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Fig. 1. Incidence of MNRET in the peripheral blood of

Muta™Mouse 48 h following treatment with MCLR (1 mg/kg), DEN
(25 mg/kg) and DEN (25 mg/kg) + MCLR (1 mg/kg).

duced and 46 DEN-induced mutants together with 42
spontaneous mutants from the liver were subjected to
sequence analysis. The mutation spectra are summa-
rized in Table 2. Spontaneous mutations consisted
mainly of base substitutions (37/42). Among them, G:C
to A:T transitions (21/26) predominated and most of
them (17/21) occurred at CpG sites. DEN-induced
mutations also consisted mainly of base substitutions
(42/46). Compared to the control, G:C to A:T transi-
tions were decreased in DEN treated group (50% versus
24% respectively) while A:T to T:A transversions were
increased (2% versus 28%, respectively). However no
obvious change was observed for incidences of muta-
tions induced by MCLR including transitions (62%
versus 62%) and transversions (27% versus 21%).

Table 1. MFs in the lacZ and cll gene from liver and lung of Muta™Mouse treated with MCLR (I mg/kg), DEN (25 mg/kg) and DEN
(25 mg/kg) + MCLR (1 mg/kg)
lacZ cll
Organ Treatment
Total plaques Mutants MF (x107% Mean+SD  Total plaques Mutants MF (X10™% Mean%SD
Liver Control 3311250 138 41.7 43.8+11.7 3486000 69 19.8 20.5+8.2
MCLR 4053750 173 42.7 40.3+13.7 4282500 94 21.9 21.1+3.5
DEN 3175000 963 261.7 268.4 +62.4% 3,495,000 788 225.5 226.6+54.2%
DEN+MCLR 2122500 472 222.4 206.9+ 83.41 2,149,500 391 181.9 176.4 771
Lung Control 3823750 144 28.8 32.1+13.9 4305000 110 25.6 25.7+4.3
MCLR 3823750 134 35.0 35.7+4.89 2468250 93 37.7 36.9+£21.3
DEN 3622500 416 114.8 117.5+17.2*% 2874000 332 115.5 118.1£10.1*
DEN+ MCLR 2576250 264 102.5 109.9+44.7¢ 1,136,250 141 124.1 132.2%20.6¢
*Compared to the control group P <0.05
tCompared to the DEN-treated group P> 0.05
Table 2. Summary of cII mutations in the liver of control, MCLR- and DEN-treated Muta™Mice
Liver
Mutation class
Control CpG MCLR (%) CpG DEN (%) CpG
Base 37 (89) 28 (82) 42 (91)
Transitions 26 (62) 21 (62) 20 (43)
G:Cto A:T 21 (50) 17 (40) 20 (59) 17 (52) 11 (24) 6 (13)
A:Tto G:C 5(12) 1(3) 9 (20)
Transversions 11 (27) 7 (21) 22 (48)
A:Tto T:A 1@Q) 13 13 (28)
A:Tto C:G 4 (10) 2.(6) 24
G:Cto T:A 4 (10) 4 (12) 7(15)
G:Cto C:G 2(5) 00 00
- 1 Frameshift 1) 2 (6) 12
+ 1 Frameshift 3 (D 4 (12) 0
Deletion 0O 0 (0) 12)
Insertion 0O 0 0 (0)
Complex 1) 0{0) 2 {4)
Total 42 (100) 34 (100) 46 (100)
MF (X 1079 43.8 40.3 268.4
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Discussion

The occurrence of toxic cyanobacterial blooms found
in eutrophic, municipal, and residential water supplies is
an increasing public health problem. Frequent deaths of
domestic and wild animals are caused by drinking water
contaminated by lethal toxins produced by cynobacter-
ia. MCLR is the most commonly encountered and
among the most toxic algal cyclic peptide hepatotoxins.
Epidemiological studies have indicated a close
relationship between primary liver cancer in human and
cynobacteria contaminated drinking water (15,16).
While there are several reports showing the in vitro
genotoxicity of MCLR (21,22) or cyanobacterial extract
(18,19), the evidence for the in vivo genotoxicity of this
toxin is less convincing. Therefore, the main objectives
of this study were to assess the in vivo genotoxicity of
MCLR (if any) and its role in potentiation of DEN
induced mutations for its suggested tumor promoting
effects. To meet out these objectives male Muta™Mouse
were administered with MCLR alone or in combination
with DEN and examined for two end points- point
mutation in transgenes, and micronucleus induction in
peripheral blood cells. Considering the strong correla-
tion between organ specific genotoxicty and organ
specific carcinogenicity, the assessment of genotoxicity
in multiple organs in vivo may indicate its target organ
in humans and provide useful information for the
evaluation of chemical safety. In the present research,
hence, two target organs -liver and lungs- were
examined for the evidence for mutagenicity.

Intraperitoneal injection of the raw cyanobacterial
extracts containing several other microcystins besides
MCLR induced micronucleus in the mouse bone
marrow cells (19) and degradation and fragmentation of
DNA in the liver cells (30). In the present study a pure
MCLR (1 mg/kg=1/10 of LDs) was used, but no
mutagenicity was observed. In another study, neoplastic
nodule formation has been observed in the livers of mice
received 100 intraperitoneal injections of sublethal
doses of MCLR (20 ug/kg) over a period of 28 weeks
(31). In the same study, oral administration of relatively
higher doses of MCLR (80 ug/kg) under similar ex-
perimental conditions did not induce characteristic
chronic injuries. Similarly, as suggested by the authors,
fragmentation of DNA observed in hepatocytes of mice
treated with the extract or MCLR (0.5-2.0 folds of LDs,
doses) might be a consequence of endonucleolytic DNA
degradation associated with cytotoxicity, rather than by
a direct toxin-DNA interaction (30). In support to this,
recently Zegura et al. (32) have reported that the
genotoxicity of MCLR could be mediated by reactive
oxygen species. So it may be inferred that some other
mutagenic toxins present in the extracts or different
routes of administration might be responsible for the
positive results observed in those studies. However,
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MCLR treatment caused enhanced formation of 8-oxo-
7,8-dihydro-2’'-deoxyguanosine in a time- and dose-
dependent manner in vitro in primary cultured hepato-
cytes and in vivo in rat liver cells that could involve in
the formation of hepatic tumors during long-term
exposure to this cyanobacterial hepatotoxin (33). In
contrast, in our study, under present experimental
conditions, MCLR failed to induce mutation in both
target genes (JlacZ and cll) in liver and lungs of TG
mouse. The in vivo micronucleus test in peripheral
blood cells also yielded negative results. These results
indicate that MLCR is capable of inducing neither point
mutation nor chromosomal breakage in vivo in mouse
organs.

It is widely believed that MCLR has tumor promoting
effect (5,6). To test the possible potentiating effect of
MCLR on mutagenicity of DEN, in our study, mice
were simultaneously treated with DEN (25 mg/kg) and
MCLR (1 mg/kg) once a week for four weeks. Relative
to control mice, no significant increase in micronucleus
frequency was observed either in DEN- or DEN-+
MCLR-treated mice. This is in consistent with the
negative results observed with DEN as previously
reported (24). Further, simultaneous administration of
MCLR with DEN did not increase MF caused by DEN
in either of the target genes, although DEN treatment
resulted in a significant increase in MFs in both lacZ and
cII genes from liver and lungs. This indicates that the
tumor promoting effects of MCLR is independent of
mutagenicity of DEN. Because MCLR is known as an
inhibitor of protein phosphatase 1. and 2A (5,34), the
tumor promoting activity might be exerted by a distur-
bance of protein phosphorylation. Okadaic acid, which
is known as a tumor promoter and a strong inhibitor of
protein phosphatases (35), has similar mutagenic prop-
erties as MCLR (non-mutagenic in Salmonella and
mutagenic in mammalian cells (36,37)). It is possible
that tumor promoting activity of both compounds has a
common mechanism through the inhibition of protein
phosphatases.

