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ABSTRACT: Blood samples were obtained from 80 women: Twenty of these samples were from women 
affected by ductal infiltrating breast carcinoma, twenty from women affected by cervix uterine cancer, 
and forty individuals were screened for a control group. The search for chromosome instability that is 
known to affect individuals with cancer was performed through chromosome analysis in nontumor 
cells, intending to establish frequency and different types of numerical and structural aberrations. The 
results, in regard to spontaneous and aphidicolin induced chromosome aberrations, showed a signifi- 
cantly greater frequency (13 ~ 0.001) of chromosome fragility, as well as other numerical and structural 
aberrations in breast cancer patients when compared to the control group. Similar results were obtained 
from cervix uterine cancer patients with the exception of certain numerical aberrations in which no sig- 
nificant differences were found. This suggests the existence of a certain degree of chromosomal instabil- 
ity affecting individuals with both types of cancer. The increase in fragility may play an important role 
in the biologic behavior and progression of cancer. © Elsevier Science Inc., 1997 

INTRODUCTION 

Cancer is one of the most important causes of death in 
Ecuador, accounting for more than 5,700 deaths per year 
[1]. According to epidemiologic data, uterine cervix can- 
cer is the first cause of death and disease among women 
followed by breast cancer in our country [1, 2]. 

The relationship between the presence of a high fre- 
quency in chromosomal aberrations and predisposition to 
cancer has been well established in the "chromosomal in- 
stability syndromes" [3] and this genomic instability, al- 
though it is also present in a low frequency in peripheral 
blood lymphocytes in individuals affected by several 
types of cancer [4, 5]. Additionally, Vernole et al [6] have 
reported an increased frequency of structural chromo- 
somal aberrations in families with high incidences of can- 
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cer, affecting both individuals with cancer and those 
members of the family with no evidence of neoplasia. 

The precise relationship between fragile sites and can- 
cer is not well established, even though it has been found 
that 67% of in vitro mutagen induced fragile sites are coin- 
cidental with cancer-specific chromosome breakpoints 
and 72% are coincidental with oncogne loci. So, fragile sites 
have been proposed to be involved in carcinogenesis [7-12]. 

Considering that aphidicolin, a diterpenoid micotoxin 
that specifically inhibits the eukaryotic DNA polymerases 
alpha and delta primarily involved with chromosomal 
DNA repair and replication [13, 14], is one of the most im- 
portant common fragile sites inducers in a highly nonran- 
dom manner in cultured lymphocytes [15], we have done 
a comparative study of chromosome alterations both spon- 
taneous and induced by aphidicolin in two groups of 
women. One group of individuals was affected by breast 
cancer and the other group of women was affected by cer- 
vix uterine cancer. 

MATERIALS AND METHODS 

The subjects of this study were forty women, ranging in 
age from 28 to 76 years, twenty of them affected by inva- 
sive ductal carcinoma of the breast and twenty affected by 
squamous cell carcinoma of the uterine cervix, and forty 
healthy women as controls (Table 1). All of these women 
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were untreated at the t ime of examination,  and none of 
them had smoking habits. 

Epidemiologic  data concerning several factors like age 
at diagnosis, menopausal  status, number  of chi ldren (still- 
borns, miscarriages), and age of onset of sexual activity is 
summarized in Table 1. 

Cytogenetics 
Two types of culture med ium were used with each indi- 
vidual: 1) A normal m e d i u m  containing RPMI 1640, sup- 
p lemented  with fetal bovine serum (10%), penici l l in  
(10,000 IU/ml)-streptomycin (10 mg/ml),  phytohemagglu- 
t inin ( lmg/ml) ,  L-glutamine (200 mM), and Hepes buffer 
(1 mM/ml)  and 2) the above preparation with the addit ion 
of Aphid ico l in  (AP) in a final concentrat ion of 0.12 p~M/ 
ml. Whole blood was cultured for 72 hours at 37°C. Har- 
vesting was performed according to standard techniques.  
Air-dried chromosome preparations were stained with 5% 
Giemsa solution. One-hundred metaphases were scored 
for each culture on precoded slides. The number  of 
metaphases with aberrations (breaks and gaps) per indi- 
vidual  and the percentage of damaged cells were evalu- 
ated, as well  as numerical  and structural aberrations. 
Chromosomal  aberrations such as breaks, gaps, and acen- 
tric fragments, as well  as all the numerical  aberrations, 
were classified according to the Statements of the Interna- 
tional System for Human Cytogenetic Nomenclature [16]. 

Statistical analysis was performed using Student 's  t-test 
and U Mann-Whitney test to compare data from affected 
women  with  their corresponding controls in both types of 
culture medium.  

