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ABSTRACT

Delayed-type hypersensitive (DTH) response was evaluated in C3H/HeJ mice intestinally
infected with Entamoeba histolytica. I nfected and non-infected control mice were challenged
with amoebic antigen on day 5, 10, 15, 20, 25, 30, 40, 50, and 60 post-infection. Maximum
footpad swelling was observed after 24 hour s of the challenge. The E. histolytica-infected mice
exhibited a DTH response on day 5, 15, 20, 25, 40, and 60 post-infection. However, on day 10,
30, and 50, such responsewassimilar tothat of thenon-infected control mice. Themicedeveloped
an evident DTH response late in the cour se of infection (25 days post-infection). The infected
micedid not show any alteration totheir DTH response against heterologousunrelated antigen
(sheep red blood cells), suggesting that cellular aner gy was antigen-specific.
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INTRODUCTION

Entamoeba histolytica-associated infection is a public
health problem in many developing countries, where it
isresponsible for severe morbidity and mortality (1). It
isbelieved that delayed-type hypersensitivity (DTH) or
migration inhibition factor (MIF) studies are an
expression of cell-mediated immunity (CMI) (2).
Initiation of a DTH response depends on recruitment
from the blood stream of specifically sensitized T-cells.
Re-exposure to the same antigen causes these
lymphocytes to produce cytokines, some of which are
able to attract non-specifically and activate the
mononuclear cellsfromthe circulation. Thereafter, some
of them transform morphologically into macrophages,
while others remain morphologically indistinguishable
from blood monocytes, giving rise to swelling causing
non-specific tissue destruction either directly or by
releasing inflammatory cytokines (3).

Measurement of DTH at a peripheral site, such as
footpad or ear, provides a means of quantifying the
degree of sensitization to agiven antigen (3-5). Several
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studieson DTH were carried out by dermal reactionsto
E. histolytica antigen in humans (6-10) and in animals
(5,12). Itisknown that DTH reactionsremain for along
time after recovery from the amoebic disease (2).

Since there is alack of information regarding host
immune reactivity during the course of intestinal
amoebiasis, we evaluated the pattern of DTH response
in C3H/HeJmiceover aperiod of time. We used amouse
model of intestinal amoebiasis, comparableto the human
disease (12). The cellular immune response to
heterol ogous antigen was also investigated.

METHODS AND MATERIALS
Preparation of E. histolytica antigen

E. histolyticastrain HM 1: IMSSwasgrown axenically
in TY1-S-33 medium (13). Amoebae were harvested as
described elsewhere (14), and were lysed by 3 cycles of
freeze-thawing. Protein concentrationswere determined
following the method of Bradford (15), using bovine
serum albumin (BSA) as a standard. Amoebic antigens
were kept in aliquots at —70 °C until used.

Monoxenic cultures of E. histolytica
Axenic E. histolytica strain HM1: IMSS was

maintained in Robinson’s medium associated with
Escherichia coli (16) as described before (12).
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Animals

Mice strain C3H/HeJ of 3-5weeks of age, weighing 20-
25 g, were used in the experiment. Mice colonies were
maintained at the Instituto de Investigaciones
Biomedicas, Universidad Nacional Autonoma de
Mexico, Mexico D.F. Theanimalswerefree of parasites
as evidenced by repeated stool examination. They were
given sterile Purina pellets (Purina de Mexico, SA. de
C.V.) and water ad libitum.

I ntracaecal inoculation of mice

Mice were inoculated with monoxenic E. histolytica
culture as described before (12). Briefly, amoebae were
inoculated by laparotomy under light ether anesthesia,
and then about 5x10° trophozoitesin 0.15 mL of culture
medium were inoculated intracaecally. Non-infected
control mice were inoculated in the same manner with
Robinson’s culture medium containing E. coli, but free
from E. histolytica.

