Table 1. Summary of the relationship between retinoic acid receptor (RAR) expression and dlinicopathological findings in endometrial cancer

Cinicopathological characteristic RAR
 of ! - P-value
(number of patients) I B T
Stage
1 (66) 18.11 +10.06 36.62 ~ 29.80 345+ 3.17 NS
1{(12) 22.33 £ 19.05 25.92 30,19 3.25+3.93
i (22) 16.91+11.18 33.50 = 26.44 5.77 + 8.69
IV (3) 17.67 +5.51 35.33 = 30.62 3.67 + 2.08
Grade
Well-ditferentiated (49) 17,59+ 9.62 36.27 + 28.78 3.88 + 3.42 NS
Moderate-differentiated (32) 22.19 +14.97 37.22 +30.36 3.28 + 3.08
Poorly differentiated (22) 14,36 + 7.72 27.41 +27.33 5.00+8.78
Myometrial invasion
<1/2 (62) 18.34 1 11.74 34,08 + 30.49 3.251 2,98 NS
=>1/2 (38) 17,76 + 11.42 33.05 £ 27.30 3.92 +3.35
Vessel involvement
+ (29) 17.62 + 12.32 31.55+29.74 3831314 N5
- (34) 16.47 + 6.72 35.38 + 30.72 3.03+2.94
Recurrence
+ (18} 15.19 + 8,48 2631 £ 2627 3.06 + 2.82 NS
- (87) 1891+ 11.93 36,21 + 29.30 4.09 £5.26
Prognasis
Alive (95) 18.52 £ 11.57 34,14 + 29.31 9.00 + 14.04 NS
Dead (8) 16.13 £ 1115 41,00 £ 25.07 351 +3.1

For evaluation of RARs' expression, we determined the labeling index. Results are expressed as the mean + SE. NS, not significant.

expression of each histological type. There was 1o significant
correlation between the expression of each of the RAR subtypes
in endometrial carcinoma (data not shown).

The relationships between the expression of the RAR subtypes
and the clinicopathological findings in endometrial carcinoma
are summarized in Table 1. There was no statistically significant
correlation between LI for any of the other RAR subtypes and
the clinicopathological parameters. including clinical stage,
histological grade. myometrial invasion, vascular involvement,
recurrence rare, and overall survival.

Discussion

Retinoic acids exhibit diverse biological properties that may
potentially contribute to their antitumor effect. They inhibit cell
proliferation and angiogenesis, and can induce cell differentiation
and apoptosis,"" RAR repression has been reported in prenco-
plastic oral-cavity lesions,”* non-small-cell lung cancer,™ ™" breast
cancer,”" and esophageal cancer”” Although other retinoid
receptors were expressed in these tissues, only RARP levels
were significantly lower in the premalignant and tumor tissues.
RARP cxpression was selectively lost in premalignant oral
lesions, und was able to be restored by retinoic acid treatment. !
The restoration of RARB expression was associated with a
clinical response. suggesting a role for RARB, both as a
mediator of the retinoic acid response and as a biological marker in
chemoprevention trials.!™ This was confirmed in renal cancer.
in which upregulation of RARP correlated with a response to
13-¢is-retinoic acid and interferon o-2a.*" Thus. the correlation
with RARR repression led w the hypothesis thut RARB could
act as a tumor suppressor. In addition, intreduction of RAR-f3
protein into retinoic acid-insensitive breast cancer cell lines has
been shown (o restore retinoic acid responsiveness.” In our
study, RARB was detected predominantly in endometrial hyperplasia,
compared with endometrnial carcinoma. These results suggest that
suppression of RAR-f expression may inhibit the differentiation
of endometrial epithelium in endomeltrial carcinoma.

270

In recent studies. the retinoid isotretinoin was not effective
for chemoprevention in stage I non-small-cell lung cancer or
carly stage head and neck squamous-cell carcinoma.”**" The
retinoid-signaling pathway was studied in normal and ncoplastic
tissues to determine why preclinical retinoid activity did not
readily translate into clinical success. It was discovered that
expression of RARP is frequently silenced in epithelial carcino-
pgenesis, which led to the hypothesis that RAR[ acts as a mor
suppressor that is parnally responsible for the linited clinical
activity of classical retinoids.” ' To examine the effect of the
RAR-specific ligand AMS80 on RARP expression, we carried
out MTT assay and real-time RT-PCR analysis using the Ishikawa
cell line. Although AMSR0 inhibited cell growth and induced
RARP mRNA expression in Ishikawa cells, no statstically
significant correlation was obtained between the expression of
RARP and climcopathological parameters in human endometrial
carcinoma. RARP has four isoforms that are generated diiteren-
tially by means of the promoters PPl and P2 and alternative
splicing."*” Our studies evaluated RARP expression as a monolithic
entity and did not distinguish between the various RAR isoforms
that have been identitied in humans. Differential expression of
different RARP isoforms, at least i part, might underlic the
contradictory associations of RARP expression, However, it awaits
further investigations for clarification.

Retinoids are uselul tools for identifying critical target genes
and pathways that can reduce carcinogenesis. ' Accumulating
evidence suggests that retinoids play a rele in regulating the
function of the endometrium.*** Retinoids have also been reported
1o alfect the expression of 4 number of genes in the endomeltrium,
such as matrix metalloproteinases and interleukin-6.""" Although
the profile of retinoid receptors of epithelial cells has been
elucidated.""'** the effect of retinoids on the proliferation of
normal epithelial cells remains unknown. In our study, AMSE0
inhibited cell growth and induced RARB mRNA expression in
[shikawa cells, and the expression level of RARP in endometrial
carcinoma was significantly lower than that in endometrial
hyperplasia. AMSB0 might possibly be used as a treaiment lor
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endometrial carcinomu. However. 1l awaits further investigations
for clarification.
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The possible role of specific progesterone receptor (PR) isoforms
(PRA and PRB) as predictive factors in endometrial carcinoma is
unclear. The present study was undertaken to evaluate the clinical
significance of intratumoral PR isoform status in patients with
endometrioid endometrial carcinoma. We studied 103 cases of
endometrioid endometrial carcinoma using immunchistochemistry.
We correlated the findings with various clinicopathological parameters
of the patients. PRA and PRB immunoreactivity was detected in 51/
103 (48.5%) and 79/103 (76.7%) of carcinoma cases, respectively. A
significant positive correlation was detected between the status of
PRB immunoreactivity and the amount of PRB mRNA by real-time
reverse transcription-polymerase chain reaction (P=0.012). PR
isoform expression was significantly lower in the cases with higher
histological grade (P=0.0001 and P=0.002, for PRA and PRE,
respectively). Cases that were negative for either one or both PR
isoforms were significantly associated with shorter disease-free
and overall survival of the patients. The absence of either one or
both of these two PR isoforms was detected in all nine patients who
died (100.0%), whereas the absence of these immunoreactivities
was detected only in 43 of 94 (45.7%) patients who had lived during
the same period. In addition, multivariate analysis demonstrated
that an absence of PRA immunoreactivity was an independent risk
factor in disease-free survival of the patients (P=0.0258). The
results of our study demonstrated that loss or absence of PR isoform
expression determined by immunohistochemistry could become an
important prognostic indicator in patients with endometrioid
endometrial carcinama. {(Cancer Sci 2006; 97: 1308-1314)

E ndoretrial carcinoma is one ol the most common malignancies
of the female genital tract and its incidence. especially that
of endometrioid endometrial carcinoma, has increased recently.!
It is well known that uterine endometrial proliferation is under
the control of both estrogen and progesterone. One of the
physiological roles of progesterone in the regulation of glandular
epithelium of the endometrium is to induce cellular differentiation
and (o antagonize estrogen-mediated cell proliferation.'” Endometrial
carcinogenesis is strongly associated with continued estrogen
exposure without progesterone influence.”* Progesterone has
clinically been demonstrated to provide some protection aguinst
stimulatory effects of estrogenic agents. In addition. hormone
replacement therapy using combinations ol estrogens and
progesterones yvields a lower risk of endometrial carcinoma. despite
increasing the incidence of breast carcinoma.”™ A number of
the patients who wished to preserve their fertility were treated
with progestin as a primary endocrine therupy lor atypical
hyperplasia and well-differentiated adenocarcimoma. although
the effects of this reatment on the clinical oulcome of patients
have not always been satisfactory.”™™

Both estrogen and progesterone act through intranuclear
receplors, estrogen receptors (ER) and progesierone receplors
(PR), which belong 1o the superfamily of steroid hormone
receplors.!"” The expression of ER and PR is generally consid-
ered 10 be coordinated because transeription of the PR gene is

Cancer Sci | December2006 | wol. 97 | no.12 | 1308-1314

induced by estrogen and inhibited by progesterones in the
great majority of estrogen-responsive cells.'" In normal cycling
human endometrium. PR is expressed abundantly in glandular
epithelium during the proliferative phase ol the cycle."™ PR is
present in two isoforms, termed PRA and PRB."" PRA is the
truncated form of PRB, lacking 164 amino acids at the NH,
terminus. These isoforms are translated from the same gene. but
transcription is initiated from different promoters.™ Studies
addressing the individual effects of PR isoforms have been
reported. Vegelo et al. reported that PRA could repress PRB
activity in cells in which PRA was not transcriptionally active,
and that PRA might be associated with a cell- and promotor-
specific repressor of PRB."® Giangrande ef al. also reported that
differential cofactor binding resulted in the opposing transcrip-
tional activitics of PRA and PRB."™ In addition, microarray
analyses of human breast cancer cells expressing either PRA or
PRB have confirmed that each PR isoform has a unique set of
target genes, with litle overlap."™ These functional and tran-
scriptional differences suggest that the development, invasiveness
and metastatic potential of carcinoma cells can be influenced by
the PR status of the tumor cells. We previously reported that
loss of PRB was a significant prognostic factor in epithelial
ovarian cancer.'*" In addition, breast carcinoma patients with
PRA-rich tumors are in general associated with poorer disease-
free survival rates.”" In endometrial carcinoma, several studies
demonstrated the PR isoform status of carcinoma cells,” "
Arneti-Manstield ef al. reported a reduced expression of either
one or both of the PR isolorms in the great majority of endometrial
turmors, compared with hyperplastic or normal endometrium.”"
De Vivo et al. demonstrated a polymorphism in the PRB pro-
moter. which results in increased transcription of the PRB
isotype. In a population-based study, this polymorphism wus
reported 1o be associated with increased risk for endometrial
carcinoma.”? In addition, hypermethylation of PRB alleles was
detected in endometrial carcinoma.”

