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Abstract

Background: The histopathology and molecular genetics
of endometrial cancer have been extensively studied, and
they continue to receive attention and new interpretations.
However, few studies have evaluated patients’ personal
and clinical characteristics, or family history, with respect to
the tumors’ molecular changes. The aim of our study was
to evaluate the personal and familial information of patients
with respect to several molecular genetic findings of their
endometrial cancers.

predispose a woman to the development of uterine can-
cer, the specific molecular changes within the tumor may
develop from multiple other exogenous influences, most of
which remain undefined. The challenge for the future is to
combine large clinical cohorts that have detailed clinical pa-
tient information with molecular information of their uterine
cancers in an effort to define these influences.
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Methods: 105 uterine carcinomas were evaluated for mu-

tations in the genes Ki-Ras, BRAF, GNAS, and PTEN. Loss Abbreviations

of heterozygosity of APC and PTEN was assessed. Tumors
were evaluated for microsatellite instability, and methylation
was assessed in those tumors with microsatellite instability.
An extensive history was obtained from the patients includ-

EC: Endometrial Carcinoma; NHPCC: Hereditary Non-Pol-
yposis Colorectal Cancer; MSI: Microsatellite Instability;
NSAID: Non-Steroidal Anti-Inflammatory Drug; DES: Dieth-
ylstilbesterol; BMI: Body Mass Index

ing family history, medical history, and personal character-
istics of cigarette, coffee, and medication use.

Intr ion
Results: Age at diagnosis was significantly related to the troductio

presence of methylation. BMI under 30 was significantly
associated with PTEN mutation. We did not find any sig-
nificant correlation between the presence of diabetes, hy-
pertension, coffee consumption or use of nonsteroidal an-
ti-inflammatory drugs or cigarettes with the various genetic
changes. Estrogen use was associated with microsatellite
instability. Vitamin use was more frequent among women
with tumors demonstrating PTEN LOH. No correlation was
found between any of the genetic changes and whether the
patient had a first-degree or second degree relative with
uterine cancer.

Endometrial cancer (EC) is the most common gyne-
cological cancer and the fourth most common cancer
in women. There are two main subtypes, based on his-
topathological characteristics. Type | is endometrioid
endometrial carcinoma, and represents approximately
80% of all endometrial cancers. Numerous molecular
genetic changes have been identified in endometrial
cancers, including mutations in the genes KRAS, BRAF,
PTEN and PIK3CA, APC loss of heterozygosity, microsat-
ellite instability, and epigenetic methylation. Type Il is

Conclusions: Although certain germ line genetic changes, " . . L
non-endometrioid endometrial carcinoma. It is more

as well as unopposed estrogenic effect and obesity may
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common in post-menopausal women, and it is not usu-
ally associated with hyper-estrogenic factors [1,2]. Re-
cently, a new framework was proposed, based primarily
upon genomic information [3].

There have been numerous publications on the his-
topathology and molecular genetics of endometrial can-
cer [4,5]. However, there are very few publications that
have looked closely for a relationship between family
history and molecular changes, save for the relation-
ship of microsatellite instability (MSI) and the familial
syndrome hereditary non-polyposis colorectal cancer
(HNPCC) [6]. Further, there are very few publications
examining the relationship between personal life-style
characteristics (use of drugs, cigarettes, body mass in-
dex, etc.) and molecular genetic changes. For example,
is cigarette use associated with MSI in uterine cancer,
as it is in colorectal cancer? [7]. The aim of our study
was to evaluate the personal and family histories of pa-
tients with endometrial cancer with respect to several
molecular genetic changes within their uterine cancers.
Many of these life-style features can be modified, and it
would be important to identify any that may be related
to somatic molecular changes.

