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Figure2 Odds ratios and 95% confidence intervals for lung cancer risk associated with the indicated parameters
(bottom), in the gander- and ag tched subpopulations of the lung cancer and control groups. Odds ratios were
lculated by the Mantel-H | projection hod, with stratification according to smoking status (never smoker,
ex-smoker or current smokar), and are presented with tha pooled estimates for odds rativs. The pooled odds ratios were
significantly high for every pa A g thesa par s, VC < B0% was shown to be a consequence of lung
cancer and should not be considered as a risk factor for lung cancer (see text). Data for VC < 80% was not available for

ex-smokers as the number of subjects was too small. LAA, low attenuation area; GGA, ground glass attenuation. [

subpopulations, the higher prevalence of FEV,/
FVC < 70% in the lung cancer group in comparison to
the control group cannot be nlltiﬁuml to impaired
pulmonary function due to lung cancer. Therelore,
reduced FEV,/FVC was most likely a risk factor con-
tribuling to lung cancer. Third, only three CT slices
were reviewed for evaluation of LAA, GGA and fibro-
sis. Although the scoring methods used have been
published and widely recognized, more sophisticated
methods, for example computer assisted quantitative
diagnosis, should be developed. Finally, other biases
may have existed between the two groups. For
example, individuals who participate in a cancer
screening programme may be more health conscious
than others. It is likely, therefore, that individuals in
the control group had healthier lifestyles, besides
smoking habit, than those in the lung cancer group.
There are several reports on the association
between COPD or airllow limitation and lung cancer
risk."*' with odds ratios or relative risks ranging from
2 to 6. TLD has also been suggested (o precﬁspase o
lung cancer, with a relative risk of 8.25" or 14"
Although these case-control studies' ' #415% ywere
l.‘('.ll'(!ﬁ.l.’ﬁ' controlled for gender, age and smoking
status, over-diagnosis bias could not be excluded, as
patients with COPD or ILD receive medical check-ups
more [requently than control subjects. Other swudies
that have attempted to evaluate odds ratios for lung
cancer by comparing the prevalence of COPD in lung
cancer and control groups'"*'* scemed 1o be defi-
cient in assessing COPD diagnosis among control

subjects, because this was based on interviews or
questionnaires. In contrasl, the present study is the
first to cvaluate semi-quantitative CT findings and
spirometric data in lung cancer and control groups, in
order to minimize (these biases and deliciencies.

Of particular importance is the fact that CT and
spirometric abnormalities were risk factors for lung
cancer even alter adjusting for smoking status. This
suggests (wo possibilities, namely, that these risk
factors are not related o smoking, or that there
is inter-individual variability in the sensitivity to
smoking, and persons who are sensitive to smoking
are predisposed to multiple smoking-related pulmo-
nary discases, including COPD, ILD and lung cancer.
In cunclusion, patients with lung cancer had a higher
prevalence of LAA, fibrosis and GGA, as assessed by
CT, and reduced FEV//TVC compared with control
subjects, even after adjusting for gender, age and
smoking status,
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Circulating Endothelial Cells in Non-small Cell Lung Cancer
Patients Treated with Carboplatin and Paclitaxel

Makoto Kawaishi, MD,* Yutaka Fujiwara, MD,} Tomava Fukui, MD,* Terufumi Kato, MD,*
Kazuhiko Yamada, MD,7 Yuichiro Ohe, MD, PhD,1 Hideo Kunitoh, MD, PhD,t
lkuo Sekine, MD, PhD,t Noboru Yamameto, MD, PhD,t Hiroshi Nokikara, MD, PhD,7
Takeshi Watabe, PhD.} Yuji Shimoda, PhD,} Tokuzo Arao, MD, PhD.§ Kazuto Nishio, MD, PhD,§
Tomaohide Tamura, MDY and Fumiaki Koizumi, MD, PhD*

Introdaction: Circulating endothelial cells (CECs) increase in can-
cer patients and play an important tole in tumor neovaescularization.
Methods: This sludy was designed Lo investigate the role ol CEC as
a marker for predicting the effectivencss of a carboplatin plus
paclitaxel based first line chemothempy in advanved non-small cell
lung cancer (NSCLC).

Resnlts: The CEC count in 4 ml of peripheral blood before starting
chemotherapy (buselive value) was significantly higher in NSC1.C
patients, ranging from 32 to 4501/4 ml (n = 3), mean + SD =
595 £ 832). than in healthy volunteers (n = 53, 46.2 + 86.3), We
did not delect a significant correlation between the CEC count and
estimated timor volume. CECs were sigmficantly decreased by
chemotherapy as compared with pretreatment values (175.6 = 24
and 173.0 * 24, day +8, +22, respectively), We investigated the
correlotion between baseling CEC and the clinical effectiveness of
chemotherapy. CEC values are significantly higher in patients with
clinical benefit (partial response and stable disease, 516 = 458,
8708 = 1215, respectively) than in progressive disease patienis
(211 = 150). Funhermore, a statistically significant decrease in
CECs. on day 22, was observed only in patienls with partial
response. Palients who had a baseline CEC count greater than 400/4
ml showed a longer progression-free survival (=400, 271 days
|range: 181-361] versus <400, 34 [range: &1 -186], p = 0.019).
Conclusion: CEC is suggested (o be a promising predictive marker
of the clinical efficacy of the CBDCA phws paclitaxel regimen in
patients wilh NSCLC.

Key Words: Circulating endothelial vell. NSCLC, Chemotherapy.
-/ Thorac (ucol. 2000:4: 208 -213)
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ngrogenesis plays a critical role in the growth and me-

mstasis of solid wmors.! The clinical importance of
angiogenesis M human nomors has been demonstiated by
several reports indicating a positive relationship between the
blood vessel density in the tumor mass and poor prognosis.
Le., survival, in patients with various types of cancers includ-
ing non-sinall cell lung cancer (NSCLC).* ¢ Furthermore,
Natsume et al.” reponted the antitumor activities of anticancer
agents to be less active agamst vascular endothelial growth
Tactor-secreting cells (SBC-3/VEGF), in vivo as compared
with its mock transfectant (SBC-3/Neo). In recemt years,
antiangiogenic agents have also heen demonstrated to be
aclive against a variety ol malignancies, including lung,
colorectal, and renal cancer® ' Thus, angiogenesis is a
promising target for cancer treatment and is related to the
prognosis and efficacy of these drugs, though the tmor
vessel biomarkers which predict the effectiveness of antian-
giogenic agents and other anticancer agents are not always
useful and have not become well-established.

Circulating endothelial cells (CECs) have been recog-
nized as a useful biomarker for vascular damage. CECs are
imcreased in cardiovascular disease, vasculitis, infectious dis-
ease, and various cancers.'' ' Recently, CECs were found to
be more numerons and viable in cancer patients than in
healthy subjects.’*'* Furthermore, elevated CECs in cancer
patients were found to be nearly normalized when the tumor
was removed surgically or with chemotherapy.' Therefore,
most CECs are considered 1o be disseminated tissue endo-
thelial cells in the wmors and (he CEC number may reflect
the extent of umor angiogenesis. Indeed, the CEC level has
been demonstrated 1o comelale with the plasma level of
VEGF. one of the pivotal factors promoling tumor angiogen-
esis " Mancuso et al. reported that CEC kinetics and viability
are promising predictors of the response to chemotherapy
with antiangiogenic activity in patients with advanced breast
cancer ' Thus, CEC is hikely w0 be a uselul marker for
predicting the effectiveness of chemotherapy as a noninva-
sive angiogenesis markes

NSCLC is the leading canse of cancer-related deatl
worldwide. NSCLC accounts for approximately 50% of pa-
tients presenting with unresectable advanced stage.'” and
platinmm-based chematherapy offers only a small improve-
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CECs in Non-small Cell Lung Cancer

ment in survival with advanced NSCLC ™™ Over the past
decade. several new agents against NSCLC have become
available, including the taxanes. gemeitabine, vinorelbine,
and irinotecan. The combination of platinum and these new
agenis has resulted i a high response rate and prolonged
survival compared with older chemotherapy regimens (e p..
vindesine, mitomycin, ilosfamide. with cisplatin). Therefore,
these regimens are considered standard chemotherapy for
advanced NSCLC .2 26 Alihough new agents have different
mechanisms of action. these combination regimens have not
been administered based on the biologic characteristics of
cach tumor.

