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Abstract

In order to clarify difference of the mucosal immunity in various sites of normal large and
small intestines, we studied the population of lymphocyte subsets and immunoglobulin (Ig)-containing
cells in situ in biopsy specimens taken from various sites (ascending colon, sigmoid colon and
rectum) of the large intestine and from the duodenum using an immunohistochemical method.
Monoclonal antibodies against pan-T (Leu 1), cytotoxic/suppressor T (Leu2a), helper/inducer T
(Leu3a), suppressor T (Leul5) and natural killer/K (Leu7) cells, and polyclonal antibodies to hu-
man IgG, IgA and IgM were used. In the duodenum, intraepithelial lymphocytes (IELs) were more
prominent than in the large intestine. Immunoelectron microscopic observation revealed that some
Leu2a+ IELs possessed pseudopods extending into intestinal epithelial cells, indicating that some
IELSs belong to the cytotoxic T cell subset. Leu7+ IELs were scarcely observed and Leu7+/Leul+
ratio was higher in the large intestine than in the duodenum. Furthermore, the number of Leu7+
cells were more in the distal than the proximal colon. In the lamina propria Ig-containing cells
tended to be fewer in the rectum than in the duodenum and the proximal colon. Our findings may
suggest the variation of local immune responses and the difference of assigned immunological
functions among the various sites of the intestines.

KEYWORDS: cytotoxic T cell subsets, anti-Leu7(NK/K cells), immunoglobulin-containing cells,
intestinal mucosa
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Immunohistochemical Characterization of the Lymphocyte and the Immuno-
globulin-Containing Cell in the Epithelium and the Lamina Propria of Normal

Human Intestines

Kazuhiro Matsueda*, Gotaro Yamada and Takao Tsuji

First Department of Internal Medicine, Okayama University Medical School, Okayama 700, Japan

In order to clarify difference of the mucosal immunity in various sites of normal
large and small intestines, we studied the population of lymphocyte subsets and
immunoglobulin (Ig)-containing cells in situ in biopsy specimens taken from various
sites (ascending colon, sigmoid colon and rectum) of the large intestine and from the
duodenum using an immunohistochemical method. Monoclonal antibodies against
pan-T (Leu 1), cytotoxie/suppressor T (Leu2a), helper/inducer T (Leu3a), suppressor T
(Leul5) and natural killer/K (Leu7) cells, and polyclonal antibodies to human IgG, IgA
and IgM were used. In the duodenum, intraepithelial lymphocytes (IELs) were more
prominent than in the large intestine. Immunoelectron microscopic observation
revealed that some Leu2a* IELs possessed pseudopods extending into intestinal epi-
thelial cells, indicating that some IELs belong to the cytotoxic T cell subset. Leu7*
IELs were scarcely observed and Leu7*/Leul* ratio was higher in the large intestine
than in the duodenum. Furthermore, the number of Leu7* cells were more in the distal
than the proximal colon. In the lamina propria Ig-containing cells tended to be fewer
in the rectum than in the duodenum and the proximal colon. Our findings may suggest
the variation of local immune responses and the difference of assigned immunological
functions among the various sites of the intestines.

Key words : cytotoxic T cell, T cell subsets, anti-Leu7 (NK/K cells), immunoglobulin-containing
cells, intestinal mucosa

The incidence of large intestinal diseases such
as colorectal cancer, Crohn’s disease (CD) and
ulcerative colitis (UC) has been higher in Europe
and in the USA than in Japan. Recently, these
diseases have been gradually increasing in Japan
(1, 2). In these large intestinal diseases, there are
apparent difference of common sites of the lesion;
that is, the site of colorectal cancer is in the
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rectum and sigmoid colon, UC in the rectum, and
CD in the terminal ileum and ascending colon,
respectively. Many investigators have reported
on immunological abnormalities in the intestinal
mucosa in these diseases (3-8). Since various
differences (ie, nerves and vessel supplies, thick-
ness of the mucosa (9), and components of the
mucus in the goblet cells (10) are known between
the proximal and the distal colon, the im-
munological function could differ at various sites
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in the large intestine. These difference could
contribute to the distribution of the lesions of
these large intentinal diseases.

