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Different effects of long-term and short-term repeated restraints on the hematopoietic

stem cells in mice
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Abstract: Humans with chronic psychological stress are prone to develop multiple disorders of body function including impairment
of immune system. Chronic psychological stress has been reported to have negative effects on body immune system. However, the
underlying mechanisms have not been clearly demonstrated. All immune cells are derived from hematopoietic stem cells (HSC) in the
bone marrow, including myeloid cells which comprise the innate immunity as a pivotal component. In this study, to explore the effects
of chronic psychological stress on HSC and myeloid cells, different repeated restraint sessions were applied, including long-term mild
restraint in which mice were individually subjected to a 2 h restraint session twice daily (morning and afternoon/between 9:00 and
17:00) for 4 weeks, and short-term vigorous restraint in which mice were individually subjected to a 16 h restraint session (from 17:00
to 9:00 next day) for 5 days. At the end of restraint, mice were sacrificed and the total cell numbers in the bone marrow and peripheral
blood were measured by cell counting. The proportions and absolute numbers of HSC (Lin CD117"Scal " CD150°CD48") and myeloid
cells (CD11b"Ly6C") were detected by fluorescence activated cell sorting (FACS) analysis. Proliferation of HSC was measured by
BrdU incorporation assay. The results indicated that the absolute number of HSC was increased upon long-term mild restraint, but
was decreased upon short-term vigorous restraint with impaired proliferation. Both long-term mild restraint and short-term vigorous
restraint led to the accumulation of CD11b"Ly6C" cells in the bone marrow as well as in the peripheral blood, as indicated by the

absolute cell numbers. Taken together, long-term chronic stress led to increased ratio and absolute number of HSC in mice, while
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short-term stress had opposite effects, which suggests that stress-induced accumulation of CD11bLy6C" myeloid cells might not

result from increased number of HSC.

Key words: psychological stress; hematopoietic stem cells; myeloid cells; restraint stress model
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Fig. 1. Effects of long-term chronic stress on the ratio and number
of hematopoietic stem cells (HSCs) in the bone marrow (BM) of

C57BL/6 mice. BM mononuclear cells were subjected to flow
cytometry for Lin (B220, Ter119, CD11b, Grl, CD3, CD4, CDS5,
CD8), CD117, Scal, CD150, and CD48 staining. A: Representative
data. B: Ratio (P = 0.045). C: Absolute number (P = 0.036).
Results are expressed as mean = SD, n = 3.
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Fig. 2. Effects of long-term chronic stress on the ratio and number of myeloid CD11b"Ly6C" cells in the bone marrow (BM) of
C57BL/6 mice. BM mononuclear cells were subjected to flow cytometry for Ly6C and CD11b staining. 4: Representative data. B:
Ratio (P = 0.019) and absolute number (P = 0.003) of CD11b"Ly6C" cells. C: Ratio (P = 0.473) and absolute number (P = 0.001) of
CD11bLy6C" cells. Results are expressed as mean = SD, n = 3.



170

KA 2 R, MR 2 h B AR 40 /N B
HSC ] EL 41 (P = 0.045) 146 % % (P = 0.036) 331
(B 1. Pk, &g RO SN B HSC,
5 cHkgRoE M —.
2.2 KHES M R R B BEBE A RIFECD11b Ly6C”
4 B A £ S B S

DR 1 O R R CIR S TR HSC 3 o 5
2 HH P R A RN A A I S B R SR A i 3 2
(L ERL, FRATTSCRF T 1 K o 28 S0 /) BB A
ZKYE CD11b'Ly6C" i 5. CD11b Ly6C 4l
1439 CD11bLy6C" #1 CD11b Ly6C™ FANTE#E ),
A AL RER, SXHRAMEE, Sk E
Z/NEEBE CD11b Ly6C" 4 i Lb45) (P = 0.019)
Fgaxt % (P = 0.003) Bj#8 0 ; CD11b"Ly6C™ 4 fifd tk
B A B2 (P = 0.473), {HIZ6 0 B85 2510
(P=0.001)( & 2).
2.3 KHAB M R AR IMNEMCD11b Ly6C 4HAa
B S TE MRS

A HA PR 2RI /)N B i AR SR R 0 i
%, NTHHEEET CD11b Ly6C 41 ZHL 27
AEAETHME I, FATTCRE I 1 4M)E i CD11b Ly6C”
i, AR RER, DNRAMEZE 7

