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INTRODUCTION

One of the problems met in serologic diagnosis
of cysticercosis is cross reactions with other
parasitic diseases. Even by sensitive method of
assay (ELISA),

patients of schistosomiasis, echinococcosis, angio-

enzyme-linked immunosorbent

strongyliasis, taeniasis, sparganosis, paragoni-
miasis, clonorchiasis and fascioliasis may show
with
Taenia solium metacestode(Cysticercus cellulosae)
(Arambulo et al., 1978; Diwan et al., 1982;
Coker-Vann, et al., 1984; Mohammad et al,,
1984; Cho et al., 1986). To solve the problem,
better
antigens with the least cross reactivity and with
high sensitivity have been searched for (Biagi
and Tay, 1958). Recently cystic fluid of C,
cellulosae was found to be the case (Choi et
al., 1986; Larralde et al., 1986).
cystic fluid antigen also elicited a certain degree
of non-specific reactions (Cho et al., 1986).
Therefore, purification of antigen by biochemical

Cross reactions crude antigens from

thus to improve the test specificity,

However,

or immunochemical procedures has been consi-
dered to be essential in improving the quality
of antigen (Guerra et al., 1982; Coker-Vann et
al., 1984; Kim et al., 1986).

Since electrophoretic transfer of proteins in gel
to nitrocellulose paper was developed (Towbin

* This study was supported by grant from the
Ministry of Education, Republic of Korea(1986).

et al., 1979), enzyme-linked immunoelectrotrans-
fer blot (EITB, western blot) was formulated
(Tsang et al., 1983). When sodium dodecyl sulfa-
te-polyacrylamide gel electrophoresis (SDS-PAGE)
(Laemmi, 1970) is applied in EITB, protein
fractions of known molecular weight in crude
can be observed whether they are
actually EITB is
especially applicable in varieties of parasitic
infections to differentiate the antigenic proteins
and to observe their antigenic specificities. EITB
is now considered a key step in solving the
problems of cross reactions in serologic diagnosis
of parasitic diseases (Tsang et al., 1983).

In human cysticercosis, results of EITB have
already been reported several times (Grogl et

antigens
immunogenic. Therefore,

al., 1985; Gottstein et al., 1986; Larralde et
al., 1986; Joo et al., 1987). However, their
results were not necessarily identical. Some

uncertainties are still exist. Furthermore, hitherto
reported results of EITB were reactions between
patients sera from various parasitic diseases and
crude C. cellulosae antigens.

To analyse antigen specificity of differently
prepared crude antigens of C. cellulosae and
other helminthic antigens with polyclonal and
a monoclonal antibody, SDS-PAGE and EITB

were done.

MATERIALS AND METHODS

1. Antigens
Three different antigens from C. cellulosae
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were prepared as described by Choi et al. (1986):
(1) cystic vesicular fluid antigen which contained

5mg/ml:of protein as measured by Lowry et .
al. (1951), (2) saline extract of tissue of scolices
of C. cellulosae and (3) saline extract of whole

worm of C. cellulosae’ including cystic fluid.

In addition, saline extract of larval sparganum
(Kim et al., 1984);
(Cho et al., 1981), Clonorchis
Fasciola sp. (Cho et al., 1986) were also used.
Hydatid cyst fluid was collected from a Korean
patient returned from Saudi Arabia.

2. Antibodies

A monoclonal antibody against cystic fluid of

C. cellulosae as prepared by Kim et al. (1986)

was used.

Paragonimus westermani
sinensis and

A total of 24 sera from confirmed neurocysti-
cercosis patients was used as polyclonal anti-
bodies. Only serum from each patient was
tested. The patients were diagnosed on the bases
which were described by Cho et al. (1986):
i.e., characteristic brain computerized tomogra-
phic findings, clinical symptoms of seizure,
headache, and neurologic symptoms such as
aphasia, hemiparesis etc. and positive serologic
test by ELISA either in serum or in cerebrosp-
inal fluid or in both. Four of 24 patients were
surgically confirmed as neurocysticercosis while
other 6 patients were by biopsy of subcutaneous
nodules.

By ELISA, absorbance in sera from 24 patients
were 0.20~1.18 (mean abs. 0.75, standard
deviation, 0.30) to cystic fluid antigen.

