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Abstract
Helminths, particularly some Schistosoma specics, have been associated with cancer in humans. Neurocysti-
cercosis, produced by cysticerci of the helminth Taenta soliwm, has been associated with the emergence of
brain tumours and hacmatological malignancies. Local tumours, such as glioblastoma, could be explained
by the induction of DINA damage in cells surrounding the cysticercus and chronically exposed to an
inflammatory host response. However, systemic effects such as haematological malignancies are not easy to
understand. The present work was conducted in Mexico to find out whether DNA damage arises in
peripheral lymphocytes in patients with neurocysticercosis. We utilized a highly sensitive technique to
analyse chromosomal aberrations, in-situ hybridization with probes against chromosomes 1, 2 and 4, and in
addition the blocked-cytokinesis technique was used to determine the formation of micronuclei, a peculiar
form of DNA damage. The study was made in lymphocytes from 8 patients before and after the
administration of praziquantel, 1 of the 2 drugs used for neurocysticercosis treatment. The frequencies of
chromosome aberrations and micronuclei in peripheral blood Iymphocytes were higher in the infecred
patients as compared to those observed both in healthy donors and in the group of patients after praziquantel
therapy. Our results suggest that chromosome aberrations induced in peripheral cells during neurocysti-

cercosis could be associated with the development of haematological neoplasias,
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Introduction

Several infectious agents such as viruses, bacteria, and
helminths have been implicated in the development of
human cancer (IARC, 1994). Among helminths, Schis-
tosoma  haematobium, 5. japonicum, and Opschorchiz
wfverrind are associated with malignant neoplasms in
urinary bladder, liver, and bile ducts (IARC, 1994),
Meurocysticercosis (NCC), a frequent parasitic disease
of the nervous system, is caused by cysticerci of the
helminth Taenia solfium; NCC has recently been asso-
ciated with local malignant tumours, particularly glio-
blastoma multiforme (DEL BRUTTO et al., 1997).

Studies to determine the possible mechanisms leading
to carcinogenesis by Schistosorma have demonstrated a
high frequency of DNA damage in urothelial cells near
the infection site (ANWAR & Rosmg, 1993; ROSIN e al.,
1994). The local chronic inflammatory response, a
feature frequently observed in helminthiasis, has been
postulated as a mechanism to explain carcinogenesis by
parasites (ISHI er al, 1994; OHSHIMA & BARTSCH,
1994), by inducing either direct DNA damage, an altered
metabolism to xenobiotics or an impaired proliferation of
n;;l& ;urmunding the parasite (GENTILE & GENTILE,

Qur studies with NCC, however, suggest that, apart
from the local effects produced by parasites, some
systemic alterations also due to cysticerci could be found
in cells from infected individuals. In fact, an epidemio-
logical study has associated WCC with the emergence of
neoplasias outside the nervous system, e.g., malignant
hacmatological diseases (HERRERA er al., 1999), In that
study, 1271 autopsy files of a general hospital in Mexico
City were reviewed, Files were separated into 2 groups:
the cases group which included patients whose autopsies
revealed any malignant neoplasia, and a control group
consisting of all patients with no histopathological
indication of cancer. NCC was more frequent in cases
with malignant haematological diseases than in controls.
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The odds ratio for this association was 3-5 with 95%
confidence interval 1-2-9-8,

In the present work we determined whether active
NCC (those cases where the cysticercus is alive) is
directly involved in the production of chromosomal
damage in peripheral lvmphocytes. We measured the
frequency of chromosome aberrations in peripheral
Iymphocytes from patients with active NCC before and
after the administration of praziquantel (PZQ). In addi-
tion, we determined the lymphocyte proliferation ki-
netics (LPKs) since there are some indications that
helminthiasis may also cause impairment of cell prolif-
eration in the host (GENTILE & (GENTILE, 1994).

In addition, since the genotoxicity of PZQ itself has
been questioned and not totally discarded (for review see
MONTERO & OSTROSKY, 1997), we evaluated the effects
of PZQ on the frequency of micronuclei and on cell
proliferation when added to cultured human lympho-
cytes at doses similar to plasma levels of PZQ) observed in
patients during treatment.