Footpad test to E. histolytica antigens

DTH responses against E. histolytica antigens were
evaluated during the evolution of theinfectious process
by the footpad test on day 5, 10, 15, 20, 25, 30, 40, 50,
and 60 post-infection. Mice were injected sub-
cutaneously with 1 pg of E. histolytica antigenin 30 pL
phosphate-buffered saline (PBS, pH 7.2) into left hind
footpad and an equivalent volume of PBSinto the right
hind footpad using a27-gauge needle. Footpad swelling
was evaluated, measuring the footpad thickness just
before and after 24 and 48 hours of the injection of
antigenusing adid cdiper (Precision 0.01 mm, Mitutoyo
Tokyo, Japan) and expressed asthe differencein footpad
thickness (in mm). Optimal antigen concentrations for
DTH assays were determined after preliminary
experiments. Mice once used in the experiment were
sacrificed, and caecal lesions were scored according to
Nea (17). Briefly, (i) Caecal wall: Normal, 0; Slight
thickening, 1; Marked local thickening and contraction,
2; Extensive thickening and contraction, 3; Caecum
shapel ess, extensive ulceration with abscess formation,
4; (ii) Caecal contents: Normal, O; Slightly less solid
than normal, 1; Slightly mucoid, 2; Mucoid, some solid
meatter present, 3; No solid matter, whiteor yellow mucus
only, 4. In each experiment, four mice per group were
used, and the experiments were repeated three times.

DTH reactionsto unrelated antigens

DTH reactions to sheep red blood cells (SRBC) were
evaluated in C3H/HeJ mice on day 5, 10, 25, 30, 40,
and 50 post-infection. Three different groups were
selected: Group |: Non-infected control mice, received
only E. coli, were injected intravenously with 5x10°
SRBC in 0.3 mL of PBS. Four days later, mice were

challenged in left hind footpad with 5x10® SRBC
suspended in 30 uL of PBS and an equivalent volume
of PBS into right hind footpad. Footpad swelling was
measured immediately before and 24 hours|later. Group
Il: E. histolytica-infected mice were injected
intravenously with 5x10° SRBC in 0.3 mL of PBS, and
four days|ater, micewere challenged asdescribed above.
Group I11: Normal mice, not injected with SRBC, were
challenged in left hind footpad with 5x10° SRBC in 30
pL of PBS and an equivaent volume of PBS in right
hind footpad as described above. In each experiment,
four mice per group were used, and the experimentswere
repeated three times.

Histological studies

Infected and non-infected control mice, challenged with
amoebic antigen, were sacrificed for histological analysis
to ascertain the presence of amoebic infection. The
caecum was removed and fixed in 10% formalinin PBS
(pH 7.2). Thetissueswere dehydrated and embedded in
paraffin and sectioned at 4 pm. The sectionswere stained
with Harris haematoxylin and eosin (18).

Statistical analysis

All results were expressed as the mean + standard
deviation (sn—1) of three separate experiments.
Comparisons between groups were made using
Student’s two-tailed t-test. p values <0.05 were
considered significant.

RESULTS

DTH responsein intestinally-infected mice

TheE. histolytica-infected and non-infected control mice
were challenged with E. histolytica antigen on day 5,
10, 15, 20, 25, 30, 40, 50, and 60 post-infection, and the
DTH response was measured asthe difference in footpad
swelling before and after the challenge and expressed
inmm. The non-infected control micewereinjected with
E. coli flora that was a component of the monoxenic
media but free from E. histolytica. The infected mice
showed strong footpad swelling 24 hours after the
challenge, and the data are shown in Fig. 1. However,
after 48 hours of challenge, a weak footpad swelling
was observed (data not shown). The E. histolytica-
infected mice showed a significant increase in footpad
swelling on day 5, 15, 20, 25, 40, and 60 post-infection
compared to the non-infected control mice (p<0.05).
However, on day 10, 30, and 50 post-infection, the
footpad swellings were found to be similar to those of
the non-infected control mice.

