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ABSTRACT

Aim: to determine signaling pathways in breast cancers
from patients aged 35 years old or younger and patients
aged more than 35 years old.

Methods: thiswas a cross-sectional, compar ative study
of female breast cancer patients who were recruited and
divided into two age groups, i.e. 35 years or younger and
mor e than 35 years old. Specimens wer e obtained by biopsy
or surgical removal of the tumors and were confirmed by
histopathological examination. The expression of ER, IGF-
1R, Her-2, MAPK, and cyclin D1 were measured using
immunohistochemistry.

Results: ninety-three patients were recruited from
September 2004 to December 2005. Forty-three patientswere
35 yearsor younger. More than 90% of the patients within the
two groups showed invasive ductal carcinomasand morethan
half of these tumors were grade 2. Immunohistochemical
staining was successfully done in 90 patients. ER-alpha
expression was negative in 33 breast cancers (78.6%) from
patients less than 35 years old and 32 cancers (66.7%) of
older patients. Theexpressionsof IGF-1R, Her-2, MAPK, and
cyclin D1 were positive, respectively in 17 (40.5%), 11
(26.2%), 28 (66.7%), and 7 (16.7%) cancerswithin the group
of patients 35 years old or younger, and, respectively in 18
(37.5%), 11 (22.9%), 37 (77.1%), and 9 (18.8%) of cancers
from patients more than 35 years old.

Conclusion: therewere no statistically significant differ-
ences in the expression of any of the biomarkers between the
two groups. In all patients, ER was negative in 72.2% cases
and MAPK was positive in 76.7% cases. Patients aged 35
yearsor younger showed similar ER, IGF-1R, Her-2, MAPK,
and cyclin D1 expressions compared to cancers from
patients more than 35 years old. These were predominantly
ER-negative, suggesting that estrogen does not play a
dominant role in their growth. The frequent expression of
MAPK in these cancers raises the possibility that growth
factors play a dominant role in their growth.

key words: breast cancer, signaling pathway, ER, PR, Her-2,
MAPK, cyclin D1.
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INTRODUCTION

Breast cancer isthe most common cancer in women
world-wide and with the highest mortality rate* and most
frequently found in post-menopausal women. In the
United States and Europe, the incidence of breast
cancer inwomen lessthan 40 yearsold isabout 5-7% of
overall breast cancer cases.® However, young breast
cancer patients are quite common in Indonesia. A study
at the Cipto Mangunkusumo National General Hospital,
Jakarta showed that the proportion of breast cancer
patients younger than 35 years old was 17.0%.4° In
Dharmais National Cancer Center, the mean proportion
of breast cancer patients aged less than 35 years was
13% between 1998 and 2003,® and showed a trend of
increasing incidence during the last 15 years.”

Early onset breast cancer has been associated with
a worse clinical manifestations. Tumor size is larger,
shows more nodesinvolvement, higher histopathol ogicla
grade® and shorter 5-year survival except for stage |
disease.® Biologically, breast cancer patients aged 40
years or less had more estrogen receptor (ER)-negative
tumors (38.8%-42%),'** higher DNA aneuploidy,
proliferation rate, Her-2 expression, and mutated p53.%

Many factors have been linked with therisk of early
onset breast cancer, such as family history, hormones,
and environment.’*!* Estrogen and ER are important
growth regul atorswith approximately two-third of breast
cancersare ER positive.*>® Growth factors such as | GF-
1 and Her-2 a'so play important roles. IGF-1'" and its
binding protein, IGF-binding protein 3 (IGFBP-3),'8*° has
been linked with therisk breast cancer in premenopausal
women. The expression of |GF-1 receptor (IGF-1R) was
reported as high as 43.8% by immunohistochemistry.®
Phosphorylation of IGF-1R and Her-2 will activate
mitogen-activated protein kinase (MAPK) and the
phosphatidylinositol 3'-kinase (PI,K) signaling
pathways.?*?? Her-2 overexpression is associated with
more aggressive type of breast cancer and low or
absence of ER expression.? | n this study, we sought for
the difference of signaling patterns of breast cancer
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carcinogenesis between patients aged 35 years or
younger and patients aged more than 35 years.

