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With the sequencing of the mouse genome nearing
completion, experimental biology is entering a new
era. The mouse is the primary experimental organ-
ism used to define mammalian gene function and
model human disease. Besides the advantages it of-
fers with regard to size, generation time, and evolu-
tionary proximity to humans, the availability of
inbred strains makes the mouse highly amenable to
genetic investigation. Inbred strains enable re-
searchers not only to eliminate genetic variation as a
consideration when measuring the effect of genetic
or environmental manipulations, but to exploit it in
classical genetic studies designed to identify genes
involved in specific biological processes. There is,
however, a lack of baseline phenotypic data per-
taining to most commonly used inbred strains, and it
is only recently that an attempt to generate such
information has begun.

Initiated in 1999, the Mouse Phenome Project
(MPP) is an international collaboration designed to
coordinate the phenotypic characterization of inbred
mouse strains (Paigen and Eppig 2000). The MPP
maintains a universally accessible repository for
protocols and raw data which are available for on-
screen viewing and downloading, in addition to a
catalog of other published studies examining par-
ticular phenotypic differences between inbred
strains. Key areas for which raw data sets can already
be downloaded include behavior, cardiology and
circulatory physiology, disease susceptibility, obes-
ity, consumption, gastrointestinal and liver physi-
ology, and neurology. The database can be found at
http://www .jax.org/phenome.

In the present study, clinical hematology pa-
rameters were measured for 16 commonly used
strains of inbred mice by performing complete blood
cell counts (CBCs) on peripheral blood samples. All
mice were obtained at 8 weeks of age from The
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Jackson Laboratory (Bar Harbor, Me.) with the ex-
ception of 129S6/SvEv mice, which were obtained
from Taconic (Germantown, N.Y.), and housed in a
specific pathogen-free (SPF) environment.

Between the ages of 12 and 16 weeks, 150 pl of
peripheral blood was drawn by retro-orbital punc-
ture with a Pasteur pipette. Although it has been
suggested that CBCs obtained via this method
should not differ significantly from counts per-
formed on samples acquired by cardiac puncture
(Sluiter et al. 1985), in our hands retro-orbital
bleeding gave far more consistent results (Fig. 1A).
Blood was collected in Microtainer brand tubes
containing K,EDTA (Becton Dickinson, Franklin
Lakes, N.J.), and samples were analyzed with a
Cell-Dyn 3500R automated veterinary hematology
analyzer (Abbott Diagnostics, Santa Clara, CA)
according to the manufacturer’s instructions.
EDTA is preferable to heparin as an anticoagulant,
largely owing to the tendency of heparin-treated
blood samples to undergo platelet aggregation and
hence produce false platelet number and mean
platelet volume readouts (Kawamoto et al. 2000;
Muriithi et al. 2000). In addition, heparin is un-
suitable for leukocyte counts or blood smears. Al-
though previous studies have established the
veracity of the Cell-Dyn 3000 white blood cell
differential counts performed on human peripheral
blood (Van Leeuwen et al. 1991; Cornbleet et al.
1992), the accuracy of the 3500R veterinary ana-
lyzer differentials was confirmed here through
manual inspection of peripheral blood smears
obtained from male and female C57BL/6] mice
(Fig. 1B).

