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INTRODUCTION: Solitary juvenile polyps (JP) are characterized by a benign disease course with low recurrence rate but

present with signs of intestinal inflammation. To better understand the underlying pathogenesis, we

performed histological and molecular evaluation targeting distinct immune mechanisms.

METHODS: Pediatric patients with JP (n512), with treatment-naı̈ve inflammatory bowel disease (IBD; [n541])

as inflammatory control, and non-IBD controls (n514) were investigated. For a comparative analysis

of infiltrating immune cells, a next-generation tissue microarray of biopsies was assembled,

immunostained, and scored. Targeted transcriptional profiling was performed using a customized

immunology panel.
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RESULTS: In JP, a predominant accumulation of neutrophils and eosinophils was observed. RNAexpression profiles

revealed increased levels of CXCL8, CXCL5, and CCL11 transcripts in JP, indicating an enhanced

recruitment of neutrophils and eosinophils. Moreover, messenger RNA levels of the proinflammatory

cytokine IL1b and the inflammation-amplifying receptor TREM1were higher in JP, whereas we could not

find signs of a functionally polarized Tcell response in JP when compared with IBD.

DISCUSSION: Patients with JP and patients with treatment-naı̈ve IBD have distinct cell infiltrates during active

disease. The ample presence of eosinophils in JP supports neutrophil accumulation, which is

responsible for the elevated release of calprotectin. Intriguingly, however, we were not able to identify a

functionally polarized T-cell response in JP, which indicates that during the acute onset of

inflammation in JP, a potent adaptive immune memory is not established. This may explain the low

reoccurrence rate of JP.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A620, http://links.lww.com/CTG/A621, http://links.lww.com/CTG/A622, http://

links.lww.com/CTG/A623, http://links.lww.com/CTG/A624
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INTRODUCTION
Juvenile polyps (JPs) are the most common colonic polyp in
children and considered a benign entity (1,2). Epidemiological
data are scarce; however, in up to 12% of pediatric patients who
undergo colonoscopy because of hematochezia, a JP is identified
as source of bleeding (3). JP seldom reoccurs after spontaneous
dispatch or endoscopic removal (4). By contrast, inflammatory
bowel disease (IBD) is a chronic relapsing inflammatory disease
of the intestine. The etiology of IBD is multifactorial, and evi-
dence suggests a disrupted interplay between host immune sys-
tem and environmental factors at multiple levels (5). It is
generally believed that IBD develops in genetically predisposed
individuals because of aberrant immune responses of the adaptive
and the innate immune system in reaction to luminal antigens.

Fecal calprotectin, a heterodimeric protein with the subunits
S100A8 and A9 (also known as myeloid-related protein 8/14,
MRP8/14), is an accepted stoolmarker formucosal inflammation in
IBD in adults and children (6) and is also elevated in JP (7–9). The
main cellular source of calprotectin is neutrophils (10). In histo-
logical examinations, JP show high numbers of neutrophils (7).
However, the underlying mechanisms leading to the neutrophil-
driven immune response in JP are not well-described. JP and IBD
both show local epithelial defects. The impaired barrier function
with increased exposure to potentially inflammatory stimuli (11)
may suggest a similar immune response in both entities.

Transcriptome analysis of adult IBD and control tissue
revealed different expression levels of molecules involved in im-
mune regulation and response between IBD and controls as well
as between IBD subtypes (12,13). This observation allowed to
deduce pathogenesis factors of the disease, such as a polarized T
helper 2 (Th2) vs T helper 1 (Th1) immune response for ulcer-
ative colitis (UC) andCrohn’s disease (CD), respectively (13).We
therefore aimed to uncover differences in the gene expression
profiles in the affected colonic mucosa of patients with JP vs
patients with pediatric IBD and noninflammatory (non-IBD)
controls. Based on the histological findings, we decided to per-
form a targeted transcriptional approach to analyze the interac-
tions between different immune cell subtypes.

We hypothesize that an inflammatory microenvironment,
which supports innate immune responses is critical for the

development and maintenance of JP. By contrast, the strong,
functionally polarized activation of the adaptive immune re-
sponse, notably of Tcell subsets (14), leads to the establishment of
a chronic inflammation in IBD.

