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decrease in the electrophoretic mobility. To determine whether FTS also promoted
dephosphorylation of r36 and r45, the preferred sites for phosphorylation by mTOR3! ,an
immunoblot was prepared with P r36/45 antibodies. Increasing FTS markedly decreased the
reactivity of PHAS-I/4E-BP1 with the phosphospecific antibodies (Fig. 6A and B).

To investigate further the inhibitory effects of FTS on mTOR signaling, we determined the
effect of the drug on the association of mTOR, raptor and mLST8 (Fig. 6A and B). AU1-mTOR
and HA-tagged forms of raptor and mLST8 were overexpressed in 293T-cells, which were
then incubated with increasing concentrations of FTS before AUI-mTOR was
immunoprecipitated with anti-AU1 antibodies. Immunoblots were prepared with anti-HA
antibodies to assess the relative amounts of HA-raptor and HA-mLST8 that co-
immunoprecipitated with AUI-mTOR. Both HA-tagged proteins were readily detectable in
immune complexes from cells incubated in the absence of FTS, indicating that mTOR, raptor
and mLST8 form a complex in 293T celis. FTS did not change the amount AU1-mTOR that
immunoprecipitated; however, increasing concentrations of FTS produced a progressive
decrease in the amount of HA-raptor that co-immunoprecipitated. The half maximal effect on
raptor dissociation from mTOR was observed at approximately 30 pM FTS (Fig. 6A, B).
Results obtained with over-expressed proteins are not necessarily representative of responses
of endogenous proteins. Therefore, experiments were conducted to investigate the effect FTS
on the endogenous TORCI in nontransfected cells, Similar results were found indicating the
FTS blocks the association of raptor from mTOR.2

Incubating cells with FTS produced a stable decrease in mTOR activity that persisted even
when mTOR was immunoprecipitated. The dose response curves for FTS-mediated inhibition
of AU1-mTOR activity (Fig. 6C, D) and dissociation of AUI-mTOR and HA-raptor were very
similar, with half maximal effects occurring between 20-30 uM. These results indicate that
FTS inhibits mTOR in cells by promoting dissociation of raptor from mTORC]I.

These studies provide direct evidence that FTS inhibits mTOR activity. The finding that the
inhibition of mTOR activity by increasing concentrations of FTS correlated closely with the
dissociation of the mTOR-raptor complex, both in cells and in vitro (Fig. 6), supports the
conclusion that FTS acts by promoting dissociation of raptor from mTORC].

Since FTS blocks both MAP kinase and mTOR, it was reasonable to conclude that it could
block cell proliferation. For that reason, we conducted extensive studies to demonstrate that
FTS blocks the growth of LTED cells. As shown in Figure 7A, B, FTS blocks the growth on
LTED cells both in vitro and in vivo.

Our studies to date have predominantly concentrated on long term estradiol deprivation as a
mode of development of resistance to aromatase inhbitors. More recently, we have examined
the effect of long term tamoxifen treatment (LTTT) on MCF-7 cells. Interestinglg, this
maneuver also causes enhanced sensitivity to estradiol, both in vitro and in vivo. 4,35 While
the up-regulation of MAP kinase is only transitory for a period of 2—3 months, these cells
become hypersensitive to EGF-R mediated pathways. At the same time, we have demonstrated
increased complex formation between ER alpha and the EGF-R and between ER alpha and
¢SRC. These studies also demonstrate that the tamoxifen resistant cells become hypersensitive
to the inhibitory properties of the EGF-R tyrosine kinase inhibitor, AG 1478.

Significance of Our Findings to Development of Further Therapies

Our data suggest that cells adapt to hormonal therapy by up-regulation of growth factor
pathways and ultimately become resistant to that therapy. Blockade of the pathways involved
might then allow enhancement of the duration of responsiveness to various hormonal agents,
Studies by Osborne and Schiff etal 36,37 and by Nicholson and his group38’39 have
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demonstrated this phenomenon both in vitro and in vivo. For example, Schiff and Osborne
have treated HER-2/neu transfected MCF-7 cells with a cocktail of three kinase inhibitors:
pertuzamab, gefitamab and traztuzamab as well as tamoxifen.*Y Each sequential growth factor
inhibitor caused a further delay in development of resistance. Only 2/20 tumors began to regrow
as a reflection of resistance when the four agents were used in combination (i.e., tamoxifen,
pertuzamab, gefitimab and traztuzamab).

There are multiple agents currently in development to block growth factor pathways. Agents
are available to block HER-1, 2, 3 and 4; EGF-R, IGF-R, mTOR, MAP kinase, Raf and MEK.
Each of these agents might potentially be used in combination with an endocrine therapy. At
the present time, this strategy is being used in several studies. A recent presentation
demonstrated proof of the principle of this concept. Women with metastatic breast cancer
selected to be ERa and HER-2 positive were treated either with an aromatase inhibitor alone
or in combination with Herceptin. The percent of patients achieving clinical benefit (i.e.,
complete objective tumor regression, partial regression or stable disease for > 6 months was
27.9% percent in the aromatase inhibitor alone group and 42.9% in the combined group, a
statistically significant (p = 0.026) ﬁnding.41 Further studies will be necessary to determine
the optimal combinations of growth factor and aromatase inhibitors in the future. However,
based upon the Tandem study {examining the efficacy of aromatase inhibitor plus herceptin),
this approach appears to be promising.

