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Abstract

Introduction: Crohn’s disease (CD) is a chronic immune-
mediated disorder of the human gut with an unknown
etiology. Traditionally, adaptive immunity has been
believed to play a major role in this process. However,
emerging evidence also suggests the importance of innate
immunity for the pathogenesis of CD.

Methods: We collected surgical terminal ileum samples
from 15 CD patients and biopsy terminal ileum samples of
an-IL10RA-deficiency-caused-CD patient at different time
points. Then we isolated lamina propria mononuclear cells
(LPMC) from harvested tissues through enzyme digestion
and mechanical dissociation. Finally, we compared the
alteration of frequencies and functions of NK cells and
CD127(+) ILC1s between inflamed ileums and unaffected
ileums of our CD patient cohort by multicolor flow
cytometry.

Results: The frequency of NK cells within CD3(-) CD14(-)
CD19(-) CD20(-) CD45 (+) CRTH2 (-) LPMCs was significantly
increased in the inflamed ileums (51.3%, n=10) compared to
unaffected tissues (29.4%, n=5). Then, the frequency of IFN-
v (+) NK cells was also upregulated in the inflamed tissues
(34.0%, n=10) compared to control (9.2%, n=5). Further, we
observed that the NK cell frequencies were gradually
reduced and accompanied by the restoration of normal
mucosal architecture in the terminal ileum of our IL10RA-
deficiency-caused-CD patient after successful
immunosuppressive treatment. In addition, we noticed that
the frequency of CD127(+) ILCls within CD3(-) CD14(-)
CD19(-) CD20(-) CD45(+) CRTH2(-) LPMCs was augmented as
well in the inflamed tissues (2.2%, n=10) compared to
unaffected areas (0.76%, n=5). They were also potent IFN-y
producers.

Conclusions: NK cells and CD127(+) ILC1ls displayed
differential frequencies and functions in the inflamed
terminal ileum of our CD patient cohort. Better
understanding of the development, differentiation,
phenotypic and functional regulation of these two subsets

in the human gut may shed new light on approaches for the
modulation of immunity in the future.

KEYWOTdS: Crohn’s disease; NK cells; CD127(+) ILCls;
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Introduction

Crohn’s disease (CD) is one type of inflammatory conditions of
the human gut. This chronic debilitating disease has a deep
impact on patients' life quality. Half of them will have to receive
surgery within 10 vyears after diagnosis because of the
development of intestinal complications [1]. Unfortunately, the
exact mechanism for the pathogenesis of CD is not completely
understood yet and much of the focus in CD research in the past
has been on adaptive immunity. Recently, a large body of
literature has emerged evaluating the role of innate immunity in
the pathogenesis of CD [2]. Newly identified Innate Lymphoid
Cells (ILCs) are important components of the innate immune
system. As the first line of defense, they have critical effector
and regulatory functions in host response, maintenance of
mucosal homeostasis and tissue repair, especially along the
surfaces of intestinal mucosa [3-6]. ILCs functionally mirror
effector T cells but lack antigen specific receptors [7]. According
to their specific transcription factor and cytokine production
features, ILCs are divided into cytotoxic NK cells, T-bet (+) ILC1s,
Gata3 (+) ILC2s and RORyt (+) ILC3s [8,9]. Accumulating evidence
suggests the involvement of ILCs in the pathogenesis of CD,
especially the IFN-y-producing ILC subsets, since IFN-y is an
important mediator of the intestinal inflammation [10-15].
Takayama et al showed that IFN-y-producing-NKp46 (+) NKp44
(-) NK cells were predominant in the inflamed colon of CD
patients [16]. Bernink et al. reported the expansion of IFN-y-
producing CD127 (+) ILC1s in the inflamed ileum of CD patients
(10). Fuchs et al discovered the accumulation of CD103(+) IFN-y-
producing ILC1 subset in the intraepithelial compartment of the
intestinal mucosa of CD patients [12]. However, Simoni et al
failed to identify the CD127 (+) ILC1 subset across healthy and
inflamed human tissues, including the gut through their mass-
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cytometry (CyTOF) approach [17]. Due to these various findings,
more research is needed to characterize the phenotype and
functions of ILCs in the gut of CD patients.