We analyze the inflammatory infiltrate of JP, treatment-näıve
IBD patient samples without drug-related alterations in the in-
flammatory response and non-IBD controls (15).Wewere able to
conclusively compare the immune microenvironment in JP in
comparison with IBD and non-IBD controls. Furthermore, we
provide novel insights into the involvement of the innate immune
system in the pathology of JP and the exclusive role of eosinophils
as supporters of neutrophil expansion. Collectively, the benign
feature and high levels of calprotectin of JP may be explained by
the lack of the establishment of a functional Tcellmemory and the
predominant neutrophil accumulation.

METHODS

Cohort and Samples

Sixty-seven biopsies from 12 JP, 14 non-IBD controls, and 41
patients with treatment-näıve pediatric IBD (18 CD and 23 UC)
who underwent diagnostic colonoscopy at the Children’s Hos-
pital, Lucerne, or at the Children’s Hospital, Bern, between 2007
and 2013 were retrieved. Patients with more than 1 polyp or
polyposis syndromes were excluded. IBD diagnosis was based on
the revised Porto criteria (16). For patients with IBD, biopsies
from the most inflamed area were used. For CD, only patients
with histological activity in colonic biopsies were considered
because of the known site-specific differences in the composition
of immune cells in the terminal ileum and colon (17). As controls,
biopsies were used from pediatric patients, where IBD was ruled
out based on findings of macroscopically and microscopically
normal mucosa (further referred as “non-IBD”). Main indica-
tions for colonoscopy in patients with non-IBD were rectal
bleeding, recurrent abdominal pain, or diarrhea. The definite
diagnosis in these patients was functional gastrointestinal disor-
ders, including obstipation, irritable bowel syndrome, and func-
tional abdominal pain.

Clinical data taken as part of clinical routine were collected
from patients’ charts, including sex, age at diagnosis, rectal
bleeding at first presentation, disease location, and activity scores
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(Pediatric Crohn’s Disease Activity Index (18); Pediatric Ulcer-
ative Colitis Activity Index (19)) for patients with IBD at di-
agnosis and laboratory workup at diagnosis.

The Ethics Committee of Bern granted ethical approval (KEK-
BE: 200/2014).

Next-generation tissue microarray

Hematoxylin and eosin (H&E) slides were retrieved from the di-
agnostic archive and scanned using slide scanner (3DHistech,
Budapest, Hungary). Then, each whole slide image corresponding
to polyps and colonic mucosa of patients with non-IBD and IBD
was digitally annotated using a tissuemicroarray annotation tool of
0.6 mm in diameter in 5 representative tissue areas. One area was
annotated to represent a tissue punch for embedding into the tissue
microarray and the remaining areas for subsequent molecular
analysis. Annotated scans were aligned to the corresponding tissue
blocks in an automated tissue microarrayer (Grand Master;
3DHistech, Budapest, Hungary), and corresponding regions of
interest were punched out. One punch was transferred into re-
cipient next-generationTissueMicroarray (ngTMA) block and the
remaining punches into Eppendorf tubes for subsequent RNA
extraction. Generating ngTMA allowed serial staining of all tissue
samples for H&E and immunohistochemistry (20). The ngTMA
block was sectioned at 4 mm, and after deparaffinization and re-
hydration, standardH&Eand immunohistochemistry stainingwas
performed (see Supplementary Table 1, http://links.lww.com
/CTG/A624). A pathologist (M.M.), blinded to the diagnosis and
clinical data, reviewed and scored all histology slides.