In conclusion, pure MCLR has no in vivo genotoxici-
ty as it is failed to induce gene mutation and
micronucleus in transgenic mouse. Also lack of potenti-
ation of DEN induced mutations in transgenes, as
observed in the present study, indicates that the tumor
promoting effects of MCLR is independent of its inter-
action to DNA.
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Accumulating evidence suggests that reticulocytes (RETs) in
the peripheral blood of rats may represent a suitable cell pop-
ulation for use in the micronucleus assay, despite the ability of the
rat spleen to selectively remove micronucleated erythrocytes from
the peripheral circulation. To evaluate the analytical performance
of a previously described flow cytometric method (Torous et al.,
2003, Toxicol. Sci. 74, 309-314) that may allow this assay to be
conducted using peripheral bleod in Xeu of bone marrow sam-
pling, we compared the sensitivity and performance charac-
teristics of the flow cytometric techmique with two established
microscopy-based scoring methods. Peripheral bleod samples
from single Sprague-Dawley rats treated for 6 days with either
vehicle or cyclophesphamide were prepared in replicate for scor-
ing by the three methods at different laboratories. These blood-
based measurements were compared to those derived frem bone
marrow specimens from the same animals, stained with acridine
orange, and scored by micrescopy. Through the analysis of
replicatc specimens, inter- and intralaboratory variability were
evaluated for each method. Scoring repreducibility over time was
also evaluated. These data support the premise that rat RETs
harvested from peripheral bloed are a suitable cell population to
asgess genotoxicant-induced micronucleus formation. The inter-
laboratory comparison provides evidence of the general robust-
ness of the micronucieus endpoint using different analytical
approaches. Furthermore, data presented herein demonstrate a
clear advantage of flow cytometry-based scoring over micros-
copy—significantly lower inter- and intralaboratory variation and
higher statistical sensitivity.

Key Words: flow cytometric analysis; reticulocytes; micronu-
cleus test; CD71.
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The in vivo rodent erythrocyte micronucleus (MN) test is widely
used in research and regnlatory safety assessment to evaluate the
potential of chemical and physical agents to cause chromosomal
damage. Historically, MN studies based on rat peripheral blood
have been avoided as it has been assumed that the efficiency by
which the rat spleen filters out erythrocyies with intraceliular
inclusions would reduce assay sensitivity (Hayashi ef al., 2000;
Wakata er al, 1998). However, accumulated data suggest that
peripheral blood from intact rats can be used effectively to de-
tect chemical-induced genotoxicity (Abramsson-Zetterberg ef al.,
1999; Asanami ef al., 1995; Hamada et al.,, 2001; Hayashi et al,
1992; Hynes ef od., 2002; Romagna and Stamiforth, 1989; Torous
et al., 2000, 2003; Wakata et al., 1998). Thus, it appears that MN
studies uvsing peripheral blood sampling in the rat have the
potential to substimte for labor-intensive, bone marrow-based
tests. In addition, the ability o use low-volume blood samples will
facilitate integration of the assay into routine toxicology and/or
pharmacokinetic smidies and may make it unnecessary to conduct
separate assays for the evaluation of chromosomal damage
(Asanami ef al., 1995; Hamada et al, 2001; MacGregor et ul.,
1995; Wakata et al., 1998).

Before rat blood-based MN assays gain wider acceptance,
especially in the context of regulatory testing requirements,
additional information that allows direct comparisons between
bone marrow and blood data is needed. Furthermore, the per-
formance characteristics of the most widely utilized scoring tech-
niques require further study. The experiments described herein
were designed to address these issues of analytical performance
by directly comparing values in blood and bone marrow obtained
at different laboratories with three widely used methodologies,
comparing values derived from two microscopy-based methods
with a flow cytometry—based method that incorporates a calibra-
tion standard.

For each of the three scoring techniques, at least three proficient
laboratories received teplicate, coded samples for reticulocyte
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TABLE 1
Participating Laboratories
Laboratory Code Specimens analyzed Scoring method Instrumentation (maganification)
U.S. FDA-NCTR, Rockville, MD and Jefferson, AR L1 BM.PB MeOH-AO Zeiss Axioskop 50 (X630),
Zeiss PlanApomat X63 oil objective

FCM BD-FACSert, BD-FACScan
Litron Laboratories, Rochester, NY 12 PB FCM BD-FACSCalibur
Healih Canada, Ottawa, Ontario, Canada L3 PB FCM BD-FACSCalibur
National Institute of Health Sciences, Tokyo, Japan L4 Coordinated

SV-AO laboratories

Nitto Denko Corporation, Osaka, Japan 1S PB SV-AD Olympus AHBT3-RFC (X600)
An-Pyo Center, Shizuoka, Jupan 16 PB SV-A0 Olympus BXSO-RFL (X 80(0)
Astellas Pharma Inc., Tokyo, Japan L7 PB SV-AO Olympus BH-RFL (X600)
N/A to this study L8
Contract testing laboratory 1% 13 BM, PB MeOH-AO Leitz Laborlux 12 (X 1000)
Contract testing laboratory 2% 110 BM MeOH-AC Olymapus BH2 (X1000)
Contract testing laboratory 3% L1t BM,. PB MeOH-AO Zeiss STD 14 (X 1000)

Note. Abbreviations: FDA-NCTR = U.S. Food and Drug Administration, National Center of Toxicological Ressarch; BM = bone mamow; PB = peripheral
blood; MeOH-AQ = acridine orange staining of mcthanol-fixed smears; FCM = flow cytometry; SV-AQ = supravital swining using acridine orange-coated
slides; N/A = not applicable. *1he three contract testing laboratories are BioReliance, Covance, and SRI International, but their identities as 1.9, L10, or L11 is

confidential.

(RET) and MN-RET scoring. Proficiency was assumed based on
the high leve! of training that has occurred at these laboratories
(L1,L2,L3,L5,L6, and L7) and/or the frequency with which they
contribute in vivo rodent MN data for regulatory submission
purposes (L9, L10, and L11). See Table 1 for more detailed
information regarding collaborating laboratories.

Data presented herein describe the performance character-
istics of the three scoring methods evaluated, address the
sensitivity of the rat peripheral blood compartment for detect-
ing genotoxicant-indnced micronuclei, and support recommen-
dations concerning the minimum mamber of rat blood RET that
should be evaluated for micronuclei..

MATERIALS AND METHODS

Chemicals and other reagents. Cyclophosphamide (CP) (CAS No. 6055-
19-2) was purchased from Sigma, St Louis, MO. Acridine orange (AQ)-coated
stides used for supravital staining, prepared acconding to the method of Hayashi
et al. (1990). were provided by the National Institute of Health Sciences, Japan.
Flow cytometry reagents, incloding fixed malsria-infected rat blood (malaria
biostandard) were from Rat MicroFlow”™ ™ Kits contributed by Litron Lab-
oratories (available from Litron Laboratories, Rochester, NY and BD Bio-
sciences PharMingen, San Diego, CA).

Animals and treatment regimens. Ani were ¢cc ] in
compliance with guidelines of the National Research Council (1996) “Guide
for the Care and Use of Laboratory Animals™ and were approved by the
appropriate Institutional Animal Care and Use Committees. Two female
Sprague-Dawley rats, 4- to 5-wecks old, were purchased from Taconic,
Germantown, NY. Animals were housed singly and were assigned randomly
to treatruent groups. The animals were accli i for approximately 2 weeks
before the experiment was initiated. Food and water were available ad libitum
throughout the acclimation and experimentation periods. One rat was treated
via ora! gavage with distilled water. and the other rat was treated by the same
route with 10 mg CP/kgAlay for 6 consccutive days.

