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Metallic carcinogenicity is generally thought to generate of free radicals, and thus some metals
were reported to play a role in lung tumorigenesis. In order to verify the role of heavy metals in
the development of Taiwanese lung cancer, a case-control study was conducted to compare
heavy metal contents between 60 tumor and 42 normal lung tissues surgically resected from
lung cancer and noncancer patients. The tissue concentration of heavy metals, including cad-
mium (Cd), chromium (Cr), cobalt (Co), lead (Pb), and nickel (Ni), was measured using by
atomic absorption spectrometry (AAS). Our results indicated that Cr and Ni contents in lung
tumors of lung cancer patients were significantly higher than those in normal lung tissue of
noncancer controls, but Co content was markedly lower in lung tumors. Additionally, Pb con-
tent in lung tumors was associated with nodal involvement, and Co amounts in squamous-cell
carcinomas were relatively higher than those in adenocarcinomas. Data suggest that accumula-
tion of Cr and Ni in lung tumors may play a role, at least in part, in the development of lung
cancer in Taiwan.

Lung cancer is the leading cause of cancer mortality in the world, including
in Taiwan. The relationship between environmental exposure to heavy metals
and increased risk of lung cancer has been explored in a number of epidemio-
logical studies (Sorahan & Lancashire, 1994; 1997; Sorahan et al., 1998).
However, data and some of analyses for specific heavy metals with respect to
lung cancer are conflicting, and control of factors such as coexposure for other
carcinogenic heavy metals occurred in only a few of the studies (Sorahan et al.,
1998; Lamm et al., 1992). Previous studies can provide little evidence of an
increased risk of lung cancer in humans following prolonged exposed to heavy
metals.

Heavy metals interfere with many cellular reactions. The carcinogenic
potential of cadmium (Cd), chromium (Cr), cobalt (Co), and nickel (Ni) was
reported for humans and experimental animals (Rowbotham et al., 2000;
Hayes, 1997; Moulin et al., 1998). One mechanism proposed frequently is an

Received 1 May 2005; accepted 15 July 2005.

Address correspondence to Huei Lee, PhD, Professor and Director, Institute of Medical and Molecular
Toxicology, Chung Shan Medical University, No. 110, Sec. 1, Chien-Kuo N. Rd., Taichung, 40203, Taiwan,
ROC. E-mail: hl@csmu.edu.tw

1337



1338 C.-Y. KUO ET AL.

increase in oxidative DNA damage attributable to heavy metal exposure,
mediated by increased generation of highly reactive oxygen species (ROS) (Shi
et al., 1998; Kasprzak & Ward, 1991; Dally & Hartwig, 1997; Kasprzak et al.,
1997; Salnikow et al., 2000). Regarding lead (Pb), the epidemiological data
are not conclusive with respect to human carcinogenicity, but carcinogenic
and cocarcinogeneic effects of lead compounds were suggested in experimen-
tal animals (Roy & Rossman, 1992).

It has not yet been established whether altered internal heavy metal con-
centrations are mainly the cause or the effect of the malignancy. Hence, inves-
tigation of heavy metals changes in target tissues might be helpful to interpret
the role of essential elements in pulmonary carcinogenesis induction. Heavy
metal levels in human circulating blood and urine were used as biological indi-
cators of exposure to heavy metals (Vallyathan et al., 1998; Rafnsson et al.,
1997; Hengstler et al., 2003). Available epidemiological studies, however, had
no reliable estimates of individual accumulated doses in target tissues, and
thus there was limited sensitivity to detect a carcinogenic effect induced by
heavy metals. In some cases heavy metal levels were estimated in lung tissues
(Anttila et al., 1989; Adachi et al., 1991), but differences in heavy metal levels
between cancerous tissue obtained from lung cancer subjects versus normal
lung tissue of subject without cancer have not been well examined. Therefore,
a case-control study was conducted to evaluate the difference in heavy metal
content between lung tumors of lung cancer patients and normal lung tissues
from noncancer control subjects.

