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ABSTRACT

Purpose: The purpose of this study is to evaluate the
usefulness of serum DNA methylation of five tumor
suppressor genes for early detection of Jung cancer.

Experimental Design: Methylation status in serum DNA
from 200 patients undergoing bronchofiberscopic examina-
tion for abnormal findings on chest radiograph detected by
lung cancer screening or surveillance was examined using
methylation-specific PCR.

Results: Ninety-one patients were given a pathologic
diagnosis of lung cancer, 9 other malignant diseases, and 100
nonmalignant pulmonary diseases. In patients with lung
cancer, methylation was detected in 18.7% for MGMT,
15.4% for p16™%%, 12.1% for RASSFIA, 11.0% for DAPK,
and 6.6% for RAR-B, which was higher compared with that
in patients with nonmalignant diseases. Age and smoking
status seemed to associate with methylation status. Sensitiv-
ity, specificity, and predictive value of methylation in at least
one gene for diagnosis of lung cancer were 4%.5%, 85.0%,
and 75.0%, respectively. Adjusted odds ratio (95% confi-
dence interval) for having lung cancer was 5.28 (2.39-11.7)
for patients with methylation in one gene and $.89 (1.53-22.7)
for those with methylation in two or more genes. It is of note
that methylation was identified in 50.9% of stage I lung
cancer patients, whereas serum protein tumor markers were
positive in 11.3% of them.
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Conclusions: These results suggest that identification of
promoter methylation of tumor suppressor genes in serum
DNA could be useful for early detection of lung cancer.

INTRODUCTION

Despite intensive treatment, the prognosis of patients with
Jung cancer is poor. The S-year survival rate of patients with
clinical stage I disease is ~ 60%, but in those with clinical stage
11 to IV diseases, the 5-year survival rate ranges from 40% to
<5% (1). Thus, the prognosis of lung camcer is strongly
correlated 1o its clinical stage. Over two thirds of lung cancer
patients have an advanced disease at the time of initial
presentation (2), and lack of efficient diagnostic methods for
carly detection is considered to be the major reasons for the poor
prognosis of lung cancer. ‘

Although lung cancer screening with anoual chest radio-
graph and sputum cytology is currently conducted in many
municipalities in Japan (3), the usefulness of mass screening is
yet to be fully confirmed. The previous screeming trials
sponsored by the National Cancer Institute failed to show that
screening with sputum cytology and chest radiography reduced
mortality from lung cancer {(4-7). However, because one of
these trials indicated more favorable survival rates associated
with the diagnosis of reseciable tumors, the American Cancer
Society maintains that physicians and patients may decide to
have these screening tests on an individual basis (8). Therefore,
the development of more useful method in addition to the chest
radiograph and sputum cytology for lung cancer screening is
urgently required,

Aberrant methylation of Cp@G islands, which are in or near
the promoter region of various genes, is a common feature in
various neoplasms and s associated with the transcriptional
silencing of tumor suppressor genes (9-11). In addition, this
alteration has been described to occur in the very early stage of
carcinogenesis (12). Recent advances in techniques simplified
the methods for identification of promoter methylation, among
which methylation-specific PCR (MSP) is a sitnple, sensitive,
and specific method to determine the methylation status of any
CpG-rich region (13).

Several studies have shown that several genes, including
tumor suppressor gemes, such as retinoic acid receptor B
(RARpR; ref. 14) and pl6™%* (15, 16), apoptosis-associated
genes, such as death-associated protein kinase (DAPK; ref. 17)
and ras association domain family 1A (R4SSFIA; refs. 18, 19),
and the DNA repair gene OS-methylguanine DNA methyl-
transferase (MGMT;, refs. 20, 21), were frequently methylated
in lung cancer cells. Zochbauer-Muller et al. showed that 82%
of the non—smatl cell lung cancer tissues had methylation of at
least one gene from eight genes and rarely identified
methylation of these genes in nonmalignant hmg tissue (20).
These findings suggest the potential use of DNA methylation
as a marker for lung cancer.
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It has been shown that cancer patients have increased levels
of free DNA in their sera, which is thought to be released from
cancer cells (22-24). Many investigators have reported that
microsatellite alterations and p53 and/or ras gene mutations
could be identified in the serum and/or plasma DNA of patients
with varlous cancers (25-28). Thus, circulating tumor-derived
DNA might be used as a source for tumor detection by PCR
analysis, including MSP.

