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Abstract

Transforming growth factor-3 (TGF-3) inhibits the prolifer-
ation of carcinomas in early stages of breast cancer, whereas
it promotes tumor growth and metastasis in later stages of
cancer. We evaluated a possible association between TGF-(31
gene polymorphisms and breast cancer risk in a population-
based case-control study of Chinese women living in
Shanghai, which included 1,127 breast cancer cases and
1,228 population controls. Two polymorphisms, C-509T and
T+29C, were in strong linkage disequilibrium. There were
no overall differences in the genotype distribution of T+29C
polymorphisms of the TGF-81 gene among cases and
controls. However, the distribution of the high-activity C
allele of T+29C polymorphisms differed by cancer stages
(Pirena = 0.02). This allele was associated with decreased risk

of early-stage breast cancer [stages 0 and I; odds ratio (OR),
0.73; 95% confidence interval (95% CI), 0.54-0.99], and the OR
was further reduced to 0.66 (95% CI, 0.45-0.96) for those
homozygous for this allele (Peng = 0.03). On the other hand,
the same allele was associated with nonsignificantly
increased risk of breast cancer with advanced stages III
and IV (OR, 1.33; 95% CI, 0.81-2.18), which differed
significantly from that observed for early-stage cancer (P =
0.04). This result suggests a possible dual effect of TGF-31
shown by in vitro experiments and provides an explanation
for some of the inconsistent findings from previous
epidemiologic studies that did not evaluate this association
by cancer stage. (Cancer Epidemiol Biomarkers Prev
2005;14(6):1567-70)

Introduction

Transforming growth factor-p (TGF-p) is a multifunctional
cytokine that regulates cellular processes such as cell division,
differentiation, motility, adhesion, and death (1). It has been
shown that TGF-R is a potent inhibitor for cell cycle
progression of epithelial cells (2). In early stages of breast
cancer, TGF-B inhibits the proliferation of carcinomas (3).
TGF-p also mediates the cytostatic and chemopreventive
actions of antiestrogens, such as tamoxifen (4). In later stages
of cancer, however, the role of TGF-p shifts to that of a tumor
promoter, suggesting a dual role for TGF-p during the
progression of cancer (3). TGF-p1 is the predominant isoform
of TGF-p in mammary epithelial areas of breast cancer (5), and
increased serum levels of TGF-R1 have been related to lymph
node metastasis, poor histology grades, and advanced cancer
stage (6).

Two polymorphisms of the TGF-f1 gene, T+29C at codon 10
and C-509T, are in strong linkage disequilibrium, and the T
allele of C-509T and C allele of T+29C are associated with
increased TGF-p1 serum levels (7, 8). The results of association
studies on these polymorphisms and breast cancer risk,
however, have been inconsistent. Two studies reported that
the T allele of the T+29C polymorphism was associated with
increased risk of breast cancer in Caucasian women ages 65
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years or older (9) and in Japanese women (10). In contrast, a
Korean study and a European study have both shown an
increased risk of breast cancer in women carrying the C allele
(11, 12), and four studies suggested no association between
this polymorphism and breast cancer risk (13-16). Given the
dual role of TGF-p1 in carcinogenesis, we hypothesized that
the alleles associated with elevated TGF-p1 levels (T in C-509T
and C in T+29C) may reduce the risk of early-stage breast
cancer, while promoting the progression of late-stage
breast cancer. We evaluated this hypothesis in the Shanghai
Breast Cancer Study, a large population-based case-control
study conducted among Chinese women in Shanghai.

Materials and Methods

Detailed study design and data collection procedures for the
Shanghai Breast Cancer Study have been described elsewhere
(17). Briefly, cases were permanent Shanghai residents
between the ages of 25 and 64 who were newly diagnosed
with breast cancer between August 1996 and March 1998.
Through a rapid case ascertainment system, supplemented by
the population-based Shanghai Cancer Registry, 1,602 eligible
breast cancer cases were identified and 1,459 (91.1%)
completed in-person interviews using a structured question-
naire. The initial cancer diagnoses for all patients were
confirmed by two senior pathologists through a review of
pathologic slides. Information on clinical cancer character-
istics, including tumor-node-metastasis stage, treatment for
cancer, and estrogen and progesterone receptor status, was
obtained by medical record review using a standard protocol.
The major reasons for nonparticipation were refusal (109
cases, 6.8%), death before interview (17 cases, 1.1%), and
inability to locate (17 cases, 1.1%).
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Table 1. Association of TGF-31 gene polymorphisms with
breast cancer risk, the Shanghai Breast Cancer Study

