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Abstract:

The response of normal mice to the tapeworm, Hymenolepis diminuta, is characterized by an
accumulation of intestinal mucosal mast cells (MMC) and eosinophils and a limited growth and
lifespan of the adult worm. In comparison, athymic nude mice respond to the tapeworm with intestinal
eosinophil, but no MMC accumulation, and the worm's growth and lifespan are extended. To evaluate
the involvement of the MMC and the influence of the thymus in the host response to H. diminuta, three
cysticercoids of the parasite were given to normal littermate (LM), mast cell deficient W/Wv > mast
cell repaired W/ Wv (W/WvBM), and semi-syngeneic C57BL nude mice. LM mice rejected the parasite
by day 10 PI while it was retained by W/Wv and W/WvBM mice up to day 21 PI and by C57BL nude
mice up to day 16 PI. The length and weight of worms recovered were substantially greater in W/Wv
and W/WvBM mice than they were in either LM or nude mice. MMC accumulated in response to Hi
diminuta in the intestines of LM and WZWvBM mice but not in the intestines of unrepaired WZWv
mice, and occurred in unexpectedly high numbers in the intestines of both C57BL and BALB/c nudes
while eosinophils increased significantly in the intestines of all mice except C57BL and BALBZc
nudes. The peripheral blood leukocyte response was highly variable (in all mice), yet peripheral blood
eosinophils appeared to have a pattern of increase which occurred prior to observed increases of
intestinal eosinophils. The intermediate host source of H. diminuta, either Ti molitae or Ti confusum,
may have affected the time courses of worm growth and intestinal MMC and eosinophil increases, but
did not appear to affect the overall growth of the worm or the time of its rejection. It was concluded
that MMC play a functional, but not essential role in the host response to Hi diminuta and that athymic
nude mice respond less efficiently to Hi diminuta than do normal littermates, but more efficiently than
do either mast cell-deficient or mast cell-repaired W/Wv mice.
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ABSTRACT

The response. of normal mice to the tapeworm, Hymenolepis
diminuta, is characterized by an accumulation of intestinal mucosal
mast cells (MMC) and eosinophils and a limited growth and lifespan of
the adult worm. In comparison, athymic nude mice respond to the
tapeworm with intestinal eosinophil, but no MMC accumulation, and the
worm's growth and lifespan are extended. To evaluate the involvement of
‘the MMC and the influence of the thymus in the host response to H.
diminuta, three cysticercoids of the parasite were given to normal
littermate (LM), mast cell deficient W/WYs mast cell repaired W/WY
(W/WVBM), and semi-syngeneic C57BL nude mice. LM mice rejected the
parasite by day 10 PI while it was retained by W/WV and W/WVBM mice up
to day 21 PI and by C57BL nude mice up to day 16 PI. The length and
weight of worms recovered were substantially greater in W/WY and W/WVBM
mice than they were in either LM or nude mice. MMC accumulated in
response to H. diminuta in the intestines of LM and W/WVBM mice but not
in the intestines of unrepaired W/WY mice, and occurred in unexpectedly
high numbers in the intestines of both C57BL and BALB/c nudes while
eosinophils increased significantly in the intestines of all mice
except C57BL and BALB/c nudes. The peripheral blood leukocyte response
was highly variable (in all mice), yet peripheral blood eosinophils
appeared to have a pattern of increase which occurred prior to observed
increases of intestinal eosinophils. The intermediate host source of H.
diminuta, either T. molitae or T. confusum, may have affected the time
courses of worm growth and intestinal MMC and eosinophil increases, but
did not appear to affect the overall growth of the worm or the time of
its rejection. It was concluded that MMC play a functional, but not
essential role in the .host response to H. diminuta and that athymic
nude mice respond less efficiently to H. diminuta than do normal
littermates, but more efficiently than do either mast cell-deficient or
mast cell-repaired W/WV mice. . , :




INTRODUCTION

Thé mucosal.mast cell (MMC) accumulates in the small intestine of
rodenﬁs in response to invasion by multicellular antigens including
several nematode and cestode'parasitea (Taliaferro and Sarles, 1939;
Wells, 1962; Kelly and Oglivie, 1972; Gray? 1976; Ruitenberg and
Elgersma, 1976; Andreassen et al., 1978; MacDonald et al., 1980;'Lee
and Hakelin, 1982; Handlinger and Rothwell, 1984). The role of the MMC
in the host response is not known, although several suggestions have
been made, such as involvement in the para31te reJectlon mechanism
(Kelly and Dlneen, 1976; Hararl et al., 1987). Studies on the naturef
of this response, even those w1th the same host and parasite species,
have yielded a variety of conflicting results. iﬁ is clear that the
extent of the MMC response is dependent upon the integrity of the
hosts' immune system and tha nature of the parasite stimulus.

- Genetically athymic nude mice have often been used as a model to
evaluate the role of the thymus and MMC in parasite reJectlon (Isaak et
al., 1975; Ruitenberg and Elgersma, 1976; Reed et al., 1982). The
rajection of parasites from nude mice is often delayed, for example,
nude mice retain the cestode, H. diminuta, up to three.ﬁonths, compared
‘to an average reténtion‘of 10 dayslin normal mice (Issak et al}, 1975) .
Theﬂdelayed rejection of parasites from nude mice may be‘dﬁe'to the
lack of several thymué debendent factors,'including the MHC (Ruitenberg
and Elgersma, 1976).

The ‘involvement of MMC in barasite rejection has been more

specifically studied with the W/WY mouse model. W/WY ‘mice have a
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genetic stem cell-related defect which affects their ability to produce
both connective tissue (CTMC) and -MMC (Kitamura et al., 1978; Uber et
al., 1980), while the immune response pqtential in terms of B and T
‘l.ymphocyte functions appears normal in these mice (Mekori; i969; Ha et
al., 1986). ' Parasite rejection from W/WV pice has been reported-as
being considerably.impaired (Crowle and Reed, 1981), ;lightiy, impaired
(Mitchell et al., -1983) or not impaired (Uber et al., 1980) in

infections with the nematodes Nippoétrongylus brasiliensis and

Trichinella spiralis. Correction of the stem cell-related defect with

bone marrow from normal littermates has been reported 1;6 have no effect

on expulsion of N. brasiliensis (Crowle, 1983) but to accelerate.

expulsion of T. sgiraiis (Ha et al., 1983).

Use of the W/WV mouse syst'em with H. diminuta infections allows
evaluation of the MMC response to a different parasite stimulus. H.
diminuta is a noninvasive cestodé which resides in the intestinal lumen
of a rodent definitivé host (Befus, v1‘975), in contrast to N_._

brasiliensis and T. spiralis which ha{re invasive larval stages and

exist as adults in intimate contact with the host ‘en‘terocyte's (Wright,

1976; Kassai, 1982). _H. diminuta infection of the definitive host is

- by ingestion (or inoculation) of the larval cysticercoid, which resides
-within a flour beetle intermediate host. The ingested cysticercoid
mig'f-ates‘ to the proximal small‘ inl;estine, _a'c;taches to the intestinal
wall via its scolex, g‘nd strobilates (progreésive;y developes
segmen_ts) (Owen, 19725. The mechanism of rejection of g_ diminuta is
not known, ‘but involves destfobilation‘ of the worm (Hopkins et él.,

1972) and may be dependent upon the degree. of direct interaction




3
between thé parasite (via the scole%) and the host tissue (Gray, 1976;
Andreassen et al., 1978). |

The potential activity of mediators released from stimulated MMC,
such as histamine and prostaglandins, may contribute to the rejeétion
.mechanism. Histamine and prostéglandins create alterétiohs-in the
intestinal environment, inclﬁding peristalsis and increased fluid‘
secrétion, which may be deleterious to.parasite establishment (Kelly
'and Dineen, 1976; Harari et al., 1987). Other mast cell mediators are
chemotactic for éomponents of the host protective.system; such as the
eosinophil, which may provide additional effector functions in parasite
rejection (Kay, 1979).

‘Eosinophilia is a well documented characteristic of parasite
infecfions (Oglivie, 1964; Ruitenberg et al., 1977; Basten et al.,
1979; Kay, 1979; Dessein et al., 1981). A relétionship between
eosinophils and MMC has been reported at many 1evels,.includ;ng
‘histological (Wells, 1965; Mann, 1965)_ana cytochemical (Capron et al.,
1978). fhe two cell- typeé are not dependent upon each other for
activation, since eosinophilia has been reported to occur in both
normal and athymic nude mice in fesponse to geriminuta (Andreagsen et
al., 1978; Hindsbo et al., 1982), but the mutual presence of MMC énd
" eosinophils may enhance the protective response of the host (Capron et
al., 1978; Kay, 1979; Henderson et al., 1980); |

Elevatiqn in the lével of serum IgE'is also a well documented
characteristic of parasite infections (Oglivie, 1964; Ishizaka et al.,
1976; Mayrohofer et al., 1976; Jarret and Path 1973; Hindsbo et al.,

1982), however, in the case of H. diminuta infected mice, the level of
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parasite-speqific IgE in the sera ié apparently not elevated (Befus,
1977) . Sineé mast cells serve as a main repository for IgE in the
tissues (Mayrohbfer et al., 1976) a minimal amount of specific IgE may
be produced whiéh'remains bound to the cell surface.and, therefore, is
not detectable in the sera (Nawa and Miller, 1979). 'The release of
mediators from mast cells through a mechanism of (surface-bound) Igk
cross-binding with specific antigen (Ishizaka et al., 1972) éuggests
that IgE product;on is an integral part of the mast cell response and
likely occurs even when not detectable by a standard IgE as;ay.

In this study the influence of MMC 6n the growth and rejection of
the rodent tapeworm, H. diminuta, was evaluated using W/WV mast cell-
def‘icie.nt mice and their mast cell-normal littermates. Tissue and
peripheral blood eosinophil as well as the total leukocyte rééponses
were also evaluated. The presence of H. diminuta-specific IgE 1n the
sera of infected mice was assayed by paséive'cutaneous énaphylaxis
(PCA) tests. Athymic nude mice were included in this study for
éOmpérative 'purpose‘s, to assess the thymus aﬁd MMC influence on the
host response, and to pfovide parasite~-positive oonﬁrols. Additionally,
the influence of the intermediate host, flour beetles I, molitae or T.

confusum, on the dynamics of the infection was compared.
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LITERATURE REVIEW

Rodent mast cells exist as two populations, the ﬁucosal mast cell
‘(MMC) and the connective tissue mast cell'(CTMC). These two cell
subtypes share many qharacteristics, sucﬁ as localization in areas §f
the body which come into confact with the external environment
(Askenase, 1986; Crowle and-Phillips, 1983; Wingren and Enerbaék,
1934), charactépistié metachromatic staining of ' their cytoplasmic
éranules (Enerback, 1966b, Mayrohofer, 1980), surface affinity.for IgE-
(Izhizaka et al., 1972; Mayrohofer et al, 1979; Askenase, 1980), bone
marrow origin from a common stem cell (Kitamufa, 1979b; Kitamura, 1981;
6rowle and Reed, 1984) and responée to certain antigens by release of
granule mediators (Murraylet al}} 1971; Wingren and Enerback, 1984).
These two cell Subtypes differ in respect to the specific tissue in
which they 1locate (Crowle and Phillips, 1983); cellular morphology
(Crowle énd Phillips, 1983), chemical compositiop oflfhe;f granuleé
(Miiler and Walshaw, 1972; Tas and Berndsen, 1977; Mayrhofer, 1980) ’
the nature of the stiﬁuli to which they respond (Enerback and Lundin,
1974; Pearce'et al., 1982), and dependence on a thymus influencé for
development (Ruitenberg and Elgersma, 1976; Mayrohofer, 1979; Reed et
al., 1982). MMC accumulate in the small intestine in response to
parasite. infections (Miller and Jénret, 1971; Murray et al., 1971;
Créwle‘and Réed, 1981) and CTMC afe disﬁributed throughpdt the Body
~ with concentrations in the Skin and around Blood‘yeésels (Crowle and

Phillips, 1983). The MMC is smaller than the CIMC and has fewer and
more irregular cytoplasmic granulgs'(Crowle and Phillips, 1983). It is

more sensitive to fixation and staining, requiring specific techniques
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for demonstration_in the tissues (Eeerback, 1966a, Enerback, 1966b;
Miller and Walshaw, 1971; Crowle and Phillipe, 1983) . Additionall&,
the MMC is under the influence of tﬁymus educafed T-lymphocytes for
growth and proliferetion (Ruitenberg 'and Elgersma, 1976). The
heterogeneity of the two subtypes of mast cells has led fo the
aesumption that they perform different functione. The level at which
diffefentiation into two distinct sﬁbtypes occurs is unknown
(Mayrhofer, 1979; Askenase 1980; K;famura et al., 1981).

' -Mast cells may have evolvee specifically to provide protection
against parasite infections (Kay, 1979; Kaliner, 1979; Saavedro-Delgado
et al., 1984). 'The location of MMC and CIMC at sites where parasites
frequently gain access to host tissue supports this hypothesis. MMC
accumulate in respohse to ﬁeny'inteetinal parasites, including a
variety of cestodes and nematodes (Gray, 1976; Andreaseen et al., 1978;
Ruitenberg and Elgersma, 1976; Crowle and Reed, 1981).

The MMC response is panmﬁcosal and nonspecific (Jarret and Path,
.1973; Wakelin, 1978; Pitts and Mayrohofef, 1983) whieh is reflected in
its involvement in allergic reactions. Clincal allergy may result from
‘the activity of mast cells responding to an excessive ineult or the
inablity_ef mast cells to distinquish the antigenic determinents on 
complex allergens (allergy caus;ng environmental antigens) from those
on parasites kLewis ane_Ausfin, 1981; Barret and Metcalf, 1984;
:Wasserman, 1984). CTMC accumulate in response to cutaneous pabasifes;
including ectoparasites- (Matsuda e£ alL,: 1985) and skin penetreting
larvae (Talifarro and Sarles, 1939; Hsu et al.; 1979). CIMC are

associated with other functions, -such as tumor angiogensis, by virtue
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of their proximity.to blood vessels (Schitték et al., 1985).:

The mucosal mast cell response was first reported in 1939
(faliaferro and Sarles) in an histological study of the intesfihes of
rats infected with N. brasiiiensis (ﬂ; égg;g). MMC accumulation , up
tb 7-8x normal (non-infected), (Murray et al., 1971) was subsequently
reported .in response to other parasites in several mammalian hosts,
including humans (Gustowski et al., 1983). Mﬁst of the studies -on the
MMC response-héve uilized intestinal nematodes, notabli T. spiralis
and N. brasiliensis, and have been done in rat and mouse hosts. |

The pe_ak of MMC accumulation has been reported té occur in
various temporal éséociations with parasite“rejection, depending upon
the parasife and the host. In N. brasiliensis.infécted rats, peaks of
MMC accumulation have been reported to occur at the .same time as worm
rejection (Millgr and Jarret, 1971; Murray et al., 1971; Nawa and
‘Miller, 1979: Woodbury et al., 1984) or after womm rejéction (Wells,
1962; Keller, 1971; Kelly and Oglivie, 1972; Mitchell et al., 1983).
Studies with T. spiralis in rats indicate that MIC accumulation occurs
primarily at the time of rejection (Wells 1962, Woodbury et al.; 1984;
Alzideh and Murrell; 19845. In mice, MMC have been reported to occur
in péak numbers during (Crowle and Reed, 1981; Ruitehberg and Elgersm;!”
1976) and after (Uber et al., 1980, Alzideh ‘and Murrell, 1984) the
rejectién of both N. brasiliehsis and T. spiralis. MMC accumulation in
H. diqinuta infecfed mice has been repobtéd as beginning a£ the onset
of rejection (Andreassen ét al., 1978).

The usé of mast cell deficient W/WV mice to study wofm réjection

in ‘the absence of mast cells has also produced various results. When
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compareq to mast cell normal littermates, the rejection of N.

brasiliensis from W/WY mice has been reported as being both delayed

(Cr;owle and Reed,~1‘981) Iand normal {(Uber et al., 1980). Rejectionl of
I. Q_iralis from W/WY mice has often been reporte_d as being délayéd (Ha
et al.,.1983; Alizideh and Murrel, 1984; Kamiya et al., 1985). Repair
of the‘ mast celi defect with npﬁnal littermate bone marrow transplants
results in acéelerated rejection of T. spiralis (Ha et al., 1983) but.
does not alter the rejection time of N. brasiliensis (.Cr'owle, 1983).
These conflicting results have led to a vafieﬁy of suggesﬁed.
roles for MMC in the host response{ to J:.ntestinal parasites. Various
investigators have suggested. that MMC are .involved in 1) the rejection
of the parasite, '2) regulation of the cellular r;esponse to the
pa.r'asite, and 3) repair of tissue fol.lowing parasit?e ’_rejection_
(Urquhart et al., 1965; Lewis and Austin, 198.1; Fer':gu‘son. and Miller,
1979). Thé'shggestions have also been méde that mast cells are
recruitedl by tt;e barasite to benefit -its establishmen£ in the host
(Miller and Jarret, 1971; Mitchell, 1979), 'or‘ are nonfunctional in
parasite rejection and.Aoccur" only as part of ar;’inf‘lammator-y side
effect kTaliaferro and Sarles, j939). In light of all observations and
- suggestions, it ;s generally accepted that MMC play a functional, but
not essential, role in ;he host response to parasite invasion (Kay,
1979; Mitchell, Crowle and Re;ed, 1981; Lee and Wakelin, 1982; .Ellner
and Mahmoud, 1982; Michell et al., 1983; Ali_zideh and Murrell, 1984).