1 otidi

Bloodfbons marvow sorple eollection and storage.  Each day, before vehicle
or CP treatment, low-volume blocd samples (approximately 100 pl) were col-
lected from the tail vein using a 26.5-gauge ncedle and syringe after a brief
wurming period under a heat lamp. These samples were fixed for fiow cytometric
anatysis of RETand MN-RET frequencies according to procedures described in the
Rat MicroFlow™™S manual (v020213). Pixed samples were stored at — 85°C untid
apalysis. Approximatcly 24 b after the last administration of vehicle or CF, blood
samples were callected into tubes containing heparin solution (500 USP units
heparin per miflititer of phwsphate buffered saline) as follows: into a small tube
containing 75 pl heparin solution, blood was collected until a final volume of
approximately 750 pl was obtained; into 2 second tube containing 5 ml heparin
solution, approximatety 1 mi blood was collected. To tubes with the 750 ut blood
suspension, an equal volume of heat-inactivated fetal bovine serum (FBS)
was added. These FBS-diluted suspeasions were used to prepare replicate AQ-
supravital (SV) slides (8 pi per slide) acconding to the method of Hayashi ef af.
(1990, 1992). These slides were frozen. shipped to collaborating SV-AO lab-
oratories on dry ice, and stored frozen untilanalysis, FBS-diluted blood suspensions
were also used to prepare stides for conventional acridine orange staining of
methanol-fixed smears (McOH-AO) staining (5 ! per slide). These blood smears
were prepared by drawing the cell suspensions behind a second dide with smoothed
edges (a “spreader dlide™). These smears were allowed 10 air dry and were then
fixed with absohite methanol for 10 min. The slides were stored in a slide box until
they were shipped to collaborating McOH-AQ Iaboratories for MN scoring
according to their standard operating procedures. Replicate bone mamrow slides
were prepared as sinears, air dried, methano] fixed, and shipped similarly. These
bone marrow celis were harvested from two femurs per rat, whereby both ends of
cach femur were out and its contents flushed with 1 ml FBS. The cells were
centrifuged at approximately at 1100 rpm for 5 min and then resuspended with
approximately 600 it FBS. As withthe peripheral Moo, 5 jtl of cell suspension was
applied tocach slide. The 6 mlheparinized peripheral blood suspensions were fixed
with ultracold methanol acconding to procedures described in the Rat Micro-
Flow™ S manual (v020213) in onder to preserve oells for flow cytometric analysis.
These cell suspensions were stored at — 85°C until analysis or shipment on dry ice
to collaborating flow cytometry laboratorics.

The samples obtained were divided into three identical pools, and replicate
samples of cach pool were provided to participating labosatories with three
separate codes, Thus, laboratories received triplicate samples of each condition,
but were not aware that they were from an identical pool. Thus, the analyses

— 264 —



MICRONUCLEIL: INTRA- AND INTERLABORATORY COMPARISON 85

conducted allow assessment of both intralaboratory variability of replicate
analysis of identical samnples and interlaboratory variability of the same an-
alysis. Each laboratory also conducted analysis of each of these pools on three
separate occasions, allowing assessment of variability of analysis over time.

Standard acridine orange stide scoring (BleOH-A0). Blood and bope
marrow smears were scored using the MeOH-AQ scoring techaigue @t the Food
and Drug Administration-National Center for Toxicological Rescarch labomatory
(L1) and three contract testing laboratories (L9, 110, and L11). Methano} fixation
leads to 2 diffuse distritution of RNA, and erytiiocyies are classified as normo-
chromatic or as RETs based on the presence or absence of RNA-associated fluores-
cence. This technique is not well suited for visually classifying subpopulations of
RETs. RET frequencies were determined by inspecting 500 or 1000 total
erythrocytes per bone marrow or blood sample, respectively. MIN-RET incidence
was detenmined by inspecting 2000 RETs per sample. At L1, micronuclei were
defined by the criteria of Schmid (1976) with the added requirements that they
exhibit the characiexistic vellow to yellow-green fluorescence characieristic of AQ
staining and that they exhibit the smooth boundary expected from a membrane-
bound body. Laboratories L9, L10, and L1 1 were instructed to follow the standard
operating procedures they use for regulatory submissions to support new drug or
food additive development. Thus, the acquisition of data by these facilities allows
for comparisons with three highly experienced contract laboratories under con-
ditions associated with regulatory testing.

Supravital acridine orange shide scoring (SV-AQ). Laboratories L5, 1.6,
and L7 scored peripherat blood samples using the SV-AO scoring technique.
This staining procedure aggregates RNA, keading to punctate stmining patterns.
These staining characteristics allow RET to be classified into four age coborts:
Type I (youngest) through Type IV (oldest) RETS as described by Hayashi ez al.
(1990, 1992). The frequency of MN-RETs was deterniined by analyzing 2000
Type I and Type I RET's (L5 and L7) or 2000 Type I RETSs (L6). An imdex of
cytotoxicity was obiained by inspecting at Jeast 400 RET's and calcufating the
percentage of Type I and Type I RET among total RETs (LS and L7 or the
percentage of Type [ RETs among Type I and Type I RETs (L6). AO-coated
slides were purchased from TOYOBO (Osaka, Japan). Supravitally stained
riplicate stides were frozen and sent to the Japanese reference laboratory (Nitto
Denko} with dry ice. Each sct of slides was also sent to two other faboraturies
for replicate scoring by fluorescence microscopy.

Flow cytometry-based scoring. Methanol-fixed blood samples were
washed and labeled for flow Gytometric analysis by L1, L2, and L3 according
to procedures described in the Rat MicroFlow®™ VS Kit (v020213). Samples were
analyzed with 488-nm capable instuments (PACSCalibur, FACSort, and
FACScan. all from Bectwn Dickinson, San Jose, CA). Anti-CD71-FITC and
propidium iodide fiuorescence signals were detected in the FLI and FL3
chamels, respectively (stock filter sets). Calibration of the flow cytometers for
the MN scoring application, across laboratories and between experiments within
cach laboratory. was accomplished by staining Pl divm herghei-infected rat
blood (malaria biostandards) in parallel with test samples on each day of
analysis (Dertinger et al. 2000; Tometsko er al., 1993; Torous et al, 2001). By
adjusting voltages applied to the photomultiplier tube, it was possible to
standardize the F1.3 fluorescence chunnel imo which erythmcytes with single
(MN like) parasites fell. In this manner, analysis regions were consistent across
laboratories and between experiments. Flow cytometry-based MN-RET
measurements reported herein are based on an immature fraction of peripheral
blood RET (approximately the youngest 30-50% of propidium iodide—positive
erythrocytes. based on UD71 expression level: Torous ez al.. 2001, 2003). This is
thought to be analogous to scoring the youngest (Types I and IT) RETs using the
SV-AO method, which may be beneficial in view of reports which have
suggested that the influence of rat spieen filiration function can be minimized by
scoring the younger RETs {Abramsson-Zetterberg ef al., 1999; Hayashi ¢t al.,
1992; Hyncs ef al., 2002; Torous er al., 2000, 2003). Data were acquired with
CellQuest software (v3.3, BD-Immunocytometry Systems, San Jose, CA), with
the stap mode sct 50 that 20,000 high CD71-expressing RETs were analyzed per
biood sample. The number of mature (CD71 negative) erythrocytes was
determined concurrently, providing an index of cytotoxicity (%RETs).

Calculations. Al calculetions were performed with Excel (Office X for
Mac or Microsoft Office Excel 2002 for XP Windows Professional, Microsoft
Corp., Seattle, WA). The incidences of MN-RETSs are expressed as froquency
percent. The percentage of RETs among total erythrocytes was measured by the
flow cytometric and MeOH-AO laboratories and served as an index of bonc
marrow cytotoxicity. The three SV-AO laboratories used percentage of RETSs in
different stages of maturity as an index of toxicity: therefore, these indices arc
not directly comparable to those obtained by the flow cytometric and MeOH-AO
microscopy laboratories. Percent coefficient of variance valves (%CV, ie.,
standard deviation (SD) as percent of the mean) were used to describe
intralaboratory variability associated with multiple readings of replicate samples
and also interfaboratory variation of vehicle control and CP-induced MN-RET
measurements that were pooled according to scoring method.

RESULTS AND DISCUSSION

Confirmation of Steady State

RET and MN-RET measurements obtained from the daily
low-volume blood specimens were analyzed to confirm that the
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FIG. 1. The frequency of peripheral blood RETs (%RET. panel a) and
peripheral blood micronucleated RETs (%MN-RET, panel b) as a function of
time in the individual rats uced to generate reference samples for analytical
comparison. These data were acquired by flow cytometric analysis (laboratory
L2) and demonstrate the attainment of a steady-state MN-RET frequency,
facilitating subsequent comparisons between bone mamow and peripheral
blood compartments.
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F1G. 2. Panels (a—c): Bivariate graphs illustrate the staining characteristics of rat blood specimens over the course of several days of CP treatment. Notc the
appearance of micronuclei at Day 1 in the very youngest (highest anti-CD71-FITC fluorescence) RET's (Panel b) and the more nniform distribution among RETs
after a steady state has been reached on Day 3 of treatment (Panel ©). Panel (d) illustrates the use of the malaria standard, with distinct fluorescence intensitics
corresponding to inclusion of one, two, or three parasites. This allows the instrument seftings to be standardized to the DNA content of the parasite, which is

controlled biologically to a quantity similar to that in an average MN.

