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Transition Metals and Breast Cancer
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Incroased levels of transition metals like iron, nick-
el, chromium, copper and lead are closely related to
free radica) generation, lipid peroxidation, forma-
tion of DNA steand breaks and tumor growth in cel-
Inlar systems. In order to determine the correlation
to malignant growth in humans, we investigated
the accumulation of heavy metals in 8 healthy
breast tissue samples and 20 breast cancer hlopsies.
The concentration of transition metals in breast tls-
sue samples was assessed by a stondardized AAS
technigue with acidic hydrolysis for sample prepa-
ration. Additionally, heavy metal analysis in ol
control biopsles has been performed by means of
an ICP-MS technique. For statistical analysis of the

results the Mann-Whitney U test was used. A high-
ly significant accumulation of iron (p < 0.0081),
nickel {(p < 0.00005), chromium (p < 0.00065), zinc (p
< 0.00001), cadmivm (p < 0.005), mercury (p < 0.005)
and Joad (p < 0.08) was recorded in the cancer sam-
ples when compared (o the contol group. Copper
and silver showed no significant differences o the
contral group wheress tn, gold and palladium
were not detectable in any blopsies. These data sug-
gest that non-physiological gradual accumulation
of wansition metals in the breast tissue may be
closely related to the malignant growth gmcess,
{Pathology Oncology Research Vol 13, Na 1, 772-777)
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Inirnduction

Reports in the last two decades are closely relating the
presence of transition merals Jike iron or coppor to free
radical geperation via Fenton/Habar-Welss reactions,
ascorbate autoxidation, lipid peroxidation processes and
formatlon of DNA strend breaks."* In turn. lipid peroxi-
dation-induced malendialdehyde-DNA adducts can accu-
mulate and reach high levels In the breast tissue of women
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with breast cancar, {pading to endogenous DNA modifica-
tions.® Furthermare, ferric-EDDA- and -NTA complexes
were praved to induce free radicals and renal carcinomas
In Wistar rats, demonstrating the key role of transition
metals in the abnorma) proliferation pracess.®” As repeat-
ed mitachondrial ond nuclear DNA mutations may lead o
malignant growth, we investigated the heavy metal con-
tent in breast cancer blopsies supplied by the Institute of
Pathophysiology of Charles Untversity In Prague.

Marerial and Methods

Heavy metal anelyses have been perfermed in 20 frozen
breast cancer biopsies and in 8 hedlthy breast tissue sam-
plas, supplied by the Depi. of Oncology, 1* Faculty of
Medicine, Charles University. Prague. Caach Republic
and by Carilas Hospital St. Josef, Regensburg, Germany.
The bagic Mstopathologlc characteristics of the investigat-
ed tumors are deseribed in Toble 1,
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Tobin 1. Rasic histopathelogic characteristics of lresst
umors

Histolegle type

Ducral carclnoma 12
Lobular carcinoma 4
Other 4
Grade

I 5
It 12
m 1
Unknown 2
Hormone receptor status

ER+ 13
ER- 7
ER unknown i}
PR+ 17
PR- 1
PR unknown 2
HER-2/nuu stalning intensity

HercepTost 0 )
HercepTast 1 ]
MereepTost 2 3
HercepTest 3 3
ND 7
ND: not done

The study was appraved by the local ethic committes
and all parricipants gave their Informed written cansent
before earoliment 1o the swdy.

The concentrations of iron. cadminm, lead, chramium,
tin, nickel. copper, mercury, sitver, gold, palladium and
zinc in the blopsy material have been measured by a stan-
dardlzed furmace-AAS technique wsing a Perkin Elmer
Sima 6000 AA-spectrophotometer and acidic hydrolysis as
prlping procedure for sample preparation.® Additionally,
heavy meta) analysls In all control blopsies has been done
by using an ICP-MS technique in the Labcratory for Micro
Trace Minerals, Hersbruck, Germany, All biopsies have
been taken from the center of the tumor nadules, and metal
concentration in | g of wmar breast tissue was measured
and compared to metal congcentration in the same amount
(1 @) of healthy breast tissue. AJl fests have been per-
formed theee times and the final result per sample is
expressod in mg/kg breast tissue, recording the mean value
of three determinations. Mann-Whitney U test was used
for statlstic analysis of the results.

