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ABSTRACT

Doxorubicin and etoposide are intercalating agents that inhibit the action of the enzyme topoisomerase II.
Both drugs present therapeutic activity in numerous human neoplasms In the present work the recombinagenic
potential of these drugs was evaluated by ascomyxstergillus nidulansTheir effects on the asexual

cycle ofA. nidulanswas also appraisedwo heterozygous diploid strains Af nidulans a wild uvsH+//

uvsH+) and a defective to the DNA repaiv6H//uvshwere used. The drugs’ recombinagenic potential was
evaluated by their capacity to induce homozygosis of recessive genes from heterozygous cells. Both drugs
have a recombinagenic effect on diploid cellsfofidulans Doxorubicin and etoposide are potentially
capable to induce secondary malignancies, mediated by the mitotic crossing-over in eukaryotic cells.
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INTRODUTION homologous chromatids, the somatic recombination seems to
be associated with the high cancer incidence reported in these
Doxorubicin and etoposide are antineoplastic drugs classifidigeases (7,9,17).
as intercalating agents, a cytotoxic group of drugs that, bound Two chromosomic events are involved in the development
to DNA, inhibits the action of topoisomerase Il (11). of neoplasms: i) a genetic or epigenetic alteration that results in
Doxorubicin is an anthracycline antibiotic produced by pre-malignant heterozygous condition (m/+) and ii) a
fungusStreptomycegeucelius var. caesiustoposide is a semi- chromosomic rearrangement involving the affected locus, which
synthetic glycoside from podophyllotoxin, an active compounesults in homozygosis (m/m) or hemizygosis (m/0), with the
extracted from thdé>odophyllum pittatunplant. Both drugs subsequent expression of the recessive malign character.
present therapeutic activity in numerous human neoplasms sttdmozygous cells (m/m) may originate from the exchange of
as breast cancer, ovary carcinoma, head and neck carcinosegments between homologous chromatids, in the G2 phase of
leukemia, lung carcinoma, and testicle tumors (5). the cellular cycle, proceeded by the segregation of recombinant
Studies on human fibroblasts demonstrated that the twhromatids to opposite mitotic poles (3,14).
intercalating agents, doxorubicin and etoposide, block the S The ascomycet@spergillus nidulangs an excellent system
phase of the cellular cycle after a short period of cell treatméat the study of mitotic crossing-over. This is due to the fact that
(15). An induction of breaks in DNA double-strands byts cells pass a substantial part of their cellular cycle in the G2
doxorubicin and etoposide was also reported in leukemia cefisase during germination. At this phase, the existence of two copies
after 3 hrs of exposition to the chemotherapic agents (8). of each chromosome benefits mitotic recombination events (12).
Chromosomic breaks and high frequencies of somatic Our research aimed at investigating the roles of doxorubicin
recombination have been observed in cells of Bloom's syndrormed etoposide in the homologous interchromosomal
or Fanconi anemia patients whose present predispositionrécombination in heterozygous cellsfofidulans Two diploid
cancer development. Due to an exchange of segments betwstesins were used, a defective to DNA repair and a normal one.
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MATERIALS AND METHODS substance under analysis (2,13). Results were compared by Yates
correct Chi-Square test

Strains

TheA. nidulansstrains were derived from Utrecht (UT448)Cytological analysis
and FGSC (A757, A737). The B211 strain was obtained in our Colonies of UT448//A757 diploid were cultivated in dialysis
laboratory (4). Diploid strains (UT448//A757 and B211//A837)nembranes aseptically placed on the surface of plates
were prepared according to Roper (16). Genotypes of the stratc@ntaining CM and CM + doxorubicin or etoposide. Samples
a) UT448riboAl, pabaAl24, biAl, AcrAl, wAZ; A757:yA2, were collected after 8, 12, 18 and 24 hours of incubation at 37°C.
methAl7, pyroAdc) A837:pabaAl, uvsH77, pyroA4, choAl,Membranes were stained with lactophenol cotton blue and
chaAl;d) B211:yA2, biAl, AcrAl, wA2, methAl7, uvsH77examined under an optic microscope.
pyro A4, chaAl.