Resulis of previous studies demonstrated that high levels of
ER and PR were directly correlated with a lower tumor grade.
less myometrial invasion. and a lower incidence of lymph
node metastases in the patients with endometrioid endometrial
carcinoma. ™" In additon. the status of ER and PR in these
carcinomas has been reported as an independent prognostic
factor of the patients.”™ However, it is also true that there are
many controversies regarding the possible roles of specific PR
isoforms as predictive factors in endometrial carcinoma.”' ™"
Fujimoto et al. reported that PRA could not be detected i
advanced endometrial wmaors.? In accordance with this, they
later reporied that PRB was expressed predominuntly in distant
metastases of endometrial carcinoma,™ In contrast, Kumar et al.
reported that downrcgulation of PRB may be associated with
poorly differentiated endometrial carcinoma.”" Sakaguchi er al.
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also proposed that the drastic decrement of PRB but not of PRA
resulted in poor prognosis in endometrial carcinoma, although
histological type was not described in their studv."™

Therefore, in the present study, we carried out immunochisto-
chemical analysis of 103 cases of endometrioid endometrial
carcinorna, and correlated the lindings with the clinicopathological
features of the patients, including their clinical outcome, in
order to study the possible roles and correlation between PR
isoforms and prognosts ot the patients.

Materials and Methods

Endometrial carcinoma patients and tissue preparation. One hundred
and three endometriowd endomeltrial carcimomas (49 well dilfer-
entiated, 32 moderalely ditferentiated, 22 poorly dilferennated:
66 stage 1. 12 stage T1 22 stage TIL 3 stage TV) were retrieved
from the surgical pathology files of Tohoku University Hospital,
Sendai, Japan. The protocol for this study was approved by the
Ethics Committee at Tohoku University School of Medicine
(Sendai, Japan). None of the patients examined had received
irradiation, hormonal therapy or chemotherapy prior to surgery.
The median follow-up time ol the patients examined in this
study was 60 months (range, 2-148 months). The disease-free
and overall survival times of the patients were caleulated from
the time of initial surgery to recurrence or death, or the date of
last contactl, The survival times ol patients stll alive or lost Lo
follow-up were censored in December 2004, The  climco-
pathological findings of the patients, including age, histology.
stage, grade and preoperative therapy, were retrieved by
extensive review of the charts. A standard primary treatment for
endometrial carcinoma at Tohoku University Hospital was
surgery consisting ol total abdominal hysterectomy, salpingo-
vopholectomy, pelvic and/or para-sortic lymphadenectomy and
peritoneal washing cytology. Eighty-five out of 103 patients
(83%) in this study underwent complele surgery as above. Six
out of 85 patients had lymph node metastasis. The remaining 18
patients (17%) underwent total abdominal hysterectomy and
salpmgo-ooupholectomy without lvmphadenectomy because of
obesity or their poor performance statas, The lesions were
classified according 10 the Histological Typing of Female
Genital Tract Tumors by WHO and staged according 1o the
Intemational Federation of Gynecology and Obstetrics system, 4
Sixty-cight out of 103 patients reccived pelvic radiation therapy
(50 Gy) or three to six courses of chemotherapy, consisting of
the cisplatin-based combination regimen CAP (A0=70 mg/m?
cisplatin, 40 mg/m* doxorubicin and 500 mg/body  cyelo-
phosphamide) after operation. Patients who had early stage and
low-grade disease (stage 1A, G1. stage [A, G2 and stage IB, G1)
and patients who were associated with poor performance
stalus did not receive any adjuvant therapy. None ol the patients
received hormone therapy after operation. All specimens were
processed routinely (e, 10%  formalin fixed for 24-48 h.
paraftin embedded, and thin sectioned [3 uM]).

Antibodies. Munoclonal antbodies Tor PRA  (hPPRa7) and
PRB (hI'Ra2) were purchiased [rom NeoMarkers (Fremont, CA,
USA). The PRA (hPRa7) antibody used in this study recognized
both PRA and PRB in immunoblot analysis.™ However, Mole
eral. reported that hPRa7 did not recognize PRB on immuno-
histochemistry in fixed tissues even after antigen retrieval, as
evidenced by the absence of immunostaining by this antibody
ol the PRB-expressing MDA-MB-231/PRB cell line.*™ This
was considered to be due to the inaccessibility of the epitope
on PRB recognized by hPRa7 o 10% formalin-fixed and
paraffin-embedded nssuc specimens. possibly duc to alteration
of the conformation of the molecule in which the hPRu7
epitope is located in such a way 1o reduce s accessibility in
immunohistochemistry. hPRa2 recogmzes PRB exclusively 4
Monoclonal antibodies for ERe. ERB and Ki67 were purchased
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Irom Novocastra (Benwon, NC, UK ), Genetex (San Antomo, 'TX,
USA) and DAKO Cytomation (Carmpinteria, CA, USA), respectively.

Immunchistochemistry. Immunosiaining was carried out by the
streptavidin-biotin amplification method using a Histofine Kit
{Nichirei. Tokyo. Japan). Antigen retrieval was carried oul using
an autoclave treatment for S min in citric acid butfer (2 mM
citric acid and 9 mM trisodium citrate dehydrate, pH 6.0). The
dilutions of the primary antibodies used 0 our study were as
follows: PRA. 1/100: PRB, 1/100; ERa, 1/50; ERB, 1/1500;
and Ki67, 1/50. The antigen-untibody complex was visualized
with 3 3-diuminobenzidine (DAB) solution (1 mM  DAB,
SOmM Tris-HCL huffer [pH 7.6] and 0.006% H,0,), and
counterstained with hematoxy Im Proliferative-phase (.l'idUﬂ]LU’E:ll.
glands  were  used  as ive controls for immuno-
histochemistry of PR I\tlh)[rl‘l\""' and breast cancers were used
as positive controls for ERa and ER[. As a negative immunostaining
control, normal rabbit or mouse IgG was used instead of the
primary antibodies. No specific immunoreactivity was detected
in these tissue sections.

Scoring of immunoreactivity. Evaluation of PRA, PRB, ERa,
ERP and Ki-67 was carried out in high-power ficlds (x400)
using a standard light microscope. Two of the authors (SS and
K1y scarched all of the tissue sections simultancously and
determined the most representative areas using a double-headed
light microscope. In all of the cases examined, a total of
more than 500 wimor cells from three different representative
fields were counted independently by the two authors, and the
percentage ol immunorcactivity (e the labeling mdex |LI])
was determined. Alter completely IL\-‘I{WII\g the immunostamed
sectons ol each lesion, two ol the authors (SS and KI)
independently divided the cases into the following two groups:
+, >10% positive cells; and —, <10% positive cells. Layfield et al.
proposed the separation of ER- and PR-positive cases using LI
cut-off points of 10% in the immunohistochemical analysis of
human breast cancer.™ The eighth St Gallen meeting also
recommended that approximately 10% positve staining of
cells for either ER or PR might be considered as a reasonable
threshold for definite endoerine responsiveness.™ Therefore,
in the present study, we used the same cut- -off point of 10%
hetween positive anid negative PR sotorms, based on the results
ol the studies above, Cases with discordant results (interobserver
differenves of >5%) were reevaluated simultaneously the two
authors above using a double-headed light microscope, Consequently,
the interobserver differences were less than 5% in this study.

Reverse transcription-polymerase chain reaction. Thirty-three
specimens of fresh frozen tissues of endometrial carcinoma
(i.e. specimens frozen immediately in liquid mitrogen and stored
at —80°C} were available for the present study. Total RNA was
extracted hy homogenizing [rozen tissue samples in | mL TRIzol
reagent (Lile Technologies, Gaithersburg. Grand [stand. NY, USA).
followed by phenol—chloroform extraction and isopropanol pre-
cipitation. All RNA samiples were quantified by spectrophotometry
and stored at —80°C until processing for reverse transcription
(RT). Total RNA (4 pg) was denatured at 70°C for 10 min and
was reverse transcribed in the presence of S0 ng/ul. Oligo (deoxy-
thymidine) primer (Invitrogen, Carlsbad, CA. USA), 2.5 mmol/