Kesults

Data analysis shows a highly significant sccumulation of
iron, nickel, chromlum, cadmium, mercury, zinc and, to a
lesser extent, of lead in malignant beeast tissue, when com-
pared (o healthy hreast tissue, [ron levels chowed a dramat-
i¢ Increase in the breast cancer bispsies [median: 53173.5
pg/ka, range: 14664-205830 ug/kg) when compered with
the conirol group (median: 10937 ug/kg, range: 5331-
21646 pg/kg) {p < 0.0001) (Fig. £). A strong nickel aceu-
mulation (medlan: 994.5 ug/kg, range: 469-3361 ugg)
was recorded in the patlent hiopsies. Conirol biopsies
showed measurable levels (median: 21 pg/kp. range: 11-33
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Figure 1. Iron cantent of 20 breast cancer and 8 control human biopsies. Furnace-AAS technique
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Figure 2. Nickel content of 20 breast cancer and R contro] human blopsies. Furnace-AAS rechnigue

ug/kg). but at mare than one order of magnttude lower (p <
0.00005) (Fiz. A. Similar results have been noticed for
chromiom (median: 815.5 pg/kg, range: 313-5978 pgikgl
when compared with the control group (median: 38.5
uglkg. range: 19-119 ug/kg) {p < 0.00008) (Fig. 3.

A surprigingly high accumulation of zinc (median:
17075 ug/kg, range: 1326-07895 pp/kg) was recorded in
the cancer bjopsies, the difference from the control group

Chremium jpg/kgl
8000

{medtan: 3741 pghg, range: 2546-9339 pg/kg) was again
highly significont (p < 0.001) (Fig. 9. Mercury was found
moderatoly increased in 11 out of 20 cancer samples
(median: 6.9 ng/kg, range: 1.8-45.9 pe/ke), a highly sig-
nificant difference was rocorded when compared to the
conwrol group {medlan: 2.1 pg/kg. range: 0.1-6.6 Lg/kg)
(p < 0.008) (Fig. 3. Increased cadmium concentrations
have been found In 18 out of 20 cancer hiogsies (median:
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Figure 4. Zinc content of 20 breast rancer and & control human biopsies. Purnace-AAS technigue

42 pg/kg. rapge: 9-551 pg/kg), the differcnce from the
control group (median: 15,6 pg/kg, median: 5.2-30 pg/kg)
was highly signlficant (p < 0.003) (Fig. £), Load was also
increased In 12 aut of 20 tumor biopsles (median; 104.5
ug/kg, range: 9-878 wa/ka). The difference from the con-
trol group (median: 63.8, range: 1-92 pgfkg) was still sig-
nificant (p < 0.05).

Surprisingly. lowered copper levels were found in 11 out
of 20 paticot biopsies (median: 319 pg/kg, range 320
44687 pglkg), when compared to the contra) samples
{median: 1279.5 ug/kg, range: 2613049 pg/kg). The other
9 cancer samples showed 7 increased values and 2 in the
normat range documenting a different accumulation pat-
tern possibly related to the tumor etiology or growth stage.
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Figure 5. Mercury content of 20 broast cancer and 8 controf human biopsies. Fumace-AAS technigue
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Figure 8. Cadmium conzent of 20 breast cancer and 8 control human biopsles. Furnace-AAS technique