In the present study, we attempted to identify methylated
DNA in sera of patients with abnormal findings on their chest
radiograph as detected by lung cancer screening or physician
surveillance. Although there are some recent reports of DNA
methylation analyses carried out with remote medium, including
serum, plasma, sputum, and bronchoalveclar lavage fluid or
brushing samples, this is the first report that has examined the
methylation status of serum DNA on a population basis and
showed the usefulness of the approach as a diagnostic tool for
carly detection of lung cancer.

MATERIALS AND METHODS

Sample Collection and DNA Extraction. In this study,
200 patients undergoing fiberoptic bronchoscepy for abnormal
findings on chest radiograph were investigated. The examina-
tions were carried out as part of the lung cancer mass screening
program in Okayama Prefecture (3) or through physician
surveillance, Diagnosis of these patients was completely blinded
to the laboratory researchers. Peripheral blood samples (6 mL)
were collected to investigate methylation status of serum DNA
with written informed consent. Serum (2 mL) was isolated after
centrifugation at 3,000 rpm for 10 minutes and stored at —20°C
unti] use. Serum DNA was extracted using QLAamp DNA
Blood Midi kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. We also examined methylation
status of the tumor tissues. Of 200 patients evaluated in this
study, 30 with lung cancer underwent surgical resection at
Department of Cancer and Thoracic Surgery of Okayama
University Hospital. Tumor tissues from these patients were
investigated with written informed consent. Tumor DNA was
extracted from formalin-fixed, paraffin-embedded lung cancer
tissues using QlAamp DNA Mini kit (Qiagen) according to
manufacturer’s instructions.

Methylation-Specific PCR. Sample DNA was treated
with sodium bisulfite using the CpGenome DNA Modification
kit (Intergen, Purchase, NY} according to the manufacturer’s
instructions. All bisulfite-modified DNA was resuspended in TE
buffer [10 mmol/L Tris-0.1 mmolL. EDTA (pH 7.5)] and used
immediately or stored at —20°C until subsequent MSP. Primer
sequences for the RARB, pI6™ % DAPK, RASSF14, and
MGMT were as described elsewhere (18, 20). DNA from a small
cell lung cancer cell line SBC-3 (29), which has promoter
methylation of all tested genes, was used as a positive control for
the methylated form and that from serum of normal volunteer for
the unmethylated form. The PCR mixture contained 10x PCR
buffer [100 mmel/L Tris-HC] (pH 8.3), 500 mmol/L KC], 15
mmol/. MgCl,], deoxynucleotide triphosphates (each at 2.5
mmol/L), 0.5 pmol/L of each primer, 0.9 units Tag DNA
polymerase (Takara Bio, Shiga, Japan), and 3 pl bisulfite-
modified DNA in a final volume of 30 pL. Initial denaturation at

95°C for 5 minutes was followed by 50 cycles of a denaturation
step at 95°C for 30 seconds, an annealing step at each specific
annealing temperature for 30 seconds, and an extension step at
72°C for 30 seconds and a final extension step at 72°C for 10
minutes was added. After amplification, each PCR product was
electrophoresed through a 2% agarose gel, stained with ethidium
bromide, and visualized under UV illumination. All tests were
duplicated to confirm the result by blinded two researchers.
Methylation-positive cases were defined as the cases whose
serum DNA showed a visual band amplified with methylated-
specific primers, even if it was faint. Representative results of
methylation analysis by MSP are shown in Fig. 1.

Measurement of Serum Protein Tumor Marker Levels.
A part of each blood sample was used for examination of
conventional serum protein tumor markers, including carci-
noembryonic antigen, cytokeratin 19 fragment, and progastrin
releasing peptide. The serum levels of carcinoembryonic antigen,
cytokeratin 19 fragment, and progastrin releasing peptide were
determined by chemiluminescent immunoassay using commer-
cial kits from Abbott Laboratories (Abbott Park, IL), electro-
chemiluminescent immunoassay from Roche Diagnostics (Basel,
Switzerland), and ELISA from Fujirebio (Tokyo, Japan). The
cutoff values of these markers were set at 5.0 ng/ml for
carcinoembryonic antigen, 3.5 ng/ml for cytokeratin 19
fragment, and 46.0 pg/mL for progastrin releasing peptide
according to the manufacturer’s instructions,