MgCl,, 0.5 mmol/L. deoxy-NTPs, 10 mmol/L dithiothreitol
and 10 U ribonuclease H-reversed transcriptase (Superseript 11
RT. Invitrogen) for 60 min at 42°C and 15 min at 70°C on a
PTC-200 Peltier Thermal Cycler DNA Engine (MJ Rescarch.
Watertown, MA, USA). RT—polymerase chain reaction (PCR)
analysis was carried out in order to examine the presence or
absence of genomic DNA comtamination. The RT step was
performed in the absence ol Superscript [T RNase H-reverse
transcriptase. followed by PCR. RT-PCR preducts lacking
reverse transcriptase in the initial RT step were run on an
cthidium-bromide-stamed 2%  agarose gel. No bands  were
detected i these samples (data not shown), Aler an imiual
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| min denaturation step at 96%C, 35 cycles of PCR were carried
out on thermal cycle under the following conditions: 45 s
denaturation at 94°C, 30's annealing at 58°C, and a 1.5 min
extension at 72°C. In addinon, cDNA was used as a template lor
real-ime PCR. Real-time PCR was carmied out with the Light
Cycler System (Roche Diagnostics, Mannheim, Germany) using
the DNA-binding dye SYBER Green 1 (Roche Diagnostics).
The 20-pL reaction mixwre contained 3 mM MgCl, for PRB
and B-actin primer, 10 pmol/L of each primer and DNA-binding
dye LightCycler-Fast Start DNA Master SYBR Green 1. B-Actin
expression was used to venfy the integrity of RNA from each
specimen. Human gene-specific primers used to amplity PRB
and B-actin were as follows: PRB 57 sense, ACACCTTGCC-
TGAAGTTTCG and PRB 3" antisense. CTGTCCTTTTCTGG-
GGGACT (196 bp); B-actin 5° sense, CCAACCGCGAGAA-
GATGAC and B-actin 3" antisense, GGAAGGAAGGCTGG-
AAGAGT (459 bp). An initial denaturing step at 95°C for 10 min
was followed by 35 cycles of 95°C for 155, 10 s annealing at
S8°C (PRB) and 63°C (B-actin), and extension for 13 s at 72°C.
The fluoreseence intensity of the double-strand-speeific SYBER
Green 1, which refieets the amount of specific PCR products
formed. was read by the LightCycler at 85°C after the end of each
extension step.™" Using automated programs of the LightCycler
software, the amount of PRB and f-actin template in each
sample was calculated so as to dilute the standard ¢cDNA
equally. The actual values of PRB were corrected by the value
of the B-actin template. Although conventional quantitative PCR
requires the use of purificd plasma ¢cDNA in the construction of a
standard curve. it was possible to semiguanufy the PCR
products with the LightCycler using purified ¢DNA of known
concentrations.”™" In ininal experiments, PCR products were
purified and subjected 1o direct sequencing (ABI PRISM BigDye
Terminator Cycle Sequencing Ready Reaction Kit and ABI
PRISM 310 Genetic Analyzer: Perkin-Elmer PE - Applied
Biosystermns., Foster City, CA, USA) to verify amplification of
the correct sequences. Frozen breast cancer tissue was used as
positive control. Negative control experiments did not contain cDNA
substrate to study the presence of exogenous contamination of DNA.
No amplified products were detected under these conditions.
Statistical analyses. Statistical analysis was carried out using
SAS software (StatView, Version 5.0; SAS, Cary, NC, USA).
The statistical signiticance of the association between PRA and
PRB immunoreactivity and other paramelers (grade. stage, age,
ERee LI. ERB LI and Ki-67 LI) was evaluated using the
Mann-Whitney {-test and the y’-test. The statistical significance
between PRA and PRB immunoreactivity was calculated using
a correlation coefficient (1) and regression equation, The statistical
significance between PRB immunorcactivity  determined by
immunohistochemisiry and the status of mRNA determined by
RT-PCR was evaluated using Fisher’s exacl probability lest, and
the statistical significance between PRB immunoreactivity and
amounts of PRB mRNA determined by real time RT-PCR was
cvaluated using the Mann—Whitney U-test, The Kaplan-Meier
method and statistical significance was calculated using a log-
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Fig. 1. Immunchistochemical staining for (a) pro-
gesterone receptor A (PRA) and (b) progesterone
receptor B (PRB) in endometrioid endometrial
carcinoma. PRA and PRE immunoreactive proteins
were detected in the nuclei of carcinoma cells of
G1 adenocarcinoma. Original magnification, x400.

rank test. Univariate and multivariate analyses were evaluated
using Cox’s proportional hazards model. P-values less than 0.05
were considered significant.

Results

Immunahistochemistry and RT-PCR. [mmunoreacuvity for PRA
and PRB was detected in the nuclei of carcinoma cells (Fig. 1),
ERa, ERf and Ki-67 were also confined exclusively o the
nuclei of epithelial cells (data not shown). RT-PCR wus carried
oul to confirm the expression of PRB using 33 cascs in this study
{Figs 2.3). because PRA has no specific sequence to distinguish
it from PRB mRNA by RT-PCR. Twenty-five of these 33
cases were PRB positive and eight cases were PRB negative,
as determined by immunohistochemistry. PRB mRNA was
detected in 21 out of these 25 PR-positive cases (84%) and was
not detected in five out of cight PRB-ncgative cases (Fig. 2).
There was a statistically significant positive correlation between
PRB immunoreactivity and mRNA expression examined by RT-
PCR analysis (P = 0.02). In addition. amounts of PRB mRNA
determined by real time RT-PCR were 8.89 (median values) in
these PRB-positive and 0.41 (median values) in PRB-negative
cases. A significant positive correlation was detected between
PRB immunoreactvity and the amounts of PRB mRNA
(P = 0.012) {(Fig. 3). Eighty out of 103 cases (77.7%) demonstrated
either or both PR isoforms in immunohistochemistry. Filty-one
aut of 103 cases (48.5%) were PRA positive. Among these 51
PRA-positive cases only one case (1.9%) was PRA positive
and PRB negative. However, PRB-positive cases were 76.7%
(79/103), and 29 of these 79 PRB-positive cases (30.7%) were
both PRB positive and PRA negative. The propurtion ol cases
positive for both PRA and PRB was 48.5% (50/103), whereas
the proportion of cases negative for both PRA and PRB was
22.3% (23/103). There was a significant positive correlation
between PRA and PRB expression in endometrial carcinoma
(P = 0.004). Resuls of the associations between clinicopathological
parameters and immunoreactivity of PRA and PRB are summarized
in Table L. The status of PRA in G1, G2 and G3 endometrial
carcinoma was 67.3% (33/49), 46.6% (15/32) and 13.6% (3/22).
respectively, and the status of PRB was 87.8% (43/49), 78.1%
(25/32) and 50.0% (11/22), respectively. PR immunoreactivity
was significantly lower for carcinoma with higher histologicul
grade (P = 0.0001 and P = 0.002, lur PRA and PRB, respectively),
whereas there were no correlation among the clinical stages of
the cases. PRA and PRB expression was significantly positively
correlated with ERu LI, and inversely with Ki-67 LI

Relationship between PR isoform expression and prognosis.
Progesterone receptor isoform status was cvaluated as a
prognostic variable in the patients with endometrioid endometrial
carcinoma using univariate analysis. Results of univariate analysis
are summarized in Table 2, The lollowing variables were
significantly associated with poorer disease-free survival and
overall survival of the patients at the 7 < 0,05 levels: absence of
PRA immunorcactivity: absence of PRB immunorcactivily:

coit 10,11114.1349-7006.2006.00332.x
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Reverse transcription—polymerase chain reaction (RT-PCR) analysis of total RNA extracted from endometrioid endometrial carcinoma. Nos

4,10, 13, 21, 29, 30, 31, 32 and 33 are progesterone receptor B (PRB)-negative cases, as determined by immunohistochemistry. No. 34 is a positive
control. No. 35 is a negative control. PRB mRNA was detected in 21 out of these 25 PR-positive cases (B4%) and not detected in five out of eight
PR-negative cases. There was a statistically significant positive correlation between PRB immunoreactivity and mRNA expression examined by RT-

PCR analysis (P = 0.02, Fisher's exact probability test).
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Fig. 3. Correlation between progesterone receptor B (PRB} immuno-

reactivity and its mRNA |evel determined by quantitative reverse
transcriptin-polymerase chain reaction analyses in human endometrial
carcinoma. There was a statistically significant positive correlation
between PRB immunoreactivity and the amount of PRB mRNA
(P =0.012, Mann-Whitney U-test).

The disease-free and overall survival
curves of the putients according 1o the Kaplan-Meier method
are demonstrated in Fig. 2. The S-year discase-free and overall
survival rates were 93.6% and 96.4%, respectively, tor PRA-
positive cases and 71.1% and 83.3%, respectively, for PRA-
nepative cases. Patients with negative PRA in these carcmoma
Lssues were associated with a significantly poorer prognosis
than those of PRA-positive cases at both disease-free (P =
0.0009) and overall survival (F = 0.0098) (T-ig. 2A.B). Fig. 2
also demonstrates the greater discase-free and averall survival

and histological grades.

Saito et al

of the PRB-positive cuses compared o PRB-ncgative cascs
(P =0.0007 and P =0.0116, respectively). The 3-year discase-
free and overall survival times were 90.5% and 94.1%.
respectively, for PRB-positve cases and 61.3% and 75.97%,
respectively, for PRB-negative cases. In addition, the absence
of either one or both of these two PR isoforms was associated
with a significantly poorer prognosis at discase-free survival
(7 =0.0003; (Fig. 2C), In addition, the absence of either one or
hoth of these two PR asolorms was detected in all nine patients
who died (100.04%), whereas the absence of these immuno
reactivities was detected only in 43 of 94 (43.7%) patienis who
lived during the same period.

In order to determine whether the prognostic value of PRA or
PRB expression was independent of other risk factors associ-
ated with climeal outcome of the patients with endometriond
endometrial carcinoma, we examined the results using multi-
variate analysis. The prognostic lactors examined were the
status of PRA or PRB, ER. stuges and histological grades. As
shown m Table 3, absence of PRA 1n carcinoma tissue was
statistically significant as an independent risk lactor only in
(hsease-free survival of the patients (P = 0.0258), although
PRB status was not a significant factor in disease-free or overall
survival. Histlogical grade wmed out to be an independent risk
factor only in overall survival of the patients.