RESULTS 

In relation to the epidemiologic  data (Table 1), our results 
show that 75% of breast cancer patients are older than 40 
years and the average age is 52 years for the sample. We 
have found two age peaks in the affected individuals,  one 
between 36 and 48 years and the other around 60 years. In 
cervix uterine cancer, 45% of the individuals  studied 
ranged between 36 and 50 years. In relation to menopausal  
status, breast cancer patients were predominant ly  post- 
menopausal  women  (70%), the other 30% were in the pre- 
menopausal  stage. In cervix uterine cancer 60% of women 
were postmenopausal ,  20% were premenopausal ,  and 
20% were undergoing their fertile age. 

Breast cancer patients showed an average of 3 chi ldren 
per woman,  and 60% of them presented with  at ]east one 
spontaneous abortion. In cervix uterine cancer 85% of the 
patients showed more than 3 pregnancies and 45% pre- 
sented with at least one spontaneous abortion. 

We have found that 10% (2 individuals) of affected 
women with cervix uterine cancer started their sexual activ- 
ity around 15 years of age, 9 individuals (45%) between 16 
and 20 years of age, and 4 individuals (20%) between 21 and 
25 years of age. This data was not available for 5 individuals 
included in the affected group with cervix uterine cancer. 

Chromosomal  aberrations were scored in 8,000 meta- 
phase plates for each type of cancer, breast and cervix, 4,000 
metaphases for the affected group and 4,000 metaphases 

Table I Epidemiological  data of the affected individuals  

Type of Ind. Menopausal Sex/life 
cancer no. Age Sibl/aborts status onset 

Breast 14 
Breast 15 
Breast 25 
Breast 27 
Breast 29 
Breast 33 
Breast 34 
Breast 36 
Breast 45 
Breast 48 
Breast 49 
Breast 68 
Breast 69 
Breast 95 
Breast 103 
Breast 105 
Breast 116 
Breast 127 
Breast 130 
Breast 131 
Cervix 5 
Cervix 6 
Cervix 11 
Cervix 12 
Cervix 18 
Cervix 19 
Cervix 22 
Cervix 27 
Cervix 32 
Cervix 43 
Cervix 53 
Cervix 66 
Cervix 80 
Cervix 83 
Cervix 84 
Cervix 104 
Cervix 115 
Cervix 118 
Cervix 128 
Cervix 135 

64 3/1 M - 
34 4 / -  NM - 
4O 2 / -  M - 
32 3/1 NM - 
48 - / -  M 
63 4 / -  M - 
56 6/3 M - 
61 8/1 M - 
42 1/1 NM - 
50 3 / -  M - 
70 1 / -  M - 
51 6/1 M - 
52 4/4 M - 
40 2 / -  NM - 
41 1 / -  NM - 
68 7 / 1  M - 

39 3/3 NM - 
62 1/2 M - 
62 3/2 M - 
58 6/1 M - 
76 8 / -  M 18 
40 11/-  NM 20 
70 13/-  M - 
32 3/1 NM 22 
28 4 / -  NM 15 
75 1 / -  M - 
50 6 / -  M 25 
32 5/1 NM 17 
44 9 / -  NM 18 
46 2/1 M - 
50 12/2 M - 
51 8/1 M 20 
65 7 / -  M 16 
52 19/4 M - 
37 6/4 NM 17 
42 6 / -  NM 25 
56 9 / -  M 20 
42 8/2 NM 17 
63 9 / -  M 23 
50 11/-  M 15 

Abbreviations: Ind, individual; Sibl, siblings; M, menopausal; NM, non- 
menopausal. 

for the control group in each type of cancer. Table 2 sum- 
marizes the cytogenetic findings of chromosome fragility 
and altered metaphases. The aberrations are expressed 
both in absolute numbers and percentages. The statistical 
analysis of chromosome fragility and altered metaphases 
showed significant differences (p < 0.001) between the af- 
fected individuals  and their corresponding control groups 
in both types of culture mediums and in both types of can- 
cer. A similar behavior was found in relation to the fre- 
quency of both parameters when  the results from the two 
types of culture mediums  were compared within  the af- 
fected groups both in cervix uterine and breast cancer. 
However,  the control group in both types of cancer did not 
show statistical differences between the normal RPMI me- 
dium and the med ium with  the clastogen AP. Acentric 
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Table 2 Metaphases with chromosome fragility in all analyzed groups (affected and not affected) 

Type  of M e d i u m  N u m b e r  of ana lyzed  N u m b e r  of m e t a p h a s e s  w i th  
cancer  Group  type  m e t a p h a s e s  c h r o m o s o m e  fragili ty Percentage  

Breast  Af  N 2,000 606 30.3 
Af  Ap  2,000 970 48.5 
C N 2,000 36 1.8 
C Ap  2,000 50 2.5 

Cervix Af  N 2,000 502 25.1 
Af  Ap  2,000 738 36.9 
C N 2,000 38 1.9 
C A p  2,000 48 2.4 

Abbreviations: Af, individual with cancer; Ap, RPMI medium with aphidicolin; C, control individual; N, RPM! normal medium. 

fragments were not very common in either of the studied 
groups (Table 3). 

