)
is defined as an episode of pancreatitis with
persistent organ failure [3]. SAP is associated
with high morbidity and mortality due to the
development of pancreatic and extra-pancreatic
necrosis, their subsequent infection and mul-
tisystem organ failure (MOF). In the case of
SAP with sterile necrosis mortality rate can be
as low as 12%, but in those with multiple organ

failure mortality rate could be as high as 85%
[4]. Thus, early assessment of the severity and
initial aggressive fluid resuscitation decreases
morbidity and mortality [5]. Patients with SAP
benefit considerably from early management in
an intensive care unit [5, 6]. Therefore, esearch-
es focus on possibilities of an early assessment
of the severity of an attack. Development of an
Early severe acute pancreatitis (ESAP), in first
week, accounts for 37.5-44% mortality among
patients with AP [7]. During the second week
AP progresses to Infected pancreatic necrosis
(IPN), which results in Systemic inflamma-
tory response syndrome(SIRS), Multiple or-
gan dysfunction syndrome MODS, sepsis and
a second wave of mortality [8]. Nevertheless,
not all patients with acute necrotizing pan-
creatitis (ANP) develop IPN, suggesting that
certain susceptibility factors make the patients
with ANP prone to IPN. In AP innate immu-
nity recognize damage-associated molecular
patterns released from necrotizing pancreatic
cells and stimulate adaptive immune response
[9]. Cytokines play an important role in etio-
pathogenesis of AP by causing an inflamma-
tory response that leads to tissue damage and
organ dysfunction or failure in patients with
SAP. The inflammatory response trigger both
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recruitment and activation of inflammatory cells that can
progress to pancreatic necrosis [10]. Local recruitment and
activation of inflammatory cells in acute pancreatitis in-
duce the production of pro-inflammatory (IL-1p, IL-6, and
IL-8as well as tumor necrosis factor-alpha [11]) and anti-
inflammatory cytokines (IL-4, IL-10, IL-13, and TGFp)
[9]. Previous studies have shown increased production of
IFN-y, typical Th1 cytokine in patients with AP [12]. On
the other hand, role of Th2 cells and their cytokines (IL-4
and IL-5) in development of acute and chronic pancreatitis
is still controversial. In Th2-mediated response IL-4 stimu-
lates B-cells to produce IgE and induce alternative activa-
tion of macrophages resulting in M2 phenotype, while IL-5
is important in eosinophil recruitment and activation [13].

Therefore, the purpose of our study was to determine
the potential clinical value of IL-4 and IL-5 as biochemical
marker for predicting development of severe, necrotizing
form of acute pancreatitis with systemic complications
(SIRS, ARDS, MODS, POF).

METHODS
Patients

A total of 240 patients at the Clinic for emergency surgery,
Emergency center, Clinical center of Serbia, aged 18-75
years, with no history of malignancy and/or systemic dis-
eases, were included in our study. Study was conducted
multidisciplinary. Informed consent was obtained from all
cases before enrollment into the study. The protocol of this
study was approved by the Ethics Committee of the Clinical
Center of Serbia. The diagnosis of AP was established based
on the following 3 criteria: 1) abdominal pain or signs of
AP; 2) serum amylase and/or lipase 5 times the upper limit
of normal, and 3) characteristic findings for AP on comput-
ed tomography scan. We monitored 75 parameters divided
in 7 groups: demographic, clinical, radiographic, opera-
tions, laboratory, systemic complications and scores (SIRS,
APACHE II, Ranson, CT index, necrosis score) [14, 15].

Radiographic method: native RTG, abdominal US, CT
and/or MR.

Three group of laboratory analysis were followed:

1. standard and specific biochemical analysis:

D-dimer, CRP, INR and plasminogen;
2. microbiological findings for diagnosis of infection
in necrotic pancreatitis;
3. serum levels of IL-4 and IL-5.

Monitoring levels of cytokines and laboratory
findings

Daily samples of blood were routinely tested for standard,
specific biochemical analysis and for determining the levels
of serum cytokines from day 1 to day 7. Blood samples
were centrifuged with the speed of 3000 rpm for 10 min-
utes and prior to the analysis the serum was kept at -20° C.
The cutoff of 6 pg/ml was taken as a minimal concentra-
tion of IL-4 and IL-5.
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Cytokines were quantified according to the manufac-
turer’s instructions using Bender Med Systems GmbH
(BMS716FF). The samples were run on Beckman Coulter
system. CRP was quantified according to the manufac-
turer’s instructions with commercial Olympus test using
Olympus analyzer AU400. Standard laboratory methods
were used for hemostatic, blood and enzyme activity.

