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Abstract Published data on the association between
TGFBRI*6A/9A polymorphism and cancer risk are
inconclusive. To derive a more precise estimation of the
relationship, a meta-analysis was performed. A total of 32
studies including 13,662 cases and 14,147 controls were
involved in this meta-analysis. Overall, significantly ele-
vated cancer risks were associated with TGFBRI*6A in all
genetic models (for allelic effect: OR = 1.11; 95% CI =
1.03-1.21; for 6A/6A vs. 9A/9A: OR = 1.30; 95% CI =
1.01-1.69; for 9A/6A vs. 9A/9A: OR = 1.08; 95%
CI = 1.01-1.15; for dominant model: OR = 1.08; 95%
CI = 1.02-1.15; for recessive model: OR = 1.29;
95% CI = 1.00-1.68). In the subgroup analysis by cancer
types, significant associations were found in breast cancer
(for allelic effect: OR = 1.16; 95% CI = 1.01-1.34) and
ovarian cancer (for allelic effect: OR = 1.24; 95%
CI = 1.00-1.54; for 6A/6A vs. 9A/9A: OR = 2.34; 95%
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CI = 1.03-5.33). However, no significant associations
were found in colorectal cancer, bladder cancer, prostate
cancer and lung cancer for all genetic models. In summary,
this meta-analysis suggests that the TGFBRI*6A/9A
polymorphism is associated with cancer susceptibility,
increasing the risk of breast and ovarian cancer.

Keywords TGFBRI - Polymorphism - Cancer -
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Introduction

Cancer remains one of the leading causes of mortality
worldwide in the twenty-first century. It is predicted that by
2020, the number of new cases of cancer in the world will
increase to more than 15 million, with deaths increasing to
12 million.

Therefore, the effective measures for cancer prevention
and management are urgently needed. Recent studies have
suggested that improved cancer survival can be achieved
by earlier detection, better access to care and improved
treatment [1, 2]. Finding new gene markers for screening
high-risk populations is an important way to achieve earlier
detection of cancer. However, the mechanism of carcino-
genesis is still not fully understood. It has been suggested
that low-penetrance susceptibility genes combining with
environmental factors may be important in the develop-
ment of cancer [3]. In recent years, several common low-
penetrant genes have been identified as potential cancer
susceptibility genes. An important one is transforming
growth factor beta receptor type I (TGFBR1), which plays
an important role in the TGFB singling pathway [4]. A
functional single nucleotide polymorphism in exon 1, with
a 9A to 6A change, has been proven to decrease TGFB
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growth inhibitory singling activity and contribute to the
development of cancer [5, 6]. A number of studies have
reported the role of TGFBR1*6A/9A polymorphism and
cancer risk [5-27], but the results are inconclusive, par-
tially because of the possible small effect of the polymor-
phism on cancer risk and the relatively small sample size in
each of published studies. Therefore, we performed a meta-
analysis to derive a more precise estimation of this
association.

Materials and methods
Publication search

Systematic computerized searches of the PubMed and
Medline databases (up to Jan 28, 2009) were performed
using the following search terms: “transforming growth
factor”, “transforming growth factor receptor”, “Type I
TGF-beta receptor”, “TbR-I(6A)”, “TbetaR-I(6A)”,
“TGFBRI*6A”, “mutation”, “susceptibility allele”,
“cancer”, and “tumor”. The search was limited to human
studies. All eligible studies were retrieved, and their bib-
liographies were checked for other relevant publications.
When the same patient population was used in several
publications, only the most recent, largest or complete
study was included in this meta-analysis.

Inclusion criteria

The following criteria were used for the study selection: (1)
evaluate the association between TGFBRI*6A/9A poly-
morphism and cancer risk, (2) case—control studies, (3)
sufficient data about genotype frequency.

