
SUMMARY

The presence of dendritic cells in human and
animal epithelium and subepithelial tissue is
demonstrated. The present study used human
ileal specimens, resected for carcinoma, and
revealed zinc iodide-osmium positive dendritic
cells in the crypts of Lieberkühn and throughout
the lamina propria. There were more cells in the
lamina propria than in the crypts. Dendritic cells
were polygonal with multiple short, thick pro-
cesses in the lamina propria and were triangular,
often with a single long process directed toward
the crypt lumen, in the crypts. The cells did not
have a typical, mature phenotype.
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INTRODUCTION

Luminal antigens penetrate the intestinal lamina
propria and interact with dendritic cells (DCs).
DCs are bone marrow-derived, thymus-indepen-
dent cells (Steinman and Nussenzweig, 1980);
they are immunostimulatory cells (Steinman,
1991) and can take up and present both orally
and intestinally administered antigens to naïve T
cells (Liu and MacPherson, 1991). DCs are capa-
ble of presenting peptides to virgin T cells and
initiating cell-mediated immunity to newly
encountered antigens. The capture and presen-
tation of antigens by DCs induces an immune

response (Colaco, 1999). DCs probably control T
cell responses in the gut wall. DCs are present in
organized lymphoid tissues and may also be pre-
sent in gut epithelium (Maric et al., 1996).

Zinc iodide-osmium (ZIO) has been used to
identify DCs in human and animal tissues (Mis-
hima and Miller-Miniska, 1961; Crocker and
Hopkins, 1984; Chandi et al., 1988, 1989; Dag-
deviren et al., 1994; Breathnach and Goodwin,
1965; Niebauer et al., 1969; Rodriguez and Caor-
si, 1978; Hart and Fabre, 1981; Sertle et al., 1986;
Prickett et al., 1988; Steinman, 1991; Abraham et
al., 1996, 2000; Indrasingh et al., 2001, 2002,
2003; Koshy et al., 2003a,b).

DCs have been found in human digestive
tract tissues, oesophagus (Al Yassin and Toner,
1976), tonsil (Crocker and Hopkins, 1984; Chan-
di et al., 1988, 1989; Noble et al., 1996; Papado-
poulos et al., 1999; Indrasingh et al., 2002), liver
(Prickett et al., 1988), and colon (Pavli et al.,
1996; Indrasingh et al., 2003).

Since human ileum has not been studied in
detail and contains aggregated lymphatic folli-
cles (Peyer’s patches), the present study was
carried out to demonstrate, using zinc iodide-
osmium, the morphology and distribution of
DCs in the human ileum.

MATERIALS AND METHODS

Full-thickness specimens of ileum were obtained
from patients undergoing surgery for cancer (n =
2) at the Christian Medical College Hospital. The
tissue pieces were immersed in a solution of
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veronal-buffered zinc iodide-osmium tetroxide,
pH 7.4 (Figueroa and Caorsi, 1980) for 48 hours
at 4oC in the dark, washed in distilled water,
dehydrated in graded ethanol, cleared in xylene,
and embedded in paraffin wax. Serial sections of
seven-micron thickness were cut and the sec-
tions were transferred to glass slides, deparaffi-
nised, mounted in Canada balsam, without
counter staining (Chandi et al., 1988; Abraham et
al., 1996; Indrasingh et al., 2001), and viewed
under a light microscope.

RESULTS

ZIO-positive DCs were located in the crypts of
Lieberkühn and throughout the lamina propria.
There were more DCs in the lamina propria than
in the crypts (Fig. 1). The cells were polygonal
in the lamina propria and had multiple short,
thick dendritic processes, and were triangular in
the crypts and showed a single long process
directed toward the lumen of the crypt (Fig. 1).
Where infiltration of lymphocytes from lymphoid

follicles in the submucosa to the lamina propria
occurred, a few ZIO-positive polygonal DCs
with multiple processes, - possibly follicular den-
dritic cells (FDC) - were present (Fig. 1). DCs
had a distinctive distribution pattern; they for-
med a reticular framework throughout the lami-
na propria and beneath the basement membrane
of the crypts (Fig. 1).

