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abStract

cohort studies commonly store blood samples to measure the associations of biomarkers with disease 
risks for a long time after the study subjects are enrolled. to obtain valid measurements of the stored 
samples, monitoring their degree of deterioration is essential. the first stage of the Japan Multi-institutional 
collaborative cohort (J-Micc) Study launched in 2005 included a project to validate the quality of stored 
blood samples. this project will compare the measurements of representative molecules over different 
storage periods (1, 4, and 8 years after sampling, and when a nested case-control study is conducted), 
different storage temperatures (–80 and –150°c), and different separation conditions (temperature and time) 
before storage. For these purposes, 28 ml of peripheral blood from 10 people was sampled four times 
annually, using two tubes for serum and two edta-Na tubes for plasma. these samples were treated 
using the process adopted for the J-Micc study protocol, and stored in tubes containing 300 μl of serum 
or plasma labeled with two-dimensional bar codes. the sampling was started in 2006, and some of the 
specimens will be stored until the end of the J-Micc Study in 2035. the resulting findings will produce 
valuable information on the stability of the molecules, not only for the J-Micc Study, but also for other 
cohort studies.
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iNtroductioN

Several cohort studies worldwide are storing blood specimens for research purposes.1-3) these 
studies hope to produce useful information on disease risks based on biomarkers.4) among asian 
countries, Singapore, taiwan, Malaysia, and korea have started new cohort studies, while in 
Japan, productive cohort studies using blood samples are also under way. For example, the Japan 
collaborative cohort Study (Jacc Study) with 130,000 participants, which started in 1988,5,6) the 
Japan public Health center-based cohort Study (JpHc Study) with 140,000 participants,7) and 
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the Life Span Study with 93,000 atomic bomb survivors and 20,000 controls are all ongoing.8)

in epidemiologic studies, the conditions used to separate and freeze serum and plasma vary 
depending on where the participants were enrolled. ideally, the serum and plasma should be 
separated as soon as possible, stored in liquid nitrogen, and not thawed until time for measure-
ments. However, blood specimens handling often fails to comply with this rule, especially in 
large studies. accordingly, several studies have reported differences in the measurement results 
for different conditions of separation (time and temperature), freezing (temperature and period), 
and times of freezing and thawing.

No substantial changes (less than 4%) were found between plasma measurements made 
immediately and 7 days after blood was drawn for protein, albumin, apolipoproteins a1 and b, 
high-density lipoprotein, total cholesterol (t-c), and triglyceride for whole blood stored at 21°c. 
under the same conditions, alanine transaminase (aLt or gpt), aspartate transaminase (aSt or 
got), creatinine, and γ-glutamyl transferase (ggt) increased by more than 10%, while creatine 
kinase (ck) decreased by more than 10%. When whole blood was stored at 4°c, differences in 
the measurements of aLt, ggt, and ck were less than 4%.9)

Similar experiments have examined fat-soluble vitamins, indicating that α-carotene, β-carotene, 
lutein, lycopene, retinol, and α-tocopherol changed by less than 8%, and cryptoxanthin and 
γ-tocopherol by less than 11% for up to 7 days.10) interleukin 6 (iL-6) and tumor necrosis 
factor-α (tNF-α) were reported to be less stable; whole blood left unseparated for 4 h at room 
temperature caused a 14.3% reduction in iL-6 and 9.6% elevation in tNF-α. Freezing and 
thawing affected tNF-α more than iL-6, and leptin was relatively stable in comparison with the 
two cytokines. plasma stored with lithium heparin and sodium citrate yielded lower averages for 
the three cytokines than serum or edta-added plasma.11)

Since the effects of separation and storage conditions vary for different analytes, studies 
on these conditions would be preferable for the analytes actually used in cohort studies. this 
article describes a project of the Japan Multi-institutional collaborative cohort (J-Micc) that 
will examine the differences in measurements according to the separation conditions, freezing 
temperature, and freezing periods for several components of serum and plasma.

