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The relationship between anthracosis, which is the deposition of black dust matter in the lung
parenchyma, and the development of pulmonary adenocarcinoma has not been fully character-
ized. In order to clarify whether background black dust matter deposition could be implicated in
the development of pulmonary adenocarcinoma, we measured the level of anthracosis at autopsy
in 47 patients who had died of pulmonary adenocarcinoma. Both lungs of all 47 cadavers were
examined. Twenty-micrometer sections were cut from formalin-fixed, paraffin-embedded blocks of
the largest cut surface of each lung. Black dust matter was extracted from the sections and blotted
onto a nitrocellulose membrane. The density of the blotted black dust matter was then analyzed
using an imaging densitometer. There were no significant differences in the density of black dust
matter deposition between lungs affected by pulmonary adenocarcinoma and control lungs. How-
ever, well differentiated adenocarcinomas tended to develop more frequently than poorly differen-
tiated ones in lungs showing less deposition. We found a very strong correlation between the
degree of black dust matter deposition and smoking history. Patients with severe anthracosis
tended to have a poorer prognosis than those with mild anthracosis.
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Although adenocarcinoma is the most common form ofdeposited in the lung) is a simple but good indicator for
lung cancer in Japan, the U.S. and some other countriesstimating exposure to insoluble carcinogens. However,
and a gradual increase in its incidence has beeranthracosis has usually been graded subjectively as mild,
recognized;? the mechanism by which it arises is not moderate, or severe during macroscopic examination of
well understood. It has been said that the increase in lungesected or autopsied lungs. Therefore, it is difficult to
adenocarcinoma since the 1950s correlates more witktudy the relationship between black dust matter deposi-
changes in smoking behavior and cigarette design thation and lung cancer in detail.
with diagnostic advancés. However, the association With recent advances in molecular biology, the concept
between adenocarcinoma and tobacco smoking remainsf multistep carcinogenesis, involving by an accumulation
unclear compared with that observed with squamous celbf multiple genetic alterations, has been propdséd.
or small cell lung carcinomds® Many chemical carcinogens such as PAHs have been ver-

Among the various DNA-damaging carcinogens, suchifed to have mutagenic and carcinogenic properties and
as mycotoxins, plant alkaloids, nitrosamines, heterocyclicare thought to be associated with genetic alterations
amines and polycyclic aromatic hydrocarbons (PAHSs),occurring early in the course of lung carcinogen&sis.
PAHs are of particular interest as lung carcinogensHowever, there are very few reports examining the grade
because they are produced during the combustion off exposure to chemical carcinogens and the histogenesis
tobacco and are contained in diesel exhalsThey are  of human carcinomas. In this study, we measured the
associated with many respirable environmental particugrade of background anthracosis in autopsied patients as
late pollutants. Insoluble respirable particles which pro-an indicator of their exposure to chemical carcinogens,
duce black dust matter deposition in the lung are majoand examined the relationship between the grade of
components of tobacco smoke and diesel exhaust, anahthracosis and the histologic and clinicopathologic char-
these are important sources of inhaled PAHS. PAHs  acteristics of their pulmonary adenocarcinomas.
associated with insoluble respirable particles are retained
in the lungs for long periods of tint&,and compounds MATERIALS AND METHODS
retained in the lungs can be metabolized there. Therefore,
the grade of anthracosis (the amount of black dust mattePatients Forty-seven patients who had died of pulmonary
adenocarcinoma at the University Hospital of Tsukuba
1To whom all correspondence should be addressed. (Ibaraki) between 1982 and 1996 were examined. Their
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Fig. 1. Black dust matter and DNA were separately extracted from sections of background lung and tumorous lesions. (13 Both lung
were sliced along the largest cut surface and paraffin-embedded blocks were made from all the sliced tissues. All theebtatks we
into 20um-thick sections. (2) All the sections were deparaffinized with xylene and dehydrated with ethanol. The dehydrated tissues
were digested with proteinase K (10g/ml) for 2 or 3 days at 48°C. (3) After centrifugation and homogenization, the appropriate
volume of the homogenized black dust matter (abouty DNA) was dot-blotted onto a nitrocellulose membrane and the density of

the blotted carbon black was analyzed.
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autopsied lungs were fixed with 10% formalin. For com- perivascular and fibrotic regions of the lung (Fig. 2). We
parison, the autopsied lungs of 24 patients who had dieébund a good correlation between the macroscopic grad-
of causes other than lung carcinoma were used afteng of anthracosis and the absolute absorbaAyesdlue
matching these patients with those who had died of puldetected by densitometry (Fig. 3).