The complexity of the response, which involves the interaction of both

immunogenic and nonimmunogenic components, is not disputed (Befus,
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1977; Kay, 1979; Mitchell, 1979; Askenase, 1980; Dessein et al., 1981;

Castro, 1982; Ellner and Mahmoud, 1982).

Functional activity of stimulated mast cells

Mast cells are sﬁimulated by specific IgE to release a variety of
nonspecific chemicél mediators from their-cytoplésmic granules.
. Specific IgE is produced by antigen-stimulated B-lymphocytes in -
.mesenterip lymph nodes (MLN) (Ishizaka et al., 1976; Mayrohofer et al.,
1976). IgE binds, with high affinity, to Fc receptors on the mast cell
sufface (Ishizaka et al., 1972)‘. Subsequent cross—ﬁihding of IgE with
~antigen initiates @he release of grahule contenté (Jafret and Patﬁ,
1973; Barret and Metcalf, 1584). ‘Various biological activities are.
attributed to mast cell mediators, which are integral to the
prospective MMC roles listed above.

Some mediators are preformed, such as histamine, serotonin,
chemqtactic factors, proteolytic enzymes, and pfoteoglycans, while
" others are newiy synthesizied upon ;timulation,'such as proétaglandins,
leukotrienes, sloﬁ reaqting sgbstanee of'ahaphylaxis (SRS-4), and
plgtelet activating factor. (Wasserman, 1979; Barret aﬁd Metcalf,
1984). The varied biological activities of histamine‘andlthe
arachadonic écid metabolites inqlude increased véscular permeability,
smooth muscle‘contractiqn, and alterations of transepithelial ioﬁ
'transpoft (Kelly and Dineen, 1976; HarariAet al., 1987). These.
biologicai activities may contribute to parasite rejection by
initiating changes in the intestiﬁél envifonmeﬁf'which are detrimental
to the parasite. Increased perméability of capillary endothelium may

enhance the passage .of leukocytes and serum antibodies into the tissue,
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thereby supplying the intestinal microenvironment with pptentiai
parasite-damgging factors (Jones and Oélivie, 1971; Wasserman, 1979).
Smooth muscle contraction, manifest as peristalis, may promote parasite
rejection by simple mechanical actibn (Kelly and Dineen, 1976). An
alteration in intestinél ion transport resulting in aﬁ increased
movement pf fluid into the intestinal lumen may promate parasite
expulsion both mechanically and physiologically (Castro, 1982; Harari
et al., 1987). It is also possible that mast cell mediators, alone or
in copjuﬁction with other mediators, cauée damage directly to the
parasite (Kelly and Dineen, 1976; Capron et_al;, 1978; Henderson et
al., 1980).

Maét -cells are the source of seﬁefal.factors chemotactic for
esoinophils collectively identified as eosinophil chemoﬁaetic factor of
anaphylaxis (ECF-A) (Boswell et al., 1978; Waséerman, 1979). Two of
_the factors have'been isolated—and identified as'tetrapeptideé with the
ability to ae;ectively recruit and retain eosinophilé at the site of
mast cell accumuiation (Kay and Austen; 1971; Bo$wel1 et al., 1978).
Mast cells thus influence the influx of eosinophils which may in turn
influence the activity of mast cells through the release of
histaminase, arylsufatase and phopholipase D which inactivate
histamine, SRS-A and platelet activatiné factor, respectively (Boswell;‘
1978; Wasserman, 1979; Askenase, 1980). - ‘ .

MMC may'perfonn a role in maintaining the homeostasis of the
intestinal microenvironment by regulating the activity of other celi
types. For example; histamine released from mast ceils may.influence

T-lymphocyte activity by binding histamine type 2 (H2) receptors on the
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T-lymphocyte surface (Wasserman, 1979; Askenase, 1980; Wéséerman,
1984).

Since parasites usually cause some degree of damage to thé host
tissue and MMC are often observed in greatest numbers following
parasite rejection, MMC may also function in tissue repair. A protéase
released by MMC, designated rat mast cell protease II (RMCP II), is
active §n collagen type IV and may contribute to the éhedding and
reconstruction of the infection-altered intéstinal epithelium (Woodbury'
and Miller, 1982; Lewis and Austen, 1981). 'Serotonin released from
rodent mast cells may also be involved in repair by influencing " the
crypt renewal rate (Castro 1982). |

An alternate explanation for the obéefvgtions of greater numbers
of MMC subsequent to rather than at‘the time of parasite rejection is
based on the functional nature of the éell. If the MMC responds to
parasite stimuli by degranulating, then it may be unstainable at the
time it is most active. Thg ébservable mast cell response‘may oceur
after the stimulus for dégranulation is removed (i.e. the parasite) but
while the stimuli for development of the cell (i.e. activated T

lymphocytes) are still present (Askenase, 1980).

Heterogeneity, fixation, and staining

The heterogenéity of the two mast cell populations is largel&
cytochemical in nature: RMCPII is associated with MMC, while a
chemically‘distinct RMCPI is associated with CTMC (Woodbury and -Miller,
1982).' Histamine and serotonin are present at lower levels in MMC than
in CTMC as demonstrated by‘fluorescenp staining (Milier'and Wa;éhaw,

1972; Askenase, 1980; Saavedro-Delgadra et al., 1984). MMC granules
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.contain a proteoglycan' (glycosaminoglycan or GAG) which is less highly
sulfated than the GAG, heparin, in CTMC (Miller and Walshaw, 1972;'Ias
and Berndsen, 1977). The GAGg of’ﬁoth CTMC and MMC serve primariiy as
structural matriées in ﬁhe graﬂules, binding other granule components
by virtug ththeir high negative charge (Miller and Waishaw, 1972; Tas
and' Berndsen, 1977). The less sulfated GAG in MMC granules provides
fewer anionic sites for the blndlng of cationic dyes and may contribute
significantly to the spe01al staining and fixation requlrements of MMC
(Enerback, 1966a; Enerback, 1966b; Mlller and_ Walshaw, 1972
Mayrohofer, 1980; Crowle and Pﬁillips,'1983; Crowle, 1985). Fixatives,
like Carnoy's, containing a mixture of alchohol and acetic acid are
effective preservatives for MMC (Smirzéi, 1963; Enerback 1966a; Crowle
and Phillips, 1983). Formalin’presgrves CIMC -but does not preserve MMC
unless.it :ié modifigd with acetic acidl(Miller and Walshaw, 1972;
Crowle and Phillips, 1983). Binding of cationid (Bésic) dyes  to the
anionic GAG causes the ‘characteristic' meﬁachromasial of stained mast
Eell‘grénules (Smirzai, 1963). Effective basic dyes include astra
blue, alician blue and toluidine blue of which astra blue is often most
effective (Enerbaék, 1966b; Crowle and Phillips, 1983; Crowle, 1985).

'Staining and fikation'différences in CTMC and MMC may also
reflect differenﬁ structural charactersitics of the two subtypes. The
granules of MMC‘are charactgristicaliy smaller, fewer in number and
more variable in shape than those of CTMC. (Murray et al., 1968;
Enerback and Lundin, 1974; Crowle and Phillips, 1983). Paracrystalline
structures observed in fpdent MMC increase with parasite.infection and

may represent a remﬂant matrix follpwing'loséxof granule components or




13
a matrix in the process of acquiring newly generated material (Murray
et al., 1968§ Crowle and Phillips, 1983; Handlinger and Rophwell,
1984). The secretion of granule contents may occur by differenf modes
for CTMC and MMC. CIMC can be induced to degranulate by several agents
which have no effect on MMC. This includes the secretgoque 48/80, bee
venom peptide U401 (Enerback and Lundin, 1974; Pearce et al., 1982;
Barret and Metcalf, 1984), various neuroenteric peptides (Shanaﬁan et
gl., 1985) and endorphorins (Shanahan et al., 1984). Based on electron
micrograph (EM) observations, - CTMC release granule components eithef
through‘exocytosis or through release of the entire granule (Mann,
1965; Murray et al., 1968; Barret and Metecalf, 1985). Release of
granule contents from MMC may océur with complete lxsis of the cell or
may involve migration of the cell to the tip of the intestinal villus
and discharge of cdﬁtents direcfly into the intestinalAlumen (Murray et
al., 1968; Miller; 19%1# Crowle aﬁd Phillips, 1983). Any cell remnants
may be subsequently phagocytosed by eosinophils'or macrophages (Mann{

1965; Miller and Jarret, 1971).

Origin, differentiation, and development

A common bone ﬁarrow origin of MMC and CIMC was established
through transplantation experiments. Irradiated 657BL mice were
injected with various lymphoid and hematopoietic tissues from congeneic
C57TBL beige (bg/bg) mice whose genetical;y defective granulocytes have
ehlarged granules which serve as indicators of the ‘donor source of
transplanted tissue. Trahsplants of bone marrow éells, but not of
thymus, MLN, or Peyer's patch cells feplenished the CTMC population in

the skin of recipient mice. The same results were achieved using mast
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cell deficient_W/wV'mice as recipienfs of normal littermate ﬁissues
(Kitamurg; 19795), MMC were shown to derive from hematopoietic"
tissues through examination of the,MMC’response to N. brasiliensis
infected W/WY mice which had received transplants of'various
hematopdietic and lymphopdiétic tissues from normal littermates.
Transplantations of bone marrow and spieén, but not of thymus tissue
replenished fhe ﬁMG ﬁqpulation in‘the intestingl mucosa of infectéd
recipient'micg (Crowle and.Reed, 1984) . .

These two studies further helped establish thymus independency of
the CTMC and thymus dependency of the MMC through 'the iﬁcorporation of
athymic nude mice into their experimental protocols. A piece of W/WV
skin grafted onto jhe‘béck of athymic nude mice developed a normalf
number of mast'célls, &emonstrating the thymus independence of CIMC
(Kitamura, 1979p). The MHC response was restored in nude mice by
thymus transplantation, but not by fhe transplantation of tissue
lacking fﬁnctional thymocytes, such as bone marrow, demonstrating a
thymus dependency of MMC (Crowle and Reed, 1981). Based on Soth in
vitro and in vivo studies, the thymus dependency‘of MMC is strongly
believed to be a r@gulatory-lymphskine released,froﬁ specifically
acpi%atgd T lymphocytés (Ruitenberg and Elgersma, 1976; Mayrohofer,
1979; Ginsberg ef al.; 1981; Haig et al., 1982;.Reed et al., 19825.

CTMC and MMC have been shown to’arise in the bone marrow from
the same stem cell (Kitamura et al., 1981; Sharkis et al., 1981;
Greenberger et al., 1983; Suda et a;.,‘ 1985). The level at which
cmmﬁﬁment‘to a épecific mast cell precursor occurs is_unknown.

Granulated mast cells do not exist in the bone marrow or blood (Crapper




15

and Schrader, 1983; Guy-Grand; 1984) except in mast cell disease
states; such' as mast cell 1eukeﬁié_(Trayis et él., 1986). The
migration of mast cells through the blood t0‘£he tiésue was first
demonstrgted'by Kitamura f1§79a)‘who used Beige-norﬁal parabionts to
show that mast cells with both enlarged and normal sized granﬁles
developed equally in each recipient; Circulafing precursor mast cells
. undergo soﬁe differentiation prior to localization in the tissue since
undifferentiated stem cells can not be demonstrated in- gut tissue by
CFUs (colony forﬁing units-sp;een; macroscopid spleen colony assay for
non-differentiated stem cells) (Guy-Grand, 1984). The final maturation
into granulated cells and différentiation into héterogenous subtypes is
believed to occur under a local tissue inf‘luenée (Wlodarski, 1976;
Kitamura, 1979c; Pitts and Mayrhofer, 1983; Haig et al., 1984; Nékano
et al., 1985).

‘ Local differentiation of mast cells into specific subtypes under
influenceg of the 1ocal_tissué environment was impressively
démonstrated through the application of cultured mast cells. Nakano et
al. (1985) injected W/WY mice with either cultured mast celis or CTMC
from the peritoneal cavity of normal mice, then examined the tissues
of recipient mice and found that regardiess of the source 6f dbnor'
cells, mature ﬁast cells developed in both the connective tissue and
mucosal tissue of recipient mice. Further, ﬁast‘cells‘which developed'
in recipient W/wv.m;ce had the ﬁorphological and histochemical -
chafacﬁeristiés of CTMé wﬁen located in the connective tissues and of

MMC when located in the mucosa.
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In vitro cultivation of mast cells has contriﬁuted greatly to the
understanding of this cell. Mast cells can be cultured from a variety
of tissues, including bone marrow, thymus, spleen, lymph nodes, and
intestinal~tissue (Ginsberg et al., 1981; Haig et al., 1982; Crapper
and Schrader, 1983; Guy-Grand, 1984). Cultured mast cells have many of
the morpholégical and histochemical properties of the MMC subtype,
including dependency on a growth factor derived from activated T
lymphocytes, most commonly referred to as interleukin 3 (IL3) (Haig et
al., 1982; Greenberger et al., 1983; Guy;Grand, 1984). The use of
cultured mast cells by other study groups has provided additional
evidence for local differentiation of mast cells into specific
subtypes. Guy-Grand (1984) showed that mast celis cultured from the
intestinal tissue are more highly differentiated than mast cells grown
from other tissues based on'differences in cell surface markers and
secretory properties. At least two groups of investigators (Tertian et
al., 1981; Schrader et al., 1983) have shown that mast cells can be
cultured'from the intestinés of both normal and nude mice, indicating
that the influence of the T-lymphocyte on differentiation of the mast
cell precursor into the MMC occurs in the inﬁestine.

Local proliferation and maturation of the mast cell is
substantiated by the clonal nature of proliferating mast cells
(Kitamura, 1979c), the presence of mitoses in proliferating populations
(Miller and Jarret, 1971), and to some extent by electron and light
microscopic observations Af the developing mast cell (Murray, 1968;
Combs, 1971; Miller and Jarret, 1971). The immediate precursor mast

cell is described as lymphoid, but a direct relationship between the
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lymphoid cell and the ﬁature mast cell, which has metachromatic
staining granules aed IgEk surface receptors, has not been established
(Murray, 1986; Miller and Jarret, 1971). |

It has been suggested (pr—Grand, 1984) that MMC derive from a
population'of cells referred to as intraepithelial leukocytes’(IEL),
) which share morphologlc and hlstochemlcal properties with mast cells,
such as metachrOmatlcally-stalnlng granules and 1ntracellular
histamine. A clearer relationship has been established betweep IEL and
natural killer (NK) cells based on common cell surface markefs and in
vitro growth properties (Ernst et al., 1985). The IEL "comparﬁment"'ef
the intestine includes a variety of cell types some of whieh may be |
inﬁolved in mucosal protection (Ernst et al., 1985). | '

The relationshib between.MMC and another intraepiphelial cell,
the globulaf leukocyte, has been more clearly defined. ~Globular °
leukocytes share many of the charactersitics df mast cells with the'
addition of large acidophilic granules (Murraf, 1968). ' These. cells
.wére thought to be independent of mast cells located in the lamina
propria by at least one study group (Rultenberg and Elgersma, 1979)
‘They are considered by many 1nvest1gators to be partially degranulated
end-stage maet cells which have migrated from the lamina propria to the
intestinal epithelium (Murray et al., 1968; Miller ;ﬁd Jarret, 1971;
Mayrohofer, 1980; Huntley et al., 1984), and are often considered
together with_lamina propria mast cells, as a single MMC population.

| Mast cells boﬁh emigrate from the.bone'maprow and proliferate
locally under the‘appropriate stimuli (Keller‘et al., 1974). The exact

nature of the stimuli which initiate the MMC response is unknown, but
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assumed to_be related in some mannef to the parasite (Murray et al.
1971; Miller and Jarret, 1971; Nawa and Miller, 1979; Castro, 1982).
Products released from  the parasite . (somatic, excretéry, secreéory,
metabolic) are likely proceésed as.antigens-at the mucosal shrféce.
Th;se products may stimulate fhe mast cell directly or.indirectly
through the activation of othgr comp'onen{:s of the response. Ihe.
distribution .of MMC thrgughout‘the intestine during parasite infection
rather than just at the site of. burden (Keller, 1971;:MacDonald et al.,
1980) and at sites experimentally"détached from parasite exposure '
(Pitts and Méyrohofer, 1983) refutes the concept of direct parasiﬁe
activation of mast cells. Antigen stimulated Trlymphocyﬁes, which show
gut-homing behavior (Rogg et ai., 1§78) and aré essential for MMC
‘differentiation, could release numerous lymphokines to cpordinate.suph-
T-cell dependent fundtiong as proliferation of MMC (Ruitenberg and
Elgersma, j976)'production of specific IgE antibgdy (Isizaka et al.,
1976; Reed et al., 1982), and enhancementﬂéf eosinophil accumulation

(Basten and Beeson, 1970; Hindsbo et al., 1982).
| Parasites‘mayvrelease specific factors which. induce mast cell
acfivity'to bénefit their own establishment in a compromised intestinal
wall (Miller and Jarret, 1971). This early induéed‘degranulation would
then be the stimulus for subsequent mast cell accumu;ation. Th?,.
physical bresence'of the parasite has also been suggested as thé
. stimulus for the MMC response. If the MMC is primarily a repair cell
or is recruited as part of an ipflammatbny side‘efféct, then mechanicél
irritation of the mucosal.surface‘may,explain thé influx of these cells

A\

(Taliaferro and’Sarles, 1939; Nawa and Mille}, 1979; Askenase, 1980).
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Interactioﬁ with IgE

The synchrono.us development of parasite specifc IgE by
antigenically stimulated B-blasts in the mésentéric'lymph nodes (MLN)
would facilitate IgE dependent mast cell degranulation and may prévide
an additional stimulus for mast cell growth‘(Mayrhofer, 1976). The
association of ‘mast cells with IgE in the intestines of ‘parasitized
animals has been demonstr;ated‘ wi‘th immunofluorescence techniques
(Mayrhofer et al., 1976; Alizadeh et al., 1984), and it has been
clearly established that mast cells serve as the main repository fpr
IgE in the tissues (Mayrohofer, 1976; Ja‘rret and Path, 197'3;-Deéseir‘1. et -
al., 1981; Kaliner, 1979).