Material and Methods
In-vivo study
* The study included 8 patients with NCC, 5 women
and 3 men. The protocol was approved by the Ethics
Committee of the Instituto Nacional de Neurologia v
Neurocirugia in Mexico. All individuals were informed
about the objectives of the present study and written
consent was obtained before their incorporation in the
trial. Median age was 37-5 years (range: 20-78). Only
those patients without previous cestocidal treatment
were selected. The treatment regimen with PZQ was
decided according to the localizaton of cysticerci:
75 mg/kg in a single-day therapeutic schedule (CoroNa
et al., 1996) for those patients presenting cysticerci
within the brain parenchyma, and 50 mg/kg daily for
15 days for those patients with subarachnoid cysticerci
(SOTELO & JUNG, 1998). Blood samples were obtained
by venepuncture before and 1 week after PZQ) therapy.
Blood samples from 1 1 uninfected healthy individuals,
5 women and 6 men, were used as controls. Median age
was 29 years (range; 20—48). These individuals were
asymptomatic and a computed tomography of the brain



was used to discard the presence of any silent infection
with cysticerci.

Chromosome aberrations were analysed using the
chromosome n-situ suppression hybndizaton tech-
nique (CIS5). CISS is an easy technique which can
detect chromosome aberrations by allowing visualization
of colour changes as shown in Figure 1 (LUCAS e al.,
1989; CREMER ef al., 1990); several laboratories have
demonstrated that chromosome painting i1s a valid
method of quantifying chromosome aberrations (Na-
TARAJAN er al., 1992; TUCKER er af, 1993, 1005;
ELLARD er al., 1995), Whole blood (1 mL) was cultured
in 9 mL of RPMI culture medium supplemented with
10% fetal calf serum, and stimulated with phytohacmag-
glutinin (0-4 mL) during 48 h at 37°C. After 20 min of
an 0075 M KCl hypotonic treatment, cells were fixed
with methanol:acetic acid (3:1), and chromosome pre-
parations were made by the standard air-drying proce-
dure. The slides were kept in 70% ethanol at —20°C
before further use for in-situ hybridization. Specific
labelling of the 3 selected chromosomes was performed
with a cocktail containing DNA probes for chromosomes
1 (red), 2 (green) and 4 (vellow) as shown in Figure 1.
Chromosome aberrations were analysed by a fluores-
cence microscope, determining the frequency of
chromosome and chromatid breaks, as well as balanced
and unbalanced translocations in at least 500 mitoses per
individual (NEUBAUER er al., 1996).

For the micronuclei assay, 0-5 mL of whole blood was
cultured in 6 mL. RPMI medium and stimulated with
phytohaemagglutinin (0-2 mL) during 72 h. Cytochala-
sin-B (3 pg/mlL) was added 28 h before harvesung. Cells
were gently fixed with methanol:acetic acid (3:1) and
dropped on to clean slides (FENECH & MORLEY, 1985).
Slides were stained with methylene blue plus eosin
(Wright's colorant), and the frequency of micronucle
was estimated in at least 1000 binucleated cells per
donor.

The LPEs were measured in whole blood lymphocytes
{0-5 mL) cultured in 6 mL RPMI containing bromo-
deoxyundine (32 pM), and stimulated with phytohae-
magglutinin during 72 h. Demecolcine was added to the
cultures for the last 2 h and, after 30 min of a hypotonic
treatment (KCI 0-075 M), cells were fixed with metha-
nol:acetic acid (3:1). The cells were dropped on to slides
and stained by the fluorescence plus Giemsa technigue to
differentiate sister chromatids (PERRY & WOLFF, 1974).
The LPKs were determined in 100 consecutive meta-
phases as the frequency of cells which performed 1 (M1
cells), 2 or 3 and more mitotic divisions.

Fig. 1. Three-colour (red, chromosome 1; green, chromosome
2; vellow, chromoszome 4) chromosome in-situ suppression
hybridization of a lymphocyte metaphase showing a balanced
translocation (arrows), which accounts for 2 breaks.
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In-vitro analysis

In 3 independent experiments whole blood samples
from 1 healthy donor were used to determine the
frequency of micronuclel induced in vitro by PZQ. The
PZQ doses utilized were within the range found in the
plasma from patients with NCC: 1077-10"" M. Blood
(0-5 mL) was cultured in 6 mL. RPMI and stumulated
with -2 mL phytohaemagglutinin during 72 h. Twenty-
eight hours before harvesting, cytochalasin-B was added
(3 pl./mL), and 4 h later cells were treated with PZQ
dissolved in dimethylsulphoxide (0-001 v/v final solvent
concentration). Cells were gently fixed with chilled
methanol:aceric acid (3:1) and dropped on to slides.
After 24 h, slides were stained with Wnght’s colorant.
One thousand binucleated cells were analysed for the
presence of micronuclei.

