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ABSTRACT

BACKGROUND: As accessible diagnostic approaches fail to differentiate between ulcerative colitis (UC) and Crohn’s colitis (CC) in one-third of patients
with predominantly colonic inflammatory bowel disease (IBD), leading to inappropriate therapy, we aim to investigate the serum cytokine levels in these
patients in search of molecular biometric markers delineating UC from CC.

METHODS: We measured 38 cytokines, chemokines, and growth factors using magnetic-bead-based multiplex immunoassay in 25 UC patients, 28 CC
patients, and 30 controls. Our results are compared with those from a review of current literature regarding advances in serum cytokine profiles and associ-
ated challenges preventing their use for diagnostic/prognostic purposes.

RESULTS: Univariate analysis showed statistically significant increases of eotaxin, GRO, and TNF-o in UC patients compared to controls (Ctrl); inter-
feron v, interleukin (IL)-6, and IL-7 in CC group compared to Ctrl; and IL-8 in both UC and CC versus Ctrl. No cytokines were found to be different
between UC and CC. A generalized linear model identified combinations of cytokines, allowing the identification of UC and CC patients, with area under
the curve (AUC) = 0.936, as determined with receiver operating characteristic (ROC) analysis.

CONCLUSIONS: The current knowledge available about circulating cytokines in IBD is often contradictory. The development of an evidence-based tool

using cytokines for diagnostic accuracy is still preliminary.
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Introduction

Inflammatory bowel disease (IBD) comprises ulcerative colitis
(UC) and Crohn’s disease (CD). CD located in the colon is
termed Crohn’s colitis (CC) or, when a definitive evaluation
cannot be made, indeterminate colitis (IC). The colitides are
a chronic, relapsing, and remitting intestinal inflammatory
disease that arises through multifactorial reasons, including
genetic susceptibility, environmental agents, bacterial origins,
and damage of the epithelial barrier.} As a result of an inap-
propriate activation, the mucosal immune system becomes
compromised and inflammatory reactions are initiated, involv-
ing many cells and mediators of immunity. It is believed that
UC and CC are distinct pathologies that have different causes
and mechanisms of tissue damage. They are presumed to have
distinct molecular biometric signatures that are specific to
the phenotype.* Cytokines, chemokines, and growth factors
(which are soluble signaling molecules of the immune system)
play important roles in the pathophysiology of IBD.>¢ They
mediate inflammation, cell differentiation, and chemotaxis
and the migration of lymphocytes, neutrophils, and other

immune cells to the injured tissues. Some cytokines have local
effects and can be detected mostly in tissues. Others may be
detected at the systemic level, which has led many research
groups to hypothesize that cytokine levels in circulation may
differentiate IBD from non-IBD patients, or have predictive,
diagnostic, or prognostic values in evaluating the activity of
disease.”!! To contribute to the hypothesis that cytokines may
be the mediators of disease-associated changes, we analyzed
serum concentrations of cytokines, chemokines, and growth
factors in UC and CC patients and in a group of controls. The
comparison of our data with what is described in the available
literature allows us to improve upon advances and challenges
in circulating cytokines evaluation in IBD. Identification of
cytokines that are subnormally/abnormally expressed could
allow the determination of the key pathways/targets that
uniquely cause or support the various forms of colitis. Since
the natural disease course, response to treatment, and com-
plications differ significantly between UC and CC patients,
an accurate diagnosis is critical for appropriate care. Distin-
guishing between CC and UC is critical to therapy.!? Clinical
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experience suggests that identifying patients with CC and
positive outcomes after pouch surgery is arduous. Thus, restor-
ative proctocolectomy (pouch surgery) should be contraindi-
cated for CC patients, whereas ileal pouch-anal anastomosis is
standard acceptable care for patients with UC and IC who are
predicted likely to develop UC. Inevitably, pouch complica-
tions are significantly higher in patients with CC (£64%) and
IC (£43%) versus patients having UC (£22%) (P < 0.05).13°1
This diagnostic dilemma and the potential morbidity from a
wrong diagnosis and unnecessary and/or inappropriate sur-
gical interventions underscore the importance of a research
strategy focused at improving the diagnosis of the colitides
using molecular biometrics.!!” Identifying and understanding
the molecular differences may lead not only to in-depth studies
of the pathological mechanisms associated with the colitides
but also may provide diagnostic insight that will significantly
improve accuracy and care in IBD.