Paclitaxel inhibits several endothelial cell functions in
vitro such as proliferation, migration, morphogenesis, and
metalloprotease  production.?” 2 These activities result in
antiangiogenic activity in in vivo xenograft models 2% In-
terestingly, human endothelial cells are more seusitive 1o
pachitaxel than other cellular types.® We hypothesized that
the CEC value is associated with tumor neovascularization,
which is one of the targets of paclitaxel. In the present study,
we investigated whether the CEC count at baseline is asso-
cinted with the effectiveness of the CDDP plus paclitaxel
regimen in patients with advanced-stage NSCLC.

MATERIALS AND METHODS

Patients

Patients with histologically or cytologically docu-
menied advanced NSCLC were eligible for this study. Each
patient was required to meet the following criteria: (1) no
prior treatment including chemotherpy., surgery, irradiation,
or any fluid drainage; (2) no prior general anesthesia for
diagnostic procedures including mediastinoscopy or thora-
coscopy, (3) no concomitant diseases including ischemic
heart diseases, systemic vasculitis, pulmonary hypertension,
or serious complications including infectious disease or dia-
betes: (4) written informed consent. The trial document was
approved by the institutional review board. The clinical
characteristics of the patients are shown in Table 1.

Treatment Schedule and Response Evaluation

All patients were treated according to the following
chemotherapeutic regimen: paclitaxel at 200 mg/m? over a
3-hour period followed by carboplatin at a dose with an area
under the curve of 6 on day 1, repeated every 3 weeks. The
treatment was repeated for three or more cycles unless the
patients met the criteria for progressive disease (PD) or
experienced unacceptable toxicity.

The major axis (a) and minor axis (b) of the tumor mass
i each patient were measured with compuied tomography.
Estimated tumor volume (ETV) was calculated using the
following fonmula: FTV = 4/3 % 7 (a2 % b/2) % (a2 +
b/2)2. Computed tomography examinations were perlormed
before weatment and with every one or two eyeles of chemo-
thevapy. Response was evaluated according to the RECIST,
and tumor markers were excluded from the criteria ™

Assay for CEC

Blood samples Trom NSCT O patients and healithy vol-
unteers were drawn into g [0-m1 Cellsave Preservative Tube
¢ fem the Nemly

Cogrornelt © W Ey the Bntermational Dases folios

of L

TABLE 1. Baseline Characteristics of the Patients
N =1}

Characteristic Nu. (%)
Crember

Mile 17 (55)

Female 4 (45)
Median age {yr) o0

Range 43-1
ECOG performmnee stalus

v 18 (58)

! 13 (42)
Stiage

mna 2(6)

nB T(23)

v 22(71)
Histology

Adenocarcinon 23(14)

Squamous cell carcinoma 4 (13)

Others 4(13)

(Immunicon Comp. Huntingdon Valley, PA) lor CEC enumer-
ation. The CEC protocol used was approved by the Institu-
tional Review Board and written informed consent was ob-
wined from each subject. Smmples from NSCLC were
obtained before (baseline) and 8 and 22 days afier stanting
chemotherapy. Samples were kept at room temperature and
processed within 42 hours after collection. All evaluations
were performed without knowledge of the clinical status of
the patients. The CellTracks system (Imoumicon Corp) which
consists of CellTracks AutoPrep system and the CellSpotter
Analyzer system was used [or endothelial cell enumera-
tion > [n this system, CDI46+/DAPI+/CDI05-PE+/
CDASAPC- cells are defined as CECs. Briefly, cells which
express CD146 were immunomagnetically captured using
ferrofluids coated with CDI146 antibodies. The enriched cells
were then labeled with the nuclear dye 4V, 6-diamidino-2-
phenylindole (DAPI). CDI10S antibodies conjugated to phy-
coerythrin (CDI05-PE), and the pan-leukocyte antibody
D45 conjugated to allophycocyanin (CD45-APC), In this
system, the CD146-enriched, Muorescemly labeled cells were
identified as CECs when the cells exlubited the DAPL4/
CDI05+/CDA45- phenotype. We performed CEC enumera-
tion twice, using the same sample, and calculated the mean
value,

Statistical Analyses

This study was carricd onl as exploratory research for
detecting CECs from NSCLC patients. The number of en-
rolled patients was therefore not precaleulated. Spearman’s
carrelation analysis was performed o investigate the corre-
lation between CEC comt and TV, Between-group com-
parisons were made using the 1 test. The association between
CEC count and progression free survival (PIS) was estimated
using the Kaplan-Meier method. The log-rank test was used
10 assess the survival difference between strata, Diflerences
were considered stanstically significant at p < (005
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RESULTS

Patient Characteristics

A total ol 32 patients were enrolled in the study
between August 2005 and March 2006 (Table 1), One patien
withdrew consent o participate. Table | swmmarizes the
characteristics of the study population. The median age of the
patients was 60 years (range, 43 71). The histologic and/or
cytologic  diagnosis was adenocarcinoma in 23 paticnts
(74.2%), syuamous cell carcinoma in 4 (12.9%). and unclas-
sified NSCLC in 4 (12.9%). There were 17 males (54.8%).
The clinical stage was 1IIA in 2 patients (6.5%). 1B in 7
(22.6%), and 1V in 22 (71.0%).

Ninety-two CEC samples from 31 paticnts (three sam-
ples per patient) were obtained and analyzed, One sample,
obtained 22 days after treatment, was not examined because
of inadequate collection,

Quantification of CEC

In 31 advanced NSCLC patients, CECy ranged from 32
10 4501 cells/4.0 ml of blood, mean = SD = 595 * 832 at
baseline. CEC counts were elevated in a large portion of
patients with NSCLC as compared with healthy volunteers
(n = 53, mean * SD = 46.2 + 86.3/4 ml). Case 21 had an
exceptionally high CEC count (4501 at baseline). We did not
detect a significant correlation between the CEC count and
ETV in the 28 assessable patients (p = .84, Figure 1). The
analysis of CECs during the first course of treatment showed
CEC levels to be reduced by CBDCA plus paclitaxel chemo-
therapy as compared with pretreatment values (176 + 141 a1
8 days and 173 = 189 at 22 days afier treatment) (Figure 2).
These reductions were significant (p = 0.011 on day 8 and
p = 0.04 on day 22), but (here was no significant difference
between CEC mmounts on day 8 versus day 22 (p = 0.476).
There was no difference in the amount of CEC at baseline
when patients were subgrouped according to characteristics,
such as sex, smoking history, histologic type, and clinical

-
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Estimated tumor volume {(cm?)
FIGURE 1. Scatter plot analysis to determine the correla-

tion between the number of circulating endothelial cell
(CEC) and estimated tumor volume (ETV). ETV s calculated
with computed tomography (CT) examination. Case 21 is
not included
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FIGURE 2. Circulating endothelial cell (CEC) levels during
the first course of CDDP plus paclitaxel chemotherapy. *p <
0.05 versus values at baseline.

stage. Furthermore, there was no comelation of CEC amounts
with the blood examination data (e.g., mumber of white blood
cells, neutrophils, lymphocytes, hemoglobin, platelets, albu-
min, LDH, CRP, CEA, CYFRA),

CEC Amounts and Objective Tumor Response
to Chemotherapy

Thirteen (41.9%) of the 31 patients who received carbo-
platin and paclitaxel therapy showed a partial response (PR) and
12 (38.7%) showed stable discase (SD). The other 6 patients
(19.4%) showed PD. The amounts of CEC at baseline in the
patients who showed PR and SD were 516 = 458/4 ml and
871 % 1215/4 ml. respectively, and these values were signifi-
cantly higher than in PD patients (211 = 150/4 ml, p = 0.023
and p = 0.044, respectively) (Figure 34), Although CEC dec-
remenis duning chemotherapy were observed in all three sub-
groups, the extent of the decrements tended 1o be greater in