Statistical analysis

Continuous variables are reported as mean + standard
deviation (SD), and categorical variables are expressed as
N (%) of study participants. The student t-test was used
to compare continuous variables between the two groups,
and ANOVA for comparing continuous variables between
three or more groups. The Pearson’s correlation analysis
was used for determining the correlation between the bio-
chemical parameters and scores. ROC (receiver operative
characteristics) curves were used to assess the predictive
power of v methods were used. The most predictive pa-
rameters were approximately under 1 of the ROC curve.
On the other hand, 0.5 parameters proved to be with no
significance. All p values were two-sided, and p < 0.05
was considered to be statistically significant. All statistical
analyses were conducted using SPSS for Windows, Version
11.1 (SPSS Inc., Chicago, IL, USA).

The study was done in compliance with the institutional
standards on ethics.

RESULTS

There was a total of 240 patients with AP that fulfilled
inclusion criteria, 144 subjects (53.3%) were male and 96
(41.7%) were female. Forty-five percent had SIRS score 3
and 4 at the time of admission and 95% had SIRS score two
or more. Ranson score was 3-6 in 65% of patients and 16%
of patients had maximal values (6 and 7) of Ranson score.

Overall, 78 (32.5%) patients died during hospitalization.

We quantified the circulating cytokines IL-4 and IL-5
on the first day (day of admission into hospital) and after
24, 48, 72, and 168 hours. We evaluated these cytokines in

Table 1. Measurement time IL-4 and IL-5

Measurement | Mean | Standard | 95% confidence interval
time (h) (pg/ml) | deviation | Lower limit | Upper limit
IL-4
0 1920.67 | 3323.52 1423.37 2417.97
24 2305.84 | 6261.21 1441.49 3170.19
48 718494 | 15536.24 5007.54 9362.33
72 304039 | 5627.20 2239.36 3841.43
168 2175.86 | 4640.94 1504.51 2847.21
IL-5
0 325.50 631.18 231.05 419.94
24 262.11 538.30 187.80 336.42
48 584.32 1509.28 369.47 799.17
72 319.77 443.65 256.61 382.92
168 236.52 405.06 176.94 296.09
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Table 2. Intragroup and intergroup dependence (concentration of
IL-4 and IL-5)
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patients with SAP and early mortality. There was statisti-
cally significant increase in the concentration of circulating