Synthesis of Our Current inking

Our current working model to explain adaptive hypersensitivity can be summarized as follows.
Long term estradiol deprivation causes a four to ten fold up-regulation of the amount of ERa
present in cell extracts and an increase in basal level of transcription of several estradiol
stimulated genes. The up-regulation of the ER results from demethylation of promoter C of
the ER. The lack of shift to the left in the dose response curves of these transcriptional endpoints
suggested that hypersensitivity is not mediated primarily at the transcriptional level (Fig. 1 and
2). On the other hand, rapid, nongenomic effects of estradiol such as the phosphorylation of
SHC and binding of SHC to ERa are easily demonstrable and appear enhanced in the LTED
cells. Taken together, these observations suggest that adaptive hypersensitivity is associated
with an increased utilization of nongenomic, plasma membrane mediated pathways. is results
in an increased level of activation of the MAP kinase as well as the PI-3-kinase and mTOR
pathways. All of these signals converge on downstream effectors which are directly involved
in cell cycle functionality and which probably exert synergistic effects at that level. As a
reflection of this synergy, E2F1, an integrator of cell cycle stimulatory and inhibitory events,
is hypersensitive to the effects of estradiol in LTED cells.” us, our working hypothesis at
present is that hypersensitivity reflects upstream nongenomic ERa events as well as
downstream synergistic interactions of several pathways converging at the level of the cell
cycle.

It is clear that primary endocrine therapiés can exert pressure on breast cancer cells that causes
them to adapt as a reflection of their inherent plasticity. Based upon this concept, we postulate
that certain patients may become resistant to tamoxifen as a result of developing
hypersensitivity to the estrogenic properties of tamoxifen. Up-regulation of growth factor
pathways involving erb-B-2, IGF-1 receptor and the EGF receptor are associated with this
process.2 The estrogen agonistic properties of tamoxifen under these circumstances might
explain the superiority of clinical responses in patients receiving aromatase inhibitors as
opposed to tamoxifen. It is possible to counteract the effects of the adaptive processes leading
to growth factor up-regulation. If breast cancer cells are exceedingly sensitive to small amounts
of estradiol or to the estrogenic properties of tamoxifen, one therefore needs highly potent
aromatase inhibitors to block estrogen synthesis or pure antiestrogens such as fulvestrant.
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Blockade of the downstream effects of the IGF-1-R, EGF-R and erb-B-2 pathways would also
be beneficial and allow continuing responsiveness to aromatase inhibitors or tamoxifen.

Disruption of each of several key steps could reduce the level of sensitivity to estradiol and
block cell growth, Figure 8 illustrates the potential sites for disruption of adaptive
hypersensitivity. An agent that blocks the nodal points through which several growth factor
pathways must pass might be a more suitable therapy than combination of several growth factor
blocking agents. Our preliminary data suggest that FTS blocks two nodal points, the
functionality of Ras and the activity of mTOR. FTS also effectively inhibits the proliferation
of MCF-7 breast cancer cells in culture. Since this agent blocks MAP kinase as well as mTOR,
it may be ideal for the prevention of adaptive hypersensitivity and prolongation of the effects
of hormonal therapy in breast cancer. We are currently conducting further studies in xenograft
models to demonstrate its efficacy. We envision the possibility that women with breast cancer
will receive a combination of aromatase inhibitors plus FTS, In this way, the beneficial effects
of the aromatase inhibitor may be prolonged and relapses due to growth factor over-expression
might be prevented or retarded.
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Figure 1.

A)gEz-induced cell proliferation. Wild type MCF-7 and LTED cells were plated in 6 well plates
at a density of 60,000 cells/well. After 2 days the cells were refed with phenol-red and serum
free IMEM (improved modified Eagles medium) and cultured in this medium for another 2
days before treatment with various concentrations of E; in the presence of ICI 182,780
(fulvestrant) at a 1 nmol concentration to abrogate the effects of any residual estradiol in the
medium. Cell number was counted 5 days after treatment,”>? From: Yue W et al.
Endocrinology 2002; 143(9):3221-9;9 with permission of The Endocrine Society. B)
Schematic representation of a part of ER alpha gene organization is shown. The transcription
start site of Promoter A is defined as +1. Relative expression of ER alpha mRNA from
promoters A and C in wild type and LTED cells is shown. Expression levels of ER alpha mRNA
from promoters A and C were quantified by RT-PCR. C) COBRA assay for gene promoter C
of ER «a in wild type and LTED cells: an image of the polyacrilamide gel showing the
methylated (M) and unmethylated SUM) products. B,C) From: Sogon T et al. J Steroid Biochem
Mol Biol 2007, 105(1-5):106—-14; 3a with permission of Elsevier.
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Figure 2.

A~-C) Wild-type MCF-7 and LTED cells, deprived of Ej, were treated with different
concentrations of E,. Cytosols were measured for PgR (A), pS2 protein (B) and ERE-TK-CAT
activity (C) 48 h after E; treatment. A-C) From: Yue W et al. Endocrinology 2002; 143(9):
3221 ~9;9 with permission of The Endocrine Society. D-F)ER ftrans-activation funétion in wild-
type MCF-7 and LTED cells under basal conditions. Wild type and LTED cells were deprived
of estrogen and transfected with ERE-TK-CAT (D), pERE-2-TK-CAT E) or pERE-E1b-CAT
(F) reporter plasmids in conjunction with pCMV-beta Gal plasmid as internal control. Two
days later, cell cytosols were collected and assayed for CAT activities using the same amount

of beta-galactosidase units. 9111

4164-74;13
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Figure 3.

A)gDiagrammatic representation of the MAP kinase and PI-3-kinase signaling pathways
activated when growth factors bind to their trans-membrane receptors. After auto-
phosphorylation of the receptor, a series of events occurs which results in the activation of Ras.
Downstream from Ras is the activation of the MAP kinase pathway with its components Raf
and Mek and the activation of the PI-3-kinase pathway with its downstream components Akt,
mTOR and p70S6K. At the same time, estradiol binds to the estrogen receptor and initiates
transcription in the nucleus. B, top) Comparison of total and activated MAP kinase, detected
with a phosphospecific antibody directed against activated MAP kinase and an antibody
directed against total MAP kinase, in WT (wild-type MCF-7) and LTED cells. The right portion
of the panel is a quantitation of the ratio of activated to total MAP kinase in WT and LTED
cells, 16 B, second, third and fourth panels) Use of phosphospecific antibodies to quantitate the
levels of activated Akt (second panel)l, é)7086 kinase (third panel) and 4E-BP1 (fourth panel)
in wild type MCF-7 and LTEDS cells.'® C) Treatment of LTED cells with an inhibitor of MAP
kinase (U-0126) and PI-3- kinase (LY 292004) to demonstrate a shift to the right of LTED
cells to a normal level of sensitivity to estradiol. 7.9 From: Yue W et al. J Steroid Biochem Mol
Biol 2003; 86(3-5):265-74;3 ©2003 with permission from Elsevier.
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Figure 4.
A) Effect of 0.1 nM estradiol on levels of activated and total MAP kinase measured 15 min