MateriaLS aNd MetHodS

The Japan Multi-Institutional Collaborative Cohort (J-MICC) Study
the Japan Multi-institutional collaborative cohort (J-Micc) Study was launched in 2005, 

supported by a grant for Scientific research on Special priority areas of cancer from the 
Japanese Ministry of education, culture, Sports, Science and technology.12) although its main 
purpose is to detect and confirm gene-environment interactions of lifestyle-related diseases 
(mainly cancer) through the cohort analyses, it also includes cross-sectional analyses of lifestyle 
factors, biomarkers, and genotypes, as well as confirmation/screening of new biomarkers usable 
for the early diagnosis of cancer. the endpoints are cancer diagnosis and death. the participants 
diagnosed with cancer will be identified through population-based cancer registries, hospital cancer 
registries, questionnaires mailed and those administered during repeat visits, death certificates, 
health insurance data, and second-survey questionnaires.

the subjects are individuals aged 35–69 years who enrolled in response to study announce-
ments in specific areas, inhabitants attending health checkup examinations conducted by local 
governments, visitors at health checkup centers, and patients at a cancer hospital. the number 
of subjects was set at 100,000 throughout Japan. the enrollment period started in october 2005 
and extends to March 2010. the second survey is scheduled for 5 years after enrollment, with 
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participants followed until 2025.
the J-Micc central office is at the Nagoya university graduate School of Medicine. ten 

participating research groups (cohort Study executing groups) will send baseline data and blood 
samples (buffy coat, serum, and plasma) anonymized with an identification number (J-Micc id) 
to the central office. the data from the second survey and follow-up will be linked using the 
J-Micc id. this study is expected to produce many new findings on lifestyle and genetic traits 
associated with lifestyle-related diseases, including cancer, in Japan. the protocol of the J-Micc 
Study was approved on July 20, 2005 by the ethics review committee of Nagoya university 
School of Medicine (approval number 253).

Samples stored in J-MICC Study
the J-Micc Study collects blood samples in a 7-ml vacuum tube for serum and a 7-ml 

edta-2Na-containing vacuum tube for plasma and buffy coat. For plasma separation, two 
centrifugations are required to eliminate white blood cells more completely. usually, 3 ml of 
serum, 3 ml of plasma, and 0.8 ml of buffy coat are obtained. the blood samples to be sent 
to the central office consist of one storage tube containing 300 μl of buffy coat, another four 
containing 300 μl of serum, and a final four containing 300 μl of plasma. the remainder will 
be used for research by each cohort study group. there is a 10-digit two-dimensional bar code 
on the bottom of each storage tube.

Aims of control sample storage
the project aims to compare the measurements of representative molecules according to 

storage-period duration (1, 4, and 8 years after sampling and when a nested case-control study is 
conducted using the stored J-Micc Study samples: aim 1) storage temperature (–80 and –150°c; 
aim 2) and different separation conditions (temperature and hours until storage: aim 3).

The procedure used to store control samples
in the protocol, fasting blood was drawn from 10 apparently healthy volunteers (5 men and 

5 women) aged 20 or over in the morning at Nagoya university daiko Medical center, Nagoya, 
Japan. the process of serum/plasma separation and storage was the same as that used in the 
J-Micc Study. the study protocol requires that blood be processed within 24 h of being drawn, 
and that it be stored quickly using storage tubes containing 300 μl at –80°c. the separation 
was conducted in a room at a temperature of 23 to 25°c.

reSuLtS

to obtain the required information, we drew fasting blood from 10 volunteers (5 men and 5 
women) four times in 1 year, twice for serum and twice for plasma, as shown in table 1. the 
volunteers were J-Micc Study staff and employees at the daiko Medical center aged 25–51 
years. table 2 shows the separation and storage conditions used for each sample. the samples 
were identified using five parameters: Y-d-p-b-S, where Y is the year at sampling, d is the 
order of sampling within the year, p is the participant, b is the sequence in which the four 
blood tubes were drawn from 1 to 4, and S is the sequence number for the storage tubes from 
1 to 8. For example, 2006-1-1-1-1 indicates the first storage tube separated from the first blood 
tube drawn from participant 1 during the first blood drawing in 2006.

the measurement items in table 2 are identified as Fixed and unfixed; the former are speci-
fied in table 3, and the latter indicate molecules to be measured during a nested case-control 
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table 1  blood drawing schedule for control samples to evaluate the effects of temperature before separation 
(tm before Sp), time to freezing (time to Fr) in hours (h), and storage temperature (St tm)

blood drawn Sample n tm before Sp  
(°c)

time to Fr  
(h)