Genotypes Cases, n  Controls, Unadjusted Adjusted OR*
(%) n (%) OR (95% CI) (95% CI)
C-509T
CC 260 (23.3) 260 (21.6) 1.0 1.0
CT/TT 858 (76.7) 946 (784) 091 (0.75-1.10) 0.90 (0.74-1.10)
CT 559 (50.0) 628 (52.0) 0.89 (0.72-1.09) 0.89 (0.72-1.10)
T 299 (26.7) 318 (264) 0.94 (0.74-1.19) 0.93 (0.73-1.17)
T +29C
TT 258 (232) 255 (21.5) 1.0 1.0
TC/CC 856 (76.8) 934 (78.5) 0.91 (0.74-1.10) 0.90 (0.73-1.10)
TC 554 (49.7) 615 (51.7) 0.89 (0.72-1.10) 0.88 (0.71-1.09)
cC 302 (27.1) 319 (26.8) 0.94 (0.74-1.18) 0.92 (0.72-1.17)

*Adjusted for age, education, age at menarche, menopausal status, age at
menopause, age at first live birth, waist-to-hip ratio, and physical activity during
the preceding 10 years.

Eligible controls were randomly selected from the Shanghai
Resident Registry (which contains demographic information
for all residents of urban Shanghai) and were frequency
matched by age at 5-year intervals to the predetermined age
distribution of the cases reported to the Shanghai Cancer
Registry from 1990 to 1993. Of the 1,734 eligible controls, 1,556
(90.3%) completed interviews. The major reasons for nonpar-
ticipation of the eligible controls were refusal (166 controls,
9.6%) and death or a prior cancer diagnosis (2 controls, 0.1%).

The structured questionnaire used for this study included
information on demographic factors, menstrual and reproduc-
tive history, hormone use, previous disease history, family
history of cancer, physical activity, tobacco and alcohol use,
and usual dietary habits. All participants were measured for
current weight, circumferences of the waist and hips, and
sitting and standing height. In addition to the in-person
interviews and anthropometric measurements, 10 mL blood
samples were collected from 1,193 (82%) cases and 1,310 (84%)
controls. These samples were processed on the same day and
stored at —70°C.

Detailed genotyping methods for TGF-f1 polymorphisms
have been previously described (18). Briefly, genomic DNA
was extracted from buffy coat fractions and used for
genotyping assays with the PCR-RFLP method. The PCR was
done in a PTC-200 Peltier Thermal Cycler (M] Research, Inc.,
Waltham, MA). The PCR products were digested with
restriction endonucleases to determine the genotype of each
subject. For the C-509T polymorphism, the PCR products were
digested with the Eco81I restriction endonucleases. For the
T+29C polymorphism, the T—C substitution creates a Msp A1l
restriction site. The laboratory staff was blind to the identity of
the subjects. Quality control samples were included in the
genotyping assays. Each 96-well plate contained one water
blank, two CEPH 1347-02 DNA, two unblinded quality control
DNA, and two blinded quality control DNA. Quality control
samples were distributed across separate 96-well plates. The
blinded and unblinded quality control samples were taken
from the second tube of samples included in the study. The
agreement rates for C-509T polymorphism (50 quality control
samples) and for T+29C polymorphism (51 quality control
samples) were both 98%. Genotypes for polymorphisms of
C-509T were successfully determined for 1,118 cases and 1,206
controls, and genotypes for T+29C polymorphisms were
determined for 1,114 cases and 1,189 controls.

The % test and t test were used for comparing character-
istics of cases and controls. Odds ratios (OR) and 95%
confidence intervals (CI) were derived using unconditional
logistic regression models and polytomous logistic models. All
P values presented in this paper are two-sided. SAS software
was used for statistical analysis (version 9.1; SAS Institute,
Cary, NC).

