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Abstract

Background and Aims: Pancreatitis is a disease continuum, starting with acute pancreatitis

(AP) and, in some cases, progressing to recurrent acute pancreatitis (RAP) and chronic pancreatitis

(CP). Currently, there are no approved therapies or early diagnostic or prognostic biomarkers for

pancreatitis. The current study aimed to examine whether patient serum immune profiling could
identify non-invasive biomarkers and provide mechanistic insight into the disease continuum of
pancreatitis.

Methods: Using Olink immunoassay, we assessed the protein levels of 92 immune markers in
serum samples from participants enrolled in the PROCEED study of the CPDPC consortium.
Samples (n=231) were obtained from subjects without the pancreatic disease (h=56) and those
with chronic abdominal pain (CAP) (n=24), AP (n=38), RAP (n=56), and CP (n=57).

Results: Thirty-three immune markers differentiated the combined pancreatitis groups from
controls. Immune markers related to IL-17 signaling distinguished CP from AP and RAP.
Similarly, the serum level of IL-17A and CCL20 differentiated CP from CAP, suggesting the
involvement of Th17 cells in CP pathogenesis. The receiver operator characteristic (ROC)
curve with two immune markers (IL-17A and ST1A1) could differentiate CP from CAP
(optimistic AUC=0.78). Macrophage classical activation pathway elevated along the continuum

of pancreatitis, suggesting an accumulation of proinflammatory signals over disease progression.

Several immune markers were associated with smoking, alcohol, and diabetes status.

Conclusion: Immune profiling of serum samples from a large pancreatitis cohort led to
identifying distinct immune markers that could serve as potential biomarkers to differentiate the
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varying pancreatitis disease states. In addition, the finding of IL-17 signaling in CP could provide
insight into the immune mechanisms underlying disease progression.

Graphical Abstract
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INTRODUCTION

Pancreatitis is an inflammatory disease of the exocrine pancreas ranging from acute
pancreatitis (AP) to recurrent acute pancreatitis (RAP) and chronic pancreatitis (CP). AP,
RAP, and CP represent a disease continuum in many cases!: 2. One-fifth of AP patients will
develop RAP, and one-third of patients with RAP will develop CP2. Among gastrointestinal
diseases, AP is among the most frequent principal hospital discharge diagnosis and the
second most common cause of total hospital stays3. Severe AP, defined by the presence of
organ failure, carries a mortality rate of up to 20%, and this makes AP the fifth leading
cause of hospital death® °. RAP refers to having more than one attack of AP. Patients

with greater than three attacks have up to 50% risk of progression to CP% 7. CP is

a particularly debilitating disease marked by irreversible parenchymal tissue destruction,
fibrosis, endocrine and exocrine dysfunction, and intractable pain. About 5% of CP patients
will develop pancreatic cancer®, which portends a dismal 5-year survival rate of about 10%
9. Also, patients’ reduced quality of life and life expectancy are significant negative social
impacts of CP10. Despite the prevalence and social impact, minimal progress has been made
in treatment strategies for pancreatitis. In addition, there are currently no FDA-approved
therapies, early diagnostics, or prognosis biomarkers available for pancreatitis.

Inflammation is a hallmark of pancreatitis!. Studies using experimental animal models
demonstrate interactions between pancreatic cells and immune cells and that modulation of
immune signaling can drive changes in the disease course and progressionl2-15. Emerging
studies with human specimens also indicate the involvement of distinct immune subsets
belonging to both adaptive and innate immunity in pancreatitis and their correlation with
disease severity6-22, In the current study, we examine the immune characteristics of blood
samples from a pancreatitis cohort to identify circulating immune biomarkers and provide
mechanistic insight.
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We screened circulating immune marker expressions in the spectrum of acute and chronic
pancreatitis from a multi-center study of the Consortium for the Study of Chronic
Pancreatitis, Diabetes, and Pancreatic Cancer (CPDPC) using a DNA oligonucleotide-based
Olink immunoassay. This is the first large prospective serum immune profiling study
(n=231) which, in addition to patients with AP, RAP, and CP, also includes no pancreas
disease controls and disease controls. This cross-sectional analysis aimed to define unique
inflammatory signatures in each pancreatitis stage and over the disease continuum. In
addition, our study aimed to identify distinct immune markers associated with pancreatitis
risk factors and complications (such as smoking, alcohol, and diabetes). The findings in this
study expand our current understanding of systemic immune responses in pancreatitis and
provide potential biomarkers that can predict disease progression and guide the development
of strategies for treatment and/or prevention.

