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Introducrion

Despite the face thar many parasitic infections have been
stedied over a century, lictke 5 known about the mn-
lecular basis of intracellular and interceliular adapratbons
of the cansative organisms. In particulas, few studics
have been andetvaken wo clucidate che inceracrions be-
tween the parasitic molecules and rthe host cells ax the
nudlear level. Yet such knowledge can revolutionise the
traditional concept of pathogenesis of pazasitic organ-
iwms. I is abso crucial Tor understanding the evoluvion-
ary/biological relativnship between parasites 2nd other
MICroorganisms.

Trichinella belongs w 2 unique superfamily of nema-
iodes, the trichincllvidea {(Anderson & Bain, 1982).
vMemberwod chis growp have unconventional life histo-
ries, und are closely associatedl with the epithelia at least
during parnt of their developmental cycle. They are «i-
the moacxenous or heteroxenous, and autoinfections
<an oceur, They may not follow "the faw of the thicd-
stage larva” af scesnentian acmatodes in the infeciion
of the definitive host wheee they can mulriply in Lurge
numbers (sce Wight. 1 989}, Depreading on conditions,
some females can ather produce s or larvae (Cross
ef &, 1978). Several species shaw an wmueing lack of
host specificity e.g. they can live alternarcly 1 distincy
cdixes of vertichrates. Many specics, which are highly
pathogenic, are of great medical and veterinary impor-
tance.

The Scenario

Amaong the trichinellid semawodes, Trichivefls is one of
the most extensively studied genus. However, the size
of the genus, and che stazus of its various “isolates” have
remained controversial until recently. This i due 1 the
lack of distin¢1ive morphabogical characters. On the basis
of the gene pools identified by allozyme analysis, Povio
et al, {1992) reeognised five valid species i.¢. Trichinells
yrinedis soww siriceo, T, psewdosprrales, 1. naziva, T. britovs,
and T nefioni. Each species can be separated by biclegi-
al paramcters. In this esay, however. only the auin
fearures of the firse two species during their muscle phase
ot development will be discussed.

What are the unique charsciers of T spirelis? This
nematode can infect practically all mammals, includ-
INg Masine species. It 1s 2 monoxcnsius parasite thar can
disscminaie its progenies directly within the verecbrare
hoat, The infective-stage larva, which s encapsulated
i host musde. is a fir-stage lasva. After entrance (i

a mammaldian host, it will undergo-development in the
small iniestinal epithelium at an exceprional speed,
moulting four titnes, and becoming rhe adulr srage
within 36 hours postiticctaon (Fg. 1). In the intestine,
Trichinefls lics within the cytoplasin of epithelial eells
(Dunn & Wrighe, 1985). The female worts produce
newborn larvae {(NBL) (ﬁl’ﬂ-ﬂ:@c lacvac) as somn a8 5-
& days postinfection. These larvae migrute o seriated
musches at various regions of the body (via blood or
peritonical @vity) wheee they transform the muscle cells
into 2 new type of syncytium known as the "nurse celi”
complex (Fig. 2). Each complex, which ts encapsulated
by oollagenous febres, can accommacdaie as many as four
wonns {Li & Ko, 1999). It seprescnts a secluded, self-
sustaining, and well-protecied habicac. Within three
weeks postinfection, the NBL. grow into the precoouus
infective stage lurvae without mowlting. The geaital pri-
mordium of the larvac is well developed, and the sexes
can be separaied, There is only s mild inflaswnatory
responsc during the muscle phase of worm development,

T. pseudosprraiss is motphologically similar to 7 sps-
refis, However, this species, which was ariginally recov-
cred from 2 raonen, Procyon loesr, is also infective (o
birds (Garkavi, 1972; Suumier 7 2L, 1988), Unfike 77
ipinadts, it dues noe dicie the formation of nurse cells in
infected muscles. The infective stage larvae live in a non-
secluded habircat i.e. the site is not encapsulared, and
the worms can migrate along the myolibres while caus-
iy vircwally no inlammatory respomse, Due 10 these
differences, parallel experiments based on the o spe-
cies may help to idenzity the key molecubes ar mecha-
misis involved in rransforming the funcrions of the host
muscle cells,

Although tnchindllosis caused by 77 spixalts is corn-
manly documecnted, the first case of human infection
by T, preudospiraiis was only reported in New Zealand
in 1991 {Andrews of of., 1994). Since then, numerous
outtrreaks have heen reported in Thailand and Russia
UJongwuriwes ef f., 1998; informacion from the lnter-
nationat Commission on Trichinellosis). Recently
Chung & Ko (1999} successfully cloned a specific ex-
crevory/secretory antigen of T, prevdespinlis, which can
be wsed in differential diagnesis.

