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Abstract: Objective  To explore the effects of nicotine on morphology, cell cycle, proliferation and apoptosis of
umbilical cord mesenchymal stem cells (MSCs). Methods MSCs was treated with multiple concentration of nicotine, the
variety of morphology was recorded by phase microscope and atomic force microscope. Cell growth was examined by MTT at
24h, 48h, 72h. Cell cycle and apoptosis were measured by flow cytometer at 24h. Results  Upon nicotine treatment, the
morphological changes of MSCs including cellular pyknosis, increased vacuolations, hollows and microvillis in the surface of
cell membrane were noticed. The GO/G1 phase is dramatically increased (P<0.05), accompanied by gradually reduction of G2
and S phase by nicotine stimulation in a dose—dependent manner (P<0.01). Cell proliferation was inhibited by nicotine in a
dose— and time— dependent manner. Compared with control group cell apoptosis rates in experimental groups were greatly
increased by nicotine treatement for 24 hrs at 0.5, 1, 1.5 mg/mL. The cell apoptosis rate of cell treated with nicotine at 0.5mg/
mL was 4.867+0.404% and (3.300£0.400) % in control group without significant difference (P>0.05).The cell poptosis rates of
cells treated with nicotine at 1mg/mL and 1.5mg/mL were (10.333+0.961) % and (44.367+3.612) % , respectively, all showed
significant difference compared to that in control group (P<0.01). Conclusions Nicotine stimulation can alter MSCs
morphology, ultrastructure and induce early apoptosis, as well as inhibit cell cycle, proliferation and promote cell apoptosis.
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Table 1

The effects of multiple concentration of nicotine on

MSCs cell cycle(24h)
21 JE 0] Jety TYERIVERE Nicotine concentration
Cell cycle  Omg/ml. O4mg/ml.  0.6mg/ml.  0.8mg/mL
GO/G1 73.73+1.91  82.50+0.27° 85.60+0.15" 87.26+0.32"
S 18.98+1.57  12.97+0.60" 10.14£0.45"  8.87+1.37"
G2/M 7.26+0.60 4.29+0.307  4.25£0.26"  3.76+0.21"

1 - 5 X R4 L8 (Compared with control ), * P<0.05,%* P<0.01;
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1.5mg/mL) /F Ff MSCs 24 .48 F1 72h J& , 41 il MSCs £
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X(P>0.05) , 48 F1 72h 41, 40 i A= 1< BH & 32 410 (P<
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(3.300+0.400) % L35 , 22 I GE 1722 L (P>0.05)
Img/mL 1 1.5mg/mL 21§ 12 % 4 5 2 (10.333 =
0.961) % F1(44.367+3.612) % , S M4 b4, 2 71
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Table 2 Inhibition of MSCs proliferation upon nicotine treatment at different concentration

- 1% A490 Proliferation rate 111 2 Inhibition rate

24h 48h 72h 24h 48h 72h
0 mg/mL 0.2362+0.0144 0.4555+0.0198 0.5101+0.0305 0.00 0.00 0.00
0.5 mg/mL 0.2306+0.0123 0.4035+0.0227° 0.4688+0.0429° 0.02 0.11 0.08
1.0 mg/mL 0.2095+0.0119" 0.1630+0.0192" 0.1060+0.0094" 0.11° 0.64° 0.79¢
1.5 mg/mL 0.1868+0.0138" 0.1012+0.0080" 0.0536+0.0084" 0.21° 0.78° 0.89°

1 a 5XFIRL HLAZ, (Compared to control ) P<0.05 ;b 5% BR4H HL4% (Compared to control ) P<0.01;
¢ 5 0.5mg/mL 4 L5 (Compared to experimental group at 0.5mg/mL) , P<0.01.
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Note: (A) Control. A1, overall topography of untreated MSCs; A2, enlarged area; and A3, 3D surface topography. (B) Nicotine treatment (0.5mg/mL.,

24h). B1, overall topography of MSCs, B2, enlarged area; and B3, 3D surface topography. (C)Nicotine treatment ( 1mg/mL, 24h). C1, overall topographical

of MSCs; (2, enlarged area;and C3,3D surface topography.
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Fig. 1  Effects of nicotine on MSCs topography (24h)
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Fig.2 Apoptosis rates of MSCs upon nicotine treatment at different concentration (24h)