after addition of steroid. Shown on the top segment is activated MAP kinase as assessed by an
antibody specific for activated MAP kinase and on the bottom segment, total MAP kinase. B)
Effect of 0.1 nM estradiol on the activation of ELK-1.
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A, top) Diagrammatic representation of a model in which estradiol binds to ERa which then
binds to the adaptor protein, SHC. At the same time estradiol causes phosphorylation of the
IGF-1-R, which provides a binding site for SHC. In this model, estradiol signals through the
IGF-1-R and activates MAP kinase which then acts through Elk-1 to initiate gene transcription.
B) estradiol-induced protein complex formation among ERa, SHC and IGF-1-R. MCF-7 cells
were treated with vehicle, 1 ng/mlIGF-1, or E; at 0.1 nM for the times indicated. Lysates were
immunoprecipitated with IGF-1-R antibody. The nonspecific monoclonal antibody (IgG)
served as a negative control. 28 C) estradiol increases the phosphorylation of the IGF-1-R.
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Figure 6.
Left) FTS promotes raptor dissociation and inhibits mTOR activity in cell extracts. A) 293T

cells were transfected with pcDNA3 alone (vector) or with a combination of pcDNA3-AU---
mTOR, pcDNA3-3-HA-raptor and pcDNA3-3HA-mLST8. Extracts of cells were incubated
with increasing concentration of FTS for 30 min before AU-1-mTOR was immunoprecipitated.
Samples of the immune complexes were incubated with (y32P)-ATP and recombinant (HIS 6)
PHAS-1 and then subjected to SDS-PAGE. A phosphor image of a dried gel was obtained to
detect 32P-PHAS1 and an immunoblot was prepared with PThr36/45 antibodies. Other samples
of the immune complexes were subjected to SDS-PAGE and immunoblots were prepared with
antibodies to the HA epitope or to mTOR.2 B) Extracts of nontransfected 293T cells were
incubated with increasing concentrations of FTS before mTOR was immunoprecipitated with
mTab 1. A control immunoprecipitation was conducted using nonimmune IgG(NI). Immune
complexes were subjected to SDS-PAGE and immunoblots were prepared with antibodies to
mLST8, mTOR and raptor.2 Right) Relative effects of increasing concentrations of FTS and
GTS on mTOR activity and the association of mTOR and raptor. Samples of extracts from
293T cells overexpressing AU1-mTOR, HA-raptor and HA-mLST8 were incubated for 1 hr
with increasing concentrations of FTS (e 0 m) or GTS (¢, A, 0) before immunopreciptations
were conducted with anti-AU 1 antibodies.? A) mTOR kinase activity (e, 0) was determined
by measuring32P incorporation into (HIS6) PHAS-1 in immune complex kinase assays
performed with (y32P)-ATP. B) The relative amounts of HA-raptor (4,¢) and HA-mLST8
(m, A) that co-immunoprecipitated with AU-1-mTOR were determined after immunoblotting
with anti-HA antibodies. The results (mean values + SE for five experiments) are expressed
as percentages of the mTOR activity (C) or co-immununoprecipitating proteins (D) from
samples incubated without FTS or GTS and have been corrected for the amounts of AU-1-
mTOR immunopecipitated. 2 From: McMahon LP et al. ] Mol Endocrinol 2005; 19(1):175~
183 with permission of The Endocrine Society.

Adv Exp Med Biol, Author manuscript; available in PMC 2009 February 12.

—469—



duosnuep lomny YearHIN

Santen et al.

Page 18

A B
120 . LTED -
[y v
P S
100 +*‘i' & - = . s .
o P05 v Ry ey
. § '.\ ‘ ApsIUWES va T conbret
2 H E Ed 1
go0 ! " ¥
: i-
8 e 2 '
3 . P i
£ ™ -
g4 .o g w
TeButer *
2 o co - § ;
-~ F1S.CD g S SO | NS S
i b o FTSLU
0 ot G Ot
D 20 40 80 8 100
Cancentration, pM

Figure 7.
A) In vitro effects of FTS on cell growth. Effects of FTS complexed with cyclodextrin (CD)

for solubility were compared with buffer or cyclodextrin (CD) alone on the number of LTED
cells expressed as a percent of maximum number. The ordinate shows the concentration of
FTS used. B) In vivo effects of FTS on cell growth. LTED cells were implanted into castrate
nude mice to form xenografts. Silastic implants delivering estradiol at amounts sufficient to
provide plasma levels of estradiol of 5 pg/ml were implanted. One group received buffer alone,
the second cyclodextrin alone and the third FTS 40 mg/kg complexed to cyclodextrin. The
effects of FTS-CD compared to CD control were statistically significant at p = 0.0061.
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Practical implications of the effects of up-regulation of growth factor pathways and
development of hypersensitivity to estradiol. Potent aromatase inhibitors are useful to
counteract the enhanced sensitivity to estradiol resulting from adaptation to prolonged estradiol
deprivation. A pure antiestrogen such as fulvestrant can counteract the up-regulation of the ER
that occurs. Growth factor inhibitors such as FTS, farnesyl-transferase inhibitors and growth
factor inhibitors such as Iressa and others can be used to block up-regulation of growth factor