rM v MU
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Fig. | Representative results showing promoter methylation amplified
by MSP. Lanes M and U, amplified product with primers recognizing
methylated and unmethylated sequences, respectively; DNA from SBC-3
cell line and normal volunteer, positive control for methylated and
unmethylated forms, respectively.
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Statistical Analysis. The methylation status in five
genes was scored in each patient as the total number of
methylated genes. The methylation score of patients with lung
cancer was compared with those with nonmalignant diseases
using a ¢ test with unequal variance. An unconditional legistic
tegression mode] was applied to estimate the odds ratios and its
95% confidence intervals for the occurrence of hung cancer. We
used the patients without methylation in every five genes as a
reference group and estimated the odds ratios for patients
baving one methylated gene and those having two or more
methylated genes in five genes tested. Crude and multivariate
models were examined. The factors adjusted in the multivariate
model included age as a continuous variable divided by 10,
sex, smoking status divided into quartiles (pack-years calculat-
ed by number of packs smoked per day multiplied by the
number of years of smoking), and results of three tumor
markers (carcinoembryonic antigen, cytokeratin 19 fragment,
and progastrin releasing peptide) in & binary variable. %2 or
Fisher’s exact test were applied to examine the distribution in
categorical variables. A ¢ test was applied to test the continuous
variables. The statistical significance was defined as P < 0.05.
All the statistica! analyses were implemented by Stata version
8 (College Station, TX).

RESULTS

Patients Characteristics. Between January 2001 and
December 2002, a total of 200 peripheral blood samples were
collected from consecutive patients undergoing fiberoptic
bronchoscopy. Of these patients, 91 were given a pathologic
diagnosis of lung cancer {median age, 71 years, range, 45-92
years; male/female 61:30), 100 nonmalignant diseases (median
age, 65.5 years; range, 26-89 years; male/female 64:36), and 9
other malignancies. The histologic subtypes of the lung
cancers, based on WHO classification (30), were adenocarci-
noma in 64 patients, squamous cell carcinoma in 21 patients,
small cell carcinoma in 4 patients, and carcineid in 2 patients,
Clinical stage classifications, based on the International
Staging System (1), were as follows: 53 patients had stage I
discase, 7 patients stage I, 22 patients stage III, and 9
patients stage IV. Nonmalignant diseases mostly consisted of
benign pulmonary diseases, such as tuberculosis, atypical
mycobacteriosis, pneumoceniosis, interstitial prieumonia, bron-
chitis, organizing pneumonia, and bronchiectasis. Malignant
diseases other than lung cancer included pulmonary metastasis
of laryngeal cancer in 3 patients, invasive thymoma in 2
patients, and non-Hodgkin’s Iymphoma, thyroid cancer, breast
cancer, and rectal cancer in 1 patient each. Elderly patients
were more frequently represented among patients with lung
cancer than those with nonmalignant diseases (median age, 71
versus 65.5 years; P < 0.001). Current smokers were more
commonly represented among patients with lung cancer than
those with nonmalignant diseases (67% versus 54%; P =
0.046).

Methylation Status of Five Genes. As shown in
Table 1, serum methylated DNA was detected in 18.7% for
MGMT, 15.4% for pl6™%* 12.1% for RASSF14, 11.0% for
DAPK, and 6.6% for RARR in lung cancer patients. When
analyzed individually, the proportions of patients with

methylated serum DNA were higher in patients with lung
cancer than those with nonmalignant diseases in every five
genes. Difference is especially evident for pI6™5% (P = 0.003)
and MGMT (P < 0.001). Of 91 lung cancer patients, 45 (49.5%)
had methylation of at least one gene. When methylation of at
least one gene was assessed as positive, specificity and
predictive values of methylation were 85.0% and 75.0%,
respectively. The tota! number of methylations in five genes
per patient was 0.64 in patients with lung cancer, which was
higher than that in patients with nonmalignant diseases (0.19; P
< 0.0001; Table 2). Of 9 patients with malignant diseases other
than lung cancer, 6 (66.7%) had at least one methylation in five
genes (data not shown). These 9 cases were excluded from
subsequent analyses.

Twenty-three of 30 (77%) tumer tissues obtained from lung
cancer patients showed methylation of at least one gene (Fig. 2).
Sixteen of 18 (89%) tissues from patients with serum DNA
metbylation also had methylated genes. Methylation of
RASSFI4 gene was identified in one serum sample and MGMT
gene in two samples, but they were not identified in the
comesponding tumor.

