
Abstract
 

Parasites generally produce histopathological
 

changes in organs or tissues of hosts where they
 

are located. Hepatic Taenia taeniaeformis lar-

vae infection in rodents,however,has been repor-

ted to induce gastric and intestinal hyperplasia
 

despite the fact that the parasite is located
 

remotely. This unique phenomenon suggested
 

that in a host-parasite relationship, unforeseen
 

pathological complications may occur in the in-

fected host. Several mechanisms were hypothes-

ized to influence gastroenteropathy in rodents
 

during hepatic T. taeniaeformis larvae infections.

Hypergastrinemia and immunosuppression were
 

suggested to contribute to the development of
 

lesions but recent studies showed inconsistencies
 

of their association. More prominent among
 

proposed geneses indicated factors from the lar-

vae might cause this phenomenon. Excretory-

secretory products of T. taeniaeformis larvae
 

were proven to induce the hyperplastic lesions in
 

the gastric mucosa of immunodeficient mice.

Previous studies hinted that the larvae products
 

were absorbed into the host’s body and carried by
 

the blood into the gastroenteric mucosa. Im-

munohistochemical studies have also supported
 

the premise that the products were associated
 

with hyperplastic lesions found from gastric to
 

colonic mucosa of infected rodents. This review
 

highlights the pathogenesis of gastroenteropathy
 

during hepatic T.taeniaeformis larvae infection in
 

rodents.

Introduction
 

In 1926, Johanes Fibiger won the only Nobel
 

Prize for helminthology in inducing gastric cancer
 

in rats by feeding them cockroaches infected with
 

Spiroptera neoplastica (later renamed Gon-

gylonema neoplastica) larvae. Although it was
 

later criticized as not being true cancers, but
 

merely worm-induced hyperplasia associated with
 

vitamin A deficiency , it showed how parasites
 

can produce lesions in their hosts. Generally,

parasites produce histopathological changes in
 

organs or tissues of hosts where they are located.

In the case of parasites in liver, hepatic tissues
 

and related organs suffer from either mechanical
 

or immunological reactions. The pathologies
 

are evoked by either the parasites or as hosts’

responses against the invading organism. Like-

wise,in gastrointestinal parasitism,abnormalities
 

are observed in specific sites of the digestive tract
 

where the parasites are located. There are
 

records, however, of parasite-free regions show-

ing histological changes as a form of compensa-

tory mechanism to incapacitated parasitized
 

regions .

Hepatic Taenia taeniaeformis larvae infection
 

in rats has been known to induce gastric and
 

intestinal hyperplasia despite the fact that the
 

parasite is  located  remotely in  the
 

liver . This unforeseen consequence
 

of pathology remote from the site of infection is a
 

unique phenomenon in the aspect of parasitism.

A dynamic and rapidly developing area of
 

research in host-parasite relationship studies is
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the identification of immunomodulatory mole-

cules from parasites . On the other hand,

increasing evidences of parasites causing cancer
 

in hosts have been documented .

This review will highlight the different theories
 

involved to explain the pathogenesis of T.

taeniaeformis induced gastroenteropathy and
 

aims to build on a greater understanding of the
 

mechanism in the development of lesions. We
 

presumed that a clearer grasp of this unique
 

pathogenesis will advance knowledge of host-

parasite relationships. Nevertheless, gaps are
 

still apparent and need to be investigated towards
 

full comprehension of this phenomenon and simi-

lar gastroenteropathies.

Parasitism and pathologies
 

Parasitism is a relationship of two organisms of
 

different species in which the smaller (the para-

site)has the potential of harming the larger (the
 

host), and the parasite relies on the host for
 

nutrient and for a place to live . On one hand,

since the parasite is dependent on its host,it is to
 

its own advantage not to destroy the host.

Although there are many species of parasites that
 

are harmless to their host, there are also many
 

forms that produce pathological changes and
 

could lead to severe ill health or death of the
 

host . In order for a successful adaptation of
 

the parasite in its host,it may induce conditions
 

favourable for its own development and metabo-

lism. Such favourable conditions could involve
 

in maintaining an adequate body size and food
 

supply, inducing immunosuppression and analge-

sia in the host,and influencing the speed of devel-

opment of the host . These mechanisms sub-

stantiated that there are effecter molecules se-

creted or excreted by some parasites that could
 

cause unforeseen circumstances in host-parasite
 

relationships.

To survive for long periods in a disadvanta-

geous and aggressive environment,helminth para-

sites secrete several soluble factors that might
 

interact with host cells and interfere cell to cell
 

communications processes,thus would contribute
 

into pathologic processes . One classic exam-

ple is the plerocercoids of Spirometrid tapeworms

 

synthesizing and releasing plerocercoid growth
 

factor that is transported by the blood,interacts
 

with growth hormone receptors and mimics many
 

of the biological actions of growth hormone .

Helminths such as Schistosoma haematobium
 

and Opisthorchis viverrini,have been proven to be
 

definitely carcinogenic to humans. Mechanisms
 

of helminth-induced cancer are reported to
 

include chronic inflammation,modulation of the
 

host immune system, inhibition of intracellular
 

communication, disruption of proliferation-

antiproliferation pathways,induction of genomic
 

instability and stimulation of malignant stem cell
 

progeny .

infection and
 

gastroenteropathy in rodents
 

Taenia taeniaeformis is a tapeworm inhabiting
 

the small intestine of the definitive hosts:cats and
 

other carnivores. Gravid segments of the tap-

eworm containing the infective eggs are excreted
 

with the hosts’feces. Rats,mice,and other wild
 

rodents are known intermediate hosts and are
 

infected by ingestion of the tapeworm eggs.

These rodents harbour the hepatic dwelling larval
 

stage, Strobilocercus fasciolaris. When infected
 

rodents are preyed upon by susceptible carni-

vores,the larvae develop into tapeworm stage in
 

the small intestine of definitive hosts to continue
 

the life cycle of the parasite.