METHODS

Study Design

This was a cross-sectional, comparative study of
sporadic breast cancer patientsaged 35 years or younger
and patients more than 35 years old. The study was
conducted at Dharmais National Cancer Center, the
Division of Hematol ogy-Medical Oncology, Department
of Internal Medicine, University of Indonesia, between
September 2004 and December 2005.

Recruitment of Study Subjects

The study populations were patients aged 35 years
or younger and patients morethan 35 years of age. Study
subjects were recruited consecutively between
September 2004 and December 2005. Inclusion criteria
were patients with histopathologically confirmed
carcinoma of the breast and gave their consents after
sufficiently informed about the study. Exclusion criteria
wereahistory of breast or ovarian cancersinthe patient’'s
family, that is the patients’ siblings, mother, mother’s
sisters or grandmother; patient suffering from liver
disease or diabetes mellitus; patients having received
chemotherapy (for pre-menopausal patients); pregnancy
and lactation; and rejection from patients or her families
to participate in the study. Once diagnosis had been
histopathol ogically confirmed to be malignancy, patients
were interviewed by investigator to obtain their family
histories.

Immunohistochemistry

Specimens were paraffin-embedded tissues from
biopsy or surgery of the breast tumors for immunohis-
tochemical staining of ER, IGF-1R, Her-2, MAPK, and
cyclin D1. Sectionswere cut to 4 mm thickness, mounted
onto the silanized slides and alowed to dry overnight.
Specimens were then deparaffinized with xylol and
serial acohol treatment in decreasing concentrations and
then rehydrated. Blocking of endogen peroxidase was
done by treating the sections with 0.5% H,O, in
methanol for 30 minutes. Slides were placed in a jar
containing 10 mM sodium citrate solution (pH 6.0) and
microwaved for antigen retrievement. Sections were
isolated using a PAP pen (dakopatts) and incubated in
phosphate buffered saline (pH 7.4) for 5 minutes. Then,
the specimens were blocked with 3% normal horse
serum for 20 minutes.
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Immunostaining

Slideswereincubated with primary antibody against
the ER (rat monoclonal anti-ER, NCL-ER-6F112/2,
Novocastra Laboratories Ltd, Newcastle upon Tyne,
UK) diluted 1:60; the IGF-1R (RB-9240-R7, LabVision,
Fremont, CA, USA), diluted 1:40; the Her-2 (NCL-c-
erbB-2-316, Novocastra Laboratories Ltd, Newcastle
upon Tyne, UK) diluted 1:80, the MAPK (NCL-MKK4,
Novocastra Laboratories Ltd, Newcastle upon Tyne,
UK), diluted 1:40; and the cyclin D1 (NCL-CylinD1,
Novocastra Laboratories Ltd, Newcastle upon Tyne,
UK) diluted 1:20. The slides were then immersed in
normal horse serum for 10 minutes prior to antibody
treatment and then incubated with primary antibody
overnight in humidified chamber. After washingwithTBS
buffer, antibody binding was detected by incubation with
biotinylated secondary antibody for 30 minutes in
humidified chamber. Then the slides were rinsed with
TBS, and incubated with straptavidin-horse radish
peroxydase. Finaly, the slides were washed with TBS
and counterstained with hematoxylin.

Readings of Slides

Positive and negative controlswereincluded for each
staining. Positive staining showed brown color tothecells.
For ER and cyclin D1 showed nuclear staining, whereas
positive IGF-1R showed brown membrane and
cytoplasmic staining. Her-2 positive staining was
localized to the membrane, while MAPK positive
staining was cytoplasmic. Validity of staining procedure
was determined by including two slides of positive and
negative controls. Positive controls for ER, IGF-1R,
Her-2 and cyclin D1 were breast tissues, whereas testis
tissues were used as positive control for MAPK
expression. Slide where primary antibodies were
omitted served as negative controls. ER expression was
detected by light microscopy (magnification x 1000) and
using the counting chamber in ocular lenswith emersion
oil on objective lens. Random counting was carried out
on 1000 epithelial cells and the percentage of stained
cellscalculated. Intensity of staining wasdivided into 4
groups: 0: no staining; 1. weak staining, 2: moderate
staining, 3: strong staining. Inter-observer variation was
assessed using kappa statistics.