In this study, we focused on the cytotoxic NK cells and
CD127(+)ILC1s in the ileal lamina propria of CD patients. Here,
NK were defined as CD3(-) CD14(-) CD19(-) CD20(-) CRTH2(-)
CD127(-) CD45(+) CD56(+) cells and CD127(+)ILC1s were defined
as CD3(-) CD14(-) CD19(-) CD20(-) CRTH2(-) CD45(+) NKp44(-)
CD117(-) CD127(+)cells. We aimed to compare the frequency
and function changes of NK cells and CD127(+) ILC1s between
the inflamed surgical ileum samples and unaffected tissues of
CD patients. Also, we investigated the dynamic frequency
alterations of NK cells and CD127(+) ILC1s during the mucosal
healing process of terminal ileum in an-IL1ORA-deficiency-
caused-CD patient after anakinra (an IL1 receptor antagonist)
treatment. More knowledge of the NK cells and CD127(+) ILC1s
biology in CD patients could offer potential therapeutic
opportunities for better outcomes.

Materials and Methods

Subjects

Fresh surgical terminal ileum samples were collected from 15
CD patients and terminal ileum biopsy samples were collected
from an-IL10RA-deficiency-caused-CD patient at the UF Health
Shands Hospital (Gainesville, FL) after obtaining written
informed consent from each patient. All subjects gave written
informed consent in accordance with the Declaration of Helsinki.
All experiments were performed according to University of
Florida Institutional Review Board approved protocol.

Lamina propria mononuclear cells (LPMC) isolation from
human intestine

After surgery, pathologists from UF Health Shands Hospital
performed gross examination of the surgical samples, helped us
to differentiate the macroscopically unaffected tissues or
inflamed tissues and cut it for us. Fresh tissues were then
transferred to the lab on ice within one hour after the surgery.
LPMCs were isolated essentially by mechanically disassociation
and enzyme digestion as previously described [15]. Briefly, fresh
surgical tissue was cut into little strips, washed twice with Mg2+
and Ca2+-free HBSS media containing 0.5 mM DTT at 37°Cin the
shaker for 10 min at the speed of 175 rpm. The supernatant was
discarded. Remaining tissue was further minced and digested in
25 ml DMEM supplemented with 75U/ml Collagenase type XI,
20ug/ml Dispase neutral protease Il, 500 U/ml DNase, 0.5 mM
DTT and 1% FBS at 37°C in the shaker for 15 min, filtered
through a 70 um cell strainer. The supernatant was collected and
centrifuged at 1200 rpm for 8 min. All cells were slowly
cryopreserved in cell freezing medium and transferred to liquid
nitrogen for future experiments.

Cell culture

K562 cells (ATCCR -CCL-243TM) were cultured in RPMI 1640
Medium (Cat#72400-047, Gibco), supplemented with 2mM L-
glutamine (Cat#25030-08, Life Technologies), 100 U/ml
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penicillin, 100ug/ml streptomycin  (Cat#15140-122, Life
Technologies), and 10% fetal bovine serum (Cat#26140-079,
Gibco).

Fluorescence activated cell sorting (FACS) of primary human NK
cells

Antibodies used for flow cytometric analyses are described in
the supporting information. After thawing the frozen human
LPMC from liquid nitrogen, we added pre-warmed complete
RPMI-1640 media dropwise, and the cells were then spun down
at 800 rpm for 10 min. The resulting cell pellet was washed
twice with 1xPBS and the cell density was adjusted to 1 x 10°
cells/ml. Next, 1 pl/ml reconstituted LIVE/DEAD™ Fixable Yellow
dye (Cat# L34959, Life technologies) was added and incubated
on ice for 30min, protected from light. The cells were then
washed twice and incubated with conjugated monoclonal
antibodies including anti-human Lineage Cocktail 3(CD3, CD14,
CD19 and CD20), anti-CD45, anti-CD127, and anti- CD56 at room
temperature for 15min in the dark. The cells were washed and
sorted with a FACSAriaTM Il instrument (BD, Bioscience, San
Jose, CA) in the Cytometry core at University of Florida.