Bullock and Curtis first observed “hepatic
 

sarcomata”in chronically infected rats that was
 

reported to disseminate throughout the abdomi-

nal cavity. “Hyperthropic gastritis” was de-

scribed that caused the increase of stomach size
 

in heavily parasitized rats . Blumberg and Gar-

dner further described morphologically the
 

increase of stomach size in heavily and chroni-

cally infected rats as more than double compared
 

to the normal rat stomach.

After more than half a century, Cook and
 

Williams revisited the pathological changes in
 

the stomach and small intestine by oral infection
 

of rats with T. taeniaeformis eggs. This was
 

followed by a parabiosis experiment that led to a
 

hypothesis on the involvement of a chemical
 

mediator or factors released by the larvae .
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Investigation of gastroenteropathy in chroni-

cally infected rats up to 12 months of infection
 

was made and found the lesions to intensify
 

rather than subside . An in vitro experiment on
 

the effect of larval products on host gastric cells
 

supported the hypothesis that factors from larvae
 

are involved . The same laboratory had demon-

strated that larvae excretory-secretory products
 

were located in the cytoplasm of hyperplastic
 

cells by immunoperoxidase staining . Further
 

investigation on larval products was made by
 

intraperitoneal implantation of larvae into rats
 

inducing gastropathy .

It was also reported that the neutral mucous
 

cell was the major type of hyperplastic mucous
 

cells observed . Electron microscopic studies
 

were done in hyperplastic cells and suggested
 

undifferentiated cells as the primary proliferating
 

cells .

The effect of gastrin and gastric alkalinity was
 

also indicated as a secondary factor in the devel-

opment of lesions. It was confirmed also that
 

there is a concomitant occurrence of gastric
 

hyperplasia, hypergastrinemia, and intragastric
 

alkalinity .

Immune down regulation during the course of
 

infection facilitating the hyperplastic stimulus
 

and earlier occurrence of gastropathy in immune
 

deficient rats was suggested . Using severe
 

combined immune-deficient (SCID)mouse as ani-

mal model,oral,intraperitoneal and subcutaneous
 

inoculation of T. taeniaeformis eggs or in vitro-

hatched oncospheres and larvae implantation
 

resulted in various degrees of gastropathies .

Gastroenteropathy is described grossly as sig-

nificant enlargement of the stomach and small
 

intestine. Excessive mucus productions with
 

focal lesions of white plaques or nodules were
 

observed in gastric mucosa. The most common
 

visible lesion observed was of diffuse nodular
 

mucosal thickening of the gastric inner wall.

The mucosa of the small intestine was also thick-

ened particularly in the duodenum and proximal
 

jejunum with mucoid intestinal contents. Recent
 

study observed colonic mucosa appearing
 

edematous as well.

Microscopically, the gastric mucosal length

 

was markedly increased and normal structure of
 

gastric units composed of the pit, isthmus,neck
 

and the base could not be identified. Mucosal
 

hyperplasia is characterized by Periodic acid-

Schiff reaction(PAS)and PAS-alcian blue(PAB)

positive cells as responsible for multi-fold
 

increases in height of gastric units. Konno et
 

al., observed by electron microscopy that fea-

tures of these cells were immature-like mucous
 

cells. These cells were observed to be pit or
 

neck mucous precursor cells occupying dilated
 

gastric glands. Numerous cystic cavities were
 

also found filled with PAB-positive mucus. Sig-

nificant loss in the number of parietal and
 

zymogenic cells in the gastric mucosa was obser-

ved . Patchy infiltration of mononuclear cells
 

and eosinophils were also seen .

Small intestinal changes comprised up to 2-fold
 

increases in villus and crypt lengths but there was
 

no significant changes observed in epithelial cell
 

numbers. In chronic infection,distortion of nor-

mal architecture of the mucosa was observed due
 

to the accumulation of mucus and subsequent
 

dilation of the crypts. These dilatations
 

contained a mixture of strongly PAS-positive
 

mucus, sloughed epithelial cells and pyknotic
 

nuclear fragments,which often become calcified.

Intestinal mast cell and eosinophil counts were
 

observed to have increased in number. Recent
 

studies in rats also showed a 2-fold increase of
 

mucosal cell number in the duodenum .

Present results showed mucosal length of colon
 

increasing up to 3-4 folds with goblet cell number
 

significantly greater than the control. Few
 

cystic dilatations were found similar to the small
 

intestines.

Pathogenesis of gastroenteropathy during
 

hepatic  larvae infection

 

Taenia taeniaeformis

 

Involvement of either chemical mediators or
 

excretory-secretory products of T. taeniaeformis
 

larvae had been suggested as the primary cause
 

for inducing gastric hyperplasia in infected rats.

Cook et al., first postulated that larvae derived
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chemicals/factors transported by blood circula-

tion are involved because an uninfected rat joined
 

surgically to a heavily infected partner by par-

abiosis showed gastroenteropathy. Excretory-

secretory products of larvae were reported to
 

stimulate growth of host gastric cells in vitro ,

and were observed to be concentrated in specific
 

areas of the cytoplasm of hyperplastic stomach
 

epithelial cells . This observation prompted
 

Blaies and Williams to attempt inducing gastric
 

hyperplasia in rats by larval implantation of 40
 

larvae and intraperitoneal injection of TtLES (T.

taeniaeformis larvae excretory-secretory)product
 

into rats. Although the result was a failure, a
 

follow up study increasing the number of larvae
 

implanted (150-300)into the peritoneal cavity of
 

rats induced gastric hyperplasia . This finding
 

suggested that the volume of excretory-secretory
 

product played an important role.

Using severe compromised immune-deficient
 

mouse proved that inoculation forms of parasites
 

and routes of infection influenced larval develop-

ment and affected initiation of gastric hyper-

plasia . Inoculation of either parasite egg or
 

oncospheres was preferably by oral route because
 

it facilitated the infection into the organ of predi-

lection (liver). Similarly, intraperitoneally
 

inoculated in vitro-hatched oncospheres that were
 

able to penetrate the liver of SCID mice also grew
 

faster than those inhabiting the peritoneal cavity.

