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Direct evidence for local IgE production in the human colonic mucosa

To the Editor,

Understanding the biology of IgE in humans has become a matter of interest that remains
incompletely understood due to the rarity of peripheral IgE* cells. The increased incidence of
allergic diseases and food-induced anaphylaxis overtime demands an urgent development of
disease-modifying therapies that reverse the synthesis of IgE and the induction of IgE-mediated
allergic reactions. Although some reports showed specific IgE in stools and IgE* cells in the
gastrointestinal tract of allergic patients,%? the microanatomical location of the class-switch
recombination (CSR) to € chain is largely unknown. This isotype is produced through CSR
mechanism by activated IgM-producing B cells (direct switch) or following IgG* B memory cell-
switch to € chain (sequential switch) in a Th2 milieu with the induction of the cytidine deaminase
(AID).3 It has been demonstrated that this mechanism occurs prior to germinal center (GC)
formation in secondary lymphoid tissues such as lymph nodes and tonsils,* but itis controversial
whether the IgE isotype switching can occur in the human intestinal mucosa and which niches
could be involved. Our study aimed to investigate the local IgE synthesis in the stroma of juvenile
colonic polyps (JP) from patients with rectal bleeding and the relationship between IgE
production and food sensitization, a risk factor for food allergy.

Pediatric patients with rectal bleeding (n=54) assisted at the Gastroenterology Unit of the
Children’s Hospital of La Plata (Buenos Aires, Argentina) were selected for this study. The video
colonoscopy revealed juvenile polyps (JP) and nodular lymphoid hyperplasia (NLH) (n=26), NLH

(n=23), Crohn’s disease (n=2), familial adenomatous polyposis (n=2), or no abnormality (n=1). JPs
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were removed along with a biopsy of the surrounding tissue (SCT), and patients were also
studied at the Allergy Unit to assess their atopic condition and sensitization to food allergens
(skin prick test-SPT, serum IgE tests and anamnesis). The Ethics Committee of the Children’s
Hospital of La Plata approved the study, and all participants or their parents provided written
informed consent.

Patient characteristics are described in Table 1. Thirteen out of the 26 patients had a personal or
family history of allergy, 92.3% (n=24) had high levels of serum cow’s milk-, soy- or peanut-
specific IgE, a median value of total IgE of 356.5 IU/ml in serum (IQR= 101.2-564.9 IU/ml) and a
median count of blood eosinophils of 3% (IQR= 2-5%). SPT was assessed in all patients, and we
found one positive response to milk extract. Since this child had previously shown an allergic
reaction after milk consumption, it was diagnosed with a milk allergy.

The histological analysis by H&E staining showed that the stroma of JP had infiltration of
mononuclear cells, eosinophils, and mast cells. Cell agglomerations compatible with germinal
center-like structures were observed in 92.3% of polyps. Furthermore, we confirmed the
presence of GC by the detection of specific markers (n=10):CD20 (B cells), ki-67 (proliferating
cells), and AID (CSR and hypermutation) (Figure 1A). SCT showed no cell infiltration and faint IgE
staining, whereas IgE was positive in polyp tissue (PT). Conversely, IgA was positive in SCT, and
faint staining was revealed within the JP. Additionally, the confocal microscopy revealed an
augmented frequency of IgE* plasma cells in PT (40.5+6.71% vs. 2.05+0.50% IgE*CD138* cells of
total plasma cells in PT and SCT, respectively) (Figure 1B) and Ige*CD138" cells with morphology
compatible with the bilobed-nucleus of eosinophils (Figure S1A).

Cytokines and soluble Igt were also quantified in tissue homogenates by ELISA. Our findings
showed IL-4 and the IL-13/IFN-y ratio higher in PT than in SCT (Figure 1C), and higher levels of
total IgkE in PT than in SCT. We found that total tissue IgE significantly correlated with serum total
IgE level (Figure 1D), whereas a moderate negative correlation was observed with the frequency
of JP’s eosinophils (Figure S1B), which may be due to the binding of soluble IgE to the high-
affinity membrane receptor. Regarding tissue-specific Ig, we found higher levels of milk-specific
IgE in PT than in SCT in 9 out of 26 patients. Soy- and peanut-specific IgE were not assessed in