Flow cytometry surface and intracellular staining

For the surface staining, cells were stained with live/dead
fixable yellow dye and anti-Human lineage/CRTH2/CD45/CD127/
CD56/CD117/NKp44 antibodies as described above. Next, 100 pl
of fixation medium (Cat#Gas004, Life technologies) was added
and incubated for an additional 15 min in the dark at room
temperature. The cells were then washed and suspended with
stain buffer (Cat#554656, BD, Biosciences).

For intracellular cytokine staining, 200 ng/ml Phorbol 12-
Myristate 13-Acetate (Cat#P1585, Sigma-Aldrich, St. Louis, MO),
1ug/ml lonomycin (Cat#13909, Sigma-Aldrich, St. Louis, MO) and
1 ul/ml Monensin (Cat#420701, Biolegend, San Diego, CA) were
added for the last 4.5 hours of cell culture. After fixing with BD
fixation medium (Cat#Gas004), cells were incubated with anti-
human IFN-y and anti-human IL-17A or IL-22 in the 100 ul BD
permeabilization medium (Cat#Gas004), for 60 min in the dark
at room temperature, washed, and suspended with stain buffer.
For AHR staining, cells were fixed and permeabilized and stained
with anti-AHR for 1 h. Flow cytometry was performed with the
LSR Il instrument (BD, Bioscience, San Jose, CA). Data were
analyzed using FlowlJo software (Version 9.8.1, Tree Star Inc.,
Ashland, Or).

Degranulation assay

Evaluation of NK cell degranulation was accomplished by
CD107a surface expression as previously described [18]. 1 x 10*
sorted primary human NK cells were co-cultured with K562 cells
in the 96 well round-bottom plate at a 1:2 effector-to-target
ratio per well, and incubated at 37°C in a 5% CO, incubator for 2
hours. The cells were then harvested and evaluated for CD56
and CD107a surface expression by flow cytometry. The
experiments were performed in triplicate.
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Histology

Fresh human gut tissues were fixed in 10% neutral-buffered
formalin for 20 hours, embedded in paraffin, sectioned and
stained with hematoxylin and eosin. For immunofluorescence,
human CD56 staining was performed using monoclonal mouse
anti-human NCAM antibody (ab9272, Abcam, Cambridge, MA)
1:25 overnight at 4°C, followed by Alexa 555-conjugated goat-
anti-mouse antibody 1:500 for 60mins. Human CD3 staining was
performed using monoclonal rabbit anti-human CD3 antibody
(ab16669, Abcam, Cambridge, MA) 1:25 overnight at 4°C,
followed by Alexa 488-conjugated goat-anti-rabbit antibody
1:500 for 60 mins. Nuclear counterstaining was performed with
DAPI. After staining, slides were examined with Zeiss microscope
(Zeiss). Images were taken with Axiovision.

Statistical analyses

Statistical significance was determined using Mann-Whitney U
test which was performed using GraphPad Prism 6 software
(GraphPad Software La Jolla,CA). The asterisk (*) indicates a
significant difference (p value<0.05).