Discussion

This is the first study demonsirating that the absence of not only
PRA but also PRB expression determined by immunchisto-
chemistry is an unportant prognostic indicator of patients with
endometriond endometrial carcinoma. Progesterone is known to
he ane ol the very important endocrine factors regulaling
cellular proliferation of the endometrium and it effects are
mediated through PR PR has two isolorms. PRA und PRB,
but the exact biological or clinical dilterences between the roles

December 2006 | vol.97 | no.12 | 1311
£ 2006 Japanese Cancer Association

Cancer S¢i |

— 1d8—



Table 1. Correlation between progesterone receptor isoform A and B (PRA and PRB) immunoreactivity and clinicopathological parameters in

endometrial carcinoma

PRA PRB
Parameter ‘nrf)tﬁ:ﬂ + - B -
= (n=51) i 52) P-value (n=19) (n = 24) P-value

Age (years)

50 22 15 7 19 3

=50 81 36 45 0.048 60 21 0.27
Grade

1 49 (47.6%) 33 16 43 6

2 32 (31.0%) 15 17 25 7

3 22 (21.4%) 3 19 0.0001 11 1 0.002
Stage

1,1 78 (75.7%) 40 38 63 15

1, 25 (24.3%) 1 14 0.526 16 L 0.08
ERa LI {median) 23 34 1" 0.003 34 4.5 <0.0001
ERB LI {median) 5 5 8 0.3 11 & 0.089
Kig7 LI {(median) 32 27 40 0.003 30 a6 0.002

ER, estrogen receptor; LI, labeling index.

Table 2. Univariate analyses (P-values) of predictors of disease-free
and overall survival for 103 patients with endometrial carcinoma

: Disease-free Overall
Variable . )
survival survival
PRA (positive vs negative) 0.0055 0.0354
PRB (positive vs negative) 0.0022 0.0225
Age (<50 years vs S0 years) 0.1159 0.0854
Stage (VI vs V) 0.2029 0.1163
Histological grade (1-3) 0.0276 0.0067
ERa (positive vs negative) 0.0426 0.2667
ERP (positive vs negative) 0.4832 0.3965
Ki67 (positive vs negative) 0.4722 0.3487

ER, estrogen receptor; PR, progesterone receptor.

of thesc two PR isoforms in endometrial carcinoma remains
largely unknown. The results of our present study demonstrated
that PRB was more common than PRA in endometrioid
endomeitrial carcinoma, which is consistent with a recent reporl

by Miyamoto ef al.*" They reported PRB LI of 30.4%, whereas
those of PRA were 11.3% in endometrial carcinoma. Sakaguchi
et al. also reported that PRB expression was more common
than PRA expression in endometrial carcinoma.™' However,
Amett-Mansfield eral. reported that PRA, not PRB, was
dominant in endometrial carcinoma.”"" This discrepancy of
results may be explained by the number of cases examined.
because Amett-Mansfield er al. examined a relatively small
number of cases (46 cases). whereas our present study as well
as others examined PR expression in more than 100 patienis
with endometrial curcinoma. We demonstrated previously thal
PRB was expressed dominantly in all types of epithelial ovarian
cancer."™" In human breast cancer, however, PRA was dominanl
in invasive ductal carcinoma.?** Therefore, the biological
significance of PR isoforms may differ depending on tumors,
even among human estrogen-dependent carcinomas.
Progesterone receptor and ER are known to be among the
most extensively studied biological prognostic markers in
endometrial carcinoma. However, the status of PR isoforms
and their possible roles in conjunction with clinical outcome
in paticnts with endometrial carcinoma have not been fully

Table 3. Multivariate analyses of predictors of disease-free and overall survival for 103 patients with endometrial carcinoma

Disease-free survival

Overall survival

Preditor e— ==k
HR (95% Cl)
PRA (positive vs negative) 0171
(0.036-0.808)
Histological grade (1-3) 1.333
(0.728-2.440)
ERu {positive vs negative) 0.509
(0.186-1.394)
Stage (-1V) 0.374
(0.231-2.287)
PRB (positive vs negative) 0.37
(0.121-1.125)
Histological grade (1-3) 1.569
(0.852-2.888)
ERw (positive vs negative) 0.557
(0.192-1.610)
Stage (I-1V) 0.2191

(0.837-2.171)

P-value HR (95% CI) P-value
0.0258 0.196 0.1522
(0.022-1.764)

0.3514 2371 0.065
(0.948-5.931)

0.1888 0.748 0.6818
(0.187-2.992)

0.1053 1.451 0.2352
(0.785-2.685)

0.0798 0.445 0.2797
(0.102-1.932)

0.1481 2.838 0.0285
{1.116-7.217)

0.2798 0.794 0.9184
{0.188-3.360)

0.2192 1.387 0.3174

(0.730-2.635)

Cl, confidence interval; ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor.
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characterized. There have been some reports demonstrating the
status of PR isoforms and clinical prognosis in endometrial
carcioma ™ Miyamoto e «f. carried out nmmunohistochemical
analysis and demonsirated that PRB expression occurred signific-
antly more frequently in grade | and wus inversely correlated
with poor prognosis on clinical outcome of patients, whereus
PRA expression was also significantly higher in grade 1 and
was inversely corrclated with Ki-67 expression, but not with
prognasis of the patients. They concluded that PRA and PRB
expression was significamly correluted with biologically malignant
potential. " Sukaguchi er al. examined mRNA levels of the PR
isoforms and reported a significant positive correlation between
PRA and PRB mRNA cxpression in endometrial carcinoma.'™
They quantified the mRNA levels of PRAB (PRA + PRB) using
real-time RT-PCR. and they also calculated the mRNA levels of
PRA from these data. There were no significant differences in
the level of PRA mRNA between normal endometrium and each
histological grade, although PRB expression was significantly
higher in G, [n addition, PRB mRNA. but not PRA mRNA,
status was significantly correlated with survival in endometrial
carcinoma.' ™ However, in these previous studies, the combined
results for loss ol expression of both of the PR isoforms and
their prognostic correlations were not exwmined in endometrioud
endometrial carcinoma. In the present study, both PRA and PRB
were significantly lower for the higher histological-grade carci-
noma cases, which is consistent with the results of previously
reported studies. 24 Loss ot both PRB and PRA expression
e carcinoma tissue was significantly associated with an adverse
climeual outcome in the patients. The absence of either one or
hoth of these PR isolorms was associated with a significantly
poorer prognosis al discase-free survival. In addition. multivariate
analysis demonstrated that an absence of PRA immunorcactivity
was an independent nisk factor in disease-free survival ol the
patients (Table 3). Furthermore, only one case was PRB negative
among these 51 PRA-positive cases, The number and disease-
free survival curve was similar between the groups of PRA
PRB™ and PRAPRB/PRA PRB" (Fig. 4C). These results all
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Coffee consumption and the risk of primary liver cancer:

Pooled analys

s of two prospective studies in Japan
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Although case-control studies suggested that coffee consumption is
associated with a decreased risk of liver cancer. no prospective
cohort study has been carried out. To examine the association
between coffee consumption and the risk of liver cancer, we con-
ducted a pooled analysis of data available from 2 cohort studics in
Japan. A self-administered questionnaire about the frequency of
coffee consumption and other health habits was distributed to
22,404 subjects (10.588 men and L8316 women) in Cohort 1 and
38,703 subjects (18,869 men and 19,834 women) in Cohort 2, aged
4 years or more, with no previous history of cancer. We identitied
70 and 47 cases of liver cancer among the subjects in Cohort 1
(9 vears of follow-up with 170,640 person-years) and Cohort 2 (7
years of follow-up with 284,948 person-vears), respectively. We
used Cox propoertional hazards regression analysis to estimate the
relative risk (RR) and 95% confidence interval (( 1) of liver cancer

incidence. After adjustment for potential confounders, the poeled
RR (93% 1) of drinking coffee never, occasionally and I or more
cups/day were 100 (Reference), 0.71 (0.46—1.09} and 0.58 (0.36—
0.96), respectively (p for trend = 0.024). In the subgroup of sub-
jects with a history of liver disease, we found a significant inverse
association between coffee consumption and the risk of liver can-
cer, Our findings support the hypothesis that coffee consumption
decreases the risk of liver cancer. Further studies Lo investigate
the role of coffee in prevention of liver cancer among the high-risk
population are needed.

& 2005 Wiley-Liss. Ine.
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Liver neoplasms: incidence: prospective studies:

Primiury liver cancer is the third most common cause ol death
from cancer worldwide." The incidence of liver cancer is highest
in [:Llslun Asia, including Japan.” \ltlmu"h its incidence is lower
in Furope** and the Unired States.” it has been increasing over the
last few decades.

Hepautis B virus (ITBV) and hepatns C virns (HCV) infections
are established causes of liver cancer.” and 39.0% and 23.6% of
liver cancers worldwide are considered autributable 1o HBV and
HCV. rcspeclwc!ly.' Epidemiologic studies have indicated  that
alcohol di illkill;;‘\' " and tobacco \nmkmgm
an increascd visk of liver cancer.

arc also associated with

There are several sets of data supporting the possibility that col-
fee consumption hus a preventive effect agunst liver cancer. Ani
mal expermments have mdicaed thae cotfee has mhibitory elfects
against chemical carcinogenesis in liver Furtheymaore.
eptdemiologic studies have demonstrated that coflee consumption
is inversely related to senum liver enzyme ;activi[y.“ " and has an
inverse association with the incidence of hver cirrhosis,'™!
Recent case-control studies in laly and Greece have suggested
that u\I‘Ih:gonsumptinn is associated with a decreased risk of liver

cancer.

11
lissue,

All the existing epidemiologic evidence related to coffee con-
sturption ;uld liver cancer has been derived only from case-control
studies."™ To further clarity the association between coffee con-
sumption and the nisk of liver cancer, a prospective cohort study is
cssential. Our present study was conducied to examine the associ-
ation between coffee consumption and the risk of primary hver

Fublicotion afthe

UICC

£
“-.'Gr

leternational Uninn Against Carcer

cancer based on populetion-based prospective cohort studies in
Japan.

