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Abstract To clarify the events leading to the disruptiof,troduction
of cell growth control that occurs during the develop-

ment of pulmonary adenocarcinoma (AC), we used ifipg grrest and progression of the cell cycle in mammalian
munohistochemistry to evaluate the expression of G1 ey is controlled through complicated pathways, and dis-
cle regulators, cyclin D1, Rb protein (pRb), and plfiiion of this control appears to be an important event in
MTS1 protein and the tumour proliferation marker, Kjncogenesis in most organs and tissues. Among numerous
67, both in AC of the lung and in its precursor lesiofyciors involved in cell cycle control, retinoblastoma (Rb)
atypical adenomatous hyperplasia (AAH). The frequeng¥ne ang protein (pRb) are one of the critical targets for
of lesions with cycllg D1 overexpression was relativelj in,s carcinogenic insults. Abnormalities of the Rb gene
high in AAH (47-89%), but was decreased in early Alye heen reported not only in hereditary and sporadic ret-

(28%) and overt AC (35%). The loss of pRb expressighpiastomas but also in various t f ;
; ypes of cancers in adults
was rare in both AAH (0-18%) and early AC (0%), a Egluding small cell lung cancer (SCLC) [6, 12], non-

was infrequent even in overt AC (13%). The 10ss of pLf5||cell lung cancer (NSCLC) [33], carcinomas of the

expression was also relatively infrequent in both the ptgssophagus [4], breast [43], liver [22, 50] urinary bladder
malignant and the malignant lesions (11-25%). OUr §61] “ovary [37], uterus [37], and prostate [10]. Abnormal
sults suggest that overexpression of cyclin D1 is an eggly s nction is induced by either deletion or mutation of
event and plays an important part in tumorigenesis in fig gene in hoth alleles, or by binding to pRb of cellular
case of lung AC. However, cyclin D1 overexpression it 4 yiral proteins. Any of these lead to the loss of normal

not required for the development and maintenance of @ction of pRb to bind and to inhibit the activity of tran-

malignant phenotype. It is likely that some cyclin Dl'irb'tmptional factor E2F. Cyclin D1 is a member of the cy-

dependent pathways other than Rb and p16 abnormalls™ tamily, which activates cyclin-dependent kinases
ties have an important role in the malignant transforn*(@DKs) essential for the progression of the cell cycle,
tion from AAH to early AC. mostly in the G1 phase. Cyclin D1 forms a complex with
CDK4 and 6 and activates them, resulting in phosphoryla-
tion and inactivation of pRb and leading to release of E2F
&rom it. Overexpression of the cyclin D1 protein, either
with or without amplification of the gene, has been report-
ed in various human cancers, including those of the breast
[44], stomach [5] oesophagus [17], urinary bladder [32],
gallbladder [42], liver [13], melanomas [41], and NSCLC
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Tel.: +81 45-787-2588, Fax: +81 45-789-0588 a CDK inhibitor (CDKI). In normal cells the level of p16
varies from extremely low or undetectable [1, 23] to high
Y. Kameda d di I d o i
Pathology Division, Kanagawa Cancer Centre, [40], depending on cell types, and maintains a complicat-
Yokohama 241, Japan ed balance with phosphorylation of pRb or transcriptional

N. Nakamura factor levels. However, the ability of p16 to induce cell-cy-
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virally transformed cells, inactivation of pRb function a®f lung lesions based on the grading systems of WHO and the Ja-
tivates the transcription and induces the stabilization P8p Lung Cancer Society [16, 45]. AAH were classified as low-

p16 mRNA [23, 40]. Similar results are obtained in t@ﬁa};l';é'éch)riﬁgdHcﬁ?gigi?fég;%?_e (HG) AAH, according to previ-

mour cell _Iines where the presence of p16 is _inversely COlSections (4 um thick) of representative areas were used for
related with pRb [1, 23, 29, 31, 36]. The high levels efaluation of the expression of pRb, p16, and cyclin D1. The sec-

pl16 in Rb-negative cells suggests that in these cells §a® were placed on silan-coated glass slides, pretreated for anti-

