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Objective: This pilot study seeks to identify serum immune signatures across clinical stages of 

patients with chronic pancreatitis (CP).

Methods: We performed a cross-sectional analysis of prospectively collected serum samples 

from the PROspective Evaluation of Chronic Pancreatitis for EpidEmiologic and Translation 

StuDies (PROCEED)-study. CP subjects were categorised into three clinical stages based on the 

presence/absence of metabolic complications: 1) CP with no diabetes and exocrine pancreatic 

dysfunction (EPD), 2) CP with either diabetes or EPD, and 3) CP with diabetes and EPD. Blinded 

samples were analysed using an 80-plex Luminex assay of cytokines/chemokines/adhesion 

molecules. Group and pairwise comparisons were performed to characterise immune signatures 

across CP subgroups.

Results: A total of 135 CP subjects (evenly distributed between clinical stages) and 50 controls 

were studied. Interleukin 6 (IL-6), interleukin 8 (IL-8), and soluble intercellular adhesion molecule 

1 (sICAM-1) were significantly elevated in CP subjects compared to controls. The levels of 

IL-6 and IL-8 increased with advancing disease stages, with the highest levels observed in CP 

with diabetes and EPD (clinical stage 3). Furthermore, hepatocyte growth factor (HGF) and 

macrophage-derived chemokine (MDC) were significantly increased in clinical stage 3 compared 

to controls.

Conclusion: Our study reveals a progressive elevation in pro-inflammatory cytokines and 

chemokines with advancing clinical stages of CP. These findings indicate potential targets for 

the development of disease-modifying interventions.
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Introduction

Chronic pancreatitis (CP) is a fibro-inflammatory disease with irreversible replacement 

of the pancreatic tissue with fibrosis [1]. Complications of CP develop as the disease 

progresses, including exocrine pancreatic dysfunction (EPD) and diabetes [2–4]. Recent 

research has increasingly recognised the pivotal role of immunological mechanisms in the 

progression of CP, as evident in pre-clinical animal and pilot studies [3,5,6]. Crosstalk 

between immune and non-immune cells is a key driver of this process [3]. Notably, 

the dynamic interplay between macrophages and pancreatic stellate cells (PSCs) through 

immune signalling has emerged as a focal point of investigation, given that PSCs are 

central promoters of fibrogenesis in the pancreas [3,5,7,8]. This activation of quiescent PSCs 

by cytokines and external mediators not only fuels fibrogenesis but also influences the 

polarisation of macrophages, leading to a complex cross-talk between these two cell types 

[5,8].

The varying levels of immune mediators in the systemic circulation throughout the disease 

course may be closely associated with macrophage polarisation and PSC activation [5]. 

Our prior work has examined circulating immune signatures in human CP and other 

pancreatic diseases, including pancreatic cancer and recurrent acute pancreatitis, comparing 

them to healthy controls [3,9]. However, to date, no study has explored immune signatures 

Hagn-Meincke et al. Page 2

Eur J Gastroenterol Hepatol. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



across different clinical stages of CP. Establishing associations between immune signature 

levels and distinct CP stages holds the potential to shed further light on the underlying 

pathophysiology of CP progression. This understanding could serve as a valuable tool for 

identifying targets for novel treatments capable of altering the disease course [10].

We hypothesised that CP patients have different circulating immune signatures across 

different clinical stages of CP that can be detected with in-depth immune profiling. This 

study aimed to 1) investigate immune signatures in CP patients versus healthy controls and 

2) investigate immune signatures across clinical stages of CP.

Methods

Study design and subjects

We conducted an IRB-approved cross-sectional analysis investigating circulating immune 

signatures across clinical stages of CP (defined by the presence of metabolic 

complications) and controls. Human samples were obtained from the biorepository of the 

Prospective Evaluation of Chronic Pancreatitis for Epidemiologic and Translational Studies 

(PROCEED), which is a prospective cohort study conducted by the Consortium for the 

Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer (CPDPC) [11,12]. Cases 

with CP were selected for the current study amongst those with a definitive diagnosis of 

CP defined as conclusive changes in cross-sectional imaging or histology according to the 

PROCEED criteria [11].