The results of the automated CBCs are presented
in Table 1 and Fig. 2; the raw data set is available
from the MPP online database. Nine commonly used
inbred strains (129S1/Svim], A/J, BALB/cBy], C3H/
HeJ, C57BL/6J, CAST/Ei, DBA/2J, FVB/NJ, and SJL/J)
were initially recommended as high priority for
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Fig. 1. A. Comparison of the impact of retro-orbital and
cardiac puncture bleed techniques on peripheral blood cell
values. At 12 weeks of age, 150 pL of peripheral blood was
drawn by retro-orbital (RO) puncture from 14 male (black
bars) and 15 female (light bars) C57BL/6] mice and ana-
lyzed with a Cell-Dyn 3500R automated hematology an-
alyzer. Two weeks subsequent to RO bleeding, 250 pL of
blood was drawn from the same group of mice by cardiac
puncture (CP) with a 23G needle mounted on a 1-mL
syringe, and the same analysis was performed; male (dark
bars) and female (white bars). Blood drawn by cardiac
puncture generated lower erythrocyte counts, hemoglobin
levels, and hematocrits, presumably the result of red cell
lysis. Platelet numbers were also lower, potentially the
result of undetected micro-clots. For reasons not entirely
clear, differentials were more variable when blood was
drawn by cardiac puncture. Given that WBC numbers
tended to be lower, we speculate that this variability may
be due to random lysis of leukocytes during blood draw-
ing. Previous work in this laboratory confirmed that any
CBC perturbations resulting from RO bleeding are re-
solved within 2 weeks (data not shown), and we therefore
discount the possibility that prior RO bleeding affected
the CP results in the current study (* = P < 0.0005). B.
Comparison of Cell-Dyn 3500R automated hematology
analyzer leukocyte differential counts performed on 14
male (black bars) and 15 female (light bars) C57BL/6J
peripheral blood samples, with manual differential counts
performed on peripheral blood smears from the same
mice; male (dark bars) and female (white bars).

baseline characterization by the Steering Committee
of the MPP (Paigen and Eppig 2000), and these
strains form the basis of the present study. In addi-
tion, CBA/J], CBA/CaJ, 129S6/SvEvTac, BALB/c],
C3HeB/FeJ, and C57BL/10] were also included. Pe-
ripheral blood cell parameters exhibit differing levels
of natural variation between mice of the same sex
and strain. Although hemoglobin levels (HGB),
erythrocyte numbers (RBC), mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin (MCV),
and mean corpuscular hemoglobin concentration
(MCHC) show little fluctuation, leukocyte (WBC)
and platelet numbers (PLT) vary considerably be-
tween sex and age-matched animals.

In general, the CBCs of each inbred strain ex-
hibited minimal sexual dimorphism, although the
majority demonstrated small, but statistically sig-
nificant (P < 0.005 after Bonferroni correction using
Student’s t-test) differences in one or more values,
typically centered on the various erythrocyte indi-
ces. More tangible were the differences observed in
platelet numbers, with several strains (e.g., C57BL/6;
male 1311 +79 K/uL, female 1080 +79 K/uL,
P < 3.2 x 1077), exhibiting an apparently real dispar-
ity between the sexes. Table 1 also illustrates that
leukocyte differentials for male mice are often less
consistent than those of female counterparts. In ad-
dition, total white cell counts are typically higher in
males. These observations can probably, at least in
part, be explained by the fact that males were housed
in groups of three to five for this study, with general
scuffling and fighting resulting in raised neutrophil
counts in some mice.

Inter-strain comparisons reveal a large number of
statistically significant differences across the full
range of peripheral blood cell values; while too nu-
merous to discuss, several general themes emerge.
As expected, a high degree of similarity was seen in
the CBCs of related strains, particularly substrains.
While MCHC exhibited very little fluctuation, the
remaining red cell parameters varied markedly be-
tween strains (Fig. 2). Notably, FVB/NJ mice dem-
onstrated the lowest hemoglobin levels and
hematocrits (male and female averaged values of
14.1 g/dL HGB, and 41.8% HCT), whereas 12951/
Svim] mice showed the highest (16.1 g/dL. HGB,
48.7% HCT). A general inverse correlation between
erythrocyte numbers and corpuscular volume was
observed, best exemplified by DBA/2J and C3H/He]J,
which represent the highest and lowest values for
both parameters (male and female averaged RBCs
DBA/2J 10.8 M/uL C3H/HeJ 8.7 M/uL; MCVs DBA/
2] 41.5 fL, C3H/HeJ 49.1 fL). All strains exhibited a
similar red cell distribution width (RDW), with the
exception of CAST/Ei, which displayed a signifi-