St tm  
(°c)

aim

First Serum 10 room tm 4 –80/–150 1 & 2
Second plasma 10 room tm 4 –80/–150 1 & 2
third Serum 10 room tm/4 1, 2, 4, or 8 –80 3
Fourth plasma 10 room tm/4 1, 2, 4, or 8 –80 3

Four tubes of blood were sampled from each person, and the blood in each tube was aliquoted into eight 
storage tubes (300 μl per tube), resulting in 32 storage tubes per person. the aims were to compare the 
measurements of representative molecules according to storage period (1, 4, and 8 years after sampling, 
and when a nested case-control study is conducted using the stored J-Micc Study samples: aim 1) storage 
temperature (–80 and –150°c; aim 2) and different separation conditions (temperature and hours until 
storage: aim 3).

table 2  Sample number (Year - date - participant number - blood collection tube number - Storage tube 
number) and preparation/storage conditions for serum: temperature before separation (tm before 
Sp), time to freezing (time to Fr), storage temperature (tm of St), time to measurement (time 
to Ms), items measured (it Ms), and study aim

Sample number tm before Sp 
(°c)

time to Fr  
(h)

tm of St  
(°c)

time to Ms 
(years)

it Ms aim

Y-1-i-1-(1,2) room tm 4 –80 1 Fixed 1
Y-1-i-1-(3,4) room tm 4 –80 4 Fixed 1
Y-1-i-1-(5,6) room tm 4 –80 8 Fixed 1
Y-1-i-1-(7,8) room tm 4 –80 at analysis Fixed 1
Y-1-i-2-(1,2) room tm 4 –80 1 Fixed 1
Y-1-i-2-(3,4) room tm 4 –80 4 Fixed 1
Y-1-i-2-(5,6) room tm 4 –80 8 Fixed 1
Y-1-i-2-(7,8) room tm 4 –80 at analysis Fixed 1
Y-1-i-3-l room tm 4 –80 at analysis unfixed 2
Y-1-i-3-m room tm 4 –150 at analysis unfixed 2
Y-1-i-4-l room tm 4 –80 at analysis unfixed 2
Y-1-i-4-m room tm 4 –150 at analysis unfixed 2
Y-3-j-1-n room tm 1 –80 at analysis unfixed 3
Y-3-j-2-n room tm 2 –80 at analysis unfixed 3
Y-3-j-3-n room tm 4 –80 at analysis unfixed 3
Y-3-j-4-n room tm 8 –80 at analysis unfixed 3
Y-3-k-1-n 4 1 –80 at analysis unfixed 3
Y-3-k-2-n 4 2 –80 at analysis unfixed 3
Y-3-k-3-n 4 4 –80 at analysis unfixed 3
Y-3-k-4-n 4 8 –80 at analysis unfixed 3

blood was scheduled to be drawn four times per year, with dates 1 and 3 for serum collection and dates 
2 and 4 for plasma collection. participant number is given as i = 1–10 (10 people), j = 1–5 (5 people), 
and k = 6–10 (5 people). Storage tube number is given as l = 1–4, m = 5–8, and n = 1–8. “at analysis” 
means that the samples will be measured at analysis in a nested case-control study. the measurement 
items will not be fixed until the analysis. the aims were to compare the measurements of representative 
molecules according to storage period (1, 4, and 8 years after sampling and when a nested case-control 
study is conducted using the stored J-Micc Study samples: aim 1) storage temperature (–80 and –150°c), 
aim 2), and aim 3) different separation conditions (temperature and hours until storage).
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study in the J-Micc Study. the fixed measurement items in table 3 consisted of protein, enzy-
matic activity, or lipid. the items of total cholesterol (t-c), high-density lipoprotein cholesterol 
(HdL-c), low-density lipoprotein cholesterol (LdL-c), triglyceride (tg) and amylase (aMY) 
were measured in control plasma and serum samples on September 20, 2007. the items were 
measured as follows: a uV-end method using cholesterol dehydrogenase for t-c 13); homogenous 
enzymatic methods using commercial cholestest N-HdL and cholestest LdL kits (daiichi pure 
chemicals, tokyo, Japan) for HdL-c and LdL-c, respectively; an enzymatic method using 
glycerol 3-phosphotransferase and glycero-3-phosphate:o