3. SDS-PAGE

All SDS-PAGE chemicals including marker
proteins were obtained from Sigma Chemicals
Co. (USA), Vertical electrophoresis system of 17
X 12cm was used. Separating polyacrylamide gel
of about 9cm long and 1. 5mm thick was prepared
in 1.5M Tris buffer (pH 8.8) containing 0. 4%
SDS. Linear gradient gel of 10~15% were used
because 825 or 15% gels did not separate all
proteins, especially of low molecular weight
(data not shown). Stacking gel of about lcm
long was 3% polyacrylamide in (0.5M Tris

buffer (pH6. 8) containing 0.49% SDS. Different -
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antigens were' adjusted to contain 1r;2mg/'n’/11
of protein as measured by Lowry et al. (1951)
after. lyophilization' and..rehydration. Antigens

were treated at 95°C for 5 minutes with

" same amount of sample buffer (0.125M Tris,

pH 6.8 containing: 20% glycerol, 4.5% SDS,
10% mercaptoethanol, and 0.01% bromphenol

. blue). Thirty pl of antigens (containing 30~60

pg of protein) were applied to each well. Samples
were electrophoresed at 30mA for 3~4hours.
Protein bands were stained with
0.125% Coomassie brilliant blue R-250 contai-
ning 4.6% acetic acid and 25% methanol. Fin-
ally it was destained with 259 methanol and
109 acetic acid solution.
4. EITB

The methods described by Tsang et al. (1983)
were adopted. Resolved protein fractions by SDS-
PAGE were transferred to nitrocellulose paper
(Bio-Rad) in Towbin buffer containing 20%
methanol. Electrophoresis was done at 100V for
2 hours in a refrigerator. After electrophoresis

overnight

the nitrocellulose paper was washed on shaker
3 times with phosphate buffered saline (pH
7.4/0.5% Tween 20 (PBS/T) each for 5
minutes. Then 100ml of 1:100 diluted mono-
clonal antibody or patient sera were reacted on
shaker at room temperature for 1 hour. After
washing with PBS/T 3 times again, 100ml of
1:2,000 diluted conjugates (peroxidase conju-
gated anti-human IgG goat IgG for patients
sera and peroxidase conjugated anti-mouse IgG
rabbit IgG for monoclonal antibody, heavy- and
light-chain specific, Cappel, USA) were reacted
for 1 hour. After washing, substrate (50mg of
3, 3’-diaminobenzidine, 10xl of 30% H,0, and
100ml of distilled water) was reacted for 15
minutes. The reaction was stopped by washing
the paper with distilled water for 3 times.

RESULTS

1. SDS-PAGE
As shown in Fig. 1, each antigen was sepa-
rated into many bands by SDS-PAGE. In’cystic
fluid of C. cellulosae(lane 3), at least 23 bands



Fig. 1. SDS-PAGE of 8 antigens in 10~15% linear
gradient gel, stained with 0.125% Coomassie
brilliant blue R-250. M,: Standard protein
markers, 1: caline extract of sparganum, 2:
hydatid cyst fluid, 3: cystic fluid of C.
cellulosae, 4. saline extract of Fasciola, 5:
saline extract of Clonorchis, 6. saline extract
of Paragonimus, 7. saline extract of scolex
of C. cellulosae and 8: =aline extract of whole
worm of C. cellulosae.

were recognized (7 kilodalton (kDa)->>200kDa).
Of them, 9 bands of 94, 64, 48, 39, 34, 24,
15, 10 and 7 kDa were major bands. Especially,
15, 10 and 7kDa bands constituted 70% of total
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protein as measured by densitometry (data not
shown).

Saline extract of scolex of C. cellulosae showed
more bands (at least 34) than cystic fluid (lane
8). Ten protein bands of 94, 64, 39, 34, 26,
24, 21, 15, 10 and 7 kDa were common with
bands in cystic fluid, but their concentration
may be different. Faintly stained bands of
molecular weight above 70 kDa were more
numerous in saline extract of scolex than in
cystic fluid. Saline extract of whole C. cellulosae
with
scolex extract, but their stainability may be
different by band(lane 9).

Saline extract of sparganum (lane 1) showed
at least 28 recognizable protein bands in SDS-
PAGE. Of them, 87, 78, 53, 40, 34, 29, 26,
23, 21, 15, 9 and 6 kDa were major bands.
Hydatid cystic fluid (lane 2) revealed 15 bands.
Of them, 64, 52, 29, 27, 14, 8 kDa were
major bands.