Material and methuds
Sty colrorts

Our present study was based on a poaled analysis of 2 prospec-
tive cohort studies in Japan. The study lii wul& for the 2 studies
have been described i detail elsewhere.” BIILI]\. for Cohort 1
we delvered aself-administered quesnonnaire in January 1984 fo
33,453 residents, 40 years of age or older, in 3 municipalities ot
Miyvagi Prefecture. Usable questionnaires were retumed  from
31,345 (93.7%) of the subjects. For Cohort 2, we delivered a self-
adnnmstered questionnaire between June—-August 1990 to 51,92
residents, 40-64 vears of age, in 14 mumcipahties of Mivagi Pre-
fecture. Usable questionnanes were returned from 47.605 (Y1.7%)
of the subjects. Study protocols {or the 2 cohorts were approved
by the institutional review board of Tohoku University Gradoate
School of Medicine. We considered that the retum of the self-
adininistered questionnaires signed by the subjects implied their
consent o participate i the study.

Fxposure data

In both cohorts, the questionnaire mceluded items quinng
aboul the frequency of recent consumption of 3 kinds ol beverages
(eoffee, green tea, bluck tew) and food items, as well as questions
on smoking staus and history of disease. In the question about his-
tory of liver disease, the subjects were simply asked, “Have you
had any liver disease?” Thus, we did not ascertain the name of the
liver disease. Alcohol consumption was assessed by asking il the
subject had never drunk, or was a former, or current, drinker. Cur-
vent drinkers were also asked about their frequency of drinking
and the amount of alcohol consumed on one occasion.

We usked the subjects ubout their frequency of coffee consump-
tion according (o S categories: never, occasionally. 1-2 cups per
day, 3-4 cups per day and 5 or more cups per day. No guestion
about the method used to brew the coffee was asked. The volume
of a typical cup of coffee was 150 mlin the study region. The vali-
dation study of beverage consumption indicated that the self-
reported [requency of colfee consumption among the subjects was
satisfactorily valid and reliable. One hundred thirteen subjects in
the study population responded (o the yuestionnaire twice, | year
apart, and provided four 3-day dict records within the ycar,
Spearman’s cocticient for the correlation berween the amounts of
caffee consumed according to the questionnaire and the amounts
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TABLE 1 - CHARACTERISTICS OF THE SUBJECTS ACCORDING T0O COFFEE CONSUMPTION

Cohont I

Coffer consumpiion (cupsiday

Cohon 2

Never Occasionally L Newver Occasionaily »1

No. of subjects 4938 9507 7959 6954 14130 17619
Age (vears), mean = bD‘ 604 £ 11.8 56.0 = 10.5 524 297 54.2.+ 7.0 528272 489 + 7.1
History of liver disease (% 5.4 4.7 45 6.6 4.8 14
Male (%) 1.0 46.1 525 47.1 46.8 51.0
Alcohol drinking (%)

Never 489 383 334 459 43.7 39.0

Formerly 17 50 5.1 6.6 5.1 54

Occasionally 210 32.6 346 184 24, 289

Daily, <45.6 g/d 7.0 8.5 9.4 3.0 8.3 9.2

Daily. >45.6 gid 154 15.7 [7.4 21.1 18.2 17.6
Smoking (%)

Never 62.4 60.6 47.2 56.9 558 47.3

Formerly 13.8 12.4 134 14.0 12.7 10.2

Datly, < 19 cigarettes 10.6 10.7 12.7 10.5 10.7 10

Daily, >20 cigarcttes 132 16.3 1.2 18.6 208 317
Daily consumption (%)

Green tea (>3 cups/day) 57.0 68.6 60.3 47.9 R 39.6

Black tea (23 cups/day) 0.7 09 27 03 0.4 08

= 61, 107.-2SD dencles standard deviation.

consumed according to the diet records was 0.70, and the correla-
tion between consumption measured by the 2 questionnaires over
| year was 0,72,

Follow-up

The end poimnt in our analysis was incidence of primary liver
cancer defined as the topography code C22.0 and fifth digit behav-
ior code for neoplasms/3 according to the Intemational Classifica-
tion of Diseases for Oncology (2nd Ed.; ICD-0-2).**

For both cohorts. we followed the vital and residenuial status
of each subject using a population registry for each municipal-
ity, We ascertained the incidence of cancer using the Miyagi
Prefectural Cancer Registry, one ol the earliest .md most accu-
rate population-based cancer registries in Jupan.”® In this regis-
try. the relevant cases were abstracted from medical records of
hospitals by a medical doctor or  trained  medical  record
reviewer, except for the cases reported from an stitution to
the regisiry. A follow-up was conducted from | January 1984—
31 December 1992 for Cohort 1, and from | August 1990-3]
March 1997 for Cohort 2.

We excluded cancer cases prevalent at the baseline (341 cases
in Cohort 1 and 1,110 cases in Cohort 2). Then, we excluded sub-
Jects who did not answer the question about cofize consumption
(8,400 subjects in Cohort | and 7,792 subjects in Cohort 2). Con-
sequently, our analysis included 22,404 subjects (10,588 men and
11,816 women) including a total of 70 cases of liver cancer (50
men and 20 women} in Cohort 1. and 38,703 subjects (18,869 men
and 19,834 women) including a total of 47 cases of hver cancer
(41 men and 6 women) in Cohort 2.

Diagnosis of the 117 primary liver cancer cases was confimed
by medical records (n = 90, 76.9%) or death certificates alone
(n = 27, 23.1%). In the 90 cases of primary liver cancer reviewed
from medical records, the diagnosis was confirmed by histologic
or cytologic examination in 43 cases, and by imaging (ultrasonog-
raphy, computed tomography, magnelic resonance imaging, or
angiography) alone in 35 cases. Although medical records had
been reviewed. no further information on the basis of diagnosis
was obtainable from the registered data in 12 cases. Among the 43
cases of prmary liver cancer established by histologic or cytologic
examination, the histological types were hepatocellular carcinoma
(1CD-0-2 morphology code M-8170/3, n = 35). unspecified can-
cer (M-8000/3. 1 — 6), adenocarcinoma (M-8140/3. 1 1) and
hemangiosarcoma (M-9120/3, n = 1).

Sraristical analysic

We counted the number of person-years of follow-up for each
stbject from the beginning of follow-up until the date of diugnosis
of liver cancer, the date of emigration from the study districts. the
date of death or the end of follow-up, whichever occurred first.
Total person-vears accrued were 170,640 for Cohort 1 and
284 948 for Cohort 2. We combined the upper 3 categories of cof-
fee consumption into the single category “1 or more cups/day”
because of the small number of subjects in each category. In fact,
the numbers of patients with liver cancer who reported drinking
coffee 1-2, 3—1 or 5 or more cups/day were 19. 11 and 0, respec-
tively. Relative risk was computed as the incidence rate among
subjects in each category of coffee consumption divided by the
rate among those who had never drunk coffee. We considered sub-
jects who had never drunk coffee as the reference group.

We used Cox proportional hazards regression analysis to csti-
mate the relative risk (RR) and 95% confidence interval (CI) of
liver cancer incidence according (o categories of coffee consump-
ton and to adjust for patentially confounding variables, using
SAS version 8.2 statistical software (SAS Inc., Cary, NC).

As the primary outcome, we examined the association between
coffee consumption and the risk of incidence of primary liver can-
cer. We considered the (ollowing varubles 1o be potential con-
tounders: age (in years), gender, history of hver disease (yes or
no), alcohol consumption (never drinker, former drinker, occa-
sional drinker [current drinker less otten than daily], daily drinker
who consumed <45.6 g alcohol/day. or 45.6 g or more alcohol/
day), and smoking status (never smoker, former smoker, currently
smoking 1-14 cigarettes/day, currently smoking at least 20 ciga-
rettes/day).

To obtain a summary measure of the results from Cohort I and
Cohort 2, we used the general variance-based miethod.” The
p-values for the analysis of lincar trends were calculated by treat-
ing the coffee consumption category as an ordinal variable. All
reported p-values are 2-tailed, and differences at p < 0.05 were
considered statistically significant,

Results

Tuble I compares the charactenstics of subjects according 1o
cotfee consumption. The subjects with higher coffee consumption
tended o be younger and male, and were more likely to be
drinkers and heavy smokers (20 cigaretics or more/day) and were
less likely to have a history of liver disease. The consumption of
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TABLE I - RCLATIVE RISK (RRY AND 953% CONTIDENCE INTERVAL (€D OF LIVER CANCER ACCORDING TO COFFEE CONSUMPTION

Virnable

Newer

No. of cases ol liver cancer/person-years
Cohort |
Cohort 2

Age, gender-adjusted RR (95% CI)

249/36,988
12/51,017

Cohort | 1.00

Cohort 2 1.00

Pooled 1.00
Multivariate RR' (93% CTy

Cohort | 1.00

Cohort 2 1,00

Pooled 1.00

Collee consumption teupsiday) 3
s it ot Tiemd

Oceasion:

16/59.427
147129471

23774226
217104459

0,48 (0.28-0.82) 044 (0.24-0.83) 0.0076
(.92 (0.45-1.8T) 0.61 (D.28-1.33) 0.19
.61 (040094 0.50 (0.31-0.82) (10041
.56 (0.33-0.97) 0,53 (0.28-1,00) 0.03%
105 (0.52-2.16) (L68 (0.31-1.51) .30
0.71 (0.46-1.09) 055 10.36-0.96) 0.024

"Multivariate RR was adjusted for age (in years), sender, history of liver disease (yes or no), alcohol consumption (aever drinker, former
drinker. occasional drinker [current drinker less often than daily]. drinker who consumed less than 45.6 ¢ alcohal/day. 45.6 g or more alcohol/
day). and smoking status (never smoker, former smoker, currently smoking 119 cigarettes/day, currenily smoking at least 20 cigarettes/day).

green tea did not vary according to the consumption of coffec. We
abserved a similar tendency in Cohort 2.