A ¢ — B
f_‘—.
_ 2000 15
3 2 e
€ o
: o b
i 1000 g 3
|
E s £ 05
L -
8 E : 3 E
o - -
B ' - "
u . - ’ | ”
PR &0 PD day1 day8 day22

FIGURE 3. A, Comparison of circulating endothellal cell
(CEC) amount at baseline in non-small cell lung cancer
(NSCLC) patients with different clinical responses to CBDCA
plus paciitaxel chemotherapy. *p < 0.05 versus values of
patients with progressive disease (PD). Case 21 is not in-
cluded, B, Relative change in CEC amount In patients with
partial response (PR), stable disease (SD), and PD.
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1.0 CEC > 400 (n=14)
;i- median, 249 days
T 08 CEC < 400 (n=17)
z median, 69 days
-
“ 06 Log rank test:
f p=0.019
§ 04 1 ceceon CEC>400
-
4
a

0
0 100 200 300 400 500 600
Days

FIGURE 4. FProgression-free-survival according lo circulating
endothelial cell (CEC) count at baseline. The median dura-
tion of progression-free survival was greater in patients
whose CEC count exceeded 400 (median, 244 days) than in
patients whose CEC count was less than 400 (69 days).

patients with PR and 8D than in those with PD (Figure 35). In
the subgroup analysis, a significant decrease in CECs was
observed on day 22 only in PR patients (p = 0.018),

CEC Amounts and PFS

For all 31 patients, the median PFS was 154 days
(range, 81--361 days). Univariaie analysis indicated that pa-
tients who had a CEC count of more than 400/4 ml at baseline
showed a significantly improved PFS (0 = 14, median; 244
days) (Log-rank test, p = 0.019, Figure 4), A CEC count
below 400 at baseline was associated with a poorer PIS (n =
17, median; 69 days). The CEC count did not exceed the
value of 400/4 ml in any of the healthy vohmteers. When we
compared the patients whose CEC counts exceeded 200 with
those whose counts were less than 200, a consistent differ-
ence in PFS was observed between the two groups (=200:
n = 22, median 227, <200, n = 9, median 116, p < 0.039).

DISCUSSION

In the present study, we investigated the number of CEC
during the first course of CBDCA plus paclitaxel chemotherapy.
To our knowledge, this is the first report of CEC in NSCLC
patients before treatment. Our findings  demonstrated CEC
counts n advanced NSCLC at baseline level o be much higher
than those n healthy subjects (595 = 832/4.0 ml versus 32.6 +
29.5/4.0 ml). Because the NSCLC patients had not yet received
anticancer therapy, these increased CECs ane likely 10 be mostly
derived from the tumor site. In o previous study, it was found
that the amounts of CECs conelate strongly with tumor volume
m vivo inoan amnal model™ Nevertheless, we did not find a
significant correlation between CECs and TV, Because the
mumber of CECs could be influenced by many factors related w
tumor vascolature, neovascularization, and localization of the
tmor, our filure toadentify a strong corvelation in s sy is
ot surprising. We were also unable w deteet a significant direet
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comelation between CEC amownts and various blood examina-
tion data including tumor markers such as CEA and CYFRA. Tt
15 unclear at present what biologic charactenstics of the tumor or
clinical featwres the CEC number most closely reflects as a
biomarker. Mancuso et al. reported that CECs are strongly
associaied with plasma levels of VCAM-1 and VEGE in breast
cancer and lymphoma patients.'*™ Becauwse VCAM-1 and
VEGF are crucial factors for tumor angiogenesis, the variability
in CTC values among NSCLC patients might indicate a differ-
ence in the neovasculanization of each tnnor.

We were further able to demonstrate that elevated
CECs decreased dramatically afier CBDCA plus paclitaxel
treatment, but did not reach the level of healthy subjects,
Decreased CEC values did not rise again during the first cycle
of chemotherapy. Although myelosupression was observed
on day 8 and recovered on day 22 in many patients (data not
shown), CEC kinetics do not parallel those of WBC, indicat-
ing that CEC kinetics might not be influenced by myelopoi-
esis. Several clinical studies in the field measuring CEC
found chemotherapy to be associated with either an increase
or a decrease in CECs 23 The different tumor types, stages,
prior therapy or not, the anticancer drugs used, measuring
points and quantification methods of CEC might have influ-
enced the CEC results after treatment. In the present study, the
pretreatment CEC value was much higher than that in lung
cancer with metastasis (mean = SD = 146 * 270/4 ml), as
reported elsewhere ** Although the details of the prior therapy in
patients with metastatic carcinoma were not provided,** che-
motherapy can eventually decrease the CEC count.

Schiller et al. compared four standard chemotherapy
regimens, cisplatin plus paclitaxel, cisplatin plus gemcitab-
ine, cisplatin plus docetaxel, and carboplatin plus paclitaxel
and found no significant difference in survival.** Despite (he
different modes of action of each nonplatinum agent agains
tumors and different biologic characteristics of each tumor,
we could not select the regimen based on these characteris-
tics, In our small study, the patients with PR/SD and longer
PFS had higher baseline CEC values. Therefore, it seems that
the baseline CEC count is a promising predictor of clinical
response 10 the CBDCA plus paclitaxel regimen and survival
in advanced NSCLC. I CEC is a marker for angiogenesis and
reflects tumor neovasculanzation, it is likely that a high CEC
is associated with a poor prognosis and lower effectiveness of
antiangiogenic therapy. Paclitaxel and docetaxel are catego-
rized as mitotic spindle agents with potent antiangiogenic
properties 7% This is why a paclitaxel based regimen might
be more effective against wmors with high CEC values,
Nevertheless, CEC counts have also been reported o be
mereased in several clinical syndromes, such as cardiovascu-
lar diseases. mfections diseases. and vasculitides.!'' ' The
C1C connts in patients with vasculitides have been reported
1o be dozens of [ld higher than those in healthy subjects, '
therefore, we have to consider the patient condition carelully
while miterpreting the CEC counts in individual patients,
although there were no patients with vasculitis i the present
study . Turther climeal mvestigation, with a similar approach.
inchuding  other nonplatimim amicancer agents, such s
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CDDP plus gemcitabine, is essential for the climeal applica-
tion of CEC for made-to-order chemotherapy in NSCLC.

Antiangiogenic therapy targeting the VEGE pathway
such as bevacizumab and VEGER inhibitors have shown
promise in the treatment of solid wmors.**? These agents
mhibit endothelial cells through mhibinon of the VEGF
pathway. It was recently demonstrated that the addition of
bevacizumab to CRDCA plus paclitaxel in advanced NSCLC
patients produces a significant survival benefit as compared
with chemotherapy alone * Considering the outstanding clin-
ical trial and our present study, it would be of great interest to
mvestigate the role of CEC in this regimen.

In conclusion, CECs were measured in NSCLC patients
before treatment. Our small clinical sudy indicates that the
CEC count at baseline 15 a potential biomarker for predicting
the response o chemothempy and PES, but further clinical
evaluation is needed. In the near future, we will start a climeal
investigation, using a similar approach, 1o examine other
chemotherapentic regimens.
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Abstract

Objective To review diagnostic procedures, therapeutic modalities, and follow-up methods in patients with
suspected lung tumors.

Methods We retrospectively examined 70 patients who underwent a complete medical checkup because
they had been positive for sputum cytology and had presented no chest X-ray findings for the 10-year period
between 1994 and 2004. To make a diagnosis, we conducted the first complete medical checkup that in-
cluded chest X-ray, sputum cytology, chest computed tomography (CT), and bronchoscopy. In the case that
no diagnosis could be made, we repeated the chest X-ray and sputum cytology every 3 to 6 months and ad-
ditionally conducted chest CT and bronchoscopy according to abnormal findings.