Materials and Methods

Clinical samples. Prospective collection of clinical/
medical information regarding age, sex, disease diagnosis
and activity, and medical care history of individual patients
was obtained from the final surgical pathology record/report
protocols. The cohort of patients and controls included in the
study were as follows: 25 cases (18 men and 7 women) with
UC (median age 50 years; range 20—68), 28 cases (13 men and
15 women) with CC (median age 35.5 years; range 19-73);
and 30 (3 men and 27 women) controls (Ctrls) (median age
35.5 years; range 25-67). All patients with UC and CC had a
moderate to severe active disease at the time of blood sampling.
Any patient with ambiguous diagnosis and/or in remission/
quiescent condition was excluded. Patients taken into the sur-
vey neither had been on chemo/radiotherapy nor had taken
immunosuppressive drugs for at least 1 month prior to blood
sampling. It is known that after 1 month without taking any
immunosuppressive drugs, since plasma clearance is rapid with
a half-life of 66 minutes at normal hormone levels,!® patients
should be cleared in the system. The Ctrl group consisted
of patients seeking medical attention for reasons other than
intestine inflammation or cancer. These patients were indi-
cated for elective prophylactic surgery because of pancreatic
benign tumors and/or cysts, or gastric binding for obesities,
and, in some patients, due to family history of cancers (breast,
ovarian etc). The clinical diagnosis of patients was confirmed
by three blinded gastrointestinal pathologists specialized in
gastroenterology according to widely accepted criteria.!®?
The disease and area of the gut affected was predominantly
colonic, and there were no patients included in the study with
Crohn’s ileitis (involvement of small bowel). The gold standard
tor defining UC and CC relied on a compilation of clinical,
radiologic, endoscopic, and histopathologic interpretations.'’
The Montreal classification?! and the Paris modification??
have brought consistency to the definitions of subtypes of CC
and colitides.

The disease activity score data was obtained by the
attending physician based on standard clinical and patho-

logic features?-2

and represented a consensus among treating
physicians. Serum was delivered frozen from the Cooperative
Human Tissue Network (Western Division at the Vanderbilt
University Medical Center and Eastern Division at the Uni-
versity of Pennsylvania). After shipping, the serum was stored
at —80°C until the subsequent analysis.

Protein measurement. Immediately before performing
the multiplex cytokines detection assay, serum was thawed on
wet ice and protein concentration quantitation was performed
to ensure that equal amounts of protein were added to each
well of the multiplex assay. Protein levels were determined
using the BCA assay kit (Thermo Scientific, Pierce). The assay
was performed in accordance with manufacturer’s protocol in
a 96-well plate. The absorbance was measured at 562 nm on a
plate reader. The standard curve was generated based on the
values of wells containing dilutions of bovine serum albumin
(BSA) from 250 to 2000 pg/mL, after which the regression
equation was used to calculate the protein concentration of the
unknown samples.

Serum cytokines detection. Millipore’s 38-plex MIL-
LIPLEX MAP human cytokine/chemokine kit was used to
simultaneously quantitate the following panel of cytokines and
chemokines: EGF, eotaxin, FGF-2, Flt-3 ligand, fractalkine,
G-CSF, GM-CSF, GRO, IFN-02, IFN-y, IL-1a, IL-1B,
IL-1ra, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,1L-8, IL.-9, IL-10,
IL-12 (p40),1L-12 (p70), IL-13, IL-15, IL-17, IP-10, MCP-1,
MCP-3,MDC,MIP-10,, MIP-13,sCD40L, TGF-o,, TNF-a1,
TNF-B, and VEGF. The immunoassay procedure was per-
formed according to the manufacturer’s instructions. For
each well, the serum amount used corresponded to 250 pg of
protein; samples were run in duplicates. The Milliplex immu-
noassay technology utilizes “color-coded” microspheres, each
set of which is distinctly colored with two fluorescent dyes
and coated with a specific antibody. The premixed 38-plex
magnetic beads were added to each well, and the plate was
incubated in a shaker-incubator overnight at 4°C. On the next
day, after certain cytokine from a test serum is captured by
the bead, the wells were washed and biotinylated detection
antibodies were added, after which the reaction was com-
pleted by incubation with streptavidin PE conjugate, which
is a reporter molecule and allows measurement of a specific
cytokine later in the laser detection step. After subsequent
washing, the plate was run on a MAGPIX multiplex reader,
where, based on fluorescent signals, individual microspheres
can be identified. The data was quantified with xPONENT
software automatically after the plate map was defined by the
user. Cytokine/chemokine concentrations in the samples were
calculated through the five-parameter logistic curve-fitting
method using the MFI (median fluorescence intensity) data.
Concentrations are given in pictograms per milliliter (pg/mL).

Statistical analysis. Because the sample sizes of patients
and controls in this study were less than 50 cases in each group,
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the Shapiro—Wilk test was used for the assessment of the nor-
mality of data. The data for most cytokines were not found to
be distributed normally (with very rare exceptions), so they
are further described as medians with interquartile ranges for
continuous variables and percentage (frequency) for categori-
cal variables. For comparisons between the three groups, the
Kruskal-Wallis test analysis of variance was performed, with
a posteriori Mann—Whitney tests. The significance level was
set to be 0.05. We used Benjamin Hochberg method to con-
trol the false discovery rate, which is the expected propor-
tion of false discoveries amongst the rejected hypotheses. The
strength of marginal relationships between predictors and the
disease status was assessed with the square of Spearman’s rho
rank correlation. To identify disease types between CC and
UC, we fit a generalized linear model via penalized maximum
likelihood with lasso regularization to examine all qualified
cytokines in addition to age and gender. The model was cho-
sen by maximizing the appropriate penalized log-likelihood
via lasso regularization path. When the number of variables
is large compared to the number of observations, this regular-
ization method is used to reduce the number of predictors and
identify important predictors so that the model becomes bet-
ter at predicting. Lasso constructed a model by fitting a least-
squares solution with an added constraint that was determined
by cross-validation by the GLMNET package in R. Analyses
were performed using the statistical software SPSS version 22
and R version 2.15.2 (www.r-project.org).