METHODS

Subject samples

Human samples for this study were collected from the Prospective Evaluation of Chronic
Pancreatitis for Epidemiologic and Translational Studies (PROCEED) (NCT 03099850),

a longitudinal, observational study of the CPDPC in adults?3, CPCPC consortium has
designated four clinical centers to provide samples for discovery research and the other

five centers for validation research. In this study, samples are from the “discovery cohort”
collected from those four centers (Ohio State University, Stanford University, University of
Florida, and University of Pittsburgh Medical Center) and followed along the spectrum of
clinical disease, including no pancreas disease controls, chronic abdominal pain of suspected
pancreatic origin (CAP, disease controls), AP, RAP, and CP. Serum samples were collected
during a quiescent state. The recruitment strategy and eligibility criteria for no pancreas
disease controls are listed in Supplemental Table 1. The inclusion criteria for the pancreatic
disease cohort included in this study are the same as those previously published?3. In
addition to sociodemographic and clinical data, a wide array of biospecimens is collected
using a standard operating procedure and centrally banked for future study24. This study was
approved by the CPDPC Steering Committee.

Serum Protein Profiling Using Olink Multiplex Panel

Study samples were quantified using Olink multiplex proximity extension assay (PEA)
panels (Olink Proteomics; www.olink.com) according to the manufacturer’s instructions
and as previously described?®. The basis of PEA is a dual-recognition immunoassay,

where two matched antibodies labeled with unique DNA oligonucleotides simultaneously
bind to a target protein in solution. Once antibodies bind to a target protein, the two
antibodies would be placed in proximity, allowing their DNA oligonucleotides to hybridize,
serving as a template for a DNA polymerase-dependent extension step. The hybridized
DNA creates a double-stranded DNA “barcode”, which is unique for the specific antigen
and quantitatively proportional to the initial concentration of the target protein. The
hybridization and extension are immediately followed by PCR amplification, and the
amplicon is finally quantified by microfluidic gPCR using a Fluidigm BioMark HD system
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(Fluidigm Corporation. South San Francisco, California). In this study, we used the Target
96 Inflammation panel, which consists of 92 unique markers.

Ingenuity Pathway Analysis (IPA)

The differential expression level of each immune marker from Olink data was calculated as
mean differences of the adjusted normalized protein expression (NPX) value in the disease
group compared with controls. Estimated mean differences and accompanying p-values were
obtained via nonlinear least squares2®, following the removal of extreme values (see below)
and assuming residual error has a homogeneous variance and with the application of the
delta method?’. Estimated mean differences and p-values adjusted to control for a false
discovery rate at 5% were used as input for the IPA (Qiagen, United States). We used a core
analysis module to determine differentially activated canonical pathways and top regulator
effect networks to generate a graphical summary based on Fisher’s exact test (p-value cut
off at 0.05). We also used a comparison analysis module to determine the differentially
activated canonical pathways and upstream analysis in the disease groups (AP, RAP, and CP)
compared with no pancreas disease controls.

Statistical Analysis

Regression Analysis: Data that were extreme values were removed by first fitting a
robust regression?® model to the data. Data with extreme values were flagged using a cutoff
of three times the estimate of scale (robust standard deviation), a "three-sigma rule." Flagged
data were removed from subsequent ordinary least squares (OLS) regression, where OLS
was used for hypothesis testing. Age, sex, smoking, and alcohol status were employed as
covariates throughout analyses comparing pancreatitis groups, as indicated in the figure
legends. Standard errors for OLS were adjusted for any heterogeneity in variance2®. All
p-values were adjusted to control the false discovery rate at 5% across cytokines within

each comparison3%: 31, For dot plots, data were detrended for covariates after data that were
extreme values were removed.