MN-RET frequency of the vehicle-treated animal was stable
over the duration of the expcrimcat and that CP weatment
caused the MN-RET frequency to increase to a steady-state level
of approximately 10-fold the control frequency (Fig. 1). Since
the frequency of MN-RETS was at steady state in both cases, the
values in bone marrow and peripheral blood should be directly
comparable—that is, expected to be equal in the absence of
selective removal of MN-RETs from blood or methodological
differences in measurement. Thus, the samples collected in this
manner allow the direct comparisons between measurements in
the bone marrow and blood compartments that follow. The use
of large samples from a single treated and a single control] rat
allows differences in methodology and scoring laboratory to be
assessed independently of sample variation.

The dose of CP (10 mgfkg/day) had a moderate effect on
erythropoiesis, as indicated by the decline in RET frequency
(terminal day specimen showed a greater than 50% decrease
from pretreatment value; see Fig. 1, panel a). This level of
bone marrow cytotoxicity is well within the range of target
toxicity recommended by current regulatory guidances (ie.,
< 80%, see Organisation for Economic Coeoperation and
Development, 1997, Guideline 474; U.S. Food and Drug
Administration, 2000. .

To illustrate the nature and source of the flow cylometry—
based data described above, bivariate fluorescence intensity
plots are provided (Fig. 2). Note the appearance of micronuclei
on Day 1 in the very youngest (highest anti-CD71-FITC fluo-
rescence) RETs (Panel b) and the more uniform distribution
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TABLE 2
Reticulocyte Data (cytotoxicity determinations)

Laboratory Method Compartinent Treatment Cytotoxicity index” Average %RET® = SEM %CV %Change
L1 MeOH-AO BM Vehicle %RET 81.0 £0.70 1.5

CP 67.8 £2.36 6.0 -16
L9 MeOH-AO BM Vehicle %RET 654 +1.03 2.7

CP 519 1.83 6.1 - 21
Lio MeOH-A0 BM Vehicle %RET 582 £ 1.65 49

cP 60.0 £ 0.66 1.9 +3
Lu MeOH-AO BM Vehicle %RET 63.1 + 1.67 46

cp 7.1+ 114 3.5 - 10
Pooled® L1, 9, 10, 11 Vehicle 66.9 = 2.63 136

cr 592 » 1.87 109 - 12
L1 McOH-AQ PB Vehicle %RET 77 +0.19 a2

CcP 57 027 8.2 - 26
19 McOH-A0 PB Vehicle %RET 62 £ 027 74

cp 56 + 0.90 27.8 -9
L1 MeOH-A0 FB Vehicle %RET 6.6 + 052 135

cp 49 +033 1.7 - 26
Pooled 11, 9, 11 Veldcle 6.9 £0.29 125

cP 54032 17.6 - 217
L5 SV-ADQ PB Vehicle %Type I + WLIV 552+ 195 6.1

cp 422+ 0.12 0.5 - 24
L6 SV-AD PB Vehicle %Type U1+ II 424 %28 115

cp 29.1 £2.1 124 - 31
L7 SV-A0 PB Vehicle %Type I + M-IV 52321 68

cp 348+ 3.1 15.6 ~ 34
Pooled® LS, 7 Vekicle 537+ 14 6.5

cpP 385+2.2 13.8 ~28
Li FCM FB Vehicle GRETHish COTH 340 £ 0.2 1.18

cP 153 £ 6.0 0.75 —~ 55
1.2 FCM PB Vehicle GRETHEN DT+ 332 2 0.02 1.26

cP 144 £0.01 1.44 -~ 57
L3 FCM PB Vehicle GRETHEh COTH 332 £ 0.05 242

P 140 = 0.08 9.88 — 58
Pooled LI, 2, 3 Vehicle 334002 1.93

cp 1.96 + 0.03 633 — 56

Note. Abbreviations: RET = reticulocyte; MeOH-AO = acridine orange staining of methanol-fixed smears; SV-AO = supravital staining using acridine
orange-coated slides; FCM = flow cytometry; BM = bone marvow; PB = peripheral blood; CP = cyclophosphamide; SEM = standard error of the mean.

“Each laboratory evaluated cytotoxicity based on immature erythrocyte parameters. This was 2ccomplished in sevesal different manners: %RET = percentage
of RETs refative to total erythrocytes; %Type I + IVI-IV = percentage of Type I and Type Il RET's relative to total RETs; %Type U1 + I = percentage of Type |
RETs relative to Type [ and Type Il RETs: and %RET™" 7' = percentage of RETS that express high levels of CD71 relative to total erythrocytes.

“Values are the mean of three separately coded. but identical, samples. By “Pooled” it is meant that like-method data from two. three, or four laboratories were

combined for these calculations.

‘Only data from the two SV-AO laboratories that measured toxicity similarly (%Type 1 + I/I-IV) were combined for these calculations.

among RETs after a steady state has been reached on Day 3 of
treatment (Pancl ¢). Panel (d) illustrates the use of the malania
biostandard, with distinct fluorescence intensities correspond-
ing to inclusion of one, two, or three parasites. This allows the
instrument settings to be standardized to the DNA coatent of the
parasite, which is controlled biologically to a quantity similar to
that in an average MN. For research purposes, the regions may
be adjusted to allow measurcments in different age populations
of RETs andfor micronuclei with different DNA contents. For
analytical purposes, the standard can bc used to achieve
comparable instrument performance across time within a labo-
ratory or across different instraments in different laboratories.

Inra- and Interlaboratory Variability

Replicate bone marrow ard/or peripheral blood specimens
obtained after 6 consecutive days of treatment were provided
to each collaborating laboratory. As noted above, the frequen-
cies of MN-RETs were at steady state and therefore not
changing as a function of time. Each laboratory received
three separately coded samples from each of the high and
low MN-RET frequency pools but were not aware that the
three separately coded samples were identical. Tabular values
are the means of the values of the three separately coded
samples.
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TABLE 3
Intra- and Interlaboratory Micronucleated Reticulocyte Data

9%MN-RET

Laboratory Method Compartuent Treatment Average” + SEM HCV Fold difference
L1 McOH-AO BM Vehicle 0.15 £ 0.03 333

cp 3.35 £ 0.10 54 22.3
L9 McOH-AO BM Vehicle 005 £ 005 173.2

CP 1.63 £ 0.27 284 32.6
L10 McOH-AQ BM Vehicle 003 + 0.02 86.6

cp 233 £0.23 17.3 7.7
Lit MeOH-AQ BM Vehicle 0.18 £ 0.03 35

(& 2.44 £ 020 13.9 13.6
Povled® L1, 9, 16, 11 Vehicle 0.10 = 0.02 805

cpP 244 021 29.1 244
Li MeOH-AO PB Vehicle 0.05 £0.03 1000

CP 1.77  0.17 16.6 35.4
L9 MeOH-AO PB Vehicle 0.05 £ 0.00 0.0

cp 0.50 + 0.03 10.0 10.0
Lt MeOH-AQ PB Vehicle 018 £ 0.04 417

CP 142 + 0.10 123 79
Pooled L1, 9, 11 Vehicle 0.09 £ 0.03 85.6

cP 1.23 + 0.20 48.2 3.7
Ls SV-AQ PB Vehicle 013 0.3 433

CP 1.83 £ 0.15 13.7 14.1
L6 SV-A0 PB Vehicle 0.12 £ 0.07 99.0

Ccp L77 £0.32 31.2 14.8
L7 SV-AQ PEB Vehicle 0.22 % 0.14 1138

CpP 147 + 0.27 31.7 6.7
Pooled LS, 6, 7 Vehicle 0.16 + 0.05 24.3

P 1.69 + 0.14 247 10.6
L1 ECM PB Vehicle 0.12 2 0.02 24.8

cp 0.99 = 0.04 6.5 83
L2 FCM PB Vehicle 0.11 £ 0.02 315

cp o 1.04 = 0.04 6.7 95
L3 FCM PB Vehicle 0.11 £0.02 329

CP L1l £0.04 6.8 10.1
Pooled L1, 2, 3 Vehicle 0.11 x 0.01 26.5

cP 1.05 x0.03 7.6 2.5

Note. Abbreviations: MN-RET = micronucleated reticulocyte; MeOH-AO = acridine orange staining of methanol-fixed smears; SV-AQ = supravital staining
using acridine orange~coated slides; FCM = flow cytometry; BM = bone marrow; PB = peripheral blood; CP = cyclophosphamide: SEM = standard ervor of

the mean; RCVY = percent cosfficient of variance.

