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caspase-9 ISk, BRSNS TERYL HY HL-60 2 it i 1t NS w5 5075 6 S5 809% LA L 41 ity ] 4%
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[Abstract] Objective To investigate the effects of neutrophils alkaline phosphatase (NAP) on the
migration, reactive oxygen species (ROS) generation and apoptosis of neutrophil-like differentiated HL-60
cells. Methods NAP was overexpressed in HL-60 cells via transfecting coding sequence of NAP by
lentivirus. The effectivity of NAP overexpression was confirmed by reverse transcription-polymerase chain
reaction (RT-PCR) and Western blotting. HL-60 cells were differentiated into neutrophil- like cells by
exposure to 1.5% DMSO. The migration and ROS generation of neutrophil- like cells with NAP
overexpression were detected by transwell migration test and flow cytometry, respectively. Cell apoptosis
were detected by flow cytometry. The expression of apoptosis-related protein Bax, caspase-3 and caspase-9
in neutrophil-like cells were observed by Western blotting after NAP overexpression. Results  Over 80%
HL- 60 cells presented green fluorescence after GFP- NAP infection by lentivirus and screening by
puromycin. In addition, the levels of both gene and protein of NAP were up-regulated in these cells. After 5-
day culture with 1.5% DMSO, the bulk of induced cell was smaller and the surface appeared many bumps
and irregular shape. The ratio of nuclear and cytoplasmic decreased and nucleolus disappeared. The nuclear
chromatin changed from dense to loose and the nuclear morphology appeared to be rod and segmented. The
percentage of CD11b" cell increased from 26.25% to 98.55%. The transwell migration test showed that the
number of migrated cells was higher in neutrophil-like cells with NAP overexpression compared with the
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negative control [ (15.30+3.65)x10° vs (8.00+0.78)x10°] (P<0.001). Results of flow cytometry suggested
that the mean fluorescence intensity (MFI) of intracellular ROS was significantly higher in neutrophil-like
cells with NAP overexpression compared with the negative control (355.70+20.10 vs 103.22+4.71) (P<
0.001). In addition, Western blotting showed that the expressions of apoptosis-related protein Bax, active-
caspase- 3 and active- caspase-9 were all up-regulated in neutrophil-like cells with NAP overexpression

compared with the negative control. Conclusion
of neutrophil-like cells and accelerate the cell apoptosis.
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2.5%71 3.0% 1Y) DMSO {4 #h 75 5 4% 57 HL-60 4 fifd
5 d Ji FH 9t 20 40 i ARG dHL-60 21 it 76 1 K 40 it 2
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Hh ) B2 40 0, /i A PBS, 500xg 5.0> 5 min, $E 3%
UK e ARG IR T BN, ARAS R SR At
37 °C.5% COAkZE 55 . DG E W flsE T i
FIHT HL-60 21 BB L R50CR
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LR eIk < U 2 S5 B YL A5 >900% 119 HL-60 4 fifd
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(40 x),65 °C 10 min; T A 354 S22 0 (5% ) 4
dNTP IR A # 2 pl . RNA 57 0.5l 38 % 5 il
0.5 pl, EHLA B cDNA, LI cDNA At , 25 pl {£&
AHINA TIN5y Taq B 12.5 pl, L5141 W, T
H#51% 1 ul, DEPC /K 8.5 ul 11 cDNA 2 pul, NAP I+
#5149 . 5'-CGCAGGATTGGAACATCAGT-3', Fijf
214 :5- TGTCTCTTGCGCTTGGTCTC-3', ¥ # /-
Bt 219 bp; B-actin L Ji7 514 : 5'- TGGACTTC-
GAGCAAGAGATG-3', Fiif 5| ¥ : 5-GGATGTC-
CACGTCACACTTC-3', ¥ 14 Jv Be K JiF 207 bp., %
I 25 AF : 94 °CH A8 P 10 min, 2R )5 56 °C 30 5,58 °C
30,72 °C 30 s, 45 MEIH 5 4 CL IV . PCRF™
VI 15 g/L BERRWEEEIS HL UK , BE I RS 53HT o