Apparently,the development of larvae was faster
 

in the liver than in other sites of infection.

The common denominator of all these factors

― the inoculation form of parasite and route of
 

infection― rests upon which produced the
 

greater number of large sized larvae that resulted
 

to gastroenteropathy. Induced gastric hyper-

plasia is suggested as being dependent on the
 

number and size of larval cysts. The volume of
 

excretory-secretory products apparently was rel-

ative to the size and number of larvae .

A significant correlation was observed between
 

increase of stomach weight in infected rats and
 

the number of hepatic larvae in rats at 12-20
 

weeks post-inoculation . Increasing the number
 

of implanted larvae into rats induced hyperplastic
 

lesion. Inoculated SCID mice revealed that the

 

degree of gastric hyperplasia was dependent on
 

number and size of developed larvae . This
 

correlated to recent observations that in-vitro
 

culture of 9-week old larvae produces lesser gram
 

of protein per larvae than larger 12-week old
 

larvae. Furthermore, daily injection of 1 mg
 

protein/day resulted to gastric mucous pit cell
 

hyperplasia and decrease in parietal cell number
 

at 1 WPI while those injected with 0.5 mg pro-

tein /day did not show significant changes in
 

gastric mucosa until 4 WPI . These findings
 

proved that volume of the TtLES product is an
 

important factor in the development of gastric
 

hyperplasia.

Hammerberg and Williams reported that T.

taeniaeformis larval in vitro products contained
 

polysulfated glycosaminoglycan. These mole-

cules have been detected on surfaces of various
 

infectious organisms. Glycosaminoglycans were
 

suggested as playing a role in the healing process
 

of acetic acid ulcer in rat stomach . Parasitic
 

glycosaminoglycans were suggested to stimulate
 

the growth of gastric epithelial cells .

Immunity was observed to be a factor that
 

influences length of pre-patent period (period
 

from inoculation until development of gastric
 

hyperplasia). Eventual down regulation of host
 

immune response during the course of infection
 

presumably by larval proteinase inhibitor was
 

suggested . Immune response of host once inhib-

ited may facilitate the action of TtLES product.

Infected athymic nude rats developed gastric
 

hyperplasia earlier than euthymic rats that im-

plicated T cell mediated response as involved.

Immunodeficient mice lacking T cell responses
 

also developed gastric hyperplasia sooner than
 

immunocompetent ones. On the other hand, T
 

cell dependent cell mediated responses were noted
 

in resistance to T.taeniaeformis infection as early
 

as 5 days post infection . Collating these results
 

would indicate that T cell responses affect estab-

lishment and might inhibit growth of larvae, to
 

which the volume of TtLES product was depen-

dent. T cell immune response therefore is sug-

gested to affect gastric hyperplasia indirectly by
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its action on development of larvae.

A study had suggested the possibility that
 

locally produced inflammatory and T cell derived
 

cytokines could facilitate hyperplastic changes .

To the contrary,development of gastropathy in
 

T. taeniaeformis infection was observed earlier in
 

athymic nude rats in the absence of T cell-

mediated responses over immunocompetent rats .

Later occurrence of gastropathy in immune com-

petent rats might have suggested the role of T cell
 

immune response in resistance to T. taeniaefor-

mis infection , that may have an effect on the
 

establishment  and growth of larvae. T.

taeniaeformis induced gastric hyperplasia in SCID
 

mice lacking any T cell-mediated responses fur-

ther supported these observations. Larval cyst
 

size and number are found to be very important
 

factors in inducing the hyperplastic lesions as
 

revealed by these results.

The implication of gastrin in pathogenesis of
 

gastric hyperplasia was suspected since this hor-

mone exerts trophic effects on gastrointestinal
 

tissues . Serum gastrin concentration in rats
 

infected with larval  T. taeniaeformis  was
 

remarkably reaching up to 100-fold increase .

However, the same authors reported that
 

antrectomized rats developed also gastric hyper-

plasia without elevation of serum gastrin levels.

Abella et al., noted that there was simultaneous
 

and abrupt occurrence of gastric hyperplasia,

hypergastrinemia,and rise in intragastric pH in
 

infected rats without prior alterations on these
 

parameters. Further observations in chronic
 

gastric hyperplasia for 1 year or more revealed
 

that gastrin levels returned to normal level where-

as the stomach was enormously enlarged. These
 

findings suggested that occurrence of hypergas-

trinemia is secondary to gastric hyperplasia. It
 

was also suggested that increase secretion of
 

mucus by mucous cells leads to the rise of
 

intragastric pH that  resulted to hypergas-

trinemia .

On the other hand, loss of parietal cells had
 

been consistently observed in hyperplastic

 

mucosa. Loss of functional numbers of parietal
 

cells was suggested to be due to preferential
 

differentiation of stem cells to mucus-producing
 

cells and pressure atrophy resulting from un-

controlled growth of surrounding cells . SCID
 

mice intraperitoneally inoculated with in vitro-

hatched oncospheres were observed to have
 

noticeable decrease in parietal cell number along
 

with minimal increase in immature and mucous
 

pit cell number at 2 WPI. Taking into account
 

this result,it is conceivable that signs of parietal
 

ablation could have occurred earlier than the
 

concomitant onset of gastric mucosal hyper-

plasia, rise of intragastric pH and hypergas-

trinemia.

Parietal cell loss was mentioned as probable
 

cause in rise of intragastric pH and hypergas-

trinemia. Parietal cell loss was observed to be
 

associated with the degree of mucosal cell hyper-

plasia. Significant loss of parietal cells in vari-

ous degree of hyperplasia in SCID mice models
 

corroborated with reports associating parietal
 

cell loss with the development of characteristic
 

changes of mucosal cell hyperplasia . The
 

mechanism of the loss of parietal cells in this
 

phenomenon is unknown.