Results Among 70 patients, there were 36 and 13 who were diagnosed during the first complete medical
checkup and follow-up, respectively, 13 who remained undiagnosed, and eight for whom follow-up was dis-
continued, Among the 49 diagnosed patients, 40, 8, and 1 patient had lung cancer, upper respiratory tract car-
cinoma (URTC), and esophageal carcinoma (EC), respectively. Among the 40 patients with lung cancer, 34
had a stage 0 or I tumor and 15 were radically treatable by photodynamic therapy and endobronchial irradia-
tion. Nine among 11 patients whose lung cancer was detected during follow-up had a stage 0 or IA wmor.
Conclusion Not only lung cancer but also URTC and EC were successfully detected in patients who were
positive for sputum cytology and presented negative chest X-ray. Radical treatment was possible in 38 (76%)

of 50 diagnosed patients, thus indicating the importance of follow-up through these procedures.

Key words: sputum cytology, roentgenographically occult lung cancer, photodynamic therapy, endobronchial

irradiation

(Inter Med 47: 1199-1205, 2008)
(DOI: 10.216%/internalmedicine.47.0777)

Introduction

Lung cancer is a disorder with a poor prognosis because
it is rarcly detected in a condition where radical treatment
can be initiated. Therefore, sorts of efforts are made for its
carly detection. Among patients whose lung cancer was de-
tected during mass screening only by chest X-ray, two-thirds
of them present an advanced or metastatic lesion (1). Hence,
mass screening by chest X-ray alone is not considered suffi-
cient for the early detection of lung cancer. Large-scale ran-
domized clinical trials in Europe and the United States (2-6)

have not revealed the lung cancer mortality-reducing effect
of mass screening for lung cancer that combine chest X-ray
to detect peripheral lung cancer with sputum cytology to de-
tect central lung cancer. Therefore, medical institutions in
Europe and the United States do not officially recommend
the screening. However, case-control studies in Japan (7-10)
have demonstrated the lung cancer montality-decreasing ef-
fect of screening, warranting its conduct in Japan.

Screening based on the Elderly Health Law in Japan in-
clude chest X-ray for males and females aged 40 years or
over, as well as mass screening for lung cancer consisting of
sputum cytology for individuals aged 50 years or over who
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Table 1. Patient Characteristics (n=70)
Gender
Male/female gender, No. 66/4
Age (median), yr 26-81 (69)
Smoking history
Smoker, No, 55
Ex-smoker, No. 12
Nonsmoker, No. 3
Brinkemann Index (median) . 2.25-175 (50) packs/year
2 30 packs/year 63
< 30 packs/year 4
Motive of detection
Mass screening for lung cancer, No. 34
Subjective symptoms, No, 23
Follow-up of anotber disorder, No, 8
Sputum cytology
Squamous cell carcinoma, No. 60
Adenocarcinoma, No. 10
Brinkmann index: (Number of cigarette packs per day)x(Number
of years the subject has smoked)

have a Brinkmann index of =30 packs/year and for symp-
tomatic individuals presenting with bloody sputum (11),
Sputum cylology is considered an important screening pro-
cedure for lung cancer in heavy smokers. A few study re-
ports are available that have described the follow-up of pa-
tients who were positive for sputum cytology and presented
no chest X-ray findings (12-14).

Materials and Methods

Diagnostic procedures, therapeutic modalities, and follow-
up methods were reviewed retrospectively in 70 patients
who provided positive results in sputum cytology or screen-
ing for lung cancer; due to the lack of chest X-ray findings,
they underwent a medical examination in the Department of
Respiratory Medicine at Osaka City General Hospital for the
last 10 years between 1994 and 2004. Among 70 patients,
there were 65 males and 5 females aged 26 to 81 years (me-
dian: 69). Regarding smoking history, there were 55 smok-
ers, 12 ex-smokers, and three nonsmokers. The Brinkmann
index was 2.25 to 175 packs/year (median: 50) (Table 1).

To make a diagnosis, the first complete medical checkup
(X-ray according to the direct method, repeated sputum cy-
tology using pooled sputum, chest CT, and bronchoscopy)
was conducted in the above patents. In the case that no di-
agnosis could be made, chest X-ray and sputum cytology
using pooled sputum were repeated every 3 to 6 months.
Chest computed tomography (CT) and bronchoscopy were
conducted additionally according to abnormal findings.
Chest X-ray and sputum cytology were continued wherever
possible until making a diagnosis. Furthermore, the clinical
stages were determined in accordance with the NCCN
guideline (15). A lesion, about which carcinoma in situ was
considered and whose diagnosis was made not by resected
specimen examination but by bronchoscopic biopsy only,
could not be diagnosed as a stage 0 tumor unless the biopsy

specimen successfully verified the invasion of the basal
membrane. Therefore, the lesion was staged 0-1A.

Sputum cytology

Sputum cytology was conducted according not to Sacco-
manno's method but to the sputum pooling method using
sputum that had been pooled for 3 days and the pooling so-
lution that had been improved by the addition of mucosa-
dissolving agent and other compounds, The Japan Lung
Cancer Society has established the evaluation criteria and
guidance for sputum cytology in mass screening for lung
cancer according to the pooling method (11). In the present
study, cells were assessed in accordance with the criteria,
and two professionals (one cytotechnologist and one pa-
thologist) made a diagnosis.

Chest X-ray

Chest X-ray (posteroanterior and lateral) according to the
direct method was conducted. Roenigenograms were read by
the pneumologist. Chest roentgenograms indicating old lung
tuberculosis in fixed foci, pneumoconiosis, lung asbestoss,
and pulmonary fibrosis were considered not 10 show abnor-
mal findings.

Chest CT

CT using the 1-cm slice low-frequency algorithm was
conducted to image the region from the upper portion of the
clavicle to the level immediately above the diaphragm. One
radiologist and one pneumologist read the lung fields and
mediastinum. Chest tomograms indicating old lung tubercu-
losis in fixed foci, pneumoconiosis, lung asbestosis, and pul-
monary fibrosis were considered not to show abnormal find-
ings.

Bronchoscopy

After the intramuscular injection of opium alkaloid hydro-
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chloride and atropine sulfate, 4% lidocaine hydrochloride
was injected to anesthetize the pharynx. Subsequently, the
bronchoscopist used a bronchoscope (Olympus BF-200, To-
kyo, Japan) to observe the oral cavity, larynx, pharynx, vo-
cal cord, trachea, and at least the third-order bronchi. Abnor-
mal findings were assessed according to the Japanese rule
(16). When an abnormality of the bronchial mucosa was
found in the region visible to the bronchoscope, broncho-
scopic biopsy was conducted actively, When the broncho-
scopy was difficult 1o conduct despite its location in the vis-
ible field, the lesion was scraped with a brush. When tests
were completed without finding any abnormalities, the spu-
tum collected after the completion of bronchoscopy was
subjected to cytology.

Results

The motives for the detection of positive findings in spu-
tum cytology were as follows: mass screening for lung can-
cer in 34 patients; subjective symptoms in 28 patients; and
screening for another disorder in eight patients, Regarding
the histological types of the tumor in sputum cytology, there
were 60 cases of squamous cell carcinoma (SCC) and 10
cascs of adenocarcinoma (AC).

Amang 70 patients, there were 36 and 13 who were diag-
nosed during the first complete medical checkup and follow-
up. respectively, 13 who remained undiagnosed, and eight
patients for whom follow-up was discontinued, i.e., seven
paticnts at their discretion and one patient who showed dete-
riorating symptoms of another disease at 3 months (Fig. 1).

Thirty-one patients, who were diagnosed during the first
complete medical checkup, had a lesion that was located in
the region visible to the bronchoscope: 24 with smoking his-
tory had lung cancer and seven had upper respiratory tract
carcinoma (URTC) (Table 2). The lesion was located in the
subsegmental branches inclusive as follows: 0-order bronchi,
three patients; firsi-order bronchi, six patients; second-order
bronchi, 10 patients; and third-order bronchi, five patients.
Bronchoscopic findings: hypertrophy, 14 patients; nodule,
six patients; and polyp, four patients. Regarding histopathol-
ogy, all but one case of AC were SCC. Simultaneously,
there was one patient with double carcinoma.