Data Management and Analysis

Patients’ characteristics and all variables were
presented descriptively. Differences between patients
aged 35 years or younger and patients more than 35
years were analyzed using the Chi-square or Fisher’'s
exact tests. A p value of less than 0.05 was considered
significant. Analysiswas done using the STATA version
8.0 software (STATA Corporation, TX, USA).
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RESULTS

Patients’ Characteristics

Patients were consecutively included in this study.
The total number of patients was 93, 43 patients were
35 years old or younger. The youngest patient was 24
years old and the oldest woman was 75 years old.
Approximately 42% patients were post-menopausal
women. The mean body massindex (BMI) was normal
in both groups of patient. There was no significant
difference in BMI between patients 35 years old or
younger and those more than 35 years old. (Table 1)

Table 1. Characteristics of the study subjects

Characteristic = 35 years > 35 years
N (%) M (%)
Age al menarche
+ =12 years 1 [258.6) 4.0y
¢ =12 years 32 (74.4) 43 (B6.0)
Tatel 43 (100} S00100)
Age at menopausa
+ Pre-menopause 43 (100} 12 (24,00
+ <= 5byears 0 A6 (T2.0)
# > 55 years 0 (.
Tatal 43 (100} 501000
Numbaer of child ren
+ -3 children 43 (100} A5 (T0.0)
+ = 3children L] 15 (30.0)
Tatal 43 (100} S0 100)
History of contraceptives mathod
+ Mo contracepbves 25168.1) 25 [50.0)
+  Mon-hormonal 2(4.7 156 (30.0)
+  Hommaonal 16 (37.2) 10 (20.0)
Tatal 43 (1009 S00100)
Duration of contraceptives used
+ Mo contraceptves 25(58.1) 25 (50.0)
+ < Hyears 12(30.2) 8 [16.0)
+ = 5years 5 116 17 (340
o Man-Hormonal a 14 (28.0)
o Harmanal 5 116 360}
Tatal 43 (100) S0 (100
Mean of body mass index
{h-gn'm’] 232 246

Tumor characteristics

Approximately 50% of the patients were diagnosed
at early stages of the disease (I-11) with small-size
tumors. Ipsilateral lymph node involvement may have
been present. (Table 2) Invasive ductal carcinomawas
the most common histopathol ogical type diagnosed and
approximately 50% of the patients showed grade 2
tumors. (Table 3 and Table 4) There was no significant
difference between the two groups of patientsin terms
of tumor characteristics.

Table 2. Distribution of patients based on tumaor size,
lymph nede Invelvement, metastasis and stage [THM)

Cha i = 35 years = 35 years
M %) W (%)

Tumor Size (T)
+ T 11 {25.56) 6 {12)
+ T2 1330.2) 21 (42)
« T3 B {186 8 {18)
+ T4 11 (25.6) 14 {28}
Total 43 (100) 50 (100)
Hodal Involvement (N]

MO 16 (37.2) 21 (42)
« N1 13 (44 2) 24 (48}
+ N2 & (14] 3{8)
« N3 21047 24}
Taotal 43 (100) S0 (100)
Metastasis (M)
« MO a5 (81.4) 41 (82)
« M1 a(18.6) 418}
Total 43 (100) 50 (100)
Stage
+ Stage | T {16.3) G12)
+«  Slags | 16 (37.2) 20 (40}
+  Stage i 12(27.4) 15 (30)
s Slage IV B{18.6) 218}
Taotal 43 (100) S0 (100)

