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THE HAMSTER CHEEK POUCH: AN IMMUNOLOGICALLY PRIVILEGED SITE

SUITABLE TO THE STUDY OF GRANULOMATOUS INFECTIONS

M. S. P. de ARRUDA (1) & M. R. MONTENEGRO (2)

SUMMARY

The hamster cheek pouch is an invagination of oral mucosa, characterized histologically as
skin-like, In this paper we deseribe anatomical, histological and embriological features of the
pouch and coment on the pouch as an immunologically privileged site since it lacks lymphatic
drainage and has few Langerhans cells. We present the review from literature and our observations
after inoculation in the pouch of mycobacteriac (BCG. Mycobacterium tuberculosis and Mycobac-
teritm leprae) and a lungus (Paracoccidioides brasiliensis). Lesions in the pouch were granuloma-
tous but smaller and long lasting; even granulomatous, the reaction was inclficient to control the
proliferation of agents compared with inoculation in other sites, except for BCG. Appearance of
immunity was also delayed or absent and, when it was detected, a sharp decrease in number of
agents in pouch lesions was observed. These observations make the pouch an interesting site for the
study of the role of immune system in infeccious discases and in granuloma formation.

KEYWORDS: Hamster cheek pouch - development; Inflammatory reactions: Leprosy: Para-
coccidioidomycosis: granuloma; Mycobacterium leprae.

INTRODUCTION

Normal and malignant tissues transplanted to his-
toincompatible hosts are usually rejected. Time and
intensity of rejection depend basically on immunoge-
netic disparity between donor and host. However,
there are some anatomical sites in which incompatible
grafts survive for longer periods ol time, so called
immunologically privileged sites®. An example and
may be the most effective and intensively studied is
the hamster cheek pouch (HCP), a food storage place,
that has been used in several biomedical experi-
ments®.

The HCP is an invagination of the oral mucosa
that extends 3-6 cm caudally under the skin shoulders
(Fig. 1). It originates as two solid ingrowths ol non-
differentiated cells from the oral epithelium that reach
definitive form only at the second week after birth'.

In the foctus, the rudiment of the HCP appears as a
bow-shaped arca ol oral epithelium, caudal to the junc-
tion of the anterolateral parts ol the maxillary and man-
dibular arches. At birth, this ingrowth becomes a leallike
structure that grows not only caudally, but also dorsally
and ventrally and remains attached to the check by a nar-
row pedicle which eventually becomes the neck of the
pouch. At day 5, the central cells of this solid rudiment
accumulate large amounts of glycogen before differentia-
tion as stratum spinosum cells; central cluster ol cells
containing granules ol keratohyalin initiates the stratum
granulosum. Later, they become keratinized and loose
cohesion with the formation ol intercellular gaps that co-
alesce to form a central lumen that opens into the oral
cavity. At day 10, connective tissue and groups of striat-
ed muscle fibres surround this epithelial growth!”.
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FIGURE 1 - Dissected cheek pouch ol hamster; proximal (ar-
row head) and distal (arrow) portions.

By day 12, the stratified keratinized HCP epitheli-
um, is supported by a tough, compact connective tissue,
the dermis. Beneath the dermis, there is a loose, highly
vascularized connective tissue containing groups of
smooth muscle fibers limited to the middle and proxi-
mal segments of the pouch®'"*2, No glands are present
in the pouch, but it is rich in mast cells'"*46, The single
layer HCP microvasculature presents numerous anasto-
moses and it is mainly supplied by branches from the
external carotid artery'. Loosely packed areolar con-
nective tissue surrounds the walls of the pouch and
merge into the surrounding structures allowing the
pouch to be readily inverted or pulled out in anesthe-
tized animals for easy access Lo its mucosa®,

The small degree of differentiation of the HCP epi-
thelial tissue at birth allows its growth in organ culture
system™ and its use in vitro studies of factors influenc-
ing differentiation and promoting metaplasia or neopla-
sia!?3136 Furthermore, since the HCP is easily everted
with its blood supply intact, it is also usefull in intravital
microscopic”*, drug action on microcirculation'!'7,
thrombus formation®, immune complex-mediated in-
flammatory reactions'”, inflammatory mediators®® and
immediate-type mast cell-dependent inflammation*
studies. The more interesting property of HCP is, howev-
er, its capacity in maintaining allografts of normal and
malignant tissues for a long period, around 120 days,
providing evidence that HCP is an immunologically
privileged site?.

THE HCP AS A IMMUNOLOGICALLY
PRIVILEGED SITE

There is considerable evidence that in HCP, as in
other places where grafts survive, the immunological
tolerance is a consequence of the absence of lymphatic
drainage, since the initial lymphocyte activities, as anti-
gen recognition and interaction with other cells occur in
the draining lymph nodes®*.