There were five patients in whom chest CT revealed an
abnormality despite the lack of abnormal findings on chest
X-ray during the first complete medical checkup. Among
them, three patients had lung field mass shadow, one patient
had lung field stripes, and one patient had mediastinal lym-
phadenopathy without lung field lesion. The mass was lo-
cated at a site that was difficult to discriminate unless con-
ducting chest CT.

Regarding clinical stages and treatment of 24 patients
with lung cancer in whom the first complete medical
checkup led to o dingnosis under TBB: 13, 9, one, and one
had & tumor staged O-IA, IA, IIIA, and IIB, respectively.
Treatment was photodynamic therapy (PDT) in seven among
13 patients with a stage 0-IA tumor and was endobronchial
irradiation in five among them. Another remaining patient
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Patients (n = 70)

Diagnosis in the first complete medical checkup
(chest X-ray, chest CT, sputum cytology, and

bronchoscopy):
36 patients: 31 by bronchoscopy and 5 by chest CT

Diagnosis during follow-up:
13 patients

Follow-up ongoing or discontinued: 21 patients
Undiagnosed: 13
Follow-up discontinued: 8
Patient's discretion: 7
Deteriorated symptoms of another disorder: |

Figure 1. Clinical course until making a definite diagnosis.
To make a definite diagnosis in 70 patients who provided
positive results in sputum cytology and presented no chest x-
ray findings, posteroanterior and lateral x-rays of the chest,
sputum cytology using pooled sputum, computed tomogra-
phy of the chest, and bronchoscopy were conducted as the
first complete medical checkup. When no definite diagnosis
was obtained, chest x-ray and sputum cytology (pooled spu-
tum method) were repeated every 3 to 6 months,

survived for 5 years and 6 months by external irradiation
(EI). We conducted PDT for one SCC and then EI to an-
other SCC in a patent with double cancer, and two sites of
them had a complete response. All nine patients with a stage
IA tumor underwent surgery, with five assigned to lobec-
tomy, two to segmentectomy, and two to sleeve lobectomy
(Table 2),

Five patients with lung cancer in whom chest CT revealed
abnormal shadows had tumors categorized to the following
clinical stages: IA, one patient; IB, two patients; IIIB. one
patient; and IV, one patient. A patient with a stage IA tumor
and the patients with a stage IB tumor underwent surgery.
Treatment was restricted only to EI toward the mediastinum
in the patient with a stage I[IB tumor because of the previ-
ous follow-up for chronic disseminated intravascular coagu-
lation (DIC) in Department of Hematology. The patient with
a stage IV tumor developed cardiac tamponade due to can-
cerous pericardiis before receiving anticancer agents and
underwent palliative care (Table 3).

EI alone was conducted in five of eight patients with
URTC, and all of them had a complete response. In one pa-
tient disease recurred after surgery for URTC and was trans-
ferred to the hospital where the surgery had been conducted.
Another remaining patient underwent tumor resection after
preoperative chemotherapy and presented short survival de-
spite subsequent radiation therapy (Tables 2, 4).

Among patients in whom the first complete medical
checkup did not lead to a diagnosis, a diagnosis was made
subsequently in 13 patients during follow-up, the breakdown
of whom was as follows: 11 patients with lung cancer; one
patient with esophageal carcinoma (EC): and one patient

1
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Table 2. Direct Views Available by Bronchoscopy in the First

Complete Medical Checkup (n=31)

Lung cancer 24
Orders of branching

Zero-order: 3; first-order: §; second-order: 10; third-order: 5
Bronchoscopic findings

bypertrophy: 14; node: 6; polyp: 4

SCC: 22; adenocarcinoma: |; double carcinoma (SCC at two sites): |

Clinical stages of disease

O-IA: 13; IA: 9; IIA: | THIB: 1
Upper respiratory tract carcinoma

SCC: squamous cell carcinoma

Table 3. Patients with Abnormal Chest CT Findings in the First Complete Medi-

cal Checkup (n=5)
CT Findings Bh:’:'" m c&“ Treatment
Lung ficld mass shadow inrt-8'  §CC TBB B S (lobectomy)
Lung field mass shadow innt-8*  scC CT-guide 1A S (lobectomy)
Lung field mass shadow in t-8° sCC TBB B S (lobectatny)
Lung ficld stripes AC Brushing % BSC
Mediastinum lymphadenopathy ~ AC TBAC 1B EI

rt: right, It: left, SCC: squamous cell carcinoma, AC: adenocarcinoma, TBB:
transbronchial biopsy, CT-gulde: Computed tomography-guided lung biopsy,
TBAC: transbronchial aspiration cytology, S: surgery, BSC: best supportive care,

El: external irradiation

with URTC. In all the patients who had smoking history, the
histopathological types of the tumors were identical between
the first and second sputum cytologies. After conducting the
first medical checkup, patients were followed by sputum cy-
tology and chest X-ray. Bronchoscopy revealed abnormal
findings in six patients. In six patients, chest CT indicated
mass shadows, In one patient, a diagnosis was made under
gastroendoscopy 1o closely examine hematemesis of un-
known etiology. Regarding bronchoscopic findings in lung
cancer. four and one had nodular and polyp tumors, respec-
tively. The period until making a diagnosis was 2 to 47
months (median, 12). In 10 among I3 patients, a diagnosis
was made within 1 year. Among 11 lung cancer patients in
whom a diagnosis was made during follow-up, five and four
had a siage 0-IA tumor and a stage IA tumor, respectively.
In eight patients of the 11 lung cancer patients [PDT, four
patients: and surgery, four patients (lobectomy: three pa-
tients and segmentectomy: one patient)], radical treatment
was conducted successfully. Active treatment was not de-
sired for one patient because of symptoms of dementia, and
this palliative care was provided (Table 4),

Currently, 13 patients are under follow-up becuuse of fail-
ure to make a diagnosis. The median value for observation
period is 28 months. The histopathological types of their tu-
mors in sputum cytology were SCC in 10 patients and AC
in three patients. Sputum cytology during follow-up was
negative in most patients. However, the procedure was posi-
tive once in two patients during follow-up bul was not posi-
tive thereafter. In one patient, furthermore, the procedure re-
vealed suspicious findings only once. Among cight patients
about whom follow-up was discontinued. the clinical course
was difficult 1o investigate in two patients who failed to visit
the hospital in order to undergo a medical examination im-
mediately after the first complete medical checkup. How-
ever, the remaining six patients were followed for 3. 9. 17,
24, 61, and 83 months.

The contents of the examinations during follow-up were
compared between 13 patients in whom a diagnosis was
made during follow-up and 19 undiagnosed paticnts (!3 pa-
tients under follow-up and six patients for whom follow-up
was discontinued, except for two patients who failed to un-
dergo a medical examination after the first complete medical
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lable 4. Clinical Profiles of Patients Who Were Diagnosed during Follow-Up (n=13)

Diagnosis Method  Feriod  Orderof Bronchoscopic Tumor Clincal o0 00

(month) Bronchus

Finding Diameter Stage

Lung cancer (5CC)  Direct view

7 I Node = 0-IA PDT
Lung cancer (SCC)  Direct view 8 m Node - 0-1A PDT
Lung eancer (SCC)  Direct view 9 m Node - 0-1A PDT
Luog cancer (SCC)  Direct view 27 v Polyp . 0-1A PDT
Lung eancer (SCC)  Direct view 47 1 Node - 0-IA BSC
Lung cancer (AC) cT 3 - - 28 mm 1A S
Lung cancer (AC) cT 4 - - 20 mm 1A s
Lung eancer (AC) cT 6 - - 12 mm IA s
Lung cancer 5€c)  CT 1 - B 10mm Uoksown  BSC
Lung cancer (AC) cT 20 - - 25 mm v BSC
Lung cancer (SCC) CcT 13 - - 15 mm 1A s
URTC Dircct view 2 - = - n S+El
EC Gastroscopy ' - = - Ih ]

