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ABSTRACT

A study was conducted to compare the storage conditions and transportation period for
blood samples collected from residents living in areas near the Semipalatinsk nuclear test
site (SNTS). Experiments were performed to simulate storage and shipping environments.
Phytohaemagglutinin (PHA)-stimulated blood was stored in 15-ml tubes (condition A: current
transport method) in the absence or in 50-ml flasks (condition B: previous transport method) in
the presence of RPMI-1640 and 20% fetal bovine serum (FBS). Samples were kept refrigerated
at 4°C and cell viability was assessed after 3, 8, 12 and 14 days of storage. RPMI-1640, 20% FBS
and further PHA were added to blood samples under condition A in 50-ml flasks for culture.
Whole-blood samples under condition B were directly incubated without further sub-culturing
process, neither media nor PHA were added, to adopt a similar protocol to that employed in
the previous transport method. Samples in condition A and condition B were incubated for 48
hr at 37°C and their mitotic index was determined. The results showed that viable lymphocytes
were consistent in both storage conditions but the mitotic index was higher in condition A
than in condition B. Although further confirmation studies have to be carried out, previous
chromosomal studies and the present experiment have shown that PHA-stimulated blood could
be stored without culture medium for up to 8 days under condition A. The present results will
be useful for cytogenetic analysis of blood samples that have been transported long distances

wherever a radiation accident has occurred.
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Biodosimetry

The Semipalatinsk nuclear test site (SNTS)
is an area that was contaminated by radioactiv-
ity due to Russian nuclear test activities between
1948 and 1989. Investigations and studies on
radiation health effects were carried out on peo-
ple living in this area as they had been exposed
to radiation internally and externally after each
nuclear test101517.2029_ OQur earlier studies involved
blood samples collected from residents in the
areas near the SNTS and brought to the labora-
tory at the Research Institute for Radiobiology
and Medicine (RIRBM), Hiroshima University for
chromosome aberration analysis.

An initial method for transportation of blood
samples was developed in the 1970s by human

geneticists®¥. Later, Sasaki described his own
blood transportation method in the Manual
of Cytogenetic Analysis for Radiation Dose
Assessment, published by the International
Atomic Energy Agency (IAEA 2001). Blood sam-
ples can be successfully stored for up to one year
using cryopreservation or subzero non-freezing,
and can be used for cytogenetic analyses or other
purposes®”1315, However, we have found that
these enhanced storage methods are not feasible
for transportation of large numbers of samples
over long distances. In our earlier storage and
transport methods, 4-ml samples of whole blood
from Semipalatinsk were mixed with heparin,
phytohaemagglutinin (PHA), 20% FBS in RPMI-
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1640, stored in 50-ml flasks, and transported
cooled to around 4-15°C to Hiroshima University
using commercial air transport within 6 days. A
modification of this storage and transport method
was introduced in 2006: PHA-stimulated blood
was stored in medium-free 15-ml tubes and kept
at 4-15°C, similar to the temperature during
transport. Observations have demonstrated that
this modified storage and transport method yields
an increased number of metaphases and is able to
sustain cell viability for a longer storage time.

It is advantageous to employ a method for
whole-blood transport that places few demands on
storage and culture resources without compromis-
ing cell viability when immediate blood culture
processing is not possible. However, any changes
and modifications to storage conditions for the
improvement of the preservation process need to
be validated by testing the reliability of any sub-
sequent chromosome analysis.

MATERIALS AND METHODS

Lymphocyte storage and culture

To simulate the process of blood transfer from
the SNTS area to RIRBM Hiroshima Laboratory,
four healthy donors, two males and two females,
below 30 years of age, were selected. Four millil-

itres of whole blood was taken from each by veni-
puncture and transferred to a 15-ml sterile tube
(Corning Inc., NY, USA) with 200 zl Novo-Heparin
(Mochida, Tokyo, Japan) and 200 yl phytohaemag-
glutinin (PHA HA15; Remel Inc., Dartford, UK)
(condition A). A second set of samples of whole
blood was placed in 50-ml culture flasks (Falcon
Becton Dickinson, USA) using a ratio of 4 ml
whole blood to 20 ml medium containing RPMI-
1640 (+) L-glutamine (Gibco Invitrogen, USA),
20% FBS (Gibco Invitrogen), 200 xl heparin and
200 pl PHA (condition B). Four replicates for each
donor were set up to allow analysis at time points
of 3, 8, 12 and 14 days. All PHA-stimulated blood
samples were kept in a refrigerator (Sharp, Model
23TH; Japan) and temperature was maintained
at 4°C throughout the experiment. Samples were
manually swirled once a day to allow mixing of
cell and culture media. During storage, the tubes
and flasks were tightly capped and placed upright
to prevent any adverse effects on the samples.
Figure 1 summarises the overall protocol for the
present experiment.