Three types of numerical aberrations were scored for 
(Table 4): Hypodiploidy or losses of one or two chromo- 
somes that showed a significant increase (p < 0.001) in the 
affected individuals from both types of cancer when com- 
pared to the control group. Hyperdiploidy or gain of one 
or more chromosomes, which in breast cancer patients 
was found exclusively in the affected group, in cervix 
uterine cancer patients there were no statistically signifi- 
cant differences with the corresponding control group. 

Polyploidies or gain of complete sets of chromosomes, 
which in breast cancer patients showed a significant in- 
crease (p < 0.001) when compared to healthy individuals, 
was not significant in cervix uterine cancer patients in re- 
lation to the control group. 

Chromosomal gains and losses are detailed only for the 
group of affected individuals because they were present in 
considerable amounts. 

In breast cancer the chromosomal group C was prefer- 
entially affected by hypodiploidy,  followed by groups E, 
G, F, and D. In cervix uterine cancer the highest frequency 

Table 3 Chromosome aberrations per group analyzed 

G B 
Type  of M e d i u m  N u m b e r  of ana lyzed  
cancer  Group  type  m e t a p h a s e s  CT CS CT CS ACE 

Breast  

Cervix  

Af  N 2,000 448 674 34 14 34 
Af  Ap  2,000 692 840 50 24 12 
C N 2,000 13 29 3 3 - 
C Ap  2,000 19 32 4 2 1 

Af  N 2,000 150 462 38 28 4 
Af  Ap  2,000 298 738 70 58 4 
C N 2,000 13 23 6 2 - 
C A p  2,000 11 31 8 4 - 

Abbreviations: Af, individual with cancer; Ap, RPMI medium with aphidicolin; C, control individual; N, RPMI normal medium. 
ACE, acentric fragment; B, break; CS, chromosome; CT, chromatid; G, gap. 

Table 4 Numerical aberrations per group analyzed 

HYPODIP 
Type  of M e d i u m  N u m b e r  of ana lyzed  HYPERDIP POLYP 
cancer  Group  type  m e t a p h a s e s  44 cs 45 cs (47-57  cs) (92 _+ cs) 

Breast  

Cervix 

Af  N 2,OOO 150 242 48 4O 

Af  Ap  2,000 134 328 44 22 

C N 2,OOO 2 2 - 8 

C Ap  2,000 1 2 - 4 

Af  N 2,00O 76 122 10 15 

Af  Ap 2,000 92 134 18 7 

C N 2,000 2 5 2 - 

C Ap  2,000 2 4 4 1 

Abbreviations: Af, individual with cancer; Ap, RPMI medium with aphidicolin; C, control individual; cs, chromosomes; HYPERD, 
hyperdiploidy; HYPODIP, hypodiploidy; N, RPMI normal medium; POLYP, polyploidy. 
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Table 5 Comparat ive statist ical  analyses  of chromosome 
fragility found in the different groups, affected 
and control,  using Student  t test (p < 0.05) 

Type of cancer AfN/AfAp AfN/CN AfAp/CAp CN/CAp 

Breast p < 0.001 p < 0.001 p < 0.001 p > 0.04 
Cervix p < 0.05 p < 0.001 p < 0.001 p > 0.05 

Abbreviations: Af, individual with cancer; Ap, RPMI medium with aphidi- 
colin; C, control individual: N, RPM] normal medium. 

of chromosomal  losses corresponds to group D, fol lowed 
by group G, C, E and A. 

Chromosome gains in the group of pat ients  wi th  breast  
cancer, affected main ly  chromosomes  in groups C, E, D, G 
and B. In cervix uter ine cancer the main  chromosomal  
group involved in hype rd ip lo idy  was group C, fol lowed 
by groups G, E, F, and D. Tables 5 and 6 show statistic 
comparat ive  analysis  of groups. 

DISCUSSION 

The evaluat ion of some epidemiologic  data, as age distri- 
bution,  menopausa l  status, number  of chi ldren,  ind iv idua l  
pari ty,  and the onset of sexual activity,  in the ind iv idua ls  
affected by breast  and cervix uter ine cancer (Table 1) were 
s imilar  to other series of s tudies  [17-241. 