tissues because of limitations in the sample size.
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Eight GC-like structures were isolated from PT by laser dissection microscopy (LDM) and RNA was
purified. Three out of 8 GCs expressed AID mRNA (PL-24, 25 and 26) and were selected to study
the intermediates of direct and sequential CSR by RT-PCR, according to Takhar et al. (Figure 1E).>
SCT were also analyzed. Epsilon germline transcript (¢GLT) was revealed in 1 out of 3 GCs
analyzed, y;GLT and ysGLT transcripts were detected in 3 GCs and whole polyp tissues, whereas
V4GLT was only detected in whole PT. The expression of the transient circle transcripts (CT)for a
direct CSR from u to € chain (le-Cu CT) was positive in2 GCs, while sequential CSR from y to €
chains was only found in whole polyp tissues: le-Cy1 CT in PL-25, le-Cy3 CT in PL-24 and le-Cy4 CT,
in PL-26 (Figure 1E). No markers of CSR to IgE were found in SCT. Finally, the exon coding for
mature € was found in all GCs and PT, and IgE was also revealed in tissues of patients (Figure
S1C). Epsilon exon and IgE were not detected in the SCT studied.

The literature shows that IgE synthesis studies were done in respiratory mucosa of patients with
allergic rhinitis, and markers of direct and sequential CSR transcripts (le-Cu CT and le-Cy1/le-
Cy3/le-Cy4 CT respectively)were detected in the mucosa or in allergen-stimulated explants.>
Nevertheless, no studies have been performed in individual GCs. Although the retrospective
study of Alexander et al. suggests a relationship between juvenile polyps and a personal or family
history of allergy,® and the report by Roma-Giannikouet al.” described the presence of
eosinophils in JP, there is no study showing an association between colorectal polyps, synthesis

of IgE and food allergy or food sensitization. Recently, Boyd et al. described in peanut-allergic

patients the existence of clonally related Ige* and non-IgE—expressing cells through DNA
sequencing of the variable region of Ig heavy chain transcripts. Findings are indicative of local IgE
CSR in the esophagus, stomach, and duodenum in which IgE and non-IgE cells of the same clones
were found.? Interestingly, authors suggest that sequential CSR undergoes mainly from IgAl to
IgE, and 1gG1 to IgE, as we report here and Curotto et al. described in mice.® Based on our
findings, we propose that CSR to IgE can occur in the human colon without the implication of
mesenteric lymph nodes, and as AID was expressed in GC, cells may also undergo somatic
hypermutation. Although we could not evidence markers of CSR to IgE in all polyps, the
significance of this study relies on the detection of intermediates of CSR to IgE in the human
colon, which has not been reported in the literature. Since we found elevated levels of total and

milk-specific IgE in polyps and serum, and there is a significant correlation between peripheral
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and tissue total IgE, there could be an association between food sensitization and JP

development.

In conclusion, our study showed direct evidence that the colorectal mucosa confined to

colorectal polyps from patients sensitized to food allergens constitutes a tertiary lymphoid tissue

containing active germinal centers with ongoing IgE synthesis through direct and sequential

class-switch recombination mechanisms. Therefore, we suggest that there could be an

association between rectal bleeding and colorectal polyps with allergen sensitization.
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LEGEND TO FIGURE

FIGURE 1. Colorectal juvenile polyps show active germinal centers and local IgE synthesis. A,
Histology by H&E staining(n=26) and immunohistochemistry (n=10) with anti-IgA, -IgE, -CD20, -Ki-
67 or -AlD antibody of polyp tissues (PT) and surrounding colonic tissues (SCT); germinal center-
like structures were marked with a red dashed line. Representative images are depicted (patients
PL-11 and PL-08 respectively). B, Protein concentration of IL-4 and IL-13/IFN-y ratio in SCT and PT
by ELISA. C, Confocal microscopy images (patient PL-10) showing CD138 (red), IgE (green) and
propidium iodide (PI) for nucleus (blue); white arrows indicate IgE*CD138* cells (n=10). D, Total
and milk-specific IgE level by ELISA. Correlation between total IgE levels in PT and serum was
calculated using Spearman's Rank-Order Correlation. E, Gel electrophoresis of RT-PCR-amplified
fragments of intermediates of CSR from polyp-isolated germinal centers (GC) and its
corresponding PT and SCT (representative image). L: 100-bp DNA ladder.