2
-oxidoreductase for t-g; an enzymatic 

method with 2-chloro-4-nitrophenyl-4-galactopyranosylmaltoside as a substrate using a commercial 
cicaLiquid-N aMY kit (kanto chemical, tokyo, Japan) for aMY. 14) all assays were performed 
at the SrL Laboratory in tokyo, Japan.

to achieve aim 1, the same samples from one person will be measured 1 year later [Y-
1-i-1-(1,2) and Y-1-i-2-(1,2) for serum and Y-2-i-1-(1,2) and Y-2-i-2-(1,2) for plasma], 4 years 
later [Y-1-i-1-(3,4) and Y-1-i-2-(3,4) for serum and Y-2-i-1-(3,4) and Y-2-i-2-(3,4) for plasma], 
8 years later [Y-1-i-1-(5,6) and Y-1-i-2-(5,6) for serum and Y-2-i-1-(5,6) and Y-2-i-2-(5,6) for 
plasma], and at the time of a nested case-control study [Y-1-i-1-(7,8) and Y-1-i-2-(7,8) for serum 
and Y-2-i-1-(7,8) and Y-2-i-2-(7,8) for plasma]. all measurements have been done in duplicate 
to evaluate the reproducibility of the measurement methods.

in accordance with our protocol, t-c, HdL-c, LdL-c, tg, and aMY were measured for a 
600 μl mixture from two tubes (2006-d-i-b-1 and 2006-d-i-b-2, where d = 1 for serum and 
d = 2 for plasma, and b = 1, 2 for duplicated measurements for the same blood sample) for 
20 serum samples and 20 plasma samples on September 20, 2007 (table 3). the difference in 
the measurements between two corresponding samples of the same blood from one person was 
less than 5% of the average for any biomarker, with the maximums being 4.9% for aMY in 
serum and 3.9% for tg in plasma (table 4).

to meet aim 2, which is to examine the differences in measurements between storage at –80 
and –150°c, Y-1-i-(3,4)-l stored at –80°c and Y-1-i-(3,4)-m stored at –150°c will be used for 
serum, and the corresponding samples (d = 2) for plasma. to meet aim 3, samples d = 3 for 
serum and d = 4 for plasma will be used.

as of december 2007, blood has been collected seven times. the first control blood collection 
was planned for serum, but the schedule was changed to plasma because blood tubes for serum 
could not be prepared for 10 people. table 5 shows the actual conditions for each control blood 
collection. it took more than 30 min to draw blood from the 10 volunteers, which resulted in a 

table 3  Fixed measurement items for control samples in the Japan Multi-institutional collaborative cohort 
(J-Micc) Study

Sample number First measurement Sample items to be measured

2006-1-i-o-(1,2) September 20, 2007 Serum t-c, HdL-c, LdL-c, tg, aMY
2006-2-i-o-(1,2) September 20, 2007 plasma t-c, HdL-c, LdL-c, tg, aMY
2007-1-i-o-(1,2) to be measured in 2008 Serum cpk, aSt, aLt, LdH, aLp
2007-2-i-o-(1,2) to be measured in 2008 plasma renin activity, pancreas pL
2008-1-i-o-(1,2) to be measured in 2009 Serum Not determined
2008-2-i-o-(1,2) to be measured in 2009 plasma Not determined

all samples were 600 µl. blood collection tube number is expressed as o = 1–4. t-c: total cholesterol; 
HdL-c: high-density lipoprotein cholesterol; LdL-c: low-density lipoprotein cholesterol; tg: triglyceride; 
cpk: creatinine phosphokinase; aSt: aspartate transaminase; aLt: alanine transaminase; LdH: lactase 
dehydrogenase; aLp: alkaline phosphatase; aMY: amylase; and pL: phospholipase.
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difference in the time until sample freezing. although the time until freezing was scheduled to 
be predetermined (1, 2, 4, or 8 h), the handling of the serum/plasma for storage sometimes took 
longer than we expected, resulting in a longer time until freezing. the third-time samples were 
collected in 2007, with some tubes being stored in a refrigerator at 4°c within 5 min. these 
blood samples did not clot completely, with the result that it took longer to separate serum using 
centrifugation, which also caused a delay before freezing.