How Trichinells does it? The working hypothesis

Trichinedli lives in two precasious, dynamically unsta-
ble habirars i.¢. the intestinal epithelium and scriased
muscler. The mucasal epithclium is replaced every 2-4
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days. Worms wathin st nme cegularly migrace o new
cells ar risk being passed out. With the atrvphy and
hyperplasia of the epithelium, the qualicy and condi-
tians of the development-nursery site are acrively sub-
pecred 1o drastic fluctnations (Wrighe, 1989), In the sm-
ated musdes, the worms are also conscamly subjected
(O T aALIYATAC d!:mgrs due to muscular conrractionsfre-
laxarions. This is despite the Face chat wtectoon wirh
Trchinella can lead o mubjor redections in mechanical
stress, wark, power output, and fangue resistance ot
muscles {Harwood rr al, E996). Lo addinion, e bath
the intestinal and muscular habitam. the parasite is cas
ily exposied to the host’s defence sstem.

Like other parasites, each phase of development wf
Irichinetla ts precisely comparimentatised, cificcndly
controlled, regulazed, and secured (Fig, 1), This strace-
egy can owercome the wemendous odds imposed by the
negitive host factors. Many ascinating adapeations have
been evolved 10 manipulare the howile host environ-
ment, thus ensring a highly successful rare of worm
survival,

In cur cachier sudies, Lee er af, (19441 and Ko er &l
{1994) proposed 2 working hypochesis o0 the possibile
medumiuns of muscle cell reorganisation by Trchimehs
The hypothesis was initially based on abssrving the
presence of pacasitic epivopes inside the hypertrophic
myonudei, and the markied besions in musches after cx-
posure to the excrerary/secretony (ES) producs of the
witecnve stage larvae. However, wath moee recem {ind-
ings, the hypotheses is modifred as folhaws:

The invasion of muscles by 72 sprrisfes elicits s i

1 independent events ic. a general degencrativelee-
genecative response in Muscles and specific changels)
in the genamic exprasion of tyunuclei, The rwo events
are mediared by a wide spectrum of specific effecmor
malecules, which iniate the infecticus process, destroy-
ing the existng hast environment, and constructing a
parasitic habiar. The effector molecules occwr in the
ES prodicis of the fissi-stage larvae. One event leads e
selecnive dissolutian of myafibres, myowbe formation,
miposis, migracion of cells into muscle bundies and an

giogenesss, The ather invalves folding. and ranslocating
molecules through the nuclear membrane into hyper-
wophic myonudei (HN) 1o canrol the funciions of
thie hesa cells, The parasitic malecules may breals/bind
host DNA, alrer, and regulsic genomic expression, ar-
rest the cell cyvle, and 10 induce the synthesia of 3 pro-
vective Cpstile, The secretion of the cffector molecules
is reguilaced as the worm grows, However, the ability w
reorgamse hest musclen is retained thevughour the life
of the larvac, cven akier developmenr to the infective

staye.

Features which ean serve as models

The key 10 the Trachinetlr's 'andora box lies in theanaly-
siv of the compesition the ES product. They contain
the adaptive molecules that can modulate the bogt's
ciwirommenc. Unfortusatety, the natuee ofthe ES prrod.
wits of trichinelbics s poorly understood. and differens
muleculcs may be seaered at various phases of worm
development. Ko & Wong 11992) found thae the ES
anigens from pre-encapsulited and encapsutared k-



vae showed diffferences in SDS-PAGE profiles and in
cross-reactvities with hereralogous ancsera in Triple-
Antibody ELISA. Low molecular mass proreins domi-
nace the former ES produces, amd the antigenx protile
rescinbles that af the adult werms sported by Ko &
Yeung (1989). Recendly, we have identified and charac-
terised several important malecules, which may be
closely associated with the conmplicated process of haat
cell rearganisation. Althaugh their actual biological
functions have net been documented. the possible mles
are disaussed bedoww. This provides the framework for
further stuclies. HopeFully this brief review will stimu-
late more intecest on the mechanisms of rissae woioni-
sation by nemracodes.