PubMed literature search. To compare our data with
studies using similar approaches, we screened the PubMed
database for papers in which the quantitation of circulating
cytokines and chemokines in IBD patients was performed. The
search was conducted using the following inquiry: (cytokine
OR chemokine OR EGF OR Eotaxin OR FGF-20R FIt-3
ligand OR Fractalkine OR G-CSF OR GM-CSF OR GRO
OR IFN-alpha2 OR IFN-gamma OR IL-lalpha OR IL-
1beta OR IL-1ra OR IL-2 OR IL-3 OR IL-4 OR IL-5 OR
IL-6 OR IL-7 OR IL-8 OR IL-9 OR IL-10 OR IL-12 OR
(p40) OR IL-12 OR (p70) OR IL-13 OR IL-15 OR IL-17
OR IP-10 OR MCP-1 OR MCP-3 OR MDC OR MIP-
lalpha OR MIP-1beta OR sCD40L OR TGF-alpha OR
TNF-alpha OR TNF-beta OR VEGF) AND serum AND
human AND (IBD OR UC OR Crohn’s). Only those research
papers that had relevant information to this study were selected
for review, ie, in which we could find the quantitation of at
least one cytokine/chemokine from the list of the bioplex panel
used in this research (listed in the “Serum cytokines detection”
section). The following data was extracted from selected papers
(where it was possible to find): sample sizes of the patients’ and
control cohorts; age of patients and Ctrls taken into the study;
disease activity status (if mentioned); the method of cyto-
kine measurement; the serum storage conditions (if any); and
whether the cytokines/chemokines under study were found to
be upregulated, downregulated, or unchanged compared to
control group and/or group with inactive disease. Further, if

the cytokines were mentioned to be up- or downregulated in
the abstract while the full-text publication was not available,
this study was also taken into our review.

Ethical Considerations

The study was approved by the Meharry Medical College
Institutional Review Board Committee (protocol number
100916AM206) and Vanderbilt University Institutional
Review Board Committee (protocol numbers 100581 and
080898) and conducted in accordance with the Second Inter-
national Helsinki Declaration.?” Informed consent was given,
and participation in the study was voluntary.

Results

Missing patterns for UC and CC. Among the 38
cytokines measured, a large proportion returned zeros,
meaning they could not be measured either because their
concentrations were below the detection limit or because they
were truly not present (Fig. 1B). We were unable to differenti-
ate between these two situations. Therefore, if a cytokine had
a zero value in more than 75% of the cases, that cytokine was
excluded from further analysis (those cytokines are marked
gray in Fig. 1B) to minimize potential bias.?® The sCD40L
level was, on the contrary, above the detection range in most of
the samples, making it an ineffectual predictor and therefore
also excluded from the analysis. The univariate analyses were
performed in the remaining 23 cytokines.

Comparison of cytokines in sera of IBD patients and
controls. The univariate analyses were performed in the
remaining 23 cytokines. We tested whether it was possible to
use a relatively small cohort of patients (a total of 82 samples) to
confidently arrive at a conclusion on serum cytokines content,
and whether this could build a discriminatory model between
the two diseases. Further, the results from this observational
cohort were compared with those of other studies available in
the literature that profiled serum cytokines levels in IBD.

First, we compared individual serum cytokines, chemo-
kines, and growth factors (hereafter designated as “cytokines”)
between three independent groups (UC, CC, and Ctrl). The
medians, interquartile ranges, and adjusted p-values for seven
cytokines with concentrations different in at least one group
compared to others (eotaxin, IFN-y, GRO, IL-6, IL-7, IL-8,
and TNF-a) are given in Table 1. The box plots for all cyto-
kines are given in Supplementary Figure 1.

After determining cytokines with altered serum levels, we
established which groups were attributed to those differences.
The results of differences observed are displayed in Table 2. No
cytokines differ between UC and CC. Cytokines with concen-
trations significantly higher in UC patients compared to Ctrl,
were eotaxin [54.9(41.9-80.7) vs 37.7(22.2-47.3), p = 0.024],
GRO [450(372-574) vs 330(284—-427), p=0.043], and TNF-a
[7.6(5.3-10.2) vs 4.3(2.9-5.9), p = 0.023]. The cytokines that
were significantly upregulated in patients with CC compared to
Ctrl were IFN-v[6.2(1.1-13.6) vs 0.0(0.0-17), p = 0.030], IL-6
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Figure 1. (A) Strength of marginal relationship between predictors and
response using generalized Spearman chi-square for all patients and
controls. (B) Fraction of zeros in each variable for ulcerative colitis and
Crohn’s colitis patients.