Results

The distribution of demographic characteristics and known
breast cancer risk factors of the 1,127 cases and 1,228 controls
was similar to our previous reports (data not shown; ref. 17).
Reproductive risk factors, such as early menarche, late
menopause, and late age at the first live birth, were related to
increased breast cancer risk. Cases were also more likely than
controls to have higher body mass index, waist-to-hip ratio, or
to have had breast fibroadenomas, and were less likely to have
exercised regularly during the past 10 years. The case-control
difference was not statistically significant for age, education,
menopausal status, or family history of breast cancer.

Table 1 shows the genotype distributions among cases and
controls of the two polymorphisms of the TGF-f1 gene
under study. The frequencies of the CC, CT, and TT genotypes
of C-509T were 21.6%, 55%, and 26.4% in controls, respectively.
The frequencies of the TT, TC, and CC genotypes of T+29C
were 21.5%, 51.7%, and 26.8% in controls, respectively. The
genotype frequency of these two polymorphisms in controls
did not deviate from the Hardy-Weinberg equilibrium and the
two polymorphisms were in strong linkage disequilibrium
(D' =0.989, P < 0.001).

Overall, there was no association between polymorphisms
and breast cancer risk. Further analyses stratified by age at
disease onset, menopausal status, body mass index, and waist-
to-hip ratio did not find any association between these
polymorphisms and breast cancer risk (data not shown).

We stratified genotype frequencies by stage in Table 2.
Among 1,127 cases, stage information for 77 patients (6.8%)
was missing. Only 29 patients were stage 0; therefore, we
combined those patients with stage I. A higher percentage of
patients with advanced breast cancer carried the C allele in the
T+29C polymorphism than patients with an earlier-stage
cancer (P = 0.02). In stages 0 and I, the C allele was associated
with decreased breast cancer risk (OR, 0.73; 95% CI, 0.54-0.99)
in a dose-response manner (Peng = 0.03), with the lowest OR
observed for those homozygous for this allele (OR, 0.66; 95%
CI, 0.45-0.96; Table 3). On the other hand, the same allele was
associated with an increased risk in advanced stages III and IV
of breast cancer (OR, 1.31; 95% CI, 0.80-2.15), although the OR
was not statistically significant perhaps due to a small sample
size. However, when the OR for the association of the C allele
with early stage cancer (stages 0 and I) was compared with that
for advanced stage cancer (Il and IV), the difference was
statistically significant (P = 0.04).

Discussion

Grainger et al. (7) showed that the serum concentration of
TGEF-p1 was correlated with the C-509T polymorphism of the
TGF-f1 gene. The presence of the T allele at —509 bp was

Table 2. Association of the TGF-31 gene polymorphisms
with breast cancer stage, the Shanghai Breast Cancer Study

Genotypes Stages P
0,1 ITa, TIb I, IV

C-509T

n 279 640 122

CC (%) 26.9 22.0 18.8

CT (%) 50.5 50.3 52.5

TT (%) 22.6 27.7 28.7 0.03
T+29C

n 277 638 122

TT (%) 26.7 21.9 17.2

TC (%) 50.5 49.8 53.3

CC (%) 22.7 28.2 29.5 0.02
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Table 3. Association of TGF-31 gene polymorphisms and breast cancer risk by breast cancer stage, the Shanghai Breast

Cancer Study

Genotypes Controls (1) Stage 0 Adjusted OR* Stage II (1) Adjusted OR* Stage III Adjusted OR*
orI(n) (95% CI) (95% CI) or IV (n) (95% CI)
C-509T
CcC 255 75 1.0 141 1.0 23 1.0
CT/TT 934 204 0.74 (0.54-0.99) 499 0.97 (0.76-1.23) 99 1.19 (0.74-1.93)
CT 615 141 0.77 (0.56-1.06) 322 0.95 (0.74-1.21) 64 1.18 (0.71-1.95)
TT 319 63 0.67 (0.46-0.98) 177 1.01 (0.76-1.33) 35 1.22 (0.70-2.13)
P rend 0.04 0.92 0.50
T+29C
TT 255 74 1.0 140 1.0 21 1.0
TC/CC 934 203 0.73 (0.54-0.99) " 498 0.96 (0.76-1.22) 101 1.31 (0.80-2.15)"
TC 615 140 0.77 (0.56-1.07) 318 0.93 (0.73-1.20) 65 1.29 (0.77-2.17)
cc 319 63 0.66 (0.45-0.96) 180 1.01 (0.76-1.33) 36 1.34 (0.76-2.36)
P irend 0.03 0.92 0.35

*Derived from polytomous logistic regression models adjusted for age, education, age at menarche, menopausal status, age at menopause, age at first live birth, waist-

to-hip ratio, and physical activity during the preceding 10 years.