MATERIALS AND METHODS

Study Subjects and Specimen Collection

Between 1994 and 1998, a hospital-based case-control study was con-
ducted in central Taiwan to elucidate the role of some heavy metals contami-
nants on the development of lung cancer in Taiwan. Sixty patients with
primary lung cancer (International Classification of Diseases, 9th rev.; ICD
code 162) were operated on at Taichung Veterans General Hospital in
Taichung, Taiwan. Lung tumor samples were surgically resected from lung
cancer patients. Cancer cases also underwent a series of examination of patho-
logical stages by board-certified pathologists. Tumor types and stages were
determined according to the World Health Organization classification (World
Health Organization, 1981). In this study adenocarcinoma was the most com-
mon histological type (25 cases, 41.7%), followed by squamous-cell carcinoma
(35 cases, 58.3%).

During the same period, 42 potential controls were randomly selected
from patients with no history of cancer. They were admitted to one of three
teaching medical centers in Taiwan (Veterans General Hospital, Taichung;
Chen-Kung University Hospitals, Tainan; and Changhwa Christian Hospital,
Changhwa) for treatment or evaluation of different lung diseases, including
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pneumothorax, tuberculosis, chest wall deformity, cryptococcal infection, and
fibrosis. Similar to the cases of lung cancer in current study, the normal lung
tissue for the controls was taken by surgery. Tissue samples for the cases and
controls were immediately snap-frozen after excising and were subsequently
stored at —80°C until the time of analysis.

None of the study subjects received radiation therapy or chemotherapy
prior to surgery. Demographic data were collected on each of these individu-
als, including age, gender, smoking, and occupational status, from patient
interview and a review of the hospital charts with informed consent. The
smoking history of a subject included the number of cigarettes smoked daily
and also the duration of smoking habit. A parameter termed “pack-years” was
coined as an indicator of cumulative smoking dose of a subject and was
defined as the number of packs of cigarettes smoked daily multiplied by the
number of years of active smoking. This research protocol was approved by
the local ethics committee at each study center.

Determination of Heavy Metal Levels

Heavy metals levels in lung tissue, including cadmium, chromium,
cobalt, lead, and nickel, were measured using by atomic absorption spec-
trometry (AAS) with the graphite furnace (Perkin Elmer model 4110ZL)
technique and Zeeman background correlation. All analytical glass and
plasticware purchased were of low-metal grade and were further cleaned
with diluted nitric acid before use. Initially, all of the frozen tissues were
equilibrated for 0.5 h at room temperature and then heated for 4 h at
110°C. Subsequently, the dry tissue samples were digested with 2 ml of
65% nitric acid and T ml of 30% hydrogen peroxide. After colling, the solu-
tions were diluted to 5 ml with deionized water and stored at —20°C until
required for analysis. Palladium was further used as a matrix modifier in
the experimental procedure.

For analyses of tissue heavy metals, the accuracy of the instrumental meth-
ods and the analytical procedure was checked by using reference solutions
(standard reference material [SRM] no. 1566; dogfish reference muscle-2
[DORM-2]; and dogfish liver tissue-2 [DOLT-2]), which were run after every
batch of samples. The mean recovery ranged from 90 to 105%, and coeffi-
cients of variation (CV) for reproducibility were all less than 10%. Metal con-
centrations in lung tissue were calculated as micrograms per gram dry weight.
Tissue samples were analyzed blind to the clinical status of the individuals for
the presence of heavy metals.

Statistical Analysis

Comparisons between the case and control groups for age, gender, and
smoking status were made using Student’s t-test for continuous variables and a
x” test for discrete variables. Furthermore, a nonparametric test evaluated the
difference in metal contents in different lung tissues, due to skewing of con-
centration value. A probability of .05 or less was considered as significant.
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RESULTS

Characteristics of Lung Cancer Cases and Noncancer controls

The main characteristics of the study subjects investigated in this case-con-
trol study are given in Table 1. Among the 60 cases with primary lung cancer,
the mean age was 65.1 yr. Table 1 Forty-four (73.3%) of the case subjects
were current smokers. Difference in age was statistically significant when com-
paring the case and control groups. However, cigarette smoking and gender
were not significantly different when comparing these two groups.