H&E stainings were scored for inflammatory activity on a 3-
point-scale (1 5 none/mild, 2 5 moderate, and 3 5 severe)
according to the activity definition used in the PAID (pattern,
activity, interpretation, dysplasia) scheme (21). The inflammatory
infiltrate as a whole was used as a nominator and the abundance of
the single-cell types as a numerator to characterize the composition
of the inflammatory infiltrate. The proportion of eosinophils of the
inflammatory infiltrate was determined on H&E slides. For neu-
trophils, T cells, B cells, and plasma cells, the appropriate cell
markers myeloperoxidase (MPO), CD3, CD20, and CD138, re-
spectively, were analyzed on serial ngTMA sections. Cell counting
per punch was performed for T-regulatory cells (FoxP3) and ac-
tivated T cells (CD30) because of their low abundance. Macro-
phage (CD68) density of the punch was scored as 1 5 low, 2 5
moderate, and 35 high. Costainings of the describedmarkerswith
the subunit S100A8 of calprotectin allowed us to determine the
cellular source of calprotectin.

Nanostring analysis

Total RNA from 3 punches from biopsies of each patient was
purified with a column-based approach as described by Oberli
et al. (22) RNA concentration was determined by measuring the
260 nm absorbance on a NanoDrop One (Thermo Scientific,
Waltham, MA), and 100 ng of each RNA sample was used for
transcriptional profiling using a custom designed nCounter
PlexSet (nanostring, Seattle, WA) (see Supplementary Table 2,
http://links.lww.com/CTG/A624).

Statistical analysis

For all data, the Student t test, Wilcoxon rank sum test, or x2 test
were used as indicated. NanoString Raw counts were normalized
using the R package NanoStringNorm. Normalized counts were

log-transferred, and the differential gene expression analysis was
performed using the edgeR package. Each patient group was
compared with each other individually. P values were adjusted
according to the Benjamini-Hochberg correction test. P values,
0.05were considered to be statistically significant. PC analysis was
performed in R (stats package), and data were visualized using the
ggplot2 package. Heat map of the gene expression data was
generated using the Morpheus app (https://software.broad-
institute.org/morpheus), using 1 minus Pearson correlation for
both, columns and rows. Data were analyzed using R v3.5.0.

RESULTS
Initial clinical and laboratory presentation in patients with JP

are nonspecific

We found that most JP presented with signs of rectal bleeding as
the leading symptom (Table 1), which was also true for non-IBD
controls and patients with UC. Systemic inflammatory markers
such as hemoglobin, thrombocytes, erythrocyte sedimentation
rate, C-reactive protein, and albumin were variable and mostly in
normal range in our patients with JP and UC. By contrast, pa-
tients with CDhad an increase in systemic inflammatorymarkers
and decreased hemoglobin and albumin values.

Fecal calprotectin levels were available from 33 patients at
diagnosis; however, because of different (lateral flow and enzyme-
linked immunosorbent assay-based) laboratory assays used in
our cohort, the indicated levels were not directly comparable. The
levels ranged from 25 to 277 mg/kg in 4 non-IBD controls,
110–934 mg/kg in 7 patients with JP, 101–5,432 mg/kg in 15
patients with UC, and 473–3,000mg/kg in 8 patients with CD. As
the cutoffwas 50 mg/kg in all assays, all patients with JP and IBD
had per definition raised levels. None of non-IBD controls, 3
patients with JP, 13 patients with UC, and 8 patients with CD had
calprotectin values . 103 ULN.

ngTMA analysis reveals a pronounced accumulation of

neutrophils and eosinophils in JP

Because we were interested in factors supporting local infiltration
and survival of inflammatory cells, we identified themost inflamed
mucosal tissue sections in patients with IBD for further analysis
(Figure 1a). The cellular composition of the inflammatory infil-
trates is substantially different between patients with JP and pa-
tients with IBD at the site of maximum histopathological
inflammatory activity. In patientswith JP, we detected a prominent
infiltration by neutrophils and eosinophils, whereas in patients
with IBD, the cellular infiltrates were dominated by T cells, plasma
cells, and B cells (Figure 1a,b; see Supplementary Figure 1, http://
links.lww.com/CTG/A620). There was no difference in the pres-
ence of eosinophils between CD and UC. Furthermore, we found
CD681 macrophages at comparable frequencies in all tissue
samples (see Supplementary Figures 1, http://links.lww.com/CTG/
A620 and 2, http://links.lww.com/CTG/A621).

