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Introduction

Summary

Studies of human mucosal lymphoid follicles are rare and have been limited to
children’s Peyer’s patches, which are visible at endoscopy. We investigated
lymphoid follicles in ileum biopsies of 87 patients and surgical colon speci-
mens from 66 cancer patients, and examined phenotype and function of
isolated follicular immune cells. Two (0-10) and 12 (0-117) follicles per
patient were found in ileum and colon samples respectively (P < 0-001). The
number of lymphoid follicles mononuclear cells (LFMC) that could be iso-
lated per patient was higher from colon compared with ileum specimens
[725 000 (0-23 Mio) versus 100 000 (0-1-3 Mio), P < 0-001]. T cells were
predominant in both LFMC and lamina propria mononuclear cells (LPMC),
but B cells were more and plasma cells less frequent in LFMC. T cells from
mucosal follicles were more frequently CD4-positive and CD62L-positive, but
less frequently CD8-positive, CD103-positive and CD69-positive than lamina
propria T cells. LEMC from ileum compared with colon showed no differences
in mononuclear cell composition. Anti-CD3/CD28 stimulation induced
similar proliferation of LFMC and LPMC from ileum and colon, as well as
secretion of high levels of interferon-y, tumour necrosis factor-a and inter-
leukin (IL)-2, but lower levels of IL-4, IL-6 and IL-10. LFMC from colon
secreted more IL-2 than those from ileum. Our study shows that mucosal
lymphoid follicles can be identified clearly in adult human colon and yield
viable immune cells sufficient for phenotypical and functional analysis. The
cellular composition of LFMC from ileum and colon is similar, and both
secrete predominantly T helper type 1 cytokines.

Keywords: cell surface molecules, comparative immunology, cytokines,
human, mucosa, T cells

(Th1) response in murine gut and mesenteric lymph nodes
during enteric infection [8].

The mucosal immune system of the gut has to maintain a
delicate balance between tolerance to food antigens and an
active immune response against invading pathogens and
their products [1]. The induction of such diverse immune
reactions has long been thought to take place in the
organized secondary lymphoid tissue of the intestine, i.e.
mucosal lymphoid follicles which aggregate as Peyer’s
patches (PP) in the human terminal ileum. This concept was
developed from animal models [2,3] and has been chal-
lenged by recent data [4-7] demonstrating normal tolerance
induction in rodents deficient of PP. On the other hand, PP
were required for the induction of a rapid T helper type 1
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In humans, earlier studies revealed a predominant
secretion of interferon (IFN)-y by T cells from PP in
response to food proteins [9], in marked contrast to data
from rodents which produce predominantly regulatory
cytokines [10]. However, functional studies of mucosal
lymphoid follicles are rare and have been restricted to chil-
dren so far, because PP are not easily visible at endoscopy
in adults [11].

We therefore established a method to identify human
mucosal lymphoid follicles from both small and large intes-
tine in adults. We show that mononuclear cells (MC)
(LEMC, lymphoid follicles mononuclear cells) isolated from
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colonic follicles are similar in phenotype and function to
those isolated from PP.

Methods

Patients and samples

Biopsies from the terminal ileum were obtained from 87
patients (36 men, 51 women; median age 52 years, range
18-83 years) who had no endoscopic abnormalities at diag-
nostic colonoscopy to exclude colonic tumours. Macroscopi-
cally unaltered colon mucosa adjacent to resected colon
cancer and not required for pathological assessment was
obtained from 66 patients (32 men, 34 women; median age
64 years, range 27-99 years). Patients receiving corticoster-
oids or chemotherapy were excluded. Five surgical speci-
mens were from the caecum/ascending colon, two from the
transverse colon and 59 from the descending/sigmoid colon.
The study was approved by the local ethics committee.

Identification of mucosal lymphoid follicles from
ileum and colon

Biopsies from the terminal ileum were placed immediately in
phosphate-buffered saline (PBS; Gisco, Berlin, Germany)
and examined under a dissecting microscope at 10-50x mag-
nification. To detect colonic mucosal follicles, resected colon
was washed in PBS, the tissue area was measured, the muscu-
laris propria removed with a scalpel and the mucosal surface
stained with 1% methylene blue (Neopharma, Aschgau/
Chiemgau, Germany). Follicles were cut free from adjacent
tissue, which was used as follicle-free control lamina propria
for parallel isolation of lamina propria mononuclear cells
(LPMC). At the beginning of our study, the identification/
dissecting procedure of follicles from ileum and colon was
evaluated by histology. For this purpose dissected follicles
were suspended in 0-9% NaCl and shock-frozen in liquid
nitrogen. Ten Um cryosections were air-dried and stained
with haematoxylin and eosin or with methylene blue.

After the correct identification of lymphoid follicles had
been established, dissected follicles were subject to isolation
of MC.