Analysis of E. histolytica infection in C3H/HeJ mice

TheE. histolytica-infected and non-infected control mice
challenged with amoebic antigen at respective time
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Fig. 1. DTH responses elicited either intracaecally infected
with E. histolytica (0) or from non-infected control
mice (®). Results are reported as mean values of 4
mice + sn—1 of three separate experiments. In each
experiment, 4 mice each from the infected and the
non-infected control groups were used. (%) p<0.05
(experimental vs control groups)
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Fig. 2.

intervals were sacrificed to evaluate caecal lesions as
described by Neal (17). Thetotal average gradations of
caecal lesionsare presented in Fig. 2. From day 5 to day
15 post-infection, the caecum of mice showed
contractionsin the caecal wall, and the caecal contents
werereplaced by whitish or yellowish mucoid material .
These changes were observed extensively on day 20
post-infection, which decreased later (25-60 days post-
infection). The presence of E. histolytica trophozoites
was recognized by their large size and pseudopodial
movementsin the caecal contentsof all theinfected mice.
The presence of amoebae was also confirmed by
inoculating a caecum fragment of the infected mice
separately in Robinson’s medium. The growth of
trophozoites was observed after 48-72 hours of culture.
Histopathological studies of the caecal |esions showed
erosion of the surface epithelium and gland destruction
associated with an inflammatory response in al the
sacrificed mice. E. histolytica trophozoiteswere seenin

Fig. 3. Section of the caecum of C3H/HeJ mouse, with
amoebic trophozoites on the mucosal tissues of the
intestine observed at day 5 post-infection. Amoebae
indicated by arrows (H& E, x200).

large numbers immersed in a sheet of mucus usually
present overlying the eroded mucosa in al the mice.
The non-infected control mice did not show any
pathological changes (Fig. 3).

DTH responseto SRBC

The DTH response to SRBC was assayed on day 5, 10,
25, 30, 40, and 50 post-infection. The SRBC-sensitized
and footpad-challenged non-infected control mice
showed significantly higher footpad swelling compared
to that of the challenged but non-sensitized mice
(p<0.001). The E. histolytica-infected mice, sensitized
with SRBC and footpad challenged, displayed DTH
responses similar to those of the sensitized non-infected
control mice (Fig. 4).

DISCUSSION

The association of cellular immune depression during
the amoebic disease in patients with E. histolytica as
reflected by skin reactions was noted by several
investigators (7,9,10). Landa et al. (10) stated that this
depression was not due to the lack of T-lymphocytes
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Fig. 4. DTH responses against SRBC in mice infected with E.
histolytica and in non-infected control animals. Three
different groups were tested. Results are reported as
mean values of 4 mice £ sn-1 of three separate
experiments. Group |. Sensitized and footpad-
challenged non-infected control mice (0); Group II.
Sensitized and footpad-challenged E. histolytica-
infected mice (®); Group I11. Normal miceonly footpad
challenged with SRBC (A).

but probably due to an inhibitory factor. Ortiz-Ortiz et
al. (19) reported a similar period of anergy in
experimentally-infected hamsters. These observations
suggest that the cellular immune response is one of the
most important resistance mechanisms operating in E.
histolytica-infected hosts (9). Till date, no suitable
experimental model isavailable. Mouseisan ideal host
to study the mechanisms of host resistance to infection,
sinceitishighly amenableto experimental manipulation,
and its immunological system has been well detailed.
Thus, the advantage has been taken of the murine model
of intestinal amoebiasis developed in our laboratory to
study the DTH responsiveness of thehost to E. histolytica
antigen from day 5 to day 60 post-infection.

Footpad swelling was observed to be cyclicintheE.
histolytica-infected mice challenged with the amoebic
antigen. The post-infection response was high on day 5
(p<0.001), normal on day 10, again high on day 15-25
(p<0.002), again normal on day 30, high on day 40
(p<0.001), again acquired the normal level on day 50,
and high on day 60 post-infection (p<0.001).