P A P BT, H AT 2 I RAESE 2T iz 1
MSCs ¥6 97 25 Fh A (A2 TR A S B AR
MSCs 7EF5 S N T/ P IE R B2 I 4L A E , AT
MR ZUE " AEIE X T T S WA Rl s R M
FLWAREN T EHEA MBI IOR TN, T
MSCs B9 A= DRk S e IR 1 /1 o
Lu 55" AN MSCs IE~A 05 165 5 th LAY 240 it
Blgp i) IR R R N P e N S A D
Ho WFTEE TR MSCs O S L5622 2R (B B
o, AR LB, B AT R B A AR ST NL AFM XS T
MSCs B ROMIE S T I, AN FEILARGE . AFM
TARANE AN AEAR LAY A SRR T AT,
HA v 23 6] 73 FE R AR SCA R A BLJE T T i MSCs
KA A A 4, B TR L X 5 Ruiz JP AR
LR — 2, MSCs 7EJe v T HIFERTT A B [

4, 5 et T E SRR AR | T MSCs X T A
27175 T 8 B8R 5K 5 , LG R ) MSCs 72 I
HAE R VR TTRURE I A8 o 20 R R T ol s ) S
M1 B , Tl B A 2 Ak 2 DL A LB Tl T 4
A5 MSCs ZHHt AR BB A SFEREA M e
T MSCs KBTS B8 7, T 9 H AL IR B 240
g AR AL R A BAITAE A . [RIE, AR 520 4
VXY AT 23R O e S 5 e A B = L
P, Je T T fd MSCs ) DNA & i BH#EAE GO/G1 4324
(B3, {1 S AT G2 HALL T4 2414 58 B A9 410 il DNA &
BCE/D AR A A AZ B B, AT MSCs Bt izl . ¢
it rr AL e B T A 240 i I 2 R 9 o
PR 175 T 0 /NS T A L A, 308 D/ DN e S 240
o, AT LR TR G JE T T % MSCs 118508 ot i
(R RZI , SRR AR N R PR . et T RIS



+ 916

HIEPGHT EE S 20154E58 1555508 China Tropical Medicine,, August 2015, Vol.15, No.08

PN B A L B b 22 /N B A DR AP VR F— IR T AR AR
K s [l SOAT B0 M F— B T, A e, (IR
Je it T AT N B A B A i R et T A 2
JEPH T, NO XU PP 4 IR 1, i BE 1% NO Al
PR T, AR B WIRE R A T, Lee HAE™
WF5E 2, Je by T3 A 38 i NO Fi 9 E PR T (1 #3k MA
T ] B 2T AU (R 3G 58 . A9 AR R AR
(8 JE 1t T X MSCs P4 il K A I AS B fak (R B
F e TR RIS RIRE A, sl 25 v B 34 K, 4 it 2 40
B, LB T R PR T4, S5 IR =2 B Ak o 245
FA—8 FRE ) ROS B 2R AR, Sl H & A
BT i AU, 8 M O B T 5 B, TR
% ROS—Z 7 1A 51497 X S PEAE 2R, DU 240 B O 1A T 3
w2 S —J5 i AN AL A A ERNOS) 1
A T — S AL R BN OS) R PS5 25020 it 36 2 A 2
Z R, ST R EY) . Zanetti FSEPIF
TR, Je Tl T NOX 1 Fil BCL-2 845 i b Kz 4 i
AL R ORA T, FRATZ AT A SER AR e T
ATHE AT HE MSCs i NOS A2 iNOS 7 4, M it S 241 it
SAALRL B 1A A — PR R G
ARSI I AFM & BT A MSCs (930U 35
RAFIRET AR, 5HER KIS 2R i he
ATy AR T R P R R A 1], B
Je T T X BT MSCs A7 #EPEAE A BEE, Je y T T B
T 200 B0 00 4 v A LR LR T U A
KEFBE ST, T He At R ) 3 A% 2 0 1) 35867 , P Ik MSCs
MALUE R e 15 . N — LU e i T HOmiiE iR
AHOCI TR AL, SoRIGTT BMAE AR T A5

Sk

[1] Harrison—Woolrych M, Ashton J. Utilization of the smoking cessation
medicine varenicline:an intensive post—marketing study in New Zea-
land[J]. Pharmacoepidemiology and drug safety , 2010, 19(9): 949 -
953.

[2] Khaldoyanidi S, Sikora L, Orlovskaya I, et al. Correlation between nico-
tine induced inhibition of hematopoiesis and decreaseed CD44 expres-
sion on bone marrow stromal cells[J]. Blood, 2001, 98(2):303-312.

[3] Zeng HL, Zhong Q ,Qin YL, et al. Hypoxia—mimetic agents inhibit pro-
liferation and alter the morphology of human umbilical cord—derived
mesenchymal stem cells[J]. BMC Cell Biology, 2011, 12(32):1-10.