Saline extract of adult Fasciola(lane 4) showed
at least 22 bands in SDS-PAGE. Of them, 38,
35, 32, 29, 25 and 17-6 kDa bands were major
bands. Saline extract of C. sinensis showed 6
bands(lane 5). Of them, 15 and 8 kDa were
major bands. Saline extract of P. westermani
showed 11 bands(lane 4), Of them, 26, 15,

worms showed identical protein bands
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SDS-PAGE/EITB findings in 24 patients sera of neurocysticercosis to cystic fluid of C.

cellulosae. M;: molecular weight in kDa, A: SDS-PAGE of cystic fluid (lane 3 in Fig.

1), 1~24: sera from patients.
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Fig. 3. SDS-PAGE/EITB findings in 24 patients =era of neurocysticercosis to saline extract of scolex
of C. cellulosae. M,: molecular weight in kDa, A: SDS-PAGE of the saline extract (lane 7,

Fig. 1), 1~24: patients sera.
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Fig. 4. SDS-PAGE/EITB findings in 24 patients sera of neurocysticercosis to saline extract of whole
worm of C. cellulosce. M;: molecular weight in kDa, A: SDS-PAGE of the saline extract

(lane 8, Fig. 1), 1~24: patients sera,

13, and 7.5 kDa were major bands.
2. EITB with polyclonal antibedy from

neurocysticercosis patients

(1) Cystic fluid of C. cellulesae

As shown in Fig. 2, all of 24 patients sera
reacted with 2-14 bands of cystic fluid (average
7.4 bands/patient). Deeply stained bands in
SDS-PAGE did not necessarily react with patient
sera. Of 16 reacted bands, 152kDa (13/24
patients), 94kDa (14/24), 72kDa (10/24), €4
kDa (22/24), 48kDa (21/24), 24kDa (12/24),

15kDa (17/24), 10kDa (17/24) and 7kDa (13/
24) were frequently reacted bands. Bands of
170kDa (7/24), 120kDa (3/24), 43kDa (3/24),
39kPa (8/24), 34kDa (3/24), 27kDa (1/24)
and 22kDa (7/24) were also antigenic.

(2) Saline extracts of scolex and whole worm
of C. cellulosae

Two antigenic preparations showed almost
identical EITB results (Figs. 3 and 4). Out of
24 patients sera, 20 reacted with 1-11 bands
(average 6.3 bands), Out of 34 bands in SDS-



PAGE, 16 reacted with one or more patients
sera. Of them, 94kDa (13/24 patients), 64kDa
(17/24), 52kDa (14/24), 39kDa (13/24,) 34kDa
(13/24), 15kDa (11/24) and 10kDa (14/24)
were major bands which reacted with patients
sera. Bands of 158kDa (4/24), 120kDa (2/24),
75kDa (6/24), 57kDa (5/24), 46kDa (6/24),
27kDa (4/24), 24Da (8/24), 20kDa (2/24) and
7kDa (9/24) were also antigenic. Especially,
faint stained band of 52kla in SDS-PAGE were
found to be a highly antigenic by EITB.

(3) Saline extract of sparganum

Out of 24 patients sera, 17 showed reactions
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with 1-8 protein bands (average 2.7) of spar-
ganum extract (Fig. 5). Out of 28 bands in
SLCS-PAGE, 12 may react with ratient sera.
Of them, 130kDa (11/24 patients) and 64kDa
(12/24) were most frequently reacted.

Bands of 158kDa (7/24), 143kDa (3/24), 87
kDa (7/24), 78kIla (7/24), 72kDa (2/24), 53
kDa (8/24), 29kIa (3/24), 26kDa (1/24) and
21kDa (1/24) may react crossly with polyclonal
antibody from neurocysticercosis patients.

(4) Hydatid cyst fluid

Out of 24 patients sera, 13 showed cross reac-
tions with 1-4 bands in SDS-PAGE of hydatid
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Fig. 5. SDS-PAGE/EITB findings in 24 patients sera of neurocysticercosis to saline extract of
sparganum. M,: molecular weight in kDa, A: SDS-PAGE of the saline extract (lane 1 in

Fig. 1), 1~24: patients sera.
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Fig. 6. SDS-PAGE/EITB findings in 24 patients sera of neurocysticcrcosis to hydatid cyst fluid.
M.: molecular weight in kDa, A: SDS-PAGE of hydatid cyst fluid (lane 2 in Fig. 1),

1~24. patient sera.
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Fig. 7. SDS-PAGE/EITB findings of a monoclonal
antibody to antigens of C. cellulosae. M::
molecular weight in kDa, 1: cystic fluid, 2:
saline extract of scolex.