monary adenocarcinoma with respect to the ratio of males First, we compared the med@nvalue for the lungs of
and females, and the average age. Both lungs were slicgde patients with pulmonary adenocarcinoma with that of
along the largest cut surface and paraffin-embeddedhe control patients with non-cancerous diseases. The
blocks were made from all the sliced tissues. These wermeanA values of the pulmonary adenocarcinoma group
cut into 20um-thick sections. (47 patients) and the control group (24 patients) were
Extraction of black dust matter and DNA Black dust 0.45+0.057 and 0.480.071, respectively. The difference
matter and DNA were separately extracted from sectionsvas not significant. Next, we subdivided the patients
of background lung and tumorous lesions, and the blaclaccording to tumor differentiation into groups with well,
dust matter was blotted onto a nitrocellulose membranenoderately and poorly differentiated adenocarcinoma
(Fig. 1). All the 20um-thick sections were deparaffinized (Table I). The absolutd values were also subdivided into
with xylene and dehydrated with ethanol. The dehydratedhree groups: (1) less than 0.3, (2) 0.3 to 0.6 and (3) more
tissues were digested with proteinase K (L@dml) for 2 than 0.6. There were significant differences in the deposi-
or 3 days at 48°C. Black dust matter was separated bgion of black dust matter between the groups with differ-
centrifugation for 40 min at 5000 rpm. DNA was ing degrees of differentiation. The meArvalue for black
extracted with phenol and chloroform, as described previdust matter in patients with moderately differentiated ade-
ously?® The centrifuged black dust matter was washednocarcinoma was similar to that in control patients (Table
with phosphate buffer and homogenized using an Ultrad). However, theA value in the patients with well differ-
Turrax homogenizer (IKA, Stanfer, Germany). The blackentiated adenocarcinoma was significantly lower than that
dust matter was suspended in a buffex (Iris-EDTA) in the control group. Conversely, the mearvalue for

and the appropriate volume of the suspension was doblack dust matter deposition in the patients with poorly
blotted onto a nitrocellulose membrane using “Hybri-Slot” differentiated adenocarcinoma was higher than that in the
(Gibco BRL, Gaithersburg, MD). The amount of sample control group.

loaded on each lane corresponded to tissue from which 5 The relationship between the degree of anthracosis and
ug of DNA had been extracted. The density of the blottedsmoking history is shown in Table Il. As expected, almost
black dust matter was analyzed using a GS-700 imagingll heavy smokers (20 cigarettes/day or more) had

densitometer (Bio Rad, Hercules, CA). severely anthracotic lungs. However, there were many
Statistical analysis All statistical analyses were per- patients with severely anthracotic lungs who were not
formed using Fisher’s exact probability test. heavy smokers (less than 20 cigarettes/day) and patients
with moderately anthracotic lungs who were non-smokers.
RESULTS The relationship between the degree of anthracosis and

the time between tumor detection and death (survival
Light-microscopic examination revealed black dusttime) was also examined. We divided the survival time
matter deposits mainly in the subpleural, peribronchialinto two groups: less than 6 months and 6 months or
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Fig. 2. Histology of black dust matter deposition in the lung. Black dust matter was mainly deposited in the (A) subpleural, (B)
perivascular and peribronchial, and (C) fibrotic regions of the lung. (Hematoxylin and >e$30),

more. Patients with more anthracosis had a significantlydone on the relationship between the grade of anthracosis
shorter survival time than those without severe anthracosiand the clinicopathological characteristics of pulmonary
(P<0.05) (Table III). adenocarcinomas. For this study, we have developed an
objective method for the quantitative evaluation of black
dust matter deposition in autopsied lungs. Formalin-fixed,
and paraffin-embedded sections were made from the larg-
Although anthracosis provides a simple measure of aiest cut surface of both lungs, then black dust matter was
pollution and cigarette smokirtg, the objective estima- extracted from the blocks together with DNA and dotted
tion of the degree of black dust matter deposition has upnto a nitrocellulose membrane to allow measurement of
to now been very difficult. Therefore, little work has been the absorbance. Although this method is very simple, it is
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Fig. 3. (A) Representative results of the black dust matter dot-blotting. W/D, well differentiated; M/D, moderately diftdtemiB,
poorly differentiated1-10, patients’ numbers. (B) Macroscopic appearance of lungs from pat{@nt01000) and (C) patient 1(\:

0.937).

