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Abstract

We examined the potential role of serum TGF-beta 1 levels to predict cancer mortality risk in a nested case-
control study within a large prospective cohort of middle-aged and elderly Japanese subjects. The cases were
893 persons who provided blood samples at baseline and subsequently died of cancer from all sites during the
follow-up period. Atotal of 2,824 subjects were selected from the main study as controls, matched with the cases
for sex, age and study area. Serum TGF-beta 1 levels were measured using a gquantitative sandwich enzyme
immunoassay. The odds ratios and 95% confidence intervals for each quartile were calculated using a conditional
logistic regression model. Mean serum TGF-beta 1 levels were approximately 36 ng/ml in both cases and controls,
with no significant difference . Overall, serum TGF- beta 1 levels were not associated with total cancer mortality
after adjustment for potential confounding factors like age, body mass index or cigarette smoking. Serum TGF-
beta 1 levels may thus not be associated with cancer mortality risk in apparently health individuals.
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Introduction intracellular signaling are important mechanisms in the
development of cancer (Markowitz et al., 1995; Hahn et
Cancer is a complex, heterogeneous disease and siate 1996; Bierie and Moses, 2006).
1981 has been the leading cause of mortality in Japan Although TGFf is a growth inhibitor of normal
(Yamaguchi, 2000). Despite recent improvements igpithelial cells, in general, cancer cells secrete larger
cancer diagnosis and therapy, early detection of high-riggnounts than their normal counterparts. It has been
individuals and prevention remain the major means afuggested that increased cell growth due to decreased
easing the health burden associated with cancer. TGF-b growth inhibition may contribute to cancer
The promise of new, molecular biomarkers for earlglevelopment (Siegel and Massagué, 2003). BGas
detection of cancer and risk prediction has generatedree isoforms, of which TGB1 is the predominant
considerable scientific interest (Sidransky, 2002)isoform in humans and most frequently up-regulated in
Numerous biomarkers have been suggested as eatiynor cells (Derynck et al., 2001). Change in TGF-bl
markers of cancer, with the feasibility and performanckevels can be detected in plasma or serum with elevated
of some of these biomarkers having been examined li@vels having been reported in patients with invasive
relatively small case-control studies (Etzioni et al., 2002prostate, breast or colorectal cancer (lvanovic et al., 1995;
One such biomarker that has been studied extensivelySteen-Chen et al., 2001; Shim et al., 1999). It also has
transforming growth factor-beta (TQ¥- TGF{3 exerts been shown that circulating TG¥- levels correlate with
a wide range of biological effects on various cell typesumor stage at several cancer sites (Shim et al.,1999;
which include regulation of cell growth, cell lvanovi_ et al., 1995), making it a potential predictor of
differentiation, matrix production, apoptosis andcancer prognosis. However, it remains unclear whether
angiogenesis (Blobe et al., 2000). There is evidence thegrum TGH31 predicts cancer risk in apparently health
mutations in genes coding for TGQ&-Ats receptors and individuals.
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Given the well-documented role of TG4 in  MN). All samples were assayed at a single laboratory (SRL
carcinogenesis, we carried out a nested case-control stubhc., Hachioji) with the laboratory technician being
to investigate the potential of serum T@E-evels to  blinded to the case and control status of the subjects. The
predict cancer mortality risk. The study population wasntra-assay coefficient of variation for quality control
obtained from a large prospective cohort study of middlesamples ranged from 2.67 to 6.79% (Ito et al.,2005).
aged and elderly Japanese subjects.

