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ABSTRACT Objective: To explore the potential value of cytidine deaminase (CDA) gene silencing in the treatment of human
chronic myeloid leukemia (CML). Methods: The expression of CDA in bone marrow mononuclear cells of CML patients and
hematopoietic stem cell transplantation donors was detected by RT-PCR and Western blot. CML KCL-22 cell line was transfected with
shRNA and overexpressing CDA pBS/U6-Neo plasmid to induce CDA gene silencing or overexpression. Cell proliferation was evaluated
by the Cell Counting Kit 8 (CCK-8) assay and cell colony formation experiments, and apoptosis was detected by flow cytometry. In
addition, 0.2 mL of differently treated cell suspensions (10° cells / mL) were injected into nude mice to establish nude mice tumor
xenograft models. Results: Compared with hematopoietic stem cell transplantation donors, the expression of CDA mRNA and protein in
bone marrow mononuclear cells of CML patients was significantly increased (P<0.05). Transfection of shRNA-CDA significantly
reduced the cell viability and cell colony number of KCL-22 cells (P<0.05). Compared with the control group (4.32%), the apoptosis rate
of the sShRNA-CDA group (13.45%) was significantly increased (P<0.05). Compared with the control group, the expression level of
BCL-2 protein in the shRNA-CDA group was significantly reduced, while cleaved caspase-3 was significantly increased (P<0.05).
Compared with the control group, the expression level of PI3K protein and Akt phosphorylation level in shRNA-CDA group were
significantly reduced (P<0.05). After 30 days of inoculation, the tumor weight and tumor volume of the nude mice in the shRNA-CDA

group were significantly reduced compared with the control group (P<0.05). Conclusion: CDA is highly expressed in human chronic
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myeloid leukemia, and CDA gene silencing can inhibit tumor cell growth in vivo and in vitro. Its mechanism is related to inhibiting the

activation of PI3K / Akt signaling pathway.
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Fig.1 CDA mRNA and protein expression increased in CML patients

Note: Detection of CDA mRNA and protein expression in bone marrow mononuclear cells from CML patients and hematopoietic stem cell transplant

donors by RT-PCR (A) and Western blot (B); Compared with hematopoietic stem cell transplant donors, *P<0.05.
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Fig.2 Effect of transfected shRNA or pBS / U6-Neo plasmid overexpressing CDA on CDA mRNA and protein expression
Note: A: RT-PCR; B: Western blot; Compared with Control, *P<0.05; Compared with shRNA-CDA, “P<0.05.
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Fig.3 CDA gene silencing inhibited cell proliferation

Note: A: Cell counting kit 8 (CCK-8) measurement; B: Cell colony formation experiment; Compared with Control, *P<0.05;

Compared with shRNA-CDA, “P<0.05.

—+— Control
170 [ e shRNANC #
150 | —&— ShRNA-CDA
3 —=&—pBS / U6-Neo-CDA
=130
Z
.-!3 110
>
% 90 *
o *
. P
50 =
A 24h 48h 72h
250
8 g Control
_g 200
S
= 150
]
o
-
4 100 %
s
£ 50
3
4
0
Control shRNA- shRNA- pBS/Ué6-
B NC CDA Neo-CDA
LY
3 3t

JYE e 5t 22 ( CDAA ) 2 i s WE A 2 AU 2 £ Qi v 1)
T, AR YT ELE U AT 2590, S A g R N e R
IKE AN, JEAIE CDA S5 P4 bz Qi b A HE 24 , 37 DA )5
JE—FHEBESAUY) , 2 T 2R R iR 700 TR TE RS
W JETEM N, CDA HR AT LA 55 X5 4T i DCyd A4 114 SRk
P, TSI 2'-C- A -2'- B4 -1-B-d- B whe gl i [ i
WE(CNDAC) BB & PE . — TSGR RIS K B, 7E A
FEF AL N VR AEE T, DS PRIRAE 5 19 CDA Sk i
# TR F380, 78 AML 3, CDA K50 A A7 3
IR, (M, CDA R RER A F LS A A& ) AR A