Materials and Methods

Patients were ascertained prospectively from the pri-
vate practice of two board certified gynecologic oncolo-
gists. All new patients seen over thirty-six months were
approached. Patients were a representative sample
of lower and middle economic strata and were drawn
from both Caucasian and non-Caucasian races. Patients
who agreed to participate were mailed a consent form,
and upon receipt of the signed consent, a telephone in-
terview was held and their banked tissue was studied.
The study was performed in compliance with HIPAA
guidelines and was approved by the Institutional Review
Board at Saint Barnabas Medical Center, Livingston, NJ.
Clinical material primarily reflected a suburban commu-
nity of middle economic level. Normal tissue contained
within the surgical specimens was used as control tis-
sue for all analyses. A body mass index (BMI) of 30 was
used as a cutoff for obesity based upon World Health
Organization criteria. All histological slides stained with
H&E were examined by one surgical pathologist and the
areas for study were identified. Consecutive unstained
tissue slides from the blocks were prepared and the
corresponding areas were isolated manually under a
dissecting microscope. Micro-dissections for neoplastic
areas contained at least 75% tumor cells, and control
tissues contained only normal cells. DNA extraction and
preparation followed standard protocol, as previously
published [8].

Laboratory methods

The genes selected for analysis were among those
previously reported to be altered in endometrial can-
cers. The regions of the genes that were amplified and
the primers used are shown in Supplement 1. All PCR re-
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actions were performed as previously described [8]. All
primer sets for PCR for loss of heterozygosity (LOH) and
MSI had a 5’'fluorescent label on the sense strand and
a 5’GTGTCTT tail on the anti-sense strand [8]. LOH of
the APC gene was determined through the PCR amplifi-
cation of the CA repeat microsatellite markers D55346,
D551965 and/or D55492. LOH of the PTEN gene was
determined through the PCR amplification of the CA re-
peat microsatellite markers D105S2491, D10S541 and/or
D10S579. To determine LOH, the ratio of the allele band
intensities (peak heights) of the neoplastic tissue was
divided by the corresponding ratio of the normal mu-
cosa. LOH was defined as a resultant ratio of less than
or equal to 0.5. Point mutation analyses utilized Sanger
sequencing.

MSI was detected using the Bethesda panel of mark-
ers, with two mononucleotide markers BAT25 and
BAT26, and three dinucleotide markers D25123, D55346,
and D175250. MSI for a given primer set is defined as a
change in the allele pattern, with the appearance of one
or more new PCR products relative to those produced
by the normal DNA. A tumor is defined as MSI-high if
two or more of the five markers had a changed allele
pattern, and is referred to as ‘MSI’.

The methylation status of the mismatch repair sys-
tem was ascertained using the SALSA® MS-MLPA® Meth-
ylation-specific DNA detection Kit #ME011 (MRC-Hol-
land, Amsterdam, The Netherlands) [8]. This kit uses 22
probes containing a Hhal recognition site to detect the
aberrant methylation in seven MMR genes including 5
MLH1 probes, 3 MSH2 probes, 3 MSH6 probes, 1 MSH3
probes, 1 MLH3 probe, 3 PMS2 probes and 6 MGMT
probes. Genomic DNA was hybridized overnight with
the probe mix. This hybridization mixture was then split
for two separate reactions, a ligation reaction, and a
dual ligation and Hhal restriction enzyme cutting reac-
tion. Electrophoresis of PCR fragments was performed
on an ABI 3130 Genetic Analyzer with POP7 polymer at
60 °C and raw data was processed using Genemapper
v4.0 software. The Genemapper data were subsequent-
ly exported and the methylation status was analyzed
using Coffalyser v9.4 software (MRC-Holland website,
www.mlpa.com). The “Direct Methylation Status” anal-
ysis option was chosen to normalize and analyze the
MS-MLPA data. Methylation status for the probe tar-
get sites in each sample was determined by comparing
the PCR products from the normal DNA to that of the
tumor. Ratios of tumor to normal peak areas for a giv-
en probe that are between 0.7 and 1.0 are assigned as
methylated. Ratios of tumor to normal peak areas for
a given probe that are < 0.3 range is assigned unmet-
hylated. Ratios between 0.3 and 0.7 are considered as
partially methylated or hemi-methylated.

