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ABSTRACT interindividual variations in the ability to metabolize drugs,
carcinogens, and other xenobiotics have been found in the

Hemoglobin adductsof the activated carcinogenicaromaticamine 4- human population (7, I l). These pharmaeogenetic differences
aminobipbenylhave beenmeasuredin a case.controlstudyof lungcancer, have been considered as a possible explanation for differencesData obtainedfor lung cancer cases are comparedto those obtainedfor

::: controls that consisted of patients with either chronic obstructivepul- in individual cancer susceptibility, and they are also consistent
monarydisease or non-pulmonarycancers. Both simple and multivariate with data that implicate other heritable genetic risk factors in
analysis found a positive association of 4-aminobiphenyl-hemoglobin lung cancer etiology (12-24). The ability to metabolize the

i:ill adducts with the quantity of tobacco smoked as determined by either antihypertcnsive drug debrisoquine is under autosomal genetic
::: urinecotinine or questionnairedata. No associationwas foundbetween control (25, 26), and inheritance of the extensive metabolizer::i I

::i: 4-aminobiphenyl-hemoglobinadducts and cancer diagnosis, and adduct phenotype of this drug has been suggested as a host risk factor
•::: levels were not related to remote tobacco use, i.e., total pack years of for lung cancer (19, 27, 28). It is not yet clear exactly which
: :: smoking.There was no associationbetweenthe levels of adductsdetected carcinogens, if any, may be activated by the debrisoquine hy-

and the ability of an individualto metabolizedebrisoquine(debrisoquine droxylase (CYP2D6), but a recent link has been suggested:: metabolic phenotype,CYP2D6). Whereas 4-aminobiphenyl-hemoglobin
adduct levels reflected recenttobaccosmoking, they werenot correlated between activation of tobacco specific N-nitrosamines [4-(N-
with lung cancerrisk. nitrosomethylamino)-l-(3-pyridyl)-l-butanone] and CYP2D6

(29). In bladder cancer an association between risk following
exposure to aromatic amines and the slow acetylator phenotype

INTRODUCTION has been demonstrated (30). Similarly, in smokers it appears
that individuals who consume black tobacco products, which

More than half a million cases of lung cancer are diagnosed contain higher levels of aromatic amines, are at greater risk ofworldwide each year, and this figure is projected to increase to
bladder cancer and have higher 4-ABP-hemoglobin adducts2 million by the year 2000 (1, 2). Despite the clear involvement
than smokers of blond tobacco (31).of tobacco smoking in the etiology of lung cancer, this disease

Human molecular dosimetry, e.g., the measurement of co-is now thought to be the leading cause of cancer deaths in the
valent binding of activated carcinogens to macromoleeules,United States for both men and women (3). Aromatic amines

) are among a number ofcomponents of tobacco smoke that have provides complementary information, regarding carcinogen ex-
been found to be carcinogenic in laboratory animals (4), and posure, to data obtained concerning mctabolizer phenotype.

This report describes a study designed to examine the hypoth-
their role in the etiology of human bladder cancer was recog- esis of an association between the formation of 4-ABP-hemo-
nized in the last century (5). These chemicals, however, require
metabolic activation before they can exert their biological ef- globin adducts and lung cancer risk and whether formation of

these adducts is related to other markers of tobacco smoking.feels (6). Their metabolism is complex and they can either
undergo N-oxidation or acetylation, although an initial activa- Therefore, 4-ABP-hemoglobin adducts were measured in sub-
tion step for both the parent compound and an aromatic amide jects from a lung cancer case-control study. This study used

two separate comparison groups (chronic obstructive pulmo-(product of metabolism by acetyl CoA-dependent acetylation)
is P450-mediated N-oxidation (CYPIA2) (6, 7). Adducts of 4- nary disease patients and patients with cancers at anatomical
ABP 2may have a role in lung carcinogenesis since it has been sites other than the lung and bladder) and controlled for ree-
reported that 4-ABP-DNA adducts can be found in human ognized lung cancer risk factors and other potential confound-
peripheral lung (8). ing factors (tobacco consumption and ethnic background of

Tobacco consumption is implicated as an etiological agent in subjects).
lung cancer, chronic obstructive pulmonary disease, and heart
disease (3). Tobacco smoke is widely accepted as the major MATERIALS AND METHODS