diScuSSioN

although the quality control of stored blood samples is important, few papers report how 
the problem has been managed in various cohort studies. We in the J-Micc Study group have 
been discussing this since the early stage of the study, and have drawn up a protocol for control 
blood samples. the protocol focuses on three main aims, which may partly support the validity 
of the findings from biomarker analyses in the J-Micc Study.

in this protocol, 10 samples were to be drawn each time blood was sampled. there was no 
rigid statistical basis for this number. Since sampling was scheduled for four times a year, for 
at least 4 years from 2006 to 2009, the enrollment period of the J-Micc Study, 10 people (5 
men and 5 women) seemed to be a practical maximum. their ages ranged from the 20s to 

table 4 analysis of fixed measurement items in control samples stored in 2006 for the J-Micc Study

t-c HdL-c LdL-c tg aMY

Serum Mean ± Sd (mg/dl or units/L) 216.2±48.6 62.6±18.0 129.2±39.8 146.5±112.3 83.7±29.2
range (mg/dl or units/L) 147–303 41–102 85–204 61–362 52–155
range: difference percentages (%) 0.0–2.4 0.0–2.5 0.0–2.2 0.0–2.9 0.0–4.9

plasma Mean ± Sd (mg/dl or units/L) 200.6±42.0 63.5±17.7 113.4±31.9 139.5±124.3 77.0±30.7
range (mg/dl or units/L) 152–272 38–93 77–169 60–454 45–154
range: difference percentages (%) 0.0–2.0 0.0–3.0 0.0–1.5 0.0–3.9 0.0–2.2

all items in serum and plasma were measured on September 20, 2007. difference percentages (%) = difference 
value/mean. Sd: standard deviation. t-c: total cholesterol; HdL-c: high-density lipoprotein cholesterol; LdL-c: 
low-density lipoprotein cholesterol; tg: triglyceride; and aMY: amylase.

table 5  control samples stored in 2006–2007 for the J-Micc Study: time taken to draw (time for bd) and 
time between when blood was drawn from the last participant and freezing (time to Fr)

Year Sample date drawn participants  
(n)

time for bd  
(min)

time to Fr

2006 First Serum oct. 26, 2006 10 34 5 h 41 min
2006 Second plasma July 14, 2006 a) 10 32 4 h 32 min
2006 third Serum Feb. 21, 2007 10 42 1 h 13 min, 2 h 3 min, 4 h 3 min, 8 h 3 min
2006 Fourth plasma apr. 4, 2007 10 38 1 h 7 min, 2 h 2 min, 4 h 2 min, 8 h 0 min
2007 First Serum June 5, 2007 10 32 4 h 42 min
2007 Second plasma July 26, 2007 10 38 5 h 1 min
2007 third Serum Nov. 20, 2007 10 37 1 h 39 min, 2 h 34 min, 4 h 7 min, 8 h 24 min
2007 Fourth plasma Not done

a)  on July 14, 2006, since vacuum tubes for serum separation could not be prepared for 10 people, plasma was 
sampled instead.
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the 50s. the measurements of five biomarkers covered the normal range for the population. 
the volunteers were not always the same because of scheduling problems. in total, about 20 
people participated in the first seven blood samplings. Since the donated blood was completely 
anonymized, there was no advantage to volunteering.

the results derived from the control measurements seemed to be directly applicable to the 
J-Micc Study since the storage tubes and amounts of sample in the tubes were the same as 
those actually used in the J-Micc Study; and the procedures used for serum/plasma separation 
and storage are the same ones used by the cohort study executing group. eight hours at room 
temperature before freezing constituted the worse-case condition in the J-Micc Study.

using standard laboratory methods, 300 μl is the minimum volume needed to measure one 
component of serum or plasma. the five items selected, t-c, HdL-c, LdL-c, tg, and aMY, 
can be measured using an automated method that requires 600 μl. therefore, for the measure-
ments, we mixed serum/plasma from two storage tubes (Y-d-p-b-1 and Y-d-p-b-2) and sent 
them to the company doing the measurements. two independent samples from one person gave 
quite similar measured values for the 5 items, ensuring that their reproducibility was high. the 
measurements made 1 year after the blood was drawn will be compared with those made 4 
and 8 years after the blood was drawn, and with the results of a nested case-control study in 
the J-Micc Study.

in the J-Micc Study, the blood samples are expected to be used for proteomics analyses.15-18) 
the time between when the blood is drawn and frozen is measured routinely for some of the 
samples collected in the J-Micc Study. all samples were separated and frozen on the day the 
blood was drawn. a pilot study of the proteomics analysis will be conducted using the control 
samples and samples from the J-Micc Study.