: ; e en retrieval by microwave heating (95° C, 15 min) in citrate buffer
competes with CyCIm D1 for blndlng to CDK4 and CDK .01 M, pH 6.8), washed in 0.01 M PBS, pH 7.4, and reincubated

and prevents formation of active complexes, but this normal goat serum. The sections were then covered with pri-
not yet been proved definitively [31]. Mutations of the pXfiary antibodies. The primary antibody used for detection of cyclin
gene have been reported in tumour cell lines and in prifAd-was a polyclonal rabbit antiserum raised against C-terminal

icing in i no acids residues 285-295 of human cyclin D1 (Upstate Bio.,
ry tumours arising in tissues such as the pancreas [8, %@w York, USA) diluted 1:20. The primary antibody for pRb was a

oesophagus [28], lungs [39], and in gliomas [38]. mouse monoclonal antibody raised against a recombinant epitope
Although it seems likely that loss of the functions ®etween amino acids 612-928 of human pRb (clone 3H9, MBL,

pRb and p16 and the overexpression of cyclin D1 haNagoya, Japan) that detects both the phosphorylated and hypophos-

an important role in tumorigenesis of SCLC, NSCL@porylated forms of pRb diluted 1:40. The antibody for p16 was a

. . clonal rabbit antiserum (PharMingen, San Diego, USA) diluted
oesophageal, breast and other cancers, little is kn -100; this antibody does not cross-react with mouse p16, but is

about their roles in the development of lung adenocargkakly reactive with human p15 and p15.5. For detection of Ki 67
noma. antigen, a mouse monoclonal antibody, MIB1 (Immunotech, Mar-

The prevalence of adenocarcinoma (AC) of the |u,-§;le, France), was used at 1:50 dilution. All sections were covered
i

; ; ; ; th primary antibodies at 4° C overnight. After washing in PBS,
particularly of bronchioloalveolar carcinoma, is appa ppropriate secondary antibodies were applied and the antigen site

ently increasing in Japan, the United States, and Otjg§ detected using an avidin-biotin-peroxidase complex kit (Vector
countries, but its pathogenesis still remains obscure. Seabs, Burlingame, USA). Immunoreaction sites were visualized

eral recent studies suggested that AC of the peripheﬁ‘m 3,3"-diaminobenzidine. Sections were washed in PBS, rinsed
lung mostly develop from a precancerous lesion, atypi&;tFOId water, and lightly counterstained with haematoxylin.

d ¢ h lasia (AAH). | imil Noncancerous alveolar, stromal, and inflammatory cells in the
adenomatous hyperplasia ( ), in a manner similar {gme specimens were used as positive controls for pRb, as de-

the adenoma-carcinoma sequence in colorectal carciibed previously by Reissmann et al. [33]. For positive controls

genesis [18, 19]. It has recently been reported that abradreyclin D1 immunostaining, tongue and breast cancer tissues

malities of the p53—p21 pathway are implicated in lun¢(§re used. Tissues of human osteosarcoma were used for positive
i

: . : ntrols of p16 immunostaining [40]. For negative controls, sec-
carcinoma development [14], though their precise r s were treated in the same manner except for omission of the

still remains to be clarified. primary antibodies.
In the present study, we used immunohistochemistryFor each antigen, distinct nuclear staining was regarded as
to study the expression of cyclin D1, pRb, and p16 Rasitive; cytoplasmic staining was disregarded. The staining re-

; ; : s for cyclin D1 were evaluated in terms of both the intensity
lung lesions at various developmental steps of periph frequency of positively stained cells. Tumour cell nuclei

lung AC to elucidate the role of their abnormalities in th@ained more intensely than those of normal epithelial cells, and
tumorigenesis. We also evaluated the proliferation g stromal cells, including inflammatory cells, were considered

premalignant and malignant cells in terms of Ki 67 e show overexpression. The frequency of cells positive for cyclin

pression and correlated the results with the variablekwas determined by counting the number of cells whose nuclei
were distinctly stained at any intensity among 1000 cells in ran-

mentioned above. We found that the overexpressiongghiy selected fields. Lesions with cells positive for pRb and p16

cyclin D1 was frequent in AAH, but was reduced during any frequency and intensity were considered to have normal
the progression from AAH to the early stage of AC (adexpression of pRb and p16. For pRb expression, the intensity was
nocarcinoma in situ), whereas the loss of pRb and Fﬂ@smed into none, weak, and intense, as compared with normal

. . . . epithelial cells and the stromal cells. For Ki 67 antigen, 2000
expression was not common in either prema"gnamc@fs were observed in the most representative areas. When the

malignant lesions, suggesting that the loss of pRb afignber of total cells was lower than 1000 in the entire field, all

pl6 functions does not play a significant part in the dbe cells were evaluated. When the internal positive controls for

velopment of lung AC. pRb and p16 were not clearly stained, they were excluded from
the analysis.

The relationships between the staining results and various clin-
icopathological factors were assessed using the Chi-square test,
Fisher's exact test and a two-tailetest. Differences were consid-

E’%q significant when the-value was less than 0.05.