Source of variation | Variance | F | P IL-4 and IL-5 on the second day of hospitalization with
IL-4 maximum values on the third day (Table 1). In patients
Between groups 94106102449 13.240 0.000 with SAP complicated with necrosis and/or sepsis values
Within groups Al were rising all through the seventh day (Tables 1, 2, and 3).
L There was highly statistically significant correlation
Between groups 3675826.141 5469 0.000 between concentrations of IL-4, IL-5 and SIRS (Tables 4
Within groups 672141.520 and 5). Concentrations of these cytokines in serum of our
patients did not corelate with CRP values
Table 3. Tukey HSD (parameter interdependence-dependent variable: IL-4 and IL-5) 2??1?15)21;};::Isisgcr(:f;c(zzztzshzilg?i 5131 ;:Zfll;
0 0) Mean | 95%&?;@‘;?““ of patients with negative outcome (Tables
Measurement | Measurement | difference | =" P 5 and 6). Interleukin-4 was also higher in
time (h) time (h) () () I_I?nv:/iir Lfim?r these patients, but correlation with out-
IL-4 come have not reached statistical signifi-
24 38517 | 87000 | 0992 |-2762.92] 199258 | cance (Tables 4 and 6). Correlation between
48 -5264.26 (*) | 876.05 0.000 |-7658.54 | -2869.98 Ranson score and measured levels of IL-5
0 7 -1119.72 | 88243 | 0710 |-353143| 129199 | Was satistically highly significant (Table 5)
168 25518 | 88917 | 0999 |-268532| 2174.04 | in contrast to IL-4 (Table 4). Amylase levels,
0 38517 | 87000 | 0992 |-199258| 276292 | important for diagnosis of AP, were lower
48 ~4879.09 (") | 84106 | 0000 |-7177.76 | -2580.42| in patients with negtive outcome, and there
24 72 73454 84771 | 0909 |-3051.37 | 1582.27 is negative correlation with concetrations
168 12998 | 85472 | 1000 |-2206.00 | 246597 | Of both cytokines that we analyzed in this
0 5264.26(") | 87605 | 0000 | 2869.98 | 765854 | Study (Tables 4,5, and 6).
48 24 4879.09(%) 841.06 0.000 | 2580.42 | 7177.76
72 4144.54(%) 853.91 0.000 | 1810.76 | 6478.32
168 5009.07(*) 860.88 0.000 | 2656.26 | 7361.88 DISSCUSION
s 7ass | wrn | oo |tssazr| sy The imof this study was toanalyze serum
72 48 144540 | 85391 | 0000 |-647832 181076 levels of Th2 cytokines in AP patients and
168 86453 86737 | 0857 |-1506.01 | 323508 | Potential correlation with the severity of
0 55518 88917 | 0999 | 217294 268532 disease. Initial clinical response to pancre-
” 12998 | 85472 | 1000 |-2465.97 | 2206.00 atitis is SIRS which can develop in sepsis
168 48 -5009.07(*) | 860.88 0.000 |-7361.88 |-2656.26 with MODS. SIRS usuauy happen in the
7 86253 | 86737 | 0857 |-3235.08] 150601 first week and its progression is a critical
G step in the prognosis of AP [16]. Most of
o ” 6338 8460 | 0945 | -1678a | 20061 our patients had SIRS score two or more
48 -258.82 (¥) 85.81 0.022 | -493.35 | -24.29 (95%) and 45% had SIRS ?C(')I'e 3 and 4 at
- 57 581 | 1000 | 22880 | 24025 the time of admission. This indicates that
on admission most of our patient had com-
168 88.98 87.16 0.846 | -149.23 | 327.19 plicated AP with hlghly developed inflam-
- :)8 —3;623508(*) 2‘2‘;61(3) g.zg? :;91‘7‘.:1 19667':: matory process, and almost 50% had devel-
: : : : : oped septic syndrome. After initial injury
72 5765 8243 | 0957 | -28295 | 167.64 of acinar cells progression of AP could be
168 25.59 8383 | 0.998 | -203.54 | 254.73 divided in three stages: local inflammation,
48 0 25882(1) | 8581 | 0022 | 2429 | 49335 generalized inflammatory response and fi-
24 32220() | 8243 | 0001 | 96.90 | 547.51 nal stage of sepsis with MODS. In our study
72 264.55() | 8367 | 0014 | 3586 | 493.24 group most of our patients were in stage of
168 347.80() | 8505 | 0000 | 11533 | 580.27 generalized inflammatory response. Ranson
72 0 -5.72 8581 | 1.000 | -240.25 | 228.80 score was in 65% of patients 3-6, and 16%
24 57.65 8243 | 0957 | -167.64 | 282.95 of patients had maximal values (6 and 7)
48 ~264.55() | 83.67 | 0014 | -493.24 | -35.86 of Ranson score. These values can explain,
168 83.25 85.05 | 0.865 | -149.21 | 315.72 and certainly highly correlate with, the high
168 0 -88.98 87.16 | 0.846 | -327.19 | 149.23 SIRS scores on admission. Overall, in this
24 ~25.59 8383 | 0998 | -254.73 | 203.54 study 78 (32.5%) patients died during hospi-
48 -347.80(*) | 8505 | 0.000 | -580.27 | -115.33 talization, while in literature mortality rates
72 -83.25 85.05 | 0.865 | -315.72 | 149.21 as high as 30% [17]. The main cause of early

*The mean difference is statistically significant, p < 0.05.
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death in AP patients is ARDS, 60% of our
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Table 4. Correlations of IL-4 concentration and protocol parameters