Some studies have examined marker stability after long-term storage.19-23) Shih demonstrated 
that average decreases for serum t-c, HdL-c, and tg occurred for up to 7 years in storage 
at –70°c, although these changes were not statistically significant.19) a cohort study in Japan 
reported that c-reactive protein in blood samples was higher 13.8 years after storage than before 
storage at –80°c.20) the stability of antioxidant micronutrients, such as carotenoids and retinol, 
in plasma stored at –70°c for 4 years was also monitored.23) the long-term storage effect in 
our samples will be estimated by monitoring the stability at intervals. the results obtained from 
assays of aliquots of the same serum or plasma sample will provide useful information for 
developing storage procedures.

Furthermore, at analysis we will compare the marker stability of samples stored at –80°c with 
those stored at –150°c. ideally, the control sample items need to be measured both at baseline 
and the time of analysis. However, it is difficult to fix all of the measurement items at baseline 
in cohort studies with long study periods. unfixed items in aim 2 stored at –80 and –150°c 
will be used to confirm the validity of storage at –80°c or, at least, whether the stability is the 
same as that for samples stored at –150°c.

in conclusion, we described a project used to store control blood samples to examine the 
differences in measurements among the different separation and storage conditions. Since quality 
control of stored blood samples is essential to validate the findings of biomarker analyses, it 
is necessary to store control blood samples, especially in cohort studies with a long follow-up 
period. the findings of this project will be used for the J-Micc Study, and possibly other 
cohort studies as well.



114

Mariko Naito et al.

ackNoWLedgMeNtS

this study was supported in part by a grant-in-aid for Scientific research on Special priority 
areas of cancer from the Japanese Ministry of education, culture, Sports, Science and tech-
nology (No. 17015018). the members of the J-Micc Steering committee in april 2007 were 
drs. Nobuyuki Hamajima, kazuo tajima, Hirotsugu ueshima, toshiro takezaki, Suminori kono, 
Haruo Mikami, Yoshiyuki Watanabe, Shinkan tokudome, keitaro tanaka, koukichi arisawa, eiji 
Maruyama, and kenji Wakai. this paper was approved by the Steering committee. the authors 
are grateful to the volunteers who donated blood and to Ms. Yoko Mitsuda for her valuable 
technical assistance.

reFereNceS

 1) riboli e. the european prospective investigation into cancer and Nutrition (epic): plans and progress. J 
Nutr, 2001; 131: 170S-175S.

 2) tworoger SS, Lee i-M, buring Je, Hankinson Se. plasma androgen concentration and risk of incident 
ovarian cancer. Am J Epidemiol, (in press).

 3) benjamin eJ, dupuis J, Larson Mg, Lunetta kL, booth SL, govindaraju dr, kathiresan S, keaney JFJr, 
keyes MJ, Lin J-p, Meigs Jb, robins SJ, rong J, Schnabel r, Vita Ja, Wang tJ, Wilson pWF, Wolf pa, 
Vasan rS. genome-wide association with select biomarker traits in the Framingham Heart Study. BMC 
Med Genet, 2007; 8 (Suppl): S11.

 4) Vineis p, perera F. Molecular epidemiology and biomarkers in etiologic cancer research: the new in light 
of the old. Cancer Epidemiol Biomarkers Prev, 2007: 16: 1954–1965.

 5) ohno Y, tamakoshi a, Jacc Study group. Japan collaborative cohort study for evaluation of cancer risk 
sponsored by Monbusho (Jacc study). J Epidemiol, 2001; 11: 144–150.

 6) Wakai k, ito Y, Suzuki k, tamakoshi a, Seki N, ando M, ozasa k, Watanabe Y, kondo t, Nishino Y, 
ohno Y; Jacc Study group. Serum insulin-like growth factors, insulin-like growth factor-binding proteins-3, 
and risk of lung cancer death: a case-control study nested in the Japan collaborative cohort (Jacc) Study. 
Jpn J Cancer Res, 2002; 93: 1279–1286.