“Values are the mean of three separately coded, but identical, samples. By “Pooled” it is mcant that like-method data from three or four laboratories were

combined for these calculations.

Most laboratories detected a reduction in %RET for the CP-
treated rat (see Table 2). However, this was somewhat variable
across microscopy-based laboratories, espccially when the
MeOH-AO technique was used to cvaluate bone marrow
specimens. In two of the three laboratorics that scored both
bone marrow and peripheral blood, peripheral blood measure-
ments- demonstrated greater CP-associated reduction of
%RETs than in bone marrow. Intra- and interlaboratory %CV
values for the replicate RET analyses are prescated in Table 2.
Flow cytometric measurements were motre consistent within
and across laboratories than microscopic scoring. For instance,
vehicle control specimens’ %CV for pooled laboratory MeOH-
AO/bone marrow data was 13.6%, while the corresponding

blood-based analyses for flow cytometric, SV-AQ, and MeOH-
AQ techniques were 1.93, 6.5, and 12.5%, respectively.

The interlaboratory %CV values for MN-RET determina-
tions and the intralaboratory %CV values for the triplicate
blinded analyses conducted within each laboratory are pro-
vided in Table 3. The flow cytometric analyses demonstrate
superior infra- and interlaboratory consistency relative to both
microscopy-based methods. %CV values for MN-RET meas-
urements performed on vehicle coatrol blood specimens pooled
across like-method laboratories were 26.5, 94.3, and 85.6% for
the flow cytometric, SV-AO, and MeOH-AO methods, re-
spectively, and 80.5% for MeOH-AQ scored bone marrow.
Analogous %€CV values for CP blood samples were 7.6, 24.7,
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MeOH-AO / Bone Marrow Repeatability (RET)

100 5
a a Condrol
u CP
80 '_"'.’_:1
" e
W60+ I
2
2 sl
<
20
ol . _— % RS e
LI(1) Li(2) L9(1) L8(2) L10(1) L10(2) L11 (1) L11(Q)
Laboratory (Analysis No.)
FCH / Blood Repeatability (RET)
8
b 8 Controt
aCp
8
&
X
a 4
< - -
Z :~", r‘
2 / }..

L1 L1211 (3).L2(1) L2(2) 12(3) L2 (4) L3 (1) L3 (2) L3(3)
Laboratory (Analysis Ho.)

FIG. 3. Values are the mean of three identical, but separately coded,
samples. Panel (a): The average frequency of bone marrow RETs (%RET) as
measured by the standard MeGH-AO microscopy technique are graphed (with
standard error of mean {SEM] bars). These data were collected on two separatc
occasions at each laboratory. Panel (b): The average frequency of peripberal
blood RET as measured by the flow cytomstric (FCM) technique arc graphed
(with SEM bars). These data were collected on three or four separate occasions.

and 48.2%, respectively, and 29.1% for MeOH-AQO scored
bone marrow.

Fold difference values based on cach laboratory’s average
MN-RET frequencies, as well as for like-mcthod pooled data,
are also presented (Table 3). It was somewhat surprising that
the fold difference in MIN-RETs between vehicle and CP-
associated blood specimens, as well as absolute MN-RET
frequencies, were no higher with the flow cytometric or SV-AQ
techniques than with the conventional MeOH-AO method as
it has been reported that restriction of MN analysis to an
immature RET cohort based on RNA content or CD71 expres-
sion levels could reduce, if not eliminate, the influence of the
spleen’s erythrophagocytotic activity (Abramsson-Zetterberg
et al., 1999; Hayashi et al., 1992). Splenic activity and its
effects on assay sensitivity for blood-based analyscs have been
investigated thoroughly, and these data are discusscd in a
companion paper that appears in this issue (MacGregor et al.).
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FIG. 4. Values are the mean of three identical, but separately coded,
samples. Panel (a): The average frequency of bone marrow micronuclcated
RETs (%MN-RET) as measured by the standard MeOH-AC microscopy
technique are graphed (with standard exror of mean {SEM] bars). These data
were collected on two separate vccasions at cach laboratory. Panet (b): The
average frequency of peripheral blood MN-RET as ineasured by the flow
cytometric (FCM) technique are graphed (with SEM bars). These data were
collected on three or four separate occasions.

Intralaboratory Variability Across Time

In addition to the inter- and intralaboratory analyses, an
evaluation of scoring reproducibility over time was studied.
This was accomplished by having flow cytometry laboratories
analyze coded peripheral blood specimens on three or four
different occasions, while triplicate vehicle and CP bone
marrow slides were submitted to L9, L.10, and L11 laboratories
for analysis on two separate occasions. Reagents were prepared
separately for each day of analysis. The resulting repeat-
analysis RET data are presented in Figure 3 and demonsirate
higher reproducibility for the multiple flow cytometric analyses
compared to MeOH-AQ.

As with RET enumeration, repeat-analysis MN-RET mi-
croscopy data were also quite variable. For instance, laborato-
ries using the MeOH-AO method reported average CP-induced
valucs that differed from their original mean reading by 19.4,
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50.9, 584, and 8.6% (L1, L9, L10, and L11, respectively; see
Fig. 4). Repeat-analysis MN-RET data generated by the flow
cytometric technique were considerably more reproducible as
average values were all within 11% of the originally reported
mean frequencies. It should also be noted that the fourth flow
cytometric analyses by L2 was performed more than 2 years
aflter blood fixation, demonstrating this procedure’s compati-
bility with long-term storage of fixed blood specimens.

CONCLUSIONS

Distribution of replicate bone marrow and blood specimens
obtained from single rats that were first shown to exhibit
steady-state spontaneous or genotoxicant-induced MN-RET
frequencies were used to assess inter- and intralaboratory
scoring variability using two widely used microscopic and one
flow cytometric procedure. These results demonstrate that the
quantification of MN-RETs benefits from an objective flow
cytometry-based method of data acquisition. The flow cyto-
metric method provides beuter reproducibility, and the high
throughput capability allows interrogation of tens of thousands
of RETs per specimen. Enhanced scoring precision is impor-
tant as it is mecessary to offset the spleen-dependent loss of
dynamic range observed in peripheral blood relative to bone
marrow—a phenomenon that was ohserved in this as well as
other reports (MacGregor et al., this issue; Wakata er al., 1998).
A recent report by Torous ef al. (2006) delineates the con-
sequential improvements to assay power when the number of
cclls scored per specimen is increased and supports this view.

Beyond overcoming lower genotoxicant-induced MN-RET
frequencies in blood relative to bone marrow, further incentive
for automating rat peripheral blood MN-RET measurements
comes from a recent recommendation of the In Vivo MN Assay
Expert Group of the International Working Group on Genetic
Toxicology Testing (IWGT; Hayashi et al., in press). Specif-
ically, IWGT has recommended that a sufficient number of
RETs should be scored to ensure that the MN-RET counting
error is kept below the level of interanimal variability. This
allows the sensitivity of the experiment to be limited by the
variability of spontaneous MN-RET frequency among animals,
rather than being limited by the statistical variation of count.
Based on the flow cytometric scoring of 20,000 peripheral
blood RETs from each of the 15 control animals from the
three experiments reported in the MacGregor ef al. companion
paper in this issue (laboratory L2, the reference laboratory), we
find that the mean incidence of MN-RET £ 1 SD is 0.11% %
0.045. This is a 41% CV. Poisson distribution theory allows
us to calculate that 6 MN-RETs per animal must be scored to
limit counting error to this level of variation (SD of the
Poisson count = +/absolute count). At a spontancous MN-
RET frequency of approximately 0.1%, this means that an
average of 6000 RETs per individual need to be scored for

micronuclei in order to achicve a CV that is at or below the
interanimal variance. This is a significantly higher number of
RETs per animal than requircd to be scored under the current
OECD MN assay guideline (which recommends scoring 2000
RETs per apimal) and is difficult to achicve by manual
microscopic scoring.