ROC Curves: As NPX values are relative readings, we calculated the ratio of each
cytokine's NPX reading to the NPX reading of cytokines of minimum variance in means
among cohorts (IL1-alpha). These normalized data were employed as training data. In
training data, we fit an elastic net regression model32, with alpha = 1/2, to determine which
cytokines discriminate disease states. We applied repeated cross-validation33, 50 repeats,

to obtain a stable result from the elastic net. We then applied the fit of that model to

training data to construct a ROC curve and estimate the area under the curve (AUC) and
optimal threshold for discriminating disease states. One can plug in observed values from a
participant for the selected subset of cytokines into the estimated optimal regression function
to generate a predicted probability of having the target disease state. The optimal cutpoint
(shown on ROC curves) optimizes the balance between increased sensitivity and increased
specificity. The optimal cutpoint is applied to the participant’s predicted probability. A
predicted probability above the optimal cutpoint classifies the participant as having a target
disease state. In each ROC graph, the target disease state is listed first in the title. Reported
AUCs are optimistic (biased high) because they are estimated in training data. The data set
was not large enough to partition into training and testing subsets and obtain reliable results.

Gastroenterology. Author manuscript; available in PMC 2024 July 01.
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Analysis and figure preparation were conducted in SAS®/STAT (SAS® Institute, Cary,
North Carolina, USA) and R (www.r-project.org) with R package glmnet34 for the elastic
net.

Study cohort and subject characteristics

Ninety-two immune markers, including cytokines, chemokines, and surface proteins, were
assessed by Olink assay in the serum samples (Supplementary Fig. 1A-B). Participant
samples analyzed (n=231) included controls (n=56), those with chronic abdominal pain
(CAP, disease control) (n=24), AP (n=38), RAP (n=56), and CP (n=57) (Table 1). All groups
had similar sex and age distributions. The percentage of current smokers and very heavy
drinkers were highest in the CP group, followed by RAP and then AP among pancreatitis
groups. Similarly, diabetes prevalence also increased with disease progression. To identify
immune markers affected by pancreatitis and to rule out potential effects by variables shown
to be statistically different among pancreatitis groups, all data were analyzed after adjusting
for covariates of age, sex, smoking, and drinking status.

Pro-inflammatory immune markers in serum distinguish pancreatitis from controls

Thirty-three immune markers were differentially expressed in the combined pancreatitis
groups (AP, RAP, and CP) compared with controls (Fig. 1A-B). By Ingenuity pathway
analysis (IPA), TNF-a was identified as a top regulator molecule. TNF-a-related pathways
were identified as activated, including ‘Pathogen induced cytokine storm signaling,” “IL-17
signaling’, and “Macrophage classical activation signaling’ (Fig. 1C-D). Consistent with
previous studies3>-37, our data also indicate that the TNF-a-centered pro-inflammatory
signal is a major feature of the combined pancreatitis groups consisting of AP, RAP, and CP.

Th17 responses discriminate CP from other acute pancreatitis groups and CAP

Next, we sought to identify immune markers that distinguish the varying types of
pancreatitis and differentiate CP from CAP. Five immune markers, including CCL20 and
IL-17A, were different in CP over AP and RAP (Fig. 2A-B). Among those five markers,
MCP2 was downregulated in CP versus AP, and IL-17A was upregulated in CP compared
with RAP alone. (Fig. 2C-D). Compared with CAP, the Th17-related chemokines and
cytokines, CCL20 and IL-17A, were upregulated in CP (Fig. 3A-B), suggesting a potential
involvement of Th17 cells in CP disease pathogenesis. Finally, the receiver operator
characteristic (ROC) curve was generated with two immune markers (IL-17A and ST1A1)
that could predict CP over CAP patients with an optimistic area under the curve (AUC) of
0.78 (Fig. 3C).

Unique and continually increasing inflammatory responses during pancreatitis

progression

Next, we analyzed the unique inflammatory pathways that distinguished the varying types
of pancreatitis in relation to controls. Immune markers that discriminated each disease state
(AP, RAP, or CP) from controls were defined by ROC curves that display the optimal
thresholds and AUC values (Supplementary Fig. 2A-C). Immune markers differentially
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regulated in each pancreatitis group compared to controls (Supplementary Fig. 3A-C) were
further analyzed with IPA. IPA revealed unique pathway activation signatures in each
comparison. Overall, the IPA results from AP versus controls differed from RAP and CP
(Supplementary Fig. 4A, B, and D). Interestingly, RAP and CP groups shared several
activated signaling pathways, including ‘Pathogen induced cytokine storm signaling’ and
‘IL-17 signaling’, and also shared IL-18 as a central immune marker (Supplementary Fig.
4C and E). Using IPA comparison analysis, positively or negatively activated immune
pathways from all three groups were simultaneously compared. When comparing the
progression of canonical and upstream pathways, the analysis revealed that the ‘Macrophage
classical activation signaling pathway’ and pro-inflammatory upstream signaling (TNF and
IL-1pB) had gradually increasing heat intensity patterns with pancreatitis disease progression
along the continuum of AP, RAP, and CP (Fig. 4A). Similarly, circulating levels of
individual immune markers associated with ‘Macrophage classical activation signaling’
showed gradually increasing trends from controls to AP, RAP, and CP (Fig. 4B). These data
demonstrate that the serum immune signature of RAP is different from AP and rather similar
to CP. Furthermore, these data show that pro-inflammatory signals in each disease state are
not transient but accumulate over disease progression from acute to chronic, making the
chronic disease more complex.