Association with Clinicopathelogic Features. We ana-
lyzed the comelations between methylation status in serum
DNA and clinicopathologic variables of thc patients. There
was 0o comelation between methylation status and sex or
histology in this study. In addition, frequency of serum DNA
methylation between smokers and nonsmokers was not
significantiy different in both patients with lung cancer
{48.3% in nonsmokers, 45.8% in <40 pack-years smokers,
and 52.6% in 240 pack-years smokers; P = 0.863) and those
with nonmalignant discases (Table 3). These findings were
also observed when analyzed in individual gene. Although
serum DNA methylation in =40 pack-years smokers with
nonmalignant diseases tended to be more frequent than that
in <40 pack-years smokers, this trend was particularly
obvious in DAPK and RASSFIA genes. In control group,
we found significant comelation between methylation and age
(Table 3).

Methylation Status and Risk of Lung Cancer. Table 4
shows the results of a crude and adjusted logistic regression
analyses evaluating correlation between number of methylated
genes and risk of lung cancer. In the crude model, the patients
with one methylated gene showed 5.08 (95% confidence
interval, 2.28-11.3) times higher probability of having ling
cancer compared with patients without any methylated genes.
The odds ratio was higher in patients with two or more
methylated genes. To consider the imbalance in baseline
characteristics, we conducted similar analysis adjusting for age,

Table I Frequency of methylation in five genes
Patients, n (%)

Lung cancer Nonmalignancy Total
(n = 100) (n = 100) (n =191}
MGMT 17 (18.7) 2Q2.0) 19 (9.9)
pleinke 14 (15.4) 31(3.0 17 (8.9)
RASSF1A4 11 (12.1} 8 (8.0) 19 (9.9)
DAPK 10 (11.0} 5 (5.0} 15 (1.9}
RARP 6 (6.6) 1(1.0) 7{3.7
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Table 2 Comparison of methylation starus between lung cancer and nonmalignant cases

Mean* SE 5D 95% Confidence interval
Nonmalignancy 0.19 0.0506 0.0506 0.09-0.29
Lung cancer 0.64 0.0774 0.738 0.48-0.79 P < 00001t

*Total number of methylations in five genes per patient.
1t test with unequal variance.

sex, smoking status, and protein tumor marker results. The
patients with methylation in at least one gene and two or more of
five genes showed 5.28 (2.39-11.7; P < 0.001) and 5.89 (1.53-
22.7; P = 0.010) times higher probability of having lung cancer,
respectively.

Frequencies of Methylation According to Clinical Stage
of Lung Cancer. We investigated the comelation between
clinical stage and methylation status in five genes or conven-
tional serumn protein tumor markers (Table 5). Of 53 patients
with stage I disease, 27 (50.9%) patients had methylated serum
DNA in at least one gene, whereas only 6 (11.3%) patients
showed elevation of at least one serum protein tumor marker. In
patients with stage I, ITL, or IV diseases, the difference was not
evident.

DISCUSSION

This study shows that identification of serum DNA
methylation is a potentially useful approach to detect lung
cancer patients from subjects screened by chest radiograph.
Serum DNA methylation was more frequently observed in
patients with lung cancer than those with nonmalignant
diseases. Although the sensitivity for the diagnesis of lung
cancer was only 49.5% when analyzed by a combination of
five genes, the relatively high specificity (85.0%) indicates
the usefulness for subjects sereened by with chest radiograph.
The odds ratio for diagnosis of lung cancer was >5.0 in
patients with at least one methylated gene even afier
statistical adjustment by other clinicopathologic risk factors,
such as smoking, age, sex, and results of tumor marker tests.
Of note, serum DNA methylation could be identified even in
patients in the early stages of lung cancer, whereas
conventional serum protein tumor markers were rarely
elevated, indicating that this DNA-based method is more
sensitive than protein-based method for diagnosis of lung
cancer in eatly stage.

In former studies, methylation in tumor tissues was
detected in 40% to 43% of non—small cell lung cancer patients
for RARB, 25% to 41% for p16™%*, 16% to 44% for DAPK,
30% to 40% for RASSFIA, and 16% to 27% for MGMT (31).
These results were consistent with our data in 30 tumor tissue
samples. In our experiment, the frequency of detecting
methylated genes in scrum was about half to two thirds
compared with that in tumor tissues. However, when we
consider that tumor-derived DNA in blood is generally
detectable in Jess than half of cancer patients (32), the frequency
of methylation in serum DNA in our study may be reasonable.
Laird reviewed the studies examining methylation status of
serum/plasma DNA in patients with various neoplasms and
indicated that clinical sensitivity of DNA methylation was
~50% (33). Esteller et al. did methylation analysis in serum