Table 3. Distribution of patients based on histopathological
type

Histopathalogical type Z35years > 35years TFE'
N [%) M (%)
& Invasive dectal 30090.7) A7 (84,00 ]
canzinomsa (92.5)
+ Lobular carcinama L J(6.0) 3(3.2)
+  Medullany cancinoma 1(2.3) 0 111.1)
+  Muginous carcinema 2047} 0 2(2.2)
« Papillary carcingma 1(2.3) 0 10(1.1)
Total {¥) 43 (100} 20 (100 93 (100}

Table 4, Distribution of patients based on tumor

histepathological grading
Grading ZiSyears »ISyeArs el (%)
M (%) N (%)
Grade 1 4 (9.3} 3 (10.0) {87
Grade 2 23 (53.5) 26 (52} 48 {52.7)
Grade 3 13 (30.2) 16 (32.0)  20{31.2)
Mat defined 3(7.0) 3 (6.0) & (6.5)
Tatal [¥a) 43 (100) S0 (100 83 (100

Immunohistochemistry staining was successfully
carried out in 90 specimens; three specimens were not
usable. Morethan two-thirds of the cancersdid not show
detectable ER staining. There was no difference in
immunostai ning between patients 35 yearsold or younger
and more than 35 years. (Table 5)
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Table 5. Results of immunohistochemical staining

= 35 years = 35 years P Value
Total (%
M (%] M (%) (%) B:;Tﬂ
ER axpression
Positive — weak 4 {8.5) 4({8.3) B (8.9
Pogitive = moderale L1 2 (4.2 2(2.2)
Piasltive — strang 51119 10208 15167
Megative 33 (TR.E) 32 (66.T) 66 (T2.2)
Tatal (%) 42 (100} 48 (100} 80 (100} 0.348
IGF-1R expression
Fositive — weak 4 (8.5) 5(10.4) S (10.0)
Positive — modarate T16.7) 4 (B3 M 12.2)
Positive - slrang G (14.3) 9188 16 (16.7)
Megative 25 (50.5) 30625 55(61.1)
Total (%) 42 (100) 48 (100) 80 (100} 0.661
Her-2 exprassion
Positive = wizak 2 (4.8) 2 (4.2 4(4.4)
Pogitive = moderale 2 (4.8) 1{2.1) 353
Fuositive — strong T 16.6) 8 (16.6) 15 {16.7)
Megative 31 (Ta.B) AT (TT.A) 6B (TH.6)
Total (%) 42 (100) 48 (100} a0 (100) 0.912
MAPHK expression
Positive — weak 4 {8.5) 4(8.3) B (8.9
Positive — moderate 14 {33.3) 23047.49) T (41.1)
Fuositive — strong 10 (23.89) 10 (20.8) 20(22.2)
Megative 14 (33.3) 11 (22.9) 25 [27.8)
Tatal (%) 42 (100} 48 (100} 80 (100} 0.540
Cyclin D1 expression
Positive — weak 2[4.8) 1{2.1) 333
Pogitive = moderale 1{2.4) 2 (4.2 353
Piasltive — strang 4(9.5) B 12.5) 10 (11.1)
Megative 36 (B3.3) 30(81.2) T4 (B2.3)
Total (%) 42 (100) 48 (100) 80 (100} 0.819

DISCUSSION

More than 50% of the patients were diagnosed at
the early stages of the disease which is very different
compared to morethan 10 years ago, when patientswere
diagnosed at already advanced stages of the disease (I11-
IV). There was no difference between the two groups
of patientsin termsof tumor size (T), nodal involvement
(N), metastasis (M), stages, and tumor grades. Similar
results have also been reported by other study.?
Invasive ductal carcinoma was also the most frequent
histopathological type of the tumors (88%-92.3%).%