4. Western blot 72 46 I 12 55 77 J2 UL J5 HL-60 4l
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L E 10 min, EE 3R, HAMIEEGW4CT
4 000 xg &0 15 min, L3 B B8 H L, A Ak
& . W30 pg 55 1147 SDS-PAGE Hi Jk (¢4 i 80 V,
435 1 100 V) , 350 mA . 2 h 5 % % B i £ Fi
(PVDF) I |, iR E 01 1 h, 2 3n A /NS ALP
P4 (1:300) F1/NERPEL A B-actinHT4(1:5 000) , 4 °C
I R0, TBST W 4% 22 b i Uk A 3 Wk (B 1k 10
min), It HRP #5& 1) fe /MR 19G (1: 1 000) 37 “CIFE
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HAWEFIEN E B (F-MLP) B9/EH T, dHL-60 4il itd /iy
FEmFETE., =4 HL-60 4114 1.5%DMSO
PSR dHL-60 5 , A 2H 4355 37 i F-MLP 525
HE AR F-MLP X R2H . FHIJC IS IMDM #5577 W
B f-MLP 2289 & 100 nmol/L, Transwell /NE T
JZIMA 600 pl 7 f-MLP (35 32 . F dHL-60 41 it
FEFP T Transwell /N2 12 (AL 1x10°41 ) , 37 °C.,
5% CO, 2 T35, 12 h G & A4 T~ 35 40
WA, AL R 3 IR . LI AT HE T 3R i
T4 240 0 50 =512 5 2 4 Rk — ok HE ZH 40 L

3. i 2 41 i A G dHL-60 41 i PN ROS 7K F-
dHL-60 ZH A i A L4k i R 1 umol/L 2k {475 6
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Tt 220 ARAG I 43 Ak BRZE 241 if 7 A ) ROS 7K, FH
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KEE 3K,
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%24 h)m , W8 4% A BRAH 40, A PBS 3%,
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223K « 441 dHL-60 4 ifd 554 & DMSO 19 5¢ 42 1
FRIRARSLRE 57 24 h WAE A4S A FRAH 20 A , 4% Lo 5 m
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A Bax (1:2 000) . pro- caspase-9 (1: 200) . active-
caspase-9(1:100) . pro-caspase-3(1:1 000) . active-
caspase-3(1:500) FlB-actin P4 (1:5 000) ,4 Ci &
i ; TBST PR 3 ¥k (41X 10 min) , il HRP 47 3 Y
ZHiJE 37 CHEFE 2 h, TBST BEIA 2% ik YENE 3 Yk (4
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T IR 2H K R o B 2H 8096 L) | 41 i A GFP %
K (E 1), RT-PCRE5HE IR, 5 BHMXT AL L,
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4(0.95+0.12 % 1.25+0.09, P=0.030) ; B X} HE2H 55
25 I IR ZH 25 S o g it 22 5 3 (0.95+0.12 % 0.98+
0.08,P=0.740) (& 2). Western blot %5 $- 3¢ , NAP
1o ek 21 HL-60 i g i) NAP 25 A 234 1 T B
X HEZH (1.1740.19 %} 0.53+0.21,P=0.030) , FH 4% iR
52 PX R 2 RTS8 0% & X (0.53+0.21 %)
0.77+0.18,P=0.400) (|51 3),

2. dHL-60 21 il ()T 48 5 R bRk CD11b (3%
ik : HL-60 4 i1 25 1.5% DMSO %% 5 d J5 i dHL-60

A

e P ek
A ZS R B PR TRLH 5 C . Mok 20 I B P i R Tl (NAP ) 735
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B 1 HL-60 4 fehs 5L 72~96 h J5 4% 05 AR 113235 (x200)

NAP

1 2 3
1: 45 (AR RBZH 5 2 BAPE X HRZH 5 3: NAP (= 6k 4L
B2 RT-PCR yAAG N HL-60 4l 2212 J Bk e 72~96 h J5 Hr Pk 4
LR W e i (NP ) i PR s 57 K T