Abbreviations: Th, T-helper; IL, interleukin; IFN, interferon; sCD40L,
soluble CD40 ligand; TNF, tumor necrosis factor; IL-1ra, IL-1 receptor
antagonist; GRO, growth related oncogene; IP-10, interferon gamma-
induced protein 10; MCP, monocyte chemoattractant protein; MDC,
macrophage derived chemokine; MIP, macrophage inflammatory protein;
EGF, epidermal growth factor; FGF-2, fibroblast growth factor 2; Fit-3L,
hemopoietic growth factor Fit3 ligand; G-CSF, granulocyte colony-
stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating
factor; TGF, transforming growth factor.

and 38 years for CD (as a rule, Ctrl group was age-matched).
The medications that patients took at the time of blood sam-
pling also varied (Fig. 3C). In those studies where cytokine

concentrations were measured in serum, most of researches

[1.5(0.0-4.9 vs 0.0(0.0-1.0), p = 0.030], and IL-7 [1.8(0.0-4.0)
vs zero for median and quartiles, p = 0.051]. The level of IL-8
was significantly elevated in both UC [6.6(4.6-12.5)] and
CC [4.4(2.6-10.9)] patients compared to Ctrl [1.9(1.2-5.4)],
»=0.038 and p = 0.030, respectively. The generalized Spear-
man chi-square analysis (Fig. 1A) demonstrated weak positive
correlation between the aforementioned cytokines and out-
come (ie, disease or control), which suggests that they might
indeed play certain physiologic roles in the pathogenesis of
IBD, while other cytokines showed adjusted p? levels close to
zero. Despite the fact that sex appeared to have the largest p?
among all variables analyzed, we did not consider it as a best
predictor because of the possible difference that might exist
between the sexes in willingness to participate in research.
'The relationship between predictors and response is very weak
when individual cytokines are taken into analysis, and does not
allow us to say that there is a relationship between any of the
cytokines and the outcome. However, a combination of these
cytokines might predict outcomes with better confidence.

Generalized linear model for outcome prediction. In
an attempt to discriminate between two groups of patients, we
built the generalized linear model based on the variables for
age, sex, and cytokines that had less than 75% missing values.
The best model would be closest in agreement with outcomes,
which were set as 0 for UC and 1 for CC. The coefficients for
the resulting model are given in Table 3. A dash means that
the parameter was excluded from the model; thus, as a result of
lasso regularization, out of 25 parameters, only 17 remained in
the model. Using these parameters, the predicted probability
was then calculated for each patient (Fig. 2). An area under
the curve (AUC) value of 0.936 means that accuracy of the
model is excellent.

Summary of literature overview. The summary of litera-
ture overview is displayed in Table 5. On July 22, 2014, 368
papers in the PubMed database fulfilled the search inquiry
described in the “Materials and methods” section. After
manual inspection of each of these references, 279 of them
have been excluded from the review for one of the follow-
ing reasons: 1) the paper is a review; 2) the study describes
a different disease or different parameters, not cytokines;
3) subjects of research are not humans (mice, rats, etc.); 4)
full text is not available and the abstract contains not enough
data (ie, describes “IBD” without a specification for CD or
UC); 5) cytokines under study are not in our list; or 6) the
paper describes cytokine levels before/after certain treatment
and contains no control group. The ultimate data contained
236 contributions on cytokines, chemokines, and growth fac-
tors derived from 89 research papers’ 1127112 published dur-
ing the years 1991 to 2013 (distribution of papers according
to the year of publishing is shown at Fig. 3A). Sample sizes
of patient and control cohorts in these studies varied from
8 to 80 per group, with median values of 29 for UC, 31 for
CD, and 24 for Ctrl (Fig. 3B). The age of patients ranged
from 15 to 79 years, with median age of 31.6 years for UC
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Table 1. Concentration of cytokines (pg/ml; medians and interquartile ranges) in sera of UC patients (n = 25), CC patients (n = 28), and Ctrl
(n =30). Only cytokines with different serum concentration levels among the three groups are shown (assessed by Kruskal-Wallis test; the
p-values shown are after adjustment).

CYTOKINE FUNCTION CONCENTRATION, pg/ml P
uc CcC Ctrl

Eotaxin oo o nophls activator and (5441-.%98—80.71) ?37%.2887—63.28) ?2727.‘213—47.25) 0.032

IFN-y _Promo?es. _activation of APCs and ceII-med_iated 0 6.24 0 0.032
immunity; increases MHC class Il expression (0-6.87) (1.06-13.6) (0-1.67)

GRO Ch_emqkine; Ie_ukocy?e recruitment and 449.64 462.09 330.38 0.080
activation at sites of inflammation (372.01-574.05) (333.19-524.05) (284.21-427.49)
Infla_mma_tory and _costiml_JIa_tory action;_ induc_es 0 153 0

IL-6 proliferation and differentiation; synergizes with (0-1.49) (0—4.85) (0-0.97) 0.032

TGF-B to drive Th17

1.64 1.83

L L . 0
IL-7 Homeostasis, differentiation, and survival (0-2.68) (0-4.02) (0-0) 0.074
IL-8 Chemokine; attracts neutrophils, basophils, and 6.64 4.42 1.93 0.032
T-cells; is involved in neutrophil activation (4.63-12.51) (2.58-10.93) (1.22-5.4) ’
TNE- Inflammatory; promotes activation and 7.59 5.97 4.3 0.032
o production of acute-phase proteins (5.34-10.16) (3.35-10.34) (2.89-5.85) ’

Abbreviations: UC, ulcerative colitis; CC, Crohn’s colitis; Ctrl, healthy controls; IFN, interferon; GRO, growth related oncogene; IL, interleukin; TNF, tumor necrosis
factor; APC, antigen presenting cell; MHC, major histocompatibility complex; TGF, tumor growth factor; Th, T-helper.