Statistical methods

Continuous variables were summarized using the
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median (range) or mean (SD), with differences across
groups assessed using the Wilcoxon Rank-Sum test. The
association between categorical variables was assessed
using the Chi-Squared or Fisher’s Exact test as appro-
priate. The association between clinical and pathologi-
cal features with genetic change was estimated using a
logistic regression approach, with odds ratios and 95%
confidence intervals reported.

Results

A total of 212 consecutive patients were approached
regarding the study. One hundred five (49.5%) agreed
to participate, returned the consent form, and com-
pleted the telephone interview. One hundred seven pa-
tients were non-participants: 49 (23.1%) failed to return
a signed consent form, 32 (15.1%) failed to respond to
telephone messages, 17 (8.0%) declined, 3 (1.4%) lacked
proficiency with English, and 6 (2.8%) had unsuitable or
unavailable pathological specimens. There was no dif-
ference between the age of the non-participants (64.7
years) and the participants (64.0), and the percentage
of cancers that were endometrioid was also the same
for the two groups (85.7% for the non-participants and
86.7% for the participants). Clinical characteristics of
the participants are shown in Table 1. These findings are
similar to our previous cohort of patients from 1995 to
2007 [9]. Among the 30.5% of patients who were smok-
ers, the median pack-years were 8.0, with a range of 0.8
to 50.0 years. The mean BMI was similar for those expe-
riencing miscarriage (33.0) and those who did not (31.2)
[p =0.245].

Life style characteristics

Among the 32 patients who used cigarettes, 16
(51.6%) smoked less than or equal to 10 pack-years at
the time of diagnosis, and 15 (48.4%) had smoked great-
er than 10 pack-years. Duration was unknown for one
patient. Of the 56 patients consuming coffee, all but four
drank regular coffee, while four used only decaffeinated
coffee. Over half the patients consumed an average of
two or more cups per day, with a median of 39.5 years
of consumption. Non-steroidal anti-inflammatory drug
(NSAID) and vitamin use was defined as consumption on
most days of the year, for at least one year prior to can-
cer diagnosis. Sixty-five patients responded definitively
to whether their mothers had taken diethylstilbestrol
(DES) while carrying them. Three patients’ mothers had
taken DES, 62 indicated their mothers had not. The oth-
ers had no information in this regard. The three women
who were ‘DES babies’ all had endometrioid cancers.

Secondary cancers

Twenty patients (19%) reported having had a pri-
or cancer. These included: Breast-9, lung-2, bladder-2,
skin-2, and one each for colon, melanoma, kidney, pan-
creas, and fallopian tube. Eighty-five patients indicated
they had not had a second cancer. Three patients were
diagnosed with a second cancer within 1 to 2 years of
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Table 1: Baseline characteristics of 105 patients with uterine
cancer.

N or (Median) % or (Range)
Age at diagnosis, yrs (64) (39-92)
Age <50 yrs 8 7.6
Age =50 yrs 97 92.4
BMI (31.4) (17.7-66.2)
BMI < 30 42 40
BMI = 30 63 60
Diabetes 19 18.1
Hypertension 55 52.4
Cigarette use 32 30.5
pack-yr (8) (0.8-50)
Coffee
Used 56 67.5
Never used 27 32.5
Unknown 22
Menarche age (12) (9-15)
Menopause age (52) (39-61)
A o
No. pregnancies (2) (0-6)
Patients with miscarriages 35 33.3
Birth control pills used 31 29.5
Post-menopausal estrogen 13 12.5
Vitamin use’ 66 63.5
NSAIDf use 34 324

‘use unknown for one patient
Tnonsteroidal anti-inflammatory drug

the diagnosis of uterine cancer, one patient with colon
and two with breast cancer. These three patients were
older than 60 years at the time of uterine cancer diag-
nosis.