The results  of this invest igat ion show a highly signifi- 
cant  difference be tween affected ind iv idua ls  and their  
controls concerning both spontaneous  aberrat ions (normal 
culture medium) and induced  al terat ions (medium with  
the clastogen aphidicol in) ,  wh ich  may indicate  the exist- 
ence of a genetic ins tabi l i ty  phenomenon  that appears  to 
be one of the characterist ics  of non tumor  cells of cancer 
pat ients  [7, 25, 26]. This leads us to conclude that chromo- 
some fragility and frequency of al tered metaphases  in pe- 
r ipheral  b lood lymphocytes  of breast  cancer  and cervix 
uterine cancer pat ients  can be considered as a rel iable 
marker  for genetic p red ispos i t ion  to both types of human  
neoplas ia  as has been previous ly  repor ted by other au- 
thors [5, 7, 25]. However,  this is not consis tent  wi th  sev- 
eral previous  studies in breast  cancer pat ients  [27] that 
d idn ' t  show statistical differences in chromosome fragility 
and frequency of altered metaphases among affected and 
control individuals  and, therefore, do not support  the idea 

of the existence of genetic instabil i ty in individuals  affected 
by breast cancer. 

The evidence of a significant increase in chromosome 
aberrations due to the presence of aph id ico l in  in the cul- 
ture medium,  can be expla ined  by the fact that this clasto- 
gen, a d i te rpenoid  mycotoxin  that acts as an eukaryotic 
DNA polymerases  a lpha and delta inhibitor ,  is direct ly in- 
volved with  the DNA synthesis  and repl icat ion processes 
[28, 29]. Thus, the presence of AP is l ikely to inhibi t  DNA 
repair  mechanisms  leading to the maintenance  of a series 
of chromosome aberrations caused by chromosome insta- 
bility. This seems to be even more evident  when  we con- 
sider that the control group showed no statistical differences 
in chromosome fragility and altered metaphases for both 
types of culture mediums,  which  may be expla ined  by the 
fact that control  ind iv idua ls  are genet ical ly stable so that 
repair  inhibi tors  such as aph id ico l in  have no par t icular  ef- 
fect on chromosomal  DNA. 

In regard to numer ica l  aberrations,  h y p o d i p l o i d y  has 
been demonst ra ted  to be a rel iable marker  for both types of 
cancer. Losses of one or two chromosomes were quite 
common in the affected group, however,  they seem to in- 
volve specific groups of chromosomes for each type of 
cancer. In breast  cancer  pat ients  chromosomal  losses of 
group E could  be related to the frequent loss of heterozy- 
gosity affecting the whole  chromosome 17 al ready found 
in studies on tumoral  cells [30, 31]. For cervix uterine can- 
cer several  s tudies on solid tumors have repor ted chromo- 
somal losses affecting groups B, D, and G [32], which  are 
also observed in our study. These results  may lead us to 
conclude  that these are crit ical chromosomal  sites for the 
deve lopment  of each type of human  cancer. 

As with  hypod ip lo idy ,  chromosomal  gains or hyper-  
d ip lo idy  presented a nonrandom dis t r ibut ion among 
groups, special ly  in breast  cancer, where  groups C and E 
were the most frequently involved in these alterations.  
The few studies available for this type of cancer in per iph-  
eral b lood lymphocytes  do not consider  numer ica l  aberra- 
t ions except  for a s tudy by Barrios, et al [25], wh ich  
reports the presence of a high frequency of t r isomy of the 
X chromosome,  which  has also been related to a high fre- 
quency of breast  cancer among ind iv idua ls  affected by 
Klinefelter syndrome [25]. 

Sreekantaiah et al [33] showed specific gains of chro- 
mosomes  in tumor  cells in cervix uter ine cancer. These re- 
sults are s imilar  to ours if we consider  that some of the 

Table 6 Comparat ive statist ical  analysis  of the numer ica l  aberrations in all the groups 

Type of cancer Type of Ab Afn/AfAp AfN/CN AfAp/CAp CN/CAp 

Breast Hypod. p < 0.001 p < 0.001 p < 0.001 p > 0.05 
Hyperd. p < 0.001 p < 0.001 p < 0.001 p > 0.05 
Polyp. p < 0.001 p < 0.001 p < 0.001 p > 0.O5 

Cervix Hypod. p > 0.05 p < 0.001 p < 0.001 p > 0.05 
Hyperd. p > 0.05 p > O.05 p > 0.05 p > 0.05 
Polyp. p > 0.05 p < 0.05 p > 0.05 p > 0.05 

Abbreviations: Af, individual with cancer; Ap, RPMI medium with aphidicolin; C, control individual; N, RPMI normal medium; 
Ab, aberration; Hypod, hypodiploidy; Hyperd, hyperdiploidy; Polyp, polyploidy. 
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mos t  f requen t  groups  that  ga ined  c h r o m o s o m e s  in our  
s tudy  were  C, E, and  F. 

P o l y p l o i d y  was qui te  in f r equen t  in pa t ien ts  s tudied ,  
however ,  its p re sence  e v e n  in the  no rma l  cu l ture  m e d i u m  
cou ld  be c o n s i d e r e d  as add i t iona l  e v i d e n c e  of  ch romo-  
some  instabi l i ty .  
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