Table 11 shows the ussociation between coffee consumption and
the risk of primary liver cancer. We tound that higher coffee con-
sumption was significantly associated with a lower risk of inci-
dence of liver cancer. The pooled multivariate RR (95% Cl1) of
liver cincer in subjects who drank coffee never, occasionally, and
I or more cups/day were 1.00, 0.71 (0.46-1.09) and 0.58 (0.36-
0.96), respectively (p for trend = 0.024), In the analysis of each
cohort, a similar trend was observed. Results remained cssentially
the same when we excluded the 41 cases (22 cases [13 men and 9
women] in Cohort 1. 19 cases [17 men and 2 women| tn Cohort 2)
with liver cancer diagnosed in the first 3 years of follow-up (data
not shown).

When we did not count 27 cases confirmed by death certiticate
only (DCO) as primary liver cancer. the point estimate of the RR
of liver cancer had a similar trend, The pooled multivariate RR of
hiver cancer in subjects who drank coffee never, occasionally, and
| or moare cupsfday were 1.00, U887 (0.52-1.45) and 0.73 (0.41-
1.29), respectively (7 for trend — 0.25).

Table TIT shows the association between coffee consumption
and the risk of liver cancer in subgroup analyses, The RR of liver
cancer were below unity irrespective ol whether the subjects were
yvounger or older. male or female, cumrent drinkers or not, current
smokers or not and had had hver disease or not. A significant

imverse associalion between coffec consumption and the risk of

liver cancer was observed i the subjects with a histery of liver
disease (p for trend = (0.047), whereas the association was not sig-
nificant in the subjects without @ history of liver discase.

We also examined the relationship between green tea consump-
tion and the risk of primary liver cancer, but the relationship was
null. After adjustment for the sume covariates as those used for
analysis of colfee consumption, the pooled RR (95% Cl) ol pri-
mary hver cancer m subjects who drank 2 ar less, 34, and § or
more cups of green tea/day were 1.00, 1.20 (0.75-1.94) and 0.90
(0.50-1.44), respectively (p for trend — 0.70), We were unable ta
estimate the relationship between consumption of black tea and
liver cancer incidence because the proportion ol subjects who
drank 1 or more cups of black teafday was only 7.8% in Cohort 1
and 2.8% in Cohort 2.

Discussion

In this peoled analysis of 2 prospective cohorts, we lfound 4
statistically signilicant inverse association between coffee con-
sumption and the incidence risk of primary liver cancer, This
result is consistent with recent case-control studies in Lialy and
Greece.” Consumption of coffee in our subjects was not partic-

ularly low in comparison with the Western population. The pro-
portion of subjects who reported drinking 1 or more cups of
coffee/day was 41.9% i our study and 58.5% in the United
States.' Almost hall of the liver cancer cases occurred in the
2,985 subjects who reported @ history of liver discase at the
baseline. Although we had no specific information on liver dis-
cases, this result was consistent with the strong  association
between chronic hiver discases such as chronic hepants or liver
cirthosis and the risk of liver cancer.”’

Our study had several strengths. We recruited our subjects from
the sencral population and dentified a large number of cases of
liver cancer among them. The information on coftee consumption
and other variables was obtamed belore the cases of liver cancer
were diagnosed, thus avoiding any effecr of recall bias. The ques-
tionnaire used for measuring coffee consumption had a reasonably
high level of validity and reproducibility. In addition. the inverse
association between coffee consumption and the risk of liver can-
cer was unchanged after adjustment for, and stratification by,
potenual confounders, Maoreover, (o avoid any potental bias from
subclinical conditions, we excluded subjects in whom liver cancer
was diagnosed in the first 3 yeurs of follow-up. The inverse associ-
ation wis unchanged after this exclusion.

Our study also had some limitations. First. we had no informa-
tion about history of HBV or HCV mfection. The prevalence ot
hepatitis B surface antigen (HBsAg) and antibodies against HCV
tanti-HCV) among subjects 40 years of age or older in this area
was 1.87% and 2.19%, respectively.™ In Japan, 28% and 43% of
liver cancers are estimated to be attributable 1o HBV und HCV,
respectively,” Il these viral infections were related to change n
coffee consumption, the association between coffee consumption
and the risk of liver cancer would be confounded. In our study, the
RR of liver cancer were below unity. irrespective of whether the
subjects had liver disease or not. In a previous study,'” the inverse
relationship between collee consumption and the odds ratio ol
liver cirthosis was independent of HCV and HBV infection,
Because of (he strong associution between these virus infections
and the risk of liver cancer, however, even a weak inverse associa-
tion between these viral infections and coffee consumption could
introduce negative confounding, which would lead 1o overestima-
tion of the effect of colfee consumption on the decreased liver
cancer risk. Measurernent of HBV and HCV infections weuld be
needed in further prospective studies.

Second, primary liver cancer cases identified on the basis of
death certificates alone without confirmation by medical records
might have a possibility of misclassilying secondary metastasis to
the liver as primary liver cancer. We carried out an additional
analysis not considering the DCO cases as primary hver cancer.
The inverse association between cotffee consumption and the risk
of primary liver cancer was not materially changed. We helieve 1t

149



COITEL CONSUMPTION AND LIVER CANCLR

TABLE, HI - POOLED MULTIVARIATE RELATIVE RISK (RRj AND 95% CONFIDENCE INTERVAL (CI;

OF LIVER CANCER ACCORDBING TO COFFEE CONSUMPTION BY VARIOUS SUBGROUPS

Newer

Cottee consumption teups/day)

p tor Trend

Oruasionally >
Age
40-59 (n = 46,718)
No. of cases 14 23 20
Multivariatc RR' (93% Ch 1.00 085 (0.44-1.74) 081 (0A0=1.64) .59
60« (n -~ 14384
No. of cases 29 23 10
Mulrivariate RR' (93% CT) 1.00 (.58 (0.32-1.09) 044 (0.21-0.93) noLs
Gender
Male (n = 29.457)
No. of cases 28 36 27
Multivariate RR' (955 C1) 1.00 0.73 (044121 0.64 (0.37-1.123 0.11
Female (n — 31.650)
No. of cases 13 10 3
Multivariate RR' (93% (1) 1.60 .66 ((0.28-1.37) .54 (0.14-2.07) 012
Alcohol drinking
Never (n = 21.914)
No. of cases 14 10 4
Multivariate RR' (954 CT) 1.00 0.69 (0.29-1.6%) (.46 (0.14-1.52) 0.048
Former (n = 2974
No. of cases 6 6
Multivariate RR' (955 CT) 1.00 (.60 (0.20-1.78) 0.74 (0.23-2.39) 0.58
Current (71 == 28,750)
No. of cases 15 28 14
Multivariate RR' (95% CT) 1.00 .90 (0.47-1.71) 0.56 10.24-1.29) 0.097
Smoking
Never(n — 27,233
No. of cases 12 14 2
Multivariate RR' (5% CI) 1.00 0.90(0.38=2.11) 0.27 (0.06~1.32) 0.10
Former (n = 6,164)
No. of cases 14 Y9 2
Multivariate RR' (95% CI) 1.00 0.53(0.21-1.34) 018 (0.04-40.84) 0.012
Current (n = 18.334)
No. of cases 11 16 19
Multivariate RR' (95% CT) 1.00 0.80(0.36-1.75) .90 (0.41-1.97) 034
History of hver disease
ves (n = 2.9R85)
No. of cases 23 17 13
Multivariate RR' (95% C1) 1.00 (.51 (0.27-0.97) 0.52 (0.25-1.07) 0.047
no (n = 38,122
No. of cases 18 29 17
Multivariate RR' (95% CT) 1,00 (1,93 (0.53-1.80) 0.7510.37-1.50) 033

"Multivariate RR was adjusted for age (in years), gender, history of liver disease (yes or no). aicohol
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vonsumption (never drinker, former drnker, occasional drinker [current drinker less often than duily],
daily drinker who consumed less than 45.6 ¢ alcohol/day, 45.6 ¢ or more alcohol/day), and smoking sta-
tus (never smoker. former snoker, currently smoking 1—19 cigarretes/day, currently smoking at least 20
cigareties/day). Each model stratfied by gender. aleohol consumption, smoking status and history of liver
diseuase did not include variables for each stratum. respectively,

1s unlikely that the DCO cases distonied the inverse associalion
substanually.

Third, we excluded 16,192 subjects because they did not answer
the question on coftee consumption. Fifty-onc cases of liver can-
cer were diagnosed in this group. We considered that the charac-
teristics of subjects who did not report thewr cotfee consumption
were essentially similar (o those of subjects who did. The 2 groups
were similar with respect to the prevalence of current smokers
(35.5% and 354% of the groups, respectively), current alcohol
dnnkers (51.4% and 54,29, respectively), and a history of liver
discase (4.2% and 4.9%. respectively), apart {rom the distribution
of age classes (subjects 40-59 years of age made up 53.6% and
76.53% of the groups, respectively) and gender (men made up
41.3% and 48.2%, respectively). The pooled multivariatc RR
(95% CI) of liver cancer in the subjects who did not answer the
question about their coffee consumption. as compared to those
who did. was 1.23 (0.87-1.74), Thus, our result might not have
been substannally biased by exclusion of the subjects who did not
answer the question on coffee consumption.