pathways.
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Soluble Fas level and cancer mortality: Findings from a nested case-control
study within a large-scale prospective study
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Soluble Fas (sFas) is known to play an important role in the devel-
opment of cancers of various sites. To confirm whether or not the
serum sFas level can be a predictor of cancer, we conducted a
nested case-control study within a large-scale population-based
cohort study in Japan. Serum samples were collected from 39,242
participants (13,839 men and 25,403 women) at baseline, all of
whom were followed until 1997 for mortality and until 1994 for can-
cer incidence. Three controls were randomly selected and matched
to each cancer case for gender, age and residential area. Serum val-
ues of sFas were measured by enzyme-linked immuno-adsorbent
assay, using commercially available kits. The odds ratios (ORs) and
95% confidence intervals (95% Cls) were estimated using condi-
tional logistic medels, based on 798 total cancer mortality cases and
their 2,353 matched confrols. The risk of total cancer mortality was
increased according to sFas levels, and the OR of the highest quar-
tile compared with that of the lowest was 1.81 (95% CI; 1.40-2.34)
after adjusting for smoking and drinking status, and body mass
index. This positive association remained unaltered when cases
were divided into 2 groups according to the observation period.
Our results suggest that serum sFas has a possibility to detect peo-
ple at high risk for cancer prior to diagnosis, since it increased
before cancer diagnosis in those apparently healthy people.

& 2008 Wiley-Liss, Inc.

Key words: soluble Fas; cancer; cohort study; nested case—control
study

Fas on membrane of many cells induces cell apoptosis by bind-
ing to the Fas ligand that is expressed predominantly in activated
T cells. This interaction between Fas and Fas ligand is known to
play an important role in the spontaneous death of cancer cells
induced by the immune system. Another form of Fas, circulating
soluble Fas (sFas), antagonizes the cell-surface Fas function and
may offer a survival advantage to cells. Previous studies have
demonstrated that sFas levels were increased in cancer patients
from many sites.'™ Furthermore, the overexpression of sFas in se-
rum is correlated with a cancer stage and/or prognosis."("7 Given
that much of the evidence is derived from case—control studies, it
is plausible that an elevation of the sFas level in serum might con-
tribute to a tumor escaping from Fas-induced apoptosis, However,
it remains unclear whether individuals with high sFas levels are at
an increased risk of cancer, i.e., whether or not sFas levels can pre-
dict cancer occurrence. Only 1 paper8 has examined the relation-
ship between sFas levels and ovarian cancer in a nested case-con-
trol study. The authors failed to find any association between se-
rum sFas levels and ovarian cancer occurrences, which were
diagnosed at an average of 5.1 years after blood was drawn. To
test the hypothesis that elevated serum sFas could be a predictive
marker of cancer and to identify people at risk of cancer, we
examined the relationship between serum sFas levels and the risk
of cancer mortality in a nested case—control study within a large-
scale population-based cohort study.

f.f.’.’;k\ = Publication of the International Union Against Cancer

ot canemw vontmd

Material and methods
Study population and serum samples

The Japan Collaborative Cohort Study (JACC Study), con-
ducted from 1998 to 1990 using a self-administered questionnaire
on lifestyle factors, consisted of 110,792 subjects aged 40-79
years living in 45 municipalities, across Japan. At baseline, ~35%
of the cohort participants donated blood samples. Details of the
study design and methods were previously described.>'® In brief,
serum samples were stored in deep freezers at —80°C until 1999.
Prior to the measurement of serum components, we macroscopi-
cally examined the condition of all sera and found that serum sam-
ples of 39,242 participants (13,839 men and 25,403 women) were
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TABLE I- SITES OF CANCER CASES

Monality
Total cancer 798 100.0
Oesophagus CIs 22 2.8
Stomach Cl6 152 19.0
Colon Ci8 60 7.5
Rectum C20 31 39
Liver and intrahepatic C22 64 8.0
bile ducts
Gallbladder, other and C23-24 65 8.1
unspecified parts
of biliary tract
Pancreas C25 58 7.3
Bronchus and lung C34 162 20.3
Breast C50 i1 14
Prostate C61 19 2.4
Hodgkin's disease C81-85 21 2.6
and lymphoma
Myeloma €90 12 1.5
Leukemia C91-95 14 1.8
Other 107 13.4

suitable for biochemical apalysis. Also, comparison of fresh and
stored samples of pooled serum prepared for quality control dem-
onstrated that serum levels of proteins remained steady (mean dif-
ferences of total protein and albumin were around 5.0%) when fro-
zen at ~80°C for 6 years.!! The study design and use of serum
were approved by the Ethical Board at the Nagoya University
School of Medicine, where the central office of the JACC Study
was located at the time.

Follow-up

The causes and dates of death among the study subjects were
annually or biannually determined by reviewing all death certifi-
cates in each study area with the permission of the Director-Gen-
eral of the Prime Minister's Office (Ministry of Public Manage-
ment, Home Affairs, Post and Telecommunications) till 1997. Par-
ticipants who had moved out of their study areas at baseline were
also identified with administrative assistance from public health
nurses in each area by reviewing the population-register sheets of
cohort members. Cancer incidences, including primary cancer
site, histological category, and date of incidence were also identi-
fied in 24 areas out of 45 till 1994,

Selection of cases and controls (Nested case—control study)

We found 2,142 deaths from all-causes, up to 1997, and 764
cancer incident cases up to 1994 among subjects whose sera were
available at baseline. For each case, we randomly selected 34
controls, matching them for gender, age (as near as possible) and
residential area. Thus, 2,630 cases and 10,205 controls were
selected, and their serum sFas values were measured.