Results

Differential frequencies of NK cells and CD127 (+)
ILC1s in the ileum of CD patients

We collected 15 surgical terminal ileum samples from adult
CD patients who failed medication treatment, developed
intestinal complications and received surgical therapy. Their
clinical characteristics are listed in Table 1. The HE staining of the
inflamed tissues revealed disrupted architecture of the mucosa
and increased density of lymphocyte infiltration compared to
the unaffected areas which had relatively intact structure (Figure
1A). Then we analyzed the frequencies of NK cells and CD127(+)
ILC1s in the lamina propria of our cohort. Gating strategy was
shown in Figure 1B. Also, as mentioned earlier, NK cells were
defined as CD3(-) CD14(-) CD19(-) CD20(-) CRTH2(-) CD127(-)
CD45(+) CD56(+) cells and CD127(+) ILC1ls were defined as
CD3(-) CD14(-) CD19(-) CD20(-) CRTH2(-) CD45(+) NKp44(-)
CD117(-) CD127(+) cells in our study. The frequency of NK cells
within CD3(-) CD14(-) CD19(-) CD20(-) CD45(+) CRTH2(-) LPMCs
was significantly increased in the inflamed ileums (51.3%, n=10)
compared to unaffected tissues (29.4%, n=5) (Figure 1C and 1D).
Meantime, the frequency of CD127(+) ILC1ls within CD3(-)
CD14(-) CD19(-) CD20(-) CD45(+) CRTH2(-) LPMCs was increased
as well in the inflamed tissues (2.2%, n=10) compared to the
unaffected areas (0.76%, n=5) (Figure 1C and 1D). The total cell
number of CD3(-) CD14(-) CD19(-) CD20(-) CD45(+) CRTH2(-)
LPMCs we isolated per gram tissue went up significantly in the
inflamed ileums (Figure 1E). Consistent with other studies, the
NKp44(+) ILC3s was abundant in the unaffected ileums whose
frequency decreased under the inflamed condition (Figure 1C).
Finally, it is important to note that we only included CD3, CD14,
CD19 and CD20 in our lineage antibody cocktail and other cells
could contaminate our ILC subsets.

© Under License of Creative Commons Attribution 3.0 License
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Differential functions of NK cells and CD127 (+) ILC1s
in the ileum of CD patients

Subsequently, we analyzed the cytokine production pattern of
our ILC subsets and focused on IFN-y, IL-22 and IL-17A since they
were key products of ILC family and crucial mediators of
intestinal inflammation [19]. NKp44(+) ILC3s displayed more
IL-22-producing potential instead of IFN-y. On the contrary,
CD127(+) ILC1s and NK cells tended to produce more IFN-y
instead of IL-22 (Figure 2A). However, we were unable to detect
IL-17A expression among our ILC subsets (data not shown).
Previously, we reported that the frequency of IFN-y-producing
CD127 (+) ILC1s was upregulated in the inflamed tissues of this
CD cohort (15). Here, we noticed that the frequency of IFN-y-
producing-NK cells was also significantly increased in the
inflamed ileums (34.0%, n=10) compared to control (9.2%, n=>5)
(Figure 2B and 2C). Moreover, we sorted NK cells and performed
degranulation assay by measuring CD107a expression after co-
culture with target K562 cells. This population displayed certain
levels of cytotoxicity (Figure 2D). For the CD127(+) ILCls, we
were unable to collect enough cells to perform this assay. In
order to further characterize our ILC subsets, we measured their
expression of AHR, a transcription factor which is essential for
the regulation of ILC phenotype and function in the gut [20,21].
NKp44(+) ILC3s had the highest AHR expression which possibly
correlated with their IL-22-production potential. NK cells
displayed intermediate AHR expression level while CD127(+)
ILC1s in our study did not express AHR (n=9) (Figure 2E and 2F).