Extensive studies disclosed that nematode para-

sites inhabiting the stomach of mammalian ani-

mals have the ability to inhibit acid secretion
 

causing increases in gastrin secretion . Acid is
 

generated in parietal cells in fundic region by
 

proton pump. Abomasal nematodes may cause
 

dysfunction or loss of parietal cells by blocking
 

the proton pump or interfere with the complex
 

pysiological regulation of the parietal cells .

Dysfunction and loss of parietal cells decreases
 

acid secretion and cause the increase of pH in
 

stomach. Removal of acid feedback in turn
 

would cause hypergastrinemia in parasitized ani-

mals . However,no concrete evidence yet can
 

be shown that indeed parietal cell loss occurred
 

prior to the rise of intragastric pH in T.

taeniaeformis-induced gastric hyperplasia.

Reduction in the number of parietal cells during
 

gastric hyperplasia in sheep transplanted with
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adult and larval Ostertagia circumcincta was pos-

tulated to be due to the parasites releasing chemi-

cal/s with possible detrimental effects on parietal
 

cell function and survival . A sequential study
 

in sheep transplanted with 20,000 adult O.circum-

cincta described features in parietal cells sugges-

tive of necrosis ,the normal process of death in
 

parietal cells . A nematode-mediated parietal
 

cell dysfunction was reported in sheep infected
 

with O. leptospicularis infective larvae and was
 

purported by a similar claim in an observation of
 

O.ostertagi infection in calves that resulted in the
 

loss of acid-secreting parietal cells . An in-

direct suppression of parietal cells by inhibiting
 

secretory activity of enterochromaffine-like

(ECL)cells was induced by Haemonchus contortus
 

ES product . Both excretory-secretory prod-

ucts of O. circumcincta and H. contortus have
 

been implicated in the inhibition of gastric acid
 

secretion and vacuolation,and the loss of parietal
 

cells associated with abomasal parasitism .

Simpson suggested that parietal cell dysfunc-

tion was the key event that leads to loss of
 

mature zymogenic cells and mucous cell hyper-

plasia in abomasal nematodosis. Nomura et
 

al., established that parietal cells secrete a
 

number of growth factors that influence the dif-

ferentiation of other gastric lineages. The ac-

companying loss of zymogenic cells was likely a
 

consequence of the interruption of the normal
 

development pathway in the gastric mucosa that
 

followed after destruction of parietal cells .

Parietal cells were observed to play a central role
 

in the regulation of mucosal proliferation during
 

gastric inflammations .

Apparent loss of parietal cells even before
 

mucosal hyperplasia developed in SCID mice at 2
 

weeks post infection might be related with the
 

reports in genetically engineered ablation of par-

ietal cells that resulted in hyperplastic gas-

tropathy . Parietal cells are suggested to be
 

able to influence proliferation of stem cells and
 

modulate the terminal differentiation programs
 

of mucous and zymogenic cells . Blocking in
 

the maturation of parietal cells was reported also
 

to inhibit  the terminal  differentiation of
 

zymogenic cell . It was suggested that mem-

bers of the parietal cell lineage are required for
 

instructive interaction that affects differentiation
 

of the zymogenic cell lineage at later stages of
 

morphogenesis . A form of compensatory en-

hancement of progenitor production involved due
 

to the depletion of two major components of the
 

gastric unit . Pluripotential stem cells respond-

ed through increase mitotic activity continually
 

accumulating cells that never differentiate into
 

parietal and zymogenic cells.

Transforming growth factor-alpha (TGF-α)is
 

an important regulator of the proliferation,differ-

entiation and physiological activity of gastric
 

epithelial cells . It has physiological functions
 

similar to epidermal growth factor (EGF) and
 

shares a receptor with it. Transgenic mice over-

expressing TGF-α･ displayed mucous cell hyper-

plasia and diminution of parietal and zymogenic
 

cells similar to the T. taeniaeformis induced
 

gastric hyperplasia. How parasites could alter
 

production of growth hormone is still unknown.

We have presumed in a previous report that ES
 

products might contain cytotoxic molecules prob-

ably causing injury to the gastric mucosa .

This supposition was made in the light of the
 

pathologic responses similar to other forms of
 

gastric injury. Mucosal proliferation was obser-

ved following aspirin injury in rat stomach and
 

acute injury from hypertonic saline-induced denu-

dation of gastric mucosa elicited a rapid up-

regulation of pathways leading to production of
 

pit mucous cells . Taken into consideration
 

that excretory-secretory products can cause par-

ietal cell loss and mucosal damage, both these
 

events upregulate TGF-αexpression and promote
 

foveolar hyperplasia and may further inhibit
 

parietal cells . In acute gastric injury, expres-

sion of TGF-αmRNA and protein in mucosa was
 

reportedly increased . In creased gas-

trodoudenal concentration of TGF-αwas also
 

observed in aspirin induced gastric mucosal dam-

age . TGF-αtransgenic mice demonstrated
 

severe mucous cell hyperplasia, glandular cystic
 

dilatation,increased gastric neutral mucin stain-

ing and achlorhydia,the failure to secrete detect-
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able gastric acid ,which were characteristic of
 

the T. taeniaeformis  induced gastropathy.

Furthermore,chronic TGF-αoverexpression was
 

described to disrupt the normal program of gas-

tric epithelial  cell  differentiation . His-

tologically, pit cells and isthmal precursor cells
 

were greatly expanded while parietal  and
 

zymogenic cells were depleted. Moreover,

mucous neck cells,precursors of zymogenic cells
 

were found to be increased in transgenic mice and
 

occupied the position taken by zymogenic cells in
 

base region. These features were supportive for
 

a case of TGF-αbeing involved with the anomaly
 

described in this study.