Biochemical assays of sera

In 1999 and 2000, serum values of sFas were measured by
enzyme-linked immuno-adsorbent assay, using commercially
available kits (MBL Co., Nagoya). All samples were assayed at a
single laboratory (SRL, Hachioji) by trained staff who had no
knowledge of case or control identities. Assay methods have been
described in detail elsewhere.'! Since sFas values were systemati-
cally low in 1 area, we excluded all sera from that area from the
analysis. This exclusion left 2,393 cases (deaths from all-causes
and cancer incidence) and 9,279 controls, from among whom we
found 798 cancer mortality cases and their 2,353 matched controls
eligible for the present study. Mean day-to-day variations (inter-
assay precision) of the quality control samples at the time of mea-
suremnent for our samples was 7.9%." The range of the assay for
serum sFas level was 1.0~10 ng/ml; the intra- and inter-assay pre-
cisions were 2.1-5.5% and 8.2-12.3%, respectively.'!

TAMAKOSHI ET AL
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Figure 1 -~ Mean values and standard deviation of sFas among
major sites of cancer and control.

Analytical method

Baseline characteristics were compared between cases and con-
trols using the Mantel Haenszel test. Cutoff points of sFas levels
were determined according to the distribution of all controls
whose sFas value was assayed. Odds ratios (ORs) and their 95%
confidence intervals (Cls) for total cancer mortality associated
with serum sFas levels adjusted for age were estimated using con-
ditional logistic models. Tests for trends were conducted by enter-
ing ordinal sFas values.

We also conducted additional analyses to determine potential
confounders such as smoking (current smokers, not current smok-
ers and unknown), alcohol consumption (habitual drinkers, non-
drinkers and unknown) and body mass index (BMI1; <18.5, 18.5-
249, 25.0<, and unknown), BMI at baseline was calculated based
on the height and weight reported in the questionnaire survey
(BMI = weight in kilograms/[height in meters]*). To examine the
influence of undiagnosed cancer at baseline on the association of
serum sFas levels and cancer risk, we conducted analyses stratified
by the observation period from baseline to 1994 and beyond. All
p values were 2-sided, and all statistical analyses were performed
using the Statistical Analysis System (SAS 9.1, Cary, NC).

Results

The number of cancer mortalities at specific sites is shown in
Table 1. The leading cause of death was lung cancer followed by
stomach cancer. The average period from blood donation to death
was 4.7 years (2.3 years). Mean value and standard deviation of
sFas among controls were 2.41 * 1.81 ng/ml. sFas levels of the
major cancer sites and control were shown in Figure 1. Cancer
cases of each site shown here indicated higher mean values of
sFas compared with controls, especially among cases of liver can-
cer or colon cancer,

Table I shows the distribution of selected characteristics of
cases and controls. Gender and age were matching factors, and the
distributions were almost equal. More smokers were observed
among cases than controls (p < 0.001). The proportion of current
drinkers and the distribution of BMI were not statistically different
among cases and controls.

The risk of total cancer mortality increased with increasing sFas
levels (trend p = 0.005), with OR of the highest quartile compared
with the lowest being 1.96 (95% Cl = 1.52-2.52) (Table HI). This
positive association remained unaltered after adjustment for covari-
ates (OR = 1.81, 95% CI = 1.40-2.34). In analyses stratified by ob-
servation period, we found a 1.97-fold increased risk of cancer mor-
tality (95% CI = 1.39-2.80) during the period from baseline to 1994,
and a 1.93-fold increased risk (95% CI = 1.34-2.77) thereafter,
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Discussion

This is the first repont that has compared sFas levels among
potential cancer cases from all sites and controls in a large-scale
prospective study. We found that a higher sFas level was associ-
ated with an increased risk for cancer mortality, even among indi-
viduals whose cancer death occurred in the latter period (6.4 =
1.4 years on an average after blood donation).

There have been several cross-sectional studies that compared
sFas levels between cancer cases and healthy volunteers. Com-
pared with those of controls, sFas levels are higher in the serum of
cases with melanoma,” non-Hodgkin’s lymphoma,’ ovarian can-
cer,>'? cervical and endometrial cancer,'? breast cancer,” hepato-
cellular carcinoma,'” renal cell carcinoma® and bladder cancer.!
Among cancer cases, some studies revealed sFas levels showed
correlations with disease survival.™*7'2 It was also confirmed
in several studies that surgical removal of tumors reduced sFas

TABLE II - CASE AND CONTROL DISTRIBUTION QF SOME
DEMOGRAPHIC FACTORS

Controls Cases
Total number 2,353 798
Gender
Men (%) 57.8 57.6
p-value 0.87
Age at baseline
40-49 (%) 5.1 54
5059 (%) 209 20.6
60-69 (%) 46.2 45.6
70-79 (%) 27.8 28.4
Mean 64.2 64.3
SD 8.0 8.1
-value* 0.90
Smoking habits
Current smoker (%) 27.0 37.2
p-value** <0.001
Drinking status
Current drinker (%) 50.8 47.6
p-value** 0.08
Body mass index
<18.5 (%) 59 8.2
18.5<=, <25 (%) 5.7 72.1
25<= (%) 18.4 19.7
Mean 22,6 22,6
SD 3.1 30
p-value** 0.73

p. performed by Mantel Haenszel test adjusted for area and age
category.

*p, performed by Mantel Haenszel test adjusted for area and gender.

**p_performed by Mantel Haenszel test adjusted for area, gender
and age category.

1915

levels. *'*1* As Holdenrieder and Stieber described in their

review, > cancer itself has some self-defense mechanisms for
avoiding apoptosis, one of which must be sFas.

Using stored serum from the participants of a large-scale cohort
study before cancer diagnosis, we found a clear association
between sFas levels and cancer mortality. This finding suggested
that sFas could not only be a prognostic factor in patients with
cancer but also a valid biomarker to identify people at high risk
for cancer prior to diagnosis. Moreover, it is likely that cancer pro-
gression might be expedited and its prognosis worsened if cancer
occurs in those with high serum sFas levels, because the risk ele-
vation was almost the same in each observation period. Although
the biological mechanisms that might explain the findings of this
study have not been clarified yet, there is a possibility that cancer
cells release sFas to avoid apoptosis even at the very early stage.
However, from a nested case—control study in which cases and
controls were selected from 3 cohort studies, Akhmedkhanov
et al. failed to find any association between serum sFas drawn an
average of 5.1 years before diagnosis and the incidence of ovarian
cancer.” This contrast to the result from our study might be due to
differences in the treated outcome [incidence and mortality, and
ovarian cancer and cancer of all sites].