Immune signatures specific to smoking, etiology, and alcohol drinking status in
pancreatitis

We examined whether smoking status, etiology of pancreatitis, or the amount of alcohol
consumption was associated with cytokine expression among the pancreatitis subjects.
Where there were sufficient numbers of subjects available, a sub-analysis of the individual
pancreatitis group was performed. Smoking is an independent risk factor for pancreatitis and
among the most potent risk factors associated with progression from AP to CP38-40, For this
reason, we examined whether circulating immune markers are associated with the subject’s
smoking status. Seven immune markers were differentially altered by smoking status in the
combined all pancreatitis group (Fig. 5A). Among them, the expression of five immune
markers, including CXCL5 and FGF21, gradually increased from subjects who never
smoked to past and current smokers. Nine immune markers were differentially expressed
based on the smoking status in CP, and FGF21 consistently showed an increased trend

in CP correlating with the recently exposed degree of smoking (Fig. 5B). The correlation
of circulating FGF21 level with smoking status suggests its role in pathophysiological
mechanisms of smoking-related pancreatitis. In fact, FGF21 is one of the Klotho-related
molecules, which is increased in the circulation of smokers#l. FGF21 is also increased in

a STAT3-dependent manner following IL-22 administration in the liver after myocardial
infarction?2. 1L-22 production is induced by cigarette smoke and promotes pancreatic
fibrosis in CP14. Our study was unable to detect serum levels of IL-22 in the cohort

as the Olink panel did not include I1L-22, but previous studies and our data indicate

that smoking-induced elevated serum levels of FGF21 are potentially linked via the IL-22-
IL22R-STAT3 axis. Multiple cytokines and surface markers, including CD8A, IL-17C,

and TGFa, were differentially expressed across the different etiologies of pancreatitis
(Supplementary Fig. 5A). The circulating level of CD8A was significantly higher in

Gastroenterology. Author manuscript; available in PMC 2024 July 01.
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RAP patients with hypertriglyceridemia than those with other etiologies suggesting the
association with cytotoxic T cell response (Supplementary Fig. 5B).

Alcohol is a major etiology and risk factor for pancreatitis38: 39. Thus, we examined whether
the circulating immune markers were influenced by alcohol-drinking status among the
pancreatitis groups. Circulating levels of IFNy, IL20R, and SLAMF1 were altered by
drinking status in AP (Fig. 6A), while only CCL20 and IL-6 levels were affected by drinking
status in RAP (Fig. 6B). None of the immune markers were detectably altered by drinking
status in CP. Diabetes is a common complication of advanced CP and contributes to the
higher mortality rate in CP 4344, We found lower TWEAK levels in the RAP and CP
groups with diabetes (Fig. 6C). TWEAK (Tumor necrosis factor weak inducer of apoptosis)
is a cytokine of the TNF superfamily. Reduced circulating levels of soluble TWEAK are
associated with diabetes in patients at high risk for cardiovascular and renal disease>: 46.
Our data indicate that serum TWEAK levels could differentiate RAP and CP patients

with diabetes from those without diabetes. However, whether TWEAK levels predict the
progression to diabetes among pancreatitis patients, or conversely whether TWEAK levels
predict the emergence of pancreatitis among patients with diabetes, would need further
study.