Extracellular factors capable of receptor-

mediated signal transduction were believed to
 

play a prominent role in the complex regulation
 

of stomach function, including cellular growth
 

and differentiation . These include epidermal
 

growth factor (EGF)family of which TGF-αis a
 

member . H. pylori infection was reported to
 

upregulate expression of amphiregulin and
 

heparin-binding EGF-like growth factor at the
 

mRNA and protein levels which was suggested to
 

stimulate epithelial cell proliferation . TGF-α

and EGF immunoreactivity, however, was less
 

observed in T. taeniaeformis infected rats show-

ing gastric mucosal hyperplasia suggesting a
 

pathogenesis independent from these growth fac-

tors . Konno assessed the involvement of this
 

growth factor by EGF/TGF-α immunostaining
 

the submandibular glands largely secreting EGF.

Results showed that gastric hyperplasia still
 

developed while there were no EGF/TGF-α･ posi-

tive cells stained within the hyperplastic mucosa.

Development of mucosal hyperplasia even with
 

the lack or absence of these growth factors sup-

posedly involved in such lesions could evoked a
 

presumption that TtLES product might contain
 

molecules/proteins which can act similarly as
 

EGF/TGF-α･ do. Plerocercoids of Spirometrid
 

tapeworms synthesize and release plerocercoid
 

growth factor that is transported by the blood,

interacts with growth hormone receptors and
 

mimics many of the biological actions of growth
 

hormone .

Enteropathy was also observed in T.taeniaefor-

mis infected rats, although no such lesion was
 

observed in SCID mice models. Majority of
 

investigations using  rodent-nematode model
 

strongly suggested that loss of worm burden from
 

the host could be partly achieved by an increase in
 

mast and goblet cells . Goblet cell secretes
 

mucus considered to serve as a protective func-

tion by excluding or trapping worms in immune
 

animals or by hindering intimate contact with the
 

mucosa, thus preventing their establishment.

Goblet cell hyperplasia and alteration of the ter-

minal sugars of goblet cell mucins were observed
 

in the expulsion of Nippostrongylus brasiliensis
 

from host rats . Mast cells on the other hand,

were associated with the expulsion of Ston-

gyloides ratti . Highly sulfated glycoconjugates
 

derived from mast cells and goblet cells, act as
 

mucosal surface barrier against Strongyloides
 

worms .

The reason why this hepatic parasite would
 

induce such lesions in the small intestine and
 

colon is incomprehensible. Although, TtLES
 

contains glycosaminoglycans that might be a
 

type of glycoconjugate most intestinal helminths
 

secreted as adhesion substances. Goblet and
 

mast cell hyperplasia is the host’s response
 

against  parasite-derived glyconconjugates to
 

avoid attachment .

TtLES products have been proved to induce the
 

digestive tract lesions in this unique phenomenon
 

between hepatic larvae and gut mucosa. Devel-

opment of hyperplasia is dependent on the volume
 

of product partly influenced by the immune status
 

of the host. It is speculated that larvae-derived
 

factors may have similarities with that of gastro-

intestinal nematodes and their actions revealed
 

identical host responses.

Host response in gastric mucosa is related with
 

responses to gastric nematode infection.

Another speculative idea however regards compo-

nents of TtLES to have EGF or TGF-α like
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actions that  induce the hyperplatic lesions.

Intestinal response showed some comparable
 

lesions with intestinal nematodes such as N.

brasiliense and others.

Proliferative studies clarified that in gastric
 

mucosa, initiation of hyperproliferation was in
 

the stem cells by direct initiation of TtLES or
 

indirectly through parietal cell ablation. Mas-

sive accumulation of precursor cells occurred due
 

to inhibition of differentiation and maturation
 

into parietal  and zymogenic cells. Enteric
 

mucosa did not show increase in proliferating
 

cells but delayed cell cycle seemed to cause villi
 

length increase and mucosal cell hyperplasia.

The bulk of information is still insufficient to
 

fully comprehend the mechanism of gastroenter-

opathy. Until recently,the focus of interest was
 

on the pathophysiological effects of larvae infec-

tion on gut mucosa. Based on the above findings
 

it is suggested that direction of researches should
 

lean towards molecular characterisation of
 

TtLES product components and their interactions
 

with host defence mechanisms. That could pro-

vide deep insights on host-parasite relationships
 

and may provide hints about immunomodulatory
 

molecules or the role of helminths in car-

cinogenesis. Both are significant in greater
 

understanding of the prevention and control of
 

related parasitic diseases.

REFERENCES
 

1. Abella,J.A.,Oku,Y.,Konno,K.,Altamirano,

Z., Nonaka, N., and Kamiya, M. (1997)Con-

comitant onset of hypergastrinemia,intragas-

tric alkalinity and gastric hyperplasia, and
 

numbers of antral  G cells in Taenia
 

taeniaeformis-infected rats.Parasitol. Int., 46,

97-104.

2. Abella,J.A.,Oku,Y.,Nonaka,N.,Ito,M.,and
 

Kamiya, M. (1997) Role of host immune
 

response in the occurrence of gastropathy in
 

rats infected with larval Taenia taeniaeformis.

J. Vet. Med. Sci.,59,1039-1043.

3. Beales, I. L. (2004)Gastrin and interleukin-1
 

beta stimulate growth factor secretion from
 

cultured rabbit gastric parietal cells.Life Sci.,

75,2983-2995.

4. Blaies,D.M.,and Williams,J.F.(1983)Taenia
 

taeniaeformis: gastrointestinal hyperplasia in
 

chronically infected rats. Exp Parasitol., 55,

197-206.

5. Blumberg, H., and Gardner, R. E. (1940)

Adenomatous stomach lesion of the rat as-

sociated with heavy Cysticercus fasciolaris
 

infestations. Proc. Soc. Exp. Biol. Med., 45,

637-677.

6. Bosma, M. J., and Carrol, A. M. (1991) The
 

SCID mouse mutant:definition, characteriza-

tion,and potential uses.Annu.Rev.Immunol.,

9,323-350.