To clarify whether the immunity differs at
various sites of the normal intestinal mucosa, we
characterized the lymphocytes and the immuno-
globulin (Ig)-containing cells in the epithelium and
the lamina propria of normal human intestines in
situ using an immunohistochemical method.

Materials and Methods

Ten patients (6 males and 4 females: the large intes-
tine), and 8 patients (5 males and 3 females: the small
intestine) were studied. The age of the patients ranged
from 34 to 82 years (mean 55.1 + 14.8 years) and from
42 to 65 years (mean 54.3 1 7.3 years), respectively.
These patients underwent colonoscopy, or upper gastro-
intestinal endoscopy because of suspected colorectal
polyps of gastric ulcers. None of the patients revealed
evidence of apparent diseases, and no medication had
been administered. The specimens were obtained from
three sites (ascending colon, sigmoid colon and rectum) in
the large intestine, and one site (second portion of
duodenum) in the small intestine by endoscopic biopsy.
The specimens were obtained from the endoscopically
normal appearing mucosa and confirmed to be normal
histologically.

Antibodies. Following murine monoclonal anibodies
to various subpopulations of human lymphocytes (Leu
series, Becton Dickinson Monoclonal Center Inc. Sun-
nyvale, CA) were used: antibody to pan T cell antigen
(Leul), to cytotoxic/suppressor T cell antigen (Leu2a),
to helper/inducer T cell antigen (Leu3a), to suppressor T
cell antigen (Leul5), and to natural killer/K cells antigen
(Leu7). Fab’ fragments of rabbit antibody to mouse
immunoglobulins (absorbed by human immunoglobulins)
(DAPOPATTS, Copenhagen, Denmark) were conjugat-
ed with horseradish peroxidase (HRP) (Sigma Chemical
Co., St. Louis, Mo, type 4) according to the method of
Nakane et al (11). HRP-labeled rabbit Fab’ of immuno-
globulin G to human IgA (Hoechist Co.), human IgM
(DAKOPATTS) and human IgG (Hoechist Co.) were
prepared in the same way.

Immunocytochemistry. The tissue biopsies were
fixed in a periodate-lysine-paraformaldehyde (PLP) solu-
tion (12-16). Surface antigens of infiltrating lymphocytes
in the tissue were detected by an indirect immunocyto-
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chemical method (14-16). Cryostat sections (6um) of
the fixed tissue specimens were pretreated with periodic
acid and sodium borohydride in order to inactivate en-
dogenous tissue peroxidase (17). The sections were
incubated sequentially with each of the monoclonal anti-
bodies overnight, and with the HRP-labeled rabbit Fab’
anti-mouse immunoglobulins for 4h. For the detection of
Ig-containing cells, a direct immunocytochemical method
was used. The sections were incubated with HRP-
labeled Fab’ of anti-IgA, anti-IgM or anti-IgG for 15 min.
Then the sections were reacted with a diaminobenzidine
(DAB) solution containing hydrogen peroxide in addition
of 0.01M sodium azide (13) for 10min, counterstained
with methyl green, dehydrated, and mounted.

For immunoelectron microscopy, cryostat sections
were reacted with the antibodies in the same way as in the
light microscopic study. The sections were fixed with 2
% glutaraldehyde, and reacted sequentially with DAB
solution and DAB solution containing hydrogen peroxide,
dehydrated, embedded in Epon-Araldite, and ultrathin-
sections were observed without counterstaining under a
Hitachi-700H electron microscope.

Numbers of positive cells were counted for each mm
square of the lamina propria, and per thousand epithelial
cells in the epithelium in serial sections. Positive cells in
the lymph follicle were excluded from the enumeration.

Statistical analysis. The Student’s # test was used for
the statistical analysis.