DISCUSSION

ZIO has been extensively used to identify DCs.
Cellular reactivity to ZIO is attributed to certain
reducing substances such as catecholamines and
ascorbic acid (Stockinger and Graf, 1965) and to
lipid moieties unmasked from lipoprotein (Nie-
bauer et al., 1969). The ZIO technique, with a
marked deposition of reaction product in the
mitochondrial granules, probably indicates the
presence of lipids and/or precursor proteins
(Taffarel et al., 1984).

DCs initiate immune reactions in lymphocytes
and handle antigens (Nossal et al., 1968; Veer-
man and van Rooijen, 1975). Penetration of the
gut mucosa by pathogens is believed to occur
mainly through M cells located in Peyer’s pat-
ches; bacterial uptake in the mucosal tissues of
the gut is also mediated by DCs (Rescigno et al.,
2001) by making intercellular adhesive links with
epithelial cells, thereby preserving the integrity
of the gut barrier. DCs can penetrate the epithe-
lium to directly take up bacteria from the gut
lumen without compromising the barrier func-
tion of the gut (Collins, 2002).

DCs form a reticular framework throughout
the lamina propria and beneath the basement
membrane of the crypts in the colon (Pavli et al.,
1996). The reticular framework is present in skin
(Hume et al., 1983) and in the large airways of
the lung (Holt et al., 1989). A similar pattern was
seen also in the human ileum in the present
study. Indrasingh et al. (2002) differ from Pavli et
al. (1996) in not finding the reticular framework
pattern in human colon.

The stimulated release of DCs from intestine
may be important in regulating antigen presen-
tation in lymph nodes draining inflammatory
sites (MacPherson et al., 1995). DCs were locali-
zed in the subepithelial dome region of Peyer’s
patches and are detectable in inflamed ileal
mucosa in active Crohn’s disease (de Baey et al.,
2003). In Peyer’s patches, DCs have been detec-
ted in the interfollicular regions and in clusters of
cells in the subepithelial dome regions (Jameson
et al., 2002). DCs may regulate intestinal immu-
nity but remain poorly characterized (Bell et al.,
2001). In human colon, polygonal DCs did not
show processes and the triangular cells showed
one or two processes; the processes were thin
and short; the DCs did not have a typical, matu-
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Fig. 1.- Triangular dentritic cell with a single long, thick process
in the crypt (black arrow); polygonal dendritic cell with
short, thick multiple processes in the lamina propria
(long black arrow). ZIO; a few DCs (white arrow) at the
site of infiltration of lymphocytes (L) from lymphatic
follicles in the submucosa into the lamina propria;
reticular framawork pattern of the dendritic cells (*) x290.



re phenotype (Indrasingh et al., 2002). The pre-
sence of triangular DCs, with their thick, long
process directed toward the lumen of the crypt
found in this study, as in the colon (Indrasingh
et al., 2003) is probably a human characteristic.

The production of immunosuppressive fac-
tors is one of the mechanisms by which tumors
evade immunosurveillance; primary tumors
negatively impact DC development (Sombroek
et al., 2002). DCs can be used as immunothera-
peutic agents for cancer and in relation to the
pathogenesis of human immunodeficiency virus
(HIV) infection (Barratt-Boyes et al., 1996; Morse
and Lyerly, 1998; Gilboa et al., 1998; Hermans et
al., 1998; Nestle and Burge, 1999; Avigan, 1999;
Timmerman and Levy, 1999; Melaro et al., 1999;
Esche et al., 1999; Kershaw et al., 2001; Ikeda et
al., 2001; Nair et al., 2002).

It is possible that the presence of DCs in the
ileum is to respond to orally ingested antigens
and commensal bacteria. DCs are probably the
major antigen- presenting cells of the ileal lami-
na propria and play an important role in the
immunological pathogenesis of ileal inflamma-
tion, as in the colon (Kimura and Morise, 1990;
Pavli et al., 1996). The distribution of DCs in the
mucosa of the ileum as seen in this study, is
important because of the antigens that enter
through mouth and because of the presence of
intestinal bacteria. DCs are potent stimulators of
primary T cell responses (Steinman, 1991).
They reside in the interstitium of many tissues
and the epithelium of mucosa, where they take
up and process both soluble and particulate
antigens. Following exposure to antigens, DCs
mature and develop potent immunostimulatory
activity whilst migrating to draining lymphatic
follicles and nodes; there, they interact with T
cells to initiate T cell responses (Pavli et al.,
1996).