The binding of IgE to MMC could occur in two possible locations,
at the mucosal surfacg or in the MLN. Binding of IgE by mast cells in

the mucosa would occur after IgE, produced in the MLN, had circulated

‘unbound in the blood and lymph to the mucosa (Mayrhofer et al., 1976).

Binding in the MLN would likely involve a precursor mast cell, which
would. enter the circulatioh with bound IgE and return, or "home“, to
the intestinal mucosa (Gillion, 1981). The latter possibility would
explain why serum IgE, normally occurring ‘inrlow levels, is
cﬁaracteristicallvy elevated later in infection, but is not. evident‘
prior to MMC accumulation (Oglivie, 1964; Jarret and- Path, 1973; Jarret
et al., 1976; Dessein et al., 1981, Ishida and Yoshimura, 1986). This
would also explain the distribution of MMC throughout the intestine

rather than just at the site of parasite burden (Gillionm, 1981).
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Interaction with essinophils
The MMC response is often accompanied by eosinpphiiia.(Wells;
1962; Mann, 19§5; Kelly and Oglivie, 1972; Oglivie et al., 1977;
Rﬁitenberg et al., 1977; Kay, 1979; Dessein et al., 1981). Eosinophils
and MMC may interact synergistically at séveral levels. ECF-A released
from MMC granules attracts, retains and may also enhance the function
of eosinophils. (Capron et al., 1978; Kay, 1979; David et al., 1980).

Eosinophils adhere to the surface of Schistosoma mansoni

shistosomula (Capron et al., 1978) and N. brasiliensis in vitro in the
presence of specific antisera.‘ In the case of S. mansoﬁi.adherancé is
accompanied by damage to the schistosomula (Buttergorth et al., 1975;
Capron et al., 1978, David et al., 1980). | The barasite-damaging’
capacity of eosinophils is attributed_to two major componeﬁts of the>
eosinophil granulg, the major basic protein (MBP) and eosihophil
peroxidase (EPO) (Kay, 1979). The basic naturevof eosinophil
components facilitates interaction with the acidié GAG of the mast cell
granule resultiné in a comblex which may héve greater c&totoxic
potential than the eosinophil alone (Henderson et al., 1980).
Eoéinophils'function both dependently and indepegdently froﬁ T
lymphocyté regulation (Goven, 1983) . Eosinobhilia has been~observed‘in
athymic nude mice. in nesbonse to some parasites (Andreassén et al.,
'1978; Ishida and Yoshimura, 1986) but is absent in response to others
(Ruitenberg et ai., 1977; Sugané and Oshima, 1982). This ﬁay.reflect‘

the extent of the interaction of the parasite with the host tissue.
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Parasite and host influence

Parasites with larval stages that ﬁigrate through the tiésues and
with adult stages that exist in intimate contact with the intestinal-
viili, such as T. spiralis and N. brasiliéﬁsis (Wright, 1979; Kassai,
1982), might elicit a stronger host response than a noninvasive
cestode, such as H. diminuta, which has liﬁited direct contact with the
intestinal mucosa of the host through ;ts scolex (Gray, 1976; Kay,
1979; Ha et al., 1983).k However, the MMC response has been sﬁown to
occur éven'when the larval é%age is eliminated and when thé pérasite is
removed from direct contact withlan‘éxperimentally isolated intestine
(Pitts and Mayrohofer, 1983). Furthermore, functional antigens
released from.parts of the parésite not in direct contact with'the
intestine, such as the tapeworm tegument, may contribute to the
stimulation of the hqst‘pesponge (Befus, 1977).

Inherant differé#des in the parasite hoét, at the levels of
spécies, strain, and individtal-animal,‘aiso affécts the nature'and'
degree of the host response (Read anq Voge, 1954; Lee and Wakelin,
1982). The comparison of H., diminuta infections in rats and mice is an
example of a spécies‘differenée in the response to a parasite. Normal
micé.reject H. diminuta within 10 days post-inocﬁlation while normal
rats retain the‘pafasite for several months (ﬁead and Voge, 1954).
This difference in host response to the H. diminuta is attributed to
species variation of ihe ihtestinal microenvironment and immune system
(Hopkins et al.; 1972). The use of one animal species limits the
variations, but differept strains of the same spécies also exhibit

variability in their responses to a parasite (Lee and Wakelin, 1982).
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Mice experimentally bred to be deficient in a given component  of fhe
response, sugh as the MMC, provide effective tools for controlled

examination of the host protective mechanism.

Animal models

The mast cell defect of W/WV mice was first .recognized by
Kitamura (1978) who reported thét W/WY mice had in théir skin less than
1% of the CTMC than the leve;s found in normal littermates. The mast
cell aefect was subséqﬁently found to include MMCl(Uber et al., 1980;
Crowle and Reed, 1981). W/W'Y mice are bred as the F1 generation of
WBReJ-W/+ x CSTBL/6J-WY/+. Littermate mice with genotypes +/+, W/+)
and WY/+ are fertile, black or spofted and hematologically normal
(Russell, 1979), Mice with genotype W/W' are sterile,’solid white,
affected with maérocytic anemia and have deficiencies of granulocyte
populations to varying degrees (Chervenick and Boggs, 1969). The W/uWV
abnormalities are attributed to a hematopoietic stem-cell reiated
defect based on the observation that.W/WV bone marrow cells produce
limited CFU-s (macroscopic spleen colonies) when -injected into
irradiated littermate mice (McCulloch, 1964; Lewis, 1967). The
lymphopoietic stem cells of W/WY mice appear to be largely unaffected
since major functions associated with B and T l&mphocytes are normal
(Mekéri and Phillips, 1969; Reed et al.; 1982; Thomas and Schrader,
1983; Ha et al., 1986). W/WY mice do, however, accept transplants of
parental boﬁe matrow, without developing a graft vs. host reaction even
though the donor cells populate the recipient hematopoietic ﬁissues

(Sharkis, 1981; Harrison, 1976), which indicates some immunologic
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abnormality in the donor lymphocytes, the recipienp lymphocytes, or the
interaction between donor aﬁd recipient lymphocytes (Harrison, 1976).

The possibility of a T lymphocyte related defect in W/wWv micé is
supportec_i lto some degf‘ee by transplantation experiments and immune
competency tests. Wikor-Jedzejzak et al. (1977) and Kitamura et al.
(1979) injécted W/WY mice with anti Thy-1 treated bone marrow and
noted a repair of the CFU-s produéing capacity and of the CIMC defect,
respectively,‘but not of the anemia. Through a series of expepiments,
Wikor-Jedzejzak et al. (1977), concluded that a thymus regulating cell,
they termed anti-theta sensitive regulatory cell (anti-~TSRC), may be
deficient or altered1in W/WY mice. Mekori gnd Phillips (1969) repaired
irradiated animals with "different combinations of.normal and W/WY bone
marrow and thymus cells. They determined that.the thymus and bone
marrow cells of W/WY mice adequatély repaired the imﬁune competency of
SRBC-challenged recipient mice, using the plaque fgrming_cell (PFC)

assay, but demonstrated a gfeatly'increased synergism in PFC producing
ability when the repair.célls consisted of W/vabone marrow and
littermafe thymus.

Most lines of evidence suggest that the "stem-cell related" ﬁast
cell defect of the W/WY resides in the tissue compartmént of the
animal, rather than in stem cell compartment. Mast cells ﬁéve beeﬁ
cultured from the bone marrow, blood, énd spleens of W./Wv and
littermate mice in similar nuﬁbers, but in far fewer numbers from the
intestine; of W/WY mice (Suda et al., 1985; Cfapper and Schrader,
1983). All observations of mast cellldeficiency'indicate that the cell

is missing or is non-functional in tissues (McCulloch, 1964; Kitamura
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et al., '1978). The fact that repair of fhé W/WY defect with nor'.ma]‘.
littermate bpné marrow always involves repopuiation_with the donor type
cells (Seller, 1968: Harrison et al., 1979) indicatesAthat so’meﬂ
,regulatgry factor may be tré.nsplanted along w'i’.ch ‘the stem cells in. the -
donor bone marrow which contributes to W/WV‘r-epair_. This ."r-egulator-y
factor" may be T céll reigted,' or may ‘be another component which -
locates and influences the development of cells within tissues.

Thg absence of.functi‘onal mast cells in W/WY mice, and ihei;ﬂ
permanent replabement by injection of normal littermate bone marrow
(Ruésell.et al, 1959; Crowle and Reed, 1984) provides a valuable in
vivo model for the investigation of the role of the mast cell against a-
specific stimulus (Kitamura et al., 1985), such. as an intestinal
parasite. Tﬁe functional capacity of the W/WY immune system has been '
" shown to _be comparabl;a to thafc of normal mice -in both B and T
lymphocyte functions, such as specific ar;tibody production and delayed
‘type hypersensitivity (DTH) responses (Mekori and Phillips, 1969;
Sharkis et ai., 1981, Ha et al., 1986). Reports of MMC occurring in
the intestinal mucosa of infected W/WY mice k'1ave' varied from none (Uber
et al., 1980; Crowle, 1983; Crowle .and Reed, 1984) to a very few (e.g_.
3 MMC/10 VCU in W/WY vs. 537 MMC/10 VCU in LM) (Ha et al., 1983;
Mitchell et al., 1983; Alzideh and Murrell, 1984; 'Kaﬁliya et al., 1985).

The athymic nude mouse is essentially hairless and lacks a -norma_l
thymus (Flanagan, 1966; Pantelouris, 1968). It is commonly bred by
cross‘ing nu/nu males with nu/+ females since the nu/nu female can be
less fertile and -are less successful nurturers of their.' offs‘pring'

(Amstutz et al., 1976). The nude. gene has been bred onto several
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genetic backgrounds, such as C57BL. and BALB/c, which allows studies
with elected congenic strains (Gu:.i.de,, 1976). A thymus remnant oceurs
in nude mice ﬁhich consists of bands or lobes of vesiculated tissue
éontaining abnormal "“epithelial-like" qells and no ‘lymphocytes
(Pantelouris and Hair, 1970; Owen et al., 1975). The 'thymus in a
normal animéi consists of a lymphoid component which is derived from
precursor cells migrating f‘rom thé fetal liver and bone marrow; and an '
epithelial component which "programs" or "educates" the precursor cells
to become functional T lymphocytes (Owen et al., 1975). Thé nude mouse -
defectvlies 1‘n the defective developxﬁent of tﬁev thymic epithelium
(Wortis, 1971; Guide, 1976). A precursor T cell. (T-lineage, T-like)»
k;as been demonstrated to exist in the bone marrow, spleen and lymph
nodes of nude mice by fluor'esc.ence 1ocalization‘ and Thy'-_1 cell surface
labelling (MacDonald et al., 1981; Rbpke,1977),. The T-lineage cell
differs fr‘om .the functional T lymphocyte in that it does not
recirculate through the thobacic duct, has a shorter lifespan; and has
a lower density of the Thy-1 surface marker (Roelants et al., 1976;
Amstutz et al., 1976). The T-lineage cells preﬂslsent in nude mice may
have a limited' capacity to function as normal T lymphocyt;e;s (MacDonald,
1984) . |

The nude mouse n'xuta'tion is manifest as a deficienéy in functional ‘
T lymphocytes. Nude mice have severely impaired ceil mediated
responses; such as graft rejection, and 1lack t_hé abiJ.ity to produce
antibodies égainst many éntigens (T-dependeht antigens) (Manning et'.
al., 1970). N‘ude_micé are addi£ionally apeinic and 1eukopeni;

(Bamberger et al., 1977). Littermate heterozygotes are apparently
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hematologically normal and have normél T'lymphocyteAactivities (Guide,
1976) . |

Myeloid precursor ceils occur in normal levels in_nude mice
(Bamberger, 1977). Mast cells can be cultyred.in'conditioned media
from the the bone marrow, spleen, and infestine.of nude mice (Tertian
et al., 1981; Schrader et al., 1983). Nude mice contain normal to
higher than normal nﬁmbers of CTMC (w1odarsk;, 1976). MMC are absent
or present in low numbers in the intestines of nude mice (Crowle, 1983;
Crowle and Reed, 1981; Ruitenberg and Elgersma, 1976; Andreassen et
al., 1978). Other cells under thymic influence; such as the
eosinophil, have been reported to be both abseﬁt (Rﬁiteﬁberg et al.,
1977; Goven, 1982)'and present at normal or higher than normal ievels
in nude mice (Andreassen et él., 1978; Ishida and Yoshimura, 1986;
Sugane and Oshima, 1982).

The host response to parasites is compléx. It involves fhe
interaction of several components of the host protective system and ié,
dependent upon both the stétus of thé,host and the nature of the
parasite. Animals bred to be specifically deficient in a combonent‘of
the host protective system, as are mast cell deficient W/WY mice and
thymus deficient nudé-mice, are useful models fqr evaluating the role .
of specific prqtective components on the éapacity of the_host to degl

with a speéific parasite stimulus.
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METHODS AND MATERIALS

WBB6F1-W/Wv (W/WY) mice were obtained by crossing WBRéJ-W/; and
C57BL/6J-WV/+ mice. Littermate (LM) mice of ggno@yﬁes W/+, W/+, and
+/+ were used as control mice. Mice used experimentally were between
4.8 months old and of both sexes.

CS7BL)6J-nu/nu (C57BL nude) mice ﬁere ébtainéd by crossing

C57BL/6J~nu/+ females with C57BL/6J-nu/nu males. C57BL nude mice used

as control in the W/WY (Tenebrio molitae) experiment were between 5-10
months old and all male. These mice wére'considefed séparately from
the C57BL mice used in the nude mouse experiment. C57éL nude mice used
in the nu@e mouse experiment were between 2-4 months old:apd'both
sexes. Littermates to C57BL nude mice (CSTBL LM) were between 2-14
months old, both sexes, and were either heterozygotes or homozygotes.

BALB/c-nu/nu (BALB/c nude) mice wére obtained by'erOSSing BALB/c-
nu/+ females with BALB/c-nu/nu males. Littermate mice (BALB/c ﬁM) were
either heterozygotes or homozygotes. BALB/c¢ mice used experiment;lly
wére between 2-4 months.old“énd of both sexes.

All mice used in this study wefe bred at the An;mal Resource
Center, Montana State University, Bozeman, MT from breeding stock

orginaliy-obtained from Jackson Laboratory, Bar Harbor, ME.

Bone marrow repair

W/WY bone marrow repaired mice (W/WVBM) received bone marrow

transplants from sex and age matched normal littermates. DBone marrow
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cells were aseptically removed from the femurs of donor animals,
checked. for viability by Trypan Blue exclusion, and resﬁspehded to 4 x
107 bone marrow cells per-ml (Mishell and Shiigi, 1980). Recipient
mice were injected intravenousiy (IV) in the lateral tail vein with 0.5
ml of prepared cells (2 x 107 cells/ mouse) (Crowle, 1983; Kitamura ef
al., 1979). W/WYBM mice were allowed to normalize for 60 days
(Kitamura et al., 1979) before being used experimentally. Repair of

the anemia and mast cell defect.were checked by hematocrit and by the
presencé of CTMC in the-skin of the ear. Mice with hematocrits of 47-
53% were considered to be successfully repaired (H/WVBM) (Sharkis et
al., 1981). W/WY mice had hematocrits of 34-44% and a control group of
littermate mice had hématocrits of 48-58%. CTMC in the ears of all

mice were stained by the method described below for MMC.

Parasite

H. diminuta cysticercoids were recovered from the intermediate
host flour beetle, I. mdlitae (Carolina Biological, Burlington, NC) or
the intermediate host flour beetle, T. cdnfusuﬁ (Jorn Andreassen,
Denmark). Experiments using each source of infective cysticercoid were
reported separately and compared for significant différences. I.
molitae was the intermediate host source for H, diminuté in all cases
where the intermediate host is not specifically indicated.