Results

Intraepithelial Cells

Lymphocytes. In the duodenum, numbers of
T cells and lymphocyte subsets were significantly
higher (about 14 times) than in the large intestine.
The intraepithelial lymphocytes (IELs) were
mostly Leul* Leu2a® Leul5~ (Fig. 1a, b, o).
The number of Leu2a* cells wes 214 %+ 48,
whereas Leul5* cells were 20 = 8. Leu7” cells
were scarcely observed. In the large intestine,
most Leul® Leu2at IELs were also Leul5™
(Fig. 1d, e, f). The number of Leu2a* (Fig. 2a)
cells was 13+ 7, whereas Leul5™ cells 3 3.
Leu7/Leul” ratio was significantly higher in the
large intestine than in the duodenum. In the large
intestine, Leu7™* cells (Fig. 2b) were more promi-
nent in the distal than the proximal colon. The
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number of Leu7* cells was 4 £ 6 in the ascending
colon, 11 * 7 in the sigmoid colon, and 12+ 9 in
the rectum, respectively. The population of the T
cell subsets did not differ significantly among the
various sites of the large intestine (Table 1).

By electron microscopy, most of IELs were
specifically stained by anti-Leu2a, but not by
anti-Leul5. They were observed near the basal
portion of the epithelial cells (Fig. 3a). Small
pseudopods projecting from the surface of some
Leu2a® cells extended into epithelial cells (Fig.
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3b). Most of Leu2a* cells had round or oval
nuclei (Fig. 3c).

Ig-containing cells. In the epithelium, Ig-
containing cells were observed neither in the large
intestine nor in the small intestine.

Cells in the Lamina Propria
Lyphocyte subsets. In the lamina propria,

many Leul* cells were observed both in the
duodenum and the large intestine (Fig. 1a, d).
Leu3a™ cells dominated over Leu2a* cells, where-
as Leu7* cells were few.

Fig. 1 Immunocytochemical staining of Leul* (a), Leu2a* (b) and Leul5" (c) cells in the duodenum, and Leul* (d), Leu2a* {e) and
Leul5* (f) cells in the sigmoid colon (X 200). The number of Leul* cells are significantly higher in the duodenum than in the sigmoid
colon. IELs are mostly Leul* Leu2a* Leul5~. In the lamina propria, many Leul* cells are observed.
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In comparison of the large intestine with the
duodenum, numbers of Leul™ cells and Leu3a*
cells were not significantly different. In contrast,
Leu2a* cells were fewer in the sigmoid colon and
the rectum than in the duodenum and the prox-
imal colon. As a result, Leu3a'/Leu2a*ratio
tended to be higher in the sigmoid colon and the
rectum than in the duodenum and the proximal
colon. About half of Leu2a® cells were Leul5*
cells in the large intestine. Leu7" cells were also
significantly fewer in the large intestine than the

Matsueda et al.

duodenuum. Among the three sites of the large
intestine, numbers of T cell subsets and Leu7"
cells did not show significant differences (Table
2).

Ig-containing cells. In the lamina propria of
the large intentine as well as in the duodenum,
IgA* cells were predominant, and IgM* or IgG*
cells were scarcely observed (Fig. 4a, b, ¢). In the
large intestine, IgA" cells, IgM* cells and IgG*
cells were significantly fewer than in the duode-
num. Among the three sites of the large intestine,

Fig. 2 Immunocytochemical staining of Leu2a* (a) and Leu7* (b) cells in the epithelium of the sigmoid colon (X 400).
Table 1 Number of positive cells in intraepithelial lymphocytes (/1,0001ELs)
Large intestine
Duodenum
n=8) Total As. colon Sig. colon Rectum
(n=130) (n=10) n=10) (n=10)
Leul 206 + 49 151 7¢ 13 +5¢ 12 +5¢ 18 £ 10°
Leu 2a 214 + 48 13x£7° 12+ 6° 11 £5° 15+9°
Leu 3a 4529 3+k3° 2+1° 328 4+ 40
Leu 15 20%8 3+3¢ 2x1° 4+3¢ 5+ 4°
Leu 7 14+5 9*8 416 11+7 129
*
*
Leu 3a/Leu 2a 0.21 £0.10 0.28+0.25 0.18+0.11 0.30 £ 0.20 0.351+0.36
Leu 7/Leu 1 0.07 + 0.02 0.66 * 0.60° 0.32 £ 0.31¢ 0.94 +0.73° 0.66 * 0.60*
[ *
a: P <0.05 b: P <001 c:p <0.001 a, b, ¢; compared with duodenum (mean £ SD)
% : P < 0.05; for each site in large intestine. IELSs: intraepithelial lymphocytes. As. colon: asending colon; Sig. colon: sigmoid
colon.
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Fig. 3 Immunoelectron micrograph of Leu2a* cells (L) in the epithelium of the sigmoid colon. (a) Leu2a® cells are observed near
the basal portion of the epithelial cells (E). Positive reaction are localized in cell membrane (double-headed arrows) and in the endoplasmic
reticulum (ER) (X 6,000). (b) Small pseudopods (arrows) projecting from the surface of Leu2a* cells extend into epithelial cells (X 6,000).
(e) Leu2a* cells have round or oval nuclei (N) (X 4,800).