The LPEs were measured in whole blood (0-5 mL)
cultured in 6 mL RPMI containing bromodeoxyuridine
(32 pm), and stimulated with phytohaemagglutinin dur-
ing 72 h. Treatment with PZQ was carried out during the
last 24 h of culture, Harvesting and staining procedures
were carried out as mentoned above. LPKs were
determined in 100 metaphases as the frequency of cells
which performed 1 (M1 cells), 2 or 3 and more mitotic
divisions.

Stanstical analysis

The frequencies of chromosomal aberrations, micro-
nuclei and M1 cells of the infected individuals, both
before and after treatment with PZQ, were compared to
those of the control group with a Mann—-Whitney test.
The Wilcoxon test for paired samples was utilized to
compare results observed in the group of patients with
MNCC before and after treatment with PZQ. Two-tailed P
values of < 0-05 were considered significant. An ANO-
WA was used for results from the study m wirre, P values
= 0-05 were considered as significant.

Results
In-wivo study

Total frequency of breaks (Fig. 2a) represents the sum
of all breaking events observed as chromosome and
chromatid breaks (1 break per aberration), or balanced
and unbalanced translocations (2 breaks per aberration).
A higher frequency of breaks was observed in NCC
patients before PZQ) treatment, median 875, range 3-
17-5, when compared to the frequency obtained in
healthy volunteers, median 2, range 0=5-2 (7 = 0-02).
Although after the administration of PZQ the total
frequency of breaks in cells from NCC patients was
higher, median 3-8, range 0-9, than in cells from control
individuals, the difference was not significant (P = 0-4).

The quantification of binucleated cells containing
micronuclel (Fig. 2b) revealed a significant difference
between the frequency of damage detected in the group
of patients before treatment, median 46, range 18-100,
ahd in healthy donors, median 20, range 15-24
(P = 0:01). After treatment with PZ0Q, the occurrence
of micronucleated cells returned to normal wvalues,
median 20.5, range 13-28; therefore, it was significantly
different from that in patents. before PZQ therapy
(P = 0.03). A similar circumstance was observed in the
analysis of LPKs (Fig. 2c). The percentage of M1 cells
after 72 h of culture was higher in samples from patients
prior to PZQ administranon than the percentage ob-
tained both in healthy donors (P = 0-008) and in pa-
tients after PZQ administration (P = 0-04).

In-vitro analysis

The mean frequency of micronucleated cells of 3
independent experiments using different concentrations
of PZQ is shown in Figure 3a. Although there is an
increase in the frequency of binucleated cells with
micronuclei, at the higher concentration, the difference
was statistically not significant, even at doses as high as
10°% M (P = 0-65). Withrespect to LPKs, no change was
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Fig. 2. Total frequency of breaks (a), micronucleated (b) and
MI eells (c) in lymphocytes from patients with neurocysticer-
cosis before and after the administration of praziquantel (PZQ).
The control group includes healthy volunteers whoe were not
treated with PZQ, See the text for details of the treatment and
methodology. The bars represent SD.

observed in the frequencies of M1 cells at different
concentrations of PZQ) tested (P = 0-39; Fig. 3h).