Next, we defined the cellular source of calprotectin by per-
forming costaining of calprotectin and inflammatory cell mark-
ers. Calprotectin reactivity was most often associated with the
presence of neutrophils (MPO1); however, there was no differ-
ence in the frequency of calprotectin1neutrophils between the JP
and IBD groups (Figure 1c,d). In addition, macrophages
expressed calprotectin (23), however, to amuch lesser extent than
neutrophils (Figure 1d; see Supplementary Figure 1, http://links.
lww.com/CTG/A620). No coexpression was seen for T cells,
B cells, eosinophils, epithelial, and endothelial cells.
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Different Tcell subsets are known to trigger and perpetuate
intestinal damage, including t-bet (TBX21)-expressing Th1 cells,
which support proinflammatory cell-mediated immune reactions
andCD301 andGATA3-expressing Th2 cells, whereby the latter
produce eosinophil-activating cytokines, such as IL-5 and IL-13
(24). In non-IBD controls, no CD301 cells were spotted and only
a few FoxP31 regulatory T cells (Tregs), whereas all 3 disease
groups (JP, UC, and CD) showed similar numbers of these cells
(see Supplementary Figure 3, http://links.lww.com/CTG/A622).

Collectively, histological analysis showed that JP has a distinct
inflammatory infiltrate, which consists mainly of neutrophils and
eosinophils, whereas in pediatric IBD, cells of the adaptive im-
mune cells dominate (T cells, B cells, and plasma cells). Neutro-
phils and, to a much lesser extent, macrophages were the sole
source of calprotectin.

Transcriptional profiling reveals disease-specific alteration in JP

compared with CD and UC

In addition, we aimed to determine whether distinct cellular in-
flammatory infiltrates in JP and IBD can be attributed to a dif-
ferential expression of chemokines and cytokines. To this end, we
isolated total RNA from tissue punches of all patients and non-
IBD controls for gene expression analysis. To decipher the mo-
lecular pathways involved in the maintenance of inflammation,

we selected the most inflammed areas of tissue, which resulted in
similar inflammation scores based on histopathological evalua-
tion (see Supplementary Figure 4, http://links.lww.com/CTG/
A623).

The transcriptional profiling was performed using a custom-
designed NanoString PlexSet consisting of a panel of 40 genes
involved in immune pathways (see Supplementary Table 2,
http://links.lww.com/CTG/A624). The selection of the genes was
based on the histopathological assessment in a targeted approach
to identify underlying pathogenetic mechanisms. We excluded 4
genes (MPO, IL17F, IL23A, and TREM2) from the analysis be-
cause their expression was below the detection limit. In contrast
to the histological evaluation, we could not detect any substantial
messenger RNA (mRNA) levels ofMPO. Thismight be due to the
fact that MPO is mainly produced during maturation of neu-
trophils and stored in azurophilic granules in mature neutrophils
(25). Principal component (PC) analysis revealed a clear differ-
ence in the transcriptional profile between JP and non-IBD
control group. The IBD subtype groups, UC and CD, clustered in
between the JP and the non-IBD control group (Figure 2a). Hi-
erarchical clustering analysis of the complete dataset clustered the
JP group in line with the PC analysis separately compared with
the non-IBD control and the IBD group (Figure 2b). Significant
gene expression differences were found between JP vs non-IBD

Table 1. Baseline characteristics of study cohort

Non-IBD control JP CD UC

N (male) 14 (7) 12 (7) 18 (13) 23 (11)

Age, yr, mean (SD) 7.72 (4.93) 5.83 (3.72) 9.6 (3.47) 10.16 (3.88)

Rectal bleeding at first presentation, n (%) 9 (64) 10 (83) 7 (39) 17 (74)

PCDAI score at diagnosis, n, 10 to 30 mild:

.30 moderate/severe

6: 12

PUCAI score at diagnosis, n, 10 to,30 mild:

30 to ,65 moderate: .65 severe

3: 18: 2

Paris classification at diagnosis, n (%)

L1: distal ileal 1/2 limited cecal disease 4 (20)

L2: colonic 4 (20)

L3: ileocolonic 9 (45)

L4a: upper disease proximal to the

ligament of Treitz

3 (15)

E1: proctitis 1 (4)