stored it at —80°C after the blood sampling and optional 1 study quantitated cytokine mRNAs in peripheral blood

shipping before further manipulations were performed (Fig. mononuclear cells (PBMCs) by real-time polymerase chain
3D). In some cases, serum was stored at —20°C, or the analy- reaction (RT-PCR).

sis had been done immediately after blood sampling. A large Each dot in Table 4 corresponds to one cytokine in the
percentage of the publications did not specify the conditions UC/CC patient groups compared to the Ctrl group in one
of serum storage at all. Among 58 papers where the method paper. It can be seen that some circulating cytokines have
of cytokines measurement was mentioned, 50 studies used been studied very extensively in IBD (TNF-a, IL-6, IL-8,
enzyme-linked immunosorbent assay (ELISA), 6 studies used 1L-10), while others have not been studied at all (IL-1o,
bioplex/multiplex/microarray assay, 1 study detected cytokine IL-3, fractalkine, etc). A red dot in this table means that
production by peripheral lymphocytes by flow cytometry, and serum cytokine level was found to be increased in serum of

Table 2. Difference between medians and the 95% bootstrap confidence interval between UC, CC and Ctrl groups. The values marked with bold
type are considered significant as adjusted p < 0.05 (assessed by Mann—-Whitney U-test).

CYTOKINE DIFFERENCE BETWEEN MEDIANS (95% CONFIDENCE INTERVAL)
UC vs Ctrl CC vs Ctrl
Eotaxin 17.145 9.535 7.61
(4.6119-41.5505) (-0.3022-22.2891) (~6.393-30.005)
IEN 0 6.24 -6.24
- (-0.755-5.13) (2.29-12.645) (-12.61-0)
GRO 119.255 131.705 -12.45
(15.96-206.602) (1.737-176.915) (-75.04-121.8633)
IL-6 0 1.535 -1.535
(0-1.41) (0-3.435) (-3.345-0.5412)
L7 1.64 1.83 -0.19
(0-2.5) (0-2.585) (-2.225-2.08)
IL-8 4.71 2.49 2.22
(2.335-9.9515) (0.9839-8.1205) (-4.1306-7.4604)
TNF-a 3.285 1.665 1.62
(0.6599-6.1005) (-0.4001-3.8301) (-1.4102—4.7206)

Abbreviations: UC, ulcerative colitis; CC, Crohn’s colitis; Ctrl, healthy controls; IFN, interferon; GRO, growth related oncogene; IL, interleukin; TNF, tumor necrosis
factor.
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Table 3. Generalized linear model for ulcerative colitis and Crohn’s
colitis, established via penalized maximum likelihood with lasso
regularization. Variables with coefficient estimates displayed were
retained in the model.

VARIABLE MULTIPLIER

(Intercept) 2.683188e-01
Age —1.488637e—-02
Sex 4.355789e-01
EGF -

FGF2 —6.954558e-03
Eotaxin —1.287627e—02
TGF-a 1.479754e-01
G-CSF -

Fractalkine —

IFN-0.2 -

IFN-y 5.595977e-02
GRO -1.451911e-03
MDC 1.535817e-04
IL-12p70 -

IL-17A —6.921489e-02
IL-1RA -

IL-3 —2.986736e-03
IL-5 1.567886e—01
IL-6 1.147318e-02
IL-7 6.101696e—-02
IL-8 —2.972241e-0.2
P10 —7.667679e—-05
MCP1 8.988512e-03
MIP-13 —2.877910e-0.2
TNF-a -

VEGF -

Abbreviations: EGF, epidermal growth factor; FGF-2, fibroblast growth

factor 2; TGF, transforming growth factor; G-CSF, granulocyte colony-
stimulating factor; IFN, interferon; GRO, growth related oncogene;

MDC, macrophage derived chemokine; IL, interleukin; IP-10, interferon
gamma-induced protein 10; MCP, monocyte chemoattractant protein; MIP,
macrophage inflammatory protein; TNF, tumor necrosis factor; VEGF, vascular
endothelial growth factor.
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Figure 2. Predicted probability for disease types, based on the
generalized linear model.
Abbreviations: UC, ulcerative colitis; CC, Crohn’s colitis.

IBD patients compared to Ctrl, a gray dot means no differ-
ence, and a blue dot means that cytokine level was decreased.
As shown in Table 4, there are often diverse results for the
same cytokine. We propose that the heterogeneity of patient
cohorts may explain this fact, so we then focused on the activ-
ity status of IBD. We selected studies where active disease
was compared to controls or inactive disease. Still, the use of
this criterion did not change the overall view (Supplementary
Table 1). The levels of the same cytokine in IBD compared
to Ctrl could be found elevated in some studies and normal
in others. Such observations suggest that the activity state of
IBD does not explain the revealed heterogeneity of cytokine
levels in circulation, and selecting only patients with active
IBD does not lead to agreement between different studies,
making it difficult to prove the real predictive, diagnostic, or
prognostic value attributed to certain cytokines.

Discussion

The existing problem of an IC diagnosis is the inability to
discriminate UC from CC. In the search for molecular bio-
metric markers, we compared concentrations of 23 cytokines
in the serum of patients with UC and CC but failed to find
strong differences between the two diseases. Unfortunately,
not many studies have conducted comparisons of the cytokine
levels between UC and CC; most often, investigators concen-
trated at comparing one or both diseases with control groups.
Cytokines that were found to be elevated in UC compared to
CD include IL-1B,’® TNF-,3® GRO,* and IL-8.% In CD,
IL-1ra,*? IL-6,* EGF,”” and VEGF*’ levels were significantly
increased compared to UC.