Cysticercoids were dissected from beétles into Hanks' Balanced
Salt Solution (HBSS) (Irving Scientific, Santa Rosa, CA). Mice under
light ether anathesia were injeqted via gavage with 3 cysticercoids per
mouse (Andreassen and Hopkins, 1930} Isaak, 1983). The gavage tube was

checked under a dissection scope (30x) after each injection to insure




29
that all 3 cysticercoids were administered to each animal (Hesselberg
and Andreassen, 1975) . Day O data were derived from animals which

received no cysticercoids.

Experimental protocal

Mice in all expefiments received 3 cysticercoids of H. diminuta;
except those used for day O data. Three-worm injections were used_to
1provide adequatertimulus for a histqlogically‘detectgble host response
and for the repévefy of worms of-managéable numbér and sizé (Befua,
. 197'5; Andreassen, personai communication). Seven groups of- mice were

used experimentaily:

GROUP _ ABBREV. THYMUS  CIMC ‘MMC

Littermate LM o+ + +
W/ . _ R 74" AR + L -
W/WY bone marroﬁ repaired W/WYBM + + +.
C57BL nude ' CSTBL NU - + =
C57BL 1ittermate C57BL LM + + +
BALb/c nude - BALB/c Np - + -
BALB/c littermate BALB/c¢ LM + + +

Littermate, W/WY, W/WY bone marrow repaired mice
Intermediate host: Tenebrio molitae

On each of days 0, 6/7, 10, 12;.16, and 21 post-inoculation
(pD), 5-10.LM and W/WY mice were killed; on day 24 PI, 3 LM and 2 W/WY
mice were killéd; five W/WVBM mice were killed on each of days 7, 12,

16, and 21 PI; and two CS57TBL nude mice were killed on each of days T,
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10, 16, and 21 PI; All mice were randomly selected f‘or_sacrif_ice
except those speéifically non-infected for day 0 déta.

L:.L'ttermate mice were‘ ..used' as» the normal mou,ée model. W/WY mice
were used as a model of totél mast cell deficiency. Bone marrow(
repaired W/WY mice were used as a specifically mast cell-restored
model. F:57BL nude mice were used as a model of thymic-related
deficiences, including the 1aék of MMC. Nude mice were also used as
infection j)ositive controls, since 1) they reta_in. H. diminuta for
extended periods _of‘ time (Isaak et al., 1975) and, 2) H. diminuta
becomes established in mice but does not always produce 'e_ggs_ (Hindsbo
et al.; 1982), which limited the use of a standard eggs per gram feces

(EPG) assay .for positive infections.

Littermate and W/WY mice o
Intermediate host: Triboliun confusun

'Five LM and five W/WY mice wer'e.kill‘ed on each of days 6, 12, 18,
and 24 PI.  The response of the host to worms derived from the
intermediate host T. confusum in this experiment was compared to .the
_response of the host to worms derived from the intermediate host T.

molitae.

-Nude mice

Three mice f‘rqm eac':h group were sapr'ificed on each of days 0, T,
12, 16, and 21 PI. C57BL nude mice were coﬁxpared to the more commonly
~used 'ﬁALB/c nude mice for their response to H. diminuta. Littermate

mice of both _strains were included as controls.
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Worm recovery

‘Mice were: killed by cervical dislocation on various days PI.

Small intestines were removed and flushed with saline to remove worms

and debris (Hopkins et ai., 1972; Isaak, 1983). On the earliest PI
days, both the collec'ted debris and the slit iritest.ine (preparéd for
histology) were carefully examined under a dissecting scope (30x) for
small worms. Furthelr examiﬁation of the intestine for small worms
through mucosal scraping or extended incubation (Hopkins ét al., 1972;
Andrjeassen and Hopkins; 1980;4Hindsbo et al., 1982) ‘was omitted in
pr'eferénce to maintaining the integrity of the intestinal wall for
histological observations. | |

Under 'these circumstances, it was. difficult to recover every

small worm; therefore, the number of worms recorded as surviving on

‘earliest days PI (days 6 and 7) was considered to be a minimal value

(Hopkins et al., 1972; Andreassen et al., 1978). Since H. diminuta

does evstablislli in";nic_e‘ (Andreassen et al., 1978, see.‘also resplts ip
this document) and the inocu'la'ti‘on"of ey'sticer'c‘oids was ascertained by
qhecking thé inoculation-'tube, inoculgted miée‘ were considered to 'be
infection positive on days 6 and 7 PI in spité of the absence of
detectable wonﬁs in somé cases. "The % positive values represent the
number of animals positive for infection in each group.

The number of worms recovered was based upon_the number of

scolices with attached neck and proglottids, when whole worms were not

found (Andreassen et al., 1978). In most cases, complete worms were
recovered. The % recovery values were determined by dividing the

number of .worms recovered from a group of animals by the number of
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animals in the group x the number -of cysticercoids administered per

~animal.

Worm measurement

Recovered worms were placed in deionized water and kept at 4° C
overnight to relax.musculature and facilitate measurement (Andreassen
et al., 1978). The length of relaxed worms was measured on a piece of

glass under a dissection scope (15x) with a millimeter scale

- (Hesselberg and Andreassen, 1975; Hindsbo et al., 1982). Measurements

were recorded in centimeters (cm) to the nearest 0.1 cm. The dry

- weight of worms, in milligrams (mg), was determined after removing

surface liquid with filter paper and drying the worms overnight at 60°
C in preweighed tin foil cﬁps (Heeselberg and Andreassen, 1975). Worms
weighing <1.0 mg were considered to be 0.5 mg (Befus, 1975) . »

Worm 1engph_ahd weight values are given as the mean'leegth and
weight values from all ﬁorm positive mice in a group on a given day PI.
Worm negative mice are represented on Length and Weight figures onl&
when all mice in a group were worm negative (0% posit.ive) in which
cases the representative group symbol was placed on the origin line of
the x-axis. Length and weigﬁt values for worp negative mice were not
included with values for worm positive mice when both occurred since
these averages artifically lowered phe length and weight values of
recovered worms. |

The'lengths and weighﬁs of individual worms recovered from each
mouse were combined into total worm lehgths and weights per mouse, i.e.

the measurements for each individual worm (1-3 per mouse) were added
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together and considered as a single worm value per animal (Hindsbo et

al., 1982).

Histology
Each saline-rinsed intestine'was stretched on a corkboard next to
a marked rubber band which‘could'Be stretched to the individual length
of each intesfine (Andreassen.ef al., 1978). The rubberband was
divided into.5 sections, (1) 0-17%, (2) 17-30%? (3) 30743%, (4) 43-56%,
‘and ﬂ55 56-100%. Section ﬁ of corresponding'intestiﬁe was primarily
duodenum, section 2-4 jejunum, and section 5 ileum (Aﬁdreasen et al.,
1978). Since .most -worms have been foﬁnd in,sections 2 and 3 of the
jejunal intestine (Andreassen et al., 1978),‘these sections along with
sections 1 and 4 were kepf for histoloéy. Each intestine was
transferred to a moistened strip of baper, slit longitudinally and
flatténed (Crowle and Reed, 1981), then cut into sections. Each
section was fﬁfther di&ided iﬁ'half. One half was placed in Carnoy's
fixative (60% EtOH, 30% chloroform, 10% glacial acetic acid) (Manual of
Histologic and Special Staining Teqhniques,'1949) for 3-8 hours for the
staining observatioh of MMC (Enerback, 1966a; Crowle, 1985), the other
half was placed in 10% buffered formalin for the staining observation
of tissue eosinophils (Manual of Histologic and Special Staining
Techniques, 1949; Andreaséen et al., 1978). Tissues were dehydrated
and biocked in paraffin, thén cut in 10um sections with the intestinal
villi in a iongitudinal orientétion,
Cérnoy's fixed sections were'stained in 0.5 astra blue at pH 0.2-

0.3 (0.5 gm astra blue FM, Schmid GMBH and Co., in 100ml distilled
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water with 6 ml 37% HCL) washed in hemathylin and eosin biuing agent
(0.2 gm NaHCO3 and 2.0 gm MgSQ, . 7ﬁ20 in 100 ml of diﬁtilled watef);
and counterstained with 0.25% eoéin Y (0.25 gm eosin Y, Fisher
Scientific Co., Seattle, WA, in 20 ml -of digtilled watef and 80 ml of
100% ethanol); MMC ;tain a bright blue against a pink background.with
this technique (Croﬁle,_1985). .

Formalin fixed sections were stained in 0.5 % Eosin Y /0.5%

Orange-G (0.5 gm eosin Y,Fischer Scientific Co.:, 0.5 gm Orange 'G;
.Harleco, Philidelphia, in 100 ml distilled water), washed in
hematoxylig and eosin bluing‘agent (0.2 gm NaHCO3.and 2.0 gm Mgsou .
TH50 in 100 ml 6f‘distilled water’, and counterstained in.Hemétoxylin
(Gill 1II). Tissue eosinophilé stain a bright red-braﬁge against a
blue-violet background with this technique (Litt,_1969; Manual of
Histologic an& Special Staining Techniques, 1949).

Cells were counted and recorded per 10 villus crypt units. A
villus crypt unit (VCU) is the area of the'gmall intestinal mucosa
between two gland ‘crypté and the 'villru‘s above . (Miller and Jérret,
1971). Counﬁs of intréepithelial ﬁast cells and lamina propria mast
cells were_éomﬁined and treafed as a si@g;e population of cells (Crowle
and Reed, 1981).

Intestinai cgll,counts for.a given day are means of counts from
all mice in a group killed on that dgy'PI, both worm'positive and worm
negative. 'In'some cases, the number 6f animals included in the mean
ceil count was less than the total number ofianimals killed due to the

unsuccessful histological preparation of some samples.
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Blood cell counts
-Blobd.was obtained from the same litﬁérmaﬁe, W/WV, and W/WVBM
mice on alternate days PI beginning on day -1 and'£hrough day 21 PI.
Blood was obtained'ffom C57BL and BALB/c mice on alternate days PI
begiﬁiné on day 0 and through day 20 PI. C57BL éontrol mice in the W/WV -
mouse expefiment were sampled the day before sagrifice. Blood samples
were taken during the same two hour period each.da& in an effort to
standardize the count since peripheral blood eoéindphils levels havg
been reported to have a diurnal variation (Colley, 1974). Free flowing
blood from the laterél taii vein-was drawn up into a standard white
blood cell pipette and mixed with Discombes dilutant (0.5 ml aqueous
‘ Eosin Y, 0.5 ml acetone, 10 ml distilled H,0) made fresh ‘each day
(Basten et al., 1979). Red-staining eosinophils were céunted in four
large squares of a Nedbauér bright 1ine-hemacytometer cha¢ber, and
reported as eos/mm3 of blood using the folléwing formula (Mishell and

Shiigi, 1980): . .

cells/mm3 = (a?g.-# cells in 4 large squares)(10)(1/dilution)

dilution (standard white blood cell pipette) = 1/20

The peripheral blood total 1eﬁkocyte respoﬁse was estimated on
the basis of 100.cell§ counted in blood smears (Basten et al., 1979)
Ruitenberg et al., ‘i977). Cells were_stéined with Wrights ‘stain
(Aldrich Chemical Co.,Inc., Manual of Histﬁlogic and §pecial Staining
Techniques, 1949) and reported as % mononuclear cells (lymphocytes and

monocytes), % neutrophils, and‘% eosinophils.
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PCA assay for worm-specific IgE

'PCA tests were used to assay worm-spécific igE in the sera of H.
diminuta infected mice. Blood was obtained from the reﬁro—orbitai
plexus with.a heparanized Pasteur pipette while mice Qere undgr ether
anesthesia (Sakai et él., 19815. Collectéd bloéd was al;owed to clot
overnight at 4° C, then_centrifuged to further separéﬁe the serum from
the cells'(Hindsbo et al., 1982). Serum was stored separatglyufor each
animal at -20° C then pooled on the day of testing in equal amounts of
0.1 ml of serum from each animal. Test sera collected from 5 LM and 5
W/WY mice on days 16,21, and 28 PI, from 5 W/WBM mice on days 21 and’
28 PI, and from 3- of each C57BL and BALB/c¢ group on day 21 PI wére
assayed. Ali tests were done once with the exception of tests.on sera
collected on days 21‘and 28 PI from LM and W/WY mice, which were tested
twice with the same response both times.

PCA teéts were performed on female Holtzman rats, 4—5 months old,
weighing 280-405 gm (Ovary et al.; 1975). Rats were anesthetized with
pentobarbital énd injected intradermally on .their backs with,0,1 ml
aliquots of test sera. Tesf sera were aliquoted in fwo-fold seriai
dilutions starting with undiluted serum up to a dilution of 1:256. 48
hours after passive senéitization, rats were challenged with_IV'
injection of 1.0 mg of tapewofm antigen (TWA; see'below) in 1.0 ml'bf
bhosphate buffered saline (PBS) with 0.5% Evans Blue (Ovary et al.,
1975; Hindsﬂo et al., 1962). Intradermal injection.sites ﬁere checked
30 and '45 min later (Hindsbo et al., 1982) for blue stained areas
indicative of increased vascular permeability caused by the releasé.of

mediators from sensitized mast cells. A circle of dye 3-5 mm in
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diameter is considered a positive reaction (Hinc_isbo et al., 1982).
Results from PCA tests are typically recorded as'ghe neciproéal of the
maximum Serum dilution givin_g a -positive reaction (Kamiyé et al.,
-1985); A value of 0 was:assigned to any‘test in which no reacfion was

detected using undiluted serum. Positive controls f‘or PCA reactions

were done using N. brasiliensis antigen with sera collected from N.

brasiliensis infected rats, which is known to give a strong PCA

‘reaction (Crowle and Reed, 1981).

Tapeworm antigen (TWA) was prepared from adult H. diminuta

recovered f‘r;om the intestines of "infected rats (Hindsbo et al., 1982;
' Isaak, 1983). Worms were soaked overnight ‘in PBS, éround in a glass
tissue homogenizer for approkimatl& 1 hr, then gently stirred 6n a
magnetic stirrer at 4° C overnight. The homogenate was centrifuged at
4° ¢ for 30 min at 11,500 rpm (21800xg), the supernatant removed and
lyophilized, then reconstituted to 1nig/ml PBS for injection. IN_.

bragiliensis antigen was prepared by collecting adult worms from the

intestines of infected rats. . Collected worms were ground with a glass
tissue homdgenizer and centrifuged for 10 min at 1500 rpm (37’1xg). N.

br‘asilienéis antigen was injected at a calculated dose of 2000 worm

‘equivilants per ml (Ha et al., 1986).

Statistical analysis
Standard d_eviat‘:ic;ns (SD) If‘rOm the’ means and probabilities (p
values) o_f‘ Significance were determined when ‘_che‘ sample size was 2 3,
except in the case of the T. confusum data where some statistical
analyses were done on _sample sizes of 2 (Table 6). SD are indicated by

+/- signs on Tables and by error bars on Figures. Error bars which
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extend beyond adjacent éurveé in figures occur in réspective-order to
data points, except where otherwise indicatéd.ﬂby two separate bars
(Figs. 5, 78,‘and 15). Results were first analyied by a Student's_T

test (MSU Stat, version 2.2, Richérd E. Lund; Montana State University,"
Bozemaﬁ; MI'; Snedecor and Cochran, 1976) then further analyzed for
‘significance by the ﬁonferonni T-test method; at p < .0125, ;01 or .007
with a‘simultanedus significance of .05 for 4, 5, or 7 statements. The
Bonferénﬁi T-test method takgs into accéuntAsimulﬁaneous erfar rates
when estimating a number of mean responses (statements) corresponding
to vector X (days PI). With this statistical analysis the confidence
intervals are. lowered By ciéiming s;gnificande at p = .05 if p <.05/k
(k = number of statements) (Neter et al., 1985; Maftin Hamiltoﬁ,
Department of Mathmatics, Montana State University, Bozeman, MWMT,

personal communication).
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RESULTS

Littermate, W/W', and W/W’ bone marrow repaired mice
Intermediate host: Tenebrio molitae

Worm recovery

Mice inoculated with 3 cysticercoids of H. diminuta (intermediate
host, T. molitae) were kiiled at different intervals PI énd their
intestines were checked for the presence qf adult worms. Some mice
from‘éll groups, including the LM, wére‘infection positive on day 6/7
PI (Table 1). By.day 10 PI, all 1itterméte mice were worm negative.