7. Bullock,F.D.,and Curtis,M.R.(1924)A study
 

of the reactions of the tissues of the rat’s liver
 

to the larvae Taenia crassicollis and the his-

togenesis of cysticercus sarcoma. J. Cancer
 

Res.,8,446-481.

8. Bullock,F.D.,and Curtis,M.R.(1925)Types
 

of cysticercus tumors.J. Cancer Res., 9,425-

443.

9. Bullock,F.D.,and Curtis,M.R.(1930)Sponta-

neous tumors of the rat.J.Cancer Res.,14,1-

115.

10.Canfield,V.,West,A.B.,Goldenring,J.R.,and
 

Levenson, R. (1996) Genetic ablation of par-

ietal cells in transgenic mice:a new model for
 

analyzing cell lineage relationships in the gas-

tric mucosa.Proc. Natl. Acad. Sci. USA., 93,

2431-2435.

11.Cook,R.W.,and Williams,J.F.(1981)Pathol-

ogy of Taenia taeniaeformis infection in the
 

rat:gastrointestinal changes.J.Comp.Pathol.,

91,205-217.

12.Cook,R.W.,Williams,J.F.,and Lichtenber-

ger,L.M.(1981)Hyperplastic gastropathy in
 

the rat due to Taenia taeniaeformis infection:

Parabiotic transfer and hypergastrinemia.

Gastroenterology,80,728-34.

13.Dempsey,P.J.,Goldenring,J.R.,Soroka,C.J.,

Modlin, I. M., McClure, R. W., Lind, C. D.,

Ahlquist,D.A.,Pittelkow,M.R.,Lee,D. C.,

Sandgren,E.P.,Page,D.L.,and Coffey,R.J.

(1992) Possible role of transforming growth
 

factor alpha in the pathogenesis of Menetrier’s
 

disease:supportive evidence form humans and
 

transgenic mice. Gastroenterology, 103, 1950-

146  Jose Trinipil LAGAPA et al



 

1963.

14.Fallon,P.G.,and Alcami,A.(2006)Pathogen-

derived immunomodulatory molecules:future
 

immunotherapeutics? Trends Immunol., 27,

470-476.

15.Fox,M.T.,Uche,U.E.,Vaillant,C.,Ganabadi,

S., and Calam, J. (2002)Effects of Ostertagia
 

ostertagi and omeprazole treatment on feed
 

intake and gastrin-related responses in the
 

calf.Vet. Parasitol.,105,285-301.

16.Hammerberg, B., and Williams, J. F. (1978)

Physicochemical  characterization  of
 

complement-interacting factors from Taenia
 

taeniaeformis.J. Immunol.,120,1039-1045.

17.Herrera, L. A., and Ostrosky-Wegman, P.

(2001) Do helminths play a role in car-

cinogenesis?Trends Parasitol.,17,172-175.

18.Hertzberg, H., Lindstrom, E., Chen, D., and
 

Hakanson, R. (1999) Excretory/secretory
 

products of Haemonchus contortus suppress
 

stimulation of parietal cells by inhibiting
 

secretory activity of enterochromafine-like

(ECL) cells. Proceedings 17th International
 

Conference of the WAAVP, Copenhagen.

Abstract a.202.

19.Hertzberg.H., Guscetti, F., Lischer, C.,Koh-

ler, L., Neiger, R., and Eckert, J. (2000)Evi-

dence for a parasite-mediated inhibition of
 

abomasal acid secretion in sheep infected with
 

Ostertagia leptospicularis.Vet J.,159,238-251.

20. Hoste, H. (2001) Adaptive physiological
 

processes in the host during gastreointestinal
 

parasitism.Int. J. Parasitol.,31,231-244.

21.Ishiwata,K.,Oku,Y.,Ito,M.,and Kamiya,M.

(1992) Responses to larval Taenia taeniaefor-

mis in mice with severe combined im-

munodeficiency (scid). Parasitology, 104, 363-

369.

22.Ishiwata, K., Uchiyama, F., Maruyama, H.,

Kobayashi,T.,Kurokawa,M.,and Nawa,Y.

(1999)Glycoconjugates and host-parasite rela-

tionship in the mucosal defense against intesti-

nal nematodes. In:Ogla et al, eds. Mucosal
 

immunology.Academic Press.925-933.

23.Karam,S.M.,Li,Q.,and Gordon,J. I. (1997)

Gastric epithelial morphogenesis in normal
 

and transgenic mice. Am J Physiol., 272,

G1209-1220.

24.Konno,K.(1999)Gastric mucosal hyperplasia
 

and hypergastrinemia in rats and mice heavily
 

infected with Taenia taeniaeformis. Doctoral
 

Thesis, Grad Sch of Vet Med, Hokkaido
 

University,Japan.

25.Konno,K.,Abella,J.A.,Oku,Y.,Nonaka,N.,

and Kamiya, M. (1999) Histopathology and
 

physiopathology of gastric mucous hyper-

plasia in rats heavily infected with Taenia
 

taeniaeformis. J. Vet. Med. Sci.,61,317-324.

26.Konno,K.,Oku,Y.,Nonaka,N.,and Kamiya,

M. (1999) Hyperplasia of gastric mucosa in
 

donor rats orally infected with Taenia
 

taeniaeformis eggs and in recipient rats surgi-

cally implanted with the larvae in the abdomi-

nal cavity.Parasitol. Res.,85,431-436.

27.Lagapa,J.T.,Konno,K.,Oku,Y.,Nonaka,N.,

Ito,M.,and Kamiya,M.(2002)Gastric hyper-

plasia and parietal cell loss in Taenia
 

taeniaeformis  inoculated immunodeficient
 

mice.Parasitol. Int.,51,81-89.

28.Lagapa, J. T. G., Oku, Y., Nonaka, N., and
 

Kamiya,M.(2002)Taenia taeniaeformis larval
 

product induces gastric mucosal hyperplasia in
 

SCID mice.Jpn. J. Vet. Res.,49,273-285.