Altogether, no significant difference was recorded damaged DNA. Besides, another general foature is their
berween the cancer group and the contrals {p = 0.65). property to enhance the mautageniclty and carcinogenicity
Only 4 out of 20 concer samples showed detectable lev.  of directly acting genotoxic agents.® At the same time.
els of siiver {range: 34.4-80.9 pg/kg), but none of the con-  carcinogenic effects of Ni, directly or in association wilh
trol blopsies. Tin, gold and palladium were not detectable  organic compounds, bave been describad in the litera-
in cancer and confrol hiopsies. ture’™* and. recently, shightly increased concentrations of
When compared by twa different techolques (AAS and  Fe and Ni have been found In malignant human prostate
ICP-MS}. there was no statistically significant difference  specimens.
in the heavy meral conrent of the control blopsies (data not Inhaled particulate forms of hexavalent Cr causs jung

shown). cancer and, at cellular levels, Cr expasure may lead to cell
cycle orrest, apoptosis or neoplastic transformation.'
Discussion Occupational exposure to Cd is assaclated with Jung cap-

cer in humans, and high Cd concentrations were found in

In hiclogical sysiems. the concenvallon of redox-active  proliferative prostate leslons.'” Interestingly, Zn as cssen-
fransition metals capable of catalyzing/generating free rad-  thel element was shown to medlate and increase fumor
Jcals like superoxide, hydrogen peroxide and hydroxyl rad-  growth and Zn depletion was shown to suppress the tumor
lcal appears to ba relatively low. However, under certaln  growth in mice end rats."** Macromoleeulat compoungs
pathological condltions (hemochromatosis, Wilson dis-  (dextrans) substituied with Hg-contalning side chains were
ease, collagenases and different mallgnancies), transition  reported to promote fibrosarcoma growth in mice.?!
metals and their manspart protelas may accumulale In dif- The etlolagy of the majority of human breast cancers Is
fevent target organs, inducing collular lipid peroxidetion  still controverslal; howaver, hormonal Influences and envi-
and DNA attack, ranmental toxic compounds Inducing axigafive stress and

In this respect, the ability of excess Fe in mediating the  1ipld peroxidation have heen suggested to play a role In
formation of hydroxyl radicals, suppression of cellular  breast carcinogenesis.
immune fmctions and promotion of tumor growth (s well Qur data describe for the first fime » major accumulation
established,”*"! and Increased Cu cancentrations were also  of Fe and other transition metals like N1, Cr, Cd, Zn, Hg
found in human Jung cencer biopsles™ and n other  aad Pb in breast cancer tissue with implicatians In the
tomors,"! pathogenesis of the diseasc.

Ni. Cr and Cd have been recognlzed as mutagens and Environmental exposure and genetic polytnorphisms
carcloogens through thelr abtlity to inhiokt the repair of  associated with a defictent phase 1T detoxification process
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and alserations of meta! (ransfer proteins or their receptors
may be responsible for this phenomenon. A sindy of such
carrelatians is ongoing in our facllity as previcus research
demonstrated high levels of transferrin receptors and fer-
ritin accumulation In breast cancer tissue.”

On the ather hand. the higher heavy metal concentration
encoyntered in various wmaor colls may be ysed for thera-
peutic interventions wilh ascorblc scld or phenolic com-
pounds as already veported. % Reducrion and mabiliza-
tion of reansition metals from thetr storage or transport (ro-
telns rendors them exiromely reactive In catalyzing free
radical reactions according to the equations:

Fo* + HyQ, ——- Fe™* + *OH + OH
o2
MO, + * 0y —TE2 O 501 + OH+ O,

The described Fenton- and Haber-Wolss reactions are
strong generators of hydroxyl radicals leading to pid per-
oxidation, DNA. strand breaks and apoptosis.*™ In turm,
bloactivation of phenolic/quinonic compounds at the
tumor site may lead ta a significant generation of superox-
Ide and semiquinane radicals with deleterious offacts on
the metal-rich malignant cells** Preventive diagnostic
pracedures should include, besides medical maging and
current tumors mnarkers, 2/16-OH-csirogen mtio, phase [l
detoxification assessment and the MELISA test® ¥ for metal

specific lymphocytes,
Canchusion

The above data suggest that non-physiological gradual
accumulation of transition metals 1n the breast tissue (s
strongly invalved in the malignant growth process.
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