Materials and methods

Tissue samples were obtained from the surgical specimens of 3f
tients who underwent lobectomy or pneumonectomy at Yokohama

City University Hospital, Kanagawa Cancer Centre Hospital, Yoko-

hama Municipal Citizen’s Hospital, and Kanagawa CardiovascUigisults

and Respiratory Centre between 1988 and 1995. Thirty-four pulmo-

nary AC lesions were obtained from 22 patients, and 26 AAH lesions

were obtained from 21 patients; 9 of these patients had concurrdigtopathology
AAH and AC lesions. The age of the patients (11 men, 23 women)

ranged from 44 to 81 years (mean 61). The patients had received@oAAH consisted of a single layer of small cuboidal

preoperative therapy, including radiation and chemotherapy. ; : . .
Tissues were fixed in 20% formalin in phosphate-buffered s%e”S proliferating along alveolar walls intermittently or

line (PBS) at pH 7.4 and embedded in paraffin. Sections 4 @@Antinuously (_Fig. 13); HG AAH ShOWEd enlarged ar_‘d
thick were stained with haematoxylin and eosin for classificatibryperchromatic nuclei and also increased cellularity
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Fig. 1 Histological appearance aflow-grade atypical adenoma-Table 1 Incidence of lung lesions with cyclin D1 overexpression,

tous hyperplasia (AAHY high-grade AAHc early adenocarcino- loss of pRb, and loss of p16& AAH low-grade atypical adeno-

ma (AC), andd overt AC.Bar 10 pm matous hyperplasiakiG AAH high-grade atypical adenomatous
hyperplasiaAC adenocarcinomi:)

Category Cyclin D1 Loss of pRb Loss of p16
compared with LG AAH (Fig. 1b). Early AC, which is overexpression
often called AC in situ in other organs, consisted of cell
with nuclei that were even mor% hyperchromatic aiig‘ AAH 715 (479} S/17 (18%) 4116 (25%)
pleomorphic and were sometimes stratified (Fig. 1¢)G AAH 8/9 (89%} 0/9 (0%) 1/9 (11%)
Overt AC had extremely pleomorphic nuclei, and mosérly AC 3/11 (2899 0/11 (0%) 2/11 (18%)
of the cells were stratified (Fig. 1d) [18, 19]. Fifteen Igs, .. ac 8/23 (35%;] 3/23 (13%) 3/23 (14%)

sions were graded as LG AAH and 9 as HG AAH. There
were 11 early AC lesions. Twenty lesions were well-di#sSignificantly different from the corresponding values for LG
ferentiated and 3 were moderately-differentiated AC. ARH (P=0.004), early ACR=0.009), and overt ACR=0.007).P-

i i i es were calculated by Fisher's exact test
these lesions were considered on the basis of macros@,’@#t-een of 24 lesions (63;.5%) with combined LG and HG AAH

ic and histological studies to have occurred in the periphiy 11 of 34 lesions (32.4%) with combined early and overt AC
eral lung. For evaluation, both well- and moderately-ddhowed cyclin D1 overexpression, and the difference between
ferentiated AC lesions were categorized as overt A®AH and AC was significantR=0.017

AAH lesions ranged from 1.3 to 8.5 mm (mean 2.8 mm),

early AC lesions from 6.25 to 18 mm (mean 11.0 mm),
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Table 2 Frequency of occur-

rence of cells positive for Category Cyclin D1
cyclin D1 in lung lesions. —
p¥va|ues were §a|cu|ated >10% positive cells (%) >25% positive cells (%) >50% positive cells (%)
between groups indicated by
Fisher's exact te i LG AAH (n=15) 12 (80) ] 10 (67) ] 6 (403

HG AAH (n=9) 9 (100, 9 (10C 9 (10

}P: . P:0.0%| P=0.0004 P=0.005
Early AC (=11) 7 (64) :I 5 (45) ] 2 (18))]
Overt AC =23) 14 (61) 6 (35) 4 (17