Isolation of MC from lymphoid follicles (LFMC) and
lamina propria (LPMC)

Follicle-free mucosa destined for LPMC isolation was cut into
smaller pieces of approximately 1 mm? These mucosa pieces
and the mucosal lymphoid follicles were incubated separately
for 30 min at 37°C in calcium- and magnesium-free Hanks’s
balanced salt solution, including 1 mM ethylenediamine
tetraacetic acid (Sigma-Aldrich, Miinchen, Germany) to
remove both epithelium and intraepithelial lymphocytes.
After washing, the follicle-free mucosal tissue was disrupted
mechanically into smaller pieces of approximately 0-1 mm®.

Human intestinal lymphoid follicles MC

Both fractions were incubated in RPMI-1640 medium sup-
plemented with 30 mM HEPES, 10% fetal calf serum (FCS),
100 U/ml penicillin, 100 pg/ml streptomycin, 50 pg/ml
gentamicin and 2-5ug/ml amphotericin (all from Bio-
chrom AG, Berlin, Germany), 0-1% collagenase type IV
(Sigma-Aldrich, Miinchen, Germany), 0-05% DNase I
(Roche Diagnostics GmbH, Mannheim, Germany) and
1 ul/ml  2-mercaptoethanol (Sigma-Aldrich, Miinchen,
Germany) at 37 °C in a humidified 5% CO, atmosphere for
3 h with continuous agitation and vortexed vigorously every
15 min. Remaining tissue aggregates were disrupted by slow
aspiration through a 19Gx3 1/2 needle (BSN Medical GmbH,
Hamburg, Germany) and finally removed by a 40 um
nylon cell strainer (Becton Dickinson GmbH, Heidelberg,
Germany). The resulting cell suspension was centrifuged at
600 g for 10 min in a 30% isotonic Percoll solution (Amer-
sham Biosciences, Uppsala, Sweden). The supernatant con-
taining epithelial cells and debris was discarded; the cell pellet
was washed and resuspended in RPMI-1640 medium. The
LPMC fraction additionally underwent Ficoll (Amersham
Biosciences) density centrifugation to remove erythrocytes.
More than 96% of the isolated cell population were MC. The
number of vital MC was counted in a Neubauer chamber with
trypan blue dye exclusion. Viability of leukocytes was more
than 90%. If sufficient cell numbers were obtained, generally
one set of phenotypical or functional analyses was performed
as described below.

Flow cytometry

For cytofluorometric analyses cells were preincubated in PBS
supplemented with 2% FCS with 2 ul Beriglobin (Aventis,
Strasbourg, France) and stained for 10 min at 4 °C using
saturating concentrations of the following antibodies: Alexa
405-conjugated anti-CD3 antibody (generous gift from A.
Scheffold, DRFZ, Berlin, Germany), allophycocyanin (APC)-
Cy7-conjugated anti-CD45 antibody, phycoerythrin (PE)-
Cy5-conjugated anti-CD4 antibody, PE-Cy7-conjugated
anti-CD8 antibody, PE-Cy7-conjugated anti-CD25 antibody,
APC-conjugated anti-CD62L antibody, APC-conjugated
anti-CD69 antibody, PE-Cy5-conjugated anti-CD38 anti-
body, APC-conjugated anti-human leucocyte antigen
(HLA)-DR antibody and fluorescein isothiocyanate (FITC)-
conjugated anti-yd T cell receptor antibody (all from Pharm-
ingen, Franklin Lakes, NJ, USA); PE-conjugated anti-CD103
antibody and anti-CD45R0 antibody (all from DakoCyto-
mation, Glostrup, Denmark); FITC-conjugated anti-CD33
antibody, PE-conjugated anti-CD1la antibody and PE-Cy7-
conjugated anti-CD20 antibody from Beckman Coulter
(Fullerton, CA, USA). Cell viability was assessed by 4,6-
diamino-2-phenylindole (DAPI) exclusion (0-1 pg/ml;
Calbiochem, Darmstadt, Germany), and viable leukocytes
defined as DAPI-negative and CD45-positive cells were analy-
sed in a Becton-Dickinson LSRII cytometer using FACS Diva
software (Becton Dickinson).
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Cell culture

The LFMC and LPMC were cultured at 100 000 cells per well
in 96-well U-bottomed plates (Nunclon Surface, Nunc,
Roskilde, Denmark) in 100 ul RPMI-1640 medium supple-
mented with 30 mM HEPES, 10% FCS, 100 U/ml penicillin,
100 pg/ml streptomycin, 50 pg/ml gentamicin and 2-5 pg/ml
amphotericin. Cells were stimulated with 1 pg/ml anti-CD3
(Becton Dickinson GmbH), cross-linked by goat anti-mouse
IgG (H+L) antibody (Caltag, Burlingame, CA, USA) and
co-stimulated with 1 ug/ml anti-CD28 antibody (Becton
Dickinson GmbH).