304

Although LINDERMAN & STRAULI (1968),
have described lymphatic vessels in the HCP histologi-
cally, several other authors were unable to demonstrate
lymphatic routes from HCP. SHEPRO et al.*, consid-
ered the superficial cervical node as the pouch regional
lymph node because of its proximity to the HCP but not
by the demonstration of any direct lymphatic drainage.
These authors by injecting tritiated Escherichia coli and
T, phage into HCP reported that, this agents or their an-
tigens came out from the pouch, but did not pass
through a regional node before spreading systemically.

BARKER & BILLINGHAM (1971)%, injecting the
dye Patent Blue V into HCP, also failed to reveal any
lymphatic drainage from the pouch. Furthermore, they
demonstrated that, when suspensions of viable lymph
node cells from specifically sensitized donors were in-
oculated into the skin of thorax, a hypertrophy of the
draining lymph nodes occurred. However, similar cellu-
lar suspension inoculated into HCP, did not evoke re-
gional lymphadenopathy, indicating the lack of path-
ways to the lymph nodes from the pouch.

GOLDEMBERG (1970)' has identified ferritin in
the ipsilateral, submental lymph nodes by histochemical
staining, 24 hours after the iron compound had been inoc-
ulated into the HCP; nevertheless, the amount of ferritin
that reached the lymph nodes was much smaller and the
time necessary for accumulation was 10 times longer than
showed in the case of extrapouch inoculation. More re-
cently, BIJOVSKY el al. (1984)" refered to the presence
of lymphatic vessels in the musculature of the base of the
pouch. When the authors inoculated Trypanosoma cruzi
into the membranous portion of the pouch, a large number
of parasites could be detected until 15 days post-
inoculation and the inflammatory infiltrate with a focal
distribution was seen. In contrast, when the parasites
were inoculed in the footpad, the infiltrate was diffuse
and no parasites were detected. Moreover, the dissemina-
tion to other tissues occurred 7 days later in animals inoc-
ulated into the pouch when compared with those inoculed
in the footpad. Since there are indications that the muscu-
lature of the base of the pouch presents lymphatic vessel
together with the observation of amastigotes in this site,
they suggested that the parasites could have reached the
lymphatic drainage by spreading through the connective
tissue of the pouch and not through direct lymphatic
drainage. On the other hand, SINHORINI et al. (1994)*3,
injected Indian ink into the subepithelial connective tis-
sue of the pouch and into the superior lips of the hamster.
Twenty-four and forty-eight hours later, the animals inoc-
ulated into the lips exhibited large quantities of the carbon
particles in subcapsular and medullar sinus of the nodes;
in animals inoculated into the pouch, however, no single
particle was observed in the regional node. Similarly,
when BCG was inoculated into the HCP or lips of the
hamsters, the regional lymph nodes of animals injected
into the pouch did not increase in weigh, whereas the in-
crease in weigh was observed in the regional lymph nodes
of the animals inoculated in the lips.
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Although not completely conclusive, the available
literature supports the hypothesis that the long survival
of the grafts in the pouch is related to paucity or lack ol
lymphatic drainage. )

In addition, significantly fewer Langerhans cells
(LC) have been observed in HCP?, Epidermal LC are re-
garded as the primary antigen presenting cells in the
mammalian skin. Circunstantial evidence showed that
LC play an important role in the induction of immunity
to cutaneous antigens. Presumably, they take antigens
from the epidermal skin compartment where they nor-
mally reside and migrate across the dermal-epidermal
junction where the T-cell sensitization is initiated either
in the dermis or in the regional lymph nodes* ", BERG-
STRESSES et al. (1980)7, carried studies involving LC
in the back, ear and pouch of the hamster. In the pouch,
the surface density of LC were reduced 5 to 10 time.
Since LC were absent [rom the central portion of the
cornea, another immunological privileged site, it is pos-
sible that decreased LC surface density may contribute
to the immunological tolerance observed in the pouch.

KAPLAN & STREILEIN (1974)%, proposed that
in sites without evident lymphatic routes, antigens may
escape through the blood capillaries without passing
through lymph nodes; as a consequence, the initial anti-
gen exposure 1o the host occurs predominantly in the
spleen. In this case instead of effective cell-mediated
and antibody-mediated immune responses, the response
elicited might be suppressive favouring the cscape of
antigen rather than its destruction. Consequently, the
tolerance afforded by HCP could be the result of paucity
of residual LC, that allows antigen to pass through the
epithelium without immunological ellective presenta-
tion plus absence of lymphatic drainage and the spread
of antigen through the vascular system leading to a su-
pressive response?’ 4243,

Because of all these features, the HCP has been
used in the study of host-parasite interaction, involving
inflammatory reactions supposed to be mediated by the
immune response. In addition, it has been used in the in-
vestigation of the role of lymphatic route in the spread-
ing of parasites.