A total of 135 patients were selected for the current analysis. Being an exploratory study 

to evaluate immune markers of different clinical stages of CP, we aimed to have a roughly 

equal distribution of subjects among our study groups; hence, all participants with available 

samples in the planned study groups were randomly selected until reaching a maximum of 

approximately 50 samples. The clinical staging of CP patients was based on the presence 

of metabolic complications (i.e., EPD and diabetes) and comprised three distinct subgroups: 

stage 1: CP patients with normal pancreatic function (n=40), stage 2: CP patients with partly 

impaired pancreatic function (diabetes or EPD) (n=46), and stage 3: CP patients with fully 

impaired pancreatic function (diabetes and EPD) (n=49).

Controls with no pancreatic disease (n=50) were included for comparison. This group 

comprised volunteers who had no upper abdominal pain symptoms, no personal or family 

history of pancreatic disease, and no history of cancer, inflammatory diseases requiring 

medical treatment, and organ transplant or human immunodeficiency virus / acquired 

immunodeficiency syndrome.

Demographics, anthropometrics, and clinical parameters

Information on clinical and demographic variables, including sex, age, body mass index 

(BMI), race, CP aetiology, age at CP diagnosis and duration of CP, as well as history 

of acute pancreatitis (AP) and recurrent acute pancreatitis (RAP), was collected from 

the PROCEED study database. BMI, at the date on which the blood sample was drawn, 

was stratified into the following subgroups according to the World Health Organization 
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classification: underweight BMI (< 18.5 kg/m2), normal BMI (18.5 – 24.9 kg/m2), 

overweight BMI (25.0 – 29.9 kg/m2), and obese BMI (>30 kg/m2) [13].

EPD and diabetes criteria were defined according to the PROCEED study protocol [11]. 

EPD diagnosis was defined as the presence of one of the following criteria: 1) clinical 

history of steatorrhea; 2) faecal elastase of < 100 μg/g stool, or 3) quantitative faecal fat of 

> 7 g/d on a 100-g fat diet. Diabetes diagnosis was defined according to the criteria by the 

American Diabetes Association: abnormal values on 2 of the following tests or 2 abnormal 

values of the same test: 1) fasting blood sugar ≥ 126mg/dL; 2) HbA1c ≥6.5 %; 3) random 

blood glucose ≥ 200 mg/dL, or 4) use of anti-diabetic medications.

Luminex assay

The Stanford University Human Immune Monitoring Center performed the Luminex 

assay blinded to group assignments. Luminex -EMD Millipore Human 80 Plex kits 

were purchased from EMD Millipore Corporation, Burlington, MA. The human 80-plex 

Luminex kits includes 3 panels: Panel 1 includes the Milliplex HCYTA-60K-PX48, Panel 

2 the Milliplex HCP2MAG-62K-PX23, and Panel 3 the Milliplex HSP1MAG-63K-06 

and HADCYMAG-61K-03. A total of 150 μL of serum from each subject was 

processed. The detailed protocol description can be found at (https://iti.stanford.edu/himc/

immunoassays.html). In brief, samples were diluted 3-fold (Panels 1 and 2) and 10-fold for 

Panel 3. Subsequently, 25 μL of the samples were mixed with antibody-linked polystyrene 

beads on 96-well filter-bottom plates and incubated at room temperature for 2 hours, 

followed by overnight incubation at 4 °C. Plates were pre-warmed for 20-30 minutes 

at room temperature and washed thrice. Detection antibodies were added to each well, 

followed by room temperature incubation on an orbital shaker for 2 hours at 500 rpm. The 

solution was removed by filtration and washed thrice. A biotinylated detection antibody, 

Streptavidin-PE, was added to the plates, incubated at room temperature for 40 minutes 

on an orbital shaker at 500 rpm, and washed thrice. Finally, a reading buffer was added, 

incubated at room temperature for 5 minutes on an orbital shaker at 500 rpm, and read 

in the Luminex FlexMap3D Instrument. As an estimate of analyte concentration, the 

median fluorescence intensity (MFI) average was used to compare the intensity in each 

clinical group instead of the absolute concentration values, as recommended by leading 

researchers in this field [14,15]. The Luminex assay included 80 cytokines/chemokines/

adhesion molecules, as shown in Supplementary Table 1.