SCC: squamous cell carcinoma, AC: adenocarcinoma, CT: computed tomography, PDT: photo-
dynamic therapy, S: surgery, EI: external irradiation, BSC: best supportive care, URTC: upper
respiratory tract carcinoma, EC: esophageal carcinoma

Table 5. Follow-Up Period and Medical Examination of Patients

under Follow-Up
Diagnosis Undiagnosis
(n=13) (n=19)
Follow-up period (median), mth 247 (12) 3-83 (28)
Smoker, No. 10 12
Ex-smoker, No, 3 3
Nonsmoker, No. 0 3
Examination contents
Chest X-ray (median), No. 0-8 (4) 1-11 (%)
Sputum cytology (median), No. 1-12 (3) 1-14 (4)
patients, %
Chest CT (median), No. 0-3(1) 0-5 (1)
Bronchoscopy (median), No. 0-6 (2) 0-4 (1)

Chest CT: chest computed tomography

checkup). Consequently, a trend for difference was found
only in the positivity rate of sputum cytology (Table 5). The
clinical stages and treatment of 50 patients in whom a diag-
nosis could be made are shown in Table 6.

Discussion

In the course of mass screening for lung cancer, many pa-
tients are referred to a hospital for the purpose of undergo-
ing o complete medical checkup because they were positive
for sputum cytology and presented no chest X-ray findings.

However, a definite diagnosis is difficult to make in such
patients, they are frequently difficult to follow up, and there
are a limited number of papers of reference (12-14).

We conducted relatively inexpensive sputum cytology and
chest X-ray as procedures for follow-up at 3- to 6-month in-
tervals and performed bronchoscopy as required when spu-
tum cytology was positive. Among 11 patients whose lung
cancer was detected during follow-up at these 3- to 6-month
intervals, five and four had stage 0-IA and IA tumors, re-
spectively. The conceivable reasons why the first complete
medical checkup failed to determine the presence of tumors
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Table 6. Clinical Stages and Treatments at the Time of Diagnosis (n=49)

Lung cancer
0-IA (n=17) Bronchoscopic treatment 15
(PDT: 10; endobronchial frradiation: 5)
External irradiation 1
BSC 1
1A (o= 14) Surgery (lobectomy: 9; segmentectomy: 3 14
tleeve lobectomy: 2)
B (n=12) Surgery (lobectomy: 2) 2
1A (n=1) Chemotherapy + surgery 1
B (o = 2) Chematherapy + external irradiation 1
1
IV(n=2) BSC 2
Double cancer  PDT + external irradiation ]
(D-IA st two sltes)
Unknown BSC 1
Upper respiratory tract carcinoms (n = §) 8
Esophageal cancer (n = 1) 1

PDT: photodynamic therapy, BSC: best supportive care

are as follows: central lung cancers were possibly detected
in a super carly detection stage where they were unverifiable
under bronchoscopy; and peripheral lung cancers were diffi-
cult to identify when present in a mixture of old tuberculo-
sis of lung, pneumoconiosis, asbestosis, pulmonary fibrosis,
and other disorders.

The NCCN guideline also recommends the repetition of
bronchoscopy at 3-month intervals in patients who under-
went surgery for lung cancer, for whom its recurrence is
considercd based on positive findings in sputum cytology
and on ncgative chest X-ray and chest CT (17). Therefore,
we deemed that follow-up at 3-month intervals during the
clinical course observation period involved no concerns.

There are 21 patients whose follow-up is ongoing or dis-
continued. In advanced SCC, many cancer cells appear in
specimens; therefore, cytodiagnosis is easy to make because
these cancer cells present strong atypia. However, the num-
ber of appearing cancer cells is small in early SCC. Further-
more, these cancer cells present poor atypia and it may be
difficult to differentiate them from atypical metaplasia of
squamous cells attributable to the inflammation of bronchial
epithelium or from atypical cells originating from atypical
epithelium and other tissues (17, 26). Furthermore, a patient
with adenocarcinoma of the lung who experienced pulmo-
nary infarction provided false-positive results in sputum cy-
tology (27). Two of three paticnts with undiagnosed adeno-
carcinoma in the present study had a history of chest pain,
leading us to presume that they possibly had false-positive
results in sputum cytology. Therefore, patients with concemns
about the precision of sputum cytology are possibly in-
cluded in 13 patients under follow-up. This possibility
seems o denote the limitation of sputum cytology that
makes o diagnosis by taking cell degeneration into consid-
eration,

One issue regarding the patients for whom follow-up was
discontinued is that they easily forgot to undergo a regular

medical examination because they had no symptoms despite
providing positive results in sputum cytology. When no defi-
nite diagnosis was obtained in the first complete medical
checkup, we noted that they tended not to undergo a medi-
cal examination again unless receiving a full explanation
about the need for regular follow-up.

In recent years, marked progress in medical devices has
been noted. There are reports which have described that "F-
fluorodeoxyglucose positron emission tomography (FDG-
PET) is effective for the early detection of lesions in the
lower respiratory tract (18, 19). However, FDG-PET is diffi-
cult to include in routine medical tests due to its high costs.
As compared with FDG-PET, sputum cytology and chest X-
ray remain attractive because they are inexpensive.

Regarding therapeutic outcomes in the present study, 33
patients with lung cancer [0-IA + [A+ IB, excluding patients
receiving best supportive care (BSC)] eventually underwent
radical treatment; 15 of them, in whom carly lung cancer
had been detected bronchoscopically, could be radically
treated by endoscopic procedures (PDT and endobronchial
irradiation). Fujimura et al recommended the adoption of
their strategics for patients with roentgenographically occult
lung cancer and obtained favorable results (12, 20-22). Un-
like surgical therapy, radical treatment without provoking a
decrease in pulmonary function will be achieved as de-
scribed above if treating eligible patients for whom PDT
and endobronchial irradiation are expected to provide radical
treatment (23-25).

Therefore, endoscopic treatment constitutes the best thera-
peutic modality. However, we believe that active search
combining sputum cytology suitable for central lung cancer
with chest X-ray suitable for peripheral lung cancer is im-
portant in such patients because they may include patients
with & radically treatable tumor. In addition, we consider
that sputum cytology serves not only for the early detection
of central lung cancer—the original objective of sputum cy-
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tology. but also for the detection of cancers of other organs
(especially URTC) and of peripheral lung cancer.

Conclusion

Not only lung cancer but also URTC and EC were suc-

cessfully detected in patients who showed positive results in
sputum cytology and presented a negative chest X-ray. Radi-
cal treatment was possible in 38 (76%) of 50 diagnosed pa-
tients, thus indicating the importance of follow-up through
these procedures.
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Decreased Biosynthesis of Lung Surfactant Constituent Phosphatidylcholine
Due to Inhibition of Choline Transporter by Gefitinib in Lung Alveolar Cells
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P We i gated whether gefitinib, an anticancer agent, inhibits phosphatidylcholine (PC)
bamynlhm and choline uptake by alveolar epithelial type 11 cells.

Materials and Methods. Uptake of choline and PC biosynthesis were examined in virro, using human
alveolar epithelia-derived cell line A549 and rat n!veoln: type (AT) 11 cells as models,

Rexults, Gefitinib reduced the incorporation of r Hlcholine into PC in AS49 and rat ATI cells. The
uptake of "Hlcholine by AS49 and rat ATII cells was concenlration-dependent, and the Km values were
15.0 and 10-100 pM, respectively. The uptake of ["H]choline by AS549 and rat ATII cells was weakly
Na'-dependent, and inibited by hemicholinium-3, RT-PCR revealed expression of chaline transporter-
like protein (CTL)1 and organic cation transporter (OCT)3 mRNAs in both cells. The choline uptake by
AS549 and rat ATII cells was strongly inhibited by gefitinib with the 1Cs; value of .77 uM and 10.5 uM,
respectively,

Conclusions. Our results demonstrate that gefitinib reduces PC biosynthesis via inhibition of cellular
choline uptake by A549 and rat ATI] cells, which is mainly mediated by CTL1, resulting in abnormality
of lung surfactant that can be one of mechanisms of the interstitial lung disease associated with gefitinib.