The purpose of this study was to determine if
differencesinbiologica behavior that existed in sporadic
breast cancer of young patients compared to older
patients. We hypothesi zed that breast cancers of younger
patients would show a more aggressive behavior
compared to cancers of the older women and thiswould
explainthe high prevalence of young, non-familial, breast
cancer patients at DNCC. Many studies from USA and
Europe support this hypothesis.?%
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Unexpectedly, we found no differences between the
two groups of study subjects in any of the parameters
that were assessed. Although we found high number of
ER-negative breast cancer cases in the group of young
patients, a high proportion of ER-negative cancers aso
occurred in the older group. These results would
suggest ahigh percentage of hormoneindependent breast
cancersin this study population. The proportion of ER
negative cases in both groups was substantially higher
than reported by most other studies. Particularly notable
is the fact that ER-negative breast cancers were two
times more common in the study presented here
compared to studies from USA and Europe. However,
some studies from Asiahave also found similar number
of ER-negative breast cancer cases among their patients
as described here. In Singapore, ER negative breast
cancers were found in 59.2% of Malayan ethnic and
31.1% in non-Malayan ethnic women.? In Jordan, ER-
negative cases were found in 42% of patients less than
50 years old compared to 32% in patients aged 50 years
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or older.® In Korea, 58.9% ER-negative breast cancers
were found in women 35 years old or younger
compared to 48.2% ER-negative cases in women ol der
than 35 years. These studies seem to indicate that ER-
negative breast cancers are more common in women
from Asiathan in women from USA and Europe.

Some conditions might have caused the negative
staining of the ER protein. First, there could be mutations
in the ERa gene resulting in clinicaly classifying the
cancers ER-negative and hormone-resistant tumors.?’
Second, the loss of ER expression could have resulted
from aberrant methylation on the 5 CpG island of ER
gene prior to the acquisition of invasiveness of the
cancers.?® Third, loss of transcription factor(s) that are
essential for the transcription activity of the ERa gene
has also been reported.® These mechanisms that cause
loss of ER expression have been suggested to occur ina
small number of ER-negative breast cancer cases in
USA and Europe and are associated with tumor
aggressive phenotype.

Recent studies have shown that ERa is associated
with the cell membrane® and activates intracellular
signaling termed membrane-initiated steroid signaling
(MISS) .2 Thisrelative new insight into how the ER might
act may beclinically important. ER doesnot act alonein
stimulating tumor growth, but there is a complex
interacting network between the ER and growth factor
signaling to ensure the survival of cancer cells.®
Trangocation of the membrane-associated ER appears
to interact with both Shc and IGF-1R.* It islikely that
IGF-1 is an important factor involved in tumor growth
promotion in the presence of ERa and might be
activated via Raf-Ras-MAPK signaling pathway.* In
vitro study of ER-expressing breast cancer cell line
(MCF-7) has shown that estrogen and IGF-1 are
mitogens that can communicate with each other through
their receptors and act in normal or cancerous cells. %%
The administration of antiestrogen decreases not only
the estrogen/ ER activation but a so the |GF-1 pathway.*
Membrane-associated ERa may interact directly with
IGF-1R and cause | GF-1R activation through MAPK .
However, crosstalk between |GF-1R and ER was shown
in ER-expressing cell line®

Other studies have also shown that growth factors
are capable of crosstalk with membrane-associated ER,
an activity that results in higher proliferation rate.
Bidirectional crosstalk might occur between ER and
HER-2 or EGFR that could potentiate both receptors
leading to resistance of anti-hormonal (Tamoxifen)
therapy.**4! Communication between ER and growth
factors also takes place in the cell membrane. The
MAPK /extracellular signal regulated kinase (ERK)

system has been shown to be the downstream signaling
cascade leading to the activation of major cell cycle
proteins, such as cyclin D1 and cyclin E and the
transcription factor c-myc.*

The existence of ER-membrane signaling has
changed our paradigm on the role of ER in breast
cancer progression and hormonal resistance.
Identification of membrane ER should be a routine
practice in future assessment of the ER status in breast
cancer, since current immunohistochemistry (IHC)
technique detects only ER that resides in the nuclei of
cancer cells. It would also be interesting to determine,
whether breast cancer cells that have been determined
ER-negative by IHC staining contain significant
membrane ER. If thiswerethe case, it could explain the
aggressive nature of these breast tumors which would
be utilizing the membrane ER and crosstalk with growth
factor receptors.