DISCUSSION

Inflammation is a hallmark of pancreatitis. Therefore, the characterization of serum immune
signatures among the progressive disease states of pancreatitis could help identify novel
diagnostic or prognostic biomarkers. In this study, 92 circulating immune markers were
assessed in prospectively collected serum samples from controls and subjects with different
disease states of pancreatitis enrolled in the PROCEED study?3. DNA-based multiplex
immunoassay, Olink, a recently spotlighted and widely used proteomic technology due

to its sensitivity and specificity?: 48, revealed distinct immune markers unique to each
pancreatitis state (AP, RAP, or CP) compared with no pancreas disease controls or disease
controls (CAP). First, Th17-involved chemokines and cytokines, including CCL20 and
IL-17A, differentiated CP from AP, RAP, or CAP. Second, pathway analysis discovered a
similarity in activated signaling pathways between RAP and CP groups and also revealed
that pro-inflammatory pathways were gradually activated over the disease continuum from
AP and RAP to CP. In addition, we could identify immune markers that are associated with
complications of pancreatitis, including risk factors and complications such as smoking,
alcohol consumption, and diabetes. Our results provide the early potential for using these
immune markers to diagnose or predict the progression from AP to CP.

A remarkable finding in this current study is that distinct pro-inflammatory immune
responses are found during non-active intervals among patients with acute (AP and RAP)
and chronic phase (CP), which suggests a hyper-inflammatory state even among AP or
RAP patients. Notably, cytokines relevant to Th17 cells and signaling were upregulated in
CP compared with no pancreas disease controls and CAP or acute pancreatitis (AP and
RAP). CCL20, IL-17, and ST1AL1 levels distinguished CAP from CP, and identifying these
differentiating factors may be helpful in diagnosing CP in CAP, as there is usually some
overlap in pain symptoms between the two groups. The involvement of Th17 cells and
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IL-17 signals in CP is also supported by our recently published CP studies in mouse and
human CP15: 21, CCL20 secretion and its role in the recruitment of CCR6-expressing Th17
cells have been reported in various disease conditions*3-51, We have recently identified
CCL20 as a unique chemokine signal in the local pancreas tissue of hereditary CP patients
undergoing total pancreatectomy islet autotransplantation?l. CCL20 was also upregulated
in the CP group of the current study. These data indicate that the serum inflammatory
analytes identified in the study may reflect local disease pathology. Further studies directly
comparing circulating immune markers with pancreas tissue or pancreas fluid analysis will
definitively establish concordance. Of note, targeting Th17 signaling in CP in clinical trials
must be balanced with the beneficial effects of 1L-17 on intestinal barrier integrity®2.

Pathway analysis of the immune markers among the AP, RAP, or CP conditions revealed
distinct pathway activations between acute conditions (AP and RAP) but similar immune
pathway activations between RAP and CP groups. Comparison analysis suggested an
accumulation of proinflammatory pathways over the disease continuum. These data imply
that the disease condition becomes more complex on an immunological level as it progresses
from acute to chronic stage. Our results demonstrate disease-specific immune signatures in
pancreatitis. The findings could be broadly applicable to other sterile inflammatory diseases
that progress to a chronic irreversible state, including in the bowel, liver, lung, kidney, or
joints.

Even with the strengths and novelty of the current study that leverages a prospective large
well-phenotyped pancreatitis cohort, we acknowledge several limitations. First, the results
from this study remain to be validated with more specific assays for the markers of interest
as well as independent pancreatitis cohorts in the future. Indeed, CPDPC has launched to
collect samples from the independent validation cohort from five distinct centers, and we
will validate our current results using the validation cohort. Second, 92 designated immune
markers might be insufficient to identify disease- or disease-progression-specific novel
biomarkers. Future studies could employ an expanded panel with additional inflammatory
and damage-associated markers to predict disease states further. Also, analyses that
incorporate prospectively and have multiple biospecimens from the same patients over time
will further prove the alterations in systemic immune responses over the disease course.
Patients in the current AP cohort, who do not have a recurrent episode, will be followed
annually. Thus, longitudinal immune profiling, at least with the current AP cohort, can be
performed in the near future. Lastly, given that immune cells closely interact with pancreatic
parenchymal cells and stellate cells in the disease state, the integrated multi-omics approach
with proteomics, metabolomics, and single-cell sequencing data from human blood samples
would provide a further understanding of the disease.

Previous studies have probed serum immune biomarkers using pancreatitis

biospecimens2%: 53 Our current study is unique in testing a large array of immune markers
using serum samples collected prospectively from a multi-center consortium. It is also

the first pancreatitis study to test DNA oligonucleotide-based high-multiplex immunoassay.
These findings provide potential biomarkers to differentiate pancreatitis phases and immune
mechanisms of disease progression from AP to CP.
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ROC receiver operator characteristic
NPX normalized protein expression
FDR false discovery rate
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What you need to know:
Background and context

Pancreatitis is an inflammatory disease continuum from acute to chronic with significant
mortality and complications. Currently, there are no approved therapies or early
diagnostic biomarkers for pancreatitis.