E2: left-sided 3 (13)

E3: extensive 5 (22)

E4: pancolitis 14 (61)

Laboratory values at diagnosis, mean (SD)

Hemoglobin, g/L 128.2 (9.0) 123.5 (13.3) 107.1 (14.8) 109.7 (20.3)

Thrombocytes, g/L 376.6 (83.8) 327.4 (84.0) 481.2 (107.7) 400.8 (101.2)

C-reactive protein, mg/dL 1 (0) 10.6 (27.3) 32.6 (14.7) 14.7 (25.4)

Erythrocyte sedimentation rate, mm/hr 10 (2.8) 10.1 (6.4) 47.5 (35.9) 21.1 (14.2)

Albumin, g/L 40.3 (2.5) 39.3 (2.1) 30.3 (5.0) 36.1 (6.6)

CD, Crohn’s disease; JP, juvenile polyps; IBD, inflammatory bowel disease; PCDAI, Pediatric Crohn’s Disease Activity Index; PCUAI, Pediatric Ulcerative Colitis Activity
Index; UC, ulcerative colitis.
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control group, JP and CD, and JP and UC in 55.6% (20 genes),
58.3% (21 genes), and 52.8% (19 genes), respectively. There was
no significant change between patients with treatment-näıve
pediatric CD and patients with UC besides a trend toward an
increased mRNA expression of IL17A in UC patient samples.
Mainly, genes encoding cytokines and chemokines which are
involved in the regulation of recruitment, activation, and survival

of neutrophils, such as CXCL8 (26), colony-stimulating factor
(CSF) 2, CSF3 (27), CXCL5 (28) (Figure 3a), and eosinophils
(CCL11 and CCR3) (Figure 3b) were upregulated in JP. Because
CCR3 is also expressed on Th2 cells (29), a preferential shift to
local Th2 cell differentiation in JP compared with IBD cannot be
excluded. Indeed, the IBD group tends to have higher ratio
(TBX21/GATA3) of transcripts levels toward the Th1 cell-

Figure 1. (a) Representative ngTMA H&E staining’s of non-IBD controls (non-IBD ctrl), solitary JP, CD, and UC tissue samples. (b) Calprotectin (red) and
MPO (brown) costaining. (a–b) Representativemicrographs at 203 and 403magnification. Bars indicate 100 and 50mm, respectively. Arrowheads show
examples of calprotectin and MPO double-positive cells. (c) Cellular composition of inflammatory infiltrates. Relative abundance of B cells, eosinophils,
neutrophils, plasma cells, and Tcells in the indicated groups. (d) Relative frequency of either calprotectin positive neutrophils or macrophages within the
indicated groups. CD, Crohn’s disease; JP, juvenile polyps; IBD, inflammatory bowel disease; MPO, myeloperoxidase; UC, ulcerative colitis
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specific transcription factor TBX21 compared with JP and non-
IBD control (Figure 3c).

Next, we analyzed the transcriptional profile of proin-
flammatorymarkers. In the selected regions, we found high levels
of calprotectin transcripts (S100A8/A9) with significantly in-
creased expression in JP samples (Figure 3d). As expected, the
inflammatory profiles of JP tend to exhibit amostly innate-driven
proinflammatory gene expression profile, notably, increased
transcript levels of the IL1ß and TREM1 genes. By contrast, UC
and CD preferably display a preferential upregulation ofmRNA’s
generally associated with a preferential Th1 CD4 Tcell differen-
tiation, including IFNg and the IFNg inducible gene CXCL10/
IP10, which encodes the ligand for CXCR3 (Figure 3e).

The mononuclear phagocyte system represents a major reg-
ulator of the local tissue homeostasis in the intestinal lamina
propria. Hence, we also examined the transcriptional profile

targeting the mononuclear phagocyte system, particularly,
monocytes and macrophages. In line with the histology data, the
total presence ofmacrophages does not seem to be altered in JP vs
pediatric IBD based on CD68 transcription level between groups
(Figure 3f). Interestingly, the JP group seems to have a reduced
influx of CCR21 monocytes but increased CSF2/GM-CSF ex-
pression, which critically supports survival, proliferation, and
differentiation of myeloid cells during injury (30).