'The studies of the cytokine levels in IBD at the actual
sites of inflammation in the intestine led to a paradigm in
which UC is a Th2-associated disease, whereas in CD the
Th1/Th17 cytokines play a major role driving the inflam-
matory response.’ In accordance with our research and oth-
ers’,113 this dichotomy only partly reveals itself at the systemic
level, and many of the classic cytokines of innate and adaptive
immunity cannot be detected in serum of IBD patients (nor
in controls).1'3 It may be that these cytokines are restricted
to the tissue sites of inflammation, have relatively short half-
lives, and show themselves in circulation only in advanced
conditions.

When we compared the cohorts of UC and CC patients to
the group of controls, we found that the levels of eotaxin, GRO,
and TNF-o were increased in UC, and IFN-v, IL-6, and 1L.-7
in CC. Serum IL-8 was equally elevated in UC and CC versus
Ctrl. No cytokines were found different between UC and CC.

Interestingly, the cytokines with altered concentrations in
IBD patients belonged to the subsets of inflammatory (IFN-y
and TNF-0) and regulatory (IL-6 and IL-7) cytokines and
chemokines (eotaxin, GRO, IL-8). In regard to eotaxin,
our findings concur with those of four other studies show-
ing increased levels in the serum of UC patients.3-%8-0 Inter-
estingly, three out of four studies where eotaxin levels were
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Table 5. Changes in IL-6 and TNF-a. levels in CD and UC identified with the use of R&D Systems ELISA assay and other assays/manufacturers.

ASSAY USED

REFERENCE
IL-6
Carey et al, 20084°

CD vs Ctrl UC vs Ctrl

Reinisch et al, 199987

not examined

Mitsuyama et al, 200644

R&D Systems ELISA

Funderburg et al, 20134°

Biesiada et al, 20127

not examined

Ohtani et al, 2010%'

Kader et al, 200530

Szkaradkiewicz et al, 200934

not examined

Katsanos et al, 20018

Knutson et al, 20133

Other assays/manufacturers

Rodriguez-Perlvarez et al, 2012%7

not examined

Serada et al, 20125

not examined

Bross et al, 199652
TNF-a

Owczarek et al, 201263

Biesiada et al, 20127

not examined

R&D Systems ELISA
Ohtani et al, 20104

Komatsu et al, 2001"

Szkaradkiewicz et al, 200934

Knutson et al, 20133

Gombosova et al, 201148

Other assays/manufacturers
Umehara et al, 2006%°

not examined

Rodriguez-Perlvarez et al, 2012%7

not examined

Serada et al, 20125

not examined

explored in patients with CC or CD indicate an upregulation
of this chemokine.3*8-¢0 Qur study did not reveal an increase
of eotaxin in CC. This may indicate that it is not reliable for
differentiating between the two diagnoses, but eosinophil
recruitment and activation seem to play a certain role in UC
and probably in CD/CC.* Moreover, granulocyte (including
neutrophil) chemotaxis and activation are largely mediated
by IL-8 and GRO,!* the levels of which we found elevated
in UC (GRO), or both UC and CC (IL-8), supporting the
role of these cells in the pathogenesis of IBD. Actually, serum
IL.-6 and IL.-8 concentrations are often considered to be reli-
able markers for CD or UC and correlate with inflammatory
activity.>3"¢7 We found the level of IL-6 unchanged in the
serum of UC patients, but the increase in IL-6 and IFN-y
levels in the serum of CC patients is consistent with Th1-like
course of CD in the literature,® as both these cytokines are
important mediators of acute phase responses and contribute
significantly to the recruitment and activation of macrophages
in tissues. Activated macrophages produce large amounts of

inflammatory cytokines and thus establish a pro-inflammatory
environment for other immune cells in the gut.®*

Based on differences we found in the cytokine profiles of
IBD patients, we built a discriminating model that allowed
differentiation between the cohorts of UC and CC. Although
the generalized linear model (Table 3) could correctly identify
82.1% UC patients and 88% CC patients (Fig. 2), the number
of parameters this model uses is 17, which makes the analy-
sis complicated and cost-ineffective for potential diagnostic
use. Earlier, several studies have attempted to use existing
differences between UC and CD/CC to create discriminat-
ing models based on proteins present in serum with the use of
139 quantified the serum
levels of 78 different cytokines and growth factors with an

multifactor statistical tools. Kader et a

antibody microarray, and used linear discriminant analysis to
identify 10 predictive and/or prognostic biomarkers that difter-
entiated active versus remission/quiescent patients in pediatric
CD: BDNEF, 1-309, 1L.-17, MCP-1, MPIF-1, PLGF, TARC,
TRAIL, sCD23, and UPAR. Further, Rodriguez-Perlvirez
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Figure 3. (A) Publication years of the papers taken into this review (the number of papers published each year is indicated above the bars).