Our study has several strengths. We examined the associations
between sFas levels and the risk of total cancer mortality in a pro-
spective, nested case~control study. Sera were collected at an av-
erage of 4.7 years before cancer mortality. The prospective design
could avoid the problems of questionable temporal relationships
between sFas levels and cancer risks that hamper traditional case~
control studies, In addition, a large number of cases were accumu-
lated during the long follow-up period. Data on confounding fac-
tors were available, and their potential effects could be controlled
by using multivariable analyses.

We also have to consider some limitations of our study when
interpreting the results. First, since not all the cohort participants
provided blood samples, the possibility of a selection bias could
not be excluded. However, at the time of blood donation, no one
could anticipate the subsequent cancer occurrence or mortality.
Since cases and controls underwent the same process of selection
before blood donation, that donation depended solely on the sub-
ject’s intention. Thus, any bias due to blood donation or selection
of cases and controls would not seriously affect our results. Sec-
ond, serum samples were stored for ~10 years in deep freezers at
—80°C. The stability of sFas in these cohort samples could not be
determined because their values were not measured at baseline.
However, Ito er al. compared newly collected sera and frozen
specimens stored for 9 years, gathered from a variety of different
individuals, and found no statistically significant difference in the
distributions of sFas values,'’ indicating that the serum sFas level
remained stable after Jong-term storage at —80°C, Furthermore,

TABLE IHl - ODDS RATIOS OF CANCER MORTALITY ACCORDING TO sFAS LEVEL

Control Case OR1 95% C1 Trend p OR2 95% CiI Trend p

Total

Qt 579 151 1.00 1.00

Q2 627 188 1.20 0.94-1.54 1.17 0.91-1.51

Q3 534 179 1.39 1.08-1.80 1.32 1.02-1.71

Q4 613 280 1.96 1.52-2.52 0.005 1.81 1.40-2.34 0.007
Before 1994

Q1 293 78 1.00 1.00

Q2 319 95 1.19 0.84-1.67 1.19 0.84-1.68

Q3 284 88 1.27 0.89-1.83 1.21 0.83-1.74

Q4 342 159 1.97 1.39-2.80 0.031 1.81 1.26-2.58 0.042
After 1994

Q1 286 73 1.00 1.00

Q2 308 93 1.22 0.85-1.74 1.16 0.81-1.67

Q3 250 91 1.53 1.06-2.21 1.44 0.99-2.09

Q4 271 122 1.93 1.34-2.77 0.056 1.81 1.25-2.62 0.053
ORI, adjusted for age.
OR2, adjusted for age, BMI, smoking and drinking status.
sFas level: Q1 < 1.9; Q2, 1.9-2.2; Q3, 2.3-2.6; Q4, 2.7<= ng/ml.

—474—



1916

the average 8.2% difference in sFas values between sera collected
from 100 Jndmduals in 1991 and in 1999 reported by lto et al."!
was similar to the coefficients of variation for determinations:
2.1-5.5% for intraassay and 8.2-123% for interassay. Third,
although we have made some adjustment for possible confound-
ers, there were some diseases, such as autoimmune disease, that
might influence the level of sFas.'® Unfortunately, it was impossi-
ble to adjust for these factors because of lack of information, how-
ever, if such diseases occurred at random, the estimated OR might
approach null. In conclusion, our results suggest the possibility
that serum sFas could indeed be a predictive marker of latent can-
cer before its diagnosis, since it increased in serum from appa-
rently healthy people drawn an average 4.7 years before mortality.

TAMAKOSHI ET AL,
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Epidermal growth factor receptor (EGFR) mutations in lung cancer
enhance tyrosine kinase activity and increase sensitivity to the EGFR
tyrosine kinase inhibitor, gefitinib. Mutation analysis of the EGFR
gene is therefore indispensable for predicting gefitinib response.
We investigated a CA-repeat polymorphism in the EGFR gene related
to EGFR mutations. Because an increasing number of CA-repeats at
intron 1 of the EGFR gene has been reported to reduce transcription
activity, we examined the relationship between EGFR mutations
and this CA-repeat polymorphism. EGFR mutations at exon 19 were
closely associated with shorter CA-repeat length in the shorter
aliele, but this was not the case for EGFR mutations at exons 18 or
21. Increased intrinsic EGFR mRNA expression in non-cancerous iung
tissues from lung adenocarcinoma patients was also significantly
associated with shorter CA-repeat length. A higher frequency of
EGFR mutations at exon 19 was associated with shorter CA-repeat
length only in patients with high levels of EGFR mRNA expression.
To determine the phenotypes of cells possessing shorter CA-repeats,
an in vitro study using human bronchial epithelial cells with different
CA-repeat lengths was performed; more rapid cell growth and acti-
vated EGF/EGFR signaling were found more often in the cells having
both shorter CA-repeats and increased EGFR mRNA expression. These
results suggest that CA-repeat length in the EGFR gene may be a
genetic factor related to cancer in the case of EGFR mutations at exon
19. The mechanism likely involves enhanced intrinsic expression of
EGFR mRNA and activated EGF/EGFR signaling that accompany shorter
CA-repeats. (Cancer Sci 2008; 99: 1180-1187)

Lung cancer is the most common form of cancer death
among males and the third most common among females in
Japan." Overall survival from lung cancer remains unsati-
sfactory, with a five-year survival rate of 14%, indicating that
this is one of the most difficult cancers to treat.® However,
the therapeutic strategy has changed since molecular targeting
therapies, such as the use of epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors, became available. Specifically,
mutations in the EGFR gene found in lung cancer tissues have
been reported to be a predictive marker for clinical response to
EGFR tyrosine kinase inhibitor therapy, which may lead to the
development of customized therapy.©-%