Statistical analysis

The purpose of the primary analysis of this study was to identify differences in circulating 

immune signature (proteins) levels between clinical stages of CP. As this is an explorative 

pilot study and no previous studies to our knowledge have investigated this, the sample size 

was not determined by statistical power calculation. The number of subjects chosen per 

group was based on sample availability, considerations of multiple testing with the Luminex 

assay, and general guidance for sample size construction for pilot studies in consultation 

with our biostatisticians at the CPDPC Coordination and Data Management Center [3,11].
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Descriptive and inferential statistics were performed to summarise and differentiate the 

demographic and clinical characteristics of each CP subgroup, the total CP group, and 

controls. Data are reported as medians with interquartile range (IQR) or frequencies (%) 

unless otherwise indicated. Fisher’s exact test, ANOVA, Kruskal-Wallis test, Student’s t-test, 

and Wilcoxon rank sum test were used as appropriate. Ordinary least squares regression 

models were applied to investigate differences in MFI [16,17]. All group comparisons were 

adjusted for covariates of age, race, BMI, nonspecific binding, and plate effects. All three 

CP groups were equally weighted in comparison to the control group. Standard errors for 

ordinary least squares were adjusted for any heterogeneity in variance [18]. P-values were 

adjusted for multiple comparisons to control the false discovery rate at 5% [19,20]. The 

software packages R Studio version 1.3.1093 (RStudio PBC, Boston, Massachusetts, USA) 

and SAS version 9.4 (SAS Institute, Cary, North Carolina, USA) were used for statistical 

analyses.

Raincloud plots and a star plot were used to illustrate findings. Detrended logarithm MFI 

was used to illustrate Interleukin-6 (IL-6) and interleukin-8 (IL-8) due to skewness of data 

at high MFI levels. Star plots were constructed in R (www.r-project.org) with packages 

maptools [21], matrixcalc [22], plotrix [23], JPEN [24], and VCA [25]. Star plots are 2D 

visual classifiers of clustering results, and coordinates are two-dimensional embedding axes. 

Star plot locates vectors such that the separation is greatest among groups in 2D while trying 

to keep vector lengths ordered by biomarkers’ importance values. Hence, the importance 

value is the ratio of the among-group to within-group sample variance [26].

Results

We selected 135 CP subjects and 50 controls for the final study population. Demographic 

and clinical characteristics are summarised in Table 1. Among CP subjects, 40 (30%) were 

classified as stage 1 CP, 46 (34%) as stage 2 CP, and 49 (36%) as stage 3 CP. CP subjects 

were older than controls (median age 55 vs. 39 years, p<0.001), but the age distributions 

across CP subgroups were not detectably different (p=0.21). Race varied among the groups 

(p=0.02) as the controls had a higher population of black people, and the stage 1 CP group 

had a higher population of Caucasians. Expectedly, CP duration increased with advancing 

clinical stage (p=0.04). A higher prevalence of RAP history was observed for stage 2 CP 

(p=0.02).

Immune signature expression in CP vs control group

Three of 80 candidate analytes’ MFI was differentially expressed in CP subjects (stages 1-3 

combined) vs. controls (Figure 1 and Table 2). Accordingly, the MFIs of IL-6 (p<0.001), 

IL-8 (p<0.001), and soluble intercellular adhesion molecule 1 (sICAM-1) (p=0.016) were all 

relatively increased in the CP group compared to the control group.

Immune signature expression across CP clinical stages

In a pairwise comparison between controls and CP subjects at different clinical stages, 

five analytes’ MFI was significantly elevated in CP subjects at clinical stage 3 compared 

to controls (Figure 2 and Table 2); IL-6 (p<0.001), IL-8 (p<0.001), sICAM-1 (p=0.002), 
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hepatocyte growth factor (HGF) (p=0.007) and macrophage-derived chemokine (MDC) 

(p=0.018). There were no statistically significant differences in the expression of analytes 

across the individual clinical stages within the CP population (all p>0.05) (Table 2), 

although increasing levels of IL-6 and IL-8 were observed with advancing disease stages 

(Figure 2). Analytes did not separate clearly in clusters between the different CP clinical 

stages and controls (Figure 3).

