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DKC1 affects proliferation, apoptosis and cell cycle of mucosal melanoma cells
relating to MEK-ERK pathway

YIN Ting, KONG Yan (Key Laboratory of Carcinogenesis and Translational Research [Ministry of Education/Beijing], Department of
Renal Cancer and Melanoma, Peking University Cancer Hospital and Institute, Beijing 100142, China)

[Abstract] Objective: To investigate the effects of dyskerin pseudouridine synthase 1 (DKC1) on the proliferation, cell cycle and
apoptosis of mucosal melanoma cells and its potential mechanisms. Methods: gPCR was used to detect the mRNA expression of DKC1
in mucosal melanoma cell lines HMV 11, GAK and normal skin cell line BJ. HMV Il and GAK cells were interfered with DKC1 siRNA
(si-DKCI1 group) and control siRNA(si-Ctrl group) respectively; 48 h later, qPCR and Western blotting were used to verify the interfer-
ence efficiency. CCK-8 assay was used to detect the effect of DKC1 knockdown on the proliferation of mucousal melanoma cells. Flow
cytometry was used to detect the apoptosis and cell cycles. Western blotting and qPCR were used to detect the molecule expressions of
related pathways. Results: The mRNA and protein expression levels of DKC1 in HMV II and GAK cells were significantly higher than
those in BJ cells (all P<0.01). After 48 h of siRNA transfection, compared with the si-Ctrl group, the mRNA and protein levels of
DKC1 in HMV II and GAK cells of the si-DKC1 group significantly reduced (all P<0.01), the cell proliferation level significantly re-
duced (P<0.05 or P<0.01), and the apoptosis rate of cells significantly increased (all P<0.01); in addition, the mRNA expressions of pro-
apoptotic molecules caspase 9, BAK and PUMA increased significantly (P<0.05 or P<0.01) and the cell cycle was blocked (P<0.05
or P<0.01); moreover, the phosphorylation levels of MEK and ERK1/2 were significantly reduced (P<0.05). Conclusion: Knockdown
of DKCI can inhibit the proliferation of mucousal melanoma cells, promote cell cycle arrest and induce apoptosis, and its mechanism
may be related to MEK/ERK signal pathway.
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A: The mRNA expression of DKC1 in BJ, HMV II and GAK cells detected by qPCR;
B, C: The protein expression of DKC1 in BJ, HMV Il and GAK cells detected by WB
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Fig.1 Expression of DKC1 in mucosal melanoma cells and normal skin cells
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A: DKCI1 knockdown efficiency was detected by qPCR; B: Knockdown of DKC1 inhibited the proliferation of mucosal melanoma cells
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Fig.2 Knockdown of DKC1 affected the proliferation of mucosal melanoma cells
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A: Effect of DKC1 knockdown on apoptosis of GAK and HMV 1l cells was detected by Flow cytometry; B and C: Apoptosis rates of
GAK and HMV I cells; D: Expression of apoptosis-related biomarkers was detected by qPCR
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Fig.3 Knockdown of DKC1 affected the apoptosis rates of mucosal melanoma cells
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A: Cell cycle detected by Flow cytometry; B: Proportion of cells in different cycles
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Fig.4 Effects of DKC1 knockdown on cell cycles of mucosal melanoma cells
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A: Effect of DKC1 down-regulation on the expressions of MEK, ERK1/2, phosphorylated MEK and ERK1/2 assessed by WB assay;
B: The quantification of MEK, ERK1/2, phosphorylated MEK and ERK1/2 compared with GAPDH as the control group
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Fig.5 Knockdown of DKC1 affected the expressions of proteins related by MEK/ERK pathway