IMscussion

Meurocysticercosis is the most frequent parasitic dis-
ease to affect the central nervous system. It is endemic in
many parts of the world, particularly in Latin America,
Africa, and Asia (FLISSER, 1994). It is also frequent in
developed countries with high rates of immigration from
endemic areas. NCC, as well as other helminthiasis, has
been associated with the development of neoplasms in
tissues surrounding the parasite (DEL BRUTTO e al.,
1997), and with the generation of malignancies outside
the central nervous system (HERRERA et al., 1999), The
latter was an event anticipated by us in a previous study
since lymphocytes from pigs infected with 7% sofium
cysticerci presented a higher frequency of DNA damage
as compared to lymphocytes from uninfected animals
(HERRERA eral., 1994). In the present study, we analysed
the induction of chromosomal damage in peripheral
lymphocytes of patients with NCC before and afrer the
administration of PZQ, 1 of the 2 drugs indicated in the
chemotherapy against NCC. To discard any genotoxic
effect by PZQ itself, we determined the frequency of
genetic damage induced by PZQ in cultured lympho-
cyvtes from a healthy donor at concentrations that
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Fig. 3. Frequency of micronucleated (a) and M1 (b) cells from
lymphocyte cultures treared with praziquantel, DMS0, di-
methylsulphoxide, See the text for details of the methodology,
The bars represent SD.

resemble PZQ plasma levels in patients with NCC
(107%-10"7 M; SOTELO & JUNG, 1998).

Results indicated that the rate of cells with DNA
damage observed in patients with NCC, revealed either
as micronuclei or chromosome aberrations, did not
increase after the administration of PZQ, regardless of
the therapeutic scheme. Moreover, both frequencies of
damage were lower among patients after the treatment
than before. Similarly, the response of lymphocytes to
mitogen stimulation was slower in the cells from patients
before treatment. The frequency of genotoxic damage
found in the group of patients before therapy was
significantly higher than that observed in healthy donors,
The frequencies of micronuclei and chromosome aber-
rations in infected patients without treatment were
significantly higher than those obtained in healthy vol-
unteers,

The effects of addition of PZQ to cultures of lympho-
cytes from a healthy donor also suggest that PZQ lacks
genotoxicity, and PZQ did not modify the LPE. We have
reported that PZQ) has no effect on the rate of hypox-
anthine phosphoribosyl transferase mutations, and sister
chromatid exchanges in mammalian cells, although it
induced an increase in the proportion of cells with single-
strand DNA damage (HERRERA et al., 1998). These
results suggest that PZ(Q} is not genotoxic at the usual
therapeutic doses, and point out the necessity of explora-
tion on the potential mechanisms of parasites as inducers
of genotoxic damage.

Some biological conditions frequently present during
cysticercosis that could be responsible for the observed
DNA damage and which could increase the risk for
malignant neoplasms are shown in Figure 4. The inflam-
matory response present in chronic infections has been
previously analysed as a possible cancer risk factor
(OHSHIMA & BARTSCH, 1994). Chronic inflammation
is present in most NCC patients (ESCOBAR, 1083);
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inflammatory cells produce reactive oxygen and nitrogen
species capable of causing significant damage to normal
cells in tissues surrounding the site of parasitic infection,
and this event could lead to genetic instability (OHSHIMA
& BARTSCH, 1994). However, local accumulation of
inflammatory cells could assimilate nearby mutagens,
metabolize themn, and release genotoxic agents that can
cause damage in surrounding tissues (GENTILE & GEN-
TILE, 1994). A cell proliferative process induced to repair
the tissue and the cellular damage produced by the
inflaimmatory response may result in an increased fre-
quency of mutations (ROSIN ez al., 1994); some of these
mutations could then lead either to oncogene activation
or to the inactivation of suppressor genes thus increasing
the risk for tumour formation.

Local inflammation might not be the only mechanism
by which cysticerci could increase the risk for cancer
development. NCC has also been associated with altera-
tions in the immune response. In fact, it has been
reported that Taemta cysticerci secrete several factors
that can interact with host cells impairing the immune
response (for a review see WHITE er al., 1992). When
these alterations are chronic, as is the case with NCC
patients, they could ultimately generate either a systemic
immunosuppression or a set of immune cells with genetic
instability and chromosome aberrations. Epidemio-
logical studies have found an indicative association be-
tween chromosome instability in lymphocytes and the
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by which neurecysticercosis could induce DNA damage and cancer development both locally and

risk for lymphatic and hacmatopoietic malignancies
(BONASSI er al., 1995; HAGMAR ez al., 1998), Our results
have shown that NCC patients present a higher fre-
guency of chromosome damage in peripheral lympho-
cvtes before treatment, suggesting an unstable status of
their DMNA which may cause a future development of
diseases with a genetic component such as cancer,

Moreover, resulis from previous studies indicated that
a factor isolated from in-vitro secretions of T. sofium
cysticerci cause morphological transformation of SHE
cells (HERRERA et al., 1994); recently we have found that
this small RNA molecule induces micronuclei in human
cultured lymphocytes at doses similar to, or even lower
than, those able to transform SHE cells, indicating that
DNA damage in host cells could be directly induced by
molecules secreted by cysticerci.