Data extraction

Information was carefully extracted from all eligible pub-
lications independently by two of the authors according to
the inclusion criteria listed above. Disagreement was
resolved by discussion between the two authors. If these
two authors could not reach a consensus, another author
was consulted to resolve the dispute and a final decision
was made by the majority of the votes. The following data
were collected form each study: first author’s name, pub-
lication date, country, cancer types, total numbers of cases
and controls, and numbers of every genotype, respectively.
When studies included subjects of more than one cancer
types, genotype data were extracted separately according to
cancer types for subgroup analyses. To achieve enough
statistical power, we only conducted the meta-analysis on
cancer types with more than two studies.
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Statistical methods

Allele frequencies of each study were determined by the
allele-counting method. A chi-square test was used to
determine if the distributions of genotypes among controls
conformed to Hardy—Weinberg equilibrium (HWE). The
strength of the association between TGFBRI*6A/9A
polymorphism and cancer risk was measured by odds ratios
(ORs) with 95% confidence intervals (CIs). The pooled
ORs were estimated for allelic effect (6A vs. 9A),
codominant model (6A/6A vs. 9A/9A; 9A/6A vs. 9A/9A),
dominant model (6A/6A+9A/6A vs. 9A/9A) and recessive
model (6A/6A vs. 9A/6A+9A/9A), respectively. Subgroup
analyses were conducted by cancer types. Chi-square-
based Q test was used to check heterogeneity among
studies [28]. A P < 0.10 indicates a heterogeneity existing
among studies, so the random-effects model (the DerSi-
monian and Laird method) was used [29]. Otherwise, the
fixed-effects model (the Mantel-Haenszel method) was
used [30]. One-way sensitivity analyses were performed to
assess the stability of the results, namely, a single study in
the meta-analysis was deleted each time to reflect the
influence of the individual data-set to the pooled OR [31].
An estimate of potential publication bias was carried out by
the funnel plot, in which the standard error of log (OR) of
each study was plotted against its log (OR). An asymmetric
plot suggests a possible publication bias. Funnel plot
asymmetry was assessed by the method of Egger’s linear
regression test, a linear regression approach to measure
funnel plot asymmetry on the natural logarithm scale of the
OR. The significance of the intercept was determined by
the r-test suggested by Egger (P < 0.05 was considered
representative of statistically significant publication bias)
[32]. All of the statistical tests used in our meta-analysis
were performed by STATA version 10.0 (Stata Corpora-
tion, College Station, TX).

Results
Studies included in the meta-analysis

Based on our search criteria, a total of 23 publications were
identified [5-27]. Among them, one publication [13]
included five separate unpublished studies and five publi-
cations [5, 6, 10, 14, 26] presented two separate case—
control studies, respectively. Each study in one publication
was considered separately for pooling analysis. Hence, 23
publications including 32 studies were included in the final
meta-analysis. Table 1 lists the main characteristics of
these studies. In total, these studies included 13,662 cases
and 14,147 controls. Sample sizes ranged from 59 to 2,860.
There were 15 studies for breast cancer, 9 for colorectal
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Table 1 Main characteristics of all studies included in the meta-analysis

Study Year Country Cancer types Sample size (case/control) Genotypes distribution (case/control)
9A/9A 9A/6A 6A/6A