Table I. Histological Diferentiation, Black Dust Matter Depo-
sition and Incidence of Smokers

Black dus matter deposion
<0.3¥ 0.3-06 >0.6 MeanA+SE

Incidence of
smokers (%)

Differentiaton

Well diff. 1P 3 1 0.227+0.0799 57
Mod. diff. 7 1 9 0.451+0.086 71
Poorly diff. 3 4 9 0.6%+0.066 94

Mod., moderately; di., differentiated.
a) AbsorbanceX).

b) Number of patients.

c) P<0.05.

d) P<0.01.

Table Il. Smoking History and Black Dust Matter Deposition

Black dwst matte depostion

Smoking listory Total
<0.3? 0.3-0.6 >0.6
Non-smokers 100 2 0 12
Smokers
<2(P/day 10 4 9 23
>20/day 0 2 10 12

a) AbsorbanceA).
b) 20 cigaretts/day.
¢) Number of patients.
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Table Ill. Survival Time and Black Dust Matter Deposition
Black dug méter deposiion
Survival time Total
<0.3¥ 0.3-0.6 >0.6
<6 months 3 4 139 20
>6 months 17 5 5 27

Survival time: the time betweeonhor detectin anddeath.
a) Absorbancek).

b) Number of patients.

¢) Significant dfference between group8<0.05.

very useful for examining the relationship between the
grade of black dust matter deposition and the morphologic
and clinichd chaacteristics of adenocarcinomas of the
lung.

We found no significant fflerences in black dti mat-
ter deposition between patients with pulmonary adenocar-
cinoma and control patients, but black dust matter
deposition in the lung parenchyma tended to be more
severe in patients with poorly firentiated adenocarci-
noma than in those with well féiérentiated adenocarci-
noma. Furthermore, it is very interesting that the degree
of anthracosis was mder in thelungs of patients wh
well differentiated adenocarcinoma, but was conversely
more severe in the lungs of patients with poorfjeden-
tiated adenocarcinoma than in controls.
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In this study, a significant association between anthranot closely associated with the development of well dif-
cosis and poorly differentiated adenocarcinoma was demferentiated and biologically less malignant adenocarci-
onstrated. There seems to be a close relationship betwe@oma. Several reports have indicated that moderately and
severely anthracotic lungs, which are presumed to havpoorly differentiated adenocarcinomas appear to develop
been exposed to many chemical carcinogens, and thieom very well differentiated papillary adenocarci-
development of poorly differentiated pulmonary adenocar-nomal® 2% Therefore, we speculate that underlying anthra-
cinoma. These findings confirm the hospital-based caseeosis may accelerate the malignant transition of some well
control study by Suzukét al® They analyzed the risk of differentiated adenocarcinomas to less differentiated
adenocarcinoma of the lung associated with cigarettéesions.
smoking according to grade of differentiation, and Many genetic and epigenetic alterations which are asso-
reported that the association between current smokers arahted with pulmonary carcinogenesis and its malignant
poorly differentiated adenocarcinoma was significantly progression have been reported. In order to clarify the
higher than the association with well differentiated adeno-+elationship between pulmonary adenocarcinogenesis and
carcinoma. However, in our study, certain patients wereghe genetic and/or epigenetic alterations, it is necessary to
observed who had smoked very little but had heavy blaclkconsider the underlying abnormalities. The results of the
dust depositions in the lung (Table Il). This can bepresent study strongly suggest that it is important to
explained by the involvement of other environmental fac-examine the alterations separately in tumors that develop
tors, such as inhalation of diesel exhaust. Therefore, wén lungs that are less anthracotic and in those that develop
consider that the effects of environmental factors on pulin lungs that are more anthracotic.
monary adenocarcinogenesis can be estimated more accu-
rately and more reliably by our system for monitoring ACKNOWLEDGMENTS
black dust deposition than they can from smoking history.
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