Site-targeting and cntrance

Nemawdes are very swcesstul in “homing-in” their dif-
fevent preselected rissues/organs aloog their migratory
path ar varions phases of development, The NBL of 7
spiradis is myotrophic, and they reach the striated mus-
cles mainly via the circulatary system. However, they
can also arrive at the suc by direer migranon via the
peritaneal @vity, NBL could casily be recovered from
the peritoneal avity by washing with saline, followed
by centrifugarion. Subvutaneously injecied NBL can alse
peoetrate, and enter mammalian or avian muscde. The
NBL » morphologically primitive, and the inicrnal
structures are poorly ditferentiaed, Witheur any obi-
oussensory scructure at the cepbalic ar other regions of
the body. what is the guidance system vsed by NRL for
site finding’

Alhough 1 small percentage of NBL may enrer other
tissues by accident (tn case of heavy infections), must
will eeach the skeletal muscles. In view of this. the worms
masst follow an efficient and specific marker-sive reeog-
nition system. One possibility is using a ligand-recepeor
system thar has beer adopred by some prorozoa. For
example, Cryprosporidium parvam uses a glyvopratein
of > 900 kD: as a ligand For 2 hast seceptor involved in
artachment/ivasion (Barnes ¢f 2L, 1998). Glycopro-
tein (GP) 63 is anather well-known receprar involved
in the invasion of Lefshmamia into macrophages
(Chakraborty sl 1998}, A 175 kDa eryhrocytce-bind-
ing protein (EBA 175} mediates the invasion of flas-
ol i faleiparum ino erythrocyres (Sim eraf., 1994;
Dolan ex al, 1994). Liver-specific hepatin sulphate
prateoglycans (HSPGa) have been implicated in the
tacgeting of sporozaites of malaria inww che liver
(Shakibaci & Frevert, 199G), Trypamesni cruss atvaches
and binds to mainmalian cells by binding parasite rrans-
sialidise to host sialyl receprars (Hervera er af, 1994),
Major surface glycoproteing, including the SA8S-1, have
been idenrified as 7. cruzs ligands of the manmose-bind-
ing peotcin. The binding of mannose-binding protein
to microocganisms facilirates their uptake inta phago-
cytic cells (Kahn e af,, 19961,

KoRC & MarTH sra

Alhough stage-specific surface sotigens are well
known taoccur in muny nemacodes, mast previous scud -
ies only deake with immonologual aspeas. However,
there & 2 poasibilivy that some surface molecules may
serve a8 3 ligand in the inidal invasion process. Andi-
gens with molecular mzsses of 28-64 k[Da have been
reported on the cuticle of NBL (Philipp e af.,
1980,1981}. It would be worthwhilc to isolate and iden-
tify the surface molecules of NBL. and w detamine
their ligand serving potentials, There ire numerous spe-
cific tecepror associated with skeleral muscles e.g. nico-
rni acerylcholine, alpha-dyswoglycan, dihydrepyridine,
rvanodine, bradykiaim B2 ese. (Dennis & Prody, 1997;
Eivasd e af., 1997 Aym:ud ceal, 1993; Schmoselsl o2
al., 1990 Figucroa et al. 1996). There is a possibility
rhar suynie may serve as 3 marker molecule, Any positive
finding would ceprraent a major step forward in Panws-

tooloogry.

Destruction of host tissucs

Once the target bas been located. NBL prubably enter
the myotibres by a combination of mechanical and
chemical methods. I injecred subcuancously, NBL. can
penctrare the sarcolemma quickly. Although the en-
zymes secretexd by NBL have nor been studied (jrob-
ably dite v wehnical constraing, prowases have been
found in the ES proaduces of both the nfective stage
lsrvae and adulis (Criada-Fomclio of 2f, 1992; Lai &
Ko, 1994; de Annas-Sicrra o2 ol 1995a.b; Todorova e
al, 1995; Lai, 1996), Using pelatin-substrate clectro-
phores, discantinueus protease assays, affinity chro-
matography. and sa sirre cultures of different durations,
Lai & Ko (1994) and Lai (1996} noted the presence of
alkaline serine proteases of 49 and 57 kiDda and a 47
kDa metallo-protease in the ES products of the infec-
tive stage larvac of 7. gpenilis, Serine proteases of 60 and
51 kDa were alsio observed in T piesdospiralts. Othes
authoes e, Criado-Forneha o af (1992) and de Arenzs-
Scrra ev wl, (19955) abio reporied three proteases of 35,
62 nd 230 kDia in T spimvdis, Armas-Serra o1 af, {199%a)
purified the 35 kDDa protease using conrinuous elutian
dectropharesus. Mecnon 8 Wranicz {1999) reported the
presence of cysteine proteinase.