1 2 3

NAP LT ——

B-actin ' A ’.;
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A MR FRAR /)N, FE T R 2 SRR, 4% I L 1)
REAR A% R A% S 10 T PR 2 AR B, B A
H 7 & AR (B 4) o 3 =48 A A A D
dHL-60 4 ffd CD11b 23k = T HL-60 Zf i [ (98.55+
1.52) %%} (26.25+1.34)%,P=0.001] (¥]5),
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[=2] {x)
(W] [<a}
.-‘.
= =
ES £
. 5%
© ) ©
T e
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3. NAP X| dHL- 60 4l il i #% RE J1 i 52 i) -
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Transwell ;E 225045 R, NAP B Rk 4T R 1)
A 2 T BT iR 4H [ (15.30+£3.65) x10° X (8.00+
0.78)x10°,P=0.001] . T BHM: X iR ZH 525 % iRl
IS A M 2% S Te e 2% 8 [ (8.00+0.78) x 10° X
(8.33+0.79)x10°,P=0.665] .,

4. NAP X} dHL-60 4f ftl ROS A= i & 1 5% i) -
NAP [ ¢35 41 20 il 1N ROS 13- 24 %% 558 5 (MFI)
15 T B X B 41 (355.70420.10 %f 103.22+4.71, P=
0.001) , FPEXT IR 525 i xf IRl 22 R G225
X(103.22+4.71 %} 98.67+6.12,P=0.871) .,

5. NAP X dHL-60 2 Jfd 4 1~ #Y 52 i : dHL-60 ZH
M4k SE 55 35 24 h s, a0 i ARG I {2 7R, NAP &
35 2H dHL- 60 20 At 4 T 8 5 T B 2k X BR A
[ (45.05+0.75)% % (34.10+0.89)%, P<0.001 ], B
XTHEZH 525 (o R 22 e ge it 24 [ (32.35+
1.05)% X} (34.10 + 0.89)% , P=0.090] ( ¥ 6) .
Western blot £ 25 5 32 BH , A4 X% REZH S NAP 53
jA2H pro-caspase-3 . pro-caspase-9 25 [ & ik 22 F U4t
THeE L (PAE 394 0.420.0.580) , NAP &5 %154
dHL-60 4 ify active-caspase-3 . active-caspase-9 LA}z
Bax i T HH B 1 A9 2k 34 v T P ME XS B 41 [ 0.89+
0.10 %} 0.58+0.06, P=0.010; 0.98+0.02 % 0.43+0.08,
P<0.001;0.95+0.15 %} 0.34+0.11, P=0.005 ] , 25 [ %}
W8 20 55 B4 % B8 2H dHL- 60 4l ifd active-caspase-3.
active-caspase-9 LA ) Bax il T-#H 8 F Rk 2= 571
TeGe =7 L (PE435°4 0.120.,0.250.,.0.480) (& 7).

Wi

Bl P A TR T RE RIS A R L 3 R A W 5 TR )
RWEIRAL , e A R AR B 1R A R, R

3
Bax e
pro-caspase-3
active-caspase-3 "
pro-caspase-9
active-caspase-9 - oS

B-actin

125 (X IR ZH ;2. BAVEXT R4 5 3. NAP R #4A 4
B 7 e 0 B R I (NAP) X434k HL-60 (dHL-60 ) 4 g
ToAHSCR 2R By 2

T R R ARG AN (R SRR L) A 28U R 7
RICHFIEIE R . NAPJE TAZEERER L, T2 b
(Lipopolysaccharides, LPS) J2 # % [ 4: i 41 Jifd BE 1)
BCAT , AT A0 B AR A A 2 MR SR
PR, DT 75 6 7™ E A AR AE S NE o Bl e T g v ik
LPS &A= R Ak , D 5 R 10 AR S g >, 4
ANRVEBE IR 5 A TH IR B UTAH OC . Bender 45
1 Peters 45543 Bt LPS 175 S 837 1)/ BUMe S AE 5
RIPEA TR GY , VE S N 2 AR5 S A P Wl ity 11/
Bl A i P v A AR LA Bl 2 1) 7™ ol R A 3 )
S HLAE A7 R S D PR A Bl Wt R il T ik
2 PRV T RE Y LPS & A R AL, IR LA
P, TSR SR SN o 5RO A 1E L 84 151
R IER G L B 39 151l IR Gl S 3 HEA TRIFSR, 4 P R
YL M I NAP B 231K K - 235 w8 T 7 %