FNAYTHEAR . ABFE LI, Sk m T4 At , CML
FEE RS AZ AU P ) CDA mRNA R [ 25k 25 7
1o, IESE CDA e AP HERE 2 A il i

HABFFE B , CDA R YT AT 3@ 1k L B (1) R0 500 e ARt 1
KA FHBIFRAMIA T, ABF5T LB, 855 Y shRNA fifi
CDA L HUTE, 580 KCL-22 41 ih P F 4 T8 aE ) i 3 1
ik, I BEEm Ay TR, it % et ik CDA f pBS/
U6-Neo [ I w] (e 41 s 5 - 0 il AR T~ Bk, ARBIFoE
S TR BN SR RS AEARL, B CDA 3 R TUER A B 1%
TR R BB AP AR, WA [ CDA AR RT kAT
REZ IR I PERE 2R RS A 507

Bel-2 JELRR AR T- {5 5@ B A E AR, e —Fh



MENES R

biomed.cnjournals.com Progress in Modern Biomedicine Vol.20

NO.12 JUN.2020 £ 2243 .

shRNA-NC

Control

4.32%

10? 10’

® 10 10° 10 102 10° 10
FITC FITC

16 * shRNA-CDA pBS / U6-Neo-CDA
o= 14 | 1044 5 1044 v
E 42 L 13.45% 1.04%
Q
T 10 ¢ 104 104
§ 8t
a 6 T 10° T 107
o 4t
<

0 . " . .

Control shRNA- shRNA- pBS/Ué- 10043
NC CDA  Neo-CDA 10° 10" 10* 10° 10

FITC

B 4 [REXE R -V-FITC BTRERFI Z46N 2R CDA EEEFSHET
Fig.4 Detection of Annexin-V-FITC Apoptosis Kit showed that CDA gene silencing induced apoptosis
Note: Compared with Control, *P<0.05; Compared with shRNA-CDA, *P<0.05.
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Fig.5 Western blot showed that CDA gene silencing regulated the

expression of apoptosis-related proteins BCL-2 and cleaved caspase-3

Note: Compared with Control, * P<0.05; Compared with shRNA-CDA, *P<0.05.
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Fig.6 Western blot showed that CDA gene silencing inhibited PI3K/Akt
Note: Compared with Control, * P<0.05; Compared with shRNA-CDA, *P<0.05.
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Fig.7 CDA gene silencing inhibited tumor growth in nude mice

Note: Compared with Control, * P<0.05; Compared with shRNA-CDA, “P<0.05.

CDA SRR A] 8 3 ] PI3K / Akt {5538 B& (19 0 A2 18k
HER Flmlﬁﬂfj RSO
, ARWFGT R CDA 76 A8 S 2 A IS o s a5,
CDA S R UTER AT AR 3 AR S0 g A i AR 4 . AL
Sl PI3K / Akt {55 BEAMOE A G, B, CDA HEHH
TRIT IR MERE R IR 0 53T
& # 3L #k(References )
(1] PHREFAhRFH)L. TEHREEEG RSB 5571548
(2016 458 )[J]. P 4 s ik 32 42 &, 2016, 37(8): 633-639
[2] FsAg, SRIEBON, Bhik, 5. shF B R L £ 6912 A 2 & dm &
F e R 5 A BE BRI Bl A ) 53] 09 7 AILEL[D]. P B 52 B ik 52
Ze &, 2015, 23(1): 65-69

[3] Paola L, Claudio S. Accurate prediction of the age incidence of

J LD

chronic myeloid leukemia with an improved two-mutation

mathematical model[J]. Integrative Biology, 2016, 8(12): 1261-1275

[4] e, XN, A, 5. RES RAn G L4 ATt 4 a0 i &
S5 Ak ea ] F B IR E 4 2 &, 2018, 28(19): 28-33

[5] Yoon K A, Woo S M, Hong E K, et al. Cytidine Deaminase as a

Molecular Predictor of Gemcitabine Response in Patients with Biliary

Tract Cancer[J]. Oncology, 2015, 89(6): 345-350

Wu L, Wu X, Zhu B, et al. Identification and functional

(6]
characterization of a novel cytidine deaminase in a gastropod abalone,
Haliotis diversicolor supertexta [J]. Developmental and Comparative
Immunology, 2009, 33(5): 709-717