: :: etiological factor in lung cancer_ however, differences in indi-
Case-Control Study Subjects. The design of this case-control study: vidual susceptibility have been inferred from the observation

of lung cancer is described in detail elsewhere (19). Briefly, patients
that only a minority of cigarette smokers develop lung cancer with histologically confirmed lung cancer who had not yet received

: (9, 10). This may be due to inheritance of specific risk factors radiation or chemotherapy wererecruitedat the Universityof Maryland
or competing causes of death that are smoking related. Wide and Baltimore Veterans Administration Hospitals between 1985 and

1989. Histological diagnosis of lungcancerwas confirmedby patholog-Received 3/21/91: accepted 7/18/91.

The costs of publication of this article were defrayed in part by the payment ical review. Two control groups were recruited, patients with chronic
of page charges. This article must therefore be hereby marked advertisement in obstructive pulmonary disease and patients with cancers at anatomical

accordance with 18 U.S.C. Section 1734 solely to indicate this fact. sites other than the lung, bladder, and liver. The chronic obstructive

' To whom requests for reprints should be addressed, at Room 2C01, Building pulmonary disease patients were diagnosed clinically and had either37, Laboratory of lluman Carcinogenesis, National Cancer Institute, National
Institulesof Health.Bethesda,MD20892. abnormalitiesin pulmonaryfunction tests (forcedexpiratory volume in

The abbreviationsusedare:4-ABP,4vaminobiphenyl;CI, confidenceinter- 1 s of <75% of the predicted normal and/or forced expiratory volume
i val. in 1 s/forced vital capacity <75% of predicted) and/or a smoking!
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history of 40 pack-yearscigarette smoking or more. A second control g hemoglobin) were higher in smokers (126 + 12; mean + SE) :_
groupwas recruitedfrom cancer patients with a varietyof malignancies than in nonsmokers (86 + 7) (Table 1). 4-Aminobiphenyl-
includingcolon, esophagus, stomach, breast,and melanoma, hemoglobin adducts exhibited a positive correlation (Pearson)

Studyrecruitswere screened for eligibilityor study exclusion. Exclu- with all measures of recent smoking. Urine cotinine exhibited
sion criteria included presencein the intensivecare unit, bloodpressure the best correlation (r -- 0.39, P = 0.0001). Tobacco use :_
<!00/60 mm Hg, inability to take oral medication or be interviewed,
general anesthesia within the last 5 days, severe renal or liver disease (cigarettes/week derived from the questionnaire data) was also
(creatinine >4.0 mg/ml or total bilirubin>3 IU, or serum glutaumic- significantly correlated (r = 0.18, P = 0.05), but measures of
oxaloacetic transaminase or serum glutamic-pyruvic transaminase remote smoking (pack years) did not exhibit a significant cor- :_
>300 IU), previous diagnosis of separate primary malignancy other relation (r = -0.07, P -- 0.45). The hypothesis in this study _i_
than basal cell carcinoma, inability or refusal to give informed consent addresses the possibility of a positive association between 4- i::i
and physician refusal. An in-person interviewof approximately45 rain ABP-hemoglobin adduct levels and lung cancer. In fact, the ::i_!_
was administered to eligible subjects by a trained study nurse/phlebo- mean adduct level determined for the control groups was higher _
tomist. Data were collected concerning sociodemographic and anthro- in each case than that for the lung cancer group, but these
pomorphie characteristics, recent and remote tobacco use, personal differences were not statistically significant (Fig. 1, Table 1).
medical history, usual and recent diet, current medications, family Neither was there an association between adduct levels and
history of cancer, alcohol use, and occupational and residentialhistory.
Medical records were reviewedto abstract selected information includ- specific histological type of lung cancer compared to controls
ing histological diagnoses from pathology reports, results of clinical (Table 2).
staging, medications administered, and results of routine clinical labo- Possibilities of associations between other potential lung
ratorystudies. Details of diagnoses, male:femaleratio,age (meanyears), cancer risk factors and 4-ABP-hemoglobin adduct levels were :_i
and smoking histories (pack years) aregiven in Table 2 and "Results." also examined. In a previous report the extensive metabolizer