Discussion

In this pilot study, we analysed samples from 135 subjects with various clinical stages of 

CP and 50 control subjects to identify immune signatures associated with CP clinical stages. 

This was performed via detailed immunophenotyping using a well-validated 80-multiplex 

assay. Three analytes, cytokine IL-6, chemokine IL-8, and adhesion molecule sICAM-1, 

were significantly elevated in the combined CP population. In addition, the levels of IL-6 

and IL-8 increased with advancing disease stages, with the highest levels observed in 

advanced CP (clinical stage 3). Collectively, these findings indicate progressive elevation in 

pro-inflammatory cytokines and chemokines with advancing clinical stages of CP.

Immune signature expression in CP vs control group

In this study, pro-inflammatory mediators ( IL-6, IL-8, and sICAM-1) were elevated in 

the combined CP population compared to the controls [27–29]. These findings differ from 

a previous observation, where five cytokines were differently expressed in CP subjects 

compared to controls (GM-CSF, IFN-β, Leptin, PDGFB, and Resistin) [3]. The inability to 

identify IL-6, IL-8, and sICAM-1 in the previous study may be due to a lack of power, as 

only 40 CP subjects were included. It is not entirely clear why the previously 5 identified 

markers were not seen in the current study, but it may have to do with sample acquisition 

and study design. Our data are consistent with parallel research using the PROCEED 

samples (unpublished).

Immune signatures across CP clinical stages

Immunological mechanisms govern the progression of CP through interaction between 

pancreatic non-immune and immune cells, as described in the introduction. These processes 

are controlled by immune signalling via cytokines, chemokines, and adhesion molecules, 

which are detectable in the systemic circulation [1,3,29]. Five analytes, IL-6, IL-8, 

sICAM-1, HGF, and MDC, were significantly elevated in CP subjects at an advanced 

disease stage (clinical stage 3) compared to controls. Furthermore, a tendency toward 

gradually elevating levels of IL-6 and IL-8 was observed with advancing disease stages, 

although we could not detect statistically significant differences between CP subgroups. 

The relatively small sample size and its associated lack of power may explain the lack of 

statistical significance in the groupwise comparisons of CP subgroups in this study.

IL-6 and IL-8 are pro-inflammatory proteins seen in multiple different inflammatory 

diseases [27,30]. Our observations suggest that IL-6 is involved in CP throughout the entire 

disease spectrum and may have a key role in accelerating the number of activated PSCs 

as the disease progresses. As IL-6 both activates PSCs and is produced by these cells, the 
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elevating levels of IL-6 in the systemic circulation with advancing CP stages may reflect 

an increasing number of activated PSCs as CP progresses [8]. Further studies of IL-6 

signalling, including preclinical studies of anti-IL-6 treatment for CP, seem justified given 

the reproducibility of elevated IL-6 expression in several independent CP cohorts [31,32]. 

IL-8 is mainly observed in severely damaged areas of the pancreas, with a profound amount 

of fibrosis [28,33]. Collectively, our findings suggest that IL-6 and IL-8 are continuous 

promoters of inflammation in CP subjects and may have a key role in facilitating progression 

toward end-stage CP.

Study strengths and limitations

A key strength of the study relates to the rigorous methodology used across all sites for 

prospective collection, processing, and storage of biospecimens. The statistical analysis plan 

and adjustments were robust and carefully considered pre-hoc during the planning of the 

study. MFI was used as the unit of analyte levels in this paper, as using standard units 

may skew the statistical analysis, as some values may be above or below the limit of 

quantification, hence limiting assay sensitivity. This approach is in agreement with previous 

studies reporting higher statistical power using MFI compared to concentration-based units 

[15].