RESULTS

Culture media

Complete medium (CM) and minimum medium (MM) were  The mycelial growth of UT448//A757 and B211//A837 diploid
prepared as described by Van de Vate and Jansen (19). $trains cultivated in MC + doxorubicin (2.0 and 4.0pg/ml) and
selective medium (SM) was prepared with MM supplementeztoposide (1.0 and 3.0pg/ml) was normal when compared with
with the nutritional requirements for each strain. Solid mediuthat of controls (results not shown). On the other hand, alterations
was prepared with 1.5 % agar and strain growth was incubatadhe morphology of the conidiophores were observed in the

at 37°C. cytological preparations of the UT448//A757 diploid, cultivated
in the presence of the two antineoplastic agents. Conidiophore
Doxorubicin and etoposide treatment is formed by an aerial hypha, a multinucleated vesicle and two

Doxorubicin (ICN), dissolved in an aqueous solution, antiers of uninucleate cells (metulae and phialides) forming the
etoposide (ICN), dissolved in 10ul DMSO, were added to moltsterigmata (18). Vacuoles in the stalk and in the conidiophore’s
MM. Solvent wasper se neither visibly toxic nor vesicle were observed in preparations with 2.0pug/ml and 1.0pg/
recombinagenic for the diploid strain (results not showniml of doxorubicin and etoposide respectively (data not given).
Doxorubicin concentration that induced breaks in DNA strandonidiophores with shortened and malformed stalks were
in leukemia cells at 2.0pg/ml (8) and etoposide concentratiohserved in higher doses of each drug (4.0pg/ml of doxorubicin
with induced cell cycle arrested in normal fibroblast at 1.0 pg/mhd 3.0pg/ml of etoposide) (Fig. 1).

(15) and at higher concentrations (4.0ug/ml doxorubicin and Methodology does not permit the isolation of auxotrophic
3.0pg/ml etoposide) were used in the present study. They wdigloids (-/-) since they are not selected in MM. However,

final in agar medium. homozygous recessive diploids may be obtained for conidia
coloration markersy(wandchg). The treatment of B211//A837
Evaluation of the recombinagenic potential diploid strain with both drugs merely allowed the isolation of

Conidia of each diploid strain were inoculated in MM +prototrophic diploids withchartreuse(cha//chg conidia.
antineoplastic agents. Treatment produced visible diplof@ontrastingly the treatment with doxorubicin of UT448//A757
sectors, D1-D32, identified by their different morphology frondliploid originated prototrophic diploids with greas+-(/y) and
the original diploid. Diploid sectors were submitted to/ellow (y//y) conidia. Through the phenotypical analyses of D8
spontaneous haploidization in CM after purification in MM. Onlyyellow) it was possible to determine that it is recombinant for
haploid segregants were selected for recombinagenesis ts.centromer@abainterval. The diploid D8 showed Hl value
Conidia of each haploid sector were transferred to 25 definbijher than 2.0 for thesethmarker (Table 1).
positions in CM plates (master plates). After 48 hours of Most diploids from UT448//A757 strain exhibited His <2.0
incubation at 37°C, colonies were transferred to SM and tfeg doxorubicin and etoposide. HI value of only one diploid
phenotypical analysis of the haploid segregants was carried avs higher than 2.0 for doxorubicin (2.0pg/ml) and etoposide