Pasche et al. [5] 1999 USA Most types of cancer  848/732 716/654  123/78 9/0

Pasche et al. [5] 1999 TItaly Breast, colon, bladder 347/50 295/38 51/12 1/0

Chen et al. [6] 1999 USA Cervical 37/38 29/34 7/4 1/0

Chen et al. [6] 1999 Jamaica Cervical 29/30 26/27 3/3 0/0

van Tilborg et al. [7] 2001 Netherlands Bladder 146/183 121/148  25/32 0/3

Stefanovska et al. [8] 2001 Macedonia Colorectal 117/200 108/179  8/20 1/1

Samowitz et al. [9] 2001 USA Colon 250/358 202/295  46/58 2/5

Baxter et al. [10] 2002 UK Breast 355/248 268/207  83/39 4/2

Baxter et al. [10] 2002 UK Ovarian 304/248 236/207  62/39 6/2

Chen et al. [11] 2004 USA Kidney, bladder 151/138 120/112  28/25 3/1

Kaklamani et al. [12] 2004 USA Prostate 442/465 380/402  59/62 3/1

Reiss [13] 2004 USA Breast 98/91 87/77 11/14 0/0

Ellis [13] 2004 USA Colon 7671766 655/663  108/100 4/3

Caldes [13] 2004 Spain Colorectal, breast 506/292 397/250  106/42 3/0

Offit [13] 2004 USA Breast 462/330 391/291  67/38 4/1

Northwestern [13] 2004 USA Breast, colon, ovarian 121/123 104/105  17/17 0/1

Jin et al. [14] 2004 Finland Breast 221/234 177/171  38/60 6/3

Jin et al. [14] 2004 Poland Breast 170/202 140/176  28/26 2/0

Suarez et al. [15] 2005 USA Prostate 534/488 441/407  87/79 6/2

Spillman et al. [16] 2005 USA Ovarian 578/607 468/497  100/104 10/6

Kaklamani et al. [17] 2005 USA Breast 611/690 515/612  92/77 4/1

Chen et al. [18] 2006 USA Breast 115/130 92/111 23/18 0/1

Feigelson et al. [19]* 2006 USA Breast 481/484 387/384  94/100 (9A/6A & 6A/6A)

You et al. [20] 2007 China Lung 252/250 217/219  35/31 0/0

Cox et al. [21] 2007 USA Breast 1,187/1,673 968/1352 207/302 12/19

Song et al. [22] 2007 Sweden Breast 763/852 598/682  152/160 13/10

Skoglund et al. [23] 2007 Sweden Colorectal 1,040/852 827/682  203/160 10/10

Skoglund Lundin et al. [24] 2009 Sweden Colorectal 213/852 167/682  42/160 4/10

Castillejo et al. [25] 2009 Spain Bladder 1,094/1,014 887/812  199/191 8/11

Jakubowska et al. [26]* 2009 Poland Breast 319/290 282/252  37/38 (9A/6A & 6A/6A)

Jakubowska et al. [26]* 2009 Poland Ovarian 144/279 122/244  22/25 (9A/6A & 6A/6A)

Colleran et al. [27] 2009 Ireland Breast 960/958 796/785  154/160 10/13

* Three studies were excluded from the combined allelic effect, codominant model and recessive model because they did not present sufficient

data on the frequencies of 9A/6A genotype and 6A/6A genotype

cancer, 5 for the bladder cancer, 4 for ovarian cancer, and 3
for prostate cancer. All controls in theses studies con-
formed to HWE.

Table 1 also listed the distribution of genotypes for each
study. The frequency of the 9A/9A genotype in the controls
ranged from 73 to 90% (median, 83.5%); the frequency of
the 9A/6A genotype ranged from 10 to 26% (median,
15.7%); the frequency of the 6A/6A genotype ranged from
0 to 1.6% (median, 0.7%). The frequency of the 9A/9A
genotype in the cases ranged from 75 to 92% (median,
82.3%); the frequency of the 9A/6A genotype ranged from
7 to 23% (median, 17.1%); the frequency of the 6A/6A
genotype ranged from 0 to 3% (median, 0.9%).

Meta-analysis results

Table 2 lists the main results of this meta-analysis. When
all 32 studies were pooled into the meta-analysis, signifi-
cantly elevated cancer risk was associated with
TGFBRI*6A in all genetic models (for allelic effect: OR =
1.11; 95% CI = 1.03-1.21; for 6A/6A vs. 9A/9A: OR =
1.30; 95% CI = 1.01-1.69; for 9A/6A vs. 9A/9A: OR = 1.08;
95% CI = 1.01-1.15; for dominant model: OR = 1.08;
95% CI = 1.02-1.15; for recessive model: OR = 1.29;
95% CI = 1.00-1.68). When subgroup analysis by cancer
types, significant association was found in breast cancer
(for allelic effect: OR = 1.16; 95% CI = 1.01-1.34) and
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Table 2 Main results of pooled ORs in the meta-analysis