THE HCP AS SITE FOR THE STUDY OF
GRANULOMATOUS REACTION

The granuloma is the morphological substrate of
several diseases as tuberculosis, leprosy and many decp
mycosis, suggesting that granulomas play an important
role in the host's defense mechanisms. Therefore, it is of
interest to study the mechanisms of granuloma forma-
tion and the killing capacity ol the mononuclear cells in
the parasitic granulomas.

ADAMS' refered that the development of a granu-
lomatous lesion can be divided into three steps: 1. infil-
tration by young mononuclear cells; 2. aggregation,
maturation and organization of these cells into a mature

granuloma and, 3. further maturation of these cells into
cpithelioid cells, resulting in the epithelioid granuloma.

The exact mechanism that leads the mature granu-
loma to transform into epithelioid one is not clear. There
are arguments that Favour the hypothesis that they are
related to delayed type hypersensitivity (DTH) reactions
but, inert particles and immune complexes may also
evoque this type of reaction'*?, Furthermore, epithelioid
granulomas can be induced in athymic or immunossu-
pressed animals!132 14,

Since immunosupressed or athymic animals may
display other metabolic defects that can influence their
responses Lo infection™, the HCP is a good alternative
for evaluation of the role of immune mechanism in the
pathogenesis and evolution of the granuloma in immu-
nological intact animals.

SINHORINI et al. (1994, used the HCP 1o inves-
tigate the influence ol lymphatic drainage on the devel-
opment ol Bacillus Calmette-Guérin  (BCG)-induced
granuloma. They inoculated the bacteria into the pouch
and into the footpad, an arca rich in lymphatics. Al-
though typical epithelioid granulomas developed in both
sites, the footpad granuloma were highly cellular and
persisted Tor longer periods of time, whereas the pouch
granulomas were smaller and decreased in volume with
time. The inoculation of BCG into the footpad of ani-
mals with granuloma in the pouch, reactivated the lesion
in the pouch. Furthermore, the PPD test was positive in
hamsters inoculated in the footpad, while it was always
negative in hamster inoculated in the pouch. Their re-
sults provide additional evidence that contact of the bac-
terial antigens with the regional lymph node is essential
to sensitize the animal and that the epithelioid granu-
lomatous response to BCG may developd in the absence
ol specitic DTH. The bacillary load control in the le-
sions also was not under the influence ol DTH, since af-
ter 41 days of the inoculation, the number of bacteria ci-
ther in the Tootpad or in the pouch was the same. Thus,
macrophages, without the interference of immune sensi-
tization were able to control the number and multiplica-
tion rate of BCG in the pouch lesion.

ROXO (personal communication), in a similar
study, compared the morphology ol granulomas in ham-
sters inoculated with BCG and H37Rv, a virulent strain
ol Mycobacterium tuberculosis. The same pattern ol ¢v-
olution was observed with both mycobacteria, but
H37Rv disseminated to intern organs and the BCG did
not. Like BCG, H37Rv did not reach cervical lymph
nodes before they became systemic. The retention of the
BCG into the HCP suggests that lymphatics represent an
important route of escape and dissemination ol atienuat-
cd mycobacteria.

We have used the HCP in studies of the granulom-
atous lesions of leprosy® and paracoccidioidomycosis™
(Fig. 2). Leprosy is a chronic inlectious discase caused
by Mycobacterium leprae (M.leprae) where granuloma-
tous inflammation of the skin and nerves is a prominent
manilestation™, The lack ol in vitro techniques for the
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FIGURE 2 - A, Check pouch; large epithelioid granuloma containing fungi. 14 days after inoculation of P. brasiliensis. HE, 250X;

B. Cheek pouch: large LPlth.llOId L,l.mulmm containing scarce Iung] 120 days alter inoculation of P. brasiliensis. HE,

Footpad of hamster:

250X; C.

small granuloma containing scarce fungi. 120 days alter inoculation of P. brasitiensis. HE, 250X; D. Check
pouch: small granuloma. 14 days after inoculation of killed P. brasiliens

. HE, 250X: E. Footpad of hamster: Epithelioid granulo-

ma. 14 days alter inoculation of M. leprae, HE 250X F. Cheek pouch: acumulation of vacuolated macrophages. 14 days after inocu-

lation of M. leprae. HE 250X.

cultivation of M.leprae and the fact that M.leprae multi-

ply and produce disease in only very limited number of

species represents an important barrier to the progress in
leprosy research®. The inoculation in the footpad of im-
munologically intact mice remains the basic tool for as-
sessing the activity of drugs against M.leprae and for
the study of drug resistence. This animal model, howev-
er, has limitations because of the long duration of the
experiment and the need of large number ol animals,
since M.leprae growth rale is very slow™. Immunodefi-
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cient animals are less used in studies ol Ix,pmsy due to
the high cost of the animals and difficulties in their
maintenance; furthermore, mortality is high before dis-
semination of the discase®’.