In this current study, IGF-1R expression was not
detected in 59.5% and 62.5% of breast cancers from
patients< 35 yearsold and >35 years, respectively. These
results indicate that |GF-1 signaling pathways are not
dominant in the cancers of the study subjects and
support the hypothesis of close interaction between ER
and IGF-IR as high percentage of the cancers are also
ER negative. Our study also showed high MAPK
activation in the two groups of patients. This indicates
that the majority of the cancersin these patientsrely on
the growth factor signaling pathway rather than hormonal
(ER) signaling pathway for their growth. Theresult may
indicate that a high percentage of the cancersin these
patients were membrane-associated ER, but further
studies are needed to confirm this hypothesis. Her-2
expression was shown in more than 20% of the cancers
in both groups. Thisissimilar to what has been reported
in other study, that is, 20-30% Her-2 positive could be
expected in breast cancer, especially in young patients.”®
Overexpression of Her-2 is associated with more
aggressive cancer and resistance to chemotherapy.?
It has been proposed that breast cancers should be
classified into 4 major groups, i.e. Her-2 positive, Her-2
negative, ER-positive, and basal-like tumorsthat do not
express either Her-2 or hormone receptor.* This
classification may be useful in deciding which trestment
plan would be most effective for each individual case.

CONCLUSION

This study shows no difference in the expression of
ER, IGF-1R, Her-2, MAPK, and cyclin D1 in cancers
of young breast cancer patients (35 yearsold or younger)
and older patients. The hormonal (ER) signaling

143



Noorwati Sutandyo, et al

Acta Med Indones-Indones ] Intern Med

pathway was not dominant in cancers of these women,
as close to two-thirds of the cancers were ER-negative.
A high percentage of these cancers were also negative

for

IGF-1R expression, perhaps indicating interaction

between ER and IGF-1R. A large number of these
cancers showed ahigh expression of MAPK, indicating
that growth factor signaling pathwayswere dominant in

the

carcinogenesis of these breast cancers.

REFERENCES

1

2.

10.

11.

12.

13.

14.

15.

144

McPherson K, Steel C, Dixon J. Breast cancer - epidemiol ogy,
risk factors, and genetics. BMJ. 2000;321:624-8.

Bland K, Menck H, Scott-Conner C, Morrow M, Winchester
D. The national cancer data base 10-year survey of breast
carcinomatreatment at hospitals in the United States. Cancer.
1998;83:1262-73.

Hankey B, Miller B, Curtis R, Kosary C. Trends in breast
cancer in younger women in contrast to older women. J Natl
Cancer Inst Monogr. 1994,16:7-14.

Tjindarbumi D, Ramli M, Watanabe S, Darwis |, Sakamoto G,
Cornain S, et a. Clinicopathol ogical aspects of breast cancer: a
joint study between Indonesia and Japan. Med J Indones.
1995;4:148-53.

Ramli M, Budiningsh S, Ohno 'Y, Tjindarbumi D, Sakamoto G,
Cornain S, et al. Comparative study of the two-period of
epidemiological analysis of risk factors for breast cancer in
Indonesia. Does it change? Med JIndones. 1999;8:90-7.
Noorwati, Hukum R. Comparison between young breast
cancer patients and the older ones in Dharmais Cancer
Hospital since 1993 up to 2002. Asia-Pacific Cancer
Conference. Bali, Indonesia, October 2003.

Suzanna E. Registrasi kanker berdasarkan patologi di Rumah
Sakit Kanker Dharmais, Jakarta, Indonesia. Dharmais PRKRSK,,
2004. (Data belum dipublikasi)

Sundquist M, Thorstenson S, Brudin L, Wingren S,
Nordenskjold B. Incidence and prognosisin early onset breast
cancer. Breast. 2002;11:30-5.

Chung M, Chang HR, Bland KI, Wanebo HJ. Younger women
with breast carcinomahave apoorer prognosisthan older women.
Cancer. 1996;77:97-103.