Proliferation assay

After 96 h incubation of LEMC and LPMC in duplicates as
described above, [’H]-thymidine, 0-5 uCi/well, was added
for another 6 h. Cells were lysed subsequently by freezing
and harvested onto filters. Filters were immersed in scintil-
lation fluid and incorporated radioactivity was quantified in
a beta counter (Wallac, Perkin Elmer, Rodgau-Jiigesheim,
Germany).

Cytokine concentrations in culture supernatants

Supernatants from 48 h culture as described above were col-
lected and stored at —80°C until analysis. Interleukin (IL)-2,
IL-4, IL-6, IL-10, tumour necrosis factor (TNF)-o and IFN-y
were quantified simultaneously by human Th1/Th2 cytokine
cytometric bead array kit according to the manufacturer’s
instructions using FACSCalibur cytometer and Cellquest
software (all from Becton Dickinson).

Statistical analysis

Results are given as median and range; differences were
tested for statistical significance by the Mann—Whitney

U-test and Wilcoxon signed-rank test, as appropriate.
For multi-parametric analyses, one-way ANOVA was used;
P < 0-05 was considered significant.

Results

Dissection of mucosal lymphoid follicles and yield of
LFMC from endoscopic ileum biopsies and resected
colon mucosa

We obtained six (median; range 2-12) biopsies from the
terminal ileum and 24 cm? (3-200 cm?) resected colon
mucosa per patient. In ileum biopsies lymphoid follicles
were identified readily at 10-30X magnification as protrud-
ing hemispheres devoid of villi, approximately 0-2-1-5 mm
in diameter (Fig. la). In the colon mucosa lymphoid fol-
licles were identified at 10-50x magnification as circular
structures of approximately 100-400 um in diameter,
which interrupted the otherwise regular pattern of crypts
(Fig. 1c). To confirm correct identification and preparation
several dissected mucosal follicles were cut and stained
immediately instead of being processed for cell isolation.
Follicles were found in seven of seven and eight of eight
specimens of ileum and colon, respectively (Fig. 1b and
d).

The ileum biopsies yielded two (0-10) follicles per patient
and the colon tissue 12 (0-117) follicles per patient
(P < 0-001, Fig. 2). No follicles were found in ileum biopsies
from 26 (30%) of 87 patients and in colon tissue from four
(6%) of 66 patients. Cell isolation yielded similar numbers of
LEMC per follicle from ileum or colon, but the number of
LEMC isolated per patient was higher from colon specimens
(Fig. 2), obviously because of the higher number of follicles
in the larger samples. Cell yield was independent of sex and
age of the patients (data not shown).

Fig. 1. (a) Micrograph of an ileum biopsy
(x20) containing a lymphoid follicle

(circle); (b) histological confirmation (x25,
haematoxylin and eosin stain). (c) Microscopic
view of a colon sample after methylene blue
staining (x20), the circle indicates a mucosal
lymphoid follicle; (d) histological confirmation

Lymphoid follicles 4
(x100).

Lamina
propria

Lymphoid follicl
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Fig. 2. Yield of follicles and lymphoid follicles mononuclear cells (LFMC) isolated from ileum (filled boxes) and colon (open boxes). Although the
numbers of LEMC per follicle were not different between colon and ileum, the total number of LEMC per patient that could be obtained from

ileum was severely limited, mainly because of restricted sample size. Values from 87 ileum and 66 colon specimens are presented as medians, shown

as black lines in the boxes. Lower and upper borders indicate 25th and 75th percentiles, lower and upper whiskers indicate the lowest and highest

values respectively; n.s., not significant.

At least 200 000 LFMC were recovered from 39% of all
ileum preparations and from 73% of colonic preparations; at
least 500 000 LFMC were obtained from 11% and 50% of
preparations from ileum and colon respectively. The number
of ileum biopsies per patient was higher in the second half of
the study period [seven (four to 12) versus four (two to eight);
P < 0-001], but the proportion of experiments yielding more
than 200 000 LEMC increased from 38% to only 43%, and the
proportion of preparations yielding more than 500 000
LFMC increased from 7% to only 19%.

Similar amounts of resected colon tissue were available
throughout the study, but in the second half of the study
period the percentage of experiments yielding more than
200 000 LEMC increased from 64 to 86% and the proportion
yielding more than 500 000 LFMC increased from 31 to 81%
of preparations.