DNA from patients with non—small cell lung cancer for multiple
genes and showed 33% to 80% of clinical sensitivity by
combination. analysis of these genes (34). Our results are
consistent with the results of these studies, indicating that similar
sensitivity is achievable even after mass screening,

Among various techniques used for methylation analysis,
we adopted a simple method of qualitative MSP analysis. The
specificity of the primers we used in this study had been
verified using genomic sequencing and/or restriction analysis
in previous reports (13, 35). Recently, several studies showed
improved detection rates of methylation status using a nested
PCR approach or a quantitative real-time PCR technique (36—
38). Particularly, sensitivity of the Taqgman method was repornted
to be 10-fold higher than conventional qualitative MSP (39). To
apply DNA methylation as tumor marker for detection of lung
cancer, the use of these improved methods is an attractive
strategy.

Although promoter methylation was observed predomi-
nantly in. lung cancer patients, 1% to 8% of patients with
nonmalignant disease were methylation positive for each gene
in this study. In addition, three lung cancer patients with serum
DNA methylation did not show same alteration in the
corresponding tumor tissues. We considered the following as
possible explanation of these positive results. Firstly, the
methylated” serum DNA might be derived from undetected
precancerous lesions in these cases. According to the previous
reports, aberrant promoter methylation is detectable in
precancerous lesions, such as dysplasia and nonmalignant lung
tissues of patients with lung cancer (20, 37). Methylation-
positive nonmalignant patients may develop malignant diseases
in the near future. Secondly, aberrant methylation might be
caused by environmental factors, such as smoking (12, 40). In
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Table 3 Correlation between clinical features and methylation of the different genes in nonmalignant cases

% of Cases
RARB pleiiKea DAPK RASSFIA MGMT Total

Smeking status

Nonsmoker 0 44 22 6.5 22 130

Pack-years <40 0 0 4.8 4.8 0 9.5

Pack-years =40 3 3 %1 12.1 3.0 212

P 0.359 0.626 0.379 0.550 0.736 0.442
Age

Quartile 1* 35 0 69 0 0 10.3

Quartile 2 0 0 0 5.6 0 56

Quartile 3 0 5.0 5.0 20.0 5.0 250

Quartile 4 0 13.3 13.3 133 6.7 333

P 0.480 0.051 0.230 0.063 0.271 0.036

*Age quartile was defined as follows: 1, <59; 2, 259 and <69; 3, 269 and <73; and 4, 273.

published series, controversial correlations between smoking
and methylation have been reported (20, 41 -44). We did not
find any statistically significant cormrelation between smcking
history and methylation; however, heavy smokers had at least
one serum DNA methylation more frequently than mild to
moderate smokers in patients with nonmalignant disease. The
third explanation is possible occurrence of other occult
malignancies. Indeed, we observed methylated serum DNA in
66.7% of the patients who were diagnosed as having another
malignant disease. The final explanation is the possibility of
detecting age-related methylation in control group.

To use this serum DNA methylation as a marker in lung
cancer tass screening, several issues must be considered. The
fairy good specificity even in patients screened by chest
radiograph suggests the advantage of this approach. On the
other hand, poor sensitivity may compromise the advantage of
specificity. Improving sensitivity as a mass screening test might
be achieved by two approaches. One is to increase sensitivity of
DNA methylation itself by using large number of tested genes
or applying a quantitative methylation assay. The other is to
combine the methylation with highly sensitive screening method
such as low-dose spiral computed tomography (45-47).
Because one of the serious limitations of low-dose spiral
computed tomography is its poor specificity (48), combination
witk the serum DNA methylation may overcome the limitation.
Indeed, physicians often experience difficulty in sampling fumor
specimen from small legions detected by computed tomography

scans for pathologic diagnosis by invasive procedures, such as
fiberoptic bronchoscopic examination or computed tomogra-
pby-guided fine needle aspiration. Accordingly, in consider-
ation of relatively higher frequency of serum DNA methylation
in early-stage disease (50.9% in stage I) and serious
complications after invasive procedures (49), serum DNA
methylation may be a test to be conducted before invasive
procedure. Although further evaluation is essential, the results
in this study indicate the substantia] usefulness for detection of
hmg cancer.