LaboratoryAssays. Hemoglobin was isolated from RBCs and purl- phenotype ofdebrisoquine (an antihypertensive drug) was found
fled by dialysis. An internal standard consisting of 4'-fluoro-4-amino- to confer a relative risk for lung cancer of 6. I (95% CI, 2.2- :_
biphenyl (1 ng) was added, and free amines were liberatedfrom the 17.1) (19). However, no association was found between the level
protein by alkaline hydrolysis. The hydroiysates were extracted with of 4-ABP-hemoglobin adducts and the debrisoquine metabo-
hexane, and materials partitioning into the organic phase were treated lizer phenotype (Table I). More detailed analysis of metabolizer
with pentafluoropropionic anhydride. The resulting pentaflooropro- phenotype was performed by seeking a correlation between 4- :_pionamides were quantitated by capillary gas chromatography com-
bined with negative ion chemical ionization mass spectrometry (32). ABP-hemoglobin adduet levels and the log of the metabolic
Quality control measures consisted of measuring levels of 4-ABP in ratio (In debrisoquine/4-hydroxydebrisoquine), but no associa-
replicate samples (15%) that had been recoded to preventbias, tion was found (r = 0.05, P = 0.63, n = 103). Similarly, no :_.

Urine (2 mi) and blood-derived plasma samples (500 ul) were aria- association was found between adduct levels and age, race, or
lyzed for the presence of cotinine by radioimmunoassay [American remote smoking (pack years).
Health Foundation, Valhalla, NY (33)]. Debrisoquinemetabolites were An association was found between the level of 4-ABP-he-

measuredby gaschromatography and nickel-63 electron-capturedetec- moglobin adduct levels and weight. Individuals who weighed
tion in samples of urinecollected 8 h after drug administration. The >170 Ibs had higher levels of adducts (I 17 + 14) than those
debrisoquine metabolic ratio was calculated from the ratio of the individuals who weighed <170 lbs (93 -+ 7) (Table 1). The
percentage of dose excreted as unchanged debrisoquine:4-hydroxyde- association of weight and 4-ABP-hemoglobin adduct levels
brisoquinemetabolite, using 7-methoxy-guanoxanas an internalstand-
ard(19). persisted when study subjects weighing >250 lbs were excluded.

Statistical Analysis. Arithmetic means, standarderrors, correlation Questionnaire data were examined to seek an explanation for
coefficients (Pearson), Student's t test, and stepwise and general linear this observation, but none was forthcoming. In particular, ad-
regressionwere performed using the SAS statistical package(34). Log- duet levels were unrelated to any dietary items consumed (serv-
transformed, simple means, and Wilcoxon ranking statistics were de- ings in the 24 h or servings in the week prior to study). The
termined for analysis of continuous variables. Categorical variables tendency for heavier individuals to have higher adduct levels,
were created from continuous variables (e.g., age, recent or remote which was significant in univariate analysis, became less ira-
smoking) for stratified and certain multivariate analyses. A stepwise portant after adjustment for smoking. In a representative analy-
regression model was used to consider combinations of the following sis, the odds ratio for elevated adduct level was 4.1 (95% CI,
variables in multivariate analysis: currentcigarette smoking (cigarettes 1.7-10.0) in current smokers but only 1.9 (95% CI, 0.8-4.7) in
smoked during the last 24 h, cigarettes smoked duringthe last week,
urine and plasma cotinine), age (years), race (black, white), gender,

alcohol (drinks/day; beer, wine, and hard liquor separately and to- 7 •

gether), anthropomorphic indices (weight, height, Quctelet'sbody mass _. 6 []
index), history of occupational exposure (chemical, textile, rubber, and _ [5 • (3 /
dyeworkers), and measures of genetically determinedability to metal)- ra e/

olize debrisoquine(19). A logistic regressionmodel was used to deter- ._ 4 • _e

mine crude and adjusted odds ratios, using a mainframe computer(34). o 3 - DD j_ .,_......."