Parameters Sex SIRS Outcome Years CRP Amylase Apache Il Ranson IL-4
Sex r 1 -0.139* -0.194** 0.185%* -0.306** -0.130 -0.062 -0.104 -0.083
p 0.043 0.004 0.006 0.000 0.059 0.367 0.140 0.295
SIRS r -0.139* 1 0.677** 0.232** 0.274** 0.028 0.268** 0.331** 0.201**
p 0.043 0.000 0.000 0.000 0.683 0.000 0.000 0.009
Outcome r -0.194** 0.677** 1 0.569%* 0.502** -0.110 0.481** 0.520%* 0.099
p 0.004 0.000 0.000 0.000 0.102 0.000 0.000 0.186
Years r 0.185** 0.232%* 0.569** 1 0.414** 0.146* 0.373** 0.334** 0.168*
p 0.006 0.000 0.000 0.000 0.032 0.000 0.000 0.027
CRP r -0.306** 0.274%* 0.502** 0.414%* 1 -0.181** 0.274** 0.277%* -0.023
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.469
Amylase r -0.130 0.028 -0.110 0.146* -0.181** 1 0.066* -0.202** -0.079*
p 0.059 0.683 0.102 0.032 0.000 0.041 0.003 0.025
Apache r -0.062 0.268** 0.481** 0.373%** 0.274** 0.066* 1 0.327** 0.013
p 0.367 0.000 0.000 0.000 0.000 0.041 0.000 0.686
Ranson r -0.104 0.337%* 0.520** 0.334%* 0.277** -0.202** 0.327** 1 0.069
p 0.140 0.000 0.000 0.000 0.000 0.003 0.000 0.390
L4 r -0.083 0.201** 0.099 0.168* -0.023 -0.079* 0.013 0.069 1
p 0.295 0.009 0.186 0.027 0.469 0.025 0.686 0.390
*The correlation is statistically significant, p < 0.05;
**the correlation is statistically significant, p < 0.01;
r - Pearson correlation coefficient
Table 5. Correlations of IL-5 concentration and protocol parameters
Parameters Sex SIRS Outcome Years CRP Amylase Apache Il Ranson IL-5
Sex 1 -0.139* -0.194** 0.185%* -0.306** -0.130 -0.062 -0.104 -0.087
p 0.043 0.004 0.006 0.000 0.059 0.367 0.140 0.269
SIRS r -0.139* 1 0.677** 0.232%* 0.274** 0.028 0.268** 0.337** 0.332**
p 0.043 0.000 0.000 0.000 0.683 0.000 0.000 0.000
Outcome r -0.194** 0.677*%* 1 0.569*%* 0.502** -0.110 0.481%* 0.520%** 0.254**
p 0.004 0.000 0.000 0.000 0.102 0.000 0.000 0.001
Years r 0.185** 0.232%* 0.569%* 1 0.414** 0.146* 0.373%* 0.334%* 0.082
p 0.006 0.000 0.000 0.000 0.032 0.000 0.000 0.284
CRP r -0.306** 0.274** 0.502** 0.414** 1 -0.181** 0.274** 0.277** 0.001
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.966
Amylase r -0.130 0.028 -0.110 0.146* -0.181** 1 0.066* -0.202** -0.059
p 0.059 0.683 0.102 0.032 0.000 0.041 0.003 0.094
Apache I r -0.062 0.268** 0.481%* 0.373** 0.274** 0.066* 1 0.327** -0.007
p 0.367 0.000 0.000 0.000 0.000 0.041 0.000 0.828
Ranson r -0.104 0.331%* 0.520%* 0.334** 0.277** -0.202** 0.327%* 1 0.280**
p 0.140 0.000 0.000 0.000 0.000 0.003 0.000 0.000
L5 r -0.087 0.332** 0.254** 0.082 0.001 -0.059 -0.007 0.280** 1
p 0.269 0.000 0.001 0.284 0.966 0.094 0.828 0.000

*The correlation is statistically significant, p < 0.05;
**the correlation is statistically significant, p < 0.01;

r — Pearson correlation coefficient

Table 6. Values of IL-4, IL-5, and other parameters relating to outcome

Parameters Outcome Mean Standard deviation
alive 46.38 12.08
Years
dead 62.30 8.02
alive 104.60 113.98
CRP
dead 251.28 128.51
alive 1383.62 1257.38
Amylase
dead 1094.20 867.69
Avache I alive 12.44 3.75
ache
P dead 17.84 6.04
L5 alive 214.27 452.21
dead 557.57 860.65
L4 alive 1653.14 3550.45
dead 2360.03 2504.26
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Table 7. Results of comparison of two patient groups in respect of

outcome (Student’s t-test)

Parameters t P

Years -10.529 0.000
CRP -8.953 0.000
Apache Il -8.475 0.000
IL-4 -1.327 0.186
IL-5 -3.498 0.001

Grouping variable: OUTCOME
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patients died in the first six days of hospitalization mostly
because of pulmonary complication [18].

Wide spectrum of inflammatory mediators are included
in inflammatory process which consequently modulates
migration of leukocytes, increases vascular permeability,
damages local tissue and can cause generalized inflam-
mation with damages to the kidneys, lungs and other
organs [19]. T-helper cells are grouped with varieties of
cytokines they produce. Th1 cells are involved in defense
mechanisms against intracellular pathogens and produce
TNF-a and interferon-y [9]. Various factors can influence
the polarization of Th cells, including the cytokine profile
of the environment in which Th cells undergo the process
of transdifferentiation. Th1 and Th2 cytokine products
reciprocally reduce each other’s activity [9].