Table. 1. Complete peripheral blood cell counts for 16 inbred mouse strains

WBC N L M E
(K/uL) (%) (%) (%) (%)

RDW
(%CV)

MPV
(fL)

PLT
(K/uL)

MCHC

(%)

MCH

HCT MCV
(fL) (pg)

(%)

HGB
(M/uL) (g/dL)

RBC

Strain/Sex (n)
C57BL/6]

20=1.1
2.8

1.8 +2.4
1.3 0.8

86.2 + 4.1

3.6
7.7+1.9

9.5

6.2 +2.7
59=+1.1

188 + 1.2

0.1

148 +£05 454 +1.7 472+ 1.5 154 £0.3 32.6 0.5 1311 £ 79 4.1

9.6 +0.3

10.2 £ 0.3

M (14]
F (15)
C57BL/10]

1.0

87.9 + 2.2

45.1 0.5 151 0.2 33.4+03 1080 + 79 4.2 +0.2 175+ 0.7

46.2 1.2

154 £ 0.3

14 2.9 £ 0.9
1.7 2.0

2.2 +

1.9

H

12 9+1.2 888

1.0

0.9

H

17.7

42 +02
45+02

433 +1.3 44.5 + 0.4 144 £ 0.2 32.5+0.3 1162 + 68

14.1 £ 0.4
14.6 £ 0.3

9.8+0.3
9.9 +0.2

M (10)
F(9)
129S6/SvEv

+1.3

1.8 +

90.0 £ 2.7

+1.3

6.1

5.5

17.7 £ 0.7

44.7 + 0.5 14.7 £ 0.1 32.8+0.2 1086 + 63

444+ 1.0

1.6 +0.6
30+24

125+ 3.7 84.7+4.3 1.3 +04
1.5+

+1.5

8.8

190+ 1.4

3.7+0.1

762 = 141

32.7+03

159 +0.2
16.1 £ 0.3

149 +1.1 457 +34 485+04

9.4 +0.7

9.6 +

M (10)
F (10
12981/SvImJ

0.8

13421 820=+37

784 = 87 3.6+0.1 18.1 £ 0.5 94 +23

33.1+0.2

48.6 + 0.6

155+04 469+13

0.3

1.8 +0.7
5.6+3.2

485+ 1.2 46.6 £ 1.1 153 £0.3 32.9 £ 0.5 733 + 47 3.7+0.1 18.7+ 1.0 8.0+1.3 140+3.0 815+38 26=x19
3.6+0.1 1.0+ 0.9

16.0 £ 0.5

104 £ 0.2
104 =

M (15)
E (15)

CBA/CaJ

82.9 +5.1

7.6+1.4 10.5 +2.3

18.3 £ 0.9

48.8 £ 0.8 47.1+0.5 15.7 £ 0.1 33.3+03 746 = 64

162 + 0.4

0.2

2.3 +0.7
2.1+04

2.1+25
1.9+ 1.8

81.7+3.5

13.0 +3.7

1.6

8.1 +
6.4+19

165 +0.7

175+ 1.1

45+03

46.5 £ 0.5 15.7 £ 0.3 33.7 0.7 1090 = 179
4.6 04

452 1.4

152 £ 0.5

0.3
0.4

H

9.7 £

M (15)
E (15)