Cytofluorometric analysis of MC isolated from
mucosal lymph follicles and adjacent lamina propria

In both LEMC and LPMC T cells were predominant, but B
cells were more and plasma cells (CD38°CD20"CD3") less
frequent in LFMC compared with LPMC (Table 1); the

Table 1. Cytofluorometric analysis of mononuclear cells (MC) isolated
from intestinal mucosal lymphoid follicles (LFMC) and adjacent lamina
propria (LPMC).

proportion of macrophages (CD33-positive) and dendritic
cells (CD1a-positive) was always below 1%. Additional stain-
ing for HLA-DR to detect antigen-presenting cells apart
from B cells (HLA-DR*CD20"CD3") confirmed the lack of
macrophages and dendritic cells in the isolated cell popula-
tion (data not shown). T cells from mucosal follicles were
more frequently CD4-positive and CD62L-positive, but less
frequently CD8-positive, CD103-positive and CD69-positive
than lamina propria T cells (Table 1).

Cell composition was similar in LFMC isolated from
ileum and colon (Table 2). However, the proportion of T
cells expressing CD103 was lower, and the proportion of T
cells expressing CD69 was higher in colon compared with
ileum LFMC.

Functional analysis of MC isolated from mucosal
lymph follicles and adjacent lamina propria

The LFMC and LPMC isolated from colon specimens were
cultured for 96 h with and without anti-CD3/CD28. Anti-
CD3/CD28-induced proliferation was not significantly dif-
ferent between LFMC and LPMC [stimulation index 4
(2-59) versus 9 (3—69); n =5 respectively].

Table 2. Comparison of lymphoid follicles mononuclear cells (LFMC)
isolated from ileum and colon mucosal lymphoid follicles.

LFMC LPMC Ileum Colon
(n=17) (n=17) (n=9) (n=38)
% of MC % of MC
T cells (CD3") 54 (20-69)" 53 (14-76) T cells (CD3") 43 (20-69)" 54 (41-62)
B cells (CD20%) 42 (18-46) 22 (10-47)* B cells (CD20%) 45 (24-57) 34 (18-64)
Plasma cells (CD38"CD20"CD3") 2 (0-5) 5 (2-18)* Plasma cells (CD38"CD20"CD3") 3 (0-5) 2 (0-4)
% of T cells % of T cells
CD4 61 (37-83) 49 (38-87)* CD4 59 (37-77) 69 (55-83)
CD8 12 (3-83) 18 (6-50)* CD8 13 (9-38) 12 (3-19)
Y0 T cell receptor 1 (0-6) 3 (0-14) Yo T cell receptor 1 (0-3) 3 (0-6)
CD62L 6 (2-16) 4 (0-10)* CD62L 6 (3-11) 6 (3-16)
CD103 12 (2-25) 28 (3-51)* CD103 15 (11-26) 8 (5-19)*
CD69 57 (21-90) 81 (20-100)* CD69 42 (21-84) 62 (49-90)*
CD25 8 (2-20) 8 (3-35) CD25 8 (5-20) 10 (2-14)
CD45RO 69 (37-90) 73 (66-95) CD45RO 66 (37-83) 71 (60-90)
*P < 0-01. "Median (range). *P < 0-05. "Median (range); MC, mononuclear cells.
© 2009 British Society for Immunology, Clinical and Experimental Immunology, 156: 232-237 235
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Immunohistochemical studies suggest that solitary and
aggregated mucosal follicles in the ileum are similar struc-
tures [17]. Both are not anatomically significantly different
from the solitary scattered mucosal follicles of the colon
indicating similar functions [16]. We found only minor phe-
notypical differences in LFMC from colon or ileum, and
both secreted predominantly Thl-type cytokines after CD3/
CD28 stimulation, with only IL-2 secretion higher in colon
compared with ileum LEMC. Increased IL-2 secretion could
be due to pre-activation by higher levels of luminal antigens,
which could also explain the increased expression of CD69
on colonic LEMC [18]. Although MC isolation was highly
effective, we cannot exclude that stromal or epithelial cells
may have contributed to the high levels of IL-6 secretion
measured in colon LPMC. Overall, we found no evidence for
strikingly different functions of LFMC between the small or
large intestine.

In contrast to mouse models [19-21], cells isolated from
children’s PP and restimulated with [-lactoglobulin or
casein exhibit a Thl response [9], probably because of the
presence of IL-12 [22]. The predominant secretion of Thl
cytokines after CD3/CD28 stimulation in our study suggests
that LFMC from both ileum and colon follicles in human
adults are similarly skewed. These findings are in line with
the recent report that Th1 responses to enteric infections in
mice require the presence of PP [8]. On the other hand, it
remains to be seen whether, as in mouse models [4,7], the
induction of oral tolerance in humans is independent from
lymphoid follicles.

In conclusion, we found that mucosal lymphoid follicles
can be identified clearly in adult human colon and yield
viable immune cells sufficient for phenotypical and func-
tional analysis. The cellular composition of LFMC from
ileum and colon is similar, and both secrete predominantly
Th1 cytokines.
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