In conclusion, we examined the aberrant promoter
methylation status in serum DNA and showed the usefulness
of this approach as a tool for detection of lung cancer in patients
screened by chest radiograph. Further studies are warranted to
confirm the efficiency of the procedure and search for best
combination of genes for methylation analysis. Moreover, it is
important to investigate prospectively whether methylation-
positive noncancer cases will have malignancies in the near
future.
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Table 4 Methylation status and risk of lung cancer

Mode! 1t Model 21
Odds ratio  95% Confidence P Odds ratio  95% Confidence P
Cases® Controls* interval interval
No, methylations
0 46 85 1.00 1.00
1 33 12 5.08 2.28-113 <0.0001 5.28 235117 <(.001
22 12 3 7.39 1.87-29.2 0.0008 5.89 1.53-22.7 0.010
Age (10-y increase) — 1.03 1.00-1.07 0.023
Sex (male relative to female) —_ 1.49 0.61-3.64 0.386
Pack-years (one leve! increase quartile) — 1.00 0.99-1.00 0.207
Tumor marker positive — 3.08 1.32.7.17 0.009

*Cases, lung cancers; controls, nonmalignant diseases.

tModel 1 included number of methylation only. Model 2 included age, sex, pack-years of smoking, and tumor marker result in addition to number

of methylation.
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Table 5 Frequency of DNA methylation and etevation of conventional
serum protein tumor markers according to clinical stage

Patients, n (%)

Clinical stage 1 n I v

Methylation 27(50.9) 3{429) 10(455) 5(556)
MGMT 100189 1(143) 4(182) 2(22.2)
plolkea 7(132) 0(0.0) 5{(227 2(222)
RASSF14 7(132) 1(043) 3{136) 0(0.0)
DAPK 5(5.7) 1{14.3) 4(18.2) 000
RARB 3(5.9) 00.0) 1(4.5) 2{222)

Tumor marker 6(11.3) 3(429) 10{455) 7(77.8)

Carcinoembryonic 5(9.4) 1(14.3) 9{409) 5(55.6)
antigen

Cytokeratin 19 0(0.0) 0 (0.0) 2091 2(22.)
fragment

Progastrin releasing 1(1.9) 2 (28.6) 2{(9.1) 1 (1L}
peptide

Total {» =91) 53 7 22 %
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kIR, FRTHOBKE LTRET
B kMY, BAOBERSITCHREZEAOFEL
THETERVEE, HESHODBIESED SV
BB 2ERPRENDDON—RETH 5.
L2L, £4¥BLESEEOBRERERORE
EFV2RRH L 2s, REENESRIE
BEEII LY TH o7 (Table l). SEE LI,
Bk ADA BEVZITCES L EEEREME
WA RERL-OTHET 5.
= f

B 2em &tk EMREEE.

F5F C BEAEE.

FIREE : 8, BHHELE, 8. X, e
BEWE 2003 E7TASA LV ABFETH-
7:. 8B 6 HHETHZLRICMA T DR WE
EOEREEEIRF SN, FABER{£D
FEHELTW F0OBREICEEIIMEAL,
BEORMLF-TELLDIA2ZANERR
DL, EHBERICTREOCEKRZED
7o, TD#385C OFEHDELD, 8 H 290 HIEKE
FIHATH, SR 2BMEARE & o7z BAKH
ADA 731U/l Tholl Lt 6 HEZEHEERD
oo, ARBHEROREZITVOORH,
BARICTEHEEEL2To/. BHICELS P

BUBIESRE @ (T700-8558) BIWAZEZTHERR
REREAN uE RE

ttbﬁ%&%@ﬂ%%@btﬁ,ﬁﬁﬁﬁﬁ&
EREShIEBEERSHELTWALDER. 9A
0 HZWBYBBEATMIT L. FECIISEEEREE
REBEIFMRCH o724, REFRA, O II0EE
WFERUENIIERETEY, £/, k48
Eiett, PCR B THEEEGTRYE, BER
MICES Ledoiicdd, URBAARE R,
AR | 5 E 1566cm, {KE 487ke, BEH
805cm, BMI 200, ERiS 72/min, IME 118/70
mmHg, &R 357C, EEidEH, BIBERER
L, BEEEEmescEES Y, BEMkbh. &
BERDL. BREFICEEQEEHD. THEI
EHH 5ecm OFHEDH Y.
ABEBEN R (Table 2) © MiE—#%, £1L¥,
MmFEMCERRN L2 BEOLERR L ED,
CA-1255362IU/1 LIEE~— b —BHETH o/
FAERELM X AR I BF 2 L.
BEEEHMA | BKEE (IR B 85
cm) HERDT.