Improved intestinal inflammation accompanied by
reduction of mucosal NK cell frequency

Previously, we presented a severe CD case due to an ILIORA
mutation who demonstrated a dramatic response to anakinra
(an IL-1R antagonist) therapy. This patient suffered from an
IL-10RA deficiency-caused intestinal inflammation (Figure 3A)
and the anakinra treatment led to marked clinical, endoscopic,
and histological improvement accompanied by reduced levels of
pro-inflammatory cytokines in the gut, including IFN-y [22,23].
During the recovery of intestinal inflammation (Figure 3A), the
percentage of NK cells within CD3(-) CD14(-) CD19(-) CD20(-)
CD45(+) CRTH2(-) LPMCs compartment dropped from 78.8%
pre-treatment to 54.4% post 4 weeks of anakinra treatment. The
number further decreased to 42.9% after 16 weeks of anakinra
treatment (Figure 3B and 3C). However, we were unable to
determine the frequency changes of CD127(+) ILC1s during this
process. It might be because of the relative small size of biopsy
samples. The reduction of NK cells, along with the process of
mucosal healing and tissue restitution, likely suggested that NK
cells promoted the tissue damage process in the terminal ileum
of this patient. The blocking of IL-1 signaling pathway might
contribute to the reduction of NK cells in the gut of this CD
patient.

Infiltration of CD3(-) CD56(+) and CD3(+) CD56(-) cells in the
inflamed ileum of CD patients. We then performed double
staining for CD56 and CD3 by immunofluorescence of our CD
patients gut tissue sections. The unaffected ileum displayed
normal villous mucosal architecture with fewer immune cells
infiltration in the lamina propria (Figure 4). On the contrary,
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there was villous atrophy (shortening and flattening) and
increased infiltration of immune cells in the lamina propria of
inflamed tissues (Figure 5). Specifically, there was more CD3(+)
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CD3(+) CD56(-) cells and CD3(-) CD56(+) cells accumulated in the
lamina propria of pre-treatment terminal ileum of the IL1ORA-
deficiency patient as well compared to post-treatment (Figure

CD56(-) (blue arrow) cells and CD3(-) CD56(+) (white arrow) cells  6).
in the lamina propria of inflamed areas (Figure 5). In addition,
Table 1: The clinical characteristics of CD patients.
Patient 1 F 26 Extensive  submucosal fibrosis and Anti-IL-12/23 p40
luminal narrowing Ustekinumab
Patient 2 F 31 Appendiceal goblet cell carcinoid and Anti-a4B7 Vedolizumab
adenocarcinoma
Patient 3 F 46 Small Bowel Obstruction and terminal Adalimumab and
ileum narrowing Azathioprine
Patient 4 F 60 lleitis, mural fibrosis and serosal fibrous Anti-a4B7 Vedolizumab
adhesions
Patient 5 M 23 lleitis, anal fissure, erythema nodosum Anti-IL-12/23 p40
Ustekinumab
Patient 6 F 26 Perianal fistula and perianal skin tags Anti-IL-12/23 p40
Ustekinumab
Patient 7 F 57 Submucosal edema in the terminal ileum Anti-a4p7 Vedolizumab
Patient 8 M 42 Small bowel fistulae Anti-TNFa
Infliximab
Patient 9 F 35 Severe stricture at the descending colon Anti-IL-12/23 p40
Ustekinumab
Patient 10 M 37 Small intestine stricture and fistulas that Anti-IL-12/23 p40
involve both small bowel and colon Ustekinumab
Patient 11 F 36 Enteroenteric fistula, pelvic abscess, Anti-IL-12/23 p40
strictures of the sigmoid, rectum, and Ustekinumab
ileocecal valve
Patient 12 F 20 Nonspecific bowel wall thickening and Anti-a4
edema extending from the transverse .
Natalizumab
colon to the rectum
Patient 13 F 40 Small bowel perforation and terminal Anti-TNFa
ileum stricture L
Infliximab
Patient 14 F 35 Stricture at the ileocecal valve Vedolizumab and
Mercaptopurine
Patient 15 M 65 Small bowel perforation and Infliximab and
enterocutaneous fistula with intramuscular Lo
Azathioprine
abscess
Patient 16(biopsy) M 28 Small bowel and colon fistulae Anakinra
IL-1receptor antagonist