Together these results reveal a distinct gene expression profile
between JPandIBDbiopsiesbutalsobetweenJPandnon-IBDcontrol
biopsies. The aforementioned gene expression profiles are in line with
thefindings by immunohistochemistry and support thenotion that in
JP, the enhanced recruitment, activation, and survival of neutrophils,
and eosinophils critically contribute to the pathogenesis, whereas in
pediatric IBD components of the adaptive Tcell response, notably,
IFNg and CCXL10/IP10 are prominently expressed.

Figure 2. (a) PC analysis of non-IBD controls vs solitary JP vs IBD, including CD andUC of the log2-transformed counts permillion (CPM) of theNanoString
gene expression analysis and (b) heat map of the log2-transformed CPM, including k means clustering of all genes analyzed. CD, Crohn’s disease; JP,
juvenile polyps; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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DISCUSSION
In pediatric practice, JP symptoms are nonspecific and can re-
semble IBD, especially UC, at initial presentation with raised
calprotectin and rectal bleeding. JP is an inflammatory condition
that does not usually reoccur, whereas IBD is a chronic relapsing
inflammatory disease of the intestine.

To shed light on the pathogenesis of JP, wefirst determined the
composition of the inflammatory infiltrate and the source of
calprotectin in intestinal tissue samples. JP tissue shows a pre-
dominant accumulation of innate immune cells, dominated by
neutrophils and eosinophils. Immunohistological costaining
identified neutrophils and macrophages as main sources of cal-
protectin. Previously, it was documented that colonic biopsies
from areas adjacent to JP have normal mucosa (31). Thus, other
relevant regional sources of calprotectin in JP are unlikely, and a
solitary JP alone explains the high calprotectin found in stool
samples of JP. Fecal calprotectin in JP can be even as high as in
IBD. In IBD, however, affectedmucosal area is often substantially
larger, which can explain a cumulative higher level of fecal cal-
protectin despite a lower local density of neutrophils. In line with
this assumption, the mRNA expression of S100A8/A9, the sub-
units of calprotectin, were significantly higher in JP than IBD
tissue samples in our cohort. The excessive expression of S100A8/
A9 in JP in comparison with IBD may be one reason for the
neutrophil rich infiltrate in JP because S100A8/A9 exhibits

chemotactic function and enhances leukocyte recruitment (32) as
well as exhibits an antiapoptotic effect on neutrophils (33).

To obtain further insight into the mechanisms that lead to the
preferential accumulation of neutrophils and eosinophils in JP, we
selectively looked for factors known to promote the recruitment,
activation, and survival of these 2 cell types. CXCL8/IL-8, a che-
mokine supporting neutrophil migration, was previously reported
to be elevated in inflamed tissue of patients with IBD (26,34). In
addition, in our cohort, the pediatric IBD samples showed signif-
icantly increased CXCL8 mRNA levels in comparison with non-
IBD control samples. More interestingly, CXCL8 mRNA levels in
JP significantly exceeded the levels in IBD.Hence, we can speculate
that JP reflects an acute and transient event in an otherwise healthy
environment and that the high neutrophil influxmay even prevent
chronicity by avoiding or suppressing the recruitment and acti-
vation of adaptive immune cells. The cascade leading to the es-
tablishment of a local adaptive immune cell memory—and to an
enhanced risk of relapsing disease—is interrupted.

Furthermore, we found significantly increased levels of TREM-
1 and IL-1ß mRNAs in JP. TREM-1 is mainly expressed by neu-
trophils and inflammatory macrophages and amplifies the
production of proinflammatorymediators, including CXCL8 (35).
Hence, the activation of TREM-1may help to sustain a neutrophil-
driven inflammation in JP. IL1ß is known to be expressed not only
by macrophages and neutrophils but also by gastrointestinal

Figure3. (a–f) NanoStringGene expression analysis of non-IBDcontrols, solitary JP, CD, andUC tissue samples. Box andwhiskers are representative of the
log2-transformedCPMgene expression values of the indicated groups. #Indicates the adjustedP-value of the indicated groups in comparisonwith the non-
IBDcontrol group. *Indicates the adjustedP-value among JP, CD, andUCgroupswith */#P,0.05, **/##P,0.01, ***/###P,0.001, and ****/####P,
0.0001. No indication means P. 0.05 and is considered not significant. CD, Crohn’s disease; JP, juvenile polyps; IBD, inflammatory bowel disease; UC,
ulcerative colitis.
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eosinophils (36). Thus, in JP, the accumulation of eosinophils may
contribute to the observed high level of IL1ß and thereby also
support neutrophil influx and survival (37).