¢0 2_ _"'i'_ ra ....-"

_) ra ...o-°

RESULTS "_ 1 ..... _ ....
=3

0 I

Analysis of hemoglobin to determine 4-ABP adduct levels 10 20 30 50 100 200 300 500

was performed in 109 study subjects (53 lung cancer cases and 4-AminobiphenyI-Hemoglobin Adducts
56 controls). The levels of adducts were highly correlated with (PO4-ABP/g Hgb)
measures of recent smoking (both biochemical and question- Fig. I. Association between urine cotinine level and 4-aminobiphenyl-

naire data). These data were corroborated by biochemical meas- hemoglobin addoct levels in lung cancer cases ( _ ) (n = 53) and controls

ures of urine and plasma cotinine levels (Fig. l and Table l). (--43---) (n = 56). Points with a urine eotinine level of <0.2/_g/ml are notplotted(44 cases, 29 controls)but the regressionlinesare basedon the total
Therefore, the levels of4-ABP-hemoglobin adducts (pg 4-ABP/ sampleset.
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::i!::::i!:::.: TableI Relationshipofstudymriableswithlevelsof 4-aminobiphenyl- served in slow acetylators after adjustment for cigarette smok-
ing (31). Therefore, an association with the disease is plausible.No.of

:iiii_!i:: Studyvariable subjects Levelof adducts These observations are consistent with activation of aromatic
i::::i:::::::.:::

_!!!iiii:: Allstudysubjects 109 100+6 _ amines by the competing pathway of N-hydroxylation
:i!iiii!!! Measureof smoking (CYP1A2), when protonated (by the acidic conditions in the
:_iiii::::::_:i:_: Questionnaire urinary bladder) hydroxylation products form reactive electro-
::i!::ili::i No cigaretteslast24h 68 86 + 7
:_i::i::::i ->cigarettelast24h 41 1264-12 philes (7, 35). The data presented in this report suggest that
_iiiiii!i: Urinecotinineb this mechanism does not appear to be involved in the patho-
:.ii:::::::!:: _<200ng/ml 65 84+ 7 genesis of lung cancer.:ii:i:::::::::: ->200ng/ml 39 126+ 12
_iiiii_i:: plasmacotinine The 10 nonsmoking women have relatively elevated adduct
!i!i!i!iii -<5ng/ml 42 74_+7 levels, and most of this is accounted for by the 5 women with
_::::::i!::i! _5 ng/ml 41 118-+10 breast cancer. The comparisons presented in this study were all:i:::iii::: Diagnosis
iii:i:.:.... Cases(lungcancer) 53 95± g repeated excluding these women with no changes observed. In
iii::iii:::: Controls light of the gender difference in bladder cancer incidence,
iii:!...... Chronicobstructive further studies of these markers in groups of smoking and_:_:_:_:.: Pulmonarydisease 33 104+ 14
:::::::::::i::::i: Non-pulmonarycancer 23 112+ 13 nonsmoking women without cancer is warranted.
:i::i:.!ii:: Debrisoquinemetabolicphenotypec No association was found between the formation of 4-ABP-
:i::i::i::i Poor metabolizer 6 III 4- 37 hemoglobin adducts and propensity for metabolism of the anti-:!::!::!i: Intermediatemetabolizer 12 129-+18
_i_iii!• Extensivemetabolizer 85 994-7 hypertensive drug debrisoquine. Taken together with the obser-
i iliiii:: Race ration that 4-ABP-hemoglobin adduets are not a risk factor for:::i::iii::::il Black 53 99_+10
:i!i!!i!ili White 56 103_ 8 lung cancer, the data are consistent with previous studies that
::i:i:i::: Weight identified the extensive metabolizer phenotype of debrisoquine
•_:ii::i::i!i _>170lbs 35 l l7 + 14
::iiii::iii::: -<170lbs 74 93+ 7
iii!ii::iii a pg4-aminobiphenyl/ghemoglobin,mean+_SE. Table2 4-AminobiphenylhemoglobinadductsandcurrentsmokingstatUS
ii::iiii:: bPearsoncorrelationcoefficientbetweenadduceleveland urinecotinine,r = Smokers° Nonsmokers
_ili!il 0.39,P = 0.0001,n = 109.

c Debrisoquinemetabolicphenotypeis definedbyamaximum-likelihoodthree- Levelof Levelof
mix model(19). Studyvariable No. adduets No. adduces