81.2 +2.8

145+ 3.4

931 £ 110

163 £ 0.5 342 £0.9

47.7 + 1.0

453 £ 1.7

155+ 04

95+

<+~ O o
S oo o
HoH HoH +
| RO
— — N
O A~ o~
S ~S o~
H oH +H o+ +
o e
o= oda
AT Qo o
e o
HoH HoH +
now o~ o
—— A 9
0w NN ®
—S Qo 9
na o o
HoH HoH +
T MY o
o —~on ©
— — N — —
O n® 0
— — O —
HH HOH +
© A
<+ < O ©
QX R 9
—S oo o
HoH HoH +
M oY Q
o NO N
_— .= =
@ dn 9
oo oo o
HoH HoH +
o v
<+ < <
<2 o~ O
) — O M~ —
H o4 HoH +
O v o
o — D o0 ~
Son O&a o
et =1
dwn T <
oSS oo o
HoH HoH +
Noy oo A
oo <+
B wed o
So oo o
HoH HoH +
QAR QO A
TNt BEN-RN NG
_— m—= =
own o0 9
Sococ —~o o
HoH HoH +
Nno 1nwo W
NN ow N
T T3 <
Q< @
o~ — — —
HoH HOH +
O - \O o0 o
s < <
<< o< <
oo oo J
HoH HOH +
N o N
< < <
— — —
Y e ™
oo oo
HoH HoH +
AO Voo
BN B D
—
o B
S=%Y0 ==
SZ2L=S8
SSafsais
] o] O

O [©)Wes) [N
S S~ ~o
+ +H o+ +H o+
® =9 Tq
—~ dda dd
S Y g%
S G —~O
+H +H 4 +H o+
® nNe M
— un —
o 9o wno
a4 St oo
+ +H o+ +H o+
0w oo wnm
~ 0O <\
0 N~ oo 0 0
<+ g9 aq
N wnwn NN
+ +H o+ +H o+
S wnw— Qg
<+t o~ ~O
IRC S et
L R
— — — O
+ +H o+ +H 4
0 N~ \O O M~
B N© W
- X 0\
-~ A0 oo
+ +H o+ +H o+
N g NN
N ow Y9
R s
a Ny N~
S So oo
+ +H o+ +H o+
N NN Qo
<+ < o<
<t O Kol Ye)
© OB <O
— —— —
H HoH HoOH
N O~ omw!w
N~ N 0 w M~
o = <¥q

L
5 $Y dx
S oo oo
+ +H o+ +H o+
o [©)es) N o=
<+ oo o9
O 0w O™
[ S B B S
o oS oo
+ +H o+ +H o+
© No a®
S Bt w6
_ A A
<+ 99 oY
S oo og
+ +H o+ +H o+
<+ —~o oo
6 = B8
+ < <<
® M= QoY
— N — ——
+ +H o+ +H o+
o wo N~
® Wt =
+ < <<
wn O o0 o <t
S oo oo
+ +H o+ +H o+
N oaenN =g
<+ wud <<
— —— —
o Mo o<
c oo oo
+ +H o+ +H o+
o = 0o
X —3S Ao

——
TalieziE
:‘,2“:\":
mmzmgzm

A =

1.4+ 0.6
1.4 £ 0.6

09 +0.7
2.7 +2.3

86.2 = 6.0

114 + 6.0

+1.8
+0.8

174 + 1.0 6.2

43 £0.1
43 +0.2

33.7+03 1103 + 120

15.1 £ 0.2
154 + 0.3

44.8 £ 0.5

14505 429=+1.6

0.4
0.4

9.6 =

M (8)

84.4+25

114 + 3.0

4.7

17.9 £ 0.8

1177 « 87

340=+03

150+03 442+12 45.1 £0.8

9.8 +

F (10
CAST/Ei

2.3+2.0
1.6 £ 0.5

1.2 +0.7
0.7 0.5

87.7 +3.5
90.2 +

8.7 £3.2

6.7 £0.7

+1.8

5.5

23.0+2.4

0.8

4.1 =

3.5

15.6 £ 0.5 33903 1201 + 167

459 1.3

458 £ 1.5

155+ 0.4
154 £ 0.3

10.0 £ 0.6
10.6 =

M (9)

2.7

14.5 £ 0.6 33904 817 + 61 +04 202 + 1.3 5118

1.3 429 £ 1.4

0.6 453 =

E (10)
BTBR/NJ

1.3 £0.3
1.4 £0.5

1.5

2.3 +

81.5+2.38
82.0+2.5

145+2.4
135+ 1.9

+13
+1.2

8.9

0.6

H

16.5

+0.1

14404 42509 472 +0.5 16.0 £ 0.2 34.0=+0.3 1137 + 65 3.6
43.2 =

9.0+0.2
8.9 +0.2

M (10)
F (10)
BALB/cBy]