Whole-blood culture and chromosome analysis

Samples of whole blood stored under conditions
A and B were taken from the refrigerator after
various storage periods and warmed at room tem-
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Fig. 1. Summary of experimental protocol

Whole blood samples in condition A were transferred into 15 ml tubes containing PHA without
RPMI media. Whole blood samples in condition B were transferred into 50 ml flasks containing
PHA and RPMI media. No additional PHA and media were added to samples stored in condition
B at various experiment times, 3, 8, 12 and 14 days. Cell viability was assessed before 48 hr incu-

bation period followed by mitotic index count.
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perature for 30 min. Whole blood stored under
condition A was transferred to a 50-ml culture
flask containing 20 ml of RPMI medium, 20% FBS
and 200 xl PHA after 3, 8, 12 and 14 days of stor-
age (Table 1). Whole blood stored under condition
B was directly incubated, without further addition
of RPMI medium, FBS or PHA. All culture mix-
tures were mixed well and incubated at 37°C in
5% COq for 48 hr. Colcemid (Demecolcine; Sigma,
Irvine, UK) was added to the cultures two hours
prior to harvest to arrest the lymphocyte cell cycle
at metaphase. Cells were then subjected to hypo-
tonic treatment with potassium chloride (KCI)
solution and sodium citrate at a 3:1 ratio, followed
by fixing three times with a 3:1 mixture of meth-
anol (Nakarai Tesque, Kyoto, Japan) and glacial
acetic acid (Nakarai Tesque). The cells were then
sedimented by centrifugation at 1000 rpm for 5
min. Cell pellets at the bottom of the 15-ml tube
were vigorously stirred by pipetting at the first
fixation stage to remove erythrocytes sufficiently.
The cell suspension was then dropped onto clean
glass microscope slides (Matsunami Glass Ind.,
Ltd., Tokyo, Japan), and stained with 3% Giemsa
azure eosin methylene blue (Merck, Darmstadt,

Germany) solution for 10 min. The slides were
mounted and metaphases were observed under a
light microscope (Olympus CX41, Tokyo, Japan).

Scoring of mitotic index

Five chromosome slides were prepared and a
total of 5000 cells at metaphase and non-meta-
phase (rounded cells) from each donor were used
for mitotic index scoring. Mitotic indices of lym-
phocytes stored for each period under conditions
A and B were scored and compared. Lymphocytes
obtained from two thyroid cancer patients living
in Hiroshima and from two non-exposed donors
living near the SNTS were scored for compari-
son. Mitotic index values, indicating the prolifera-
tive ability of lymphocytes, were derived from the
number of lymphocytes with metaphase spreads
divided by the total number of rounded lym-
phocytes counted on chromosome preparations.
Small or large-sized cells and damaged cells were
excluded.

Scoring of cell viability
Prior to incubation, cell viability was measured
at 3, 8, 12 and 14 days by staining with 0.4% try-

Table 1. Comparison mean values, logarithm transformed, for lymphocyte mitotic
index of whole blood stored for various periods under different conditions for the four
healthy donors, Hiroshima atomic survivors and non-exposed residents near SNTS.

Culture date * Condition A " Condition B

Mean + S.E. S.D. N Mean + S.E. S.D. N
3 days (control) 0.41+0.08 036 20 "0.32+0.03  0.12 20
8 days '0.10£0.10 043 20 062004  0.18 20
12 days 7041011 044 15 '0.00 0.00 20
14 days 056007 021 20 *0.00 0.00 20
Hiroshima ®044+031 010 10 n/a n/a n/a
(3 days storage)
SNTS 0.36+0.09 027 10 '0.02+0.14 044 10

(6 days storage)

24 ml of whole blood, heparin and PHA in 15 ml tube. 4 ml of whole blood hepa-
rin, PHA, 20% FBS and RPMI-1640 medium in 50 ml flask. °Peripheral blood from
Hiroshima A-bomb exposed thyroid patients, collected in 2008. dPeripheral blood from
two non-exposed residents near SNTS for storage condition A collected in 2008, and
condition B collected in 2005. All parameters and incubation periods under study were
the same except that samples from SNTS were kept in a cooled box to maintain tem-
perature at 4°C. n/a, data for Hiroshima A-bomb exposed thyroid patients under condi-
tion B were not available. S.D. standard deviation. N sample size. ®* not significant,
significant and ™ extremely significant with p<0.05, with reference to the value at 3 day
storage under condition A. Z-test was performed for zero values at 12 and 14 instead of

Student’s t-test using value in control result.
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pan blue (Gibco Invitrogen). Each blood sample
was diluted 100-fold with Hank’s balanced salt
solution (Gibco Invitrogen) and subsequently fur-
ther diluted 1:10 in 0.4% trypan blue. Viable cells
were counted by light microscopy using a haemo-
cytometer (Erma Tokyo, Tokyo, Japan).