1 8.48 3.41|7

32.8 1.50

Y |

PB

Ty Ty

—————CD11b >
3 M

3 i

3

Ly6
Control Long-term
stress
C
~4 4 -
S F0 868 P=0.389
= =
Q3 ¢ o3 |
e= Q
5 E
8 2+ EC 2
>
:
Q 1 F 2 1
E o}
oo =0
3 o 3
Q\@ \°§ oz Q\‘o \‘?}6\
P S & P S &
NN N

HEPR2EHR Acta Physiologica Sinica, April 25, 2020, 72(2): 167-174

R, HXERAIARL, St K ISR A N B A0
CDI11b"Ly6C" 4 fify EL 5] (P = 0.172) Al 46 %o ¥ (P =
0.078) 2 I MG )&, ik Fik = E X
CDI11b'Ly6C™ 4H iy Lt 4] (P = 0.866) Fil £ %t % (P =
0.389) AR ES Git % B UM E BT . BN K H1E
P R 38/ B 4R JE 1 CD11bLy6C" Fil CD11b Ly6C"
AR AN —B, FRAT ST AN TR )
Lb A7 A2 % 2 F, &3 CD11b Ly6C™ 4 g Lk 5]
(P = 0.160) £l 4%t ¥ (P = 0.055) 5 L8 0 i e %4,
ik giit s S (B 3).
2.4 FEHAR B /BB B HS C AY 4 X Rt /L

RIS RSN, KSR T SUN R
B HSC A1 CD11b'Ly6C" 41 fg ¥ H 84 m,  4b& i
CD11b'Ly6C" 41 fa it 2B I . R~ TR
W= AR S, FRATT SO 7T 1 6 30 o 2 8 0t /)
SR, HSC FRIF M, o) sxof et 2L A i 00 48 40 /)N B 8
BEAT IR A A AR b, SR Eon, Hx A,
BELEAE 5 K, BEK 16 h 1% 10 45 4H /) B HSC
() EL A5 35 A 2 5784k (P = 0.515), {H H: 4656 #0
/> (P=0.015)( & 4).
2.5 FEHARBfE /R B BRHSCROETE T i

g SO0 o 2 A N B HSC BOH b, AR

w
o

<0 [ peoar2 % [ PRO078
EZS B
82 | 20

[y
w

wv

o

CD11b*Ly6C' number (x10%)
=
o

A
© \Q;é\

&
gt

B 3. KIS M RO /N SRR CD11b Ly 6C 41 b 491 R 4 5t 450 1) 5 i
Fig. 3. Effects of long-term chronic stress on the ratio and number of CD11b'Ly6C" cells in the peripheral blood of C57BL/6 mice.

Peripheral blood cells were subjected to flow cytometry for Ly6C and CD11b staining. 4: Representative data. B: Ratio (P = 0.172)
and absolute number (P = 0.078) of CD11b" Ly6C" cells. C: Ratio (P = 0.866) and absolute number (P = 0.389) of CD11b Ly6C"
cells. D: Ratio (P = 0.160) and absolute number (P = 0.055) of CD11b'Ly6C" cells. Results are expressed as mean = SD, n = 3.
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Results are expressed as mean + SD, n = 3.
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Fig. 5. Effects of short-term stress on hematopoietic stem cell (HSC) proliferation in the bone marrow (BM) of C57BL/6 mice. BM
mononuclear cells were subjected to flow cytometry for Lin (B220, Ter119, CD11b, Grl, CD3, CD4, CD5, CD8), CD117, Scal,
CD48, CD150, and BrdU staining. A: Representative data. B: BrdU ratio. Results are expressed as mean £ SD, n = 4.
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Fig. 6. Effects of short-term stress on the ratio and number of CD11b'Ly6C" cells in the bone marrow (BM) of C57BL/6 mice. BM
mononuclear cells were subjected to flow cytometry for Ly6C and CD11b staining. 4: Representative data. B: Ratio (P = 0.003) and
absolute number (P = 0.037) of CD11b"Ly6C" cells. C: Ratio (P < 0.001) and absolute number (P = 0.005) of CD11b"Ly6C" cells.
Results are expressed as mean + SD, n =4.
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Fig. 7. Effects of short-term stress on the ratio and absolute number of CD11b'Ly6C" cells in the peripheral blood of C57BL/6 mice.
Peripheral blood cells were subjected to flow cytometry for Ly6C and CD11b staining. 4: Representative data. B: Ratio (P = 0.003)
and absolute number (P = 0.003) of CD11b'Ly6C" cells. C: Ratio (P = 0.005) and absolute number (P = 0.013) of CD11b'Ly6C"
cells. D: Ratio (P = 0.013) and absolute number (P = 0.009) of CD11b"Ly6C" cells. Results are expressed as mean + SD, n = 8.
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