cyst fluid (average 1/patient) (Fig. 6). Of 15
bands recognized in SDS-PAGE, 6 may show
cross reactions with cysticercosis sera. Of them,
52kDa (12/24 patients) and 27kDa (5/24) were
most frequently reacted. Pands of 64kDa (1/
24), 20kDa (2/24), 10kPa (1/24) and 8kDa
(1/24) may also react with
antibody.

the polyclonal

(5) Saline extracts of Fasciola, Clonorchis and
Paragonimus
These 3 extracts did not show cross reactions
with the polyclonal antibody from 24 neurocysti-
cercosis patients (data not shown).
3. EITB with monoclonal antibody
Out of the monoclonal antibodies prepared by
Kim et al. (1986), we selected CCH 298, 18 to
evaluate its antigenic specificity in SDS-PAGE.
As shown in Fig. 7 protein bands of 15, 10
and 7kDa reacted with the antibody. In addition,
a faint reaction was observed at band of 34kDa.
In saline extract of scolex of C. cellulosae, a
band of 10kDa was reacted with the antibody.
Other extracts did not show any reaction.

DISCUSSION

Different results of the western blot have been
reported concerning specific protein antigens in
C. cellulosae. Grogl et al. (1985) reported that
9 protein bands of 200, 64, 62/61, 53, 45, 41,
36/35, 30 and 16kDa were major protein bands
which reacted with sera from 5 neurocysticercosis
patients. Gottstein et al. (1986) reported that
out of many protein bands, 26 and 8kDa were
polypeptides specific to C. cellulosae when cross
reacting components with sera from other
parasitic diseases were excluded. Larralde et al.
(1986) described that 103kDa band elicited the
strongest antibody response in neurocysticercosis
patients. Joo et al. (1987) concluded that bands
of 91, 63 and 21kDa in cystic fluid and 62,
43 and 14kDa in parenchymal antigen of C.
cellulosae were the proteins specifically reacting
with sera from cysticercosis patients.

Besides minor differences in calculating the
molecular weight of protein bands in SDS-PAGE,
confusions on the specific proteins as revealed
by EITB may be arisen from (1) differently
(2) different technique of
SDS-PAGE especially separating gel concent-
ration, (3) limited number of tested patients
sera and (4) difficulties in defining the status of

prepared antigens,

individual patients.

SDS-PAGE in this study revealed that cystic
fluid was different from parenchymal antigen
in its relative concentration rather than composi-
tion of proteins. In cystic fluid, proteins of low
weight (15, 10 and 7kDa) were
found to be major components. So far these
low molecular weight proteins in SDS-PAGE

molecular

were neglected in previous reports except that
by Gottstein et al. (1986).
by EITB, these proteins were found to be major
bands which react with over 2/3 of tested
patients.

More importantly,

Results of EITB concerning protein bands
specific to C. cellulosae, so far, were too compli-
cated to draw any definite conclusion. However,
strongly reacting protein bands of 94, 64 and



52kDa in either cystic “fluid or parenchymal
antfgen were cross reacting components. High
molecular weight bands of proteins above 100
kDa as seen in SDS-PAGE seems also common
antigens between parasites as shown by Gottstein
et al. (1986), In addition, sera from cvysticercos‘is
patients: reacted with high molecular weight
bands in sparganum extract.

As seen in Figs. 2, 3 and 4 in this study,
individual patient revealed different reactions to
different antigen bands. Therefore, results of
SDS-PAGE/EITB in each patient may reflect a
stage of infection. If the origin of each protein
‘band in SDS-PAGE is known, together with
the sequence of antigenic stimulations, during
long course of the disease, serologic staging of
a patient of cysticercosis would be possible.
Because our monoclonal antibody reacted to low
molecular proteins of 15, 10 and 7kDa, the
purified antigen by immunoaffinity chromato-
graphy by Kim et al. (1986) should be identical
protein. The protein was less sensitive but more
specific than crude cystic fluid antigen in the
diagnosis (Kim et al., 1986).
a staging antigen deserves further study.

Its usefulness as

SUMMARY

To analyse the antigen specificity of patients
sera from 24 confirmed neurocysticercosis and a
monoclonal antibody, SDS-PAGE using 10~15%
linear gradient gel and EITB were done. Cystic
fluid, saline extracts of scolex and of whole
worm of C. cellulosae, saline extracts of spar-
ganum, hydatid cyst fluid, saline extracts of
Fasciola, Clonorchis and Paragonimus were used
as antigen.