Fourth, we were unable to distinguish between never and for-
mer coffee drinkers, as this mformation was not collected at the

baseline. Such information would allow more precise estimation
of the effects of coffee on liver cancer in further studies. Finally,
we did not investigate the method used for brewing coffee. For
practical purposes, however, we can consider that most ol the sub-
jects would have consumed instant or filtered colfee because unfil-
tered cotfee is rarely consumed in Japan””

Among the subjects with a history of liver disease, we observed
a significant inverse relationship between colfee consumption and
liver cancer. We speculate that cotfee may prevent hver cancer
more elfectively among subjects with liver disease than among
those without liver disease. If the subjects with o history of liver
disease had reduced thewr coffee consumpnion at the time of buse-
line data collection because of ill health. an inverse associanon
between coflee consumption and hiver cancer would have been
observed. Among the subjects with a history ol liver disease, we
did not observe a decreasing trend in the proportion of former
alcohol drinkers and former smokers, according to the frequency
of coffee consumpuion, who might have quit drinking and smoking
due 1o ill health. In our data, among the subjects with a history of
liver disease, the proportions of former alcohol dnnkers who
drank coflfee never, occasionally or 1 or more cups/day were
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13.5%, 11.5% and 13.1% respectively, and the corresponding pro-
portions of former smokers were 17.7%, 19.2% and 17.6%,
respectively. Kuper er al'” failed 0 estimate the odds ratio of
liver cancer Tor colfee drinkers among a subgroup ol subjects with
HBsAg or anti-HCV because there were no controls who did nal
drink coffec among these subjects. Further studies w clucidate the
preventive elfects ol coffee consumption against hver cancer
among  subjects with chronie hepatitis or liver ciirhosis are
needed.

Meanwhile. among the subjects without a history of liver dis-
ease, the inverse association between cotfee consumption and the
risk ol liver cancer was not significant, but the RR ol liver cancer
was below unity. Among the subjects without a hustory of Liver
disease, we could not conclude from our daty whether we might
fuil to detect a significant inverse association between coffee con-
sumption and the risk of hver cancer due o insufficient statistical
power ar whether there might be no association,

It remains unclear which ingredient{s) of coffee s protectve
against liver cancer. Mutagenic and antimutagenic elfects of coffee
and caffeine on cultured cells of bacterial and mammalian origin

have been demonstrated, but mutagenic effects would be almost
non-existent at the usual levels of coffee consumption in humans, ™
The calfeine comcentration in coffee and green tea 15 0.06% and
0.02%., respectively. ™ Caffeine might not have motective effect
against liver cancer because our study indicated that consumption
of preen tei was not associated with the risk of liver cancer. Coffee
also contams chlorogenic acid, a phenolic compound., whose inhib-
tory effects on chemical carcinogenesis i the liver have been
demonstrated in an animal model.'" The diterpenes cafestol and
kahweol, both present in coffee. have been implicated in anticarci-
nogenic ;J.ctivi[_v,iE but it seemy unbikely that they would have had
a protective elfect agmnst hiver cancer in this study group because
thetr quantity is almost negligible in instant and filtered cotfee. ™

In conclusion, we have found that coffee consumption is signifi-
cantly associated with a decreased inciwdence of liver cancer, In
addition. subgroup analysis among our subjects with a history of
liver discase showed an inverse association between coffee con-
sumption and the risk of liver cancer. Further studics to clarify the
role of coffee in prevention of Tiver cancer among the population
ar high risk are needed,
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K1 PCBH L {34 FIUKBIZL ZREFEFANSNABHOELHETIR— FMEAE

The Dswego Newborn and Infant .| The Faroese Birth cohort (X FJL7KER ;
Development Project (PCB, n=293) |~ .~ LPCB, 1st:n=1022, 2nd. n=182) \
e —— — “: 53 l = T o ‘
The Dutch PCB/dioxin study | * g vl
The Michigan # (PCB‘ ";300) s _ =

- s | The German cohort (PCB n=171) I

cohart (PGB, n=313)

S b.ll‘..

Tohvok.u Study .
(AFIKREPE) |

The North Carolina |
cohort (PGB, n=880) |

e .:I‘. E r T . n“ ‘ .-‘ B
Sl Seychelles Ghlld Davgﬂonment : o
b 1st n 779, End n>3007 ‘ ‘
r-‘ . 3
&
g( M | The New Zealand study (X FJLok#R n=238)

x1 BAICHU R - PEEOHKR

st T Majorfinding == Reference
Fish ntake ' matnl exposure’ Postnatal exposure’
Michigan 1080-T08] e
NBAS (60 hr) Mator immaturity, Poarer lability  No relation LG
of states. Hypoactive reflexes .
BSID (5.7 mo) No relation No relation 17
ETIT(S,7 ma) Lexs performance Less performance No relation 18
MS 4y} Paorer scores in verbal and Weak relution 19
numerical memory
1Q test (1] yr) Intellectual impairment No relation 15
MNorth Carolina, 1978-1582
NEAS (72 ir) Less muscle tone, Lower activity 20
levels, Hyporetlexive! =
BSID {.a yr) Lower psychomolor scores’ 21
MDS (2 yr) No rela!mn 22
MS (3-5vr) ' No relation’ 23
Oswego, NY, 1-1994
NBAS ( (48 lu') Lawer seares in habituation., Lower scares in habituation No relation 24
auranomic and reflex autenomic and seflex
FTIT (6 and 12 mo) Less performance Mo relation 13
Performance test (4.5 yr} Increase in errors of comunission Norelation 25
Netherlands, 1990-1992
PNE (10-21 d} No relason Less muscle tone, Reduced 26
neurclogical opumality
BSID (3 ma) Lewer psychomorar seores Na velation il
BSID (7 mo) Mo relation Lower psychomarar seores 27
Neurological (18 mo) Lower optumality No relation 24
Neurological (42 mo) Noreladon MNa relaton 29
K-ABC (42 mo) Intelfectual imprument’ Mo relation 30
ernnpwchnlngul (9 .yr} Longer respone time Week relation 31
Auditary P3O0 (9 yr) Lenger P3O0 latencies Na reiation 32
Dusseldorf, 1993- 1995 o
BSID (7 mo) Ne velation Lower mental scores 33
FTIL(7 mio) No relation Ne relation 23
BSID {30 mo) No relation Lower mental and psychiometor scores 2
K-ABC (42 mo) No relstion Intellectual impairment 2
Farpe hfand~ 1994-1995 . .
PNE (2 wk) No relation’ Ne refaiion 34

| Cord blved PCB level for prenats d exposure and maternal milk PCH level for postnatal exposure. 2 Pcna[al PC% exposure was estimated based on the maternal milk PCB
Jt\EI oblained 2t birth. 3 Matemal bload PCB level
Nevrologiczl and cognitive tests are abbreviated as follows. Neematal Behavioral Assessment Scale (NBAS), Bayley Scales of Infant Dcvrlupm&‘nt (BSID). Fagan Tastof
EC‘JHII 1t Intelligence (FTIT), McCarthy Scales (MS), Mental Development Scales (MDS), the Prechtl Neurological “Exarmnation (PNT). Kaufman Assessment Batlery for
hildren (K-ARC)
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BEALTEY, BRIZBIT2EENOKKITE
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EhOTEVEZINTWE D, b EORLE
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B RLEHRON EMRE O
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B ==

HBAVELHMFTHED TS 25— B
(Tohoku Study of Child Development : TSCD) @
BEELR2i2R L2 70 b2 — L oFEHIE 0wt
EBE S NY, 2001E 184 52003598 12 b
0, AT OEEOESERM IS THACRE
DOEELHHL, A 7+4—LFartr bEE
BLIFIZLILZRELE, KAE, PHE
FHEBR L E 2 FEE L RAEIZ509% O #E R - B
BoORTE2BFHF L. BEL-ROFEErBIFT
Bz, RIEKERFRHAREHADITI I HEA AL
AREO-OOHBLERE, T, BIEEENIC
mz, BRogetEERIcREL 2REIZTHR
EREAEOTVE, 28, ATICELEREEK
FEFRMRAFEZES I CMEMIBMOBGET 1
VEFTI A BT3B,

B RoREDEH

WOREZ BT 2 /00O EITEEN L FiE
LT, £B3HBI TS ENL L B4 IBITE
i (NBAS) %, ST H THBRKAREHTE,

FUHER
AMENBERE RREEE
FRIQ. B EEFE, HSBFNENF
BHEEBALES =L

LEEE YT —
72N o E R TR IHE
Bayley Scale of Infant Develocpment
FIEKAREERE
Fagan Test of Infant intelligence
Child Behavicr Checklist
Kaufman Assessment Battery for Children

AREELHIARETHENGEAL L TR |
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Bayley Scales of Infant Development (BSID) # X
U¥Fagan Test of Infant Intelligence (FTII) %, 4%
#18#4 A THMKN R EHES L UBSID%:, £#
304 F TChild Behavior Checklist for 2-3 years
(CBCL) %, #{%42% H TKaufman Assessment
Battery for Children (K-ABC) ##&Tuv 3, =
noOEHRE~OHFEILIL ST R82~88%T
HELTWA.