Acknowledgements

We are grateful for the useful comments from Dr Ana Flisser
and Dr Romeo Gonzalez. L. A, H. is a doctoral fellow of the
Consejo Nacional para la Ciencia v Tecnologia and the Direc-
cion General de Asuntos del Personal Académico, UNAM,.

References

Anwar, W. & Rosin, M, (1993). Reduction in chromosomal
damage in schistosomiasis patients after trearment with
praziquantel. Muration Research, 298, 170—185.

Bonassi, 5., Abbondandolo, A., Camurr, L., Dal Pra, L., de
Ferrari, M., Degrassi, F., Forni, A., Lambert, L., Lando, C.,



POSSIBLE ASSOCIATION BETWEEN TAENIA SOLIUM CYSTICERCOSIS AND CANCER 65

Padovani, P., Sbrana, 1., Vecchio, D). & Puntoni, R. (1995).
Are chromosome aberrations in circulating lymphocytes
predictive of future cancer onset in humans? Cancer (Fenetics
and Cyrogenctics, 79, 133-135.

Corona, T., Lugo, R., Medina, R. & Sotelo, J. (1996). Single-
day praziguantel therapy for neurocysticercosis. New England
Forumnal of Medicine, 334, 125,

Cremer, T., Popp, 5., Emmerich, P, Lichter, P, & Cremer, C,
(1990). Rapid metaphase and interphase detection of radia-
tion-induced chromosome aberrations in human lympho-
cvtes by chromosomal suppression fn sitw hybridization.
Cvromerry, 11, 110-118.

Del Brutto, O., Castillo, P., Mena, 1. & Freire, A. (1997).
Meurocysticercosis among patients with cerebral gliomas.
Archives of Neurology, 54, 1125-1128.

Ellard, 5., Parry, M. & Parry, J. (1995). Use of muiticolor
chromosome painting to identify chromosomal rearrange-
ments in human lymphocytes exposed to bleomycin: a com-
parson with conventional cytogenetic analysis of Giemsa-
stained chromosomes. Environmental and Molecular Muragen-
esis, 26, 4454,

Escobar, A. (1983). The pathology of neurocysticercosis. In:
Cwrticercosis of the Central Nervows System, Palacios, E.,
Rodriguez, J. & Taveras, ]. (editors). Springfield, [L: Thomas,
pp. 27-54.

Fenech, M. & Morley, A. (1985). Measurement of micronuclei
in human lymphocytes. Mutanon Retearch, 148, 29-36.

Flisser, A. (1994). Taeniasis and cysticercosis due 1o Taenia
sofiuny, Progress in Clinecal Parasitology, 4, 77-116,

Gentile, J. & Gentile, G, (1994), Implications for the involve-
ment of the immune system in parasite-associated cancers.
Mutation Research, 305, 315-320.

Hagmar, L., Bonassi, 5., Strimberg, U., Brogger, A., Knudzen,
L., Norppa, H., Beuterwall, C. & the European Study Group
on Cyrogenetic Biomarkers and Health (1998). Chromoso-
mal aberrations in lymphocytes predict human cancer: a
report from the European Study Group on Cytogenetic
Biomarkers and Health (ESCH). Camcer Research, 58,
4117-4121.

Herrera, L. A., Santiago, P., Rojas, G., Salazar, P., Tamw, P.,
Molinari, J., Schiffmann, D, & Ostrosky-Wegman, P, (1994),
Immune response impairment, genotoxicity and morpholo-
gical transformation induced by Taenia sofium metacestode,
Muzarion Research, 305, 223-228,

Herrera, L. A, Valverde, M., Ostrosky-Wegman, P., Speit, G. &
Rojas, E. (1998). Analysis of the DNA damage induced by
praziquante] in V-7% Chinese hamster fibroblasts and human
blood cells using the mglc—c:]lﬁfel electrophoresis assay.
Teratogenesis, Carcinogenesis, and Mutagenesiz, 18, 41-47.