Statistical analysis

Statistical analysis was performed using
GraphPad Software (InStat, California, USA).
The software was used to estimate mean, stan-
dard deviation and standard error of the mean.
Student’s t-test and Z-test were performed to com-
pare the significance of differences in metaphase
formation in relation to culture delay and storage
method. Differences at p<0.05 were considered to
be significant.

RESULTS

The logarithmic transformed mean values for
the lymphocyte mitotic index of whole blood stored
for various periods under different conditions
(conditions A and B) for the four healthy donors,
Hiroshima atomic survivors and non-exposed
residents near SNTS are summarized in Table 1.
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Fig. 2. Individual mitotic indices at various storage
times for whole blood stored in condition A.

Five slides from each donor were analysed at day 3
(N=20), 8 (N=20), 12 (N=15) and 14 (N=20). Logarithm
curve was derived from mean values; dotted lines rep-
resent upper and lower confident limit at 95% confident
interval.

These values represent metaphase formation in
relation to the success of lymphocyte growth for
chromosome analysis. In the present experiment,
we used the mitotic index at 3 days of storage (the
minimum storage time employed) under condition
A (our current storage method, adopted in 2006)
as a control. Lymphocyte growth was found to be
higher under condition A than under condition B,
which was the storage method we had used pre-
viously from 1998 to 2005. Mitotic indices after
all storage periods under either condition A or
condition B differed statistically except in 3 days
of storage under condition B. The value obtained
at day 3 under condition A from the Hiroshima
A-bomb exposed thyroid patients in 2008 showed
no significant difference with respect to the con-
trol. Similarly, value for non-exposed residents
in the controlled area near the SNTS collected
in 2008, after 6 days storage under condition A,
showed no significant difference with respect to
the control. However, under condition B, mitotic
index of blood sample collected in 2005 from dif-
ferent non-exposed person living near the SNTS
was significantly difference from the control.

The mitotic index showed a wide range among
individuals when a shorter storage time was
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Fig. 3. Individual mitotic indices at various storage
times for whole blood stored in condition B.

Five slides from each donor were analysed at day 3
(N=20), 8 (N=20), 12 (N=20) and 14 (N=20). Logarithm
curve was derived from mean values; dotted lines rep-
resent upper and lower confident limit at 95% confident
interval.



Method of Blood Transport from Long Distance Area 71

used, but became less variable after longer stor-
age times. Figure 2 shows the logarithm curve
generated from the mean values, and upper and
lower limits, of 20 blood samples from each of four
donors stored for different periods under condition
A. The maximum and minimum mitotic index at
3 days was 8.57 and 0.59, respectively. Separate
observation showed that a sufficient number of
well spread metaphases (around 200-1000) were
obtained at day 8 under condition A. The range of
the mitotic index became smaller at day 14, the
maximum value being 0.48 and the minimum
zero. A similar trend was observed under con-
dition B, as shown in Fig. 3. The mitotic indices
were much lower than under condition A, with a
maximum of 3.15 and a minimum of 1.29 at day
3. At day 8, the highest value was 0.40 and the
minimum value was zero. Metaphases were com-
pletely absent on days 12 and 14 in samples from
all donors under condition B.

Data for average cell viability in individual
blood samples obtained after storage under condi-
tions A and B for 3, 8, 12, and 14 days prior to
culture are summarised in Fig. 4. Cell viability
under both storage conditions A and B remained
high for all storage periods and there was no sta-
tistical significance between condition A and B at
each storage time.

O Condition A : PHA (+) media (-)

ECondition B : PHA (+) media (+)
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Fig. 4. Mean cell viability (10°) by trypan blue counted
at various times for whole blood samples stored with
PHA (+), media (-) (condition A) and PHA (+), media (+)
(condition B).

Bars represent standard deviation. There was no sta-
tistically significant difference between condition A and
condition B at each storage time.