W/WY and W/WYBM were 100% positive for infectiqﬁ on days 10 and .
12 PI, .and on day 12 PI, respectively. On day 12.PI, W/WY mice had a
93% REC, whereas 58% REC occurred in W/WVBM mice, .and §n day 16 PI W/Wv
had a 30 % REC where as a 13 9 REC occurred in W/WYBM mice. On da& 21
fI, both groups had‘a'13 % REC of worms. These data indicate that worm
fejection'occurs in é siﬁilar overall pattern from these two groups of’
mice, but is slower at certain intervals, such as on days 12 and_16 PI,

from unrepaired W/WY mice. The gradual loss of worms from W/W' mice

also indicétes that the 3 worm burden is 1ost‘oveﬁ time, rather than
simultaneously from each animal. » ’

~ The median survival time;.definéd by Befus (1975) as the first
day on which > 50% of the worms administéred to a group of mice have
been lost, was also used to compare the time of Qorm rejection. Median

survival time indicates that réjeqtion of worms from'both W/wY ahd

W/WVBM mice occurred on day 16 PI (Table 1). In contrast, control
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Table 1. Percentage of mice positive for adult worms (% POS) and
percentage of cysticercoids recovered as adult worms (% -REC)
at different intervals post-inoculation (PI) of littermate
(LM), W/WY, W/WV bone marrow repaired (W/WVBM), and control
C57BL nude (C57BL NU) mice with 3 cysticercoids of H.

diminuta.

DAY PI GROUP N 7 POS % REC
6/71 M "10 50 27
w/wY 10 60 27

W/WVBM 5 100 47

C57BL NU 2 50 50

10 M 5 0 _ 0
W/W 5 100 100

C57Bl, NU 2 100 - 50

12 M 5 . a 0
' TATM 5 100 93
W/ WY BM 4 100 58

16 M 10 0 0
WM 10 40 30

W/ W BM 5 20 o 13

C57BL NU 2 50 33

21 M 10" 0o 0
w/w 10 30 - 13

W/WYBM 5 .20 : 13

C57BL NU 2 0 : 0

24 ™M 3 0 0
w/wY 2 ‘ o . 0

1. data from day 6/7 P1L are éonsidered minimal because small
size of worms and non-rigorous handling of tissue made
full recovery difficult.
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C57BL nude mice rejected H. diminuta earlier (median survival time of
- 10 days PI.

Worm growth

The mean length (cm) of H. diminuta worms recovered on days 6/7

PI was small (3.5-11.0 cm) in all gfoups of mice cémpared to worm
_ iepgths on subsequent days PI (Fig. 1, Table 9; Appéndix)( A striking
increa;e in the length of worms occurred from day 10 PI onwards in both
ﬁ/wv and W/WYBM mice, reaching mean maximums of 93 cm and 100 cm,

respectively, on-day 16 PI. Worms also grew in length during this time

interval in the control C57BL nude mice, but to only one-half the

length reached by worms recovered from the W/WY groups.
The mean dry weights (mg) of recovered worms appeared to increase

in correlation with.worm length on days 12 and 16 PI for W/WY, W/WVBM

-and control CS57BL nude mice (Fig. 2, Table 9; Appendix). On day 21 PI,

. the mean dry weight of worms recovered from W/WY mice‘remained
" constant, while the mean length incfeased (Fig. 1). = Worms recovered
from the W/Wv.mice on day 21 PI apﬁear shorter and heavier (Fig. 3).
Mean dry weights for worms of similar mean length varied
considerably, particularly for the lérger worms recovered on days 12
and 16 PI. Dividing the worms arbitrarily into small (1-10 cm recofered
on days 6/7 PI), medium (10-60 cm recovered on days 6/7 through day 12
"PI) and,lérge (60-138 cm reeovered 6n day 12 through day 21 PI), dry
weights ranged from Q.S,to.3.0 mg for small worms, 5-10'mg for med;um

worms and 10 to 138 mg for large worms.




DAYS POST-INOCULATIOS

1. Mean length (cm) of HedImlnuta worms recovered from llttermate
(A), wwv (S)1WwW/Wv bone marrow repaired (0 ), and control
C57BL nude (0) mice at different Intervals post-inoculation.
Values represented In this figure are listed In Table 9
(Appendix).1 2 3

1. values represent means of combined lengths of all
worms/positive mouse In a group.

2. error bars indicate SD when the number of worm positive
mice in a group was > 3»

3. symbols occur on the origin line of the x-axis when no
mice were worm positive.
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DAYS POST-INOCULATION

Mean weight (mg) of Hi diminuta worms recoved from littermate

(A), w/wv (S)1w/Wv bone marrow repaired (OJ0) and control

C57BL nude (0) mice at different intervals post-inoculation.

Values represented in this figure are listed in Table 9

(Appendix).1l 2 3

1. values represent means of combined weights of all
worms/positive mouse in a group.

2. error bars indicate SD when the number of worm positive
mice iIn a group was >. 3»

3. symbols occur on the origin line of the x-axis when no mice
mice In a group were worm positive.



Fig.

Photograph of H2. dimlnuta worms recovered from littermate
(LM), W/Mv, and control C57BL nude (BLN) mice on days 6, 10,
16, and 21 post-inoculation (Pl). The arrow at LM, day 6 PI,
is pointing to a single small worm.
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Histologicai obseryations
The distribution of MMC in four sections of littermate intestine
(Section 1, primarily duodeum, Sections 2-4%, primarily jejunum) was

examined for each day PI (Table 2).

Table 2. MMC/10 VCU in four sections of the small intestine of

: representative H. diminuta infected littermate mice
shows a small degree of regional differences.
Subsequent MMC counts and all intestinal eosinophil
counts for experiments were done in SECTIONS 2 or 3
to standardize counts in an area of %reatest worm
attachment (Andreassen et al., 1978)!.

DAYS PI  SECTION 1 SECTION 2 SECTION 3 SECTION 4

(0-17) (17-30%) (30-43%) " (43-56%)

duodenum jejunum “jejunun : jejunum.
7 5.6 ' 12.0 12.0 . 9.4
12 19.0 21.6 7.3 | D2
16 W  61.8 57.0 504
21 " ND BTN 79.6 810

1. five mice were sampled on days 7 and 16, three mice were
sampled on days 12 and 21. g )
2. ND = not done.

There was little variation in the number of mast cells in the
four sections, although counts from Sections 2 and 3 were slightly
higher in most cases. Taking this into coﬁsidgration along with

reports that the attachment of H. diminuta occurs primarily in the

jejunal intestine (Befus, 1975;'Andreassen et al., 1978), all’

subsequent counts of MMC and intestinal eosinophils were done in

Sections 2 or 3.
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MMC accumulated in the small intestines of LM and W/W'BM mice,

but not .in the small intestines of W/WY or C57BL nude mice (in this"

experimeht) in response to H. diminuta infections (Fig. 4, Table 9;'

Appendix). MMC increased significantly (p = .0000) to a. peak in LM
mice on day 21 PI éompared to day O values, but did not increase
-significantly at any other sample time PI (signifieént at p £ .007 with
a simultaneous significance of .05 for 7 ‘statements, days O, 6/7, 10,
12, 16, 21, and 24 PI). Although not significantly highqr than day 0,
an early péak in MMC numbers appears to occur on day 10 PI in LM mice.
The greatest mean number of MMC was observed in both LM and W(WVBM mice
on day 25 PI, followed by a substantial drop in LM miqe on day 24 PI.

The accumulation 6f MMC in LM mice was not significantly
different than the accumulation in W/WYBM mice on days 6/T, 12, and 16
PI (p = .2245, .4889, aﬁd .5805 comparing LM to W/WVBM.on'days 6/7,
12, and 16, respectively; P = 0464 on day 21 PI; sign;f;cant at p <
.di25 'with‘ a simultaneous significance of .05! 4 statements). fhe
slight increase in MMC in the uﬁrepaired W/WY mice on day 21 PI was not
significant (p = .1092 ) compared to day O for these mice. A few MMC
(0-5/10 VCU) were observed in the intestines of C57TBL nude mice (Table
9; Appendix)-°

Eosinophils accumulated in #he intestines -of all four groups of
mice in response to H. diminuta (Fig.$, TaBle 9; Appendix). A
significant increase in intestinal eosihophils occﬁred in LM mice on
day- 10 PI compared to day 0 (p = .OOQO;‘significénce; p £ .007 with a
simultaneous signifcance of .05 'for 7 statements), followed by a

‘substantial decline on day 12 PI. A later peak of intestinal
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Fig.
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DAYS POST-INOCULATION

Mean number of mucosal mast cells (MMC) per 10 villus crypt
units (VCU) in the intestines of littermate (i), W/Wv (=),
and W/Wv bone marrow repaired (0) mice at different intervals
post-inoculation with 3 cysticercoids of diminuta. Error
bars indicate SD. Values represented in this figure and values
for control C57BL mude mice are listed in Table 9 (Appendix).
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DAYS POST-INOCULATION

Mean number of eosinophils (EOS) per 10 villus crypt units
(VCU) in the intestines of litteroate (A ), VIAW (=), Wiv
bone marrow repaired (D)1 and control C57BL nude (0O) mice at
different intervals post-inoculation with 3 cysticercoids of
H. dImlnuta. Error bars indicate SD. Values represented in
this figure are listed in Table 9 (Appendix).
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eosinophils in LM mice on day 21 PI in LM mice was also significant
compared to day 0 (p = .0024) and coinci&ed with the greatest mean
number of eosiﬁophils observed in'thé other three groups. -

The number of eosinophils obsefved for LM and W/WYBM mice was not
significantly different at any interval of time PI ( p = .T342, .3934}
.4315; and .1770 comparing LM to W/WVBM micg on days 6/7, 12, 16, and
21 PI, respectively; significant afc. p £ .0125lwith a“ sirﬁﬁl'taneous
significance of .05, 4 sﬁatemenﬁs)..The number of eosiﬁophilé obserVea
for W/WY mice was significantly ;ower than tge number observed in LM
mice on days 6/7 and 10 fI (p = .0010 and .0000 comparing LM to W/WY
mice on days.6/7'and 10 PI, respectively; significant at p 5_;007 with
a simulatanequs significance of .05, 7 statements; days‘o, 6/7, 10, 12,

16, 21, and 24 PI).

Blood cell response

Eosinophils in the pepibheréi blood (EOS/mm3) dropped in LM,.
W/WY, and W/WYBM mice on déy 1 PI, then rose in all three groups on daj
3 PI (Fig. 6, Table 10; Appendix). Levels dropped and fluctuated on
days 5 through 9 PI, then begap to rise again on day 11 PI in LM and
W/WYBM mice and on day 13,fI in W/WY mice to reach péak numbers in all
three grbups on days 13 through 17 PI. These increases'in peripheral
. blood eosinophils occurred‘jgst‘prior to the occurrence of peak numbers
of eosinophils in the intestines on'day_21 PI (Fig.‘5)° “

Peripheral blood eosinophils were sampled in CS7BL'hude micg §n
days 5,9,15, and 21 PI. On days 5-and 21 PI, blood eosinophil levels

in control C5TBL nude mice were similar to those of LM and W/WYBM mice.
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DAYS POST-INOCULATION

Mean number of eosinophils (EOS) per cubic millimeter (mm3) OF
peripheral blood collected from littermate (A ), V/Mv (=),
and W/Wv bone marrow repaired (0O) mice on alternate days
post inoculation with 3 cysticercoids of Hji diminuta. Blood
was collected from C57BL nude mice on days 5, 9» 15, and 21
Pl. Values represented in this figure are listed, with SD, in

Table 10 (Appendix).



51
On day 9 PIlthé level of blood eésinbéhiis dropped'to 100 EOS/mm3 and
on day 15 PI it rose to 950 EOS/mm3 ig the C5TBL nude mice. The high
level of eosinophils in the blood of C57TBL nude mice on day 15 PI
occurred prior tp thé'occurr;ence of"highest numbers of eosinophils in
the intestines on day 21 PI.

'Counts of eosiﬁophils'in the peripheral blood are‘reportea to be
highly variable in both infected and non—infeqted animals (Oglivie et
al.,‘1978). Even though‘blpod sambles:were obtained‘from aniﬁals at a
designated time each sample day to minimizé the variation (Collej,
1974), considerable variation in blood. eosinophil counts still
occurred, gvén in a single littermate.mouse (Fig. 7). Such variation
in eosinophil counts was typical of all sampled animals, regardless 6f'
Strain.

Differential leukocyte counts revealed an iﬁerease in the
percentage of eosinéphils in W/WYBM mice on days 15 and 17 PI with a
concomitant decrease in the percentage of mononuclear cells (Table 3).
There is no obvious pattern to ﬁost of the fiﬁctuation in the relative
numbers of mononuclear cells, neutrophils and eosinophils in the blood

of H. diminuta infected LM, W/WY, and W/WYBM mice.

Horm specific IgE
PCA tests for worm-specific IgE in the~sera‘of H, diminuta
infected mice. were negative for all days tested (Table 4). Rats

injected with the sera of N. brasiliensis infected rats and challenged

with N. brasiliensis antigen gave positive PCA tests, confirming the

reliability of thertesp.
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DAYS POST-INOCULATION

Eosinophils (EOS) per cubic millimeter (mm3) OF
peripheral blood collected from a single representative

littermate mouse on alternate days post-inoculation with 3

cysticercoids of diminuta.



Table 3. Differential ieukocyte counts of 100 cells in Wright's stained blood smears made from blood _
collected from LM, M/wy, and W/WVBM mice on alternate days post-inocuation and starting on

-~ day -1. Leukocyte counts are reported as % mononuclear cells, % neutrophils and % eosinophils.

LEUKOCYTE: ~ GROUP ' DAY POST—fNOCULATION

-1 1 3 5, 7 9 11 13 - 15 17 19 21
pA MONONﬁCLEAR M 87.8 91.2 86.0 84.2: 81.5 81.8 82.6 80.0 84.2 86.4 83.0 79.6
CELLS W/ g8.2

87.4 82.2 85.2 89.3 84.8 84.8 8l.2 82.2 88.4 82.8 73.0

- W/WBM 90.7 91.0 87.0 87.2 87.4 85.3 8l.6 .82.6 77.8 75.8 75.2 80.0

2 NEUTROPHILS 1M '10.0’. 7.6 '10.0 10.4 14.0 11. 10.2 18.6 8.0 8.4 10.2 13.2

% 5
W/WY 10.8 ,10.2 16.0 13.0 8.0 13.0 4.4 13.6 .13.0 7.0 11.6 23.0
W/W'BM 5.3 7.0 8.0 -11.0 10.8 13.2 15.2 11.8. 11.0 10.4. 16.2 12.2
% EOSINOPHILS LM 2.6 .1.6. 4.2 5.8 3.6 7.0 7.2 9.4 7.0 5.2 6.8
W/Wv 1.0 2.4 1.8 3.0 1.8 0.8 5.5 5.0 4.6 5.6 4.0

WAWBM 4.0 2.0 4.7 3.2 3.8 3.0 3.8. 5.6 12.0 13.8 8.6 7.0

€g
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Table 4. Passive cutaneous anaphylaxis tests for the presence of worm-

specific IgE in the sera of littermate (LM), W/WY, and W/WV
bone marrow repaired (W/WVBM) mice collected on days 16, 21,
and 28 post-inoculation (PI) with 3 cysticercoids of

H. diminuta. Results are reported as the highest dilution
giving a positive reaction with a value of 0 indicating a
negative reaction. Antigen challenge was given 48 hours after
serum injection. The sera from N. brasiliensis infected rats
was used as a positive control for the test.

SERUM TESTED _ 'SERUY DILUTIONS TIME POST-CHALLENGE
DAYPI ANIMAL _ 30 MIN 45 MIN
16 LM 1:0 - 1:256 _ 0 0
W/WY . 1:0 - 1:256 0 0
21 ‘LM 1:0 - 1:256 0 C
w/wY 1:0 - 1:256 0 0
W/WYBM 1:0 - 1:256 0 0
28 IM - 1:0 - 1:512 -0 0
: CWWY 1:0 - 1:512 0 : 0
W/WYBM 1:0 - 1:256 ) 0 . 0
21 Control Rat 1 1:0 - 1:512 64
Control Rat 2 1:0 -1

1512 32

Littermate and W/WY mice
Intermediate host: Triboliun confusun

Horm recovery

Since the intermediate host source cbﬁld affect the definitive
host respénse, data derived from thé use T. molitae and T. confusum as
sburces of H. diminuta cysticercoids were compared. LM and W/WY mice
inoculated with 3 cysticercoidé of H. diminuté were killed at different
intervals PI :and their intestiﬁes were checked for the presence of

adult worms.
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The labk pf worm recovery on day 6 PI for  both groups’of mice
(T‘able 5) probably reflects the small worm size’ andr'the recovery
technique used rather than an actual total absence of Qorms. On aays
12, 18, and 24 PI, all LM mice remained worm negative, ihdicating that
.'LM mice definitely rejected H. diminuta by day 12 PI, while W/wv-micé
remained worm positive until day 18 PI.
Table 5. .The percentage of mice positive for adult wérms (% POS) and

the percentage of injected cysticercoids recovered as adult

worms (% REC) in littermate (LM) and W/WV mice with the
intermediate host source Tribolium confusum. .

DAY PI ~ GROUP 4 POS . 4 REC
61 LM ' 0 0
W/ 0 0
12 LM . 0 o 0
CW/WY 80 . 47
18 LM 0 )
: CW/WY 40 13
24 o LM 0 0
W/WY 0 0

The median survival time indicated that W/WY mice inoculated with

H. diminuta derived from the intermediate host T. confusum rejected the

parasite on day 12 PI (Table 5).

Worm growth .