 7) iwasaki M, otani t, Yamamoto S, inoue M, Hanaoka t, Sobue t, tsugane S; Japan public Health center-
based prospective Study group. background characteristics of basic health examination participants: the 
JpHc study baseline survey. J Epidemiol, 2003; 13: 216–225.

 8) Shimizu Y, Schull WJ, kato H. cancer risk among atomic bomb survivors. the rerF Life Span Study. 
radiation effect research Foundation. JAMA, 1990; 264: 601–604.

 9) clark S, Youngman Ld, palmer a, parish S, peto r, collins r. Stability of plasma analytes after delayed 
separation of whole blood: implications for epidemiological studies. Int J Epidemiol, 2003; 32: 125–130.

10) clark S, Youngman Ld, cHukwurah b, palmer a, parish S, peto r, collins r. effect of temperature and 
light on the stability of fat-soluble vitamins in whole blood over several days: implications for epidemiologi-
cal studies. Int J Epidemiol, 2004; 33: 518–525.

11) Flower L, ahuja rH, Humphries Se, Mohamed-ali V. effects of sample handling on the stability of 
interleukin 6, tumour necrosis factor-α and leptin. Cytokine, 2000; 12: 1712–1716.

12) the J-Micc Study group. the Japan Multi-institutional collaborative cohort Study (J-Micc Study) to 
detect gene-environment interactions for cancer. Asian Pac J Cancer Prev, 2007; 8: 317–323.

13) Sakurai t. Fundamental study on measurement of total cholesterol by ultraviolet-end (uV-end) method 
using cholesterol dehydrogenase (cdH). Jpn J Med Technol, 1998; 47:747–752. (in Japanese)

14) Morishita Y, iinuma Y, Nakashima N, Majima k, Mizuguchi k, kawamura Y. total and pancreatic 
amylase measured with 2-chloro-4-nitrophenyl-4-o-beta-d-galactopyranosylmaltoside. Clin Chem, 2000; 46: 
928–33.

15) reymond Ma, Schlegel W. proteomics in cancer. Adv Clin Chem, 2007; 44: 103–142.
16) Maurya p, Meleady p, dowling p, clynes M. proteomics for serum biomarker discovery in cancer., 

Anticancer Res, 2007; 27: 1247–1255.
17) Hoeben a, Landuyt b, botrus g, de boeck g, guetens g, Highly M, van oosterom at, de bruijn ea. 

proteomics in cancer research: methods and application of array-based protein profiling technologies. Ana 
Chim Acta, 2006; 564: 19–33.



115

coNtroL SaMpLeS to MoNitor deterioratioN

18) bertucci F, birnbaum d, goncalves a. proteomics of breast cancer. Mol Cell Proteomics, 2006; 5: 
1772–1786.

19) Shih WJ, bachorik pS, Haga Ja, Myers gL, Stein ea. estimating the long-term effects of storage at –70 
degrees c on cholesterol, triglyceride, and HdL-cholesterol measurements in stored sera. Clin Chem, 2000; 
46: 351–364.

20) ishikawa S, kayaba k, gotoh t, Nakamura Y, kario k, ito Yoshihisa, kajii e. comparison of c-reactive 
protein levels between serum and plasma samples on long-term frozen storage after a 13.8 year interval: 
the JMS cohort study. J Epidemiol, 2007; 17: 120–124.

21) bolelli g, Muti p, Micheli a, Sciajno r, Franceschetti F, krogh V, pisani p, berrino F. Validity for 
epidemiological studies of long-term cryoconservation of steroid and protein hormones in serum and plasma. 
Cancer Epidemiol Biomarkers Prev, 1995; 4: 509–513.

22) Jenab M, bingham S, Ferrari p, Friesen Md, al-delaimy Wk, Luben r, Wareham N, khaw kt, riboli 
e. Long-term cryoconservation and stability of vitamin c in serum samples of the european prospective 
investigation into cancer and nutrition. Cancer Epidemiol Biomarkers Prev, 2005; 14: 1837–1840.

23) comstock gW, Norkus ep, Hoffman Sc, Xu MW, Helzlsouer kJ. Stability of ascorbic acid, carotenoids, 
retinol, and tocopherols in plasma stored at -70 degrees c for 4 years. Cancer Epidemiol Biomarkers Prev, 
1995; 4: 505–507.