A Sy 7 -l TiE, KR ERE
ERPEIIBT BN BERETH LA,
HNTEEIETT LI EBSIDA L {HwenTEs
6, TSCDDOWTIER FOER A+ e L TH
WK 3 b = BSIDOFF R I X B kA RE L
7zo BSIDIZEIM THEE{ 2N THB 63, 1993%E
R E SN REIERNTOEEMN L Y
fobzvy, T @728, RochesterkZE o/ IE#E
ey v —7 (Davidson#$?) L oHEEZEIZL
7o ba—VoflR e EEEFmE ML 77,
7z, FTILZARE DG OB 2 I0H L 7- 48
HEHMETH D, PRoummhemeHEr

F2 NHHBOMFREL LD

bOLERTVAY, BAOHEETS XAV S
hTwataEHEBETHY (F1), HrORET
LERADAMETHHF BT HBEDOENTWAEY,
B, HEer B TRIEOMIE RS DFEE

A BT
CATSYS20001 e 5,
HAMEERATV A
a. XIREHR

16,0 Bl B - (LA

7 TH®ES L
BRECEEL LS

7w -

HERE~HPHEIITLS 2

HHOARERAT (L EENAYENHEE T‘iﬁj ;
=8N (Hollingshed four facors version)

EREEMEL, #B#MIQ (Raven's Standard
Matrices) 12X 0 EH L Tw5b,
b. {EFah

EHEARDETIIZOWT, FERERHAR
7 b UFIZIET M 45 X OF R I RBR o v & > BE
fitE (TSH, #5 X FERT3/T4) 22w TidE
B TaAMERT L. %ﬁfiﬁﬁﬁﬁiiiifcﬁ’ftﬁ [
L0, FRERRLECMEREIERLERER
FRHEERIZ LD ﬁﬂﬁ%ﬁo 7o

F— FEEE TOEREMIOFE

Study Method No of Lipid Comment Reference
Extraction Clean-up  GC Detection  congeners determunation
identified
North Carolina, 1978-1982 Ligwiud  Flonsil  Packed ECD Not identified Webb-McCall method 35
Michigan 1980-1981 Liquiud  Flodsil Packed ECD Not identified Webb-McCall method 36
Netherlands, 1990- 1992 Liguiud. Florisil High ECD 4 Gravimetne  Milk: 17 PCDD/F congeners, 3 planer 2%
Resolution frmalk)y and 23 non-planar PCBs _Plasma: Sum
of 118,138,153 and ERO
Oswego. NY, 199]-]1904 Liguind  Flonsl  High ECD 68 Gravuneiric &) Sum of 68 congeners I3
Resalution ) Sum of highly chlorinated congeners
Dusseldorf, 19931993 Solid Florisil  Hiah ECD 3 Photometric  Sum of 13§, 153, and 180 2
-Liguud Rescijution
Faroe Islands, 1994- 1595 Sohd Flons!  High ECD & Photemetic  1.65 x Sum of 138, 153 and 180 34
1gurud Resclution (milk)
Nonavik. Quebee. 1996-2000 Liguiud Flonstl  High ECD 4 Gravimetnic (milk) n
Resolution Enzymatic (serum)
Osaka, 1993 Liqunid  Flonsil Packed ECD Gravimetric  Japanese official procedure ]
Chiba and Yamanashi. 2002-2003 Liquiud ~ Silica High MS All Eneymati (serum) 12
gel Resolunon
Tohoku, 2001-2003 Liquiud  Silica High MS All Gravimetric  Whaole blood was used. 5
gel Resalunon
ERERT. LR D2k R~
Pt Mide by | Mg, #7 DETEHY . PCBICDVTE &
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ERIEZRILFHEDHI L, ¥44F2 2HId
LiE—4—3— 2T vt4 ThbHCALUX Assay B
LUGC/MSIZE B2 hkE L, F/PCBsZRMEH
FHHGC/MSIZE L Lz, @i EIT5
J&— bMRAZETER, RUEFENFLORAETHY
SN7OMEFEREL D, EERABEPOPCBD
GV TNRLECDIZ L ARETH ) RS
ﬁdﬁbﬂfw&wcit{f4ﬁ$9>ﬁ®ﬁ
LTI, 47 ¥ 0EERECTRILhR
EXAEEINTVEOATH D, ARETIZ, B
HmEEVY 4 4 F Y VB L UPCBE RS
A EERLTVHA, ZOL ) eHMEMTIZY
HTDRAEL D,

IHEGNETTHE OO0, BRERTEOR
Fickh, B¥MTLIIEALDRET23,78
TCODAEFIEHL /M4 3L AR SN
Twa, PEHEEICE L4 BFEM2lTo sy A
FE L oEBEORRIEE, 0022 pg-TEQ/g-wet
(0.005~0.13) Tdh, #K£PCBIX115 pg/g-wet
(36~670), FREFE®EIZ027% (0.18~0.72) L&
5Twnd, BEOIF— PREETEMES L&
MEEDEIR SR TV EAY, MEREFIZIGY A+

*£3 BEHMEPCBL AJLICET 2 Xt

BEEREFDROELAREOLE

FUUEBIUPCBRIZEALESINGEVED
ShTHhH, BHEmoO~= b7 v FE0% LR
ETAHE, NEFOUFVROBEIIEMTOE
DR2EL % B,

BAOIR— MABL DR
-~ PCBREICEBELT

BEDEND T F— A TIE, PCBOTHH
BAMEINTWATY, PCBIZOW TR :
g EEAL, RICHTMOTHERE, 36
CHEAGIEBAOTHER LB TV RZNHDD,
B4 CBALOGHOLBOERT R L, BRI
BUZBRBLANVOBEMEET L0, BRSIC
DwTidos— FEFUNADGLFIA LMY,

MEEHRETOREEAELEL, MFLTEE
LEdng/mlk L7z, X@ETHRMEESLCY
DB THEINTVIHEITIE, HLORET
BoNEHERE02T%F AV TIRE L -HED
LH L. ERIPCBIZ DWW TR AEH A5k
ANTWREEIE, SRS OTFHELEN R
b BV IUPACH1G3DME# SE# 3 5 & & 612, New

SPCBICHA, #1538 LU SMIER{LPCE BEM7-9) (LD THHHAREELXHDIEL L

Study No Chemical Geomelnc Commenl
mean
North Carolina, 1978-1982 744 IPCB <4.27 ng/ml
Michigan 1980- 1981 293 ZPCB 27  ng/ml
Netherlands, 1990-1992 in ZPCB 0.38 ng/ml
373 153 015  ng/ml
Oswego, NY. 1991-1994 293 ZPCB 052 ng/g-wel
293 Z7-9Cl PCB 005 nglg-wet
Dusseldorf, 1993-1995 14} ZPCB 039 ng/ml
Nonavik. Quebec. 1996-2000 98 ZPCB 076° ng/ml 279.9 ng/g-lipid (70.R-1420.1)
98 153 0.23* ng/ml 86.9 ng/g-lipid (13.4-550.9)
Chiba and Yamanashi. 2002-2003 20 ZPCB 0.14" ng/g-wet  638bngie-lipid (31-110)
Tohoku. 2001-2003 42 ZPCB 0.23"° ng/ml 2 M T 0.113ng/ml (0.035-0 67)
42 153 005" ng/ml 2MT 0.026 ng/ml (0.007-0.140)
42 27-9ClIPCB 0.06™ ng/ml 20T 0.031 ng/ml (0.008-0.211)

PEHEO % LRELTHELL, "Median, “SOTOREEHSIELRE L THRECHELE.
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YorkiHOswego TOFM A&, S I3 EHT-VEDO S
[ EALPCRA RO R R L OBV & #
EAhTwAIE»ES, GEEZRLPCBIZDOV
ThitidL7e &b, BRMPCBO BT T
HErTHAHEEh T, SR L 2
T

M OEPCBIZ 2 W Ta D L, FArOH
BashERNOBE L~ RE e L TR
fEEhaTwd, BPCBIZOWTHEHETH
BEOREPETRLE L HOD, [UPACHISID A

%BLT%ﬂﬁ&m%caqf Ll s

EEEEPCBIZFH T AL, FoeDiER
aiOswegnJ‘JUEﬁ Lzl L7z 54b%,
OswegoD#PCBIE B VD d, HERI-3OKE
EFE(PCROBGHE W hTH B, Zidsy
WHEREDZ ) =Ty 7oEHERORY
CERTLLOLLEZ BRI,

KT, BEPPCBD L ANIIDWTHET 5
L, Bl OEEE L~ id0swegoifl B IZICET A
A, bLREEE LTERL 3EMIIHo Tz,
FD—HT, FaroedBII BT IBEFT I
AH SR THD, 1980—1981FIZEE S

#£4 FBILBPCBL ~JVICET 2 THkE

MichiganiZ BT A2 REL FIFE L L~V OBE

TahaEZEIREENT, Faroeif Bz B Tid

AF VAL SEEEEIZOVWTHREIE

bR TwaAn, PCBsk A FVAKIROHEEERERE

Tk AHEREANE SRR, FaroeiERILE

\THPCBORGIBHIBRED ) A 7 FFMAGRE L b

£z 51 z. &8, Michiganll BT 2RETI,
BEMZPCBREEIRAE M LAFFHFREVD

DN, HERODBREORRIRELERA -0,
Bkl LT, RoRMoBEgAslmRlcmy:

L, EREATAENY @ﬁ‘mﬂ%ni%ﬁﬂ‘ﬁ
EAWFFE N0, kb Twah,

|| Db

LB s L A HE BB #E") 2 7 ORAT
2EDLIAT, RORELRIFTHIL, T
EHEMECRETL L, TLTHETDZESR
PRELBAENERELE£Z2 605, TSCDIEE
DEFELTDHYN, BRTHLIIE IERES
PhBELOEBRDIL A, ’%,?{f#
YK, PCB, AFLIKRIEH - BoRE") A

SRR

Study Ne. Chemical Geometric Runge Comment
mean

North Carolina, 1978-1582 617 ZPCB 1530 ng/g-hpid Milk at 6 weeks postpartum
Michigan 1980-198] 124 ZPCB 8297 nglg-hpid Milk at 0.5-4 5 months postpartum
Netherlamds. 1990-1952 10 2. PCE 4048 ng/g-lipid Milk at 2 weeks postparium

(94 #153 174.7 ngfg-liped
Oswego, NY, 1991-1994 36 ZPCB 153 ngfg-lipid Milk at 1-2 months postpartum
Dusseldorf, 1993- 1985 126 ZI'CH 404 nglg-lipd Milk it 2-4 weeky postpartum
Faroe Islands. [994-1995 168 ZPCB 1520 ngfe-lipd  70-18500  Milk at 3-4 days postpartum
Nonavik. Quebec, 1996- 200} 116 ZPCB 3856 ngly-lipid  79.7-19158 Milk a1 month postpartum

116 #153 131.6 ng/g-lipid  217-7279

ngfg-lipid

Osnka, 1998 49 LPCB 2007

Milk at 2-4 weeks postpartum

A5 oV OEFRETEBLFS A FF L VRO HRATORTEY.

“Arithmetic mean
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HTEQ (PCDDVFs + co-PCBys) 62 pg-TEQ/g-lipid.