Histological and molecular results

Histopathological features of the cancers are shown
in Table 2. The distribution of histological subtypes is
consistent with previous publications [10]. Twenty-three
cancers with associated hyperplasia were all of the en-
dometrioid histological subtype; complex hyperplasia
with atypia was present in 16 (69.6%) cases, simple hy-
perplasia in 4 (17.4%) cases, complex hyperplasia in 2
(8.7%) cases, and atypical hyperplasia in 1(4.3%) case.
Pathological reports did not indicate the FIGO score for
12 cancers, of which 11 were serous and one was carci-
nosarcoma.

The molecular findings are shown in Table 3. They
are mainly consistent with our previous findings and
with results reported by others [9,11-13]. However, our
results for abnormalities in PTEN gene are slightly lower
than previously reported [14]. No mutations were de-
tected for the K-Ras gene at codon 61, nor in the GNAS
gene at codon 201 of exon 8. Only one cancer contained
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a mutation for B-Raf at codon 600 exon 15, and this tu-
mor was also MSI and methylated. Twenty-six cancers
with MSI were not technically evaluable for LOH of the
APC or PTEN genes. Six tumors demonstrated LOH for
the APC gene.

The distribution of the 19 cancers with a K-Ras gene
mutation was: c.35G > A-7 (36.8%), c.38G > A-6 (31.6%),
¢35G > C-3 (15.8%), ¢.35G > T-2 (10.5%), and c.34G >
T-1 (5.3%). Twenty-two of the 26 cancers with MSI
demonstrated methylation, with four having no meth-
ylation. The types of PTEN mutations were: Deletions
=10 (47.6%), insertions = 3 (14.3%), point mutations
= 8 (38.1%). Three cancers with a PTEN mutation also
demonstrated PTEN LOH.

Table 2: Pathological features of 105 uterine cancers.

No. (%)
Cancer subtype
Endometrioid 91 (86.7)
Serous 11 (10.5)
Carcinosarcoma 2 (1.9)
Clear cell 1 )
FIGO’
1 37 (39.8)
2 37 (39.8)
3 19 (20.4)
Hyperplasia 23 (21.9)
No hyperplasia 82 (78.1)
TNM stage
0 1 (1)
1 85 (81)
2 8 (7.6)
3 10 (9.5)
4 1 (1)

"No score reported for the serous and carcinosarcoma tumors.

Family history

Family histories are summarized in Table 4. Three of
our four patients with uterine cancers demonstrating
MSI but no methylation all had strong family histories of
cancers in their first-degree relatives. The first patient’s
sister had ovarian cancer; the second patient’s mother
had both uterine and breast cancer; the third patient’s
mother had breast and colon cancer. These three also
had numerous second-degree relatives with cancers of
ovary, breast, uterus and colon. The fourth patient’s
two maternal aunts both had colon cancer.

Table 3: Molecular findings of 105 uterine cancers.

No. (%)

KRAS 12/13

Mutated 19 (18.1)

Wild 86 (81.9)
Microsatellite

Unstable-high 26 (24.8)

Stable 79 (75.2)
Methylation

Yes 22 (84.6)

No 4 (15.4)
APC’

LOHT 6 (7.6)

Wild type 73 (92.4)
PTEN’

LOH 30 (38.0)

Wild type 49 (62.0)
PTEN

Mutated 21 (20.0)

Wild type 84 (80.0)

"26 cancers uninformative because of microsatellite instability.
T Loss of Heterozygosity
Molecular findings of 105 uterine cancers.

Table 4: Family history of cancers in patients with uterine cancer.