The treatment with the drugs in MM will produce only(1.0pug/ml), and the markers involved wareth and bi
heterozygous (+ / - or - /+) or homozygous (+/+) segregamntsspectively. In higher concentrations the recombinagenic effect
because the recessive ones (-/-) fail to grow in MM. Aftewas reported in markepmbaandmethfor doxorubicin, and in
haploidization of diploids D1-D32 the nutritional markers willpabaandbi for etoposide (Tables 1 and 2).
segregate among the haploids in the proportion of 4+: 4-, if Diploids from B211//A837 strain exhibited the highest
drug fails to induce recombinagenesis; or 4+: 2-, if drug inducssnsitivity for antineoplasics. This fact was confirmed from high
crossing-over. Values of Homozigotization Indexes (HI) (the ratialues of HI obtained in the recombinagenic test. For both doses
between number of phototropic and auxotrophic segregant§each drug, the markers involved in the recombinagenic effect
equal or above 2.0 evidence the recombinagenic effects of therepabaandbi (Tables 3 and 4). Analyses also determined
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that diploids from B211//A837 strain
produced a high number of haploid mitotic
segregants in MC.

DISCUSSION

Alterations in DNA caused by chemical
substances may act as starters in a complex
carcinogenesis process. The loss of
heterozygosity in normal cells, which carry
mutations in malighant genes, by mitotic
recombination, may unchain a neoplasic
process (14).

In Fanconi's anemia and in Bloom’'s
syndrome, cells of affected individuals
present an enhanced level of chromosome
breakage, somatic recombination and an
increase in neoplastic incidence. The risk
of developing tumors in these individuals
is nearly 15,000-fold greater than that of
the general population. The loss of
heterozygosity in specific genes through
the recombination mechanism in somatic
cells may explain the increase of this
incidence. It even corroborates the
hypothesis that cancer may be a recessive
disease at cell level (7,9,17).

Mycelial growth of UT448//A757 and
B211//A837 diploids in the presence of
doxorubicin and etoposide was similar to
Figure 1.Growth of the conidiophore UT448//A757 in MC and in MC + antineoplastichat of controls (results not shown).
agents. A) normal conidiophore; B) presence of vacuole in the conidiophore’s veskRisults indicate that doses of the
(doxorubicin 4.0ug/ml); C) shortened and malformed conidiophore stalk (doxorubieintineoplastic agents used in current
4.0pg/ml); D) presence of vacuole in the vesicle and shortened conidiophore stafiearch do not provide any toxicity to the
(doxorubicin 4.0ug/ml); E) presence of vacuole in the vesicle and in the conidiophorganism under analysis, although
stalk (etoposide 3.0pg/ml); F) shortened conidiophore salk (etoposide 3.0ug/ml)aMerations in the structure of the
vesicle; M: metulae; P: phialides; C: conidium; S: conidiophore stalk. Diameter of thenidiophore (asexual cycle) were
conidiophore’s vesicle corresponds to 10um. microscopically observed (Figure 1).

Table 1.Homozygotization Index (HI) of UT448//A757 diploid strain exposed to 2.0pg/ml (D1-D4) and to 4.0ug/ml of doxorubicin
(D1-D8). n° seg.; number of haploid mitotic segregants. C., control.
C D1 D2 D3 D4 D5 D6 D7 D8
n’°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI
paba+ 37 1.15 39 150 45 155 40 1.82 54 192 42 1.62 47 188 45 *2.14 72 0

paba- 32 26 29 22 28 26 25 21 0
bi + 40 137 36 124 41 124 37 148 52 173 41 152 42 140 42 1.75 72 0
bi - 29 29 33 25 30 27 30 24 0
meth+ 38 122 41 170 49 196 39 1.69 56 *2.15 41 152 43 148 40 1.53 49 *2.13
meth- 31 24 25 23 26 27 29 26 23

* Significantly different from control, P<0.05 (Yates correct Chi-square test, Statistic for Windows Program).
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Table 2.Homozygotization Index (HI) of UT448//A757 diploid strain exposed to 1.0pug/ml (D9-D12) and to 3.0pg/ml of etoposid
(D13-D16). n° seg.; number of haploid mitotic segregants. C., control.
C D9 D10 D11 D12 D13 D14 D15 D16
n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI
paba+ 37 115 43 172 37 185 35 140 47 180 42 *233 40 190 44 157 35 1.66

paba- 32 25 20 25 26 18 21 28 21
bi + 40 137 46 *2.09 32 128 39 185 46 170 34 130 31 1.03 42 140 39 *2.29
bi - 29 22 25 21 27 26 30 30 17
meth+ 38 122 44 1.83 33 137 38 172 43 143 35 140 39 177 46 176 34 154
meth- 31 24 24 22 30 25 22 26 22

* Significantly different from control, P<0.05 (Yates correct Chi-square test, Statistic for Windows Program).