The prareases may be involved in the breaking down
of the sarcolernma. Some may alsa acr as mediators for
the caranee into host musdes as the metallo-protease,
GP'63, of Lesbmanis which is well known o phay a
majar rolbe in the inteacellular invasion of macrophages
(Chang er af.. 1989). Afeer the NBL have entered the
musck cells, the proteases can also acx as the “destruc-
tive molecules™ o cleas the site of host tissecs, Bax one
remarkable phenomenon is that the “ckaning up®
mechanism is highly selective. The myonudei, which
by mow buve became hypertrophic (HN), are nor de-
amoved but are retained 1o conttol the Functioning of
the new paraxitic hubarat. The HN are concentrared in
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the forrn of 3 asyorsbe. An exciting question is how ean
the nuclear membrane of the HN withstand dhe action
of the prateases. If the underdying mechanism is knosvn,
it would serve as an effecrive chemintherapeiitic methixd
by blocking the forrmation of nurse cells at the begin-
ning of irs development.

v virro anvd én vivo cxpreriments (based on inrramus-
cular injections, implarcation of mini-osmaotic pump,
electron microscupy, and cell culures) have shown that
the ES products of the first-stage larwar of Trichinells
<an eliciv marked besions and tisyue reorgamisarion
muscles (Ko eral, 1994; Leung & Ko, 1997). The ES
products were pyeogenic. They could indice the mobi-
bsation of a4 wide range of monenuclear polymarpho-
nclear cells. Some cells were observed to enter muscle
bundles in a cluster. The dissolution of myofibres in
emany muscle bundles was extensive. The addieion of
ES products to day 5 culture of priniry myocytes in-
duced drastic moephinlogical and structural changes in
myotubes. Distinet nodular struccures were formed ar
intervals along the slender myorubes. Fach node bore 2
prominent  nuclens.  Histological  amd
imenocytubocalisaiion studies have revealed thar the
node conained large cavities enclosed by in inzacr sar-
colemma. The cavitses indicated the resulr of proteo-
lyoc digestion. Coculruring tryescytes wich NBL ¢oold
deo induce similar lesions. The sarcoplasm and sarco-
lemma hoth showed a setong flucrenoesce when tested
by IFA foe the preseisce of Tridninetle ES antigeos.,

The intniguing guestion is how the prrorcise cin s
becrively digest the sareoplasm but not the sascolemna
of the myotube. One speculation i thar the proease
recognises 4 speoific receptoron the serlaceaf die inem-
brane, Alicrnatively, it may be highly subwtrate-speciti
towards the sarcoplusm of the myotubes, Such protcases
have been repored in Schistmeonne mansons (Mckerow
et al, 1985) and Plasmedisimn faliiparum (Cooper &
Bujard, 1992). The former parasite produces a specific
collagenase thar only deaves collagons of the basal mca-
beane but nont thase of the intersarial structures,

Besides protcases, s-hucytamine has also been found
in the ES produce of 7. pradmpirnlis. Injection of this
amine into the gluceal muscie of mice resulred in de-
generative and cegeneracive changes, Thus, it was also
inyplicated as one of the factors thae could induce aws-

che roorganisation (Zeoka er 2k, 1980).

Censtructing, contrulling, regulating parasitic
habitat

The construction of 4 parasinc habitai inwakwes com-
plicated changes w the originul host muscles. This 1s
initiated and mediared by a heterogenous mixtire off
“ceoitructive” cffector maolecules secreied and regulired
at various stages of larval development. In the ES prod-
uces of both I spivulis and T psrudospimiss, we have
decumened for the fisse time the presaice afhear shod

proteing (HSPs), endonucleases, and [3NA-binding
proicing. These may ditectly or indirectly be invalved
1 the process of nurse cell formation, amd in alecting
thie host cell oxcle.

Hear shock proicins
Using L-[** S| ncthionine tabelling and SDS-PAGE
autoradiography, Ko & Fan (1996) discovered that at
43°C, the major HSP in the somatic extraces of T spi-
nifks were 20, 47, 50, 70. 86 kDa. and in the ES prod-
ucts, 11, 45, 53, 64 kD. In T porvidaspinales, the major
HSPs in the wamatic extracts were 20, 26, 31, S0, 523
and &6 kDa:ind in the ES praduces, 11, 35, 37, 41 and
64 kDa.

HSP 70 is one of the most commion conserved S
m cularyoces. les substantial synchesis in Trchimells may
have a distinet implication. HST 70 has been incrimi-
oated ae a “molecudar chaperane” which can esonet and
influence the conformarion mken by proreins, thus fa-
ciliczting their cranspore icros meenbranes. This is sup-
posedly cartied ot by hydrophobic interactions berween
HSP and its charge (Newport of i, 1988; Pelham,
1988). HSP 70 may play a rele dusing rhe early phase
of tissue invasion by folding DNA-binding effector
malecules 10 facilitate cheir transpoet {via other imecha-
nismme) into the arget myonucei,