Comparison of Metal Levels Between Lung Cancer Patients
and Noncancer Controls

The heavy metal contents in lung tissue of study subjects are summarized
in Table 2. Lung cancer cases were observed to have significantly elevated lev-
els of Cr and Ni in tumor tissue than those in normal lung tissue of noncancer
controls. Inversely, a significantly lower level of Co was found in lung cancer
cases than that in noncancer controls. In lung tumors, the highest amount of
heavy metal contaminant was Cr, followed by Pb, Ni, Cd, and Co. Subse-
quently, to understand the contribution of cigarette smoking to heavy metal
accumulation in lung tumors, the median value of individual cigarette con-
sumption (60 pack-years) was used as a reference to categorize smoking lung
cancer cases into mild and heavy smoking groups. It was found that Cr content
in mild smoking cases was significantly higher than in heavy smoking cases
(Table 3).

TABLE 1. Characteristics of Lung Cancer Cased and Noncancer Controls

Variables Lung cancer cases (%) Noncancer controls (%)
Number 60 42
Age 65.1+1.1% 51.9+2.7
Gender

Female 11 (18.3) 8 (19.0)

Male 49 (81.7) 34 (81.0)
Smoking status

Yes 44 (73.3) 24 (57.1)

No 16 (26.7) 18 (42.9)
Tumor type

Adenocarcinoma 25 (41.7)

Squamous-cell carcinoma 35 (58.3)
Tumor stage

| 25 (41.7)

1l 14 (23.3)

1 21 (35.0)

?Results were given as mean + SE.
bSignificant difference from control (p < .05).
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TABLE 2. Comparison of Metal Levels (ug/g) Between Lung Cancer Patients and Noncancer Controls

Metals Lung cancer cases® (n = 60) Noncancer controls (n = 42)
Cadmium 0.48 +0.06" 0.70+0.13°
Chromium 5.46 + 1.59>¢ 4.68+1.30°
Cobalt 0.18 +0.03>¢ 0.25 £ 0.06°
Lead 2.41+0.50 2.82+0.92°
Nickel 1.77 £0.60>¢ 1.26+0.27°

“Compared to the metal in normal lung tissue of controls.
bResults were given as mean + SE.

“Fifty-seven cases were available for Co analysis.
9Significant difference from control (p < .05).

TABLE 3. Differences in Metal Levels (ug/g) Between Mild and Heavy Smokers in Lung
Cancer Patients

Metal Light smoker (n = 17) Heavy smoker (n = 21)
Cd 0.50+£0.12 0.56 £0.10
Cr 8.66 £ 3.51 1.70+0.19°
Co 0.11 £0.01 0.26 £ 0.07
Pb 1.54+£0.15 3.77£1.38
Ni 4.13£1.99 0.82 £0.15

Note. Thirty-eight lung cancer cases were available for the categories by cigarette
smoking consumption. The median value of cigarette consumption (60 pack-years) was
used as reference value to categorize smoking lung cancer cases into mild and heavy
smoking groups.

?Significant difference from light smoker (p < .05).

Differences in Metal Levels Between Mild and Heavy Smokers Among
Lung Cancer Patients

The association of heavy metals in lung tumor tissues with the clinico-
pathological parameters of lung cancer patients was also statistically analyzed,
as shown in Table 4. Among the clinicopathological parameters, including age,
gender, tumor type, tumor stage, smoking status, and T and N values, only
nodal involvement was significantly associated with Pb content.

DISCUSSION

Chromium, a ubiquitous environmental and industrial contaminant, is a
well-known human carcinogen, particularly in human lung cancer (Sorahan et al.,
1998; Hayes, 1997; Anttila et al., 1989). Chromium was found to be a potential
inducer of tumors in experimental animals, and neoplastically transformed
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TABLE 4. Relationship Between Metal Levels (ug/g) and Clinicopathological Parameters in Lung Cancer
Patients.