Statistical Analysis

Materials and Methods Since the distribution of serum TGPB1 levels
approximated a normal distribution, we used the original
Study population measured values in all the analyses. TGF-b1 levels were

We conducted a nested case-control study within thgrouped into quartiles according to the distribution of the
Japanese Collaborative Cohort Study for Evaluation ofontrol data. We compared baseline characteristics
Cancer Risk (JACC Study). The JACC study is an ongoinfgetween cases and controls using general linear models
prospective cohort study of risk factors for cancer irfor continuous variables and chi-square tests for
participants recruited from 45 areas throughout Japan, tloategorical variables. A conditional logistic regression
details of which have been reported elsewhere (Tamakosimodel was used to calculate age-adjusted, multivariable-
et al., 2005). Briefly, between 1988 and 1990, 46,465 meadjusted odds ratios (ORs) and 95% confidence intervals
and 64,327 women, aged 40-79 years, were enrollegCls) for cancer death in each serum TGF-b1l quartile,
following their response to a questionnaire, which alsaising the lowest category as the reference group. The
included consent to participate in the study. Thenultivariate analyses were adjusted for age, month of
guestionnaire included questions on demographiblood collection, body mass index (BMI), cigarette
characteristics, medical history and lifestyle factors. Irsmoking and alcohol consumption. Linear tests for trend
addition, 39,242 people (35% of the participants in thevere performed using the median TEEvalue within
cohort) provided a blood sample for analysis. Noeach quartile as an ordinal variable.
significant differences were noted in characteristics such Stratified analyses were carried out to determine
as age, body mass index (BMI), education level anevhether the association between serum P&levels and
medical history between those who donated the bloothe risk of cancer mortality was modified by factors such
sample and those who did not. Sera were separated fraam age, BMI and smoking. To examine the influence of
the blood samples as soon as possible after bloathdiagnosed cancer at baseline on the association between
withdrawal and then stored at -80°C until analysis. serum TGFB1 levels and cancer risk, we conducted

Data on all-cause mortality to December 31, 1999 weranconditional regression model analyses excluding
collected on all participants in the cohort. During thissubjects who died during the first 3 years of follow-up.
follow-up period, vital statistics such as the cause and dafl the statistical tests were two-tailed, and a P value <0.05
of death were obtained by reviewing death certificates iwas considered statistically significant. All analyses were
each area. The underlying causes of death were codpdrformed using SAS Release 9.1 (SAS Institute Inc, Cary,
according to the International Classification of DiseaseNC).
10th Revision. Participants who had moved out of their
study areas were also identified by reviewing populationResults
register sheets. The Ethics Committee of Nagoya
University School of Medicine approved the study. The average duration between blood collection and

Case subjects in the present study were defined as thasencer death was 5t2.4 years. The baseline
in the JACC Study who were free of morbidity at baselinecharacteristics of the study subjects are presented in Table
had provided a blood sample and subsequently died af There were more current smokers and current drinkers
cancer at any site during the follow-up period. Controin the control group than in the case group (p<0.01). Serum
subjects were selected from the remaining participants inGF-{31 levels ranged from 7.07-69.1 ng/ml in the cases,
the cohort who remained disease-free at the time the casmsd from 5.90-73.8 ng/ml in the controls, with no
had died. Controls were matched to the cases for sex, ag@tistically significant difference (p=0.90).
and study area at a ratio of 3:1 or 4:1. Subjects who had a

cancer diagnosis before the start of follow-up were | i h istics of
excluded from the analyses. Table 1. Baseline Characteristics of Cases and Controls

Of the 12,192 deaths from all causes documente@haracteristics Cases Controls P
during follow-up until December 31, 1999, 4,538 werepage 64682 64579 MF
from cancer. We selected 893 of these cancer dealfpgy mass index, kg/m2 ~ 22#73.1  22.7+3.0 0.52
subjects as the case group and 2,824 subjects as the cong@loking status (%) <0.01
group, on the basis of criteria detailed above. Never 41.3 49.1

Past 16.9 18.1
Biochemical assay of sera Current 35.5 26.4
Serum TGF-b1 levels were measured by a quantitativé’"known 6.3 6.4
urrent drinkers (%) 44.6 47.8 <0.01

sandwich enzyme immunoassay technique using
Quantikine human TGP kit, according to the — :
manufacturer’s instructions (R&D Systems, Minneapolis values are measstandard deviation; MF, Matching factor
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Table 2. Association between Serum TGPB1 Levels and Risk of Death from All Cancers
Quartilel (<30.3) Quartile2 (30.3-35.7) Quartile3 (35.8-41.3) Quartile4 (>41.3) P for trend