ACKNOWLEDGEMENTS

The authors thank Dr Aravindan Nair for provi-
ding and permitting us to use the ileum speci-
mens resected during surgery for cancer from
patients and the Fluid Research Committee of the
Christian Medical College for funding this study.

REFERENCES

ABRAHAM S, INDRASINGH I, VETTIVEL S and CHANDI G (1996).
Zinc iodide-osmium positive decidual and dendritic
cells in normal human decidua. J Anat Soc India, 45: 97-
100.

ABRAHAM S, INDRASINGH I, VETTIVEL S and CHANDI G (2000).
Gross morphology and ultrastructure of dendritic cells
in the normal human decidua. Clin Anat, 13: 177-180.

AL YASSIN T and TONER PG (1976). Langerhans cells in the
human oesophagus. J Anat, 122: 435-445.

AVIGAN D (1999). Dendritic cells: Development, function
and potential use for cancer immunotherapy. Blood Rev,
13: 53-64.

BARRAT-BOYES SM., HENDERSON RA and FINN OJ (1996). Chim-
panzee dendritic cells with potent immunostimulatory
function can be propagated from peripheral blood.
Immunol, 87: 528-534.

BELL SJ, RIGHTY R, ENGLISH N, MANN SD, KNIGHT SC, KAMM MA
and STAGG AJ (2001). Migration and maturation of
human colonic dendritic cells. J Immunol, 166: 4958-4967.

BREATHNACH AS and GOODWIN D (1965). Electron microscopy
of guinea-pig epidermis stained by the osmium-iodide
technique. J Anat, 100: 159-172. 

CHANDI G, INDRASINGH I and SRIDHARAN G (1988). Dendritic
cells in tonsillar epithelium. J Anat Soc India, 37: 181-185.

CHANDI G, INDRASINGH I and CHANDI SM (1989). Electron
microscopic demonstration of Langerhans cells in
human tonsillar epithelium. Clin Anat, 2: 271-276.

COLACO CA (1999). Why are dendritic cells central to cancer
immunotherapy? Molr Med Today, 5: 14 -17.

COLLINS JE (2002). Adhesion between dendritic cells and
epithelial cells maintains the gut barrier during bacterial
sampling. Gut, 50: 449-450.

CROCKER J and HOPKINS M (1984). Histiocytes and dendritic
reticulum cells shown by a zinc iodide-osmium techni-
que. J Clin Pathol, 37: 620-627.

DAGDEVIREN A, ALPM H and ORS U (1994). New application
for the zinc iodide-osmium tetroxide technique. J Anat,
184: 83-91.

DE BAEY A, MENDE I, BARETTON G, GREINER A, HARD WH,
BAEUERLE PA and DIEPOLDER HM (2003). A subset of
human dendritic cells in the T cell area of mucosa-asso-
ciated lymphoid tissue with a high potential to produce
TNF-alpha. J Immunol, 170: 5089-5094. 

ESCHE C, GAMBOTTO A, SATOH Y, GEREIN V, ROBBINS PD, WAL-
KINS SC, LOTZE MT and SHUNN MR (1999). CD 154 inhi-
bits tumor-induced apoptosis in dendritic cells and
tumor growth. Eur J Immunol, 29: 2148-2155.

FIGUEROA CD and CAORSI I (1980). Ultrastructural and morp-
hometric study of the Langerhans cell in the normal
human exocervix. J Anat, 131: 669-682.

GILBOA E, NAIR SK and LYERLY HK (1998). Immunotherapy of
cancer with dendritic-cell-based vaccines. Cancer
Immunol Immunotherapy, 46: 82-87.

HART DNJ and FABRE JW (1981). Demonstration and charac-
terization of la-positive dendritic cells in the interstitial
connective tissue of the rat heart and other tissues, but
not brain. J Exp Med, 153: 347-361.

HERMANS IF, RAWSON MP, RONCHESE F and RITCHIE DS (1998).
The emerging role of the dendritic cell in novel cancer
therapies. New Zealand Med J, 111: 111-113.