4 This article is available from: https://www.imedpub.com/journal-immunology-immunotherapy/
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Figure 1: Differential frequencies of NK cells and CD127 (+) ILC1s in the ileum of CD patients. (A) Representative HE staining of the
unaffected and inflamed terminal ileum of our CD patients. Scale bar: 100 um. (B) Gating strategy for the identification of human
intestinal ILC subsets in the terminal ileum of CD patients. (C) Representative flow plot of the frequency of NKp44 (+) ILC3s,
CD127 (+) ILC1s and NK cells within CD3 (-) CD14 (-) CD19 (-) CD20 (-) CD45 (+) CRTH2 (-) LPMCs from the unaffected ileum and
inflamed ileum. (D) Quantification of the frequency of NK cells and CD127 (+) ILC1s within CD3 (-) CD14 (-) CD19 (-) CD20 (-) CD45
(+) CRTH2 (-) LPMCs from the unaffected ileum (n=5) and inflamed ileum (n=10). (E) Quantification of the total number of cells
within CD3 (-) CD14 (-) CD19 (-) CD20 (-) CD45 (+) CRTH2 (-) LPMCs compartment isolated per gram tissue between unaffected
tissues (n=5) and inflamed tissues (n=10). Means with SD (error bars) were plotted. Statistical analyses were performed using a
two-tailed Mann-Whitney U test. *p<0.05 **p<0.01 ***p<0.001.
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Figure2: Differential functions of NK cells and CD127 (+) ILC1s in the ileum of CD patients. (A) Representative flow plot of IL-22
and IFN-y expression from NKp44 (+) ILC3s, CD127 (+) ILC1s and NK cells from the terminal ileum of CD patients. LPMCs were
stimulated with 200ng/ml PMA, 1 pug/ml lonomycin and 1 pl/ml Monensin for 4.5 hours in a 6 well plate and stained with
antibodies including anti-human CD3/CD14/CD19/CD20/CD45/CD56/CRTH2/ CD127/CD117/NKp44/IL-22 and IFN-y. (B)
Representative flow plot of IFN-y expression from NK cells isolated from both inflamed and unaffected human terminal ileum. (C)
Quantification of the frequency of IFN-y-expressing-NK cells in the lamina propria of unaffected tissues (n=5) and inflamed tissues
(n=10) of CD patients. (D) Representative flow plot of the intestinal NK cells degranulation assay. Sorted mucosal NK cells from CD
patient ileum samples (n=3) were either cultured alone or co-cultured with K562 cells at a 1:2 ratio for 2 hours and stained with
CD56 and CD107a by flow cytometry. Experiments was performed in triplicate. (E) Representative histogram of the AHR
expression among NKp44 (+) ILC3s, NK cells and CD127 (+) ILC1s. (F) Quantification of the AHR MFI of NKp44 (+) ILC3s, NK cells
and CD127 (+) ILC1s from the terminal ileum of CD patients (n=9). Means with SD (error bars) were plotted. Statistical analyses
were performed using a two-tailed Mann-Whitney U test. *p<0.05 **p<0.01 ***p<0.001.
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Figure 3: Improved intestinal inflammation accompanied by reduction of mucosal NK cell frequency. (A) Representative HE
staining of the terminal ileum of an-IL-10RA deficiency-caused CD patient pre, 4 weeks and 16 weeks post anakinra (an IL-1
receptor antagonist) treatment. Scale bar:200 um. (B) Representative flow plot of the frequency of mucosal NK cells within CD3
(-) CD14 (-) CD19 (-) CD20 (-) CD4S5 (+) CRTH2 (-) LPMCs compartment isolated from the biopsies samples of the terminal ileum
which were taken pre, 4 weeks and 16 weeks post anakinra treatment. (C) Quantification of the frequency of NK cells within CD3
(-) CD14 (-) CD19 (-) CD20 (-) CD4S5 (+) CRTH2 (-) LPMCs pre, 4 weeks and 16 weeks post anakinra treatment from the terminal
ileum of our IL-10RA deficiency-caused CD patient.