Colleoni M, Rotmensz N, Robertson C, Orlando L, Viae G,
Renne G et a. Very young women (< 35 years) with operable
breast cancer: features of disease at presentation. Ann Oncol.
2002;13:273-9.

Xiong Q, ValeroV, KauV, Kau S-W, Taylor S, Smith TL, et al.
Female patientswith breast carcinomaage 30 years and younger
have apoor prognosis. Cancer. 2001;92:2523-8.

Sidoni A, CavaliereA, Bellezza G, Scheibel M, Bucciarelli E.
Breast cancer in young women: clinicopathological featuresand
biological specificity. Breast. 2003;12:247-50.

Dickson RB. Themolecular basis of breast cancer. In: Kurzrock
R, Talpaz M, editors. Molecular Biology in Cancer Medicine.
Oxford: Oxford University Press; 1995. p. 241-72.
Dumitrescu R, Cotarla |. Understanding breast cancer risk -
where do we stand in 2005? J Cell Mol Med. 2005;9:208-21.
Weber-Mangal S, Sinn H-P, Popp S, Klaes R, Emig R, Bentz
M, et a. Breast cancer in young women (<=35 years): genomic
aberrations detected by comparative genomic hybridization.
Int J Cancer. 2003;107:583-92.

16.

17.

18.

10.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Roodi N, Bailey L, Kao W, Verrier C, Yee J, Dupont W, et al.
Estrogen receptor gene analysis in estrogen receptor-positive
and receptor-negative primary breast cancer. JNatl Cancer Inst.
1995;87:446-51.

Hankinson SE, Willet WC, Colditz GA, Hunter DJ, Michaud
DS, Deroo B, et al. Circulating concentrations of insulin-like
growth factor 1 and risk of breast cancer. Lancet. 1998;351:1393-
6.

Shi R, Yu H, McLarty J, Glass J. IGF-I and breast cancer: a
meta-analysis. Int J Cancer. 2004;111:418-23.

Sugumar A, Liu Y-C, Qiang X, Koh Y-S, Matsuo K. Insulin-
like growth factor (IGF-1) and IGF-binding protein 3 and the
risk of premenopausal breast cancer: a meta-analysis of
literature. Int J Cancer. 2004;111:293-7.

Shimizu C, Hasegawa T, Tani Y, Takahashi F, Takeuchi M,
Watanabe T, et al. Expression of insulin-like growth factor 1
receptor in primary breast cancer: immunohistochemical
analysis. Hum Pathol. 2004;35:1537-42.

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell.
2000;100:57-70.

Olayioye MA, Neve RM, Lane HA, Hynes NE. The ErbB
signaling network: receptor heterodimerization in development
and cancer. EMBO J. 2000;19:3159-67.

Nahta R, Hortobagyi GN, Esteva FJ. Growth factor receptors
in breast cancer: potential for therapeutic intervention.
Oncologist. 2003;8:5-17.

HanW, Kim SW, Park |A, Kang D, Kim S-W, Youn Y-K. Young
age: anindependent risk factor for disease-free survival inwomen
with operable breast cancer. BMC Cancer 2004;4:82-89.

Tan EY, Wong HB, Ang BK, Chan MY P. Locally advanced and
metastatic breast cancer in atertiary hospital. Ann Acad Med
Singapore. 2005;34:595-601.

Almasri NM, Al Hamad M. Immunohistochemical evaluation
of human epidermal growth factor receptor 2 and estrogen and
progesteone receptors in breast carcinoma in Jordan. Breast
Cancer Res. 2005;7:R598-R604.

Herynk MH, Fugua SAW. Estrogen receptor mutations in
human disease. Endocr Rev. 2004;25:869-98.

Nass SJ, Herman JG, Gabrielson E, Iversen PW, Parl FF,
Davidson NE, Graff JR. Aberrant methylation of the estrogen
receptor and E-Cadherin 5’ CpG islands increases with
malignant progression in human breast cancer. Cancer Res.
2000;60:436-8.