5 G A B DR ) A (), B P e R it 22 /0l LA gl R RN fEERR G R, L BRI e 4] NAP B 241G Tk
A B C
4 4 4
Dead Late Apop./Dead Dead Late Apop./Dead Dead Late Apop./Dead
0.00 % 217 % 0.10 % 2760 % 0.05% 37.70%
3 34 34

Py
i

7=

1.93%

475% 735%

Early Apop.
T

Annexin V

01 2 3 0 1
Annexin V

Early Apop. e Early Apop.
a2 3 4 a6 1 2 3 4
Annexin V

AL ZS XTI B R HRZH ; C . NAP B 254
6 M AAKE I e P40 R E B R I (NAP) X434k HL-60(dHL-60 ) £ 0 18 7= A 5% i
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BEXT R4, Bednarska %5 % 3 NAP I 1 5 LK
Ife R IEAHDC, AT AR R A o1 i v PR 20 i 2 B 2
REMFE AR o 4 v Mok 41 i 52 B f-MLP 45 58 5iE 4
SRS, AT Bl 53 43 Dh 2 16 5 IO R Al i R S
P NAP SR B AN R ), LRI 45 5408
$E/R NAP 7E PRI I 2 5 1) RE & AE K it /8
o] B &5 TR, HOKP- T R T R S ML A G
YT RE A Ko

H T 41 ] o R Y A e 40 A7 305 e 1)
DI A TR ML 55 o FRATT R 200 B B UL 1 T
A EARE = ik NAP AU 4L ik , 7524 DMSO i S
I3RS ER A R 20 (dHLL-60 40 ) , £t
R I T4 NAP 2235 T 5 Ja v b 240 e () 3 75
ROS A= A B AR T R AR AW 2= DI Re ) ek s .

PR S A= G AE I, H s 20 B AE AR PRI
(R BE RV E R T WAMEIIR IR RS B R AE R
R & A RE . T AT i Transwell 1T 8 52 5 &
P, NAP £ A THE J5 Tk 40 i i B2 fig 3o,
AT DL PR 22 1l B3k R RE A, AT & BT R AE
o

rh R 20 PN 2 B9 NADPH 48010l ] ik 4R
Oy T HEZ B TS ROS, LA KA A ) K Hotl
SRS, 2 B AR U N, IR R AR
UEI AR ™. DHR-123 & —Fl ROS i, HiAs
BIeHOtel ARG M2t (Hp Ak G ae &
SR IK2E . DHR123 Al [ i #f H 4IA B, 1 A 41 i
J& AT 8% ROS A A AT & R 9O RHO , £ — 7 i
[ENESR 2SS RO = W [ 0 N o i DIV S b i
HL-60 2 it 175 5 48 15 19 28 v 4 4 48 i dHL-60 7E
PMA [/EF T i%fk , 5 3 NADPH A AL R 4t , i
ZrEAE ROS, AHFIE R, NAP = A 41 41 il ROS /Y
A R TR R IR 2H (P<0.001) , T2 (AR IR 2 5
BN BRZH b 25 S TG i 12 5 X, R NAP ik
AT ml 35 RN ™ A ROS [ BE T, AT
AR TFHURR IR

AT R A1 R 2 v R 4 i 5 H AT g
B S, X 2R A P HP P 40 B ) R S RN R E 1Y
THIRARA EE W L AR R A 4 (1~2)x10"
AR MR AR, 75 12~18 h'2) T 315k 48 0 A
(18 FF PR 200 B o T i B A1 okt A 4 e )
TN T E B S A 31 B . o Mk 4 i O
T )25k : (O Fas BLiA& . TNFalfiLiA&  TRAIL Fii4