Worms recovered from W/WY mice reached a maximum mean length of

88.7 cm on-day,12 PI and then decreased in mean length on day 16 PI to
63.3. cm (Fig. 8, Table 11; Appendik), probably due'to‘destrobilation
(Hopkins et al., 1972). Mean'wofm weights increased over time as the

worm length decreased (Fig. 8).
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DAYS POSINOCULATION

Mean length (cm) and weight (mg) of IL diminuta worms

recovered from litteraate (A) and W/Wv (=) mice at different

intervals post-inoculation with 3 cysticercoids derived from

the intermediate host confusum. Values represented in this

figure are listed in Table 11 (Appendix).1l 2~

1. Values represent means of combined lengths of all
worms/positive mouse in a group.

2. Error bars indicate the SD when the number of worm positive
mice was > 3»

3. Symbols occur on the origin line of the x-axis when 0% of
the mice In a group were worm positive.
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Histological observations

Mucosal mast cells (MMC) accumulated in highest mean numbers in

LM mice on day 24 PI (Fig. 9, Table 11; Appendix). An,earlier."peak"

in MMC accumulation in LM mice on day 12 PI may not have been

significantly higher than the levels of MMC which accumulated on days 6

and 18 PI. The level of MMC preseﬁt in the intestines of W/WV mice

remained low during the course of the experiment.
The mean number of intestinal eosinophils in LM mice was

consistantly higher than the mean number of intestinal ebsihophils in

W/WVY mice (Fig. 10, Table 11; Appendix). The number of eosinophils

increased in both groups on day 21 PI. An earlier increase in
intestinal eosinophils in LM mice on day 12 PI is only noticablé in

terms of the high standard deviation from the mean.

Tenebrio politae vs. Triboliun confusun, Intermediate hosts

Mean lengths of worms recovered from W/WY mice were very similar at
'early and late intervals PI with the two different intermediate hosts,
however, the time course of growth was different. Worms from the T.

molitae source (1st experiment) reached a maximum length (in the W/WV)

on day 16 PI (Fig. 1) while worms from the T. confusum source (2nd

experiment) reached a maximum length- on da&_12 PI (Fig. 8).
Mean weights of worms recovered from W/WY mice increased with
both intermediate host sources. with incfeasing time PI up to day 16,

but decreased with T. molitaeuon'day 21 PI (Fig. 2) while continuing to

increase with T. confusum on day 18 PI (Fig. 8). For both intermediate

nosts, littermate mice rejected the worm earlier, by day 10 PI with T.
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DAYS POST-INOCULATION

Mean number of mucosal mast cells (MMC) per 10 villus crypt
units (VCU) in the intestines of littermate (i) and w/w (=)

mice at different intervals post inoculation with 3
cysticercoids of EU dIminuta derived from the intermediate
host T\ confusum. Error bars indicate SD. Values represented

on this figure are listed in Table 11 (Appendix).
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4 8 12 16 20 24
DAYS POST-INOCULATION

Mean number of eosinophils (EOS) per 10 villus crypt units
(VCU) in the intestines of littennate (A ) and W/Wv (=) mice
at different intervals post inoculation with 3 cysticercoids
of HI diminuta derived from the intermediate host TI
copfusum. Error bars indicate SD. Values represented on this
figure are listed in Table 11 (Appendix).
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molitae and By day 12 PI with T. confusum, than W/WV mice, . which
rejected the worm by day 24 PI in both experiments. |
The MMC ‘and intestinal e031noph11 responses were. 81gn1f1cantly

different at a few times PI for both LM and W/WY mice with the.two
intermediate host. sources (Table 6). = These significant differences
’ reflect, perhaps for the most‘part, the different time courses of
increases in MMC and eosinophils with T. molitae or.T. confusum. For
example, the maximum numbers of MMC ochrred in the intestines of
littermate mice in the case of T. molitae on day 21 PI and in the case
of T. confusum on day 24 PI (at levels of 94. 0 MMC/10 vCU ‘and 96. 4
MMC/10 VCU, respectlvely, Figs. 4 and 9).
Table 6. Probabilities (p values) of'the_Significent difference

between the MMC and intestinal. eosinophil (EOS)

responses of littermate (LM) and W/WY mice to

H.diminuta derived from two different intermediate host

Sources; Tenebrio molitae and Tribolium confusum.

- Probabilities were determined when sample size was at
least thpee animals in both experiménts. .

DAY PI . ANIMAL GROUP MMC  EOS

T. molitae T. confusum ' p values
6/7 6 LM .0154  .0000]
W/WY - M .00317

12 ‘ 12 LM ..0169 .3506

: W/wv . .00381 .3113
16 18 LM .9864 .0323

_ W/WY 5861 4671
24 20 - LM | .00001 .0276
WY .T1562 .oooo2

1. significant at p € .0125 with a simultaneous significance of

.05 for statements, days 6/7-6, 12, 16-18, and 24 PI.
2. sample size was two in T. molitae experiment. '
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Overall, the cellular response with Tenebrio molitae was earlier

and lower than the cellular response with Iribolium confusum, and

maximum growth of the H. diminuta worms was delayed. The patterns of
MMC and intestinal eosinophil accumulation in LM and W/WY mice were; in

many ways, similiar in the two experiments. MMC showed biphasic

increases in LM mice with both Tenebr;g molitae and Tribolium confusum.
MMC occurred in W/WY mice to a similiar degree with both I. molitae and

I, confusum. Intestinal.gosinophilé showed a pronounced biphasic

increase in LM mice with Tenebrio molitae, on days 10 and 21 PI, while
a late increase intestinal eosinophils, on day 24 PI,-occurred_in LM

mice with T. confusum.
Nude mice

Worm recovery

Two stains of athymic nﬁde miéé, C57BL and BALB/c{'and their
littermateslwere compared'for their response to 3 cysticercoid
inoéulations with H. diminuta (intermediate host; ZLAmolitae). Both
C57BL and BALB/c littermate mice rejected H. diminuta by day 12 PI, as

expected for normal littermates (Table 7); Based on % POS data, the

rejection of the parasite from the C57BL nude appeared to be slightly

slower than rejection from the -BALB/c¢ nude, i.e. the worm was present
in one CSTBL nude mouse on day 21 PI, but was absent from the. BALB/c

(Fig. 14). Based on median -survival time, both CS57BL and BALB/c

nudes rejected the parasite by day.16 PI, with a 33% recovery from

both strains (Table 7).
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Table 7. Percentage of mice positive for adult worms (% POS) and
percentage of cysticercoids recovered as adult worms (% REC)
at different intervals post-inoculation (PI) of CH57BL '
littermate (LM), C57BL nude (NU), BALB/c littermate (LM), and
BALB/c nude (NU) mice. Three mice from each group were killed

on each sample day.

DAY PI GROUP % POS. % REC
7! C57BL IM 100 33
C57BL NU 66 11

BALB/c 1M 33 33

BALB/c NU. 0 0

12 C57BL LM 0 0
C57BL NU 100 56

BALB/c 1M 0 0

BALB/c NU 100 78

16  C57BL 1M 0 0
C57BL NU 67 33

BALB/c IM G 0

BALB/c NU 33 33

21 C57BL LM 0 0
: C57BL NU 33 11
BALB/c 1M 0 0

BALB/c. NU 0 c

1. dafa from day 7 PI are considered minimal because small

size of worms and non-rigorous handllng of tissue made

full recovery difficult.
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Worm growth

The mean length (cm) of recovered worms on day 7 PI ranged from

2.4 cm for CS57BL littermates to 13.4 cm for BALB/¢ littermates (Fig.

11, -Tables 12 and 13; Abpendix). The average worm length for CS5TBL
nudes on day 7 PI was'5;7 cm, no worms were recovered from BALB/c nudes
on day 7 PI, mice in this group were presumably infection positive én
this day with undetectably small worms. ‘

An increaée in worm length in thé nudes on days 12 and 16 PI was
particularly dramatic in the BALB/c (Fig.,11,l'Tables 12 -and 13,
Appendix). 'Three worms recpvered from one positive BALB/elnudevon day

16 PI had a (combined total) length of 111.2 cm. Two C5TBL nudes were

positive on day 16 PI fof two worms each which averaged in (combined

total) 1length to only.37.1 cm. The patpern of H., diminuta rejection
from the CS57BL and BALB/c nudes‘appéans to be very similiar, buf the
growth of the worm apbears to be greaﬁer in‘the BALB/c.

The mean weighté (mg) of worms reco&ered ffom CS?BL‘aﬁd BALB/c
nudes (Fig. 12, Tables 12 and 13; Appendix) was considerably lower than

the mean weights of worms of comparable lengths recovered from W/WY

mice. A 100 cm total worm recovered from a W/WV mouse, intermediate‘

host T. nlxolit.ae,' weighed 56.0 mg. The same 1engt';h. worm from a W/WY
moﬁse, ;ntermediatefhost T. confusum, would have a calculated weight of
38.1 mg. The 111.2 cm total worm recovered from the BALB/c nﬁde weighed
7.0 mg (the same 1ength,wofm, 100cm, would have a calculated weight of
6.3 em). Also in constrast to the W/WY mice, the mean weights of worms

recovered from C57BL and BALB/c nudes decreased over time (Fig. 12)




Fig.

11.

DAYS POST-INOCULATION

Mean length (cm) of diminuta worms recovered from

C57BL littermate (A), C57BL nude (=), BALB/c littermate

(O ), and BALB/c nude (O ) mice at different intervals post-

inoculation. Values represented in this figure are listeo in

Tables 12 and 13 (Appendix).l1l 2 3

1. values represent means of combined lengths of all
worms/positive mouse in a group.

2. error bars indicate SD when the number of worm positive
mice was > 3«

3. symbols occur on the origin line of the x-axis when 0%
the mice In a group were worm positive.
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DAYS POST-INOCULATION

Mean weight (mg) of dimlnuta worms recovered from
C57BL littermate (A), C57BL nude, (=), BALB/c llttermate
(O0), and BALB/c nude (O) mice at different intervals post-
inoculation. Values represented in this figure are listed in
Tables 12 and 13 (Appendix).1 2 3
1. values represent means of combined weights of all
worms/ positive mouse in a group.
2. error bars indicate SD when the number of worm positive
mice was > 3e
3. symbols occur on the origin line of the x-axis when o0%
of the mice in a group were worm positive.
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rather than remaining constant (I. molitae, W/WY mice) or increasing

(T. confusum, W/WY mice) (Figs. 2 and 8).

Histological observations

MMC were observed in the intestines of both C5TBL and‘BALB/c
littermates, and in surprisingly high numbers in the intestines of both
C57BL and BALB/c nudes (Figs. 13 and 14, Tables 12 and 13; Appenqix).
The number of MMC observed’in C57BL and BALB/c nude mice was consiqered

~ high since nude mice are commonly described as completely lackihg or

having only a few MMC (Ruitenberg and Elgersma, 1976; Andreassen et

al., 1978; Crowle and Reed, 1984). The maximum mean - number of MMC was
75.0 MMC/ 10 VCU on day 21 PI for C57BL nudes (Fig. 13) and 58.0
MMC/10 VCU on ’day_ 16 PI for BALB/c nudes (Fig. 14). Littermates
reached peék numbers of 150.7 MMC/10VCU and 164.0 MMC/ 10 ﬁCU;
respectively.

Since the lack of MMC iﬁ nude mice is related to the absence of a

~functional thymus, the tissue in the mediastinum of nude mice was

examined histological for the possible presence of normal thymus.

tissue. None was found.
The MMC in the intestines of neither the 057BL nor the BALB/c

nudes increased significantly during the course of the experiment, in

spite 'oft the épparent increase of MMC on day 21 PI in the C57BL nude‘

(C57BL nude: p = .3815, 1.0, .1963, and .1910 for days T, 12, 16, and
21 PI, respectively, compared to day 0; BALB/e: p = .0633, .1516,

:.0419, and .5922 for days 7, 12, 16, and 21 PI, respectively, compared

to day 0; signifiqant at < .01 with a simultaneous signifiqance'of .05,'

5 statements, both groups). 1In cohtrast, the increased numbers of MMC
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13. Mean number of mucosal mast cells (MMC) per 10 villus crypt
units (VCU) in the intestines of C57BL littermate (A ) and
nude (<= ) mice at different intervals post-inoculation with 3
cysticercoids of H1 diminuta. Error bars indicate SD. Values
represented in this figure are listed in Table 12 (Appencix).
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DAYS POST-INOCULATION

Mean number of mucosal mast cells (MMC) per 10 villus crypt
in the intestines of BALB/c littermate (D ) and

units (VCU)

nude (0) mice at different intervals post-inoculation with 3

cysticercoids of diminuta. Error bars indicate SD. Values
in Table 13 (Appendix).

represented in this figure are listed
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in C57BL littermates were significant on day 21 PI (p ='.0032‘eompéréd

to day 0) and in -the BALB/c littermates were significant on day 16 PI

(p = .0028 compared to day 0). Since the number of MMC observed in the -

nude intestines was unusually high, and in consideration of the
possibility that the H. d1m1nuta parasite was 1ntitat1ng the response

in a thymus independent manner, groups of C57BL and BALB/c nude mice

were infected with either H. diminuta or N. brasiliensis. Nude mice
have not developed a MMC response to the nematodelﬂ; brasiliensis in
the past (Crpwle and Reed, 1981), therefore, if H. diminuta was unique

in eliciting a‘thymus-independent.MMC:repsonse, the response should not

be evident in the nude mice infected with N. brasiliensis. Upon ‘

histological examination, MMC were observed in the intestines of both

H. diminuta and N. brasiliensis infected C57BL and BALB/c nude mice
(actual counts not done). |

The mean number.of eosinophils observed in the intestines of
C57BL littérmate mice increased significantly on day 12 PI (p = .0060,
compared to day 0), bnb otherwise remained at levels similar to the
levels of intestinal eosinophlls observed in C57BL nude mice, which did
not increase significantly at any time interval PI (Fig. 15, Table 12;
Appendix).  The mean number of eosinophils increased in tne intestines
of both BALB/c littermates and nudes in a biphasic nattern‘(Fig; 16,

Table 13§_Appendix),>peaking in the littermates on day 7 PI to a

'signifipant level (p = .0090 compared to day 0; significant at < .01

with a simultaneous signifieance of .05 5 .statements; days 0, T, 12,
16, and 21.PI). E031nophil numbers dropped 31gn1f1cantly below day 0

numbers in both BALB/c 11ttermates and nudes on day 21 PI (BALB/e LM; p
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DAYS POST-INOCULATION

Mean number of eosinophils (EOS) per 10 villus crypt units
(VCU) in the intestines of C57BL littermate (A ) and nude

(= ) mice at different intervals post-inoculation with 3
cysticercoids of diminuta. Error bars indicate SB. Values
representec iIn this figure are listed in Table 12 (Appencix).
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DAYS POST-INOCULATION

Mean number of eosinophils (EOS) per 10 villus crypt units
(VCU) iIn the intestines of BALB/c littermate (O) and nude
(0 ) mice at different intervals post-inoculation with 3
cysticercoids of Hi dimlnuta. Error bars indicate SD. Values
represented in this figure are listed in Table 13 (Appendix).
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= .0000, BALB/c NU; p - .0061) Significant peaks of intestinal
eosinophil agéuﬁulation occurred in both strains éf 1ittefmates But was
lacking in both strains of nudes, and the pattern of eosinophil numbers

was different fof each strain.

Blood cel; response

Peripperal blood eosinophils also varied betweén the C57BL and
 BALB/c mice (Figs. 17 and 18, Table 14; Appendix). Peripheral blood
eosinophil numbers peaked on day 10. for C57BL littermates and on day 16
’for CS73L nudeé, otherwise the pattern of‘eosinéphilig in the C57Bﬁ
mice was similiar (Fig. 17). Tﬁe periphéral blood eosinophil level
increased in BALB/c littermates between days 10-14 PI, but was nearly
. the same on early and late days PI as blood eosinophil levels in BALB/c
nudes, which‘didlnot aﬁpear to increase at any PI sample time (Fig.

18).

Worm specific IgE
Sera collected from CSYBL and BALB/c litterﬁate and nude mice on
day 21 post-inoculation were tested for H. diminuta-specific IgE by PCA

tests in rats. All sera were negative for worm-specific IgE (Table 8).
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DAYS POST-INOCULATION

Mean number of eosinophils (EOS) per cubic millimeter (mm3)
of peripheral blood collected from C57BL littermate (A ) and

nude (= ) mice on alternate days post-inoculation with 3
cysticercoids of Hi. diminuta, starting with day O (pre-
inoculation). Values represented in this figure are listed

with SD in Table 14 (Appendix).
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DAYS POST-INOCULATION

Mean number of eosinophils (EOS) per cubic millimeter (mm3)
of peripheral blood collected from BALB/c littermate (D) and
nude (O ) mice on alternate days post-inoculation with 3
cysticercoids of HL diminuta. starting with day 0 (pre-
inoculation). Values represented in this figure are listed

with SD in Table 14 (Appendix).
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PCA tests for the presencé of worm-specific IgE in the-

Table 8.
serum of C57BL littermate (LM), C57BL nude (NU), BALB/c
littermate (LM), and BALB/c nude (NU) mice on day 21
post-inoculation (PI) with H. diminuta. 4 value of 0
indicates a negative reaction.
SERUM TESTED SERUM DILUTIONS TIME POST~-CHALLENGE
DAY PI ANIMAL : 45 MIN. '
21 C57BL LM 1:0 - 1:256 . . 0
21 CS5TBL NU . 1:0 = 1:256 : 0
21 BALB/c LM j:O - 1:256 0]
21 BALB/c NU 1:0 = 1:256 0
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-DISCUSSION

Early increases in the numbers of MMC in the 'in_testines of LM
mice on days. 10 and 12 PI, (T. molitae and T. confusum experiménﬁs,
respectively), and of W/WYBM mice oﬁ day 21 PI, occurred in apparent
association with worm rejection indicating an involvement of the MMC in
the rejécfion mechahism. The nature of ﬁMC involvgment in parasite
rejection ma& .be varied, with the general ef‘f‘ect; of MMC mediators being
to render the intestinal microenvironment i'nhos'pitat-)le to the parasite
(Kelly and Dineen, 1976; Harari et al., 1987).