Relationship to Patient First-degree Second-degree Third-degree
Median # relatives/patients 6 16 13

# (%) with a relative with cancer 76 (72.4) 75(71.4) 18 (17.1)
Median age of relatives with cancer 62 62 56.5

# (%) cancers found in relatives

Breast 27 (20.1) 41 (22.5) 5(27.8)
Colorectal 18 (13.4) 28 (15.4) 2(11.1)

Lung 12 (9) 23 (12.6) 0

Prostate 12 (9) 8 (4.4) 0

Uterus 10 (7.5) 8 (4.4) 4 (22.2)
Head and neck 9(6.7) 8 (4.4) 0

Gastric 6 (4.5) 12 (6.6) 1(5.6)
Bladder, brain, cervix, esophagus, Leukemia, lymphoma, kidney,  each tumor<5 each tumor<5 each tumor <5
ovary, pancreas, melanoma, bone
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Personal and family history characteristics in rela-
tionship to molecular genetic changes

Data relating the personal and family histories of the
patients to their tumors’ molecular genetic changes are
summarized in Figure 1a and Figure 1b. Age at diagno-
sis, and age either less than 50 years or equal/greater
than 50 years, was significantly related only to the pres-
ence of methylation. The median age of 22 tumors with
methylation was 66.5 years and was 51.0 years for the 4
tumors without methylation (p = 0.008). Twenty-one of
the 22 patients with tumors with methylation were over
50 years of age; and only one was less than 50 years at
diagnosis. For the entire cohort, we found no relation-
ship between a family history of a first degree relative or
a first and/or second degree relative with uterine can-
cer and any of the molecular changes evaluated.

A body mass index (BMI) under 30 was significantly
associated with PTEN mutation, with 13 of 21 tumors
demonstrating this mutation found in patients with the
lower BMI. We found no relationship between BMI and
methylation. Of our 22 patients with methylated tu-
mors, 11 of 14 (78.6%) had a high BMI, while 11 of 12
(91.7%) had a low BMI (OR=0.3,Cl =0.0, 3.1, p = 0.598).
We did not find any significant correlation between the
presence of diabetes or hypertension and the various
genetic changes. Of note, among the 22 patients with
tumors demonstrating MSI and methylation, 18 were
non-smokers and only 4 had been smokers. The con-
sumption of coffee did not appear to have any relation-
ship with the genetic changes studied.

Estrogen use, as reflected by prior pregnancies or
oral estrogen use was statistically associated with MSI,

Odds Ratio (95% Cl)

cancers.

A) Molecular Genetic Changes
K-ras mutation MSI
No. with genetic change n=19 n =26
No. tested for change n =105 n =105
- K-ras mutation MSI
Clinical feature p-value y p-value \
Age < 50, = 50 >0.999 e 0.406 ——
BMI < or >/= 30 0.641 . 0.612 ——
Diabetes y/n 0.329 e 0.777 —
Hypertension y/n 0.818 —0—— 0.690 —0—
Cigarette use y/n >0.999 —5— 0.093 *—'
Coffee use y/n >0.999 —0,7 >0.999 —vO—
Pregnancies y/n >0.999 ——————— 0.050 .
Birth control y/n 0.951 —o-— 0.930 —o‘—
Estrogen use y/n 0.694 . 0.003 : .
Vitamins y/n 0.301 - 0.638 .
Nsaids y/n > 0.999 e 0.315 S S I
First-degree relative 0.685 .~ 0.445 -~
with uterine cancer o 1 2 3 4 5 7 8 0 1 2 3 4 5 6 7 8
Odds Ratio (95% Cl) Odds Ratio (95% Cl)
B) Molecular Genetic Changes
PTEN mutation PTEN LOH
No. with genetic change n=21 n=230
No. tested for change n=105 n=281
PTEN mutation PTEN LOH
Clinical feature p-value ' p-value '
Age < 50, =250 0.196 A — >0.999 .
BMI < or >/= 30 0.041 -~ 0.670 ———
Diabetes y/n 0351  —e—— >0.999 ———
Hypertension y/n 0.087 . 0.284 4
Cigarette use y/n 0.633 ——— 0.949 ———
Coffee use y/n 0.549 —-—— 0.926 —e—
Pregnancies y/n 0.775 —0-5— 0.696 —"%—
Birth control y/n 0.873 ——— 0.416 e
Estrogen use y/n 0.124 > 0.644 —0—1—
Vitamins y/n 0.675 et — 0.025 : .
Nsaids y/n 0.230 . >0.999 S
First-degree relative >0.999 ———— 0.724 —e
with uterine cancer 0 1 2 3 4 5 7 8 0 1 2 3 4 5 6 7 8