Cases TGH1 Concentrations 229 220 214 220
Controls TGFB1 Concentrations 692 703 708 703
Age-adjusted OR (95%Cl) 1.00 0.89 (0.71-1.11) 0.84 (0.66-1.05)  0.88 (0.69-1.11) 0.23

Multivariable OR (95%CI)* 1.00 0.89 (0.70-1.12) 0.82 (0.65-1.04)  0.86 (0.68-1.10)  0.20

OR: odds ratio ; Cl: confidence interval; *adjusted for age, month of blood collection, body mass index, cigarette smoking
and alcohol drinking

Table 2 shows the ORs and 95% Cls for cancer riskin  The value of circulating TGR4 level as a prognostic
each quartile of serum TGF-1 levels. Overall, serum marker for cancer remains controversial, despite higher
levels of TGFB1 were not associated with total cancerlevels being reported in cancer patients than in healthy
mortality after adjustment for age, BMI and other potentialndividuals, and elevated levels correlating significantly
confounding factors. We found no significant trend in riskwith prognosis in several cancer sites such as the breast,
with increasing TGHb1 levels. colon and rectum (lvanovic et al., 1995; Shim et al.,1999).

The results of subgroup analyses stratified by age, BMElevated TGF31 levels may have been a result of cancer
and smoking status are shown in Table 3. Overall, welevelopment in the case-control studies that showed a
found no significant association between serum PAF- positive association between serum T@Flevels and
concentrations and cancer risk in all the subgroupsancer risk. This limitation, which is inherent in
analyzed. We also found no association between serurstrospective case-control studies, may lead to inverse
TGF1 levels in the analysis that excluded all deaths frongausation and hamper interpretation of the study results.
cancer during the first 3 years of follow-up (data notMoreover, the contradictory findings may be due to the

shown). considerable variation in measuring plasma or serum TGF-
B1 levels. Batch variation and storage and freeze-thawing
Discussion effects on the biological samples are three important

factors that may differ between case-control studies
In this nested case-control study, we observed n(Rundle et al.,2006).

significant association between serum T&Hevels and The prospective design of our study allowed us to
risk of death from cancer at all sites. As blood samples igxplore the potential effect of serum T@E-levels on
our study were collected, on average, 5 years before canche risk of subsequent cancer death in apparently healthy
diagnosis or death, serum T@E-may not have been a individuals. Our results indicated that serum T@H-
good predictor of cancer mortality in apparently healthylevels may not predict the risk of cancer death in these
individuals. individuals, with the association also not being modified

Table 3. Association between Serum TGB1 Levels and Risk of Death from All Cancers in Subgroups
Quartilel (<30.3) Quartile2 (30.3-35.7) Quartile3 (35.8-41.3) Quartile4 (>41.3) P for trend

Age 40-59 years

Cases/Controls 41/133 52/154 59/193 65/207

Age-adjusted OR (95%Cl) 1.00 1.09 (0.68-1.75) 0.99 (0.63-1.56) 1.01 (0.64-1.58) 0.90

Multivariable OR (95%(CI) 1.00 0.97 (0.56-1.69) 1.03 (0.61-1.74) 0.97 (0.57-1.66) 0.96
Age 60-79 years

Cases/Controls 188/559 168/599 155/515 155/496

Age-adjusted OR (95%Cl) 1.00 0.92 (0.72-1.16) 0.90 (0.71-1.15) 0.94 (0.73-1.20) 0.54

Multivariable OR (95%Cl) 1.00 0.84 (0.64-1.09) 0.87 (0.66-1.14) 0.89 (0.68-1.17) 0.41
BMI <25

Cases/Controls 176/551 173/551 163/536 172/514

Age-adjusted OR (95%Cl) 1.00 0.99 (0.77-1.26) 0.96 (0.75-1.22) 1.05 (0.83-1.34) 0.78