Some limitations pertain to our study. The cross-sectional study design precludes causal 

inference regarding the observed association, and future studies using longitudinal samples 

will be useful to further understand the temporal and dynamic nature of immune signalling 

in relation to CP progression. Further, the cytokine Transforming Growth Factor beta (TGF-

β) is a key mediator of fibrosis in CP, but this was not investigated in this study as the 

Luminex panels do not include TGF-β [34]. Future studies of investigation of chemokines/

cytokines/adhesion molecules in CP should include TGF-β.

Conclusion:

Our pilot study identifies a significant elevation in the pro-inflammatory mediators IL-6 and 

IL-8, as well as the adhesion molecule sICAM-1, in individuals with CP, with the highest 

levels observed in advanced disease stages. Our findings further highlight the potential of 

IL-6 and IL-8 as continuous drivers of inflammation in CP. Taken together with the existing 

literature, targeting IL-6 may be a promising avenue for therapeutic intervention in CP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

Research reported in this publication was supported by the National Cancer Institute and National Institute of 
Diabetes and Digestive and Kidney Diseases of the National Institutes of Health under award numbers related to 
The Consortium for the Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer (CPDPC). U01DK108328, 
U01DK108288, U01DK108300, U01DK108306, U01DK108314, U01DK108320, U01DK108323, U01DK108326, 
U01DK108327, U01DK108365, U01DK108300, U01DK108332. The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the National Institutes of Health.

Hagn-Meincke et al. Page 7

Eur J Gastroenterol Hepatol. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical regression analysis was provided by the Human Immune Monitoring Center, Institute for Immunity, 
Transplantation and Infection, at Stanford University School of Medicine.

The work of Dr. Rasmus Hagn-Meincke was supported by the Danish American Research Exchange (DARE) 
fellowship program, sponsored by the Lundbeck Foundation.

References

1. Kleeff J, Whitcomb DC, Shimosegawa T, Esposito I, Lerch MM, Gress T, et al. Chronic pancreatitis. 
Nat Rev Dis Primers. 2017 Dec;3(1):17060. [PubMed: 28880010] 

2. Olesen SS, Nøjgaard C, Poulsen JL, Haas SL, Vujasinovic M, Löhr M, et al. Chronic Pancreatitis Is 
Characterized by Distinct Complication Clusters That Associate With Etiological Risk Factors: The 
American Journal of Gastroenterology. 2019 Apr;114(4):656–64. [PubMed: 30741740] 

3. Park WG, Li L, Appana S, Wei W, Stello K, Andersen DK, et al. Unique circulating immune 
signatures for recurrent acute pancreatitis, chronic pancreatitis and pancreatic cancer: A pilot study 
of these conditions with and without diabetes. Pancreatology. 2020 Jan;20(1):51–9. [PubMed: 
31791885] 

4. Ramsey ML, Conwell DL, Hart PA. Complications of Chronic Pancreatitis. Dig Dis Sci. 2017 
Jul;62(7):1745–50. [PubMed: 28281169] 

5. Xue J, Sharma V, Hsieh MH, Chawla A, Murali R, Pandol SJ, et al. Alternatively 
activated macrophages promote pancreatic fibrosis in chronic pancreatitis. Nat Commun. 2015 
Nov;6(1):7158. [PubMed: 25981357] 

6. Komar HM, Hart PA, Cruz-Monserrate Z, Conwell DL, Lesinski GB. Local and Systemic 
Expression of Immunomodulatory Factors in Chronic Pancreatitis. Pancreas. 2017 Sep;46(8):986–
93. [PubMed: 28796136] 

7. Zheng L, Xue J, Jaffee EM, Habtezion A. Role of Immune Cells and Immune-Based Therapies in 
Pancreatitis and Pancreatic Ductal Adenocarcinoma. Gastroenterology. 2013 May;144(6):1230–40. 
[PubMed: 23622132] 

8. Omary MB, Lugea A, Lowe AW, Pandol SJ. The pancreatic stellate cell: a star on the rise in 
pancreatic diseases. J Clin Invest. 2007 Jan 2;117(1):50–9. [PubMed: 17200706] 