MARE2 CT (Fig 1) : R OBEKEFIRIER
TR, _

BAPRR (Table2) : BB TH Y, ADASIS
IU/I, CA-125639.7U/ml L BIETH o 7-.
BEEZEA (Fig.2) ! AE CHERORS £ 7o
FeEE R, —BEEYTIXD 5 0RE, EOR/D, CRP
DETZEOTWEI L, HEEPLEL ERD
BARZEDTWLZ DS, MENOBERELE
Z LVFX400mg/B oWEREMts+ a5 & & L

BRAEFHEIE HT8%E 105
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Table 1 Analysis of tuberculous peritonitis reported in Japan during 5 years

(I%%;&‘ (ICJ/An?:%; »  Acidfaststain®  Culture* (0 ercull:ogﬁ DNA) * Acidfest stain®*  Reference
1 14357 positive 1}
2 314 negative negative 2)
3 766 negative negative 2
4 731 119 negative negative negative K]
5 112.3 positive negative 4)
6 718 357.6 negative positive 4)
7 6709 negative negative negative )
8 )1 negative positive 6)
9 76.6 negative negative negative 6)
10 1198 1,300 positive positive 7
11 995 negative negative positive 8
12 negative negative positive (culture) 9)
13 66.9 negative negative negative 10)
14 62.2 11}
15 28 (blood) 12)
16 597 858 negative negative positive 13)
17 positive 14)
18 506 531 negative negative negative negative 15)
19 824 1,400 negative negative negative negative 16)
20 184 305 negative negative negative 17)
21 1251 1464 negative negative positive 18}
22 high value negative negative negative 19)
23 25 negative 20)
24 30 negative ’ 20)
25 957 positive - 20)
26 48.7 negative 21)
27 92.5 negative 21)

28 1388 negative 2 .
29 25 negative negative . 22)
30 78 - 452 negative negative negative 23)
31 " 449 negative 24)
32 negative : positive {culture) 25)
33 high value 409 negative : 26)
3 ' negative negative positive '26)
35 4064 negative 27
36 negative positive " 28)
37 348 110 negative negative '29)
38 ' 647 30)
39 107 positive positive 3
40 810 32)

*...Specimen derived from Ascites

* *...0pecimen derived from Peritoneal Biopsy

7o, BROBEXEED, BROKEL LUEEY
WKELBETCERWED, BRAREBALLY, B
HITRZED Do/, BIZ, BARERZ T3
ALEBI, ERICTEETOREREFROERE
2fTo7z. TOHR, ZielNeelsen REIZTENIT
oA, SREMBORENICHEBEEZED:

TEC16F108 208

(Fig.1). € Z TH % RFP 450mg/H +INH
200mg/H +PZA 1,200mg/B +SM 750mg/B @ 4
FISEFRMBEICTIAREFA LA, BPEHEENE
LA SM % EB750mg/BICEE L. IEH
REBHEICHE/L, RFP+INH +EB {2 THkSeing s
Thh. B, HETCOEBROREEERZ, &



| ogEse

Table 2 Laboratory findings on admisson

Blood chemistry

Analysis of Ascites

RBC 402 77 /ul, Hb 10.7g/dl Het 335%, MCV 833,
Pt 337 » 104/ul, WBC 4,500/

(Neu 76.2%, Lym
134%, Mon 85% Eos 1.7% Bas 0.2%)

TP 803g/dl, Alb 422g/d), Thil 035mg/dl D.bil
014mg/dl, AST33IU/L ALT 161U/1, ALP 174[U/1
y-GTP 22IU/1, CHE 1751U/1, LDH 3681U/1

Na 141mFEq/l, K 46mEq/l, Cl_100mEa/lL Ca
97mg/dl, BUN 115mg/dl. Cr 053mg/dl
UA48mg/dl T.cho 100mg/dl. HDLC 57mg/dl,
LDL-C 30mg/dl, CEP ldmg/dl, ESR 2lmm/hr,
53mm/2hrs

FBS 72mg/dl, HbAlc 4.7%, Free T3 276pg/dl
Free T 4l44ng/dl, TSH 179uU/ml PT 137sec
(883%INR1.09), APTT 36.3sec Fibg 299mg/dl, D-
dimer 23ug/ml CEA 127ng/m] CA199 55U/ml
CA-125 5362U07/ml, RF 0.1IU/ml, ANA (=), C3
131.0mg/dlL Cs 187mg/dl, CHso 56U/ml