Multivariable OR (95%(Cl) 1.00 0.86 (0.66-1.13) 0.88 (0.67-1.15) 0.98 (0.75-1.28) 0.81
BMI =25

Cases/Controls 43/104 41/122 47/142 40/170

Age-adjusted OR (95%Cl) 1.00 0.81 (0.49-1.34) 0.79 (0.49-1.29) 0.56 (0.34-0.92) 0.03

Multivariable OR (95%CI) 1.00 0.99 (0.56-1.75) 1.04 (0.60-1.80) 0.64 (0.36-1.14) 0.17
Smokers

Cases/Controls 95/388 99/347 90/340 83/308

Age-adjusted OR (95%Cl) 1.00 1.17 (0.85-1.60) 1.08 (0.78-1.50) 1.09 (0.78-1.52) 0.67

Multivariable OR (95%Cl) 1.00 1.06 (0.74-1.81) 1.12 (0.79-1.60) 1.08 (0.74-1.55) 0.62
Nonsmokers

Cases/Controls 74/143 68/159 79/195 91/237

Age-adjusted OR (95%Cl) 1.00 0.82 (0.55-1.23) 0.78 (0.53-1.14) 0.73 (0.50-1.07) 0.11

Multivariable OR (95%Cl) 1.00 0.76 (0.48-1.19) 0.79 (0.51-1.22) 0.71 (0.46-1.10) 0.16

OR: odds ratio ; Cl: confidence interval; *adjusted for age, month of blood collection, body mass index, cigarette smoking
and alcohol drinking; Unconditional logistic models were used in all the analyses.
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by age, BMI or cigarette smoking. As cancer mortality1010068, 2151065, 3151064, 4151063, 5151069,
reflects both incidence and survival, analysis includings279102, 11181101, 17015022 and 18014011).
all cancer deaths provides a general assessment of cancerThe authors thank Dr. Kunio Aoki, Professor Emeritus,
risk attributable to serum TGB: levels. Afurther analysis  Nagoya University School of Medicine and the former
by site-specific cancer mortality showed no overallchairperson of the JACC Study, and Dr. Haruo Sugano,
associations between serum T@Fdevels and cancer the former Director of the Cancer Institute, Tokyo, for
mortality at major sites such as gastric cancer, lung cancgtieir contribution in the initiation of the JACC Study.
and colon cancer.

There may be several explanations for the lack oflember list of the JACC Study Group
association between serum T@&-levels and total cancer The present members of the JACC Study who co-authored
risk in our study. First, as shown in the study, as well as ithis paper together with their affiliations are as follows: Dr. Akiko
other reports (Shim et al., 1999), serum T@Elevels Tamakoshi (present chairman of the study group), Aichi Medical
varied considerably between subjects. Variation over timg/niversity School of Medicine; Drs. Mitsuru Mori & Fumio
was also not measured and remains unknown. Given tgikauchi, Sapporo Medical University School of Medicine; Dr.
dual role of TGF-B1 in carcinogenesis, a single Yutaka Motohashi, Akita University School of Medicine; Dr.

f | I b i Ichiro Tsuji, Tohoku University Graduate School of Medicine;
measurement of serum TGP levels at baseline may Dr. Yosikazu Nakamura, Jichi Medical School; Dr. Hiroyasu

not be able to capture the critical period involved in multiqso osaka University School of Medicine; Dr. Haruo Mikami,
stage carcinogenesis. Second, evidence suggests tiiiba Cancer Center; Dr. Michiko Kurosawa, Juntendo
circulating TGF-B1 levels are under genetic control asUniversity School of Medicine; Dr. Yoshiharu Hoshiyama,
mutations at two polymorphic sites of the T@@-gene  University of Human Arts and Sciences; Dr. Hiroshi Suzuki,
have been shown to influence plasma levels (Yokota d¥iigata University School of Medicine; Dr. Koji Tamakoshi,
al.,2000; Saltzman et al.,2008; Grainger et al., 1999j§lagoya University School of Medicine; Dr. Kenji Wakai,