New findings

Circulating immune profiling of serum samples from a large pancreatitis cohort led to
identifying distinct immune markers that distinguish chronic from acute states and unique
proinflammatory pathways gradually activated throughout disease progression.

Limitations

This study is cross-sectional; thus, longitudinal sample collections from the independent
cohort will further validate the current findings and prove the systemic immune
alterations over the disease course.

Clinical research relevance

Our study identified IL-17 signaling proteins, CCL20 and IL-17, as unique and
actionable potential targets for diagnosing patients with chronic pancreatitis and
differentiating them from patients with chronic abdominal pain. These unique immune
markers can be potential therapeutic targets for chronic pancreatitis.

Basic Research Relevance

This first large, multi-center prospective serum immune profiling analysis in the spectrum
of pancreatitis provides mechanistic insights into circulating immune responses during
pancreatitis progression with findings of accumulative activation of the innate immune
signaling and pro-inflammatory pathways.

Lay Summary

Analysis of serum immune markers in a large cohort of pancreatitis allowed the
identification of distinct immune markers that could serve as potential biomarkers
providing mechanistic insights into pancreatitis progression.
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Figure 1. Serum immune profiling analysis differentiates the combined pancreatitis groups from

controls.

A. Normalized protein expression (NPX) values of 33 differentially expressed serum
immune markers among the combined pancreatitis groups (AP, RAP, and CP; n=151)

vs. controls (n=56), using an Olink assay. Data are adjusted for the covariates of age,

sex, smoking, and drinking status. FDR-adjusted p-values of all markers displayed are

less than 0.05, ***p<0.001. B. Volcano plot of differentially expressed immune markers

in all pancreatitis vs. controls. C. Graphical summary depicting TNF-centered molecular
interactions in all pancreatitis groups versus control. D. Potentially activated pathways
revealing pathogen-induced cytokine storm signaling pathway and IL-17 signaling as
positively activated pathways in all pancreatitis groups vs. control. C-D. Ingenuity Pathway
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Analysis (IPA) was performed with Olink data (Estimated mean differences of NPX values
in all pancreatitis vs. controls and FDR-adjusted p-values).
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Figure 2. 1L-17 signaling discriminates CP from other pancreatitis groups.
A. Protein levels of differentially expressed serum immune markers in AP and RAP (n=94)

vs. CP (n=57). B. Volcano plot of differentially expressed immune markers in AP and
RAP vs. CP. C. Protein levels of differentially expressed serum immune markers in AP
(n=38) vs. CP (n=57). D. Protein levels of differentially expressed serum immune markers
in RAP (n=56) vs. CP (n=57). Data are adjusted for the covariates of age, sex, smoking,
and drinking status. FDR-adjusted p-values of all markers displayed are less than 0.05,

*%p<0.01.
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Figure 3. Th17 responses discern CP from the chronic abdominal pain (CAP) group.
A. Protein levels of differentially expressed serum immune markers in CAP (n=24) vs.

CP (n=57). Data are adjusted for the covariates of age, sex, smoking, and drinking status.
FDR-adjusted p-values of all markers displayed are less than 0.05, **p<0.01. B. Volcano
plot of differentially expressed immune markers in CAP vs. CP. C. Receiver Operator
Characteristic (ROC) curve for CP versus CAP with IL17A and ST1A1 (optimistic AUC:
0.78, Optimal cutpoint: 0.302). Shown are regression coefficient estimates from the elastic
net. A positive coefficient indicates a positive association with CAP.
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Figure 4. Acute (AP, CAP) and chronic (CP) pancreatitis states have distinct but common and
increasingly active inflammatory pathway signatures.