DNA-bindsnug preveins

In a prebirninary sauly in our aborarory, Leung (1795)
has observed thar the ES produces binds co the calf ge-
ganti; DNA in South-wostern blowing. Band-shifv as-
say using a rndom 28 mer oligonucleotide has shown
that & single DN A-binding species is present. Howeves,
the DNA-binding specificicy of the pratein is low as
the non-apecific competiter poly (dl/de} can effectively
abolish the DNA-binding of ES peorein in band shift
assay. A DN A-binding of similasr mebilicy was also de-
tected in the ES products of 77 prewdosprealis. Roceatly,
using 4 modificdd vechnique, we have successfully docu-
menied the presence of DNA-binding proteins in the
E3 products of the two trichincllids (paper in prepara-
tion), The presence of DNA-binding proteing in the
S producys strongly suggest that they sy pliy 2 ma-
jot mie in modulating the exprenion of muscle genes,
which i the key stuep required for constructing and
nuintaining the parasitic habicat,

Endonuirisn

Recenily, singhe- and double-stranded endonucleases
have been demoasrated for thiefies time ia the ES prod-
et of Trichenells (Mak & Ko, 1999). The finding of
endomucicases in the ES products of a parasitic nema-
tode mdy have broad biological implicacions, especially
i1 the pathogenesis of intracellular invasion by rewlti-
cellutar organisms. Ik provides a new perspective of host.
parasiic interaciions a1 the nuclear level,



The double-stranded endonudleasc(s) of Trrchenella
is sequence non-specific, with a pH optarmum below 6,
and requires divalent cations as a cotacror, [ts aceivicy
can be inhibited by the Za* ion. It was detecied mainly
in the ES products of the nfecuve-stage af 7 sprndis
collecied & 37°C and was present uh imech senaller
anounts in sample collected ar 43°C and in the IS
prociucts of T. pseudosprralis.

The propertics ef the double-siranded endonudease
of T. spinlis diffier from those of many well-documenced
endanucleases. Dnase I-like entyine, which degrade
chromosomal DMA dunng apeptosis, are divalens
cation dependent and are mastly active a1 neutral pH
(Peitsch er uf., 1993). DNase [1 cinzymies, which play an
imprtant role in apaptosts, show acidic piH optitnum
and are divalent cation independern (Appicris er all,
1997},

The endonucleases of Trickinefla may have swtaple
funceons thar asai funher studies. The difference 10
the eocutrence of endonucicase berween T spinefir and
T’ psewdospinelis may be correlared with the difference
m pathogencsis between the swormns; 7 sperades camses 9
drastic reorganisation of muscle cells whereas 77
piendoipiralis does not. Jasmer (1993) suggested thae
muscles infected with 77 sprrafes are associated with a
recluction in rescle-specific pone cxpressinn, fnchud-
ing Bbrillar protcing, and ncle transcriprional ficrors.
Therefore. the occurrence of endonuclease nnly in 4
warm that Gn form nurse cells suggests that the mal-
ecule may play 4 crucial role in host cell ransforma-
flon,

The endonucicases may also be involved in the ar-
test of the infecred emuscles a1 the G2/M phase of the
cell evele. Acconling 1 Jasmer (1993), the hypertrophic
nucha of nurse cells are stably muinraned ac AN com-
plement of DNA. Musde cells infocred with 77 spinefn
are suspended ar the G2/M phase of the cell cyde. There
are pureserous repores i the lireramire showing rhar per-
sistent dauble-stranded breaks in chromosomal DNA,
would not only destabilise DNA (accounting for ge-
nomi«c changes), but could alse lead <o the arrest of the
G2 cell cycle, and eventually cell death (Bennctr er af,
1997; Barrarr & al., 1998). Further discussions vn the
cell cpcle are given below.

Boides the above. the endomucheases ul’ Trickinella
may also act a5 a pathogenic determinanc as in Myce-
plasma and Acholepiasm, oc play a role in degrading the
host genome, dyseegulatng nucleic acid merabolism,
and creating chromosomal alterations (Roganri &
Rosenthal, 1983; Rice & Roberts. 1983; Minion &
Goguen, 1986; Bendjeninat er #f, 1997). They may
behave like the endonsecdease of Epstcin-Barr virus,
which provides nudecrides for DNA synchess, or in-
volve a host shut-off Function as in herpes simplex vins
(Feighny er af., 1981; Krkorian & Read, 1991). Fur-
ther studies on rhe bielogical funcuions of rhe
endonucleases of Treliinells may yreld some significam
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findings.
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Trichinella may attect muscle cell dedifferencation. Be-
sades modulacing the archirecrare of the host cell, mus-
cles infiecred with T. spinefts show an increase in lysomal
acid phosphatase (ACP) activity (Jasmer ot o, 1990},
Hypertrophy of the myonuclel is sssociuted with an
tncrease in such activity, Transcriptionid active HN are
stably maintained at an approximate 4N complement
of DNA. This suggests thar terminally mfecresd muscles
teenter the cellopedewith DNA synthessy, and the nuise
cells are smspended at the G2/M phase of the cell iydle
{(Jasmer, 1993).