Case Cd, Cr, Co,? Pb, Ni,

Parameters Number mean + SE mean + SE mean + SE mean + SE mean + SE
Age

<65 yr 26 0.42 £0.07 5.79+2.54 0.20 £ 0.05 2.15+0.58 1.84 £1.00

265 yr 34 0.51+£0.09 5.20+2.05 0.17 £0.03 2.60+0.77 1.71+0.73
Gender

Female 11 0.38+0.10 5.29 £4.01 0.18 £ 0.04 1.95+£0.34 1.15£0.55

Male 49 0.49 £0.07 5.49 +1.74 0.18 £ 0.03 2.51 +£0.60 1.90£0.71
Tumor type

AD 25 0.36 £ 0.06 6.72 £3.11 0.11 £0.01 2.12 £0.60 1.67 £0.86

SQ 35 0.55+0.09 4.56 £ 1.60 0.23 £0.04 2.61+0.74 1.85+0.82
T value

T1/T2 44 0.48 £ 0.07 6.89+2.13 0.19 £ 0.04 2.81£0.68 2.22 £0.80

T3/T4 16 0.47 £0.11 1.54+0.28 0.17 £0.08 1.32+0.03 0.54 £0.07
N value

NO 29 0.49+0.10 7.82£2.87 0.22 £ 0.06 3.39%1.01 2.68 £1.20

N1/N2 31 0.46 £ 0.08 3.26 £ 1.46 0.15+£0.02 1.50+0.11° 0.92 +0.22
Stage

I 39 0.46 £ 0.07 7.32+£2.38 0.20 £ 0.04 2.94+0.75 2.40 £0.90

1 21 0.49 £ 0.09 2.00 £ 0.55 0.14 £0.02 1.43£0.09 0.49 £ 0.06
Smoking status

Yes 44 0.52 £0.07 5.93+1.93 0.18 £ 0.03 2.58 £0.67 2.05+0.79

No 16 0.34 £0.09 4.15+£2.75 0.17 £0.03 1.93+£0.28 0.99+£0.38

Note. AD, Adenocarcinoma; SQ, squamous-cell carcinoma; T value, extent of primary turnor; N value,
regional lymph node involvement.

“Fifty-seven lung cancer cases were available for Co analysis.

bSignificant difference from NO (p < .05).

cells in culture (Singh et al., 1998). Chromium accumulation in lung tissues
was found in workers with occupational exposure to Cr and cigarette smoking
(Paakko et al., 1989), and workers with occupational exposure to Cr and ciga-
rette smoking (Paakko et al., 1989), and workers with occupational exposure
to Cr have a higher incidence of lung cancer as shown in Rowbotham et al.
(2000) and Sorahan et al. (1998), in which it was suggested that the Cr con-
taminant is involved in human lung tumorigenesis. Nickel is also a ubiquitous
environmental and industrial contaminant. It is widely used in industrial pro-
cesses, such as electroplating and the manufacture of steel and batteries (Fren-
kel et al., 1994; Kiilunen et al., 1997; Horng et al., 2003). Epidemiological
studies showed that occupational exposure to Ni is associated with a high inci-
dence of human lung and nasal cancers (Andersen et al., 1996; Grimsurd
et al., 2003). Nickel can also produce cell transformation and induce tumors in
animal models (Salnikow et al., 1999; Kasprzak et al., 2003). In our study, cig-
arette smoking consumption may not explain the accumulation of Cr and Ni in
lung tumors because Cr and Ni in light smokers were present at higher levels
than in heavy smokers (Table 3). Thus, in addition to cigarette smoking, data
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suggest that environmental/occupational exposure of Cr and Ni may be impor-
tant determinants in Taiwanese lung cancer, although no occupational data
were available in our study.

Cobalt is genotoxic in vitro and in vivo, and carcinogenic in rodents (De
Boeck et al., 2003). Some epidemiological data showed that occupational
exposure of Co was linked to an increased lung cancer risk (Moulin et al.,
1998; Tuchsen et al., 1996), but further studies should be undertaken before
firm conclusions are drawn. In our study, the Co content in lung tumors was
found at a significantly lower level than in noncancer controls.

Lead is not genotoxic in vitro, but increases the mutagenicity of other
mutagens, possibly acting via inhibition of DNA repair (Hengstler et al., 2003).
Early animal studies indicated that Pb does induce lung cancer in animal stud-
ies (Shimkin et al., 1977; Poirier et al., 1984), and IARC deemed these animal
studies sufficient for demonstrating animal carcinogenesis of Pb. Thus, Pb was
classified by IARC as a possible human carcinogen. No difference in Pb levels
was found in our case-control study.

In our case-control study, data indicated that higher Cr and Ni accumula-
tion occurred in lung cancer patients compared noncancer controls, and may
contribute to lung tumorigenesis in Taiwanese lung cancer patients.
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