and overt AC lesions from 10.0 to 53.0 mm (mean 24.0 Immunoexpression of pRb in AAH and AC is shown
mm) in size. in Fig. 3. pRb was expressed intensely in the nuclei of
some lymphocytes and type Il alveolar cells, as well as
in the cytoplasm of macrophages. pRb staining was
Immunohistochemistry sometimes granular in AC cells. As shown in Table 1,
loss of pRb expression was observed in 3/17 lesions
The nuclei of bronchiolar epithelial cells and type Il celld8%) of LG AAH, 0/9 lesions (0%) of HG AAH, 0/11
in nonneoplastic lesions showed only partially and wed&sions (0%) of early AC, and 3/23 lesions (13%) of
ly positive cyclin D1 expression compared with the posivert AC. Thus, 3/26 lesions (13%) of AAH lesions and
tive breast cancer controls. The cytoplasm of mac®34 (9%) of AC lesions exhibited loss of pRb expres-
phages was nonspecifically positive for cyclin D1. Cwion. There was no difference between any categories of
clin D1 was uniformly stained in most cyclin D1-positivene lung lesions.
AAH cells and some AC cells, but other groups of AC In nonneoplastic lesions, some of the lymphocytes
cells showed a granular pattern of positive reaction. Téwed type-Il alveolar cells were positively stained for p16,
incidence of lesions with cyclin D1 overexpression [sut the staining was weaker than in positive controls.
shown in Table 1. In AAH, 15/24 lesions (62.5%Yhe nuclear staining of p16 in most AAH cells and some
showed overexpression of cyclin D1 (Fig. 2a), but onAC cells was uniform (Fig. 4a, b), but other AC cells, es-
11/34 lesions (32.4%) showed overexpression in Agecially in weakly stained lesions, showed a granular
(Fig. 2b); there was a significant difference betwegyattern. The cytoplasm of the macrophages was stained
these two groupsPE0.017). Among all the categoriesnonspecifically. The cytolasm of some AC cells was also
HG AAH showed the highest incidence of cyclin Diveakly stained.
overexpression (89%), which was significantly different There was no difference in loss of p16 expression be-
from the corresponding values in LG AAHP<0.004), tween any category of lung lesions (Table 1). Loss of
early AC P=0.009), and overt ACP=0.007). pl6 expression was seen in 5/25 lesions (20%) of com-
We also evaluated the cyclin D1 expression in termihied AAH and 5/34 lesions (14.7%) of combined AC.
of frequency of cells positive for cyclin D1 staining in  When the staining intensity was compared between
each lesion and compared the results among the categelin D1 and pRb, most lesions in all categories except
ries of lung lesions (Table 2). At any cutoff value useslert AC showed intense expression of both cyclin D1
(10%, 25%, 50%), there was a clear tendency for cyclind pRb (Table 3). In overt AC, pRb expression was ab-
D1 expression to be highest in HG AAH, second highesint or weak in about half the lesions, and this correlated
in LG AAH, and lowest in early and overt AC. Althouglwith low-level cyclin D1 expressiorPE0.018).
the statistical difference between combined AAH and The Ki 67 labelling index increased significantly as
combined AC was most significar?£0.0004) when the the malignant potential progressed (Table 4). When le-
cutoff value of 25% was used, the differences was akions with cyclin D1 overexpression and those with low-
significant at the cutoff values of 109%<0.023) and level expression were compared, a slight tendency was
50% (P=0.0005). noted for the former group to have higher Ki 67 labelling
index values than the latter, though the difference was
not significant.
Fig. 2a, b Representative immunostaining for cyclin D4.In There was no correlation between cyclin D1 and p16

low-grade AAH cyclin D1 is more frequently and intensely ex@" Petween pRb and p16.
pressed than in overt A®), Bar 10 pn

Fig. 3a, b Representative immunostaining for Rb gene proteb._ -
(pRb). pRb expression is preserved in balow-grade AAH and Discussion

b overt AC.Bar 10 urr . . . . e
Fig. 4a, b Representative immunostaining for pl16. pl6 expre’sA-AH is a small lesion in the peripheral lung, exhibiting a

sion is seen in some of the cells in battow-grade AAH ancb  Uniform proliferation of cuboid or columnar cells along
overt AC.Bar 10 prr the alveolar wall. The cells of AAH show various de-
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Table 3 Relationship between .
pRb and cyclin D1 immuno-  Category PRb n Cyclin D1 P-valuet

staining intensity in lung lesios

none-weak moderate-intense

LG AAH None-weak 5 1 4 0.495
Moderate—intense 10 2 8
HG AAH None—weak 0 0 1.000
Moderate—intense 9 0 9
Early AC None-weak 2 2 0 0.054
Moderate—intense 9 1 8
a . , Overt AC None-weak 12 7 5 0.018
Calculated by Fisher's Moderate—intense 11 1 10
exact tes:
Table 4 Ki67 labelling index .
and levels of cyclin D1 expres- Catégory n Cyclin D1
sion . .
Low-level expression Overexpression Total
LG AAH 15 0.72+0.80 0.74+0.98 0.73+0.86
HG AAH 9 0 1.73+1.32 1.53+1.36
Early AC 11 2.94+4.04 5.73+1.96 3.70+3.73
Overt AC 23 11.06+6.90 14.06+7.28 12.10+7.02