HUME DA, ROBINSON AP, MACPHERSON GG and GORDON S
(1983). The mononuclear phagocyte system of the mouse
defined by immunohistochemical localization of antigen,
F4 80: relationship between macrophage, Langerhans
cells, reticular cells and dendritic cells in lymphoid and
haemopoietic organs. J Exp Med, 158: 1522-1536.

IKEDA Y, AKBAR F, MATSUI H and ONII M (2001). Characteri-
zation of antigen-presenting dendritic cells in the perip-
heral blood and colonic mucosa of patients with ulce-
rative colitis. J Gastroenterol Hepatol, 13: 841-850.

INDRASINGH I, ABRAHAM S and VETTIVEL S (2001). Zinc iodide
osmium-positive cells and dendritic cells in stratified squa-
mous epithelium of lip, tongue, and oesophagus of Bon-
net monkey (Macaca radiata). J Anat Soc India, 50: 34-36.

INDRASINGH I, ABRAHAM S and VETTIVEL S (2002). A light and
electron microscopic appearance of Langerhans cell

Dendritic cells in the human ileum: A light microscopic zinc iodide-osmium study

129



(LC) in human tonsil surface epithelium: A zinc iodide-
osmium study. J Anat Soc India, 51: 156-158.

INDRASINGH I, KOSHY S and VETTIVEL S (2003). Morphology
and distribution of human colonic dendritic cells: A light
microscopic zinc iodide-osmium study. J Anat Soc India,
52: (In press).

JAMESON B, BARIHAND F, POHLMANN S, GHAVIMI D, MORTARI F,
DOMS RW and IWASAKI A (2002). Expression of DC-SIGN
by dendritic cells of intestinal and genital mucosae in
humans and rhesus macaques. J Virol, 76: 1866-1875.

KHERSHAW MH, HSU C, MONDESINE W, PARKER LL, WANG G,
OVERWIJK WW, LAPOINTE R, YANG JC, WANG RF, RESTIFO NP
and HWU P (2001). Immunization against endogenous
retroviral tumor-associated antigens. Cancer Res, 61:
7920-7940.

KIMORA M and MORISE K (1990). Immunohistochemical stu-
dies of ulcerative colitis – expression of HLA-DR antigen
by colonic epithelium and the role of dendritic cells in
the lamina propria. Nippon Shokakibyo Gakkai Zasshi,
87: 187-194.

KOSHY S, INDRASINGH I and VETTIVEL S (2003a). Dendritic cells
in the tongue and oesophagus of laboratory guinea pig,
rat and rabbit: a light microscopic zinc iodide-osmium
study. Eur J Anat, 7: 9-13.

KOSHY S, INDRASINGH I and VETTIVEL S (2003b). Dendritic cells
in the airways of laboratory guinea pig and rabbit: A
light microscopic zinc iodide-osmium study. J Anat Soc
India, 52: (In press).

LIU LM and MACPHERSON GG (1991). Lymph-borne (veiled)
dendritic cells can acquire and present intestinally admi-
nistered antigens. Immunol, 73: 281-286.

MACPHERSON GG, JENKINS CD, STEIN MJ and EDWARDS C
(1995). Endotoxin-mediated dendritic cell release from
the intestine. Characterization of released dendritic cells
and TNF dependence. J Immunol, 154: 1317-1322.

MARIC I, HOLT PG, PERDUE MH and BIENENSTOCK J (1996). Class
II MHC antigen (Ia)-bearing dendritic cells in the epithe-
lium of the rat intestine. J Immunol, 156: 1408-1414.

MELANO I, DUARTE M, RIUZ J, SANGRO B, GALOFRE J, MAZZOLINI

G, BUSTOS M, QLAN C and PRIETO J (1999). Intratumoral
injection of bone-marrow derived dendritic cells engi-
neered to produce interleukin –12 induces complete
regression of established murine transplantable colon
adenocarcinomas. Gene Therapy, 6: 1779-1784. 

MISHIMA Y and MILLER-MVINISKA A (1961). Junctional and
high level dendritic cells revealed with osmium iodide
reaction in human and animal epidermis under condi-
tions of hyperpigmentation and depigmentation. J Invest
Dermatol, 37: 107. 

MORSE MA and LYERLY HK (1998). Immunotherapy of can-
cer using dendritic cells. Cytokines Cell Mol Therapy, 4:
35-44.