9. Lee B, Jones EK, Manohar M, Li L, Yadav D, Conwell DL, et al. Distinct Serum Immune 
Profiles Define the Spectrum of Acute and Chronic Pancreatitis From the Multicenter Prospective 
Evaluation of Chronic Pancreatitis for Epidemiologic and Translational Studies (PROCEED) Study. 
Gastroenterology. 2023 Jul;165(1):173–86. [PubMed: 37061168] 

10. Lowe ME, Andersen DK, Caprioli RM, Choudhary J, Cruz-Monserrate Z, Dasyam AK, et 
al. Precision Medicine in Pancreatic Disease—Knowledge Gaps and Research Opportunities: 
Summary of a National Institute of Diabetes and Digestive and Kidney Diseases Workshop. 
Pancreas. 2019 Nov;48(10):1250–8. [PubMed: 31688587] 

11. Yadav D, Park WG, Fogel EL, Li L, Chari ST, Feng Z, et al. PROspective Evaluation of 
Chronic Pancreatitis for EpidEmiologic and Translational StuDies: Rationale and Study Design for 
PROCEED From the Consortium for the Study of Chronic Pancreatitis, Diabetes, and Pancreatic 
Cancer. Pancreas. 2018 Nov;47(10):1229–38. [PubMed: 30325862] 

12. Serrano J, Andersen DK, Forsmark CE, Pandol SJ, Feng Z, Srivastava S, et al. Consortium for 
the Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer: From Concept to Reality. 
Pancreas. 2018 Nov;47(10):1208–12. [PubMed: 30325859] 

13. Di Angelantonio E, Bhupathiraju SN, Wormser D, Gao P, Kaptoge S, de Gonzalez AB, et al. Body-
mass index and all-cause mortality: individual-participant-data meta-analysis of 239 prospective 
studies in four continents. The Lancet. 2016 Aug;388(10046):776–86.

14. Breen EJ, Polaskova V, Khan A. Bead-based multiplex immuno-assays for cytokines, chemokines, 
growth factors and other analytes: Median fluorescence intensities versus their derived absolute 
concentration values for statistical analysis. Cytokine. 2015 Feb;71(2):188–98. [PubMed: 
25461398] 

15. Breen EJ, Tan W, Khan A. The Statistical Value of Raw Fluorescence Signal in Luminex xMAP 
Based Multiplex Immunoassays. Sci Rep. 2016 May 31;6(1):26996. [PubMed: 27243383] 

Hagn-Meincke et al. Page 8

Eur J Gastroenterol Hepatol. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Blais JAR. Asymptotic normality and consistency of the least squares estimators for families of 
linear regressions. Vol. The Annals of Mathematical Statistics 34:447–456. 2010.

17. Eicker F Asymptotic normality and consistency of the least squares estimators for families of linear 
regressions. Vol. The Annals of Mathematical Statistics 34:447–456. 1963.

18. Long JS. Using heteroscedasticity consistent standard errors in the linear regression model. Vol. 
American Statistician 54:217–224. 2000.

19. Benjamini Y, Krieger AM, Yekutieli D. Adaptive linear step-up false discovery rate controlling 
procedures. Vol. Biometrika 93:491–507. 2006.

20. Kim KL, Van de Wiel MA. Effects of dependence in high-dimensional multiple testing problems. 
Vol. BMC Bioinformatics 9:114. 2008.

21. Bivand R, Lewin-Koh N. maptools: Tools for handling spatial objects. R package version 1.1-3. 
https://CRAN.R-project.org/package=maptools. 2022.

22. Novomestky. matrixcalc: Collection of functions for matrix calculations. Vol. R package version 
1.0–5. https://CRAN.R-project.org/package=matrixcalc. 2021.

23. Lemon J Plotrix: a package in the red light district of R. Vol. R-News , 6(4):8–12. 2006.

24. Maurya A PEN: Covariance and inverse covariance matrix estimation using joint penalty. Vol. R 
package version 1.0. https://CRAN.R-project.org/package=JPENNovomestky,F.2021. 2015.