grees of nuclear enlargement, hyperchromatism, pleo-Amplification of cyclin D1 gene (PRAD1), located
morphism and cellularity, and these are sometimes ®@011q13, and overexpression of the protein have been
marked as to be hardly distinguishable from well-differeported in a subset of NSCLC including AC [3, 26].
entiated AC, particularly bronchioloalveolar carcinom®ur results here showed the cyclin D1 was overex-
Kitamura et al. have previously analysed the charactepsessed not only in overt AC but also in early AC at fre-
tics of AAH and distinguished it from AC by the resultguencies comparable to those reported in previous stud-
of morphometric and immunohistochemical evaluatides. Surprisingly, cyclin D1 overexpression was much
of overexpression of the tumour suppressor gene pB8re prevalent in AAH, and particularly in HG AAH. In
[19]. They showed that there was a distinct differencethis study, the expression of cyclin D1 was assessed us-
p53 immunoexpression between AAH, early AC, aridg various criteria, as in studies reported hitherto many
overt AC. More recently, Hayashi et al. reported that tdéferent criteria have been employed [2, 3, 26, 44]. All
regulation of the p53—p21 pathway is already disruptde results were, as a rule, consistent, in that cyclin D1
in AAH [13]. From these results, it was supposed thawerexpression was more frequent in AAH than in AC,
abnormalities in G1 cycle regulation might already occuorost frequent in HG AAH, and equal in early AC and
in AAH. In this study, we focused on the expression ofrert AC. Overexpression of cyclin D1 in premalignant
cyclin D1 and pRb, which take positions in the lowéesions has been reported in murine [49] and human [2,
stream of G1 cycle regulation, as well as of pl16,48] colonic carcinogenesis [2, 49] and in murine skin
tumour suppressor gene product regulating the activiigrcinogenesis [34]. In addition, Koshikawa et al. re-
of pRb, since these G1 cell cycle regulators are commeorted results similar to those shown here in their study
ly targetted in the genesis of various types of human cafi-AAH and AC [20]. It thus appears that overexpres-
cer. sion of cyclin D1 is a common and presumably impor-
As AAH lesions are too small to be detected by preant event that occurs in the earlier stages of carcinogen-
surgical radiological methods of diagnosis such as @3$is in many tissues, including the peripheral lung.
scan and are usually only found by careful pathologiddbwever, it is likely that cyclin D1 overexpression is no
examination of fixed material, it is necessary to obtain lasmger required for maintenance of malignant phenotype
much information as possible from such small fixeghce the lesions have become malignant, at least in lung
samples. Furthermore, technical difficulties with tisswmrcinogenesis. A similar reduction of cyclin D1 expres-
samples can confound blottings, because samples usugty has been reported in a study on human breast can-
contain a mixture of contaminating inflammatory ancers, where a negative correlation of cyclin D1 expres-
stromal cells. For this reason, we subscribe to the presibn with proliferative activity and differentiation mark-
ously reported view that immunohistochemical analysss was demonstrated [44]. A cyclin D1-independent
of the routine samples is the most convenient method jfooliferation pathway, for example one related to a de-
learning the characteristics of lung lesions that we repfatt in the Rb gene, is considered a plausible explana-
in this study [10]. tion for this observation [44]. Alternatively, increased
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levels of cyclin D1 can be found not only in growth-prgsroliferation and cyclin D1 overexpression do not neces-

moting but also in growth-arresting conditions [9]. Thusarily parallel each other.

it can be speculated that overexpression of cyclin D1 inln conclusion, since the overexpression of cyclin D1

AAH cells may reflect a growth-inhibitory state againstias relatively high in AAH, but was decreased during

growth-promoting effects exerted by some unknowprogression from AAH to early stage of AC, cyclin D1

mechanism. overexpression appears to be important in the early stage
Abnormality of the Rb gene is commonly seen iof lung AC oncogenesis. pRb and p16 were well pre-

wide spectrum of human tumours. While SCLC showssarved in both the premalignant and the malignant le-

high frequency of loss of pRb expression [6] and LOH sions, and thus apparently do not have an important role

the gene [12], NSCLC preserves the Rb gene and fuimcthe development of lung AC.

tion relatively well [33]. In particular, AC shows a lower
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showed loss of pRb expression, suggesting that loss of
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