Odds Ratio (95% Cl)

Figure 1: a,b) Clinical features of patients with uterine cancer in relationship to the molecular genetic changes in their
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but not with the other genetic changes. Twenty-four of
26 (92.3%) tumors with MSI were from patients who
had prior pregnancies, while 56 of 79 (70.9%) of pa-
tients with microsatellite stable tumors had prior preg-
nancies (p = 0.05). Similarly, estrogen had been used by
8 of 26 (30.8%) patients with MSI tumors, and just 5 of
78 (6.4%) patients with microsatellite stable tumors (p
= 0.003). We found no relationship between MSI and
whether or not the patients had used oral contracep-
tives; seven of 31 (22.6%) users had tumors with MSI,
and 19 of 74 (25.7%) non-users had tumors with MSI
(OR=0.8,Cl=0.3, 2.2, p=0.930).

The consumption of coffee did not correlate with any
of the genetic markers, nor did the use of nonsteroidal
anti-inflammatory drugs. The use of vitamins was much
more frequent among women with tumors demonstrat-
ing PTEN LOH (24 of 29, 82.8%) compared to women
with tumors without PTEN LOH (27 of 49, 55.1%), (p =
0.025). However, vitamin use was equal among wom-
en whose tumors contained a PTEN mutation (12 of
21, 57.1%) and those whose tumors did not (54 of 83,
65.1%) (p = 0.675). (Figure 1a and Figure 1b).

Discussion

Most endometrial carcinomas are hormone-depen-
dent tumors and are associated with high circulating
levels of unopposed estrogen [15]. Other risk factors in-
clude early age of menarche, longer days of menstrual
flow, and obesity and diabetes [16]. The risk from obe-
sity may reflect estrogen level, at least for postmeno-
pausal women [17]. Other risk factors include older age,
late menopause, a family history of endometrial cancer,
radiation exposure, and infertility, particularly in the
presence of polycystic ovarian syndrome. Smoking is
protective, as a result of its anti-estrogenic effect [18].
Endometrial carcinomas at menopause and beyond may
reflect estrogen converted from adrenal androgen pro-
duction [2]. Many of these risk factors were observed in
the 1980s and summarized by Schottenfeld [19].

The cumulative risk of miscarriage for weeks 5-20 of
gestation has been reported as 11-22% [20]. The over-
all incidence might be higher with respect to a longer
gestational period. One-third of our patients reported
having experienced a miscarriage, suggesting that per-
haps the overall incidence for our patients was within
the range of the general population. However, our find-
ing that one-third of the patients had used cigarettes is
above the New Jersey average of 14%.

A recent review suggested the prevalence of Lynch
syndrome in endometrial cancer patients is approxi-
mately 3% [21]. Our four cancers with MSI and no meth-
ylation are consistent with Lynch syndrome, or HNPCC,
as is the family history of these four patients. Overall,
family history of uterine cancer in a first degree and/or
second degree relative was not related to any of the ge-
netic changes we evaluated. This suggests that certain
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germ line genetic changes may predispose a woman
to the development of uterine cancer, but the specific
changes within the tumor may develop from multiple
other influences. The literature related to age and MSI
is contradictory. We found no relationship between age
and MSI, whether analyzed as a continuous or as a cat-
egorical variable. The median age for patients with mi-
crosatellite stable tumors was 64.0 years and it was 65.0
years for those with MSI tumors (p = 0.727). We did,
however, find methylation to be related to older age of
the patient.