25. Schuetzenmeister A, Dufey F. VCA: Variance component analysis. Vol. R package version 1.4.3. 
https://CRAN.R-project.org/package=VCA. 2022.

26. Holmes TH, Subrahmanyam PB, Wang W, Maecker HT. Penalized supervised starplots: Example 
application in influenza-specific CD4+ T cells. Vol. Viral Immunology 32:1–8. 2019. [PubMed: 
30222502] 

27. Tanaka T, Narazaki M, Kishimoto T. IL-6 in Inflammation, Immunity, and Disease. Cold Spring 
Harbor Perspectives in Biology. 2014 Oct 1;6(10):a016295–a016295. [PubMed: 25190079] 

28. Di Sebastiano P Expression of interleukin 8 (IL-8) and substance P in human chronic pancreatitis. 
Gut. 2000 Sep 1;47(3):423–8. [PubMed: 10940282] 

29. Sato T, Shibata W, Maeda S. Adhesion molecules and pancreatitis. J Gastroenterol. 2019 
Feb;54(2):99–107. [PubMed: 30140950] 

30. van de Stolpe A, van der Saag PT. Intercellular adhesion molecule-1. J Mol Med. 1996 
Jan;74(1):13–33. [PubMed: 8834767] 

31. Talar-Wojnarowska R, Gasiorowska A, Smolarz B, Romanowicz-Makowska H, Kulig A, Malecka-
Panas E. Clinical Significance of Interleukin-6 (Il-6) Gene Polymorphism and Il-6 Serum Level 
in Pancreatic Adenocarcinoma and Chronic Pancreatitis. Dig Dis Sci. 2009 Mar;54(3):683–9. 
[PubMed: 18661238] 

32. Hansen M, Nielsen AR, Vilsbøll T, Lund A, Krarup T, Knop FK, et al. Increased Levels 
of YKL-40 and Interleukin 6 in Patients With Chronic Pancreatitis and Secondary Diabetes. 
Pancreas. 2012 Nov;41(8):1316–8. [PubMed: 22647735] 

33. Frøkjær JB, Olesen SS, Drewes AM. Fibrosis, Atrophy, and Ductal Pathology in Chronic 
Pancreatitis Are Associated With Pancreatic Function but Independent of Symptoms. Pancreas. 
2013 Oct;42(7):1182–7. [PubMed: 24048457] 

34. Zhou Q, Xia S, Guo F, Hu F, Wang Z, Ni Y, et al. Transforming growth factor-β in pancreatic 
diseases: Mechanisms and therapeutic potential. Pharmacological Research. 2019 Apr;142:58–69. 
[PubMed: 30682425] 

Hagn-Meincke et al. Page 9

Eur J Gastroenterol Hepatol. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://CRAN.R-project.org/package=maptools
https://CRAN.R-project.org/package=matrixcalc
https://CRAN.R-project.org/package=JPENNovomestky,F.2021
https://CRAN.R-project.org/package=VCA


Figure 1: 
Raincloud plots of the median fluorescence intensity (MFI) of biomarkers IL-6 and IL-8 in 

the total CP population.
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Figure 2: 
Raincloud plots of the median fluorescence intensity (MFI) of biomarkers IL-6 and IL-8 in 

controls and CP patients across the different clinical stages.
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Figure 3: 
Star plot of all 80 analytes within the subgroups of CP patients at different clinical stages.
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Table 1.

Demographic and clinical characteristics of controls and chronic pancreatitis (CP) subgroups, by clinical 

stage.