Mutations in the EGFR gene were found in 30—40% of all lung
cancer patients in Japan, and were found in over 50% of female
non-smokers with adenocarcinomas.™® Although the overall rate
of response to EGFR tyrosine kinase inhibitors for previously
treated patients was 27.5% among Japanese,''? the frequency of
gefitinib responsive patients among those with EGFR mutations
was approximately 80%.%° Therefore, it is clear that DNA
sequence analysis of EGFR in lung cancer is essential for
predicting response to EGFR tyrosine kinase inhibitor therapy.
In addition, EGFR mutations have been reported to be involved
in lung carcinogenesis; an investigation using transgenic mice
carrying the EGFR mutants EGFRY™R and EGFRA-5132
demonstrated that mutant EGFR was required for the development
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and maintenance of lung adenocarcinomas.”¥ Identification of clinical
and genetic factors underlying EGFR mutations will be particularly
meaningful not only for understanding lung carcinogenesis in
non-smokers but also for making clinical decisions about the
use of EGFR tyrosine kinase inhibitors in non-operative patients.
The EGFR gene is located on chromosome 7p12.1-12.3 in
humans, and its expression is regulated by one promoter region
and two enhancer regions."'¥ The promoter region contains a GC-
rich sequence without the characteristic TATA and CAAT boxes,
and multiple transcription start sites exist. At least four Spl
binding sites and one TC factor binding site are known, and basal
transcription is regulated by Sp1.%+*» Two enhancer elements,
one located upstream of the promoter (—1429/-1109) and one
located downstream at intron 1 (+1788/+2318), function cooper-
atively."®" A polymorphic simple sequence repeat with 14—21
CA-repeats was first demonstrated close to the downstream
enhancer by Chi er a/.9™ An increased number of CA-repeats was
reported to be associated with decreased EGFR transcription
activity: a 2-fold increase in transcription activity with 16 CA-
repeats compared to that with more than 18 CA-repeats."® An
in vitro run-off assay using a 4050 bp polymerase chain reaction
(PCR) product of the EGFR gene showed that the level of
EGFR transcription was reduced by 80% with 21 CA-repeats
compared to that with 16 CA-repeats. Using competitive reverse
transcription-polymerase chain reaction (RT-PCR), it was demon-
strated that pre mRNA expression levels in various cancer cell lines
were correlated with the number of CA-repeats; higher levels of
EGFR mRNA were found in cancer cells with lower numbers of
CA-repeats, which is consistent with the in vitro experiments.
The relationship between lung cancer and CA-repeat poly-
morphism has been studied in terms of lung cancer risk or
clinical phenotype, specifically gefitinib responsiveness. A
case-control study revealed an inverse relationship between lung
cancer risk and the number of CA-repeats in a Caucasian popula-
tion,!" although no association with lung cancer risk was reported
in a Korean population.®” A clinical study of 86 patients with
advanced non-small-cell lung cancer treated with gefitinib in
Korea showed that a low number of CA-repeats was associated
with gefinitib responsiveness, although no significant association
with EGFR mutation status nor EGFR expression levels was
found in cancer tissues.®" On the other hand, it has been

" reported that shorter CA-repeat length is associated with an

21,

increased expression of EGFR."8%-*% Fyrthermore, shorter CA-
repeat alleles in lung cancer were more likely to be amplified,
resulting in more prevalent allelic imbalance at the EGFR locus;
EGFR mutations were found to favor shorter CA-repeat
alleles.?® However, most of these studies were based on cancer
cell lines and resected cancer tissues.

We previously reported that EGFR mutations at exons 18, 19
and 2! evidenced different clinical profiles, suggesting that
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EGFR mutations should be analyzed according to the exons at
which they occur."® In addition, we think that the relationship
between CA-repeat polymorphism and intrinsic EGFR expres-
sion should also be examined in non-cancerous tissues and cul-
tured normal lung epithelial cells, because EGFR expression in
cancer tissues may be modified by various genetic alterations
such as mutations and allelic imbalance. Indeed, in lung cancer
tissues with the same CA-repeat status, EGFR mRNA levels dif-
fered according to whether the EGFR allele was wild-type or
mutated, and also depended on the EGFR copy number.®%

In the present study. seeking to identify the genetic factors
underlying EGFR mutations, we investigated the relationship
between the CA-repeat polymorphism and EGFR mutations
according to exon in 154 patients with lung cancer, 70% of which
were of pathological stages I and 1. We also studied the associa-
tion between CA-repeat polymorphism and EGFR mRNA levels
in non-cancerous tissues from 74 lung adenocarcinoma patients
being followed in an in vitro study of CA-repeat length, and cell
growth using normal human bronchial epithelial (HBE) cells
with different CA-repeat lengths obtained from 11 lung cancer
patients.

Materials and Methods

Tissue and pleural effusion. We studied a total of 154 Japanese
patients with lung cancer. We obtained tissue specimens as follows:
123 surgical specimens, 9 transbronchial fiberscopic specimens,
19 pleural effusions from non-resectable lung cancers, two specimens
from metastatic lesions of the brain and skin. and one sample of
cells from urine. Study patients were admitted to the Saga Medical
School Hospital. Saga, Japan, between 2000 and 2007: 142 patients
had not received anticancer chemotherapy or thoracic irradiation,
and 12 patients were recurrent cases. Clinical stage was determined
according to the criteria of the International Union Against
Cancer. Histological subtype and tumor content were confirmed
by Hematoxylin and Eosin staining with tumor samples; pleural
effusion was assessed as class V by a pathologist. EGFR mutation
status and CA-repeat length were investigated using DNA direct
sequencing. All procedures were performed with the informed
consent of the patients, and the study was approved by the Saga
University Institutional Review Board Committee.