SR I T 2RSS G s S T 2 @4
RLARAH DG T 7 =20 F WA S i sE - 77 X
(PCID) : 7E A EFB A A LI S A= 1 ) [ st o sk v
PERLAN M AL T TR RS A s
pro-caspase-3 #{ B Y] T pl7 fl p12 Wi~ 3, 4k =
A 1 P Y active-caspase-3 1 & #5 AR A TR o
2 i 4 A T S IR AN T AE A TR, M 23 X5 L
PRIESS = A SR . ASBFSE 5 3R NAP (12
i k7 40 ife Bax . active- caspase- 3 Lk J% active-
caspase-9 MY ik it B f i T BPEXT B4, Ui NAP
FARTH A2 R A B A T K S e A R TR
S RASTTS F AL 200 % S R S 1) PR IR o

AAETE N NAP 18735 2 rpr ks 4 i A= 92 D1 g
MR R T RAEIRAE N NAPFHE I E L. 0
B AR SEAE A S8 2o 15 s 7 R HL-60 4t it Y 77
2CfH NAP IR, 4R A e P 240 52 3] 5 5 3L
A NAP (1) T i 2R S JHE X o7 200 it A 9 2 T g
P 5 W) A5 A 1) 20 A5 ) Je T A DG A4 N T 9
19k

2 % Xk

[1] Nauseef WM. How human neutrophils kill and degrade mi-
crobes: an integrated view[J]. Immunol Rev, 2007, 219:88-102.
doi: 10.1111/j.1600-065X.2007.00550.x.

[2] Dinauer MC. Disorders of neutrophil function: an overview|[J].
Methods Mol Biol, 2014, 1124:501- 515. doi: 10.1007/978- 1-
62703-845-4_30.

| Garattini E, Gianni M. Leukocyte alkaline phosphatase a specific

[

w

marker for the post-mitotic neutrophilic granulocyte: regulation
in acute promyelocytic leukemia[J]. Leuk Lymphoma, 1996, 23
(5-6):493-503. doi:10.3109/10428199609054858.

[4] Borregaard N, Cowland JB. Granules of the human neutrophilic
polymorphonuclear leukocyte [J]. Blood, 1997, 89 (10):3503-
3521.

[5] Sharma U, Pal D, Prasad R. Alkaline phosphatase: an overview
[J]. Indian J Clin Biochem, 2014, 29(3):269-278. doi: 10.1007/
$12291-013-0408-y.

[6] Gianni M, Terao M, Zanotta S, et al. Retinoic acid and granulo-
cyte colony- stimulating factor synergistically induce leukocyte
alkaline phosphatase in acute promyelocytic leukemia cells[J].
Blood, 1994, 83(7):1909-1921.

(7] Z8ifg7, 2540, S BB v PR AN B o ol I 0 5 e [ ).
I R B 24k, 2015, 33 (07): 524-526.

[8] Collins SJ, Gallo RC, Gallagher RE. Continuous growth and
differentiation of human myeloid leukaemic cells in suspension
culture[J]. Nature, 1977, 270(5635):347-349.

[9] Gupta D, Shah HP, Malu K, et al. Differentiation and character-



rhAB I 225 2016 45 5 45 37 545 5 Chin J Hematol, May 2016, Vol. 37, No. 5

-411-

ization of myeloid cells[J]. Curr Protoc Immunol, 2014, 104:
1-34. doi: 10.1002/0471142735.im22f055104.

D7 s (3], HR AR G BE 2R J4 0k, 2014, 37 (8):623-627.
doi: 10.3760/cma.].issn.1009-9158.2014.08.015.