Graphics represent the mean and the SEM. Statistical differences were calculated using unpaired

two-tailed t-tests. p-value and the number of samples analyzed are shown on the graphs.
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TABLE1.Characteristics of pediatric

patients.
Patient Age(y) Gender Peripheral Serum Serum Serum Serum SPT Personal disease Family clinical
eosinophils  total cow’s milk soy peanut history
(%) IgE specific IgE specific specific
(1U/ml) [OD IgE [OD IgE [OD
(Class)] (Class)] (Class)]
PL-01 6 M 5 9.3 0.197 (1) 0.351 (1) 0.537 (2) (-) Allergic rhinitis Allergic rhinitis
PL-02 3 M 22 1007.0  0.309(1)  0.234(1)  0.109 (0) (-) No No
PL-03 8 F 2 1193.0 0.279 (1) 0.307 (1) 0.356 (1) (-) Atopic dermatitis No
PL-04 9 M 3 442.7 0.108 (0) 0.112 (0) 0.103 (0) (-) Allergic asthma Allergic asthma
PL-05 4 M 3 549.0 0.287(1)  0.581(2) 2.468(4) (-) No No
PL-06 6 F 0 76.0 0.556 (3) 2.097 (4) 0.299 (1) (-) No Allergic rhinitis
PL-07 6 M 6 0.0 0.097 (0)  0.107(0)  0.074(0) (-) No No
PL-08 10 M 3 457.0 0.088(0)  0.396(1) 0.322(1) (-) No No
PL-09 10 F 3 1318.5  0.110(0)  0.127(1) 0.173(1) (-) No No
PL-10 0.5 M 1 59.3 0.368 (1) 0.105 (0) 0.391 (1) (-) Atopic dermatitis No
PL-11 7 M 8 124.6 1.367 (4)  0.489(2)  2.150(4) (-) No No
PL-12 5 M 2 547.5 0.099 (0) 0.212 (1) 0.386 (1) (-) Allergic asthma Allergic asthma
PL-13 6 F 4 213.2 0.384 (1) 0.110 (0) 0.247 (1) (-) No No
PL-14 3 M 9 525.2 0.354(1)  0.094(0) 0.111(0) (-) No Allergic asthma
PL-15 5 M 2 107.5 0.411(2) 0.103(0) 0.273(1) (-) No No
PL-16 6 F 2 238.7 0.399 (1) 0.113 (0) 0.636 (2) (-) No No
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PL-17
PL-18
PL-19
PL-20
PL-21
PL-22
PL-23
PL-24
PL-25
PL-26
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IU/ml: International Units/ml.

OD: Optical density.
The cut-off OD for cow’s milk, soy and peanut specific IgE is 0.113 and corresponds t00.35 kU,/L.
Class: 0 corresponds to normal IgE level (below 0.35 kU,/L) and class 1 to 4 correspond to IgE level ranging from 0.35 kU,/L to 100 kU,/L
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Supplemental Materials

METHODS

Patients and clinical procedures

Patients with rectal bleeding were studied by colonoscopy at the Gastroenterology Unit of
the Children’s Hospital Sor Maria Ludovica of La Plata (n=54). The cohort of patients had
an average age of 5.5 years (IQR= 3.7-8.0 yo), and 65.4% were males. Juvenile polyps (JP)
were removed from 26 patients, and they were mainly found in the rectum (n=20) or the
sigmoid colon (n=6). A colonic biopsy (SCT) was taken in all patients and used as an
internal control. Due to ethical issues, colonoscopy is not performed in healthy pediatric
patients.

Patients who presented JPs were also studied at the Allergy Unit. Food sensitization and
the atopic condition of patients were evaluated by means of anamnesis, skin prick test
(SPT), and serumlgkE tests. A thorough history considering dermatitis, rhinitis, asthma, and
allergic responses to drugs or foods, examination and family history of atopy were
considered. SPT was carried out in all patients with commercial extracts of cow’s milk, fish,
egg, peanut, soy, and wheat; histamine phosphate (10mg/ml) (Alergo-Pharma, Buenos
Aires, Argentina) and saline solution were employed as controls. A skin reaction with a

flare >4 mm was considered positive.