KEY WORDS: alveolar type I choline; gefitinib; lung toxicity phosphatidylcholine.

INTRODUCTION

Lung cancer is the leading cause of cancer deaths
worldwide. Non-small cell lung cancer accounts for 80% of
lung cancer, and is usually associated with a poor prognosis
(1). Gefitinib is an oral selective inhibitor of epidermal
growth factor receptor tyrosine kinase (EGFR-TK), and has
received approval in the US, Japan and a number of other
countrics for the treatment of advanced non-small cell lung
cancer. The most commonly reported toxicities associated
with gefitinib are mild and self-limiting, such as rash, skin
toxicities and diarrhea. Although gefitinib was recognized as
a relatively safe oral anticancer agent, accumulating evidence
has demonstrated that gefitinib has been associated with
severe interstitial lung disease (ILD) (23). On the other
hand, in the Iressa Survival Evaluation in Lung cancer

! Depariment of Membrane Transport and Pharmacokinetics, Faculty
of Pharmaceutical Sciences, Tokyo University of Science, 2641,
Yamasaki, Noda, Chiba, 278-8510, Japan.

*National Cancer Center Hospital East. Kashiwa, Japan.

To whom correspondence should be addressed. (e-mail: tamai@
rs.noda tus.acjp)

ABBREVIATIONS: ATII, alveolar type 11; CDP, cytidine 5.

diphosphocholing; CTL, choline transporter-like protein; EGFR-

TK, epidermal growth faclor receplor iyrosine kinase; HC-3,

hemicholinium-3: TLD. interstitial lung disease; MPP*. 1-methyl-4-

phenylpyridinium: NMG. N-methylglucamine chlonde; OCT, organic

cation transporier: PC. phosphatidylcholine; siRN A, small interfering
RNA.

417

(ISEL) study, events of the ILD were found, but there was
no significant difference between the gefitinib and placebo
groups (4). Accordingly, the involvement of gefitinib in [LD
that occurs during gefitinib treatment is still unclear. The
median time to onset of ILD associated with gefitinib was 24
days in Japan. In addition to normal onset of ILD, sudden
onset of ILD only 2 or 4 days after exposure to gefitinib has
been reported in elderly patients (78 or 75 years old) with
lung cancer (2,5). The mechanism(s) of sudden onset of ILD
associated with gefitinib treatment is unknown.

Phosphatidylcholine (PC) is synthesized within alveolar
type (AT) II epithelia and secreted into the alveolus as the
major phospholipid component of lung surfactant, which is
essentinl to establish normal breathing. Interference with
surfactant synthesis is recognized as a hallmark of the
neonatal respiratory distress syndrome, and is to some degree
a component of acute and chronic lung disease (6.7). PC
synthesis in all eukaryotic cells occurs predominantly through
the cytidine 5"-diphosphocholine (CDP-choline) pathway in
which three enzymes, choline kinase, phosphochaline cytidi-
lyltransferase and cholinephosphotransferase. are involved.
However, the uptake mechanism of choline by ATII cells,
which could be considered the first step of the CDP-choline
pathway, has not been elucidated yet.

Choline transport is classified into two major categories
based on the degree of affinity for choline and the Na®*-
dependence (8). Na"-dependent high-affinity choline transport
is localized at cholinergic nerve terminals, where it contributes
to the synthesis of acetylcholine. and is antagonized by low
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concentrations of 4 choline analogue, hemicholinium-3 (HC-
3). A low-affinity and Na*-independent system is found widely
in various tissues. and this svstem primarily supplies choline
for the synthesis of PC and other phospholipids in the cellular
membrane (8), The organic cation transporter (OCT)2 has
been proposed as a low-affinity choline transporter across the
ventricular membrane of the choroid plexus (9). and two
major higher-affinity choline transporters belonging to
different protein families have been cloned. The first, CHTI.
exhibits all the characteristics of the canonical high-alfinity
choline transporter associated with cholinergic nerve terminals
(10.11). The second, CTL1. belongs to a new family of choline
transporter-like (CTL) proteins, CTLI-mediated transport
exhibits only a weak sodium dependence (12) and CTL1 is
expressed in several neuronal populations. including
motorneurones and oligodendrocytes (13),

In order to clucidate the mechanism of ILD associated
with gefitinib completely, a step-by-step approach is required.
Thus, we focused on the lung surfactant as one of factors. We
hypothesized that gefitinib inhibits the uptake of choline by
human ATII cells. and that the resultant reduction of PC
synthesis causes a lung surfactant disorder. because PC is a
major constituent of the surfactant. In the present study, we
examined whether gefitinib inhibits PC biosynthesis and
choline transport in primary-cultured rat ATII cells and
human alveolar epithelia-derived cell line AS49, which has
the characteristics of type 11 cells, including production of
surfactant protein and lipids (14,15), Furthermore, we charac-
terized the mechanism of choline transport in AS549 and
primary-cultured rat ATII cells,

MATERIALS AND METHODS
Chemicals

sefitinib (ZD1839) (Fig. 1) was provided by AstraZeneca
(Macclesfield, UK). Stock solutions were prepared in dimethyl
sulfoxide and stored at =20°C. [Methyl-*H]choline chloride
was purchased from American Radiolabeled Chemicals,
Inc. (St. Louis, MO). HC-3, l-methyl-d-phenylpyridinium
(MPP*). histamine, corticosterone, and dipalmitoyl-D-a-
phosphatidylcholine were purchased from Sigma-Aldrich (St.
Louis, MO). Choline chloride was obtained from Wako Pure
Chemicals (Osaka, Japan). All other chemicals and reagents
were commercial products of reagent grade,
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Fig. 1. Chemical structures of choline (a). hemicholinium-3 (b) and
gefitimb (c)

Ishiguro ¢t al.

Isolation of Rat ATII Cells

ATII cells were isolaled from adull Wistar rat lung
according to the procedure of Dobbs er al. (16). Briefly. lungs
of anesthetized rats were cleared of blood by perfusion and
removed from the thorax. After lavage. the lungs were
instilled with 15 ml of elastase (43 U/ml, Wako Pure
Chemicals). incubated at 37°C for 20 min and minced with
scissors in a mixture of 5 ml of fetal bovine serum (FBS) and
4 ml of 250 pg/ml deoxyribonuclease (Sigma-Aldrich), The
cell suspension was sequentially filtered through nylon gauze
(150-. 41- and 15-pm mesh size) and centrifuged at 130 g for
10 min. The resultant cell pellet was resuspended in
Dulbecco’s modified Eagle's medium (DMEM) and panned
on an IgG-coated bacteriological plastic dish at 37°C for | h.
The unattached cells were centrifuged and suspended in
DMEM supplemented with 10% FBS, 139 pg/ml streptomy-
cin, 70 pg/ml penicillin and 10 ug/ml gentamycin. The type 11
cells were more than 80% of total cells by evaluation with the
modified Papanicolaou stain. throughout the experiment (17).