The wnhdrawal of the cell cycle and the terminal
differentiacion of musde cells are mually exdusive.
Retinoblutoma (Rb) has been suggesied o play a cen-
tral male in muscle differenianon, This is probabily due
@ the clase correlation berween the high level of
hypaphosphorylaied Rb and muscle diffecentiation
(Kicss ex al, 1995; Martelli ev 2£, 1994), Skeletal mus-
cle cells lacking Rb, which are arresved ar the S/G2 phase
of the coll cvcle, are defective in differenoation, In Rb
deficient tnascles, theexpression of myogenin and cyclin
inhibiio (p21) is unaffected ac the carly stage of diffce-
emution, However. the lare difforentiation markers (e.g.
myosin heavy chain) are akered, and the sclls fail w
exit the cell cycle (Novitch ¢7 ai., 1996), Cyclin-depend-
cnr kinases, which repulate the progression of celt cycle
via phuosphorylanion of speciic cycle regulaton {e.¢. Rb),
also modulare the activities of myogenic factors (Skapxek
atail, 1995}, It is possible that the serine/threonie ki-
nase in the LS products of 7 gpiralis way be involved in
the re-entry of the host cell cycie (Arden v 2. 1997),

Recendy, Yao & Jasncr (1998) deseared nuclear an-
ugens (NA) with 79, 86 and 96 kDa (localiaed w0 host
cell nucled) by wsing antibodics against 7 spénefn pao-
teins. A monoclonal antibody against a defined epitape
of glycans binded to the NA, The authans hoped 1o
determine the role of NA in regulating che cell pheno-
rype of the infected skeletal muscle,

Tosrtwe und neyative regubiaren

Leung & Ko (1997) abserved that ES products of NBL.
andl infrecrive stage larvae appeared capable of aflecring
the developmeni of perfuised myocytes under /n rirro
conditions. Shorter and mure stender myotubes were
formed when ES products were added to dity 3 muacle
cultuee. Nerwork formation wasalso inhibited. A specn-
lative explanacion is that ES praducts contain negative
regubators on musde development. Blau (199} g
gested that positive and negative negulstors madulate
the differentiation of myvocytes nto myorubes. The
former include MyoD), myogenin, myt-5 and myf-6
which are DNA-binding proteins having a helix-loagp-
helix mouif (Davis er al., 1987). Thiey necopnise consen-
sus sequences (e.g. E-bon) in the muscle penes and en-
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hance the production of muscle specific proteina in
tvocytes. Some negative cegularons (e.g. dysrophin)
arc also DINA-hinding proteins. Lindh e 4l (1998) re.
ported that a novel Tnichumells genc, w) 5, which shared
comimon properties with negative regulators, was pref-
erentisfly exprexsed in the mfective stage larvae.
Another interesting phenomierion is that ce—culrur-
ing with NBL appears to prolong subscantially the sur-
vival time (about § more days) of the myodubes in cul-
tre (Leung & Ko, 1997). One possible explanation i
thacin the peesenee of NIVL. dhe myocytes shaw a slower
growth tace. The ceduction in merabolic cemand may,
in nstn, prodong the survival of the cells vader culiure,
Alternatively, living NBL may provide some sustaining
Iactocs that help to cxiend the life span of myotulses.
Acconling to Mclennan (1990}, the histogenesis ob
myorwbes in vertebrates is growth factor dependent,
Some facvors arc required for maintenance and repair.
In mice, they include insulin, catecholamines and
prostaghandins (Plarzer. 1978: Oneell er 4. 1988).

Subsistenoe and protection
Source of matrienss
T speralis lives in a wellsecludeel habiest. Under such
condatiosn, how can the larvae obtain autriens? One
of the maior functions of the nurse cells of 7. ypiralis is
to susuain the larvae accormmodated within the com-
plex. A unique frature of the nurse cdl is thar che yvo-
plasmic region is not scparated from the cavity con-
taining the worms by 2 membrane (Lee & Shivers,
1987). The cytoplusm is full of mitochondria, endo-
plasimic reticulum, tnd secrerory vesicles, and contains
mononuckear cells as well a3 two rypes of nucleiice. HN
and small nuclei. The conuents of the secremsty vesicles
are probably discharged directly inta the caviry. Ir is
not known whether the worms feed directly o the -
topasin. or the secretions from the vesicles. ot fram the
bl supply af the hast. If the Former is the method of
choice, then there must be a continnmes. eegenerasion
af the deplesed cytoplasm. The fincticns of the two
types of muclei are also uncertain. HN, whech are the
original muscle nuclei, have been suggested ta play a
role in maintaining the cxtensive endoplasmic reticu-
lum and its secretion irmo the cyroplasm (Lee of ol
1991). They may be involved in initiating nurse cell
formatian because they are the anly ruclei ar the dive
whient the NBL penetrates the myofibres. However, the
ortgin and function of the small miclei are uikinowns,
Wright ez al {1989} und Baruch & Desponiimact
(1991) observied that an clahorate network af hland
vexscls suerounded the nursc eells of 7. spintlis. Ka et
(1994) nared tha ineroductinn of ES products inco
muscles of mi;e cither by injeciion ot irnplantatian of 3
mini~osmodc pump could also induse angiogenesis.
Baruch & Despomumicr (1991} also suggested that the
waorm might induce angiogenesis discedly through the
secrennon of unique products, or indireedy thriugh the