NAIR SK, MORSE M, BOCZKOWSKI D, CUMMING RI, VASOVIC L,
GILBOA E and LYERLY HK (2002). Induction of tumor-spe-
cific cytotoxic T lymphocytes in cancer patients by auto-
logous tumour RNA-transfected dendritic cells. Annals
Surg, 235: 540-549.

NESTLE FO and BURGE G (1999). Dendritic cells: Role in skin
diseases and therapeutic applications. Clin Exp Derma-
tol, 24: 204-207.

NIEBAUER G, KRAWCZYK WS, KIDD RL and WILGRAM GF (1969).
Osmium zinc iodide reactive sites in the epidermal Lan-
gerhans cell. J Cell Biol, 43: 80-89.

NOBLE B, GORHEN J, FRANKEL S, ROSSMAN J and BRODSKY L
(1996). Microanatomical distribution of dendritic cells in
normal tonsils. Acta Otolaryngol Suppl Stockh, 523: 94-97.

NOSSAL GJV, ABBOT A, MITCHELL J and LUMMUS Z (1968). Anti-
gens in immunity. XV. Ultrastructural features of antigen
capture in primary and secondary lymphoid follicles. J
Ex Med, 127: 277-290.

PAPADOPOULAS EJ, SASSETTI C, SAEKI H, YAMADA N, KAWAMURA

T, FITZHUGH DJ, SARAF MA, PAVLI P, HUME DA, VAN DE POL

E and DOE WF (1993). Dendritic cells, the major anti-
gen-presenting cells of the human colonic lamina pro-
pria. Immunol, 78: 132-141.

PAVLI P, MAXWELL L, VAN DE POL E and DOE WF (1996). Dis-
tribution of human colonic dendritic cells and macrop-
hages. Clin Exp Immunol, 104: 124-132.

PRICKETT TCR, MCKENZIE JL and HART DNJ (1988). Characte-
rization of interstitial dendritic cells in human liver.
Transplantation, 46: 754-761.

RESCIGNO M, URBANO M, VALZASINA B, FRANCOLINI M, ROTTA G,
BONASIO R, GRANUCCI F, KRAEHENBUHL JP and RICCIARDI-
CASTAGNOLI P (2001). Dendritic cells express tight junc-
tion proteins and penetrate gut epithelial monolayers to
sample bacteria. National Immunol, 2: 361-367.

RODRÍGUEZ EM and CAORSI I (1978). A second look at the
ultrastructure of the Langerhans cell of the human epi-
dermis. J Ultrastruct Res, 65: 279-295.

SAMBROEK CC, STAM AG, MASTERSON AJ, LOUGHEED SM, SCHA-
KEL MJ, MEYER CJ, PINNEDO HM, VAN DEN EERTWEGH AJ,
SCHEPER RJ and DE GRUIJI TD (2002). Prostanoids play a
major role in the primary tumor-induced inhibition of
dendritic cell differentiation. J Immunol, 168: 4333-4343.

SERTLE K, TAKEMURA T, TSCHACHLER E, FERRANS VJ, KALINER MA
and STEINMAN RM (1991). The dendritic cell system and
its role in immunogenecity. Annual Rev Immunol, 9:
271-296.

STEINMAN RM and NUSSENZWEID MC (1980). Dendritic cells:
Features and functions. Immunol Rev, 53: 127-147.

STOCKINGER I and GRAF J (1965). Electronenmikroskopische
Analyse der osmium-zinkiodid methode. Mikroskopie,
20: 16-35.

TAFFAREL M, ATTLAS M and MACHADO RD (1984). Mitochon-
drial granules in electrophorus electricus: a cytochemi-
cal approach. J Submicroscopic Cytol, 16: 487-494.

TIMMERMAN JM and LEVY R (1999). Dendritic cell vaccines for
cancer immunotherapy. Annual Rev Med, 50: 507-529.

VEERMAN AJP and VAN ROOIJEN N (1975). Lymphocyte cap-
ping and lymphocyte migration as associated events in
the in vivo antigen-tapping process. An electron micros-
copic autoradiographic study in the spleen of mice. Cell
Tissue Res, 161: 211-217.

S. Koshy, I. Indrasingh and S. Vettivel

130