31 R’

DKC1 5 Z Fi g (1) 5 A2k Je IR PERR B K TS
HEFVIEER B AR M8 R AR K R BB i ok
B BH o A B FEO AN, DKCT AN 2 38 e i Ao i 34 448
S R R AR R R S T AR Ik L 4 R 1 A B R
TR R . DKC1Z2 55
H N B AR 3E N7 5T (internal ribosomal entry site,
IRES) ) mRNA [ 1 F8 , 60, 45 418 2k 8] pS3
A p27 B T2 A F Bel-xL Fl XIAP %5, iX 53 DKC1
Z 5 R R R AR RS S B R 5
e, 55 A, DKCT A] LS rRNA B4R RE 47 0 T,
b5 BB e R 14 B ) R R 1 E DNA B R AL 1 (single-
strand-selective monofunctional uracil-DNA glycosyl-
ase 1, SMUGD) i 7] 1 4% i 24 rRNA [ o7 &, (H 5%
T DKC G e 1 425 $9e J5 DR P 380 18 1o AN 42

RAS-RAF-MEK-ERK it #% 42 — 2% 7 2 Fft [} o
REM ) ¥2 B (R B, 5 400 B 9 L T 24 R S L v
A T2 A5 R 20 S AR ) AT N B B TR R
AHFFGE BB IR, ik DKC1REA 1 65 A 2 65 200
S B 38 G 75 S A L R T TR B A B MEEKC

ERK1/2 £ A iR A6 /KF 7, #EI DKC1 7] g id i
MEK-ERK 18 % 1455 24 Jfa J&] S BEL s A T, AT 5
0 RS 20 P £, 2T 2 A 1) G B, s e 6 S Y R £ U
HERE . A, B FEPR I DKC % 5% B3 32
RIMYC PR o 7E RO 22 2 a8 L 41 DKC1 3
KA DL R 40 A A AR pS3 AR K G BEL s AE
PRI TUR HR , W DKCRE F01 1) 24 i 34 7 1= 28
TR, B B T G, JE LR & M5 5
% HIF-la. MMP2. CyclinE2. CDK2 # p27 % it R
VO TE B O B 4 B e b, R 98 DKCL n]idE i NF-
kB/MMP-2 {5 5 18 & #1140 i 3 5 | 12 28 AiE
U, RIFFALE RS FRHE —2 #2878 DKC1 Rk
S R DA 5 200 R 30 O i 3 v 0 ) £ 3 B A —
b3t 3 0 % o (BRI, BF AR B, DKCI
TE 1 4 B b Y 1, HOR $% 55 4k FF B O 5B R
() 2L ) RE , {H DKC1 ) D RS2 45 ale it Rk 1 pe
VeI el N il = S Gl R N N A Sl
DKC1 [ R A% Re (i i3k 74 248 i e 1) A=, Hoad sk i 4%
p27 F 0 B LE i Rg 0 ) oh oy v OC B A A, R
DKC1 7] REEAS [F] (1) g R FE AN R Dl fe

25 LT , AT 7T R 7 DKC17EZH A S 5 2



b

P, 5 DKCT 50 2 i 784 €0 2008 4011t (389 L R0 T RN 400 it & 31 B -5 MEK-ER K % A4H 5% - 865

Je TP AR 90 A DG BR 2 AT T WP IR R L R B
DKC1 ] 5% M 6 5 784 B8 €0 2 989 24 i () 38 5 4 A Sl 3
AYET:, Bl A 5 MEK/ERK {5 5 il i 5 5 , 1% 45
Dy 17 32 o6 Y PR €0 3R (1 E T TR AR T
pEiipie

(& % 3 #K]

[1] FERLAY J, SOERJOMATARAM I, DIKSHIT R, et al. Cancer inci-
dence and mortality worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012[J/OL]. Int J Cancer, 2015, 136(5):
E359-E386[2019-11-03]. https://onlinelibrary. wiley. com/doi/full/
10.1002/ij¢.29210. DOI:10.1002/ijc.29210.

[2] CHEN W Q, ZHENG R S, BAADE P D, et al. Cancer statistics in
China, 2015[J]. CA: A Cancer J Clin, 2016, 66(2): 115-132. DOI:
10.3322/caac.21338.

[3] CHI Z H, LI SM, SHENG XN, et al. Clinical presentation, histology,
and prognoses of malignant melanoma in ethnic Chinese: a study of
522 consecutive cases[J/OL]. BMC Cancer, 2011, 11: 85[2019-11-
03]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC3056833/.
DOI:10.1186/1471-2407-11-85.