Control 
group 
(n=50)

Total CP population 
(n=135)

Clinical stage 1 
(n=40)

Clinical stage 2 
(n=46)

Clinical stage 3 
(n=49)

Male sex, n (%) 20 (40.0) 74 (54.8) 21 (52.5) 24 (54.3) 28 (57.1)

Age, years (IQR) 39.0 (28-52) 55.0 (46-62) ** 51.5 (44-65)*** 54.0 (45-61) *** 56.0 (51-62) ***

Age groups, n (%)

  <40 26 (52.0) 18 (13.3) *** 7 (17.5) *** 9 (19.6) *** 2 (4.1) ***

  40-60 14 (28.0) 74 (54.8) 20 (50.0) 23 (50.0) 30 (61.2)

  >60 10 (20.0) 43 (31.9) 13 (32.5) 14 (30.4) 17 (34.7)

BMI, category, n (%)

  Underweight 0 8 (5.9) 1 (2.5) 1 (2.2) 6 (12.2) *

  Normal 20 (40) 73 (54.1) 24 (60.0) 25 (54.3) 24 (49.0)

  Overweight 16 (32) 33 (24.4) 9 (22.5) 13 (28.3) 11 (22.4)

  Obese 14 (28) 21 (15.6) 6 (15.0) 7 (15.2) 8 (16.3)

Race, n (%)

  Black or African 12 (24.0) 12 (8.9) 2 (5.0) ** 6 (13.0) 4 (8.2)

  White 34 (68.0) 112 (83.0) 37 (92.5) 36 (78.3) 39 (79.6)

  Asian 3 (6.0) 6 (4.4) 0 1 (2.2) 5 (10.2)

  More than one race 1 (2.0) 4 (3.0) 1 (2.5) 3 (6.5) 1 (2.0)

  Other 0 1 (0.7) 0 0 0

Age at CP diagnosis, years (IQR) 50 (42-59) 51 (40-62) 51 (42-58) 50 (44-59)

Duration of CP, years (IQR) 2 (1-5) 1 (0-2) 2 (1-5) 4 (2-8) #

CP aetiology, n (%)

  Alcoholic Pancreatitis 58 (43.0) 16 (40.0) 19 (41.3) 23 (46.9) &

  Idiopathic 53 (39.3) 18 (45.0) 16 (34.8) 19 (38.8)

  Genetic 17 (12.6) 4 (10.0) 8 (17.4) 5 (10.2)

  Obstructive 1 (0.8) 0 1 (2.2) 0

  Post-necrotic 2 (1.5) 1 (2.5) 1 (2.2) 0

  Hypertriglyceridemia 2 (1.5) 0 0 2 (4.1)

  Miscellaneous 2 (1.5) 1 (2.5) 1 (2.2) 0

RAP, n (%)

  Yes 96 (71.1) 26 (65.0) 36 (78.3) 34 (69.4)

  No 13 (9.6) 8 (20.0) 1 (2.2) 4 (8.2)

  NA 26 (19.3) 6 (15.0) 9 (19.6) 11 (22.5)

IQR = Interquartile range, EPD = exocrine pancreatic dysfunction, BMI = Body mass index, RAP = Recurrent acute pancreatitis, NA = Not 
available.

Groupwise comparisons with False Discovery Rate corrections for multiple comparisons:

Significance of the difference between the control group and the CP subgroups:

*
<0.05;
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**
<0.01;

***
<0.005

Significance of the difference between stage 1 compared to stage 2 and stage 3:

#
<0.01

Significance of the difference between stage 2 and stage 3:

&
<0.05
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Table 2.

Median Fluorescence intensity (MFI) of analytes differentially expressed in controls and across chronic 

pancreatitis (CP) clinical stages

Control group Total CP population Clinical stage 1 Clinical stage 2 Clinical stage 3

IL6 (IQR) 44 (35-50) 59 (44-80) * 55 (43-71) 55 (42-78) 66 (46-100) ##

IL8 (IQR) 65 (55-77) 85 (69-114) * 81 (71-99) 80 (63-102) 94 (76-146) ##

HGF (SD) 75 (30) 87 (49) * 84 (35) 83 (47) 92 (59) ##

MDC (SD) 8094 (2118) 9258 (3597) 8448 (3197) 9457 (4068) 9717 (3383) #

sICAM1 (SD) 7984 (3204) 9004 (4280) 8901 (2727) 9003 (4828) 9088 (4797) #

Groupwise comparisons with False Discovery Rate corrections for multiple comparisons:

Significance of the difference between the control group and the total CP population:

*
<0.01

Significance of the difference between the control group and the CP subgroups:

#
<0.05;

##
<0.01
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