[7] Mameri H, Bieche I, Meseure D, et al. Cytidine deaminase deficiency
reveals new therapeutic opportunities against cancer [J]. Clinical
Cancer Research, 2017, 23(8): 2116-2126

[8] Naotake F, Ray L C, Kaori F, et al. Tetrahydrouridine inhibits cell

proliferation through cell cycle regulation regardless of cytidine

deaminase expression levels[J]. PLoS ONE, 2012, 7(5): e37424
RIEA, TR, XK E, . F BE ARG SHG-44 i g

s Fa A e AR R[] b4 ?%%ﬂéau,zon 34(5): 790-792
Tk, B, REEE, F *&1&@1&/\% FRaRET R

TT7 a0 B i B I VLS [T]. kAR B s 2 &, 2019,

26(3): 170-174

1] Yoshida T, Endo Y, Obata T, et al. Influence of cytidine deaminase

(%]

[1
on antitumor activity of 2 "-deoxycytidine analogs in vitro and in vivo

[J]. Drug Metabolism and Disposition: the Biological Fate of



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol20 NO.12 JUN.2020

-+ 2245 .

Chemicals, 2010, 38(10): 1814-1819

[12] Mahfouz RZ, Jankowska A, Ebrahem Q, et al. Increased CDA
expression/activity in males contributes to decreased cytidine analog
half-life and likely contributes to worse outcomes with 5-azacytidine
or decitabine therapy[J]. Clinical Cancer Research, 2013, 19(4): 938-
948

[13] Kim G S, Heo J R, Kim S U, et al. Cancer-specific inhibitory effects
of genetically engineered stem cells expressing cytosine deaminase
and interferon-B against choriocarcinoma in xenografted metastatic
mouse models[J]. Transl Oncol, 2018, 11(1): 74-85

[14] Faosk, RAL, R, 5. 25K 6 | K HRIemE R B R & s /
5 #F 5 RBERT 3455 BrHr ) TR 9 03 3R
A2 33k 4w AR T AU [T]. o 4 s2 3 s 2 &, 2017, 34(11): 1889-1891

[15] fskd, M, 25, . FHRSA RPN 2R m g 5 8=
w35 em [J]. P e AR 9% 42 &, 2019, 27(2): 146-148

[16] Zhao T, Fu'Y, Sun H, et al. Ligustrazine suppresses neuron apoptosis
via the Bax/Bcl 2 and caspase 3 pathway in PC12 cells and in rats
with vascular dementia[J]. Tubmb Life, 2018, 70(1): 60-70

[17] Jiang W, Chen Y, Li B, et al. DBA-induced caspase-3-dependent
apoptosis occurs through mitochondrial translocation of cyt-c in rat
hippocampus[J]. Molecular Biosystems, 2017, 13(9): 1863-1873

[18] Fu X, Wen H, Jing L, et al. MicroRNA-155-5p promotes
hepatocellular carcinoma progression by suppressing PTEN through
the PI3K/Akt pathway[J]. Cancer Science, 2017, 108(4): 620-631

[19] Bahrami A, Hasanzadeh M, Hassanian SM, et al. The Potential Value
of the PI3K/Akt/mTOR Signaling Pathway for Assessing Prognosis in
Cervical Cancer and as a Target for Therapy[J]. Journal of Cellular
Biochemistry, 2017, 118(12): 4163-4169

[20] Ebrahimi S, Hosseini M, Shahidsales S, et al. Targeting the Akt/PI3K
signaling pathway as a potential therapeutic strategy for the treatment
of pancreatic cancer[J]. Current Medicinal Chemistry, 2017, 24(13):
1321-1331

[21] F447. L4 PI3KS 5 7 69 AF L2 E[)]. F B 258 X 5 F4R,
2016, 47(5): 503-510

[22] %Mk, X &3%&, 32, F. F 747 %) 3F > fm B AT & PIBK/Akt
/mTOR 4% 5 i@ % 3% Jk. EGFR-TKIs 3£ /3 bt @it 25 87 50t & [J]. & 3
25,2015, 46(12): 1849-1852