In conclusion, the data presented herein and in the companion
paper that follows support the growing comnscmsus that rat
peripheral blood can be used to perform in vivo MN tests more
effectively than the standard bone mamow-bascd assay. The
ability of the described automated scoring procedurc to greatly
enhance the precision of MN-RET measurcments overcomes
the somewhat attenuated genotoxicant-induced frequencics ob-
served in peripheral blood relative to bone raarrow. This conclu-
sion is supported by experiments described in the accompanying
paper whereby intact and splenectomized rats were treated with
diverse genotoxicants (MacGregor et ul., this issue).

ACKNOWLEDGMENTS

This work was supported by an intercenter research award from the Food
and Drug Administration Office of Science and Health Coordination 1o J.TM.
The contents are the sole responsibility of the authors and do not necessarily
represent the official views of the U.S. Food and Drug Administeation, the
National Institute of Health Sciences, Japan, or Health Canada. We would like
to thaok Nikki Hall for her expert assistance with bleeding and dosing pro-
cedures. Thanks also to Puntipa Kwanyuen and Dr Neal Caricllo, two re-
scarchers who were early adoplers of the flow cytometric technigue described
herein. Their experiences with an early version of the method fed to the
development of malaria-infected erythrocytes as daily calibration standards.
Confiict of interest disclosure: Litron Laboratorics holds patents pertaining to
fiow cytometric enumeration of micronucleated erythrocyte populations and
also sells kits that facilitate these analyses. The authors express their appre-
ciation for the cooperation and conuibutions of the staff of the 3 contract
Iaboratories that participated in these studies: Drs Robert Young and Rama
Gudi of BioReliance, Rockvillc, MD; Dr Gregury Exexson of Covance, Inc..
Vienna, VA; and Dr John Mirsatis and Edward Riccio of SRI International,
Menlo Park, CA.

REFERENCES

Abramsson-Zetterberg, L. Grawe, 1., and Zetterberg, (i. (1999). The micro-
nucleus test in rat erythrocytes from bone marrow, spleen and peripherat
blood: The response to low doses of ionizing radiation, cyclophosphamide
and vineristine determined by flow cytometry. Mutar. Res. 423, 113-124.

Asanami, S., Shimono, K., Sawargoto, O., Kurisu, K., and Uejima, M. (1995).
The suitability of rat peripheral blood in subchronic studies for the
micronucleus assay. Muiar. Res. 347, 73-78.

Dertinger, S. D.. Camphausen, K., MacGregor, J. T., Bishop, M. E.. Torous.
D. K., Avlasevich, S., Caims, S., Tometsko, C. R., Menard, C., Muanza, T.,
et al. (2004). Three-color labeling method for flow cytometric measurement
of cytogenetic damage in rodent and human blood. Environ. Mol Mutagen.
44, 427-435.

Dertinger, S. D., Torous, D. K, Hali, N, E., Tometsko, C. R., and Gasiewicz,
T. A. (2000). Malaria-infected erythrocytes sexve as biological standards to
engure relinble and consistent scoring of micronucleated erythrocytes by fiow
cytometry. Musaz. Res. 464, 195300,

— 270 —



MICRONUCLEL INTRA- AND INTERLABORATORY COMPARISON 91

Humada, S., Sutou, S., Morita, T.. Wakar, A., Asanami, S, Hosoya, S.. Ozawa, S,
Kondo, .. Nakajima, M., Shimada, H., et al. (2001). Evaluation of the rodent
micronucleus assay by a 28-day treatment protocol: Summary of the 13th
collaborative study by the collaborative study group for the micronuckeus test
(CSGMT)/Environmental Mutagen Society of Japan (JEMS)}—Mamimalian
Mutagenicity Study Group (MMS). Environ. 3ol Mutagen. 37, 93-110.

Hayashi. M., Kodama, Y., Awogi. T., Suzuki, T.. Asita, A, O, and Sufuni. T.
{1992). The micronuckeus assay using peripheral blood reticulocytes from
mitomycin C- and cyclophospbamide-treated rats. Mutar. Res. 278, 209-213.

Hayashi. M., MacGregor, J. T., Gatehouse, D. G., Adler, L-D., Blakey, D. H.,
Dertinger. S. D., Krishna, G., Morita, T., Russo, A., and Sutou, S. (2000).
In vivo rodent erythrocyte micronuclens assay: Aspects of protocol design
including repeated treatments, integration with toxicity testing, and auto-
mated scoring. A report from the Imternational Workshop on Genotoxicity
Test Procedwres (IWGTP). Environ. Mol Mutagen. 35, 234-252.

Hayashi. M., MacGregor, J. T., Gatehouse, D. G., Blakey. D. H., Dertinger, S. D.,
Abramsson-Zetterberg, L., Krishna, G.. Morita, T., Russo, A., Asano, N.,
e1 al. In vive erythrocyte micronucleus assay: IL Validation and regulatory
acceptance of automated scoring and the use of rat peripheral biood
reticulucytes, with discussion of non-hematopoietic trget cells and a single
dose-level limit test. Environ. Mol Mutagen. (in press).

Hayashi, M., Morita, T.. Kodama, Y., Sofuni, T., and Ishidate, ML, Jr. (1990),
The micronucleus assay with mouse peripheral biood reticulocytes using
acridine orange-coated slides. Mutar. Res. 245, 245-249.

Hynes, G. M., Torous, D. K., Tometsko, C. R., Burlingson, B., and Gatehouse,
D. G. (2002). The single laser fow cytometric micronucleus test A time
course study using colchicines and urethane in rat and mouse peripheral
blood and acetaldehyde in rat peripheral blood. Mutagenesis 17, 15-23.

MacGregor, J. T.. Tucker, I. D., Eastmond, D. A_, and Wyrobek, A. 1. (1995).
Integration of cytogenetic assays with toxicology studies. Environ. Mol
Mutagen. 28, 328337,

MacGregor, J. T, Wehr, C. M., Hiatt, R. A, Peters, B.. Tucker, J. D,, Langlois,
R. G., Jacob, R. A., Jenson. R. H., Yager, I. W., Shigenaga, M. K., ef al
(1997). “Spontaneous™ genetic damage in man: Evaluation of interindivid-
ual variability, relationship among markers of damage, and influence of
nutritional stawus. Mutat. Res. 377, 125-135.

.

Organisation for Economic Cooperation and Development (OECD) (1997).
OECD Guideline 474. Guideline for the testing of chemicaly. Mammalian
erythrocyte micronucleus test.

Romagna, F, and Staniforth, C. D. (1989). The automated bone marrow
micronucleus test. Mutar, Res. 213, 91104

Schmid, W. (1976). The micronucleus test for cytogenstic analysis. In
Chemical Mutagens: Principles and Methods for their Detection,
A. Hollaender, (Ed.) Volb. 4. pp. 31-53. Plenum Press, New York.

Tometsko, A M., Torous, D. K, and Destinger, S. D. (1993). Analysis of
micronucleated cells by flow cytomerry. 1. Achieving high resolution with
a malaria model. Mutar, Res. 282, 129135,

Teorous, ., Asano, N., Torncisko, C., Sugunan, S., Dertinger, S., Morita, T., and
Hayashi, M. (2006). Performance of flow cytometric analysis for the
micronucleus assay—A reconstruction mode! using seral dilutions of
malaria infected cells with normal mouse peripheral blood. Mutagenesis
21, 11-13.

Torous, D. K., Dertinger, S., Hall, N., and Tometsko, C. (2000). Enumeration of
micromucleated reticulocytes in rat peripheral blood: A flow cytometric
study. Mutal. Res. 465, 91-599.

Torous, D. K., Hali, N. E.. Dertinger, S. D., Diehl, M., Tlli-Love, A. H,
Cederbrant, K., Sandelin, K., Bolesfoldi, G., Ferguson, L. R., Pearson, A.,
ei al. (2001). Flow cytometric enumeration of micronucleated reticulocytes:
High transferability among 14 laboratories. Environ. Mol. Mutagen. 38,
59-68.

Torous, D. K., Hall, N_E.. Murante, F. G., Gleason, S. E., Tometsko, C. R., and
Dertinger, S. D. (2003). Comparative scoring of micronucleated reticulo-
cytes in rat peripheral blood by flow cytometry and microscopy. Taxicol. Sci.
74, 309-314.