A. Comparison analysis from the IPA highlights a progressive increase in inflammatory
responses, including macrophage classical activation signaling in canonical pathways and
TNF and IL-1p in upstream analysis, throughout the pancreatitis progression from acute to
chronic disease. B. Heatmap of differentially expressed immune markers associated with
macrophage classical activation signaling in each disease state compared with controls (left).
Dot plot depicting protein levels of serum immune markers associated with macrophage
classical activation signaling (right). Estimated mean differences of NPX values in each
comparison and FDR-adjusted p-values were used for the IPA.
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Figure 5. Serum immune markers associated with smoking in pancreatitis.
A. Protein expression levels of statistically significant and different serum immune markers

in all pancreatitis subjects (n=151) based on smoking status. B. Protein expression values of
statistically significant and different serum immune markers in CP subjects (n=57) stratified

by smoking status. FDR-adjusted p-values of all markers displayed are less than 0.05,

*%<0.01, and ***p<0.001.

Gastroenterology. Author manuscript; available in PMC 2024 July 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Leeetal. Page 21

A
10
..“ e Abstainers
< |- S e o8 e Light drinkers
R M - o Moderate drinkers
§ ; - ,'! ;. e Heavy drinkers
) Sado &% e Very heavy drinkers
E= T J RS—— ;,‘ : .......................... ry Yy
<
-5 I 1 1
IFNy IL20RA SLAMF1
B
154
e Abstainers
< e Light drinkers
210+ . o0 * Moderate drinkers
()
TI%™ LT * Heavy drinkers
o o0 h‘ é % e *k
%‘ 54 ° e o . e Very heavy drinkers
< ° H o o°
° ® M as
Pa®ly
0 1 1
CCL20 IL6
C 109 l
x 84 aé? """"
z
5 6- ® No Diabetes
[
2 44 ® Diabetes
=
< 2

ot——
TWEAK

Figure 6. Serum immune markers associated with alcohol consumption or diabetes in
pancreatitis.

A. Protein expression levels of statistically significant and different serum immune markers
in AP with different drinking statuses. B. Protein expression levels of statistically significant
and different serum immune markers in RAP with different drinking statuses. C. TWEAK
levels among RAP and CP combined, divided between the presence or absence of diabetes.
Data are adjusted for the covariates of age and sex (C). FDR-adjusted p-values of all markers
displayed are less than 0.05, **p<0.01, and ***p<0.001.
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Table 1.
Demographics and clinical characteristics.
Patient groups Control CAP AP RAP CP p-value
(n=56) (n=24) (n=38) (n=56) (n=57)
Age @ 50.13+14.10 | 48.79+14.44 | 46.61+13.29 | 47.36 +13.25 | 53.19+10.76 | 0.0902
Sexb, Female/Male 26/30 11/13 21/17 28/28 23/34 0.6859
Ethnicity?, Hispanic/non-Hispanic | 6/50 2/22 137 6/50 0/57 0.0808
BMI (kg/m?) @ 26.87 £4.91 27.33+7.96 26.03+5.10 28.27 £6.70 2498 +5.42 0.0506
DMZ, n (%) 2 (3.57) 6 (25) 4 (10.53) 15 (26.79) 24 (42.11) <0.0001
Smoking status?, n (%) <0.0001
Never | 42 (75) 12 (50) 16 (42.11) 32 (57.14) 12 (21.05)
Past | 12 (21.43) 7(29.17) 13 (34.21) 11 (19.64) 14 (24.56)
Current | 2(3.57) 5(20.83) 7(18.42) 13 (23.21) 31(54.39)
Drinking status?, n (%) 0.0282
Abstainers | 10 (17.86) 4(16.67) 5 (13.16) 11 (19.64) 3(5.26)
Light drinkers | 15 (26.79) 6 (25) 8 (21.05) 7 (12.5) 6 (10.53)
Moderate drinkers | 13 (23.21) 6 (25) 6 (15.79) 14 (25) 11 (19.30)
Heavy drinkers | 10 (17.86) 2(8.33) 7(18.42) 12 (21.43) 13 (22.81)
Very heavy drinkers | 3 (5.36) 5 (20.83) 6 (15.79) 10 (17.86) 21 (36.84)
Etiology of pancreatitis, n (%)
Alcoholic | - - 7(18) 11 (20) 30 (53)
Genetic | - - 1(3) 3(5) 6 (11)
Hypertriglyceridemia | - - 2(5) 8 (14) 1(2)
Obstructive | - - 3(8) 2(4) 0
Miscellaneous | - - 1(3) 1(2) 1(2)
Idiopathic | - - 24 (63) 31 (55) 19 (33)

Note.

aMean + SD, the p-values were from one-way ANOVA tests

b . . . .
Chi square tests were performed for p-values of categorical data. Missing data were excluded from testing.
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