production of bost-denived angingenic fictors. Reconitdy,
Capo et af. (1998) reported chat the vascular growth
fwctor was up-regulated within the rurse cell during its
carly stage of developinent, A constant stace of hypoxia
cell was supposedly mantained.

The circulatory reve can bring nutrients to the nurse
cells andl rerove waste products from the worms. Li &
Ko {1996) and Li eral (1999) repocted that in T spirm-
ks, althaugh immunocyvolocalisation studies revealed
that ES antigens weee localised within the nurse cell
camples, substantiat levels of these antigens could be
devecaed in peripheral blwod at various periods pos-
infeion, (A "sandwich” timeresolved immunafluores-
cence assay (DELFLA system) was used). ES anvigens
probably enter the genveral circulation via the rewe. De-
wetion of circufatory ES antigens can serve os ain acenr-
rate method for diagnosing acute trichinellosis. in ean-
trast, the in sty distribution of ES antigens of 7.
preudaspinalis iswidespread. ES epitopes can be detecred
along the infected myotibres and in adjacent non-in-
fected areas. This is duc 1o the nen-secluded habirar
selected by this wnchinellid. However, in is not known
whether 3 similae nerwark of hlood vissels encirdes the
sitc of 7. piescdotpirats. Such uctwork iy likely absent
because the worm supposedly migrates along the
myufibres.

Using energy-dispersive X-ray microanalysis (EDXA)
on bulk-frozen infected imuiscles, Wennicz e af. (1998)
whserved significant increases in phosphorus concen-
trations both within the turse cells and inside the las-
vae. This could reflect chianges in the energy metabo-
lism andfor in the mmewer of macleic acids of the nurse
cell. Fligh phosphorus concentrutions within the hrval
cells may correspond w high levels of chymidylave syn-
thase, thus retlecting meensive DNA replisations.

Esvcapsudation

Althcugh both the firs stage larvae of T spiralis and 7.
psendospivalis live in myafibres, only the feemer dicits
the forrmation of 3 well-defined sctlagenmax capsule. As
the NBL af 7. sprrshs grows and develops into the in-
fective stage fanva, collagenous Rhres evenrually encap-
sulate the nurse cell. The capsule becames apparetut
around day 9 aficr the arvival of the NBL. On one hand,
the collageacais wall may provide a better structuel
spport to the nurse cell for ascommedating mulriphe
larvae, and 1o enhance their survival in carrion. This
would ensure a successdul rransmission. One can argue
thix the capaule may be analogous to the eggahell of
esipatous meonaxenous nematodes, On the other hand,
it will also> help o confine the ES products of worms
within an enclosed system (Li e «l, 1999). and © pro-
tect the parasite from inflammatory cells and immune
attack. Using scanning dectron microseopy and pro-
tease digrestian, Li (1996) showed thar the external sut-
face of isolated nurse cclls was smiooth, devoid af eedbu-
lar infileraces, extepr at the palar regions, At these re-



gons, about 30-50 cclls lndudm;, lymphocytes and
{ibrocytes in a fibroas matrix were amached to the sur-
face. Thercfore, protecuon frem host atrack is hiely the
dominant rele of encapsulation of £ sprradi.

Dhffecent views have heen given on the origmof the
wllagencous capsule. According ro Scewart (1995), three
diflerent hypotheses have been proposed: (1) the cap-
sule is tormed by the altered muscle fibre alone
(Teppema er al, 1973} (2) the capsule i farmed by
srrounding fibeoblasts (Frothingham, 1906); {3} the
capaule is formed by both the redifferciuatod myofibre
and surromnding libroblases (Bruce, 19704, b), The first
two hypotheses were bused on structiral sudies using
checiron and lighy microscopy. Bruce noted tha depo-
wtion of collagen occurred ftom both cueide and in-
sde the nurse cell. On s basts, he suggested thar the
capsule was foomed both by fibroblasts and che alered
muscle cell, Kwiatkiewsca-Pauw (1994) demoastrated
thae the muscle cell produeed collagen fibres and
gycoprotans plus proteolglycans, The products formed
the inner part of the capsule, The outer pan of the cap-
sule contained collagen fibres and matns, synthesised
by fibroblasts and vascular endotheliwm cells n pas-
rictlar.