A limiteijl number of MMC occurred in the intestines of
‘,unrepaired W/wv mibe,’ but- did not irncreAase._,signifivcantly at any time PI
and were always fewer than MMC observed in LM and W/WVBM. However, the
development and rejéction‘ of H. diminuta was nearly identical in W/WV
and W/WVBM mice. In bptﬁ groups, .w'orms grew to substéntial_ sizes,
maximum growth occurred at the same time (day 16 PI), and the parasite
ﬁas retained in both up tb day 21 P'I‘. It is evident that fhe“presence
of MMC in increased numbers in the intestines of H. diminuta infected
mice does not neceséarily result in an acceleraﬁed rejection of the
parasite. _

Later peaks of MMC accumulation in LM mice; on days 21 and 24 PI
(L. molitae and T. confusulﬁ experiments, respectively), occurred well
after parasite rejection from these animals and thus lend valj.dity to
suggestions of .alternativ_e roles for MMC in the ho'st" responée to
parasites. Some mast cell-released mediators (histamine, serotonin,

and proteases) may function to regulate the activity of other cells of
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the host protective system, such as eosinophils'and T lymphocytes, or .

mdy function-in the repair of parasite damaged tissue (Ferguson and
Miller, 1979; Wasserman, 1979; Woodbury and Miller, 1982).

It must be noted that the obseryable inérease in the number of
MMC usually occurred after the parasite was rejected, by day 10_PI from
LM mice and after day 21 PI from W/WY mice. | The observable
accunulation of MMC has often beeﬁ reported as ocecurring subsequenp to

parasite rejection (Wells, 1962; Oglivie and Love, 19T4; Nawa and

Miller, 1979; Alizideh and Murrel, 1984). Although this has led some .

investigators to discount an involvement of MMC in rejection (Kellef,
1971), other investigators list the possibility that a functiqnally
active MMC would, by nature, Se degranulated, anq therefore unstainable
at the time it is most active (Joﬁes and Oglivie, 1971; Askenase, 1980;
Alzideh and Murrel, 1984). |

‘ The MMC response coﬁld be most observable when the stimulus for
degranulation, i.e. the parasite, was absent but while thé stimuli_for
development qf the cell, i.e. factors released from activated T
lymphocytes, were stil; present in the intestinal mucosa.
Immunospecifie- or radio- labelling of different populations of mouse

intestinal cells (or cell products) at different time intervals post-

inoculation of a sbecifie parasite anpigen might prqvide'a,method of

testing.the'cellular interactiohs occurring with the observable MMC

response.

Intestinal eosinophils.acdumulated in all groups of LM and W/WY

~mice. In littermate mice, increases in intestinal eosinophils occurred

both early, especially with the Tenebrio molitae intermediate host, and
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late. The gérly increases'iﬁ littermate mice occurred in temporal
association with parasite rejection. In W/WY mice, increases in
intestinal eosinophils occurred late in all cases and ﬁére coincident
.with the late rejection of the‘parasite. - These temporal associations
indicate that eosinophils, as MMC, are involved iﬁ pafasite rejection.
Eosinophils have been shown td adhere, in‘Qitro, in the ﬁresence of

specific anti-sera, to the surface of N. brasiliensis adults and S.

mansoni larvae. In the case of S. mansoni larvae, the adherent
eosinophils are c&totoxic to the parasite (Oglivie et al., 1977;
Butterwdrth et al., 1975).

The coincident accumulations of eosinophils and MMC 'in the
intestines of LM and W/WVBM mice indica@e'an interaction between these
two cell types. Many studies have related the MMC response to
increasea‘levels of eoéinéphils in parasite ipfected'animals (Wells,
1962; Kelly and Oglivie, 1972; Kay, 1979; Dessein et al., 1981; Kamiya,
1985). This interaction may be facilitated by the release of an
eosinophil chemotaxic factor of anaphylaxis (ECF-A) from MMC‘which
attracts eos;nophils to the site of a parasite infection (Kay, 1979).
Recruited eosinophils may then function in parasite rejection or to
regulate MMC through the deactivation of MMC-released mediatoré.
Eosinophil‘acqumulation is not dependent upon the release of ECF-A from
mucosal mast cells, since eosinophils occurred in.the intestines df
both W/WQ and control C57BL nude mice which lacked significant numbers
of MMC.

Comparison of the dynamics of g; diminuﬁa infections in W/Wv‘and

nude mice showed that worms generally grew to be longer'and heavier in
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the W/uWY (both repaired and unrepaired) and were retained for a longer

‘period of time. The nature of the defect in both animals, W/WY and

nudes,'likely_influences the effectiveness of the hoét'response,to the

tapeworn. It is interesting that the thymus deficient nude mice

.appeared to be more refractive to the worm than the W/WY. This seems to

indicate a more serious defect in the W/WY, but' the existence of a
strong immune potential has been clearly established in these animals
(Ha et al., 1986).

The stem cell-related defect in W/WY mice may involve the absence

of factors which afféct the function of the host immune system withiﬂ

the W/WY tissues. Suda et al. (1985) demonstrated that W/WY mice have

. the Same level of mast cell precursors in bone marrow, blood, and

spleen as.do normal littermates, and suggested that the W/WV'defect may

involve the inability of precursor cells; such as the mast cell

_ precursor, to enter or differentiate in the tissue. This concept could

be tested by isolating and labeling cell popu}ations from the
intestines of normal 1ittermates, providing these cells to the W/WY,
then observing the intestinal response in W/WY mice exposed to specific
stimuli, such as N, brasiliensis, T. spiralis, and H. diminuta
antigeﬁs. , ' »

Variations in the responée of LM and W/WY mice to H. diminuta
derived from two different'speciés of intermediate host, i; molitae and

T. confusum, indicate that the source of the infective larvae may be

significant in comparative studies of the definitive host. g; diminuta

worms derived from the intermediate host I. confusum grew to a similar

size as worms derived from T. molitae, but reached a maximum length
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sooner_and elicited stronger and later cellular responses. Since the

differences‘observed‘with the two intérmediate hosts may reflect strain

differences in the H. diminufa source of infective eggs as well as, or

instead of, differences in the intermediate host, the use of a single
controlled source of infective eggs could provide more conclusive
results. .

Comparisons of the response to H. diminuta ihfection in C57BL and
BALB/c nude mice fevealed similarities in the pattern of worm rejection
and development of MMC in these mice, while the lgngthé of recovered
worms differed. The‘worms recovered from BALB/c nude mice were nearly

twice as long as those recovered from C57BL nude mice. This is

consistant with previous reports of H. diminuta worms reaching lengths

of up to 70 cm in BALB/c nude mice (Isaak et al., 1975). Since nude

mice with different genetic‘backgrounds have been shown to exhibit

differences in immune system activities (Nomura, 1984), comparing

responsesAof the C5TBL nude and BALB/c nude to different parasites,.

such as H. diminuta, may be useful in evaluating the degree of
variation between different strains of nudes on thé effect of a missing
thymus.

The most striking observation in the nude mice in tﬁis sfudy'was

the occurance of unusualiy high (for nudes) levels of intestinal MMC.

MMC reached levels of 75.0 MMC/10 VCU in the intestines of C57BL nudes

and 58.0 MMC/10 VCU in the intestines of BALB/c nudes. Although the
numbers of MMC did not increase significantly in either group at any of
the sample times PI (compared to day 0), the nuﬁberg of MMC observed in

the intestines of nude mice were unexpectedly high. "Other
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investigators pave reporﬁed MMC in,thg intestines-of nude mice, but at
much lower levels, e;g.,z MMC/ 10 VCU in non-infected BALB/c and C57BL
nudes (Mayrhofer and Bazin, 1981) and 17.7.MMC/ 10 VCU in N.

brasiliensis infected Swiss strain nudes (Levy and Frondoza, 1983).

MMC observed in the intestines of C5TBL and BALB/c nudes occurred

at iower levels than those observed in C57BL, BALB/c, and W/WY

littermates’ but occurred at the same or higherAlevels than those

observed in_W/WVBM mice (Figs. 4, 9, 13, and 14). Interestingly, MMC
rarely occurred in the intestines of the CSTBL nude mice which were

used as control mice in the W/WV experiment (Table 9; Appendix).-

The high numbers of MMC in the intestines of nude mice, in this.

study, might be attributed to a number of factors. 4T-lineage" or "T-

like" cells have been shown to occur in nude mice bone marrow and

spleen (Raff, 1973; Ropke, 1977; MacDonald et al., 1981). The “T-

lineage" cells in nude mice evidently occur in low -numbers and are
limited in their functional capacity'in comparison to T lymphocytes

from normal mice (MacDonald, 1984). Also, they apparently occur in

higher numbers in older nude mice (MacDonald, 1984). Nude mice which.

developed high numbers of MMC in this stgay were younger (2-MAmonths)
than the nude miée which had few MMC (5-10 months), however, %“T-
lineage" cells,>if present at any level, might have exhibited some
inflﬁence over the mast cell'precﬁrsor. ‘The mast cell precursor has
been demonstrated to occur in the intestines of nude mice (Schrader et
al., 1983). _

Owen et al. (1975) suggested that the “T-lineage" cells in nude

mice are of maternal origin when a heterozygous female is used for
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breeding. The demonstration of YT-lineage" cells in nude mice from

homozygous crosses (Amstutz et él., 1976) eliminated maternal

influence as a sole .explanation for the higher than normal numbers of -

MMC in nudes in this study;

Alternatively, the éxplanation for high numbers of MMC in C57BL
‘aﬁd BALB/c nudes could be that  some element\of the H. diminuta
infectioﬂ proyides an influence for MMC accumlation which.functions
independently of functional T lymphocytes. To explore this
poésibility, CS?BL.and BALB/c nudes were inoéulatéd with either H.

diminuta or N. brasiliensis. C57BL and BALB/c nudes (all sacrificed on

day 12 PI) had MMC in their intestines with both parasites.

It may be that a combination of the parasite stimulus and a

"selectively functional" T-liﬁeaée cell, which repfesents a specific
sub-type, caused the development of MMC in the nudes; Since T cell
' subsets are involved in.different manifestations of the_requnse to
| parasites (Mitchell, 1979; Bloom, 1979) the presence of a T cell
" influence 6n MMC,'with the absence of a T cell influence of suppression
might also be the key to expaining the MMC response in nude mice in
this study. Reports of higher than normél levels of eosinophils'ih the
intestines of barasitized nude mice (Andreassen et al., 1978) gupport
the idea that T suppfessof cell activity is a missing part of the nude
T cell repertoire. | |

- A gutation'in the ﬁude mouse from the pure nude strain, résulting
in some develobment of the noﬁ-functional reminant thymus, could also
. be the cause fér the high intestinal MMC observed in this study. This

is unlikely since both colonies would have had to simultaneously
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undergo mutations. . Further doubt is cast on this possibility by the
féct.that no £ﬁymus tissue was found amoﬂg tissue removed from the
mediastinum of nude mice. .The nude status of the BALB/c strain was
established by H-2 and QA gene typing (McLaughlin Research Institute,
Great Falls, Montana) one &ear prior (1984) to the initiation of this
sﬁudy. |

Eosinophils accumulated in the intestines.of CS7BL.and BALB/c
littermates, and BALB/c nudes in response to H. diminuta, but did not
accumulate in the intestines of C57BL nudes. In the BALB/c.m;ce, the
incfease in eosinophii numbers occurred in both early and late peaks.
In;estinal eosinophils peéked significéntly in the C57BL littermate at
'day 12 PI, otherwise remaining at a level conétént with tpe level 6f
eosinophils in the'intesting éf CSZBL nude mice.

The lower eosinophil numbers in the intéstines of nude mice
compared to littermates, -especially in the case of the C57BL, might be
attributed to the thymus deficiency. Eosinophils may be enhanced by
the action of lymphokines released from activated T lymphocytes
(Ruitenberg et al., 1977; Gofeﬁ, 1983), but are not completely
dependent upon an intact thymus; since they occurred in nude'giée in
response to H. diminuta, and have been reported in nude mice in
response to other ‘parasites (Sugané and Oshima, 1982; Ishidd and
‘Yoshimura, 1986). The levels of intestinal gosinophilg'in nude mice
were similar or higher than the levels observed in both repaired and
unrepaired W/WY mice.

Elevated levels of peripheral blood eosinophils appeared to -occur

in all groups of mice in all experiments except the BALB/c nudes. The
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occurfence of elevations of blood eosinqphils.ranged‘from dayé 10=-17
PI, which ﬁas prior to eosinophil accumulation in tﬁe small inteétine..
Since eosinophils in the blood of parasitized animals reflects the
migration 6f the'cell between tissue compartments, increased:levels
should be -detectab;e in the‘ blood before they aré detected in the
tissue (Basten et al., 1969). .

Variability in the blood eosinophil response is well documenfed
in Both parasite infected and non-infected aqimals (Oglivie et al.,
1978; Baéten et al., 1979; Sakai, 1981). AThé sampling of animals at
qonsistent times gach sample day reduces the v#riabiliti‘(Colley,
1§74). Still, considerable variability in blood eoéinophilia existed
among and within animal_groups. The peripherai blood eosinophil values
for one LM mouse sampled over time PI (of H. diminuta inoculation)
provided a striking éxample of this variability (Fig.'9).

The‘failure‘to detect parasite-specific IgE in the sera of H.
diminuta infected mice is in accéfdance with previous studies (Befus,
1977). It is possible that specifid IgE production does occur in LM,
W/WY and W/WYBM mice, but is so minimal as to not be detectable in the
sera by PCA tests. The use of a\more sensitive ra@ioimmunoassay for

the detection of IgE may have revealed minimal levels in the sera

‘(Grammer et al., 1983). The failure to detect IgE in the .sera of E;

diminutaninfécteq nude mice was expected, since the production of IgE

has been shown to be clearlygdependent‘upon a functional thymus (Reed

et al., 1982).

The 1lack ofjdetectable parasite-specific IgE is compatable ﬁith

the level of MMC accumulation in H. diminuta infected mice. The
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numbers of MMC in LM and W/WVBM mice infected with N. brasiliensis and

T. spiralis are reported to be 2-5 x‘higher than the numbers observed.

_in response to H. diminuta (Crowle, 1983; Ha et al., 1983). Parasite-

Specific IgE production is also feported to.be high in response to N.

brag;lieﬁsis and T. spiralis infections in mice? and to be particu;arly
high in theicase of W/WY mice infected with ﬂ; brasiliensis (Crowle and
Reed, 1981).

The lower MMC résponée observed in H. diminuta inoeu;ated'LM and

. W/WY mice, compéred to the MMC response observed with other parasites

may be due to the nature of the tapewornm's interaction with the host.

tissue. H. diminuta is a lumen dwelling parasite which has limited

* contact with the host intestine} In constrast, both I. spiralis and N. _

brasiliensis have migratory larval stéges which, because of increéSed
contact with host tissue, may ihcreaSe'tﬁe,intensity of the cellular
vrespoﬁse, especially-the eosinéphil response (Kay, 1979; Dessein et
al., 1981). The intestinal niche of the adult stage of the parasite

might also influence the intensity of the response; ‘T. spiralis is

located inﬁracellularly in enterocytes (Wright, 1979), N. brasiliensis
entwines aroun&‘the intestinal villi (Kassai, 1982), and EL'dimiﬁuta
attaches via'a scolex to the gut wall (Owen, 1972). The attachgent
area of the tapeworm scolex is limited in -comparison to the area of
direct contact made-by comparable burdens of i; spiralis or N.
brasiliensis (Gray, 1976; Basten et al., 1979; Kay, 1979; Issak, 1983;
Reed et al., 1984).

| ' The source of H. diminuta antigens may be the scolex, the

' tegument, or any number of metabolic or Secretory products of the worm.
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- Since the distribution of MMC in the intestines was not isolated to a
~single area of para31te attachment, as evidenced by the distribution of
MMC in nearly equal numbers throughout the 56% of sampled intestine
(Sections 1-4, Table 2), the stimulus for MMC aooumulation may also not
have been localized to an area of direct contact. Andreassen et al.
A(1978) proposed that the scolex is the primary sourcerof,functional
antigen based on the ohseryation that the larger the worm burden (more
scolices) the more rapid the rejection eren though total worm mass was
less (5 worm infections vs. 2 worm infections). If_the'teéument was
the primary source of antigens, then more tegument (with more biomass)
should induce a stronger host response. Antigens released from the
tegument.of‘a large tapeworm and processed at the intestinal epithelium
could provide a considerable stimulus for the host response (Befus et
al., 1977).