(B) Distribution of sample sizes in the studies taken into this review (horizontal line, median; box, interquartile range; whiskers, minimum and maximum).
(C) Medications that patients received at a time of blood sampling; indicated are number and percent of studies in which the corresponding treatments
were used. (D) Serum storage conditions; indicated are numbers and percent of papers in which the corresponding storage is mentioned.

et al¥” analyzed nine serum cytokine concentrations with a
multiplex system and demonstrated that UC patients were
characterized by higher concentrations of IL-8 and IL-10,
and with a lower concentration of IFN-v. Finally, Knutson et
al®! targeted 35 serum markers (Cl-Tyr, Nitro-Tyr, cytokines,
and acute-phase proteins) and found that IL-8, Cl-Tyr, SAA,
CRP, procalcitonin, G-CSF, and tissue plasminogen activator
were the best predictors for UC patients, whereas procalci-
tonin, SAA, Nitro-Tyr, Cl-Tyr, and IP-10 were best for CD
patients. The UC samples demonstrated better separation
than CD samples from the controls.

It is evident that the levels of circulating cytokines
in patients suffering from IBD have been studied rather
intensely during the last decade. Therefore, we screened the
available PubMed data, summarized in Table 4, showing the
observed changes in cytokines levels in UC and in CC com-
pared to controls. The table depicts findings from different
research groups, which are often not in agreement: practi-
cally every cytokine mentioned in the table more than once
was found to be upregulated in some studies, downregulated
in others, or unchanged compared to controls. Even narrow-
ing the selection criteria by comparing studies where cohorts

with active IBD have been studied did not lead to better
agreement of data. Fairly uniform results are shown only
for eotaxin in UC and GRO in both UC and CD, although
GRO has been studied only twice, preventing its definitive
relationship to IBD.

'The following factors may contribute to the heterogeneity
of circulating cytokines data in IBD:

1. Conditions of serum storage. Surprisingly, serum stor-
age conditions prior to cytokine measurement were not
described for all full-text publications. Forty percent of
authors did not mention the conditions of serum storage
atall. Storage condition is critical and may influence cyto-
kine concentration. It is known, for example, that the con-
centration tends to decrease over time and after repetitive
freeze/thaw cycles.!'> Also, a recent study showed that
storage of the serum samples at —80°C and <-130°C for
up to 90 days does not lead to substantial changes, while
storage at 4°C and —20°C induces substantial decreases
in cytokine concentrations.!!® Thus, the information on
storage conditions should be included when describ-
ing results; otherwise comparison between cytokine

CLINICAL MEDICINE INSIGHTS: GASTROENTEROLOGY 2015:8 l 37


http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-gastroenterology-journal-j56


Korolkova et al

concentrations performed immediately after blood sam-
pling and after freezing and thawing might be useless.

2. Localization of inflammation. It is unknown if inflam-
mation localized in different segments of the bowel
(eg, Crohn’s disease affecting colon, ileum, duodenum,
esophagus, or buccal cavity) may influence cytokine levels
in circulation. It needs to be clarified whether the choice
of patients with certain IBD localization influences the
results. Few publications reviewed in this study divided
IBD patients into subgroups based on this feature, and
the amount of available information is not enough for any
conclusions.

3. Treatment received at time of blood sampling. Some of
studies reported the use of immunosuppressive drugs or
chemotherapy in at least part of their patients’ cohorts.
It could be advised that patients receiving these medi-
cations should not be mixed or compared with patients
without any medications at all, as the immunosuppres-
sive drugs may influence the cytokines level greatly.!”

4. Manufacturer and assay used. When analyzing the litera-
ture, introducing the limitations on manufacturer or assay
type markedly reduced the number of observations for
each cytokine, which obstructed any comparisons. Still,
we chose ELISA by R&D Systems, as this assay has been
used frequently in studies taken into review, and compared
results for IL-6 and TNF-o, two well-studied cytokines
in IBD. We assumed that cytokine change in IBD would
not depend on the assay used. Interestingly, it appears
that IL-6 levels measured by R&D Systems ELISA were
entirely uniform throughout seven studies taken into the
review (Table 5), with both UC and CD/CC showing
increase in IL-6 levels, while other assays showed heteroge-
neous results. However, the increase in TNF-ot levels was
revealed or not revealed in different studies without any
specificity toward a particular assay. It is unclear whether
the IL-6 data presented in the table is a coincidence or not,
or whether the choice of assay can impact the results.

Our study has a number of limitations, one of which is
the small sample size in all groups. Usually, only descriptive
statistics can be reported for a small-sample-size study, without
doing any complicated models. The model that we developed
needs to be validated in another dataset before application.
Another limitation is the difference in age between UC patients
(50 years) and CC and controls (35.5 years). In healthy persons,
greater age inversely correlated with IL-1B levels, and posi-
tively correlated with TNF-o. levels, while no relationship was
found for age and IL-6.18 There is a study contradicting these
observations, showing that IL-6 level also positively correlates
with age.!?® At the same time, there is an evidence that there is
no correlation between age and cytokine concentration in UC
patients, regardless of disease activity.*” However, no significant
age difference was observed between groups of patients with
UC, CC, and the group of controls, as determined with the

Mann-Whitney U test (data not shown). Taking into account
these facts, we believe that age difference between groups
did not necessarily influence cytokine concentrations in our
research. One more limitation of this study is that the propor-
tion of women and men in disease and control groups is not the
same. It has been shown that women had higher concentrations
of IL-8 than men, and also higher level of IFN-y.37 Male sex
was associated with greater IL-6 and TNF-o levels.!'® How-
ever, all the cytokines levels that we found different between
UC, CC, and Ctrl groups did not differ between men and
women in our study (this data is also not shown), although, of
course, sex can be a possible confounding factor in IBD, which
should be studied in future more thoroughly and on bigger
sample sizes. Another limitation of the study is the unavail-
ability of the full text of some references; the analysis would be
more full and thorough if the input data was complete.