Other studies have suggesced that both cype [V and
wpe V1 collagen are synthesised within the nurse cell
isclf (Kwiakiewaz-Pauw o al., 1994). Hachling e¢ af
(1995) observed char the ES peoducts of 7 sprmvils and
17 prendospinadis could induce extensive synrhesis of ex-
clusively rype IV collagen by 3T 3 murnine fibroblases 11
witre. Polvere et af. (1997) reparted that periodic acid
Schifl reagent staining revealed at least ewo dasting lay-
ors in the capsule. RNA anabysis showed that mRNA
specific for type 1V and VI collagen occurred i1 mus-
des anly an Days 9 and 15 following intracellular in-
fection. Mast mRNA was within the nurse oell. The
HN were wranscrprionally active for these messages. The
authors suggested thar 7. spiralss could directly or indi-
rectly influence the synthests of the two types of colla-
pens throughour s developmental cycle in the nurse
cell.

Anti-isiflammationsimmunaeds pression
One of the distinct frarures between 7. spinalis and T,
picudospiralis infections & thar the baveer clicits pracii-
cally na inflammasery response despite a mon-secluded
muescular habvicar, be it in mammais or birds. How can
this parasite suppress ar evade the host’s response? What
s theadwancage of udopeing 2 non-secluded habirar thi
is sonstandy exposed o cellubarfinmuane attack by the
bosic? Diespite exiensive stwdies by many authons, the
answer remains clusive. Immunogenesis of Trbresell
15 a huge subject. However, due o the constraine of this
paper, anly a few ideas are discusscd.

The evasivelsuppressive action is prohably highly
specitic. In an attempr to dewermine whedher the and-

wlamimaiary action of 7. preuabospiralss is bocalksed any

B RC & Mak CH er atl

specihic, Li (1990) injected NBL of 7 pineies and T
presidospiralts into vhe kft and right thighs of the same
BALB/c mouse respectively, Surpeismply, substantially
stronger granulomatous reactions were observed around
the sites of 7. sparudis in the beverologous than hamalo-
gous infectrons. There was lirtle eellular infiltration
avound T psendespimadts in both heterologous and lus-
mologous infections, Therefore, the ann-inflammasory
acrion underaken by I prewdospirelis appears to be
highly specific and localised.

According 10 Stewarz (1995), two ditteren serace-
gies for survival were evolved in Trvchinelle. One ap-
proach is a defensive seracegy and thix myvolves binlding
a wall around the wonn for protecoca against host at-
tack. The second approach, exemplificd by T
prvwdeipirales, 15 un ofiensive approach, The parasite
Inserts its own message into the molecular communi-
cations passing between the ihunune and neuroendo-
crane systems of the host. This message supposedly trig-
gers increased release of corneosacrouds by the adremals,
beading 10 2 suppresiton of host immune response. It
was further suggesied thae the increase in corticoster-
otsic be related to 3 dramatic increase in interlukin 2
(LL2). 112 can participase in the monununication link
berween theendocnne and immune systzins. The worm
also employs molecular mimicry by expressing host-like
anigen. asialo ganglio- M- tetraosyleeramide. on s sur-
tace (Stewart ex al, 1978; Stewart & Larsen, 1989),

Using moncoclonal antubodies and laser confocal
mictosoopy, Li (1996) observed the presence of CDM
and CD3 celis i the cytaplasmi: region of the nurse of
I spiralts, Why are these colls cocxistng with the pana-
site inside an enchoscd cumplex, and with no apparene
ill effect un the larer? It is possible that thess cells ane
sumply wrapped imside with the worns during encapsu-
lation. However, the finding can imply that the worms
are well protected againi the cynwoxicicy of CDS cells.

Epiloguc

The abave brief review highlil..hu the importance of
adopting an meegraned approach m studving parasicic
mnfecaons, Mulecular and immunological studies must
be undertaken wath spevial eefetence to the unique de-

velopmental/transmissian hiology of a given species. By
virrue of their wanderful adapations lor survival in a
hastile envaironment, nxuny intracellular or dysue dwell-
ing species can serve as excellent modeds for studies on
the mechanisms of host cell reprogrammiag,
unmunodulation.cell rangeung, tissue restrucianng erc.
Many parasinc molecules have distina propestics and
some tity have imponant medical applications. Such
stwdica mity also help w expand the “time and space™ of
Parasitology in the new millennium, We truly believe
that there 15 a por of gold at the end of the rainbow.
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