In our study, according to the similarities between these
two interleukins, their behavior in severe forms of acute
pancreatitis is practically identical. The values of their con-
centrations increase significantly on the second day of the
disease, reaching the highest values on the third day, and in
severe forms of infected necrosis and sepsis, these values
increase until the seventh day, when the last measurements
were made (Tables 1, 2, and 3). Table 6 shows the values of
IL-4 and IL-5 in correlation to the outcome. In our study
the survivors, both IL-4 and IL-5, had lower values than
non-survivors but only IL-5 was statistically significant
(Table 7). Rogriguez et al. [20] reported lower levels of
IL-4 but significantly higher IL-5 in serum of patients with
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Ynora Th2 uMTOKMHA UHTEPNEYKUHA-4 U UHTEP/IEYKUHA-5 Y NPOLLEHM TEKMHE K

NPOrHo3e aKyTHOr nNaHKpeaTuTuca

KpctuHa oknectuh'?, HeHag MBanueBnh'2, 3natn6op Jlonyap'?, Qywan Muynh'? Munow Puctuh?, bojaH JoBaHoBMh'?,

Masne Mperopuh'2
'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHnBep3uUTeTCKI KNUHUYKM LieHTap Cpbuje, KnuHuKa 3a ypreHTHY xupyprujy, beorpag, Cpbuja

CAXETAK

Yeoa/Lnm AKyTHu naHkpeatutuc (All) penatusHo je yecto
ob6orberse Koje y BehuHu cnyyajeBa ma 6eHvraH Tok. MehyTum,
Koz, oKko 20% 6onecHMKa TOK 601eCTy je MHOTO TeXK, a CMPT-
HOCT 1 Jasbe BPJIo BUCOKa (40-50%). MpoLeHa TexunHe 6onectn
Cafa Ce NPeBacXOfHO 3aCHVBa Ha MPOTOKOJIMMA KOju YKIbyuyjy
KNMHMYKe, nabopaTopujcke 1 pagnorpadcke anjarHocTnyke
noctynke, ckop APACHE Il, PaHCOHOB CKOp, MHAEKC KOMMjyTepu-
30BaHe Tomorpaduje 1 CKop HEKPO3e MepeH KOMMjyTepr30Ba-
HoM Tomorpadujom. Y umyHonatoreHesu All kibyuHe henvje cy
T-numdoumnTy, a HoBMja UCTPaXKMBakba YKa3yjy Ha ynory Th2 n
FbMXOBUX ePEKTOPCKIIX LIUTOKMHA: MHTepneykuHa (UI1)-4 n UN-5.
Linb oBe cTyamje 610 je fa ce ucnuta KIMHNYKK 3Havaj ce-
pymckux HuBoa WJ1-4 n UJT-5 kao noteHuwmjanHmx 6uomapkepa
Telwke popme All ca CUCTEMCKMM KOMMIMKaLMjaMa, Kao LUTO je
CMHAPOM CUCTEMCKOT MHbNaMaTOPHOT OAroBOpa.

MeTope OBa npocnekTMBHa CTyauja yKibyuuna je 240 60-
necHuka ca Al xocnutann3oBaHUx Ha KNWHWLM 3a ypreHTHY
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XUpyprujy YHrBep3uTeTcKor KnmHuykor LeHTpa Cpbuje. Ce-
pymcku Husou UJT-4 n UJ1-5 cBakofHEBHO Cy feTeKToBaH yno-
Tpebom KomepLmjanHo JOCTYNHMX KuToBa Bender Med Systems
(BMS716FF).

Pesyntatu Husow UJ1-4 n UJT-5 y cepymy 6unu cy ctaTucTuykm
3HayajHo MOBWLIEHW JPYTOT AaHa, AOK Cy MaKCMMasHe BPeAHO-
ctv gocturnu Tpeher faHa xocnutanusauuje. Kog obonenvix og
Tewwke dpopme All ca CCTEMCKMM KOMMAVKaLmjama (CUHAPOM
CUCTEMCKOT MHGIaMaTOPHOT OArOBOPa) HUBOW MOMEHYTUX Lii-
TOKMHa 61N Cy MOBULLEHWN A0 CEAMOT AaHa.

3akiyuak BpegHocTu kKoHueHTpaumja W1-4 n UI-5 nokasyjy
BMCOKO 3HauajHy Kopenawujy ca CMHAPOMOM CUCTEMCKOT MH-
¢dnamatopHor oagrosopa 1 PaHCOHOBUM CKOPOM U UCXOA0M,
Te Hallla CTyauja NoKasyje fa 0BM LUTOKMHU MOTY B6UTU paHu
6riomapkep TexxunHe All, nojaBe CUCTEMCKUX KOMMAVKaLuja
ncxoaa 6onectu.

KrmbyuHe peum: akyTHU NAaHKPeATUTUC; UHTEPIIEYKIH-4; NHTEp-
NeyKnH-5; briomapkep
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