Figure 5:Infiltration of CD3 (-) CD56 (+) and CD3 (+) CD56 (-)
cells in the inflamed terminal ileum of CD patients.

Figure 4: Infiltration of CD3 (-) CD56 (+) and CD3 (+) CD56 (-) Representative double immunofluorescence staining (200X)
cells in the unaffected terminal ileum of CD patients. of CD56 (red) and CD3 (green) in the inflamed terminal ileum
Representative double immunofluorescence staining (200X) of our CD patients. CD56 staining was performed using

of CD56 (red) and CD3 (green) in the unaffected terminal monoclonal mouse anti-human NCAM antibody, followed by
ileum of our CD patients. CD56 staining was performed using Alexa 555-conjugated goat-anti-mouse antibody. Human CD3
monoclonal mouse anti-human NCAM antibody, followed by staining was performed using monoclonal rabbit anti-human
Alexa 555-conjugated goat-anti-mouse antibody. Human CD3 CD3 antibody, followed by Alexa 488-conjugated goat-anti-
staining was performed using monoclonal rabbit anti-human rabbit antibody. Nuclear counterstaining was performed with
CD3 antibody, followed by Alexa 488-conjugated goat-anti- DAPI. After staining, slides were examined with Zeiss

rabbit antibody. Nuclear counterstaining was performed with microscope (Zeiss). Images were taken with Axiovision. Blue
DAPI. After staining, slides were examined with Zeiss arrow indicates CD3 (+) CD56 (-) cells. White arrows indicate
microscope (Zeiss). Images were taken with Axiovision. CD3 (-) CD56 (+) cells.

6 This article is available from: https://www.imedpub.com/journal-immunology-immunotherapy/
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Figure 6: Infiltration of CD3 (-) CD56 (+) and CD3 (+) CD56 (-)
cells in the inflamed terminal ileum of the IL-10RA deficiency-
caused CD patient. (A) Representative double
immunofluorescence staining (200X) of CD56 (red) and CD3
(green) in the inflamed terminal ileum of the IL-10RA
deficiency patient pre-treatment. (B) Representative double
immunofluorescence staining (200X) of CD56 (red) and CD3
(green) in the terminal ileum of the IL-10RA deficiency patient
post-treatment.

Discussion

In the present study, we showed that NK cells and CD127(+)
ILC1s accumulated in the inflamed terminal ileum of our CD
patient cohort. They were IFN-y-producers and had differential
AHR expression. In addition, we demonstrated the recovery of
intestinal inflammation in the terminal ileum of an-IL10RA-
deficiency-caused-CD patient accompanied by the decrease of
NK cell frequency. The dramatic alteration of IFN-y-producing ILC
subsets under the inflamed conditions of our CD patient cohort
reveals their non-redundant role in the context of human
intestinal inflammation.

NK cells are the prototypes of the ILC family and are
important innate effector lymphocytes that play a crucial role in
early host defense against different pathogens as well as
malignant transformation [24]. Their major function is cytotoxic