Study approval
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The protocol for this study was reviewed and approved by the Ethics Committee of the
Children’s Hospital of La Plata (Buenos Aires, Argentina) (#389-2014 and #389-

2018).Patients or their parents gave written informed consent before entering the study.

IgE tests

-Serum total IgE: Peripheral blood was collected, and serum total and food-specific IgE
(peanut, soy and cow’s milk) were assessed in all patients. For the determination of total
IgE, polystyrene microtiter plates (NUNC, Maxisorp, Denmark) were coated with 50
ul/well of an anti-human IgE polyclonal antiserum (400 pg / ml) (Sigma, MO, USA) for 1
hour at 37°C. Coated plates were blocked with 100 pl/well of 5% equine serum in saline
for 2 h at 37°C, and subsequently incubated with sera (diluted at 1/20) for 1 h at 37°C.
Bound immunoglobulins were detected with biotinylated goat antihuman IgE (g-chain
specific) antibody (Vector Laboratories, Cat# BA-3040, RRID:AB_2336144) (1/2000, 1 h at
37°C) followed by incubation with streptavidin-horseradish peroxidase (Sigma, MO, USA)
(1/10,000, 1 h at 37°C). The reactionwas developed with ortho-phenylenediamine (MP
Biomedicals, CA, USA), and stopped with 2 M H,SOa. Optical density (OD) was measured at
490 nm. The calibration curve was prepared in duplicate using a reference standard for IgE
(1000 1U/ml).

-Serum specific IgE: Polystyrene microtiter plates (NUNC, Maxisorp, Denmark) were
coated with 100 pl of skim milk (12.5 pg/ml protein), soybean or peanut (10 pg/ml), for 1
hour at 37°C. Plates were blocked with 200 pl of 5% equine serum in PBS for 2 hours at

37°C, and incubated with undiluted serum samples (100 ul) overnight at 4°C. After
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washing, anti-human IgE conjugated to alkaline phosphatase (Sigma, MO, USA) was added
at 1:1000 dilution (2 hours at 37°C). The enzymatic activity was revealed with para-
nitrophenyl phosphate (Sigma, MO, USA), and the reaction was stopped after 20 minutes
using 0.1M EDTA. The OD was measured at 405 nm. The assay’s cut-off value was
calculated with sera containing (positive control sera) and not containing IgE (control
negative sera) from our serotec. The cut-off assay value was calculated as the mean of the
OD corresponding to the negative sera plus two standard deviations. Then, control
positive sera were assessed using the UNICAP reference method and pooled according to
specific IgE content(Class 0 corresponds to 0,35kUx/I or below, class 1 to 4 corresponds to
0,35-100 kUa/l). A standard curve was constructed with 4 pooled sera corresponding to
class 1 to 4. The specific IgE value corresponding to an individual serum or serum sample
was calculated with the calibration curve. Samples with no detectable IgE level were class
0 (below 0,35 KUa/I), whereas samples containing IgE were quantified as class 1 to 4 (0,35-

100 KUA/I).

Histological analysis

Tissues were fixed in 4% paraformaldehyde and then embedded in paraffin. Five um-
tissue sections were deparaffinized and stained with hematoxylin and eosin (H&E) (Biopur,
Santa Fe, Argentina). The size of germinal centers was determined using LAS EZ software
Version 3.0.0 in a Leica DM500 microscope.

Immunohistochemical staining was carried out with tissue sections that were treated with