Allstudysubjects 41 126+ 12# 68 86 -4-7
Diagnosticgroup

•_::i_:::: individuals weighing >170 lbs. These analyses included adjust- Casesc
::::: meat for gender, race, case status, pack years smoking, and Lungcancer 23 1224- 13 30 744-9Squamouscell I I 1084-21 15 69+ 17
: i recent alcohol intake. Smallcell 2 2144- 17 3 115± 34
_:!_z:::_ Occupational history data collected using the questionnaire Largecell I 128 2 80 + 15

instrument were analyzed. Subjects were specifically questioned Adenocareinoma 9 118+ 13 10 67± 8Controls¢.d
:_:: regarding certain exposures potentially associated with aro- Chronicobstructivelung 11 152± 34 22 814-10
::i::::::i_ matic amines. In addition, employment in 12 industries was disease

Non-pulmonarycancer 7 98± 14 16 115± 17
_:ii:.. considered; these included chemical, textile, rubber, dye, and Breast 1 138 5 143+ 35
:_:_:: paper industries. None of the 12 occupations examined was Colorectal 1 71 4 132± 46

significanlty associated with elevated 4-ABP-hemoglobin ad- Esophagus 3 119± 8 4 101+ 18
Melanoma I 83 2 47± 13

::_: duct levels. However, a history of employment in one nonspe- Other It 37 1f 93
eific occupational group (non-petrochemical chemical workers) Race

Black 18 1104-22 35 93+ 11
i!:il: had elevated adduct levels. Five of 92 subjects had 4-ABe- White 23 139_+13 33 78±8

hemoglobin levels of 178 _ 58 compared to 96 + 7 for the Gender...... other 87 subjects; this elevation, however, was likely accounted Men 39 128_+12 58 794-7Women 2 87_ 50 tO 123+ 23
i :!!::i for by higher recent smoking in the 5 former workers (suggested Lifetimepack-yearsof

i::ii by urine cotinine levels of 1584 4- 797 compared to 796 __.143 smoking
_:::i ng/ml). >50 20 137_+20 32 67 _+7<50 21 1164- 14 36 102± 11

Debrisoquinemetabolic
DISCUSSION phenotypet

Extensivemetabolizer 33 123± 13 52 84_+8
Intermediatemetabolizer 4 154± 29 8 117± 22

The results of this case-control study demonstrate that lung Poormetabolizer '3 155± 68 3 67± 12
_ cancer diagnosis is unrelated to formation of 4-ABP-hemoglo- Weightii:
::_:::.... bin adducts. Furthermore, adjustment for smoking and other >170 Ibs 12 150± 29 23 99± 15<170 lbs 29 116± 12 45 79±7
i:::: study variables does not succeed in finding any association. Alcohol
! ::i::_i: There is also no association between adduct levels and histolog- >Medianh 20 123± 15 32 65_+5
::iii:: ical type of lung cancer. Curiously, subjects with non-pulmo- <Median 19 129_+20 33 104± 13
.......... nary cancers exhibit some relatively elevated levels of adducts "Smokerdefinedas subjectswho havesmokedonecigaretteor moreduring......... theweekpriorto study.

i _: among the nonsmokers. Unfortunately, the number of current b pg/g hemoglobin week prior to study_mean± SE.

: smokers among the breast cancer and colon cancer groups was _Age(mean+ SE):cases,644-7 years;controls,61± 9
years.

insufficient to allow any firm conclusions. Further medical _Pooledcontrolsconsistof subjectswith chronicobstructivepulmonarydis-
:::::::::::: easeandsubjectswithavarietyof non-pulmonarycancers.
:;::ii::::_: review of records and questionnaires did not reveal any likely eGastric.
i reason to account for this. In the case of urinary bladder cancer, /Gallbladder.

SMetabolicphenotype is defined by a maximum-likelihoodthree-mix
which has been associated with the slow acetylator phenotype model(19).

ili!iiiii: (30), increased 4-ABP-hemoglobin adduct levels have been ob- ' 3drinks/day(beer,wine,hardliquor)... ,.,..
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by CYP2D6 to be a risk factor for human lung carcinogenesis REFERENCES
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could be an obvious source of 4-ABP exposure. One explanation 9. Fraumeni, J. F. Respiratory carcinogens:an epidemiologie appraisal. J. Natl.

Cancer Inst., 55: 1039-1046, 1975.
for failure to detect an association between adduct levels and 10. MulvihilI, J.J. Host factnrs in human lung tumors: an example ofecogenetics
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