[4] WEI X T, MAO L L, CHI Z H, et al. Efficacy evaluation of imatinib for
the treatment of melanoma: evidence from a retrospective study[J].
Oncol Res, 2019, 27(4): 495-501. DOI: 10.3727/096504018X
15331163433914.

[5] WANG X, KONG Y, CHI Z H, et al. Primary malignant melanoma
of the esophagus: a retrospective analysis of clinical features, man-
agement, and survival of 76 patients[J]. Thorac Cancer, 2019, 10
(4): 950-956. DOI:10.1111/1759-7714.13034.

[6] NEWELL F, KONG Y, WILMOTT J S, et al. Whole-genome land-
scape of mucosal melanoma reveals diverse drivers and therapeutic
targets[J/OL]. Nat Commun, 2019, 10(1): 3163[2019-11-03]. https://
www. ncbi. nlm. nih. gov/pmc/articles/PMC6639323/. DOI: 10.1038/
s41467-019-11107-x.

[71 MITCHELL J R, WOOD E, COLLINS K. A telomerase component
is defective in the human disease dyskeratosis congenita[J]. Nature,
1999, 402(6761): 551-555. DOI:10.1038/990141.

[81 YUY T, MEIER U T. RNA-guided isomerization of uridine to pseu-
douridine-pseudouridylation[J]. RNA Biol, 2014, 11(12): 1483-
1494. DOI:10.4161/15476286.2014.972855.

[91 MONTANARO L. Dyskerin and cancer: more than telomerase. The
defect in mRNA translation helps in explaining how a proliferative
defect leads to cancer[J]. J Pathol, 2010, 222(4): 345-349. DOI:
10.1002/path.2777.

[10] DOKAL I. Dyskeratosis congenita in all its forms[J]. Br J Haema-
tol, 2000, 110(4): 768-779. DOI1:10.1046/j.1365-2141.2000.02109.x.

[11] KNIGHT S, VULLIAMY T, COPPLESTONE A, et al. Dyskeratosis
Congenita (DC) Registry: identification of new features of DC[J].
Br J Haematol, 1998, 103(4): 990-996. DOI: 10.1046/j. 1365-2141.
1998.01103.x.

[12] ALTER B P, GIRI N, SAVAGE S A, et al. Cancer in dyskeratosis
congenita[J]. Blood, 2009, 113(26): 6549-6557. DOI: 10.1182/
blood-2008-12-192880.

[13] BELLODI C, KRASNYKH O, HAYNES N, et al. Loss of function

of the tumor suppressor DKC1 perturbs p27 translation control and

contributes to pituitary tumorigenesis[J]. Cancer Res, 2010, 70(14):
6026-6035. DOI:10.1158/0008-5472.CAN-09-4730.

[14] O'BRIEN R, TRAN S L, MARITZ M F, et al. MYC-driven neuro-
blastomas are addicted to a telomerase-independent function of dys-
kerin[J]. Cancer Res, 2016, 76(12): 3604-3617. DOI:10.1158/0008-
5472.CAN-15-0879.

[15] MONTANARO L, BRIGOTTI M, CLOHESSY 1J, et al. Dyskerin
expression influences the level of ribosomal RNA pseudo-uri-
dylation and telomerase RNA component in human breast cancer
[J]. J Pathol, 2006, 210(1): 10-18. DOI:10.1002/path.2023.

[16] ZHANG M, PAN Y, JIANG R R, et al. DKC1 serves as a potential
prognostic biomarker for human clear cell renal cell carcinoma and
promotes its proliferation, migration and invasion via the NF-xB
pathway[J]. Oncol Rep, 2018, 40(2): 968-978. DOI: 10.3892/
0r.2018.6484.

[17] SR WS BR B, T A5 UBR LMTK2 %) 25 34 HR0 14 1 41 i PC3
I L G AR S (7). H AR, 2019,28(1):63-68. DOI: 10.11735/5.
issn.1004-0242.2019.01.A009.

[18] RUGGERO D, GRISENDI S, PIAZZA F, et al. Dyskeratosis con-
genita and cancer in mice deficient in ribosomal RNA modification
[J]. Science, 2003, 299(5604): 259-262. DOI: 10.1126/sci-
ence.1079447.