[10] Collins SJ, Ruscetti FW, Gallagher RE, et al. Terminal [17] Bednarska K, Klink M, Sulowska Z. Application of intracellular
differentiation of human promyelocytic leukemia cells induced alkaline phosphatase activity measurement in detection of
by dimethyl sulfoxide and other polar compounds[J]. Proc Natl neutrophil adherence in vitro [J]. Mediators Inflamm, 2006,
Acad Sci U S A, 1978, 75(5):2458-2462. 2006(4):19307. doi: 10.1155/M1/2006/19307.

[11] Buchet R, Millan JL, Magne D. Multisystemic functions of [18] Borregaard N, Christensen L, Bejerrum OW, et al. Identification
alkaline phosphatases(J]. Methods Mol Biol, 2013, 1053:27-51. of a highly mobilizable subset of human neutrophil intracellular
doi: 10.1007/978-1-62703-562-0_3. vesicles that contains tetranectin and latent alkaline phosphatase

[12] Lei W, Ni H, Herington J, et al. Alkaline phosphatase protects [J]. J Clin Invest, 1990, 85 (2): 408- 416. doi: 10.1172/
lipopolysaccharide-induced early pregnancy defects in mice[J]. JCI1114453.

PLOS One, 2015, 10 (4):0123243. doi: 10.1371/journal.pone. [19] Fernandez- Segura E, Garcia JM, Campos A. Dynamic
0123243. reorganization of the alkaline phosphatase- containing

[13] Beumer C, Wulferink M, Raaben W, et al. Calf intestinal compartment during chemotactic peptide stimulation of human
alkaline phosphatase, a novel therapeutic drug for neutrophils imaged by backscattered electrons [J]. Histochem
lipopolysaccharide (LPS) - mediated diseases, attenuates LPS Cell Biol, 1995, 104(2):175-181.
toxicity in mice and piglets[J]. J Pharmacol Exp Ther, 2003, 307 [20] Dupré-Crochet S, Erard M, Nipe O. ROS production in phago-
(2):737-744. doi: 10.1124/jpet.103.056606. cytes: why, when, and where?[J]. J Leukoc Biol, 2013, 94(4):

[14] Bender B, Baranyi M, Kerekes A, et al. Recombinant human 657-670. doi: 10.1189/j1b.1012544.
tissue non- specific alkaline phosphatase successfully [21] Witko-Sarsat V, Rieu P, Descamps-Latscha B, et al. Neutrophils:
counteracts lipopolysaccharide induced sepsis in mice [J]. molecules, functions and pathophysiological aspects [J]. Lab
Physiol Res, 2015, 64(5):731-738. Invest, 2000, 80(5):617-653.

[15] Peters E, van Elsas A, Heemskerk S, et al. Alkaline phosphatase [22] Kennedy AD, DeLeo FR. Neutrophil apoptosis and the resolu-
as a treatment of sepsis- associated acute kidney injury [J]. J tion of infection[J]. Immunol Res, 2009, 43 (1-3):25-61. doi:
Pharmacol Exp Ther, 2013, 344 (1):2-7. doi: 10.1124/jpet.112. 10.1007/512026-008-8049-6.

198226. (lscfi H #99:2015-11-11)
[16] sk, skEHE, i, 5. I CAm A A AR M 20 NAP (ARGt - AR )
PEEZLMBEENRENEERSEREZR
T EER FRF
EEREZER KhEH
BEEAER Lk
BEEZER X4 HFE B # L %
% £ RORMRENNT) T A2 B % Fi(x EgH @K #X=x 3 £
X ek INaH RiEW O ORAKF KEA BHRE HEF BRRE & &
% M ¥ % RRE ORER ARF

ERFMERK AT F

= ROEWERENNT) T 4 L % F£% 4+ # £ K £ # £ #
IF5 EAH IR OEFXL M B SRV 4§ F anl #s
oM a1l ko2 & AFF KBA PR FAK BET ZSE
R RAE kM oK W OKSA KEE £ M F R F R
FER FAF Fudk HHRE REHF O H HER SR AFA
R MBEZ A G RAE e REs & F FAR &9
& 42 W R BT WER RRER ORGKEE HKITH RER A
F Ok ERE K HARE