Of protein bands in cystic fluid of C. cellulosae,
patient sera reacted frequently to bands of 152,
94, 64, 48, 24, 15, 10 and 7kDa proteins. To
saline extracts of scolex and whole worm of C.
cellulosae, patients sera reacted frequently to 94,
64, 52, 39, 34, 15 and 10kDa bands. Two
bands in sparganum extract (130 and 64kDa)
and two bands in hydatid cyst fluid (52 and

27kDa) were cross-reacting bands with sera
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from cysticercosis patients. Saline extracts of
‘Fasciola, Clonorckis$ and Paragonimus did not
exhibit cross-reacting bands. Monoclonal antibody
to cystic fluid ‘of C. cellulosae was found to
react with low molecular weight proteins of

.15, 10 and 7kDa.
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BXREBERABHBHES FAc AHNES ERRene
H BEMEN HE HRBERYE SR

RRAEE BRAE FEMRBHE
HOA leE F o R-& B —

FEBEDSY BEC T FASE RN BEd A THSFERFEI TRRE Vel BRES 44
gl EES glel MBS Hx Avh. BEAe: s FEHAKEY BEAE BRRS T TRKES 7t
F Ao Aol oy AQAE & 4 Uvtd BRES ¥ PURS #HEste XANHEZ FHT 5 98 Ao
k. BOE SDS-Eelolzdelntel =24 WAIKEN(SDS-PAGE)# BRRKERKBIBEE(EITB)S FIBsd #i
FHERES o oyle EAERSS BIUFRFAN BEHT 4 9A Ak o WA e HnREHe %%,
BEiel EBRABMAMNE, 2ERMMUES 2ot2 b rhbg, CAEK, FEMEE, HRamkbg, Bk
HE 5 88 Hie Hate fTHERMARE BE 2489 MBS FESEANA MES BHREEAET 94 KE
A FEstd PURBRES SfretaA stddh

SDS-%Z g otz dolrlol =4 BHEKES 2ol 9em, F7 1.5mmgl 10~15% linear gradient gel S Y
A 30415 sample buffers} @7 95°Cell A 653 MBI ¥ 3~447 BEEKBIGT. 2l |EES oA
100Vel A 24171 %<QF Towbin bufferdl A1 BREkEI3le] nitrocellulose o012 BFgsIAh. 23 BEGIFEA ;
100), BAEMIBEHURECL © 10003 KFEA 7] 52 peroxidase-conjugated antihuman IgG(=¥ peroxidase-conjugated
antimouse IgG), AH He s REAA #astdct. z HEE Boshd o&st 2o,

1. SDS-Z | olz e otulol = Al BEPkEIH Coomassie brilliant blue R-2500 2 Hufmdt vl #EER & Fweol
= EAEMSI B 238 vrebvbs ek 94, 64, 48, 39, 34, 24, 15, 10, 7kDart EIREECI Yot SHETHIE R
ol = HEEM MES A 4k 94, 64, 39, 34, 26, 24, 21, 15, 10, 7kDar} FIEPEMI QY. 2 EEH
M BHERmHES B3 FTRE 29ch. BRI SERBRMA S E0E BRRSROE Bk
EE7 Astdc. AsEobE MK 288, URAEKS 15E, FIEMHBK-S 22, HRSmHEEL 6F, MWk
MRS 1] BEEHFS 29

2. BEMmMWE 245 SDS-PAGE=R 4r@id MAEWY RKEANZ FR, BRYURAA L T 7 489 KESQ
= ul ek 162, 94, 72, 64, 48, 24, 15, 10, 7kDa FHFEC] sH4 EHEsIA . HE wibEsE 5 6. 3@
KEESE = 1 94, 64, 52, 39, 34, 15, 10kDar} BHEsIG+vh. v =2 lehligeas T 2. 77 KESH
& ¢k 130, 64kDayt EEsY o WHERIE TH UEY) KES 2 52, 27kDarl &EeA o, I, I
W P WRSMEHETE KENRY BEsA sk,

3. MRS BEAERKS 15, 10, 7kDa ¥ HHEHMEE 10kDagt KEESE o).

LR REiBeA HWERHS MERESED 15, 10, 7%kDa % EHTEEAEC) 2B REM] 2 S8len
Flgst gl ot

oL I8