; ot i ; Nagoya University Graduate School of Medicine; Dr. Shinkan
Accordingly, variations in circulating TGE- levels and | N .
thcecc;gso%étic?n a\l:/ict)h cancer riskgma Ebe expected iTokudome, Nagoya City University Graduate School of Medical

y P |%ciences; Dr. Koji Suzuki, Fujita Health University School of

eth.mcgllly d|v§rse popl'JIatlolns with background genetig, Sciences; Dr. Shuji Hashimoto, Fujita Health University
variability. Third, selection bias may have been a concergcnpoo| of Medicine: Dr. Shogo Kikuchi, Aichi Medical

in our study as we included only subjects who hadjniversity School of Medicine; Dr. Yasuhiko Wada, Kansai
provided sera at baseline. However, the likelihood oRosai Hospital; Dr. Takashi Kawamura, Kyoto University Center
selection bias due to differential response would bdor Student Health; Drs. Yoshiyuki Watanabe & Kotaro Ozasa,
expected to be small between subjects who donated blodoto Prefectural University of Medi(_:ir_1e Graduate School of
samples and those who did not, given that no significarfedical Science; Dr. Tsuneharu Miki, Graduate School of
differences were observed in the characteristics such &&dical Science, Kyoto Prefectural University of Medicine

. . - raduate School of Medical Science; Dr. Chigusa Date, Faculty
age, BMI, education level and medical history bet\Nee%f Human Environmental Sciences, Nara Women's University;
the two groups.

A i . . . Dr. Kiyomi Sakata, Iwate Medical University; Dr. Yoichi
Two limitations of this study warrant consideration. kyrozawa, Tottori University Faculty of Medicine: Dr. Takesumi
As mentioned earlier, the single measurement of seruiyoshimura, Fukuoka Institute of Health and Environmental
TGF1 levels at baseline was a limitation. Another Sciences; Dr. Yoshihisa Fujino, University of Occupational and
limitation was that we were not able to control for theEnvironmental Health; Dr. Akira Shibata, Kurume University
level of platelet activation. As platelets are a rich sourc&chool of Medicine; Dr. Naoyuki Okamoto, Kanagawa Cancer
of TGF1 (Coupes et al.,2001), platelet activation duringCenter; Dr. Hideo Shio, Moriyama Municipal Hospital.
blood collection may be a factor contributing to variations| '€ Pastinvestigators of the study group were listed in reference
in circulating TGFB1 levels. (Tamakoshi et al., 2005) except for the following eight members

IUSi h Its of thi d (affiliations are those at the time they participated in the study):
In ponc usion, the res_u tsof t |s.ne.ste case-contr r. Takashi Shimamoto, Institute of Community Medicine,
study indicate that there is no association between serughiversity of Tsukuba; Dr. Heizo Tanaka, Medical Research

TGFB1 levels and overall cancer mortality risk in |nstitute, Tokyo Medical and Dental University; Dr. Shigeru
apparently healthy individuals. However, further work isHisamichi, Tohoku University Graduate School of Medicine;
needed to improve measurement precision of circulatingr. Masahiro Nakao, Kyoto Prefectural University of Medicine;
TGF-B1 level and to address its precise role in theDr. Takaichiro Suzuki,Researchlnstitut_e,Osaka Medical Center
prediction of cancer risk. for Cancer and Cardiovascular Diseases; Dr. Tsutomu
Hashimoto, Wakayama Medical University; Dr. Teruo Ishibashi,
Asama General Hospital; and Dr. Katsuhiro Fukuda, Kurume

Acknowledgement University School oMedicine.

The JACC Study has been supported by Grants-in-
Aid for_Scienti.fic Research from the Ministry of References
Education, Science, Sports and Culture of Japan
(Monbusho), and Grants-in-Aid for Scientific ResearchBierie B, Moses HL (2006). Tumour microenvironment: TGF-
on Priority Areas of Cancer, as well as Grant-in-Aid for  beta: the molecular Jekyll and Hyde of cantéat Rev
Scientific Research on Priority Areas of Cancer Cancer6, 506-20. _
Epidemiology from the Japanese Ministry of EducationBlobe GC, Schiemann WP, Lodish HF (2000). Role of
Culture, Sports, Science and Technology (Monbu- transforming growth factor beta in human disebiséngl J
Kagaku-sho) (Nos. 61010076, 62010074, 63010074, Med 3421350-8.