TThe OR (1.31) for advanced cancer differs statistically significant from that (0.73) for early-stage cancer (P = 0.04).

associated with higher serum concentrations of TGF-p1, and
serum concentration is higher among individuals homozygous
for T than among those who are heterozygous (7). T+29C
polymorphism results in an amino acid change from leucine to
proline in codon 10. The serum concentration of TGF-p1 has
been shown to be significantly higher in individuals with the
CC genotype than in those with the TC or TT genotypes (8, 19),
and the amounts of TGF-pl secreted from CMV-P (Pro)-
transfected cells is consistently greater than from CMV-L
(Leu)-transfected cells (12). However, these two polymor-
phisms are in strong linkage disequilibrium and it seems
reasonable to consider T+29C a functional polymorphism
because leucine, which possesses a hydrophobic aliphatic side
chain, favors the formation of a-helices, whereas proline
introduces breakage in the a-helical portion of the peptide
backbone (8, 20).

TGF-p acts as a growth inhibitor through the down-
regulation of genes involved in cellular proliferation, such as
cyclin-dependent kinases, the retinoblastoma susceptibility
product (pRB), the c-Myc oncoprotein, and the NF-«xB/Rel
family of transcription factors (21). Binding TGF-p to TGF-p
receptors activates intracellular signal transducers, Sma and
mothers against decapentaplegic homologue (SMAD; ref. 2).
Once activated, SMAD proteins are translocated into the
nucleus and regulate various pathways related to growth
inhibition (1). In advanced stages of breast cancer, however,
the TGF-p/SMAD signaling pathway is inhibited, resulting in
resistance to TGF-p—induced growth inhibition (1, 22, 23).
Tumor cells themselves also produce inactive TGF-p and
plasmin. Plasmin, which is converted from plasminogen by
urokinase-type plasminogen activator produced by advanced
breast cancer cells, may activate latent TGF-g (4). Tumor-
derived TGF-p may affect cell-to-cell and cell-to-substrate
interaction, resulting in a tendency for invasion, angiogenesis,
and metastasis. Tumor-derived TGF-p also may act as an
immune suppressor and enhance the ability of tumor cells to
escape immune surveillance (2, 4).

Our results may also explain some of the inconsistent
findings from previous epidemiologic studies on TGF-fi1 gene
polymorphisms and breast cancer risk. Ziv et al. (9) reported
decreased breast cancer risk in women with the TT or TC
genotypes of the T+29C polymorphism from a study in which
70% of breast cancer patients were stages 0 or I. Krippl et al.
(14) reported that the C allele of T+29C was more common in
patients with lymph node metastasis. For prostate cancer,
Ewart-Toland et al. (24) reported an association of the T allele
of the C-509T polymorphism with the risk of advanced-stage
cancer, but not with the risk of early-stage cancer, suggesting
this variant may play different roles over the course of prostate

carcinogenesis. In contrast, in a case-control study with 1,123
breast cancer cases and 2,314 controls, the authors found no
difference in the association of TGF-f1 gene polymorphism
with cancer by various stages (15). Our previous report on
breast cancer patient survival and TGF-f1 gene polymor-
phisms showed that the C allele of the T+29C polymorphism
was related to poorer disease-free survival (18). The 5-year
disease-free survival rates were 85.2% and 77.5% for breast
cancer patients who carried the TT and TC/CC genotypes,
respectively (P < 0.01; ref. 18). If the C allele of the T+29C
polymorphism is responsible for the invasiveness and metas-
tasis of breast cancer, via the promotion of TGF-p1 expression,
it is reasonable to assume that patients with the C allele are
more likely to experience recurrences or metastases, followed
by poorer disease-free survival.

In conclusion, our results are in agreement with data from
many in vitro experiments indicating that functional poly-
morphisms of the TGF-f1 gene may play a possible dual role
in breast carcinogenesis. Our findings also suggest that
epidemiologic studies evaluating the association of TGF-f1
gene polymorphisms with breast cancer risk need to take
tumor stage into consideration.
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