Similarly to experiments in which BCG plus
M.tuberculosis were utilized!', we inoculated M.leprae
into the pouch or into the footpad of hamsters. In the
footpad, the mycobacteria evoked focal epithelioid gra-
nulomas, with giant cells, lymphocytes and few or no
bacilli, whereas in the HCP the M.leprae inoculation re-
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sulted in a histiocytic reaction, without any epithelioid
transformation; the lesion was rich in bacilli and was
similar to the nodules of lepromatous leprosy. a multiba-
cillary form of disease™. This observation confirms the
informations that, in leprosy. the development ol epithe-
lioid granulomas is directly related to the immune re-
sponse?’. Furthermore, M.leprae grows casily and rapid-
ly in the HCP, a uselull feature that permits the study ol
new antileprosy drugs and drug resistance.

Paracoccidioidomycosis is a deep mycosis caused
by Paracoccidioides brasiliensis (P.brasiliensis). 1ts
clinical manifestations are those ol a chronic granulom-
atous disease, aflecting lungs, mononuclear phagocyte
system, mucocutancous arcas and other organs'®. Sever-
al experimental models have been used to study the P.
brasiliensis granuloma'®, but many of its aspects remain
unclear; one of them is the role ol immune response in
its evolution'®,

The inoculation of the fungus in HCP resulted in
immunological positive reactions only 35 days alter in-
oculation. This permits the study ol the lesions in two
moments: belore and alter the development of immunity
as tested by the footpad test™ and ELISA®™, In the (irst
moment we observed epithelioid granulomas containing
viable and proliferating fungi, surrounded by small halo
of mononuclear cells. After day 35, when cell mediated
immunity was detectable, there was progressive decline
in the number of viable fungi. Thus, granulomas elicited
by P. brasiliensis in the absence of immune response
are morphologicaly similar to those formed in the foot-
pad; however, they were unable to control fungal pro-
liferation, also shown in athymic mice™. With time,
however, lungi or their antigens escape [rom the HCP,
clicit an immune response and fungi may reach other or-
gans. Our findings points to the importance of lymphat-
ics in the progression of Paracoccidioidomycosis.

We have also utilized the HCP to study the role
played by viability ol P.brasiliensis in the morphology
of paracoccidioidomicotic granuloma'. We observed
that similar to the reported with viable P.brasiliensis,
killed fungi evoke typical epithelioid granulomas., even
in the absence of detectable immune response. Howev-
er, the ganulomas elicited by killed fungi were devoid ol
giant cells and mononuclear cell halo, suggesting that
live proliferating fungi or their products may be in-
volved in those events.

CONCLUSION

Hamsters are docile animals, that can be casily
handled and maintained in conventional animal colo-
nies. They are susceptible to many infections and their
pouch is an immunologically privileged site that is casy
to access for investigation, The HCP is an ideal site for
experimental studies of situations in which the role of
immunity is supposed to be important, including the
participation ol the immune system in the development

and modulation of granulomatous reactions. The HCP
also provide a good system for study ol the role ol the
lymphatic route in the spreading ol infections.

RESUMO

A Bolsa jugal do hamster: um local
imunologicamente privilegiado, apropriado para o
estudo das infecgoes granulomatosas.

A bolsa jugal do hamster (BJH) ¢ uma invaginagio
da mucosa oral, caracterizada histologicamente como
semelhante a pele. Nesse estudo nés descrevemos algu-
mas de suas caracteristicas anatémicas, histologicas ¢
cmbriologicas ¢ comentamos sobre sua propriedade
como local imunologicamente privilegiado, consideran-
do a auséncia de drenagem linfitica ¢ o reduzido
nimero de células de Langerhans. Apresentamos tam-
bém os resultados obtidos quando da inoculagio de mi-
cobacterias (BCG, Mycobacterium tuberculosis ¢ Myco-
bacterivun leprae) ¢ do lungo Paracoccidioides brasi-
liensis na bolsa jugal. Comparada com as lesdes provo-
cadas em outras localizagoes ¢, a excecio do BCG, as
lesoes induzidas na bolsa sio menores ¢ de maior
duragiio ¢, mesmo quando granulomatosas, incapazes de
controlar a multiplicagiio do agente; nos casos em que
houve o desenvolvimento da resposta imune, cle se lez
tardiamente ¢ foi acompanhado pela redugiio do nimero
de parasitas nas lesoes. Essas observagoes apontam a
bolsa jugal do hamster como um local de escolha para o
estudo sobre a participacio da resposta imune no desen-
volvimento ¢ modulagio das doengas infecciosas ¢ dos
granulomas.
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