[4] Durazzo TC, Mattsson N, Weiner MW, et al. Smoking and increased Al-
zheimer’s disease risk: a review of potential mechanisms[J]. Alzheim-
ers Dement,2014, 10(3 Suppl): 122-145.

[5] Schaal C, Chellappan SP. Nicotine-mediated cell proliferation and tu-
mor progression in smoking-related cancers[J]. Mol Cancer Res,2014,
12(1): 14-23.

[6] Chernyavsky Al, Shchepotin IB, Galitovkiy V, et al. Mechanisms of tu-

mor—promoting activities of nicotine in lung cancer: synergistic effects

of cell membrane and mitochondrial nicotinic acetylcholine receptors
[J]. BMC Cancer,2015, 15(152): 1-12.

[7] Ramlau—Hansen CH, Thulstrup AM, Storgaard L, et al. Is prenatal ex-
posure to tobacco smoking a cause of poor semen quality? A follow—up
study[J]. Am J Ep idemiol, 2007, 165(12) :1372-1379.

[8] Maitra B, Szekely E, Gjini K, et al. Human mesenehymal stem cells
support unrelated donor hematopoietie stem cells and suppress T—cell
activation[J]. Bone Marrow TransPlaniat, 2004, 33(6):597-604.

[9] Ramdasi S, Sarang S, Viswanathan C, et al. Potential of Mesenchymal
Stem Cell based application in Cancer[J]. Int J Hematol Oncol Stem
Cell Res,2015, 9(2): 95-103.

[10] Karussis D, Kassis I, Kurkalli BG, et al. Immunomodulation and neu-
roprotection with mesenchymal bone marrow stem cells (MSCs): A
proposed treatment for multiple sclerosis and other neuroimmunologi-
cal/neurodegenerative diseases[J]. J Neurol Sci, 2008, 265(1-2):131-
135.

[11] Lu P, Blesch A, Tuszynski MH. Induction of bone marrow stromal
cells to neurons: differentiation, transdifferentiation, or artifact[J]? J
Neurosci Res, 2004, 77(2): 174-191.

[12] Muller DJ. AFM: a nanotool in membrane biology[J]. Biochemistry,
2008, 47(31): 7986-7998.

[13] Ruiz JP, Pelaez D, Dias J, et al.The effect of nicotine on the mechani-
cal properties of mesenchymal stem cells[]J]. Cell Health Cytoskelet,
2012, 28(4): 29-35.

[14] Kidoaki S, Matsuda T. Shape- engineered fibroblasts: cell elasticity
and actin cytoskeletal features characterized by fluorescence and
atomic force microscopy|J]. Biomed Mater Res A, 2007, 81(4): 803—
810.

[15] K, 7578, w5 KWL, 45, J8 T T4 /0N e 5T 4 a1 5 0 5 el ],
W IR BERL R 22441, 2007, 41(6):566-568.

[16] Tk, FEOUAE, SR, 45, Jeit T IR 4 M 0 v i 23 T L)
ALY 2R, 2006, 28(6): 827-832.

[17] RZEER, T240E, MR, 48, BT T % AR I P B 4 i i it
I P 1 52 R (D). Hp 2 B A 5 B2 2% AR, 2005, 19(3):199-
2004.

[18] Yu J, Huang NF, Wilson KD, et al. nAChRs Mediate Human Embry-
onic StemCell- Derived Endothelial Cells:Proliferatio, Apoptosis, an-
dAngiogenesis|J]. PLoS One, 2009, 4(9):1-10.

[19] B R, XA, SR 75, 55, — 4k S A0 IR T AR SS B0 1 5%
FHERT. T E 222455, 2010, 45(14):1044-1047.

[20] Lee H, Park JR, Yang J, et al. Nicotine inhibits the proliferation by
upregulation of nitric oxide and increased HDAC1 in mouse neural
stem cells[J].In Vitro Cell Dev Biol Anim, 2014, 50(8):731-739.

[21] FkSE, B A2, DR, A el TR S Y ) 785 T 4 g 9
THILII] R4, 2011, 32(6):598-601.

[22] B4 RE25, MR, BRI D, S5 el T AR AR ) A0 BT AR g A
HERS AR, o EGELAE FIZ4AE, 2013, 29(5):778-783.

[23] Zanetti F, Giacomello M, Donati Y, et al. Nicotine mediates oxidative
stress and apoptosis through cross talk between NOX1 and Bel-2 in
lung epithelial cells[J]. Free Radic Biol Med. 2014, 20(76C):173-184.

[24] MRR, BRER, 858022, 45 Je TR B IR S8 BT A0 i S AL
TSEIA]. R K254, 2012, 33(4):362-366.

AR B #:2015-04-20 448 AU