U.S. Food and Drug Administration (2000) Office of Food Additive Safety,
Redbook (2000). Toxicological Principals for the Safety Assessment of Food
Ingredients. Available at: hitp://www.cfsan fda. gov/~redbook/red-toca btmi.
Updated on Noverober 2003. U.S. Food and Drug Administration, Washington,
D.C.

Wakata, A.. Miyamae, Y.. Sato. S.. Suzuki, T., Morita, T., Asano, N., Awogi, T.,
Kondo, K., and Hayashi, M. (1998). Evaluation of the rat micronucleus test
with bone manow and peripheral blood: Summary of the 9th collaborative
study by CSGMT/JEMS MMS. Environ. Mol, Muagen. 32, 84-100,

- 271 —



' '
JCRB #H1/t Y & S D HE

INEESL KE 8

S 1 BB IC & o TRIIE NIz JORB I8/ & [ ST FHEOMR
[ =cucapusmmzmmscRELTLS.
2 FIRICHEM LT L BHIBIO Y « 075 XTEROBRIEFAT, HRAD
BHEELAS FICHRRALTO BRSNS,
3 STR-PCR ZIC & BHIMEAFSRIE Y DR ANF ¢~V FI 2~ 3y
DRECHECHATSD.
4 IORANF v—TVF I 2~ 3 VOBERESHSHROREEESD
HUDMREWAZ SR TEH S
5 DAL AERREDOWRT, ES MK - (FSMBOBS, MRS
& JCRB i1/ 2 DS R DESIFAZ L,

Key Words /JCRB S8/, v/ a75X75%0, MEEHERs,
STR-PCRi&, Z0AMNF p—0U93 2~ 3y

JCRB NG N> 2 Ch 2.

® 2UHIC SALTHAMED LREBL2IME L TSR/ >

TO85 13, DA OFINY S > 7 X L TRI4 00 THAT =L, EaF R SRS & =L 28I

SHER RO L 5 T JCRB I /Y > 7 (hup: o cell Ny HELRRLTES, WM e —2 e
bagkaibiogojp J A L7z, MIEECIS, 2 MOk T Lo AGELUM L OIS M 2 o )ik E = . JCRB
D45 SR L A B e I B M R - e > 7 flgonll e, WYL R R F
TH U MDA 102 FERITEB (1984 1~ 1993 40123 L, HS WAL ot T4 % R 2 v R
T, MPTEeERIE N IR E LT T AD AR SRR AT - LTS, F L 20051 )
I3y Japanese Cancer Rescarch Resources Bank ! Pl T B G SO i i 2 dh -5 72 JORE Hible 73 >
TCRB ¥t Asithas S A0 20, 2 00 % 0TV RS TERINT A 22 733 KBOMAEb o Uil EE R NG Joo Iz dt
TEE T L0 o LT sl P AR fThh i/l E g XAV NP ER I R LT s S A
MR R RBRIT, B VGE S ISR X oo gt Y—brxUYABI LA

* K OHARA Arihiro. MIZUSAWA Hiroshi/ OR) ERERIF R - SIEEFHEEL

461132 o FAREGHE vol.3 no. 2 2006
— 272 —



i O /N> D

JCRB #ifa/ (U RFEIR

TIOR 1447
15%

th 569 %
80 %

SERR(2002F 1 B~2005% 11 8)

& B | /&}'9\{ o ‘@Wﬁﬁ | TRETHEES BE é
2002 2408
2003 222 882 2095 2999 g
2004 294 727 2152 3173 i
2005 180 £84 1863 2737

@ JCRB W@l\/b@ﬁ:ﬁﬁﬁ?ﬁtﬁpﬁﬁﬁ A
JCRB @il > - B il tt.";' i« DRI AR B I A VL 8 (O RRTE A BT}
Ty c

e T H .

srar LRI 3000 7
() #mERIN O D=
JORBAME S > 7 o JENF L VAR AT e ks f¢

AT e Vet e, 2 U U 7255 A8 S8 TEI 0
AR, 3 s Bodin T £ R 7

TR R 2 W L FE R oo 1) 8 35 K O YE
L2 5 S bseI g8, 5 B S ph e Vit o 5 PTAY BT
HIRAIE 6 4% SEAINIE WE AT Y D A oL
FPUE S NS W~ B BLAL o>
YU - FpE L Aol

BEClE 952 F &

T LEN

Wi
’]}\\\.

AL,
R T raE
I e o pe
1E 0 L0 RO L T .
Fro RN L7 2 Bcd 3000
B L i & L (X MUz

AL AR P, AP AR Bk L
TEY, BT rw 275 Xvy L4 A
PR % il L 22 B B 48 L T % T B
JCRB #HIHg <> 7 DR B G5 2 R T o8 P o

EhaTwd,

Tl G,

1 A

T4 o T

e

LTl f""“,? 1t

ol

ft, ==t
e,

75 IR e

vol. 5

TR IR T,

CE 2R T LNOTH R AP SV S B85 (X U N

B 71 1TISATERFEL THLVEHETHS

n jt"ﬁ””d "”Jlf\ 9 {II

T D

WD hrTLv e

375 X X DA OB H S A &
Y EITHLE@ . ~ 1 275 LG CHE
FLOMBEO L0 S0 E IO THY. 5
FERUL = WAr LTI 245, Ui LT L E A% - 72
DLV THAZL-TEZ2w;, L L, Vaadhe:

Hios TODLHIEAY 4 273 Xt s Tnisn )

THHID?LTOLEME 0 EALLEDNS D

. w42

RATR S U HOFAY sE b/ R R ARSY AL | I A NS LS A 40
L SRRV L AL TLEI DL Ltk o,

Wl INDLD, T2 NI4T T x"—zi'fj";{w}{ﬁ
LONYURTH 5. GIRE JIENDOMEHA

LT~ 4 o7 7 A2 dsFErainc L & &2

— AR

DT

no. 2 20006 47 4153

— 273 —



T4 AT SXTBERES

FSROILERE

e ?4:751?&&%%*
"/f TG A B AL I
N 33258 L-wuai’xz
FE L TE e -
JUARSAE. L

OFEAFWA 54T
'L'Lff'fl

IS EATES

B RS o e R I AT S B Y
—IEe e U 2o il i O B A€ Ji T HI
DARRAET A T B IR L < ME

BALHIEE > TLES. £70, sl LT

L L A e By A I S N EER 1 PRl B 30 W 12+ 14
FHIRIZFMHIRR T AHHIIE, R ISR oHi

1T

W ARTARL I E T,

Tid. AN THRAIL A > TR L DOTHH H 7
FEDNGZITR oSS, SRR o IR
HOTERTHSL, Fluh 2L TLE-LO LA
L&, 71 Lo2h EHEHRS M S0 oR 8%
fEOBRTERAIOHBNKATLEZ ENH D, 45 UIH
oo LICk 23y ot d, MUK E v
LD AN > TOL RELZE oM UM A
WAL Eh, BholiRi bl edffLCLEIAY
LB ETIRBR VS 9 70 2 ZHANGHON T8
TwbHNTH5D DR FE R
HANGLH. WA DT I AR AD RN R R
i3 LY ¢l
B -2 L £Z STy A,
BERAKLRC I S IIT 52, BB
I, BT - TR, BL 2
1 A7 AT HD AL & 7

B ADEERMET

Rifed 2HOB L o) 3554

TSI ENS &2

48 150 UKL ARER

- R I Ay
,\4m,,A”

SRR L Y AR

AN WP ni]‘{“

.7"/ Xy Cdh D, F

O A T T AR

STR-PCR &l & MRMMZ BT 2

1951 442 HeLa shlg s v 3o 2 &8s 420,
Z { DWFRH IR P L vk Mlrko s sl iy oo
VASRER LA B A K L 220 Gander: T
B, TA L LD Hela IR X7z b
Hw o> % < 45 Hela filld-Tlddevink
1900 EACOFE T2 D Jelfreys' HAYDNA 7 ¢ &
H—=TU b L. & DNA LA TES S
:tﬁwﬁit%ﬁtt.%mﬁ,:mhﬁﬁwww

fEADIH &S N 5 BT ISES, BIET

RSN MDY AR Al

&

% Short Tandem Repeat-Polymerase Chain Reaction
ISTR-PCR) & & U Tl o B8 e ot i & L -OoAy
Loodhyd, STR-PCRIEEWR Y A0 {f iy 52~
BB Ne A 5 7% 5 <O LRSI LICAGI n, GCin &
EDCHRLMBLIHALERSDL I LD, TOME
WEE G552 2028 » TN % FikTa b
(2@