Eosinophils were detected in high frequencies in JP based on
histochemical evaluation and indirectly by the detection of in-
creased CCR3 transcript levels. In line with this observation, we
also detected high levels of CCL11 transcripts, which indicates
enhanced recruitment of eosinophils in JP compared with IBD.
The exact role of eosinophils in the pathogenesis of JP is so far
unknown and is subject of further investigations; however, we can
assume that eosinophils might support an enhanced recruitment
of neutrophils through the production of CXCL5/ENA78 (38).

We also saw a significant increased CSF2/GM-CSF mRNA
expression in JP compared with the other groups. CSF2 supports
macrophages differentiation but also eosinophil and neutrophil
survival (30). More importantly, the high levels of CSF2 tran-
scripts in JPmay also help restore immune hemostasis by limiting
the activation of the adaptive immune response through the
regulation of antigen presenting cells and their interactions with
T cells (30). The low mRNA expression of IFNg and CXCL10
indicates onlymoderate T-cell recruitment and Th1 priming (39)
in JP compared with IBD. Hence, our data indicate that JP can be
characterized as an isolated event with a predominant re-
cruitment and activation of neutrophils and eosinophils in the
absence of an adaptive local Th1 response.

Based on the immunohistochemical evaluation and the
NanoString analysis, no difference in the frequency of CD681
macrophages was observed. On a transcriptional level, however,
we detected reduced levels ofCCR2 transcripts in JP biopsies. This
observation argues that in JP only limited proinflammatory
CCR21monocytes are recruited and that the constant presence
of mainly resident intestinal macrophages may result in a highly
attenuated priming and expansion of CD4 T cells (40). In-
triguingly, tissue-resident CD4 T cells were characteristically
observed in IBD and identified as critical mediators of relapsing
inflammatory disease (41). Our findings may explain the tran-
sient nature of the local inflammation in JP without progression
toward a chronic relapsing disease. However, to gain a more
complete understanding of the exact underlying differences in the
immunological mechanisms operative in the pathogenesis of JP
vs IBD, future studies will be required to directly confirm the
absence of a functionally polarized, tissue-resident adaptive Tcell
memory in JP, as indicated by our results.

In conclusion, we elucidate the inflammatory infiltrate in JP
tissue with its unique expression of genes involved in the re-
cruitment (S100A8/A9, CXCL8), activation (TREM1, CXCL5/
ENA78), and survival (CSF2) of the innate immune cell subsets.
For the clinician, it is reassuring that the limited expansion of the
strong but spatially highly restricted site of inflammation in JP
may be sufficient to cause a raise in calprotectin and rectal
bleeding. This occurs without the formation of a local adaptive
immunological memory, which may be a prerequisite for a
chronic relapsing inflammatory disease, such as IBD. Further-
more, the benign etiology of JP can be explained by the compo-
sition of the specific immune infiltrate, and hence, emerging stool
markers reflecting the inflammatory response may distinguish
between JP and IBD before proceeding to colonoscopy in the near
future.
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Study Highlights

WHAT IS KNOWN

3 Solitary juvenile polyps (JPs) are benign but present with
obvious signs of intestinal inflammation.

WHAT IS NEW HERE

3 The immunological microenvironment in JP is characterized
by an innate immune cell signature.

3 No evidence for a functionally polarized T-cell response is
seen in JP as is characteristic for inflammatory bowel disease.

TRANSLATIONAL IMPACT

3 The observed immune response may explain the benign
feature and low-recurrence rate of JP.
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