Maximum footpad swelling was observed on day 25
post-infection. However, since maximum caecal score
was observed on day 20 post-infection, it indicated that
the mice devel oped the DTH response in late course of
the disease. On day 60 post-infection, low caecal score
was observed, but the DTH response was high. This
suggests the persistent nature of the DTH response (2).
The cyclic suppression, as observed in our study,
resembles the reported cyclic MIF production, either in
hamsters or in guinea pigs, inoculated intrahepatically

with E. histolytica trophozoites; MIF production
reportedly increased gradually in response to specific
antigen during infection, but it also decreased at some
stage (19-21). In contrast to our study, direct skin tests
of E. histolytica-infected guinea pigs inoculated
intrahepatically showed a negative response at al days
tested (4, 8, and 12 days) at all doselevelsof theantigen
(21). However, consistent to our finding, Gold (5)
reported maximum footpad swelling after 24 hours of
challenge with E. histolytica in immunized animalsand
also observed a persistent DTH response. It is reported
that human patients with amoebic liver abscess (ALA)
showed adiminished CMI responseto amoebic antigens
when assayed by skin test for DTH and MIF production.
However, the test became positive when these patients
weretested again 10 days after they had been cured and
discharged from the hospital (9). In a similar
experimental system, we have previously observed that
E. histolytica infection induced a cyclic depression on
DNA synthesis when spleen lymphocytes were
stimulated with concanavalin A, pokeweed mitogen, or
amoebic antigen (14).

Inflammatory responses to E. histolytica have been
demonstrated in acute intestinal amoebiasis (22),
precluding the possible participation of non-
immunologic mechanisms (23). It is reasonable to
assume that the non-specific inflammatory response
congtitutesthefirst barrier against amoebic infection (5).
Thefinding of the studies conducted by Sternet al. (24)
and Ghadirian and Kongshavn (25) that silicatreatment
enhances the susceptibility of mice to E. histolytica
infectionsindeed supportsthispoint of view. Itisstated
that hepatic amoebiasis specifically depresses CMI, as
expressed by negative skin reaction and MIF (26).
Nonetheless, Kretschmer (27) has reported normal
results relating to CMI in invasive amoebiasis; this
discrepancy could be dueto important stage differences.
In our study, we intended to clarify the DTH reactions
of miceto antigens on atime-sequence basis. The exact
time of exposure can be determined in experimental
animals, whereas human studies are not initiated until
symptoms appear. Of course, other factors, such as
natural variation in hosts, human and animals, and
methodological differences, may also help reconcile
these results.

SRBC was selected as the heterologous antigen to
further investigate the cell-mediated immunity in E.
histolytica-infected mice. The results showed that the
non-infected control and the E. histolytica-infected mice
were able to exhibit a footpad inflammation to this
antigen. Thus, the capacity of mice to maintain their
responses to SRBC, but not to E. histolytica antigens,
indi cates that the immunodepression presented by these
animals is antigen-specific.

The suppressor effect of E. histolytica extract is
evident on the afferent limb of the immune response in
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hamsters. Neverthel ess, thiseffect has not been observed
in mice that have been immunized with sheep
erythrocytes (28). It may be speculated that the sustained,
exhausting, restricted or polyclonal T-cell activation
responses by amoebic antigens (29) can lead from over
stimulation to depression of the host cellular immune
response. The soluble amoebic antigens may transiently
act as suppressors of CMI, permitting the parasite to
move into tissues.

The cyclic cell-mediated immune response in terms
of DTH as observed in the present study was also
reported by other investigators either with
Paracoccidioides brasiliensis or with Histoplasma
capsulatum (4,30,31). This phenomenon has been
ascribed to immunoregulatory mechanisms associated
with T dependent-specific immunodepression, antibody
production or by the presence of circulating immune
complexes (30,31).

In summary, we observed that the intestinally E.
histolytica-infected mice developed an evident and
persistent DTH response. In spite of the fact that mice
serve astest animalsin intestinal amoebiasis, very few
reportson their immunological statusareavailable. The
present work contributes to the characterization of this
experimental model.
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