sodium citrate pH 6.0 for 15 min at 952C for antigen retrieval. Tissues were incubated with
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2.5% hydrogen peroxide (15 min at 372C) and then with Protein Block (Biogenex, CA, USA)
(10 min at 37°C). Then, sections were incubated with monoclonal mouse anti-human
CD20 (Clone L26, Leica Biosystems Cat# NCL-CD20-L26, RRID:AB_442055), monoclonal
rabbit anti-human Ki67 (Clone SP6, Abcam Cat# ab16667, RRID:AB_302459), or mouse
anti-human activation-induced cytidine deaminase (AID) (Clone ZA001, Thermo Fisher
Scientific Cat# 39-2500, RRID:AB_2533403) (16h at 4°C) followed by anti-mouse HRP or
anti-rabbit HRP (Bioss Cat# bs-0368G-HRP, RRID:AB_ 10890902 or Bioss Cat# bs-0302R-
HRP, RRID:AB_10895475) (30min at 37°C), biotinylated goat anti-human IgA (Vector
Laboratories Cat# BA-3030, RRID:AB_2336142) (1h at 37°C) or biotinylated goat anti-
human IgE (Vector Laboratories Cat# BA-3040, RRID:AB_2336144) (1h at 37°C), followed
with streptavidin-HRP conjugate (Sigma-Aldrich, MO, USA) (30 min at 37°C). Super
Sensitived™ Link-label IHC Detection System and 2-component DAB Pack (Biogenex, CA,
US) were used for detection following the manufacturer’s instructions. Finally,
hematoxylin(Biopur, Rosario, Argentina) was used for counterstaining. Axio FOT Zeiss
microscope was used, and images were analyzed with Imagel1.46r free software (NIH,

USA).

Immunofluorescence microscopy

The 5um-tissue sections were also assessed for confocal microscopy. Sections were
deparaffinized following standard procedures, then treated with sodium citrate pH 6.0 at
95°C for 15 min for antigen retrieval, and blocked with 2% bovine serum albumin (BSA) for

1h at 37°C. Then, sections were incubated with the primary antibody: mouse anti-human
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CD138 (Clone MI15, Agilent Cat# M7228, RRID:AB_2254116) (16h at 4°C), goat
biotinylated anti-human IgE (Vector Laboratories Cat# BA-3040, RRID:AB_2336144) (16h
at 4°C), followed by: goat anti-mouse 1gG H&L Alexa Fluor® 647 (Abcam Cat# ab150119,
RRID:AB_2811129) or Streptavidin-FITC (11-4317, eBioscence, CA, USA) (1h at room
temperature). Propidium iodide (1pg/ml) (Sigma-Aldrich, MO, USA) was used for nuclear
staining, and sections were mounted with Dako Fluorescence Mounting Medium (Dako,
Santa Clara, CA, USA). A Leica TCS SP5 confocal microscope was used, and images were
taken with the following lenses: PL APO CS 20x AN 0.7 (water) and PL APO CS 63x AN 1.4

(oil). Images were analyzed with LAS AF version 1.6 software (Leica, Germany).

Tissue cytokine analysis by ELISA

Proteins were extracted from snap-frozen JP and SCT by homogenization in PBS plus
protease inhibitor cocktail (SIGMA-Aldrich, MO, USA) using a rapid rotor-stator
homogenizer. The tissue homogenate was isolated and cytokines (IL-4, IL-13, and IFN-y)
were quantified by ELISA (Immunotools, Friesoythe, Germany) according to the
manufacturer’s instructions. Cytokine values were normalised to the tissue weight.

The detection limits for quantification were: 2.3 pg/ml for IL-4,5.8 pg/ml for IL-13 and 24

pg/ml for IFN-y.

Tissue IgE analysis by ELISA
Total and specific IgE were analysed in tissue homogenates from polyps and biopsies

following the procedure described for serum. Samples were assessed undiluted, and the
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cut-off values for the assay were the mean OD of homogenates from SCT plus two

standard deviations. Then, the total IgE value was normalised to the tissue weight.

RNA isolation from germinal centers and PCR analysis

JPs were embedded in CRYOPLAST® (Tissue Freezing Medium, Biopack, Argentina), and
snap-frozen in liquid nitrogen. Cryo blocks were cut into 20um sections with a cryostat
(Thermo Shanon Cryotome FSE, USA), placed on positively charged slides, and fixed with
70% ethanol. Hematoxylin stained sections were analyzed for germinal center-like
structures. Then, a laser microdissection system (Leica LDM 6000) was used to obtain the
biological sample from the GCs, and the tissue was collected in RNA lysis buffer. RNA was
extracted as described, and reverse transcribed using random primers and M-MLV
Reverse transcriptase. Whole polyp tissue and SCT were used as controls.

Intermediates of class-switch recombination were analyzed by PCR, according to Takhar et
al.*Mature immunoglobulin heavy chain was amplified by PCR using a forward primer in
the variable region of the heavy chain and reverse primers in the heavy chain constant
region of the specific immunoglobulin isotype. Primer sequences used are detailed in the

Supplemental Table S1.
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134  Table S1 Primers used for class switch recombination analysis.