Comparisons No. of cases No. of controls OR (95% CI) P P (Q-test)
Total cancer
6A vs. 9A 25,436 26,188 1.11 (1.03-1.21) 0.01 0.04*
6A/6A vs. 9A/9A 10,554 10,983 1.30 (1.01-1.69) 0.05 0.70
9A/6A vs. 9A/9A 12,592 12,988 1.08 (1.01-1.15) 0.03 0.18
6A6A+9A6A vs. 9A9A 13,622 14,147 1.08 (1.02-1.15) 0.02 0.11
6A/6A vs. 9A/6A+9A/9A 12,718 13,094 1.29 (1.00-1.68) 0.05 0.73
Breast cancer
6A vs. 9A 10,826 12,964 1.16 (1.01-1.34) 0.04 0.03*
6A/6A vs. 9A/9A 4,470 5,456 1.27 (0.87-1.85) 0.22 0.71
9A/6A vs. 9A/9A 5,356 6,432 1.14 (0.98-1.34) 0.10 0.02*
6A6A+9A6A vs. 9A9A 6,213 7,256 1.12 (0.97-1.28) 0.11 0.02*
6A/6A vs. 9A/6A+9A/9A 5413 6,482 1.26 (0.87-1.85) 0.22 0.72
Colorectal cancer
6A vs. 9A 5,666 8,450 1.16 (0.94-1.42) 0.16 0.03*
6A/6A vs. 9A/9A 2,346 3,578 1.45 (0.87-2.43) 0.15 0.17
9A/6A vs. 9A/9A 2,806 4,195 1.10 (0.96-1.27) 0.15 0.32
6A6A+9A6A vs. 9A9A 2,833 4,225 1.12 (0.98-1.28) 0.09 0.12
6A/6A vs. 9A/6A+9A/9A 2,833 4,225 1.43 (0.86-2.39) 0.17 0.19
Bladder cancer
6A vs. 9A 3,404 4,234 0.93 (0.79-1.10) 0.39 0.52
6A/6A vs. 9A/9A 1,405 1,779 0.71 (0.33-1.53) 0.38 0.32
9A/6A vs. 9A/9A 1,691 2,102 0.95 (0.79-1.14) 0.58 0.61
6A6A+9A6A vs. 9A9A 1,702 2,117 0.94 (0.78-1.12) 0.48 0.57
6A/6A vs. 9A/6A+9A/9A 1,702 2,117 0.71 (0.33-1.54) 0.39 0.33
Ovarian cancer
6A vs. 9A 1,858 3,174 1.24 (1.00-1.54) 0.05 0.26
6A/6A vs. 9A/9A 760 1,366 2.34 (1.03-5.33) 0.04 0.15
9A/6A vs. 9A/9A 912 1,579 1.15 (0.91-1.46) 0.25 0.42
6A6A+9A6A vs. 9A9A 1,073 1,866 1.21 (0.98-1.51) 0.08 0.53
6A/6A vs. 9A/6A+9A/9A 929 1,587 0.46 (0.16-1.36) 0.16 0.27
Prostate cancer
6A vs. 9A 2,070 3,370 1.10 (0.88-1.38) 0.39 0.91
6A/6A vs. 9A/9A 881 1,466 2.90 (0.78-10.75) 0.11 0.92
9A/6A vs. 9A/9A 1,026 1,682 1.04 (0.82-1.32) 0.78 0.82
6A6A+9A6A vs. 9A9A 1,035 1,685 1.07 (0.85-1.36) 0.57 0.87
6A/6A vs. 9A/6A+9A/9A 1,035 1,685 2.89 (0.78-10.72) 0.11 0.92

P (Q-test) test for heterogeneity, OR odds ratio, CI confidence interval

* Random-effects model was used when P (Q-test) < 0.1; otherwise, fixed-effects model was used

ovarian cancer (for allelic effect: OR = 1.24; 95%
CI = 1.00-1.54; for 6A/6A vs. 9A/9A: OR = 2.34; 95%
CI = 1.03-5.33).