2.5+0.8

48.4 £ 0.5 16.5+0.2 34.1 £0.2 1044 + 58 3.7+0.1 17.0 £ 0.8 9.4

0.8

14.7 £ 0.2

1.3 3212

1.9 +

81.1 +3.6
84.1 +3.1

13.6 £2.9

5716

175+ 0.6
6.2

17.2 £ 0.8

44 +0.1
45 +02

1315 + 141

342 +03

15.8 £ 0.3
16.0 £ 0.2

462 +1.0

444+ 1.5

152+ 0.4
16.0 = 0.5

9.6 +0.4
10.0 £ 0.3

M (15)
F (15)

1.0

3.3

1.2 £ 0.6

11.1 £ 3.3

+ 1.2

1087 + 124

34.8 +0.2

459 £ 0.4

46.0=1.3

BALB/cJ

M (9)

+0.9

2.5

1.4 +09
2.0 £ 0.8

43.0=x1.4 46.7 £ 0.5 16.0 £ 0.2 343 +03 1132 + 147  4.6+0.3 16.8 £ 0.7 3.6+1.7 202 +£34 758=x40
45+02 80.0 =

148 £ 0.6

0.3
0.3

9.2

2.9 +1.0

4.8+1.2 148 £ 3.1 3.6

16.0 £ 0.8

94 + 155+03 44.1+0.8 472 +0.8 16.6 £ 0.3 35.1=+02 1181 + 67

F (10)

SIL/]

2.0+0.7

2.0

1.4 +04
2.1 =

90.6 £ 2.1

wn

58 + 1.

105 +2.7

53 +0.6 19.6 £ 2.0

52 +0.3

32.1 £0.5 1012 + 207
1054 + 152

151 +0.3
153 £ 0.3

472+ 0.6

wn

1.

445+ 1.6

+H

42.6

w

13.7 = 0.

9.0+04

9.5+

M (14)
E (15)

+0.9

0.6

88.2 2.4

+1.6

7.4

+ 1.7

184 +1.2

468 +1.0 32.8+0.3

14.6 £ 0.5

0.4

n, Number of mice from which blood was analyzed. Values given are mean + standard deviation.

hemoglobin concentration; PLT, platelets; MPV, mean platelet volume; WBC, white blood cells; N, neutrophils; L, lymphocytes; M, monocytes; E, eosinophils; basophils (not shown) <1% in all strains

RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; RDW, red cell distribution width; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
tested.
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Platelet number and mean platelet volume
(MPV) displayed highly significant variation. Inter-
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K/uL) and 129S1/SvIm] (male 733 = 47 K/uL, female
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in the peripheral blood of commonly used laboratory inbred

Leukocyte numbers, while subject to considerable
individual fluctuation, did vary in a statistically
significant fashion, both in total number and differ-
ential counts between strains. Extremes for total
white blood cell numbers are represented by BALB/c]
(male 3.6 + 1.7 K/uL, female 3.9 = 1.2 K/puL) and
129S6/SvEvTac (male 8.8 + 1.5 K/pL, female 9.4 + 2.3
K/uL, P < 6.1 x 107°), while the differential counts
reveal that peripheral blood from C3H/He] mice
contained the lowest proportion of lymphocytes
(male 72.3 + 14.0%, female 75.7 + 4.3%), and C57BL/
10 the highest (male 88.8 + 1.9%, female 90.0 =
2.7%, P < 2.0 x 1077).
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In conclusion, this study comprises the first
comprehensive examination of CBCs in commonly
used laboratory mouse strains. These data demon-
strate that a high degree of strain and sex-related
variation exists in the peripheral blood cell values
of the 16 inbred mouse strains examined. In addi-
tion to illustrating these differences, the data pre-
sented here provide useful baseline parameters for
further studies such as mutagenesis screens and
analyses of quantitative factors that influence he-
mopoiesis.
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