BM; basement membrane of the epithelial cells LP; cells in the lamina propria Bars = lum
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the number of Ig-containing cells varied greatly in  Djseussion
each case but tended to be smaller in the rectum

followed by the sigmoid colon and the ascending The functions of IEL in the human intestine is
colon in that order (Table 3). still controversial. In our study, the majority of
Table 2 Number of positive cells in Iamina propria (/mm?)
Large intestine
Duodenum
n=28) Total As. colon Sig. colon Rectum
{n=30) (n=10) n=10) (n=10)

Leul 901 £ 125 858 + 392 953 + 431 760 £ 432 861 318
Leu 2a 345+ 22 266 + 156° 328+ 178 239+ 119 233 £ 162¢
Leu 3a 636 * 105 543 + 267 583 + 292 532 £ 285 517 + 247
Leu 15 101 55 125 + 109 144+ 121 120 + 113 7879
Leu 7 88+ 26 48 * 30¢ 60 + 372 43+ 21°¢ 41 £ 29°
Leu 3a/Leu 2a 1.84 +0.25 257+ 181 1.98 + 0.96 2441115 3.28+2.71
a: P <0.05 b:P<0.01 ¢:p<0.001 a, b, c¢; compared with duodenum. (mean £ SD)
No significant difference was found among the sites in the large intestine. As. colon, Sig. colon; See Table 1.

Fig. 4  IgA (a), IgM (b) and IgG (c) containing cells in the lamina propria of the sigmoid colon. IgA containing cells are predominant

(X 200).
Table 3  Number of Ig containing cells in lamina propria (/mm?
Large intestine
Duodenum
(n=28) Total As. colon Sig. colon Rectum
(n = 30) [ =10) (0 =10) (0 =10)
IgA 1598 + 246 867 *+ 409¢ 1039 + 434° 805 + 382¢ 758 + 398°¢
IeM 399135 134 + 127¢ 208% 1892 114 = 69¢ 82 "_" 42¢
*

IeG 179 £ 48 116 £ 1252 172 + 1861 104 + 186 71*51¢
a: P <0.05 b: P <001 c:p <0.001 a, b, ¢; compared with duodenum. (mean * SD)

% : P <0.05; for each site in large intestine. As. colon, Sig. colon; See Table 1.
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the IEL. were Leul™ Leu2a’, and most were
Leul5™ in both the duodenum and the large
intestine. One would argue that the negative
reactivity of IEL to Leul5 antibody is due to loss
of antigenicity by the fixation which we used, but
we have already reported positive staining of
mononuclear cells by the same method used in
this paper (14 - 16). Furthermore, im-
munoelectron microscopic observation revealed
that some Leu2a® IELs possessed pseudopods
extending into intestinal epithelial cells. Leu2a
antigen is thought to be expressed on a
subpopulation of human T cells that perform
supressor and cytotoxic functions, and Leul5
antigen supressor antigens (18, 19). Therefore,
our findings suggest that some Leu2a™ cells in
IELSs may reflect a lymphocytotoxic process (20).
Some investigators (21-23) have reported no
cytotoxic activities in IELs. Trejdosiewicz et al
(24) showed that all CD8" IELSs in human colon
were not stained with anti-H366 antibody (25)
which recognizes a population of cytotoxic T cell
as well as NK/K cells, but not suppressor or
helper T cells. They suggest that human IELs
are mainly suppressor T cells rather than cytotox-
ic and might contribute to the development of
immunological tolerance to orally investigated
antigens. In contrast, Nauss et al (26) showed
that IELs in rat had natural killer cytotoxic
activity. Mowat et al (27) have identified both
cytotoxic T cell and NK cell activity of the IELs,
and suggest that these cells might play an impor-
tant role in mucosal defence against intracellular
organisms such as viruses or parasites. Further-
more, IELs, peripheral T lymphocytes and den-
dric epidermal cells have been recently shown to
express yd T-cell receptors (TCRs) (28-30).
Major functions of T cells bearing & TCRs are
reported to be cytotoxic, and these cells are
thought to be important in surveillance of abnor-
mal intestinal epithelia (31). Bonneville et al
(32) showed that IEL:s isolated from murine small
intestines were CD8" CD4~ and most of these
CD8" cells expressed yd TCRs. These observa-
tions are consistent with our data suggenting that