© Under License of Creative Commons Attribution 3.0 License
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killing, but they are also an important source of IFN-y, especially
along the mucosa. They provide an early source of IFN-y which
promotes the maturation of DC which, in turn, leads to
enhanced production of IL-12 and drives the expansion of Thl
cells [25]. In addition, NK cell produced-IFN-y can directly act on
naive T cells and induce their differentiation into IFN-y-
producing Th1l cells, which are one of the main effector T cells
infiltrating the inflamed tissue among various types of
autoimmune diseases [26,27]. Many studies have suggested the
involvement of NK cell-sourced-IFN-y in the pathogenesis of
autoimmunity [28]. Hervier et al. reported that NK cells from
patients with active systemic lupus erythematosus had the
capacity to produce large amounts of IFN-y [29]. Cristina and her
colleagues demonstrated that IFN-y-producing NK cells
accumulated in the synovial fluid of chronic arthritis patients
[30]. Dungan et al. showed that NK cell-derived IFN-y promoted
the development of experimental autoimmune
encephalomyelitis [31]. Takayama et al. showed that the balance
of NKp44 (+)/NKp46 (+) NK cells was disrupted in the inflamed
colon of CD patients, and concluded that NKp46 (+) NK cells
mediated the pathogenesis of CD by producing IFN-y [16].
Consistent with this study, we showed the enrichment of IFN-y-
producing NK cells in the inflamed terminal ileum of our CD
cohort. Additionally, we observed a gradual reduction of the
frequency of NK cells in the terminal ileum of one of our
patients after anakinra treatment. Overall, our data suggested a
pathogenic role of IFN-y-producing NK cells in the inflamed
terminal ileum of CD patients and appropriate regulation of NK
cell cytokine production is of paramount significance. It is
important to note that our patients are not therapy-naive and
have been under medication which might also contribute to the
increased frequency of NK cells.

In 2009, Cella et al reported that a human NK cell subset
provided an innate source of IL-22 for mucosal immunity [32].
This is the first publication that identified human NKp44 (+) ILC3
subset. In 2013, Bernink et al showed that 60-75% of the total
non-cytotoxic ILCs in the lamina propria of human ileum are
NKp44 (+) ILC3s at steady state. The CD127(+) ILC1s expanded
and became dominant ILC subset in the inflamed ileum of CD
patients [10,33]. They further proposed that IL-22-producing-
NKp44 (+) ILC3s converted into IFN-y-producing-CD127 (+) ILC1s
in the gut of CD patients [10,33]. However, in 2016, Simoni et al
used mass cytometry including a broad range of surface markers
and transcription factors to profile human ILCs across healthy
and inflamed tissues. They found clear phenotypic delineation of
ILC2s and ILC3s. Surprisingly, they failed to detect CD127(+) ILC1s
in any of the tissues assessed [17]. In our study, we observed
CD127(+) ILC1 subset in the intestinal lamina propria, especially
in the inflamed tissues. They had the capacity to produce IFN-y
and did not express AHR. Our limitation is that our lineage
marker just included CD3, CD14, CD19 and CD20. Also we did
not stain T-bet. Therefore, we could not rule out the possibility
that there is contamination of other cells within our CD127(+)
ILC1s in this study. Actually, the current definition of ILC1s is
problematic. The well-known characteristic of ILC1ls is their
capacity to produce IFN-y. But unlike ILC2s and ILC3s which are
well defined by a bunch of markers, the specific markers for the
ILC1 identity are still missing [34]. Future studies are needed to

7



Journal of Inmunology and Immunotherapy

identify unique collection of markers for ILC1s. In addition, the
heterogeneity within ILC1s makes it even more challenging to
evaluate the specific contributions of each ILC1 subset in the
processes of protective host defense, chronic inflammation as
well as restoration of tissue integrity. Fuchs et al identified the
CD103(+) ILC1s which are also CD56(+) in the intraepithelial
compartment of human gut [12]. Roan et al. showed that the
frequency of CD4(+) ILC1s increased in the peripheral blood of
individuals with systemic sclerosis [35,36]. In the mouse, Klose
et al. reported the liver resident NKp46 (+) NK1.1 (+) T-bet (+)
Eomes (-) ILC1 subset (36). Further studies will be required to
differentiate the relationship of the various ILC1 subsets in
different locations.

In conclusion, cytotoxic NK cells and CD127(+) ILC1s displayed
differential frequencies and functions as well as transcription
factor AHR expression statuses in the terminal ileum lamina
propria of our CD patient cohort. The dramatic changes of
human intestinal ILC phenotype and function under the chronic
inflammatory conditions make it an attractive therapeutic
target. Selectively targeting different ILC subset probably could
ensure outcomes that are more promising for CD patients.
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