[23] #2 %, B, K=, F. Octd #» PIBK /£ § A 204 F o9 ik TALR
& X [J]..b A E 2, 2016, 56(34): 27-29

[24] e, 4oty PBK/AKT 45 5@ 8 A0 X A B #H M A X F 5 7R
MR % R a9 BE L R[T]. F 46305 9% 4 &, 2019, 38(1): 83-86

[25] Soumyajit B M, Chakraborty P K, Sanghamitra R, et al. Modulation

of Akt and ERK /2 Pathways by Resveratrol in Chronic Myelogenous

Leukemia (CML) Cells Results in the Downregulation of Hsp70[J].

PLoS ONE, 2010, 5(1): e8719

MK R, FRRE, AR E, . T 8] AR T AR IR IR 4r FLAR SW1990

x} 3 B At 25 B A ALR AR ] R E #F, 2010, 39(17): 2267-

2269

[26

)

[27

—

Cheng SM, Ho TJ, Yang AL, et al. Exercise training enhances cardiac

IGFI-R/PI3K/Akt and Bcl-2 family associated pro-survival pathways

in streptozotocin-induced diabetic rats[J]. Int J Cardiol, 2013, 167(2):

478-485

[28] Dufour C, Holy X, Marie PJ. Transforming growth factor-beta
prevents osteoblast apoptosis induced by skeletal unloading via PI3K/
Akt, Bcel-2, and phospho-Bad signaling[J]. Am J Physiol Endocrinol
Metab, 2008, 294(4): 794-801

[29] Swanton E, Savory P, Cosulich S, et al. Bcl-2 regulates a caspase-3/
caspase-2 apoptotic cascade in cytosolic extracts[J]. Oncogene, 1999,
18(10): 1781-1787

[30] Reshi L, Wang H V, Hui C F, et al. Anti-apoptotic genes Bcl-2 and

Bcl-xL overexpression can block iridovirus serine/threonine kinase-

induced Bax/mitochondria-mediated cell death in GF-1 cells[J]. Fish

Shellfish Immunol, 2017, 61: 120-129

(b3 2238 1)

[29] 4 23%, F 547, 247 Itp > KA F no/nos = ros 4 ¥ a4k
a9 AR [J]. P B 53895 42, 2013,17(3): 417-420

[30] Gao XJ, Tang B, Liang HH, et al. Selenium deficiency inhibits
micrna-146a to promote ros-induced inflammation via regulation of
the mapk pathway in the head kidney of carp [J]. Fish & Shellfish
Immunology, 2019, 91: 284-292

[31] Wang F, Liu J, Zhou L, et al. Senescence-specific change in ros
scavenging enzyme activities and regulation of various sod isozymes
to ros levels in psf mutant rice leaves [J]. Plant Physiol Biochem,
2016, 109: 248-261

[32] Wang Y, Huo T, Feng C, et al. Chrysotile asbestos induces apoptosis
via activation of the p53-regulated mitochondrial pathway mediated
by ros in a549 cells[J]. Applied Clay Science, 2019, 182: 105245

[33] QiC, Lin X, Li S, et al. Sohsc70 positively regulates thermotolerance

by alleviating cell membrane damage, reducing ros accumulation, and
improving activities of antioxidant enzymes [J]. Plant Science, 2019,
283:385-395

[34] w4, /™7, THIE, F. KIEEZ G a-i BEWAK d4f 38 iF 37 4]
caspase-12 M 452 AMAKE B A& G iF F0) Ev oA =[] F B
34 39 4, 2015, 31(10): 1750-1755

[35] Zhang Y, Li Y, Feng Q, et al. Polydatin attenuates cadmium-induced
oxidative stress via stimulating sod activity and regulating
mitochondrial function in musca domestica larvae [J]. Chemosphere,
2020, 248: 126009

[36] Liu H, Zhang X, Du Y, et al. Leonurine protects brain injury by
increased activities of ucp4, sod, cat and bcl-2, decreased levels of
mda and bax, and ameliorated ultrastructure of mitochondria in

experimental stroke[J]. Brain Research, 2012, 1474: 73-81