Appearance: Yellowish-brown, slightly
corrupted

TP 6.46g/dl, LDH 428[U/1, LDH iso-
zyme LD1 6.5% LD2 14.6% LD3 235%
LD4 27.8% LD5 27.5%, T.Che 72mg/dL
Sugar 66mg/dl, ADA 59.8TU/1, [FN-y
15.6IU/mlL,

CEA C.87ng/ml, CA-125 639.7U/ml,
Cytology classII,

Lymphocyte dominant

specific PCR (M. fuberculosis or
M., avium Complex DNA) : (-} {speci-
men:Bleod, Urine, Stool, Ascites)

Bacterial body could not be find out by any staining method including Ziel-Neelsen stain in

Ascites, Blood, Urine and Stool.

Fig.1 I I CT scan of Abdomen and Pelvis revealed massive ascites and swollen

ovary.
HI Pathologist confirmed the existence of bacterial bodies stained by acid-fast stain
in giant cells.{Ziel-Neelsen stain, —  bacterial body)

R REFAAE

g8 B10%

389



Bt ADA BEMEHEES LS EX Bt LED 1 f 919

Fig.2 Clinical course (AC :abdominal Circumference)

AC(cm)
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CFPM 2g/d
72 —PAPNM/BP-1g/d v
— MEPM 1 ﬂ
. LVEX 300mgid . VL X 400me/d
RFP450mg/d
INH200mg/d
68 PZATZmEd -
SM 750mg/d EB 750mgf
66 L
%) o A 3 ~ J 5 v ) % W S )
n-‘\g\ \q,\\ ¢ %\\ \g\q’ . \Q\ ¢ \‘A Q\\ Q\'\; Q\'\r \\\‘\ \\\ \\\ \\'\r
& & & & & & s ™ o & W » »
+ S o o & oS PP@ & B “965 @65 (@'ﬁ

% 19 1% 8 38 T Mycobacterium tuberculosis B ¥ &
oz,
£

BHREEAIEDTHT, SIETaE
BERESEE 055% R & KR T AY, FRE
Bt 20~40 T, B2 1:2TH 2%, Bib
HIEREDIEHT, BRESHICWALRENE
FIRIFTHZEDE L, BHHBEEARERE
NTwas kL LIFLIETH S, FPITTAEKS
SERICHESAAERERETLIE S, HAA
BERtisTEEIc 2o b ok 21 Flh 3 51, B
AEETHEEER L 2ot b DI 25 F1H 4
Fl, TPCRETHEL 2o d DX 20HF 4
Fl, S HICEBEERICTHEZINCEKEREL
2 7= b DL o Flp 4 BT o 7o (Table 1), FHEH]

CRIEIC TR SERICESL T TCT % 1T
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TREI64E10R 208

xh, B4 MRI, L8, THHELEARGERE?
BiTshTws, BERMICREREERALE >
7235, BEOXAMNEEECI 228 REY
ZELTHAILISE, BENEBEREESR S,
ZOEE, BELEKRZT/4. LI LEAEDL,
KBt PCREXHWTHEERBIICEL R
o, Baid, EEBEAY ADAEIZBVT,
WU EHy VETHEELEEE TORER
100%, 3 REIX 966% TH o LEE SN TWVEY
ZEIEEL, FEFATIIADADTRETH-
LDREDERE T, o iz, fHd
LEEORRICED, SREZRICES»2EE
BEEENMETEE 2o, HOMBIZL SR
ESW AL LiTERE ELOXER TS 24,
Bk ADA S{EIEEHREAOEIZHIZB W
TERLEXLNRL. —HCAIZS B, RACHE
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= CA125 DEEHMIEH SN TWAIE, TEA
1E, FEEEOLE, BEICAENELLBES
Hion2 b0 LEZLI®, BELEMOBER
BiyaggEEscomE CA125 1, 22617
91 BICEME, Bk CA-125 ML, 105F 9T
EiECH o7 (Table 1). FiEFITOMA CA-125
it, 8 A 220 :9248U/ml, 9 H 308 : 53620/
mi, 10 A 1H :63970/ml, 10 H 3 B : 340U/
ml, 11 B 58 196U/ml & FicfFvEd LTs
h,CA125 MEBRBL LTRFHTHLI LY
it S (AN
BARSEAOERBRFICOVWTR, MERE
BUok L-ERERoEGES, FEEZIEL
HELLIER SBPR LD L LBRRER X,
X3 XFTRENBHNDTORATVE, T,
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