DNA extraction and sequencing analysis. DNA was isolated from
freshly frozen lung cancer tissues using a QlAamp DNA mini
kit (QIAGEN, Hilden, Germany) following the manufacturer’s
instructions. Mutations at exons (8, 19, and 21 were determined
using PCR-based direct sequencing in cancer tissues; numbers
of CA-repeats were determined using adjacent, normal (non-
cancerous) tissues. The primers used for EGFR mutations were
previously described.®!® The primer sets used for determination
of CA-repeat were 5-CGGCTGTCCGGCCACTGG-3’ (sense) and
5-CAGCTCAAGGTTGGAATTGTGC-3’ (antisense) (amplicon
size: 378 bp). PCR amplification was performed in a 20-uL. volume
using Discoverase DHPLC DNA polymerase (Invitrogen Inc.,
CA. USA) at 95°C for 10 min followed by 40 cycles (each cycle
at 95°C for 30 s, 58°C for 30 s, and 72°C for 1 min), with a final
extension at 72°C for 10 min. The amplified products were
isolated using Microcon YM-50 (Millipore Inc., MA, USA) and
sequenced directly using the Applied Biosystems PRISM dye
terminator cycle sequencing method with an ABI PRISM 310
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).

EGFR mRNA expression. Total RNAs were isolated from both
lung cancer tissues and non-cancerous tissues using ISOGEN
reagent (Nippon gene, Japan). Levels of EGFR mRNA were
determined by real-time RT-PCR. One ug total RNA was applied
to RT with MuLV reverse transcriptase (Roche Molecular Systems,
NI, USA) at 37°C for 60 min. The cDNAs obtained were processed
by quantitative SYBR Green real-time PCR. Each 20 pLL SYBR
Green reaction consisted of 2 pL cDNA, 2 pL. 10 x LightCycler-
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DNA Master SYBR Green I (Roche Diagnostics Corporation, IN),
and 1 yM each of forward and reverse primers. EGFR specific
primers were 5-GTCTCTTGCCGGAATGTCAG-3’ (sense) and
5’-CTCACCCTCCAGAAGGTTGC-3 (antisense) (amplicon size:
67 bp), as previously reported.®” Quantitative PCR was performed
on a Light-Cycler V3 System (Roche Diagnostics Corporation,
IN, USA) with 60 cycles, using three-stage program parameters
for each cycle as recommended by the manufacturer; 2 s at 95°C,
105 at 62°C, and 15 s at 72°C. A melting curve analysis was run to
assess specificity of the amplified PCR products. Quantification
focused on the initial exponential phase of amplification above
baseline according to the Light-Cycler software. EGFR mRNA
levels were standardized by S-actin mRNA and log-transformed
as log(EGFR mRNA/B-actin mRNA) for both cancer and non-
cancerous tfissues.

Cell culture and assessment of cell growth. Primary HBE cells
were isolated from bronchial mucosal biopsies of eight lung
cancer patients with CA 16/15 (repeat number of the longer
allele/shorter allele), six patients with CA 20/19. and one patient
with CA 8/7. Following isolation, cells were cultured in Kerati-
nocyte Serum-Free Medium® (Gibco BRL, Life Technologies,
Inc., Rockville, MD. USA) containing EGF and bovine pituitary
extract at 37°C in 5% CO, as described previously.®® Cells were
subjected to experiments after three passages. EGFR mRNA
detection was performed in the same way as described above for
tissue samples.

Western blot analysis. Normal HBE cells were first incubated
for 24 h in medium without EGF and bovine pituitary extract,
then treated with 100 ng/mL EGF (Sigma, Saint Lous, MS, USA).
Whole cell lysates were prepared from cells using lysis buffer
containing 50 mM Tris-HCL pH 8.0, 150 mM NaCl, 5 mM MgCl,,
1%. TritonX-100, 0.1% sodium dodecyl sulfate, 0.5% sodium
deoxycholate, 40 mM sodium fluoride, 1 mM sodium orthovana-
date; 1 pg/mL leupeptin, 10 pg/mL aprotinin, and 1 mM phenol-
methylsulfonyl fluoride, as reported previously.¥ Protein (50 p1g)
was separated using a 10% NuPAGE electrophoresis system
(NOVEX, San Diego, CA, USA), transferred to a nitrocellulose
membrane (Schleicher & Schuell, Inc., Keene, NH, USA), blocked
with 5% milk at 4°C overnight, and finally reacted with anti-EGFR,
Erk1/2 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA, anti-
phospho EGFR. or antiphospho Erk1/2 antibodies (Cell Signaling
Technology, Inc., Danvers, MA. USA). An ECL kit (Amersham
Corp., Arlington Heights, IL, USA) was used for detection.

Statistical analysis. Baseline characteristics of patients with or
without EGFR mutations were compared using the ¥? test for
categorical data and the Student’s r-test for continuous data. A
logistic regression model was used to evaluate the contribution
of CA-repeat to EGFR mutations among lung adenocarcinoma
patients, considering gender, age, and smoking status as potential
confounders. Differences in means of log(EGFR mRNA/B-actin
mRNA) between two groups defined by CA-repeat number (less
than 17 vs 17 or more) in the shorter allele were compared using
the Student’s r-test. The effect of CA-repeat length on EGFR
mRNA expression level was evaluated by categorical regression
analysis with optimal scaling using alternation least squares with
adjustment for age. gender, and smoking status (SPSS Categories
version 11.0, SPSS Inc.. Chicago, 1L, USA). For this analysis,
we categorized the dependent variable into seven ranks with an
approximately normal distribution: log(EGFR mRNA/B-actin
mRNA) £-2.23, ~1.61-0.12, 0.06-1.37, 1.41-2.58, 2.68-3.47,
4.12-5.40, and 25.75. Association between CA-repeat length
and EGFR mutations at exon 19 was assessed using the fO®
test separately by level of log(EGFR mRNA/B-actin mRNA),
which was classified into two groups according to the median
(<2.10, 22.10). Cell growth was compared between the two
groups of CA-repeat length in normal HBE cells using the
Kruskal-Wallis test: doubling times and EGFR mRNA levels
were compared using the Mann~Whitney test,
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