One study demonstrated that oral contraceptive
use is associated with a reduced risk for microsatellite
unstable endometrial cancer [22]. We found the use of
oral contraceptives had no effect on microsatellite in-
stability, as assessed with the markers we used. It is pos-
sible that our patients, in general, used oral contracep-
tives for only short periods, insufficient to affect uterine
carcinogenesis. In addition, the combining of progestin
with the estrogen in oral contraceptives may have ne-
gated any adverse estrogenic effect. McCourt, et al.
reported that women with MSI positive tumors had a
lower BMI than those women with microsatellite sta-
ble tumors [23]. Our data indicated no relationship be-
tween BMI and microsatellite status of the tumors. BMI
was reported to be associated with DNA methylation
in carcinoma of the endometrium [24]. One proposed
mechanism to explain this relationship suggests that
obesity promotes adipose inflammation and increased
estrogen signaling in adipose depots [25]. Our results do
not support this association.

We did find several other correlations between the
patients’ clinical findings and the genetic changes in
their tumors. Both pregnancy and use of estrogen were
strongly correlated with the presence of microsatellite
instability, suggesting this is a true relationship. Smok-
ing was not a risk for the presence of microsatellite in-
stability. A lower BMI was associated with almost a two-
fold greater likelihood of the patients’ tumors having
a PTEN mutation, suggesting that obesity (BMI > 30) is
‘protective’ against developing this mutation. Alterna-
tively, it may be that obesity, with the various associat-
ed metabolic changes, leads to other molecular genetic
changes which drive the neoplastic process.

We found a correlation between multi-vitamin use
and PTEN LOH. Although vitamins and their metabolites
have been reported to effect gene regulation and ex-
pression, it is not clear what the exact mechanism for
this relationship might be [26]. Finally, we found PTEN
mutations to be more frequent than PTEN wild-type in
tumors with MSI, perhaps as a consequence of the gen-
eralized genetic instability. However, a K-ras mutation
was not more frequent in tumors with MSI than was
K-ras wild-type.

There are several limitations to this study. Since no
single molecular genetic change is necessarily present
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in all uterine tumors, some of the subgroups are limit-
ed in number. Multiple group testing may inadvertently
result in the finding of a false positive relationship. We
employed focused molecular testing. Furthermore, our
data were not suitable to apply Mendelian randomiza-
tion. The challenge for the future is to combine large
studies of molecular genetics and pathologic data with
consistent clinical information about the patients. Only
with robust data will it be possible to fully understand
the possible effects of exogenous influences on the var-
ious genetic changes in cancers.
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Supplement 1: Primers used for analyses of gene mutations.

Gene sequence Codon Exon Primer set’ Reaction sequence
K-ras 12/13 2 5-AAGGCCTGCTGAAAATGACTG-3
5-GGTCCTGCACCAGTAATATGCA-3' reverse
K-ras 61 3 5-CAGACTGTGTTTCTCCCTTCTC-3
5-CCCTCCCCAGTCCTCATG-3’ forward
BRAF 600 15 5-CATAATGCTTGCTCTGATAGGAAA-3’
5-GATCCAGACAACTGTTCAAACTG-3 forward
GNAS 201 8 5-ACTGTTTCGGTTGGCTTTGGTGA-3
5-AGGGACTGGGGTGAATGTCAAGA-3’ reverse
PTEN 7 5-TGACAGTTTGACAGTTAAAGG-3’
5-GGATATTTCTCCCAATGAAAG -3’ forward
PTEN 8 5-TTAAATATGTCATTTCATTTCTTTT-3/
5TTGCTTTGTCAAGATCATT-3
5-GTGCAGATAATGACAAGGAATA-3"/
5-TCATGTTACTGCTACGTAAAC-3’ reverse

"Obtained from Sigma Life Science oligomer service (http://www.sigmaaldrich.com/life-science/custom-oligos/custom-dna.html)
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