135
Forward(5’-> 3’) Reverse(5’-> 3’)
AID GAGGCAAGAAGACACTCTGG GTGACATTCCTGGAAGTTGC
TAGACCCTGGCCGCTGCTACC CAAAAGGATGCGCCGAAGCTGTCTGGAG
yi1GLT GATGCCAGGATGGGCACGAC GGCATGTGTGAGTTTTGTCACAA“
y3GLT GATGCCAGGATGGGCACGAC GGCACGGGGGAGG 138
y4GLT GATGCCAGGATGGGCACGAC GGGCATGGGGGACCATA
eGLT GGCCACACATCCACAGGC GGGGTGAAGTCCCTGGAGC 139
le-Cu CT GGGAGCTGTCCAGGAACCCGACAGAGC GTTGCCGTTGGGGTGCTGG L
GGCCACACATCCACAGGC GTTGCCGTTGGGGTGCTGG
le-Cy1 CT GGGAGCTGTCCAGGAACCCGACAGAGC GGCATGTGTGAGTTTTGTCACAA
GGCCACACATCCACAGGC GGCATGTGTGAGTTTTGTCACAA
le-Cy3 CT GGGAGCTGTCCAGGAACCCGACAGAGC GGCACGGGGGAGG
GGCCACACATCCACAGGC GGCACGGGGGAGG
le-Cya CT GGGAGCTGTCCAGGAACCCGACAGAGC GGGCATGGGGGACCATA e
GGCCACACATCCACAGGC GGGCATGGGGGACCATA 144
€ chain GACACGGCTGTGTATTACTGTGCG CGGAGGTGGCATTGGAGG
v1 chain GACACGGCTGTGTATTACTGTGCG GGCATGTGTGAGTTTTGTCACAA4S
y3 chain GACACGGCTGTGTATTACTGTGCG TTGTGTCACCAAGTGGGGTTTTGAGC
v4 chain GACACGGCTGTGTATTACTGTGCG GGGGTGAAGTCCCTGGAGC **°
u chain GACACGGCTGTGTATTACTGTGCG AGACGAGGGGGAAAAGGGTT
6 chain CCTCCCGAGGCGGCCTCGTGGC GTGGCGGACAGAGGGGAGCCGG
al chain GACACGGCTGTGTATTACTGTGCG GGGTGGCGGTTAGCGGGGTCTTGG
a2 chain GACACGGCTGTGTATTACTGTGCG TGTTGGCGGTTAGTGGGGTCTTGCA
HPRT1 TGACACTGGCAAAACAATGCA GGTCCTTTTCACCAGCAAGCT n

150

151  PCR products were separated on a 2% agarose Tris-borate-EDTA electrophoresis buffer
152  gel, stained with ethidium bromide, and visualized under UV. HPRT1 was amplified from
153  all samples to check the integrity of cDNA and to control the loading of cDNA.

154

155  Statistical Analysis
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Comparison between groups was made using Student’s t-test for unpaired data. Results
are expressed as quartiles with the min and max values. Differences between means were
considered statistically significant when p<0.05.

The correlation analysis was performed using Spearman’s Rank-Order Correlation for non-

normal distributions.
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LEGEND TO THE SUPPLEMENTARY FIGURE

FIGURE S1. A,Confocal microscopy image showing IgE* cells (green) with a bilobed nucleus (white
arrows) compatible with an eosinophil morphology in PT from patient PL-16 (CD138 in red).
B,Correlation between tissue total IgE and eosinophil count in PT calculated using Spearman's
Rank-Order Correlation. C,Confocal microscopy images showing IgE (green) in PT and SCT from

patients PL-24, 25 and 26. Propidium iodide (PI) was used for nucleus staining (blue).



169

170

171

REFERENCE

1.

Takhar P, Smurthwaite L, Coker HA, et al. Allergen drives class switching to IgE in the nasal

mucosa in allergic rhinitis. J Immunol. 2005;174(8):5024-5032.

10



	20200922-Canziani KE.pdf
	all14594-sup-0001-figs1.pdf
	all14594-sup-0002-supinfo.pdf