DISCUSSION

Condition B was used for chromosome analysis
of residents living near the SNTS between 1998
and 2005, whereas condition A was used between
2006 and 2008. Only 45.8% of samples analysed
between 1998 and 2005 yielded successful results,
defined as more than 200 well spread metaphases,
whereas samples collected between 2006 and 2008
demonstrated a 20.2% yield increase with the use
of the new improved method. Our test experi-
ments using condition A for blood samples from
thyroid cancer patients among Hiroshima atomic
survivors and non-exposed residents living near
the SNTS . demonstrated that PHA-stimulated
whole-blood samples remained viable for 3 and
6 days, respectively, after sampling when stored
without culture medium in 15-ml sterile tubes
(Table 1), generating a reasonable number of
high-quality metaphases (around 200-1000 meta-
phases per person) for chromosome analysis (data
not shown).

The presence or absence of culture medium
and the size of the storage container did not sig-
nificantly influence mitotic potential51®), but
subsequent addition of PHA to the culture had
a considerable effect on the rate of cell prolifera-
tion. Taking this into consideration, PHA was
added twice to blood samples under condition
A, both at the beginning of sample storage and
prior to incubation, to accelerate further cell divi-
sion after storage. We did not perform any con-
firmation experiments or addition of new media
and PHA with condition B, since our main study
purpose was merely to clarify our experience in
blood transport from the SNTS area to Hiroshima
University and examine the results for both con-
ditions.

The difference in lymphocyte growth stimu-
lated by PHA under the two storage conditions,
A and B, can be explained by changes in the
expression of genes located downstream in the
signal transduction pathway associated with the
cell cycle response'®. Lymphocyte activation by
PHA first becomes evident within 2 days after
blood has been drawn, though a certain propor-
tion of non-stimulated lymphocytes can remain
even during storage at around 4-15°C before cul-
ture. Our present results are in agreement with
these explanationg'®'425) ag further addition of
PHA prior to incubation under condition A was
found to improve lymphocyte proliferation after a
storage period in the absence of culture medium.
Furthermore, the presence of culture medium
inhibits cell stimulation by PHA at long-term
storage. Haemolysis was observed in blood kept in
a culture flask for 8 days under condition B, but
not under condition A, indicating that some pro-
teins such as haemoglobin released by haemolysis
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might affect lymphocytes activated by PHA, thus
preventing further lymphocyte proliferation dur-
ing 48 hr of culture.

There was no clear explanation of why cell
viability remained steady under both storage
conditions throughout the experimental period,
although the mitotic index began to decrease
after day 3 and continued to drop until day 14.
This finding suggests that resting lymphocytes
might be unable to undergo the complete cell
cycle after 6 days of storage, and might start to
undergo apoptosis despite the addition of PHA
at the beginning of culture. It has been reported
that PHA-stimulated whole blood stored at 4°C for
96 hr (3 days) and then grown for 56 hr at 37°C
shows the highest mitotic index, and that further
extension of storage time accelerates apoptosis?.
To some extent, our results are in agreement with
those of Belloni et al” and Sasaki'?.

Other factors require to be taken into account
for blood transportation as several investigators
have demonstrated that human lymphoid cells
with radiation induced unstable-type chromosome
aberrations are more prone to apoptosis?!9, If this
is the case, then the incidence of dicentric chromo-
somes obtained from individuals exposed to radia-
tion may be lower than expected. Furthermore,
" a relationship between the detected chromosome
aberration rate and shipping temperature has
been reported, although the data were conflict-
ing®. It was found that a lower temperature (at
4°C) promoted apoptotic cell death in irradiated
human peripheral blood during prolonged storage
and before stimulation with PHA, suggesting that
apoptotic nuclei were increased in the stored sam-
ples. The premature chromosome condensation
(PCC) index was drastically decreased, particu-
larly when the blood was kept at 4°C. Therefore,
it was recommended that whole blood samples
should be kept at room temperature during ship-
ping until blood culture and stimulation of lym-
phocytes when the PCC method is employed for
chromosome analysis. We have insufficient data to
support these possibilities, except for our results
related to stable lymphocyte viability shown in
Fig. 4. Therefore, further studies of the relation-
ship between apoptosis and temperature, and also
cytogenetic reactions, seem necessary.

Although further confirmation and effects of
radiation on chromosome aberration studies have
to be done, at least for the meantime, the pres-
ent data suggest that our currently used method
for storage of whole blood in the presence of PHA
and the absence of culture medium at 4°C, specifi-
cally for unstable chromosome aberration studies,
provides reliable preservation and a reasonably
high number of lymphocytes with proliferation
potential. The blood can be stored for up to 6
days without any adverse effects on the quantity
of metaphases produced but prolonged storage

for more than 8 days is not recommended. Our
improved method will be helpful to support cyto-
genetic analysis for biodosimetry and is potential-
ly useful for the storage and transport of whole
blood samples over long distances from remote
areas after radiation accidents.
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