29.Lagapa,J.T.,Oku,Y.,and Kamiya,M.(2008)

Immunohistochemical characterization of cel-

lular proliferation in small intestinal hyper-

plasia of rats with hepatic Strobilocercus fas-

ciolaris infection.J. Comp.Pathol.,139,34-39.

30.Lagapa, J. T., Oku, Y., Nonaka, N. and
 

Kamiya,M.(2008)Taenia taeniaeformis:Fate
 

and proliferation of mucosal cells during gas-

tric hyperplasia in larvae infected rats. Exp.

Parasitol.,118,576-582.

31.Lawton,D.E.B.,Reynolds, G.W.,Hodgkin-

son,S.M.,Pomroy,W.E.,and Simpson,H.V.

(1996)Int. J. Parasitol.26,1063-1074.

32.Lee,D.C.,Fenton,S.E.,Berkowitz,E.A.,and
 

Hissong, M. A. (1995) Transforming growth
 

factor a:expression,regulation,and biological
 

activities.Pharmacol Rev.,47,51-85.

33.Li,Q.,Karam,S.M.,and Gordon,J. I. (1995)

Simian virus 40 T antigen-induced amplifica-

tion of pre-parietal cells in transgenic mice.J.

Biol. Chem.,270,15777-15788.

147 Gastroenteropathy in rodents with hepatic Taenia taeniaeformis larvae infection:mechanism of pathogenesis



 

34.Lipkin,M.(1987)Proliferation and differentia-

tion of normal and diseased gastrointestinal
 

cells. In: Johnson LR, ed. Physiology of the
 

gastrointestinal tract.New York:Raven Press
 

Books Ltd.,255-284.

35.Nawa,Y.,and Korenaga,M.(1983)Mast and
 

goblet cell responses in the small intestine of
 

rats concurrently infected with Nippostron-

gylus brasiliensis and Strongyloides ratti. J.

Parasitol.,69,1168-1170.

36.Mahesh Kumar,J.,Reddy,P.L.,Aparna,V.,

Srinivas, G., Nagarajan, P., Venkatesan, R.,

Sreekumar, C., and Sesikaran, B. (2006).

Strobilocercus fasciolaris infection with hepatic
 

sarcoma and gastroenteropathy in a Wistar
 

colony.Vet. Parasitol.,141,362-367.

37.Majumdar,A.P.,and Goldenring,J.R.(1998)

Localization and significance of pp55, a gas-

tric mucosal membrane protein with tyrosine
 

kinase activity.Am J Physiol.,274,G863-870.

38.Marquardt,W.C.,Demaree,R.S.,and Grieve,

R. B. (2000) Parasitology and Vector
 

Biology2nd ed.pp.1-26.Academic Press,New
 

York.

39.Marshall, A. C., Alderuccio, F., Murphy, K.,

and Toh,B.H.(2005)Mechanisms of gastric
 

mucosal cell loss in autoimmune gastritis.Int.

Rev. Immunol.,24,123-134.

40.Mayer,D.A.,and Fried,B.(2007)The role of
 

helminth infections in carcinogenesis. Adv.

Parasitol.,65,239-296.

41.Merkelbach,P.,Scott,I.,Khalaf,S.,and Simp-

son,H.V.(2002)Excretory/secretory products
 

of Haemonchus contortus inhibit aminopyrine
 

accumulation by rabbit gastric glands in vitro.

Vet. Parasitol.,104,217-228.

42.Mimori, T., Nawa, Y., Korenaga, M., and
 

Tada, I. (1982) Strongyloides ratti:Mast cell
 

and goblet cell responses in the small intestine
 

of infected rats.Exp. Parasitol.,54,366-370.

43.Nomura,S.,Settle,S.H.,Leys,C.M.,Means,

A.L.,Peek,R.M.Jr,Leach,S.D.,Wright,C.

V.,Coffey,R.J., and Goldenring, J.R. (2005)

Evidence for repatterning of the gastric fundic
 

epithelium associated with Menetrier’s disease
 

and TGF alpha overexpression. Gastroenter-

ology,128,1292-1305.

44.Ohning, G. V., and Guth, P. H. (1995) Time
 

course of mucosal cell proliferation following
 

acute aspirin injury in rat stomach.Dig. Dis.

Sci.,40,1351-1356.

45.Phares,C.K.(1996)An unusual host-parasite
 

relatioship: the growth hormone-like factor
 

from plerocercoids of spirometrid tapeworms.

Int. J. Parasitol.,26,575-588.

46.Polk,W.H.Jr,Dempsey,P.J.,Russel l,W.E.,

Brown,P.I.,Beauchamp,R.D.,Barnard,J.A.,

and Coffey,R. J. Jr. (1992)Increased produc-

tion of transforming growth factor alpha fol-

lowing acute gastric injury.Gastroenterology.

102,1467-1474.

47.Przemeck,S.,Huber,A.,Brown,S.,Pedley,K.

C.,and Simpson,H.V.(2005)Excretory/secre-

tory products of sheep abomasal nematode
 

parasites cause vacuolation and increased
 

neutral red uptake by HeLa cells. Parasitol.

Res.,95,213-217.

48.Rikihisa, Y., and Lin, Y. C. (1984) Taenia
 

taeniaeformis:increased cell growth and neu-

tral mucus production in the gastric mucosa of
 

the rat with a larval infection.Exp.Parasitol.,

58,147-155.

49.Rikihisa,Y.,Letonja,T.,Pratt,N.,and Lin,Y.

C. (1984)Taenia taeniaeformis:Characteriza-

tion of larval metabolic products and growth
 

of host gastric cells in vitro.Exp.Parasitol.,58,

230-238.

50.Rikihisa,Y.,Lin,Y.C.,and Walton,A.(1986)

Taenia taeniaeformis: immunoperoxidase
 

localization of metacestode culture product(s)

in hyperplastic gastric mucosa.Exp.Parasitol.,

61,134-137.