276 Asian Pacific Journal of Cancer Prevention, Vol 10, 2009



Serum Transforming Growth Factor- b1 does not Predict Cancer Mortality Risk in Japan

Coupes BM, Williams S, Roberts IS, Short CD, Brenchley PE
(2001). Plasma transforming growth factor betal and platelet
activation: implications for studies in transplant recipients.
Nephrol Dial Transplantl6, 361-7.

Derynck R, Akhurst RJ, Balmain A (2001). TGF-beta signaling
in tumor suppression and cancer progresdiat. Genet
29, 117-29.

Etzioni R, Urban N, Ramsey S, et al (2003). The case for early
detectionNat Rev Cancef, 243-52.

Grainger DJ, Heathcote K, Chiano M, et al (1999). Genetic
control of the circulating concentration of transforming
growth factor type betaHum Mol Genet8, 93-7.

Hahn SA, Schutte M, Hoque AT, et al (1996). DPC4, a candidate
tumor suppressor gene at human chromosome 18qg21.1.
Science271, 350-3.

Ito Y, Nakachi K, Imai K, et al (2005). Stability of frozen serum
levels of insulin-like growth factor-I, insulin-like growth
factor-11, insulin-like growth factor binding protein-3,
transforming growth factor beta, soluble Fas, and superoxide
dismutase activity for the JACC studyEpidemio]15 Suppl
1, S67-73.

Ivanovic V, Melman A, Davis-Joseph B, et al (1995). Elevated
plasma levels of TGF-beta 1 in patients with invasive prostate
cancerNat Med 1, 282-4.

Markowitz S, Wang J, Myeroff L, et al (1995). Inactivation of
the type Il TGF-beta receptor in colon cancer cells with
microsatellite instabilityScience268 1336-8.

Rundle AG, Vineis P, Ahsan H (2005). Design options for
molecular epidemiology research within cohort studies.
Cancer Epidemiol Biomarkers Preid, 1899-907.

Siegel PM, Massagué J (2003). Cytostatic and apoptotic actions
of TGF-beta in homeostasis and canbiat Rev CanceB,
807-21.

Sidransky D (2002). Emerging molecular markers of cancer.
Nat Rev Cancer, 210-9.

Sheen-Chen SM, Chen HS, Sheen CW, Eng HL, Chen WJ
(2001). Serum levels of transforming growth factor betal in
patients with breast cancéwrch Surg 136, 937-40.

Shim KS, Kim KH, Han WS, Park EB (1999) Elevated serum
levels of transforming growth factor-betal in patients with
colorectal carcinoma: its association with tumor progression
and its significant decrease after curative surgical resection.
Cancer 85, 554-61.

Saltzman BS, Yamamoto JF, Decker R, et al (2008). Association
of genetic variation in the transforming growth factor beta-
1 gene with serum levels and risk of colorectal neoplasia.
Cancer Res68,1236-44.

Tamakoshi A, Yoshimura T, Inaba Y, et al (2005). Profile of the
JACC studyJ Epidemiol 15 Suppl 1, S4-8.

Yamaguchi K (2002). Overview of Cancer Control Programs in
JapanJpn J Clin Oncql32, S22 - S31.

Yokota M, Ichihara S, Lin TL, Nakashima N, Yamada Y (2000).
Association of a T29-->C polymorphism of the transforming
growth factor-betal gene with genetic susceptibility to
myocardial infarction in Japanes&rculation, 101, 2783-

7.

Asian Pacific Journal of Cancer Prevention, Vol 10, 208% 7



Yingsong Lin et al

278 Asian Pacific Journal of Cancer Prevention, Vol 10, 2009