In summary, at the present time it appears difficult to
achieve consistency in cytokine measurement in IBD. Het-
erogeneous results do not seem to have a simple or single
explanation. Even though a strong discriminating difference
in cytokine concentrations is found between UC, CC, and
controls, such data will require thorough validation and assay
tuning before it is possible for use in IBD laboratories for pre-
dictive, diagnostic, or prognostic purposes. Another meth-
odology that may allow precise distinction between UC and
CC has now been started by us. We are looking for a single
protein or small cluster of proteins that have the necessary 1)
specificity, 2) sensitivity, 3) discrimination, and 4) predictive
capacity to differentiate the heterogeneity of IBD.1617 This
requires a technology that can accommodate sampling large
patient cohorts while accounting for patient variability. We
are using matrix-assisted laser desorption/ionization mass
spectrometry (MALDI MS) technology for mining, profil-
ing, and identification of proteomic patterns that delineate
UC and CC, and, most importantly, predict IC into UC or
CC. Our approach, histology-directed MALDI MS is the
first attempt ever used to analyze and compare mined pro-
teins of the colonic mucosal and submucosal tissue layers indi-
vidually, in order to differentiate between UC and CC.1:
Specialized MALDI MS offers the possibility of direct pro-
teomic assessment of the tissue itself. The histologic layers of
colectomy samples from patients with histologically and clini-
cally confirmed UC and CC, with no ambiguity, are analyzed
individually using MALDI MS for proteomic profiling. The
results have successfully identified highly significant MALDI
MS mass-to-charge ratio (/%) signals in colonic tissue layers
that appear to be phenotype-specific and are likely to help
distinguish UC and CC. These signatures do not correlate
to tissue of origin and thus represent disease-specific mark-
ers. Some of these are found in colonic mucosa, from which
endoscopic biopsies could be subjected to proteomic analysis.
Other signatures come from the submucosa and could be used
for proteomic studies of serum. Some protein signatures were
found in both tissue layers. Identifying proteomic patterns
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characteristic of one specific colitis phenotype will signifi-
cantly improve our understanding of the mechanistic events
associated with IBD.

Conclusion

Rising incidence and prevalence of IBD worldwide is
accompanied by an increase in cases of IC. 'This increases
the need to find a unique molecular biomarker (or a panel
of biomarkers) that would allow proper diagnosis of unde-
termined/uncategorized cases as UC or CC. Resolving this
issue requires increased use of cutting-edge technologies in
basic and translational research. During our own investiga-
tions, we tried to reveal differences in the serum cytokine lev-
els between UC and CC patients, which, if successful, could
lead to a diagnostic assay that is easier, accurate, affordable,
noninvasive, and faster. Although certain cytokines were
found to differ between pathologies and controls, no cytokine
could clearly distinguish UC from CC. The analysis of lit-
erature has shown that, although several attempts have been
made to define the serum cytokine profile in IBD patients,
contradictory results from these studies indicate the infeasi-
bility of finding the biomarker(s) among serum cytokines at
this time.

A speculative comment. The authors would like to specu-
late that the etiology of IBD seems likely to be the same in UC
and CC. What determines development of a UC or CC phe-
notype is the patient’s own immunity (its “strength”). A good
example of this theory is from the history of leprosy. Leprosy
was present in ancient civilizations, and the first known written
document mentioning this disease (according to WHO records)
is dated 600 BC.12° There are three types of leprosy: tuberculoid
(TL), lepromatous (LL), and tuberculoid-lepromatous (TLL).
All three phenotypes are caused by the same bacteria. Specula-
tively speaking, TL is like UC, LL is like CC/CD, and TLL is
like IC, possibly all triggered by the same etiology
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Supplementary Figure 1. (Continued)
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Supplementary Figure 1. Box plots of the serum cytokines measured by multiplex assay in UC (n=25), CC (n=28) and control (n—30) groups (horizontal
line, median; box, interquartile range; whiskers, minimum and maximum; outliers are displayed as circles, and extreme values are displayed as stars);
data is transformed as Ig(x+1), where x is cytokine concentration.

Notes: Significant difference between groups (p<<0.05) is shown as asterisks.

Abbreviations: UC, ulcerative colitis; CC, Crohn’s colitis; EGF, epidermal growth factor; FGF-2, fibroblast growth factor 2; TGF-a, transforming growth
factor alpha; GCSF, granulocyte colony-stimulating factor; FIt3L, haemopoietic growth factor Fit3 ligand; GMCSF, granulocyte macrophage colony-
stimulating factor; IFN, interferon; GRO, growth related oncogene; IL, interleukin; MCP, monocyte chemoattractant protein; MDC, macrophage derived
chemokine; sCD40L, soluble CD40 ligand; IL-1ra, IL-1 receptor antagonist; IP-10, interferon gamma-induced protein 10; MIP, macrophage inflammatory
protein; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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