51.Romano,M.,Lesch,C.A.,Meise,K. S.,Vel-

jaca,M.,Sanchez,B.,Kraus,E.R.,Boland,C.

R., Guglietta, A., and Coffey, R. J. (1996) In-

creased gastroduodenal concentrations of
 

transforming growth factor alpha in adapta-

tion to aspirin in monkeys and rats. Gas-

troenterology,110,1448-1455.

52.Salomon,D.S.,Kim,N., Saeki,T.and Ciar-

diello,F. (1990)Transforming growth factor-

alpha: an oncodevelopmental growth factor.

Cancer Cells,12,389-397.

53.Schubert,M.L.(2007)Gastric secretion.Curr.

148  Jose Trinipil LAGAPA et al



 

Opin. Gastroenterol.,23,595-601.

54.Scott, I., Hodgkinson, S. M., Khalaf, S.,

Lawton,D.E.B.,Collett,M.G.,Reynolds,G.

W.,Pomroy,W.E.,and Simpson,H.V.(1998)

Infection of sheep with adult and larval Oster-

tagia circumcincta:abomasal morphology.Int.

J. Parasitol.,28,1383-1392
 

55.Scott,I.,Khalaf,S.,Simcock,D.C.,Knight,C.

G.,Reynolds,G.W.,Pomroy,W.E.,and Simp-

son, H. V. (2000) A sequential study of the
 

pathology associated with the infection of
 

sheep with adult and larval Ostertagia circum-

cincta.Vet. Parasitol.,89,79-94.

56.Sharp, R., Babyatski, M. W., Takagi, H.,

Tagerud, S., Wang, T. C., Bockman, D. E.,

Brand,S.J.,and Merlino,G.(1995)Transform-

ing growth factor αdisrupts the normal pro-

gram of cellular differentiation in the gastric
 

mucosa of transgenic mice.Development,121,

149-161.

57.Simpson, H. V. (2000) Pathophysiology of
 

abomasal parasitism:Is the host or parasite
 

responsible?Vet. J.,160,177-190.

58.Spindler,K.D.(1988)Parasites and hormones.

In Mehlhorn H, ed. Parasitology in Focus:

facts and trends.Berlin Heidelberg:Springer

-Verlag,465-476.

59.Soulsby,E.J.L.(1982)Helminths,arthropods

 

and protozoa of Domesticated Animals 7th ed.

London:Bailliere Tindall.

60.Suzuki, Y., Ito, M., and Sudo, Y. (1979)

Changes in connective tissue components in
 

ulcer tissue during healing process of acetic
 

acid ulcer in rats.Jpn. J. Pharmacol.,29,821-

828.

61.Takagi,H.,Jhappan,C., Sharp,R., and Mer-

lino, G. (1992) Hypertrophic gastropathy
 

resembling Menetrier’s disease in transgenic
 

mice overexpressing transforming growth fac-

torαin the stomach.J.Clin.Invest.,90,1161-

1167.

62.Weigert, N., Schaffer, K., Schusdziarra, V.,

Classen, M., and Schepp, W (1996) Gastrin
 

secretion from primary cultures of rabbit
 

antral G cells’stimulation by inflammatory
 

cytokines.Gastroenterology,110,147-154.

63.Walsh,J.H.(1987)Gastrointestinal hormones.

In:Johnson LR,ed.Physiology of the gastro-

intestinal tract. New York: Raven Press
 

Books Ltd.,181-254.

64.Yamaguchi,T.,Nakajima,N.,Kuwayama,H.,

Ito, Y., Iwasaki, A., and Arakawa, Y. (2000)

Gastric epithelial  cell  proliferation and
 

apoptosis in Helicobacter pylori-infected mice.

Aliment. Pharmacol. Ther., 14,68-73.

149 Gastroenteropathy in rodents with hepatic Taenia taeniaeformis larvae infection:mechanism of pathogenesis



 

F
ig
u
re
 1
 
H
is
to
lo
g
ic
a
l 
fe
a
tu
re
s 
o
f 
th
e 
T
ae
n
ia
 t
ae
n
ia
ef
or
m
is
 l
a
rv
a
e 
in
d
u
ce
d 
g
a
st
ro
en
te
ro
p
a
th
y 
st
a
in
ed
 b
y 
a
lc
ia
n 
b
lu
e-
p
er
io
d
ic
 a
ci
d
-S
ch
if
f 
re
a
ct
io
n
.
H
y
p
er
p
la
st
ic

 
m
u
co
sa
 o
f 
th
e 
g
a
st
ri
c 
g
la
n
d
(A
)
o
f 
a
n 
in
fe
ct
ed
 r
a
t 
sh
o
w
in
g 
3 
to
 4
 t
im
es
 t
h
ic
k
en
ed
 w
h
en
 c
o
m
p
a
re
d 
to
 a
 c
o
n
tr
o
l 
g
a
st
ri
c 
m
u
co
sa
(B
).

D
u
o
d
en
a
l 
ep
it
h
el
ia
 o
f 
a
n

 
u
n
in
fe
ct
ed
 r
a
t
(C
)
is
 t
w
ic
e 
sh
o
rt
er
 c
o
m
p
a
re
d 
to
 t
h
e 
h
y
p
er
p
la
st
ic
 d
u
o
d
en
u
m
 
o
f 
a
n 
in
fe
ct
ed
 r
a
t
(D
).

C
o
lo
n
ic
 m
u
co
sa
 o
f 
a 
co
n
tr
o
l 
ra
t
(E
)
is
 l
es
se
r 
in
 v
il
li
 l
en
g
th

 
co
m
p
a
re
d 
to
 t
h
e 
co
lo
n
ic
 m
u
co
sa
 o
f 
a
n 
in
fe
ct
ed
 r
a
t
(F
).

B
a
rs
＝
10
0
μ
m
.

150  Jose Trinipil LAGAPA et al