JCRB Mg < 2 ¢t
HURLEZINY AduT, L 2o Mk RS a1y
TAEMAEZIRLTTF—F ZHRL, [ AT 200

t

j[;n:'\(
REL 7, SOF— ¥ NX— R %A

SO HihE 1999 KA S e

I L O T S i

no. 2 2006

— 274 —



b N 1{]{30&%9 g5 STR-PCRiE=DNA @/\Eﬁfh%{'
STR = Short Tancem: Repeaat S8R ITECH))

EH O BN

O STR #EIEEHT

8 <DIELE (2

,\\__n’

HrolaZ B3, b b ERIRC

‘_:%

L DITUAS

NFry—2 % 3I45—3a s J0 AR D) RS
LTl nway I THhDH, JILETICRBAN S 2
‘qlq‘ f,_L b H'JL 4 u.}C'ﬁ" ]L.?(L‘ 560 f"—'(/is'{'t\(/‘)

0% THDLA, FOHL 32 HE 62w sraAh
Wy —30 % 30— a B0 alz0THhs, 2
OFFGFHLEHETEE RS TJCRB M > 70
R— L R— T TRMLTV O TRIBEZIIL Th?s
% 7= thup: s cellbank.anibio.godp Ht, TJCRB Celi

N

AN

Bemk_'@ Cell ID O
2, JCRB Aiw s 2
Vi BEUEASA dik oMl

Ja A S F B O HE O T L

‘llh e [3){
H ey )w);‘i'dil.l]a/\’ A

LTG5,

THI & BT TAL
kST A R I VA T A A
ﬁ}f’fr’é&'lﬂﬂ 2hTHY,
. JCRB #t
PCR BERr o KlD 3 b,

/_

v e

LT

3
lo AL

I‘

S IOV

Hus<s> 722 oodllne) STR-

MR HeLa e 2] e bas sz
@y, > )13 HeLa fllilwoy Adidsd g L HE Rl #

NAENOMPRE 7 X b BERS T

(SIS ATAE 1] 1 AV
l}_r

- N
HaebBIho7:

o AR

Vol

D

Foto
TEXGEE

E®@ STR-PCRZEODOERE Tk
il A ,J‘/)aﬂi D »>4 HEOMGIZ{iET 2
% B’“D?rf?lt’q'f‘;l.url z
LHMI I B N
THEY, STRik
B E 2 R D

>
A ]

MHRT

{1 PRTARCES

2 - 1;21;;?'={-‘;‘1" N B e TV LS
L<uwv &, ZOMBMOS I
mPCR 77 4~ —%32¢ LTSTR itd 100

~ 300 HEHEIT O X0 DNA 8% PCR I
- TR L

£ CAOEIG Y R T e
ST FTAF S s T
U HeLa BN A TH L S & 28 LAz #Hilao
ARBOYPEDRFHTRI SZ2ODY S TEA
A%, BUEEodilie 2 FUH L THPE L O S 0098 &1
WK EOL IR ELTLCDIEHRLTCnD, 20

salzraAihnFy—3r%
I ELE D D¢
DThHA.

I4—-ar l;:’i g ﬂ';"

TIRALMEE Y ahue Lol

@) JCRB #i2/\> 7 OSEDEEIFKEN

PLREMALIZE S

rl\
& BT

2

JCRB & /<
Al L EE R B IS
v MY LR ART A E BAVCT AL oML
EHARHIIERTED L5275 DFERMAD
AN L2 A D0 TE R VA L ALE S 5
Rl 3 2 D ZAUZINM L TR
B A g AP E LTS, LHAASIHET
LWHMMELE e h » b T TR VA EATIES T R
TR YA Mg 7 CHHE LT
M#de Fizlhs+ 240 Tcho b e 82 5

o id, NG

o T&2H, HEE,

Fu
£ D7z,

L

R A IS

co* 2. -
Lz < [

B BiF

—

47
1

A

k"

':1

o

no. 2 2006 4935

— 275 —



N5 B Rty 3 (R B L (A ol 3 (o
T HBLERHDIOTIELGTELIDELZIELY
eI HTHDL.

70, Kgila oMz »uTid, w437y
Zei e {rlE, ZHIN - VIR I, 3T A4 VW
4 LM & DRI R ofkiE, 42 STR-PCR i
o P OMESN T LT 2R ER L TEL

i FEEAL TR GHTOTHOBME L 4
VAT & DR AR A B DL DR HER I i
LT CHINIC E  ORTTEIIEAEA TV B A5 #lieE
WA 2 PEHE LB 4 0L A e RALHTCT D L.
JCRB# N> 7T 7 4 L Rl AT 04 7553
BTHDHE L TR T L.

IS 2 AL U T L IR S Ao AT H 2 Rilg ¢
KA ERVINTGL, B R TIE ES A< ikt
VR & LIEN D LA LR & o 2B ORI O W
FINAEATHS, TRk bOEELRDATIER W
IER 0 vitvo T TR ZIEEIITHGOIEHHETH
Ve SNOOBEMA LI D 2 LI JCRB Al /s >
7 HHBIIZ D A T D,

WF 52 FAETE LS BN B i & N9 4 LU AT
OFBAEFIRETH O, ZHFTICH JCRB My s

Eral =9

Ctan

501 156) R LG

B XAt Loy By mi it Bk 2 ORY AL OHI KD #L A

YETRENSOM LB T HHETEEL T2,

I
43

b YA RO TN L T, R CREBHT RO, i

filF e

T LI TV ELVWE E2 TV,

3}

vol. 5

— 276 —

R ARC, WHAYBIZNT 2w {vhd}
JCRB #ilg 3> &

LIV RN SNV /820 5 AL R I/ R o g1 At
M e mE7E =

T 567-0085 KBFRANEAH S & 7T-6-8
Wl 072-641-9819, FAX 1 072-641-9851
e-mail . cell@nibio.go.jp

iR L= 270 http:. - celthank.nibio.go.jp.

% B
Gey G.O ot o @ Tissue culture studies of the prolifera-
tive capacity of cervical carcinoma and normal epitheli-
um. Capeer Res 12 1 264- 265, 1951
Gartler SM er al . Apparent llela cell contamination of
human heteroploid cell lines. Natwre 217 7 750- 751,
1068
Jeffreys A) o «f © Individual-specific fingerprints’ of
human DNA. Natwre 316 2 76-79, 1985

no.2 2006



Chromosomal Instability in Human Mesenchymal Stem Cells Immortalized with Human
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SUMMARY

Human mesenchymal stem cells (hMSCs) are expected to be an enormous potential source for
future cell therapy, because of their self-renewing divisions and also because of their multiple
lineage differentiation. The finite lifespan of these cells, however, is a hurdle for clinical application.
Recently, several hMSC lines have been established by immortalized human telomerase reverse
transcriptase gene (hTERT) alone or with hTERT in combinations with human papillomavirus type
16 E6/E7 genes (E6/E7) and human proto-oncogene, Bmi-1, but have not so much been
characterized their karyotypic stability in detail during extended lifespan under in vitro conditions.
In this report, the cells immortalized with the hTERT gene alone exhibited litle change in
karyotype, while the cells immortalized with E6/E7 plus hTERT genes or Bmi-1, E6 plus hTERT
genes were unstable regarding chromosome numbers, which altered markedly during prolonged
culture. interestingly, one unique chromosomal alteration was the preferential loss of chromosome
13 in three cell lines, observed by fluorescence in situ hybridization (FISH) and
comparative-genomic hybridization (CGH) analysis. The four cell lines all maintained the ability
to differentiate into both osteogenic and adipogenic lineages, and two cell lines underwent
neuroblastic differentiation. Thus, our results were able to provide a step forward toward fulfilling
the need for a sufficient number of cells for new therapeutic applications, and substantiate that
these cell lines are a useful model for understanding the mechaniéms of chromosomal instability
and differentiation of hMSCs. '
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