Sensitivity analyses

A single study involved in the meta-analysis was deleted

each time to reflect the influence of the individual data-set
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to the pooled ORs, and the corresponding pooled ORs were
not materially altered (data not shown).

Publication bias
The shapes of the funnel plots did not reveal any evidence

of obvious asymmetry (figures not shown). Also, the results
of Egger’s test still did not suggest any evidence of
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publication bias (P = 0.38 for 6A vs. 9A, P = 0.05 for 6A/
6A vs. 9A/9A, P = 0.63 for 9A/6A vs. 9A/9A, P = 0.51
for dominant model and P = 0.06 for recessive model,
respectively).

Discussion

The present meta-analysis, including 13,662 cases and
14,147 controls from 32 published studies, explored the
association between TGFBRI*6A/9A polymorphism and
cancer risk. Our results indicated that the TGFBRI*6A
allele is a low-penetrant risk factor for developing cancer in
all genetic models. This finding is biologically plausible.
TGFBRI*6A is caused by deletion of three GCG triplets
coding for alanine within a nine alanine (*¥*9A) repeat
sequence of exon 1. It has been proven that TGFBRI*6A is
an impaired mediator of TGFB antiproliferative signals
compared with intact TGFBRI [5, 6]. Because of the role
that TGFB playing in carcinogenesis and cancer progres-
sion [33, 34, 35], the functional polymorphism in TGFBRI
may have an impact on cancer susceptibility attributable to
the decreased TGFB growth inhibitory singling activity
[35].

In the subgroup analyses by cancer types, significant
associations were found in breast cancer (for allelic effect:
OR = 1.16; 95% CI = 1.01-1.34) and ovarian cancer (for
allelic effect: OR = 1.24; 95% CI = 1.00-1.54; for 6A/6A
vs. 9A/9A: OR = 2.34; 95% CI = 1.03-5.33) but not in
colorectal cancer, bladder cancer, and prostate cancer. One
factor that would contribute to the discrepancy is that
TGFBRI polymorphism might play a different role in
different kinds of cancer. It might be an increased risk
factor for some kinds of cancer but not for others. In
addition, considering the possible small effect size of
TGFBRI polymorphism to cancer and the relatively small
sample size in some studies, the discrepancy may due to
chance because some of these studies may not have enough
power to detect a small but real association or give a
fluctuated estimation.

Our studies had several limitations that need to be taken
into consideration when interpreting the findings. First, in
the subgroup analyses, the number of studies and the
number of subjects included in ovarian cancer subgroup or
prostate cancer subgroup are relatively small. Second,
lacking of the original data limited our further evaluation
of potential interactions among gene—gene and gene—
environment. Third, our result was based on unadjusted
estimates, while a more precise analysis should be con-
ducted if more detailed individual data were available,
which would allow for the adjustment by other covariates
including age, ethnicity, lifestyle and environmental
factors.

Despite its limitations, our meta-analysis also had some
advantages. First, it provides pooled data on a substantial
number of cases and controls and increased statistical
power of the analysis. Second, sensitivity analyses were
conducted using the method as previously described [31],
all the results were not materially altered and did not draw
different conclusions, indicating that our results were
robust. Third, Begg’s and Egger’s tests did not detect any
publication bias indicating that our results should be
unbiased.

In summary, this meta-analysis suggests that the
TGFBRI*9A/6A polymorphism is associated with cancer
susceptibility, increasing the risk of breast and ovarian
cancer. However, TGFBRI*9A/6A polymorphism is not
only one of the common variants in TGFB signaling
pathway. Other variant such as TGFB1 T29C [36, 37] and
Int7G24A [11, 18] were also identified as important cancer
risk factors. These variants may have a functional inter-
action with respect to cancer risk. Therefore, further studies
may need to identify patterns of these variants to further
increase the predictive value of cancer risk. Moreover,
gene—environment interaction should also be considered in
the analysis. Such studies taking these factors into account
may eventually lead to better, comprehensive understand-
ing of the association between the TGFBRI*9A/6A poly-
morphism and cancer risk.
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