Produced by.The Berkeley Electronic Press, 1991
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the majority of IELSs consist of cytotoxic T cells.
We observed that the number of IELs was
significantly higher in the duodenum than the
large intestine in accord with others’ observations.
These findings might suggest that the immune
mechanism against various foreign antigens is
more highly activated, and IELs play a more
important role in mucosal defence in the small
intestine than in the large intestine.

Concerning the presence of Leu7* NK cells,
conflicting results have been reported. . Hirata et
al. (4) and Chiba et al (33) observed Leu7™ cells
in the eqithelium of the small and large intestine.
In contrast, Fiocchi et al (23) and Cerf-
Bensussan et al. (22) reported that IELs were
not stained with anti Leu7 antibody. In our
study, Leu7* IELs were observed, although
scarcely, and more in the distal than in the
proximal colon. The Leu7*/Leul* ratio was
apparently higher in the large intestine than in the
duodenum. The differences in these results may
be due to different fixation techniques. We used
PLP fixative which has given consistent results in
this kind of immunohistochemical work and is
believed to provide confident results (13-16).
Our results may suggest that the first line defense
mechanism in the intestine is more highly as-
signed to Leu7" NK cells in the large intestine
than in the duodenum.

IELs are normally found mainly along the
basement membrane of intestinal epithelial cells
(34, 35), suggesting that lymphocytes migrate to
the intraepithelial space from the lamina propria
by nonspecific diffusion (36). In our study, IELs
were indeed found along the basement membrane
of the epithelium. However, IELs were apparent-
ly more prominent in the duodenum than in the
large intestine, although in the lamina propria the
number of Iymphocytes was similar in both of the
large intentine and the duodenum. Moreover,
Ig-containing IELs were not observed either in
the small intestine or in the large intestine as in
others’ reports (3, 7), although about half of the
mononuclear cells in the lamina propria were
Ig-containing cells. These findings suggest the
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presence of specific mechanism for the migration
of lymphocytes from the lamina propria to the
intraepithelial space rather than nonspecific
diffusion.

In the lamina propria, IgA* cells were most
frequently observed among the Ig-containing cells
in the large intestine as well as the duodenum.
IgA*, IgM™* or IgG* cells were apparently less
common in the large intentine than in the duode-
num and tended to be less numerous in the
rectum than the ascending colon. These findings
are in accord with those of Crabbe et al (37) and
might indicate the diverse humoral immune
responses in the various sites of the intestine,
since secretory IgA and IgM are thought to act as
a first line of mucosal defense mechanism. Bijerke
et al (38) reported that IgG" cells were more
numerous in the appendix than in the colon and
preferentially accumulated adjacent to lymphoid
follicles, suggesting that IgG™ cells most likely
represent follicle derived B cells that have reached
terminal maturation locally. Since the appendix
has many lymphoid tissues, the appendix may
greatly contribute to the different distribution of
IgG-containing cells among the sites of the large
intestine.

In summary, our findings that the number of
lymphocyte subsets, Leu7* NK cells and Ig-
containing cells differed among the duodenum and
the various sites of the large intestine suggest
variaion of local immune responses, and
differences in assigned immunological functions
among the various sites of the intestines.
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