Table 3.Homozygotization Index (HI) of the B211//A837 diploid strain exposed to 2.0ug/ml (D17-D20) and to 4.0pg/ml of doxorubicir
(D21-D24). n° seg.; number of haploid mitotic segregants. C., control.

C D17 D18 D19 D20 D21 D22 D23 D24
n’seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI
paba+ 73 197 78 251 64 182 82 *3.15 61 152 65 185 62 193 76 *4.00 66 1.69

paba- 37 31 35 26 40 35 32 19 39
bi + 70 1.75 67 159 76 *330 68 1.70 57 129 61 1.56 67 *248 62 1.87 80 *3.20
bi - 40 42 23 40 44 39 27 33 25
meth+ 72 189 45 070 52 1.10 56 1.07 45 0.80 30 042 39 070 42 0.79 48 0.84
meth- 38 64 47 52 56 70 55 53 57

* Significantly different from control, P<0.05 (Yates correct Chi-square test, Statistic for Windows Program).

Table 4.Homozygotization Index (HI) of the B211//A837 diploid strain exposed to 1.0pg/ml (D25-D28) and to 3.0pg/ml of etoposid
(D29-D32). n° seg.; number of haploid mitotic segregants. C., control.

C D17 D18 D19 D20 D21 D22 D23 D24
n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI n°seg. HI
paba+ 73 197 76 *3.04 69 172 75 214 82 *3.56 81 *3.68 65 1.75 78 *3.90 88 *4.00

paba- 37 25 40 35 23 22 37 20 22
bi + 70 175 65 180 72 194 83 *3.07 69 191 67 1.86 67 191 064 1.88 85 *3.40
bi - 40 36 37 27 36 36 35 34 25
meth+ 72 189 49 094 57 1.09 53 092 57 118 50 094 54 112 48 096 58 1.11
meth- 38 52 52 57 48 53 48 50 52

* Significantly different from control, P<0.05 (Yates correct Chi-square test, Statistic for Windows Program).

Concerning the recombinagenic potential, results obtained The loss of a functional copy of a heterozygous tumor
indicate that doxorubicin and etoposide were also capablesnippressor gene represents an important step during neoplasic
inducing homozygosis. These observations were based on tfaasformation. (1). Treatment with an anticancer drug causing
high Homozigotization Indexes values (HI > 2.0) obtained fanitotic crossing-over might lead to the expression of recessive
diploids treated with the two drugs (Tables 1-4). genes, previously masked in a heterozygous condition. The

The fact that diploids derived from B211//A837 strain showedinical use of these drugs might increase cancer risk (6). Our
HI values higher than those derived from UT448//A757 one igsults demonstrate the carcinogenic potential of doxorubicin
due to thasvsmutation in their genome. Homozygous diploidand etoposide antineoplastics through heterozygosity loss.
strains fouvsHmutation cause an efficient increase in the mitoti€hey are potentially capable of inducing secondary malignancies
crossing-over frequency and in chromosome instability (10) by the mitotic crossing-over.
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RESUMO S.

Doxorubicina e etoposida induzem a recombinacéo

somética em células dipléides dAspergillus nidulans 6.

Doxorubicina e etoposida séo agentes intercalantes que inib79
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trabalho. Duas linhagens dipléides heterozigotas foram utilizadas:
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over mitético, em células dipléides eucariotas.
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