Cell Colture

Human lung adenocarcinoma AS549 cells (ATCC-
CCL185) were routinely grown at 37°C in FI12-K medium
(Dainippon Pharmaceutical. Osaka. Japan) supplemented
with 10% FBS in a 5% CO; humidified incubator,

Uptake of Choline

AS549 cells (5.0x 10* cells/well) and rat ATII cells (4.0x10°
cells/well) were seeded into normal and fibronectin coated 24-
well plates (BD Biosciences. Bedford, MA) and grown for 72
and 20 h, respectively. Uptake was initiated by adding 0.25 ml
of transport buffer (125 mM NaCl, 4.8 mM K(Cl, 56 mM D-
glucose, 1.2 mM CaCly, 1.2 mM KH,POy, 1.2 mM MgSO., and
25 mM Hepes, adjusted to pH 74) containing radiolabeled
and unlabeled substrates after the cells had been washed twice
and preincubated with transport buffer alone for 15 min, To
investigate the effect of preincubation with gefitinib, a
preincubation time of 60 min with transport buffer alone or
containing gefitinib was used. The solvent concentration in the
final transport solution did not exceed 0.5% (viv). For the
evaluation of membrane potential dependence. uptake of
[*H]choline was measured in the presence of increasing and
decreasing concentrations of KOl (6 tol30 mM) and NaCl (125
to 1 mM), respectively, at pH 74 for designated times, To
measure the effect of Na*, sodium chloride in the incubation
buffer was replaced with N-methylglucamine (NMG) and
lithium chloride. In case of the replacement from Na® to
NMG*, chloride concentration was adjusted by hydrochloric
acid to afford same chloride concentration as that in the
narmal transport buffer. The pH of the transport buffer was
varied by adjusting the concentrations of Mes. Hepes and Tris
to obtain the desired pH. The uptake was terminated at
designated times by adding 0.5 ml of ice-cold transport bulfer
after removal of the incubation buffer. The cells were washed
twice with 0.5 ml of ice-cold transport buffer, solubilized in
1 N NaOH. and kept for | h at 37°C. Aliguots were
transferred to scintillation vials after neotralization with HCL
The radioactivity associated with the cells and incubation
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buffer was measured in a liguid scintillation counter (TRI1-
CARB 2500TR. Perkin Elmer, Boston. MA or LSC-5100,
Aloka. Tokyo, Japan) after adding 2 ml of scintillation fluid.
The remaining 25 pl of cell lysate was used to determine the
protein concentration by the method of Lowry or Bradford
with bovine serum albumin as a standard

Biosynthesis of Phosphatidylcholine

The incorporation of [ *H]choline into PC was carried out
as described previously (15). AS549 cells (2.0x 10° cells/well)
and tat ATII cells (7.0x10° cellsiwell) were seeded into
normal and fibronectin-coated 6-well plates (BD Biosciences)
and grown for 72 and 20 h, respectively. Cells in each well
were incubated with 3-5 uCi/ml [methyl-"H]choline chloride
in transport buffer after they had been washed twice and
preincubated with transport buffer alone or containing
gefitinib at 37°C for 60 min. The solvent concentration in the
final transport solution did not exceed 0.5% (v/v). They were
washed three limes with ice-cold transport buffer, scraped off
the plate into CHyOH/H,0 (2/1. viv), and briefly sonicated for
the determination of apparent uptake of [*H]choline. Cellular
lipids were extracted according to Bligh and Dyer (18). The
chloroform phase was dried under nitrogen. and PC was
dissalved in the development solvent of CHClYCH\OH/
CH,yCOOH/H,O (100¢50/14/7) and separated on silica gel
chromatographic plates (Kieselgel 60 Fysy, Merck) with the
same solvent used for the determination of the incorporation
of [*H]choline into PC. The R values of PC were determined
from the locations of spots of authentic PC visualized with
iodine vapor.

RNA Extraction and RT-PCR

Cultured A549, primary-cultured rat ATII cells and Calu-3
(a human bronchial epithelial cell line) cells, rat liver, and rat
kidney were washed with sterile PBS and total RNA was
extracted with TRIZOL reagent (Invitrogen, Carlshad, CA,
USA) according to the manufacturer’s protocol. Total RNA
from human tissues of lung (64092-1), trachea (636541), liver
(64099-1) and kidney (64097-1) were purchased from Clontech
(Palo Alto, CA). After deoxyribonuclease treatment, total
RNA of A549, Calu-3, and tissues was reverse-transcribed using
an RNA PCR kit (Takara Shuzo Co., Lid, Kyoto, Japan)
according to the manufacturer’s instructions. For conversion of
total RNA to cDNA, a reaction mixture (10 ul) was prepared
containing 2.5 U of reverse transcriptase avian myeloblastosis
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virus (Takara Shuzo Co.. Ltd.. Kyoto. Japan). 1 x RT-PCR
buffer [10 mM Tris-HCl (pH 83). 50 mM KCl}. 5 mM MgCl,.
1| mM deoxynucleotide triphosphates. 25 pmol of random 9-mer
primers. 10 U of ribonuclease inhibitor, and 1 pg of total
RNA. The reaction was carried out at 55°C for 60 min. RT
(reverse transcription) was terminated by heating the reaction
mixture to 9°C for 5 min, followed by rapid chilling at 4°C.
RT reaction mixtures, including cDNA products, were stored
at =20°C until used. A single cDNA produced from total
RNA was amplified by PCR with primers for OCT1, OCT2.
OCT3. CTL1, CTL2. glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), rOctl, rOet2, 1Oct3, rCTL1 and rGAPDH.
Specific oligonucleotide primer pairs for human OCTI,
OCT2, OCT3. GAPDH, rOctl. rOct2. 1Octd, rCTL1, and
rGAPDH were synthesized as listed in Table 1. Specific
oligonucleotide primer pairs for CTL] (QTO00075838) and
CTL2 (QTOD0O81214) were purchased from Qiagen (Basel.
Switzerland). The expected product sizes from OCT1, OCT2,
OCT3, CTL1, CTL2, GAPDH. rOctl. rOct2, rOct3. rCTL]
and rGAPDH specific primers were 197, 599, 455, 138, 95,
676, 481, 246, 266, 678, and 985 bp. respectively. For PCR
amplification of cDNA, the PCR was allowed to proceed for
25 to 35 cycles in 25-pul aliquots of reaction mixture
containing 1xpolymerase reaction buffer (10 mM Tris-HC1
(pH 8.3), 50 mM KCI, 2 mM MgCl;), 0.2 mM deoxynucleo-
tide triphosphates, 0625 U of EX Tag DNA polymerase
(Applied Biosystems, Foster City, CA). 50 and 20 ng of human
and rat cDNA, respectively, and § pmol of the specific primers.
The following temperature program was used: initial denatur-
ation (94°C) for 2 min, 94°C for 30 s, 52°C/human, 58°C/rat for
30s, 72°C for 30 s for 25-35 cycles, and a final extension at 72°C
for 10 min. A two-step temperature program was applied for
the amplification of rGAPDH: initial denaturation (94°C) for 2
min, 94°C for 30 s, 68°C for 2 min for 25 cycles, and a final
extension at 68°C for 7 min. Aliquots (10 ul) of amplified
¢DNA products were separated by electrophoresis using 1-1.5%
agarose gels. Gels were stained with ethidium bromide and
visualized under UV light.

CTL1 Small Interfering RNA (siRNA)
and iRNA Transfection

Three kinds of siRNA (SI00342468, 5100342475 and
$100342482) targeted to different regions of hCTLI gene and
negative control siRNA AlexaFluor 488 used as negative
control (1022563) were purchased from Qiagen (Basal
Switzerland). A549 cells (5.0x10% cells/well) were seeded

Table L. Specific Oligonucleotide Primer Pairs

Trunsporler Forward (5-3°) Reverse(5-1) Rel
oCT! CGATCATGTACCAGATGGCC TCTTCATCCCTCCAACACGAC (36)
oCT2 GATTTCTTCTACTCTGCCCTGGTT GGATTTCTACTITTGGTCTTGCTG (17
OcT3 GACAAGAGAAGCCCCCAACCTGAT CACTAAAGGAGAGCCAAAAATGTC (in
GAPDH ACTGGCGTCTTCACCACCAT TCCACCACCCTGTTGCTGTA (31)
rOetl GATCTTTATCCCGCATGAGC CTTCTGGGAATCCTCCAAGT

rOct2 CATCGAGGATGCCGAGAA ACAGACCGTGCAAGCTAC

rOct3 TCAGAGTTGTACCCAACGACATT TCTGCCACACTGATGCAACT

rCTL1 GGCAGTGCIGTTCAGAATGA ACAGGAAGCAATGAGCGACT (39
GAPDH TGAAGGTCGGTGTGAACGGATTTGGC CATGTAGGCCATGAGGTCCACCAC
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