Yoshida T, Eguchi H, Nakachi K, Tanimoto K, Higashi Y,
Suemasu K, et a. Distinct mechanisms of loss of estrogen
receptor agene expression in human breast cancer: methylation
of the gene and alteration of trans-acting factors.
Carcinogenesis. 2000;21:2193-201.

Razandi M, Pedram A, Merchenthaler |, Greene G, Levin ER.
Plasma membrane estrogen receptors exist and functions as
dimers. Mol Endocrinol. 2004;18:2854-65.

Osborne CK, Schiff R. Estrogen-receptor biology: continuing
progress and therapeutic implications. J Clin Oncol.
2005;23:1616-22.

Osborne CK, Schiff R. Estrogen-receptor biology: continuing
progress and therapeutic implications. J Clin Oncol.
2005;23:1616-22.

Song RX, Barnes CJ, Zhang Z, Bao Y, Kumar R, Santen RJ.
The role of Sch and insulin-like growth factor 1 receptor in
mediating the transl ocation of estrogen receptor ato the plasma
membrane. Proc Natl Acad Sci USA. 2004;101:2976-81.
Thodarson G, Slusher N, Leong H, Ochoa D, Rajkumar L,
Guzman R, et a. Insulin-like growth factor (IGF)-1 obliterates



Vol

40 o Number 3 e July 2008

Signaling Pathways in Early Onset Sporadic Breast Cancer of Patients in Indonesia

35.

36.

37.

38.

39.

the pregnancy-associated protection against mammary
carcinogenesis in rats: evidence that IGF-1 enhances cancer
progression through estrogen receptor-a activation via the
mitogen-activated protein kinase pathway. Breast Cancer Res.
2004;6:R423-6.

Hamelers IHL, Steenbergh PH. Interactions between estrogen
and insulin-like growth factor signaling pathways in human
breast tumor cells. Endocr Relat Cancer. 2003;10:331-45.
Stoll BA. Oestrogen/insulin-like growth factor-1 receptor
interaction in early breast cancer: clinical implications. Ann
Oncol. 2002;13:191-6.

Lai A, Sarcevic B, Prall OWJ, Sutherland RL. Insulin/insulin-
like growth factor-1 and estrogen cooperate to stimulate cyclin
E-Cdk2 activation and cell cycle progressionin MCF-7 Breast
cancer cells through differential regulation of cyclin E and
p21WAF1/Cipl. J Biol Chem 2001;276:25823-33.

Kahlert S, Nuedling S, van Eickels M, Vetter H, Meyer R,
Grohe C. Estrogen receptor a rapidly activates the |GF-1
receptor pathway. J Biol Chem. 2000;275:18477-53.

Lee AV, Jackson JG, Gooch JL, Hilsenbeck SG, Coronado-
Heinsohn E, Osborne CK, et a. Enhancement of insulin-like
growth factor signaling in human breast cancer: estrogen
regulation of insulin receptor substrate-1 expression in vitro
and in vivo. Mol Endocrinol. 1999;13:787-96.

40.

41.

42.

43.

Yang Z, Barnes CJ, Kumar R. Human epidermal growth factor
receptor 2 status modulates subcellular localization of and
interaction with estrogen receptor ain breast cancer cells. Clin
Cancer Res. 2004,10:3621-8.

Levin ER. Bidirectional signaling between the estrogen
receptor and the epidermal growth factor receptor. Mol
Endocrinol. 2003;17:309-17.

Butt AJ, McNeil CM, Musgrove EA, Sutherland RL. Down-
stream targets of growth factor and oestrogen signalling and
endocrine resistance: the potential roles of c-Myc, cyclin D1
and cyclin E. Endocr Relat Cancer. 2005;12(Suppl 1):S47-59.
Dowsett M, Johnston S, Martin L-A, Salter J, Hills M, Detre
S, et a. Growth factor signalling and response to endocrine
therapy: the Royal Marsden Experience. Endocr Relat Cancer.
2005;12:5113-7.

Burstein HJ. The distinctive nature of Her-2-positive breast
cancers. N Engl JMed 2005;353:16.

145