Many factors are involved in .the host mechanism of parasite
explusion. Synergistic‘interactions among numerous components would
result in an optimal host response to the‘parasite as opposed to the
singular activity of one cell. Therefore, rejection of a parasite in
the absence of a specific component, such as the MMC, or delayed
rejection in spite of its presence, does not necessarily diminish the
importance of that component as a part of the host response. 1The
capacity of the MMC to respond non-specifically to multicellular
antigens which invade the host at surfaces'exposed to the external
environment indicates that the'MMC performs in a first line' of

defense. The fact that this capacity may sometimes be manifest as a
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pathological allergic response'(Barret and Metcalfe, 1984) adds to the

value of the study of the MMC in the parasite system.
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SUMMARY

‘The role 6f the mucosal mast cell (MMC) in the host response to
parasites remains controversial in' spite of extensiye study. Thé
location of - the MMC at a site of parasite invasion, indicates a
pfotective role for these cells- in thenhost response to parééites,
which may include involvement in ﬁeehanisms of parasite rgjection,
regulaﬁion of the résponse; and repéir éf parasite ‘damaged tissue.
These suggestéd roles for the MMC in the host response to infestinal
parasiées are based on both the pétential biological activities_of the.
. mediators contained with;n mast cell granuleé and onvthe 'bempora}
association of the mast cell response to parasite rejeéﬁion (Urquhart;
etAal., i965} Ferguson'aﬂd Miller, 1979; Lev& and Frondbzé, 1983; .
Barret and Metcaife, 1984) .

MMC responses are gsuall& detectable éf‘ter the parasif.e is
rejected (Hells, 1962; Keller, 1971; Mitchell et al., 1983). The
release of granule components from_activafed mast -cells could render
the MMC unstainable when it-is most active. Thefefore, the observation
of increased numbers of MMC in the in;esﬁinal villi ‘of the host just
subsequeht to parasite rejection mayvbe indicative of the.recent
participation of thelcell in the rejection. Increased numbers ofAMMC
in the intestinai villi well after'parasite rejection may be indicative
of alternatiﬁe roles for thé cell (Ferguson et al.,‘5979;'Askenase,-
1980) . '

The use of mast cell deficient W/WY mice has shown that the MMC

is not essential for the rejection of H. diminuta. Similar growth and
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rejection patterns of H. dimiruta occurred in mast cell deficient W/WV

mice and mast cell repaired W/WY mice. _EL diminuta worms grew to a

substantial size in  both groups of mice and were retained for an -

extended period of time in comparison to normal littermates in nhich
worms grew to much shorter lengthe and were quickly rejected.

'The lack ef‘ a functional thymus in nude mice affects the T
lymphocyte dependent functions of the enimal, including the development
of MMC. Comparison of the dynamics of H. diminuta infections in W/WY
and nude mice showed that worms general;y grew to be longer and heavier
in the W/Wv and were retained for a longer period of time. Comparison
of the dynamics of H. diminuta infection ‘in C57BL and BALB/c nude
strains showed a similar pattern of,worm rejection-from the two nude
strains, but worms grew to a much larger size 1n the BALB/c nude.

~Since the MMC 1s deflned as being dependent upon an intact thymus
for development its occurance in high numbers in the intestines of both
C57BL and BALB/c¢ nudes was unexpectedr The high numbers of MMC
observed in the intestines of nude mice in this study may.have been due
to tne presence of T-lineage celle, which occur in the bone mefron,
spleen and blood of nude,mice (MacDonald, 1984) and, if present in the
nude mice in this stddy, may have induced the develqpment of MMC from
precuneor cells in the nude intestines (Schrader et al., 1983). The
influence of a thymus may not always be‘essential to the detelopment of
MMC, another stimulus, perhaps from the.parasite, might serve to elicit
the response.

The eosinophil responses in the intestines and peripheral blood

were highly variable both among and within all groups of mice.




90
Variability in eésinophilia and higher numbers in LM mice compared to
W/WW and nude mice may reflect immune defiéiencies in the latter two-
groups or may behinherent to the eosinophil response.’Eosinophils are a
pfevalent component of parasite infections'(Oglivie ét al., 1978; Kay,
1979) and may help in the rejection of parésites or to modulate the
activity of MMC.

The host response to a parasite stiqulus is‘depegdgnt upon both
the nature of the host and the nature of the parasite. H. ﬁiminuta
exists in the lumen of the host intestine in limited direct contact
with the tissue via ité scolex. If functional antigens are primarily
released from the scolex of'gL diminuta, tﬁen the cellular and humoral

responses elicited in the host might be less intense than responses

elicité& by other intestinal parasites, such as N. bhasi;ienesis and T,
spiralis; which exist in more intimaté contact with the host tissue.
-HoweVer, functional antigén$ released from the tapewoﬁm tegument, not
in direct contact with the host tissue, could also be active in
elliciting a host response (Befus et al., 1977), |
The production of Igf may occur in H. diminuta infected LM and
W/WY mice, but was undeteetébie in the sera by PCA tests. A more
sensitive test for serum IgE,'such as a ra@ioimmunoassay (Grammer et
al., 1983) ﬁay have detected minimal levels in the serum. prever,'if
a-ﬁinimal amount of igE is prpduced in response to H. qiminuta, then it
would most likely be bdund to tﬁe MMC in the intestinal mucosa and not .
ffee in the circulationf
The intermediate host source of T. molitaé or T. confusum, may

also influence the host response, however, differences in the
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\'def‘initive host responses might reflehct diff‘_e;rences in the stra_iﬁ 6f Ho
diminuta used as a source of infective eggs (for the beetles). The use
_ of a single source of infective eggs for both intermediate hosts would
help qualify the iﬁfluence of the intermediate host source on the
definitive host response. |

Although the mast cell may‘not be required_for parasite explusion
from the host, it may still contribute to the rejection.pbocess throuéh
inﬂeraqtibns with other components of the host system. ' The
accumulation of MMC in the intestines of H. diminuta infected LM and
"W/WYBM mice -in this study indicates that mast cells are involved in the

host response to this parasite.
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Table 9. Mean values for worm length, weight, mucosal mast cells
(MMC) per 10 villus crypt units (VCU) and eosinophils (EOS)
per 10 VCU in littermate (LM), .W/WY, W/WY bone marrow
repaired (W/WVBM), and control C57BL nude. (C57BL NU) @ice on
o, 6/7, 10, 12, 16, 21, and 24 post inoculation (PI) with 3
cysticercoids H. diminuta. Intermediate host; Tenebrio
molitae. Data in this table are represented in Figs. 1, 2, 4,
and 5.

bAY PI GROUP LENGTH! ' WEIGHT - MMC 2 EOS

cm mg ~per 10 VCU
3 ' ' Iy
0 M NP NP 12.3( 4) 12.3( 4)
‘ + 6.7 + 7.3
ww NP NP 5.3( 4) 7.0( 4)
: ©+ 3.9 - +3,0
W/WYBM - NS NS NS NS
6/7 M " 3.5(5) 0.9 11.7¢ 7) 2 41.2(10)
+ 3.0 + 0.7 + 7.2 +13.0
W 11.0(6) © 3.1 3.6( 8) 26.8( 9)
T+ 7.3 + 4.4 + 4.8 + 8.8
WWEM  10.3(5) 1.1 25.0( 5) '38.7( 4)
+ 5.0 + 3.0 +27.5 + 7.8
C57BL NU  8.9(1) 3.0 4,0¢ 2) 52.5( 2)
10 M " NP . - NP ‘ 47.4( 5) 143.4(.5)
' +19.6 +23.6
W 63.9(5) 7.2 : 1.2( 5) 29.8( 4)
+18.7 +3.3 +1.8 + 3.5
C57BL NU ~ 6.2(2) 4.8 1.0( 2) 18.5( 2)
12 LM . NP NP 28.8( 4) 42.3( 4)
+14.2 +7.8
W 78.2(5)  21.8 0.8( 5) - 41.5( &) -
+45.5 +32.4 + 2.4 i13.3
WWEBM. 69.6(5) 21. 18.8( 4) 50.3( 4)

1.8 -
*17.0 £ 9.9 £23.1 +13.5
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Table 9 (coﬁtinued)

DAY PI GROUP LENGTH WEIGHT MMC_ ~ EOS
. cm ng : per 10 VCU
16 0w - NP . NP L 47.7(9) 42.7(9)
£28.0 +15.5
W/ 1 93.0(4)  60.8 3.0(9) 41.9(7)
. 50,9 £54,5 3,1 14,2
w/WUBM  100.0(1)  56.0  40.2(5) 48.0(5)
- 9,8 £'5,8
C573L 48.1(1)  21.0 - 6.0(2) 19.0(2)
21 M . NP N 94.0(8) . 126.9(7)
31,7 £60. 5
w/W 82.4(3) 61,0 10.4(7) 58.8(7)
, £5,0 22,7
W/WYBM 58.8(1) 27.0 55.0(5) 73.3(3)
28,2 . 2.9
C57BL NP NP 3.5(2) 90.5(2)
24 1M NP " NP , 7.0(3) 43.7(3)
' 2.6 6.6
W NP NP 2.5(2) $20.5(2)
W/W BM NS NS, NS NS

1. length and weight values are means of all worms per positive mouse
2. mucosal mast cells (MMC) and eosinophils (E0S) per 10 villus crypt
units values are means of counts from all mice killed on a given

sample day.
3. NP = no positives (no mice positive for worms), NS = no sample.
4, parenthesis enclose number of mice included in count. c

S




Eosinophils per cubic millimeter of peripheral blood collected from littermate

Table 10.
(IM), W/ WY, W/W' bone marrow repaired (W/W'BM), and control C57BL nude (C57BL
NU) mice on alternate or specific days post-inoculation (P1) with 3 eysticerwids
of H. diminuta * SD. Data from this table are represented in Fig. 6. .
GROUP DAY PI
-1 1 3 . 5 7 9 11 13 15 17 19 21
-IM 560 290 730 540 430 490 930 1180 1010 1010 410 560
£285 +204 515 319 120 *170 #329 329 402 #315 #182 290
wW 290 230 430 340 380 230 160 380 740 1270 740 360
4213 + 57 +148 +150 130 214 + 55 + 91 £299 +965 414 *188
W/W BM . 450 220 600 560 670 450 500 860 1530 1450 870 620

C57BL NU

+325 +175 +419 +135 =135 +234 258 438 1164 754 333 1289

550 100 930 550

LOT

T
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Table 11. Mean values for worm length, weight, mucosal mast cells

: (MMC) per 10 villus crypt units (VCU) and eosinophils (EOS)
per 10 VCU in littermate (LM) and W/WY mice on days 6, 12,
18, and 24 post-inoculation (PI) with 3 cysticercoids of H.
diminuta Intermediate host: Tribolium confusum. Data from
this table are represented in Figs. 8, 9, and 10.

DAY PT GROUP TENGHT;  WELGHT MMC2 EOS
‘ - cm - mg per 1C VCU

6 M NP3 NP 38.8(4)%  78.0(3)
+23.4 + 5.0

W/W N.P NP 10.5(2) 46.7(3)
+ 5.0 +14.0

12 LM NP NP 64.8(4) 80.3(3)
, : ' . £29.4 +76.0

W/wv 88.7(4) 33.8(4) 8.6(3)  32.0(5)
: +36.0 +34.1 + 3.8 +16.6

18 . IM N . N 48.0(3) 73.4(5)
+30.5 = £32.8

w/w’ o 63.3(2) 60.0(2) 5.0(4) 34.0(4)
g + 2.8 +14.1  £10.0 +20.4

26 LM NP . - NP 96.4(5)  144.0(5)
© £19.6 +55.1

W/WY. NP NP 4.0(5) 108.0(3)

: + 4.4

t 6.4

1. length and weight values are means of all worms in all worm
positive nmice .

2. mucosal mast cells (MMC) and eosinophils (EOS) per 10 villus
crypt units (VCU) are means of counts from all mice killed
on a given day.

3. NP = no positives (no mice positive for worms)

4., parenthesis enclose number of mice included in count.




109

Table 12. Mean values for worm length, weight, mucosal mast cells
(MMC) per. 10 villus crypt units (VCU) and eosinophils (EOS)
per 10 VCU in C57BL littermate (LM) and nude (NU) mice on
days 0, 7, 12, 16, and 21 post inoculation (PI) with 3
cysticercoids of H. diminuta.

DAY PI  GROUP - - LENGIH! WEIGHT MMC 2 EOS
cm mg per 10 VCU

0 C57BL LM NP3 NP 52.7(3)% . 46.7(3)
426.5 + 3.1

C57BL NU NP NP 42.0(3) 43.7(3)
+12.8 +6.1

7 C57BL LM 2.4(3) 0.5 46.3(3) - 93.7(3)
- +0.9 0.0 +5.8 439.6

C57BL NU - 5.7(2) 0.5 33.0(3) 104.3(3)
+ 6.5 4.0 +9.6 29,1

12 . C57BL LM NP NP 128.0(3)  224.0(3)
: 34,4 412.1

C57BL NU 28.8(3) . 6.0 42.0(3)  64.3(3)
413.3 6.0 +8.6 0.2

16 C57BL.1IM NP N? 131.0¢3) = 67.7(3)
#8.1 31.6

C57BL NU 37.1(2) 4.0 58.7(3) 69.0(3)
' #5.9 2.0 © #43.6 24.6

21 C57BL LM NP - NP 150.7(3) 31.3(3)
. . +4.8 4.5

C57BL NU 29.9(1) 2.0  75.0(3)  25.5(3)
82.5 . £9.2

1. length and weight values are'means of all worms in all positive
mice.

2, mucosal mast cells (MMC) and eosinophils (EOS) per 10 villus
crypt units (VCU) are means of counts from all mice killed on-
a given sample day.

3. NP = no positives (no mice positive for woTrms) .

4, parenthesis enclose number of mice included in count°
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Table 13. Mean values for worm length, weight, mucosal mast cells
(MMC) per 10 villus crypt units (VCU) and eosinophils (EOS)
per 10 VCU in ~BALB/c littermate (LM) and nude (NU) mice on
days 0, 7, 12, 16, and 21 post-inoculation (PI) with 3
cysticercoids of H. diminuta.

DAY PI GROUP LENGTH 1 WEIGHT MMC 2 ~ EOS
cm mg per 10.VCU

0 BALB/c LM NP3 NP 38.0(3)  63.7(3)
: +24.0 t 7.4

BALB/c NU NP NP 28.0(3)  64.3(3)
_ : +12.8 + 9.3

7 BALR/c LM  13.4(1) 1.0 . 51.7(3) 130.0(3)
+20.3 +23.1

BALB/c NU N.P N.P 57.0(3) 81.5(3)
+15.0 +27.6

12 BALR/c IM NP NP 87.7(3)  50.3(3)
+21.4 +22.2

BALK/c NU  38.8(3) 9.7 50.0(3)  49.3(3)
+25.1 +10.0 +12.4 +15.9

16 BALR/c LM NP NP 164.0(3)  81.0(3)
‘ +23.5 +47.1

BALFc NU 111.2(1) 7.0 58.0(3) 73.3(3)
+12.1 +26.0

21 ‘BALFc IM NP . NP 97.0(3) 22.3(3)
) . £14.8 £ 2.1

BALFc NU NP N.P 32.7(3) 20.3(3)
© o+ 5.5 xl1l.1

1. length and weight values are means of all worms in all worm
positive mice.

2. mucosal mast cells (MMC) and eosinophils (EOS) per 10 villus

) crypt units.(VCU) are means of counts from all mice killed on
a given sample day.

3. NP = no positives (no mice positive for worms).

4. parenthesis enclose number of mice included in count.




Table 14.

Eosinophils per cubic millimeter of peripheral blood collected from C57BL
littermate (C57BL LM), C57BL nude (€57BL NU), BALB/c littermate (BALB/c LM)
and BALB/c nude (BALB/c LM) mice on alternate days post-inoculation (PI)
with 3 cysticercoids of H. diminuta * SD. Data from this table are
represented in Figs. 17 and 18, ' '

GROUP _ DAX EI
0 2 4 6 8 10 12 14 16 18 20
C57BL 1M 130 230 500 260 300 980 520 600 370 500 410
+ 60 +130 +180 +150 +160 #*401 +260 500 +180 *250 +*300
C57BL NU 250 500 460 220 310 230 740 450 1140 570 280

" #150 #140 *160 +220 108

I+

44 +170 *170 *750 *180 +300

'BALB/c IM 470 340 400 210 450 630 560 790 320 280 350

I+
1+

21  £450

I+

#100 *190. *180 85 *260 500 71 %175 £250.

BALB/c NU 165 190 370 250 .180 180 210 300 200 320 380

+125 #150 * 50 * 35 %65 + 25 % 50 2100 =85 *75 250

1544
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