Herrera, L. A., Benita, A., Sotelo, J., Chavez, L., Olvera, J.,
Rascon, .FL, Lapez, M. & Ostrosky-Wegman, P. (1999).
Possible relationship between neurocysticercosis and hema-
tological malignancies, Archives of Medical Research, 30, 154—
158,

IARC (1994). Schistosomes, Liver Flukes and Helicobacter
pylori. JARC, Lyon: Intermational Agency for Research on
Cancer, Monographs on the Evaluation of Carcinogenic
Risks to Humans, no. 61.

Ishii, A., Matsuoka, H., An, T., Ohta, N., Arimoto, 5., Wataya,
Y. & Havatsu, H. (1994). Parasite infection and cancer: with
special emphasis on Schistosoma fapornicum infections (Tre-
matoda). A review. Mutarion Research, 305, 273281,

Lucas, ., Tenjin, T., Straume, T., Pinkel, D.;, Moore, D, Litt,
M. & Gray, ]. (1989). Rapid human chromosome aberration
analysis using fluorescence m sitw hvbridization. Internarional
Journal of Radiarion Biology, 56, 35-44.

Montero, R. & Ostrosky, P. (1997). Genotoxic activity of
praziquantel, Muration Research, 387, 123139,

Martarajan, A., Vyas, B, Darroudi, F. & Vermeulen, 5. (1992).
Frequencies of X-ray-induced chromosome translocations in
human peripheral lymphocytes as detected by i site hvbridi-
zation using chromosome-specific DNA libraries. Imterma-
tiomal Fournal of Radiarion Biology, 61, 199-203,

Meubauer, 5., Gebhart, E., Schmitt, G., Birkenhake, 5. &
Dunst, J. (1996). Is chromosome in situ suppression (CISS)
hyvbridisation suited as a predictive test for intrinsic radio-
sensitivity in cancer patients? Inrernanonal Journal of Oncology,
8, T07-T12.

Ohshima, H. & Bartsch, H. (1994). Chronic infections and
inflammatory processes as cancer risk factors: possible role of
nitric oxide in carcinogenesis. Muraron Research, 305, 253-
264,

Perry, P. & Wollf, 5. (1974). New Giemsa method for differ-
ential staining of sister chromatids. Nature, 251, 156=158.
Rosin, M., Saad El Din Zaki, 5., Ward, A. & Anwar, W. (1994).
Involvement of inflammatory reactions and elevated cell
proliferation in the development of bladder cancer in schis-

tosomiasis patients. Mutarion Research, 305, 283-292.

Sotelo, J. & Jung, H. (1998). Pharmamhnctu: optimisation of
the tréatment of newrocysticercosis. Climical Pharmacokineris,
34, 503-515.

Tucker, ]., Ramsey, M., Lee, D. & Minkler, J. (1993). Valida-
tion of chromosome painting as a _biodosimeter in human
peripheral lymphocytes following acute exposure to lonizing
radiation i vitre. fmrermanional Touwrmal of Radiation Biology, 64,
27-37.

Tucker, |., Lee, D. & Moore, ID. (1995), Validation of chromo-
some painting II: a detailed analysis of aberrations following
high doses of ionizing radiation in witro. Mutagenesis, 9, 151=
156.

White, C., Tato, P. & Molinan, J. (1992). Host—parasite
interactions in Taemia solium cysticercosis. [rfecrons
and Disease, 1, 185-193,

Received 10 May 1999; revised 8 Seprember 1999; accepred
Jor publication 9 Seprember 1999

Correction

performed in the presence of 1 mm MgCl,.

G. Snounou et al. Biased distribution of msp ] and msp2 allelic variants in Plasmodium falciparum populations in
Thailand. Transactions, 93, 369-374, In Table 1, the primers ‘M1-EKF'
‘K1 family-gpecific - Nest 2' in the "Notes' column, whereas the primers ‘M1-MF’ and ‘M 1-MR’ should both be
referred to as ‘MAD20 family-specific - Nest 27 in the ‘WNotes’ column.

All the amplification reactions performed to amplify polymorphic regions of mspl, msp2 and glurp, were

and *‘M1-KR' should both be referred to as