[19] YOON A, PENG G, BRANDENBURGER Y, et al. Impaired con-
trol of IRES-mediated translation in X-linked dyskeratosis congeni-
ta[J]. Science, 2006, 312(5775): 902-906. DOI: 10.1126/sci-
ence.1123835.

[20] HOLLSTEIN M, HAINAUT P. Massively regulated genes: the ex-
ample of TP53[J]. J Pathol, 2010, 220(2): 164-173. DOI: 10.1002/
path.2637.

[21] MONTANARO L, CALIENNI M, BERTONI S, et al. Novel dys-
kerin-mediated mechanism of p53 inactivation through defective
mRNA translation[J]. Cancer Res, 2010, 70(11): 4767-4777. DOI:
10.1158/0008-5472.CAN-09-4024.

[22] BELLODI C, KOPMAR N, RUGGERO D. Deregulation of onco-
gene-induced senescence and p53 translational control in X-linked
dyskeratosis congenita[J]. EMBO J, 2010, 29(11): 1865-1876. DOI:
10.1038/emboj.2010.83.

[23] JOBERT L, SKJELDAM H K, DALHUS B, et al. The human base
excision repair enzyme SMUG] directly interacts with DKC1 and
contributes to RNA quality control[J]. Mol Cell, 2013, 49(2): 339-
345. DOI:10.1016/j.molcel.2012.11.010.

[24] MCCUBREY J A, STEELMAN L S, CHAPPELL W H, et al. Roles
of the Raf/MEK/ERK pathway in cell growth, malignant transfor-
mation and drug resistance[J]. Biochim Biophys Acta, 2007, 1773
(8): 1263-1284. DOI:10.1016/j.bbamcr.2006.10.001.

[25] WANG X W, WU X, XIN J Y, et al. Genetic variants in Ras/Raf/
MEK/ERK pathway are associated with gastric cancer risk in Chi-
nese Han population[J/OL]. Arch Toxicol, 2020[2019-12-03]. https:
/Mlink. springer. com/article/10.1007%2Fs00204-020-02771-w. DOI:
10.1007/s00204-020-02771-w.

[26] WANG W, HE B. MiR-760 inhibits the progression of non-
small cell lung cancer through blocking ROS1/Ras/Raf/MEK/
ERK pathway[J/OL]. Biosci Rep, 2020: BSR20182483[2019-12-
03]. https://www. researchgate. net/publication/341028637 MiR-

760 _inhibits _the progression of non-small cell lung cancer

are



866 -

Fp [ R AR 6T Ak, 2020, 27(8)

_through blocking ROS1RasRafMEKERK pathway. DOIL:  10.
1042/BSR20182483.

[27] LIU X R, ZHANG L, YANG L C, et al. MiR-34a/c induce caprine
endometrial epithelial cell apoptosis by regulating circ-8073/CEPS5
via the RAS/RAF/MEK/ERK and PI3K/AKT/mTOR pathways[J/
OL]. J Cell Physiol, 2020[2019-12-03]. https://onlinelibrary. wiley.
com/doi/abs/10.1002/jcp.29821. DOI:10.1002/jcp.29821.

[28] JIN S, GAO J, QL 'Y, et al. TGF-B1 fucosylation enhances the au-
tophagy and mitophagy via PI3K/Akt and Ras-Raf-MEK-ERK in
ovarian carcinoma[J]. Biochem Biophys Res Commun, 2020, 524
(4): 970-976. DOI:10.1016/j.bbrc.2020.02.028.

[29] DENG D F, YANG S J, WANG X. Long non-coding RNA SNHG16
regulates cell behaviors through miR-542-3p/HNF40 Axis via RAS/
RAF/MEK/ERK signaling pathway in pediatric neuroblastoma cells
[J/OL]. Biosci Rep, 2020, 40(5): BSR20200723[2019-12-03]. https:
//www.ncbi.nlm.nih. gov/pmc/articles/PMC7251324/. DOI:10.1042/
BSR20200723.

[30] YANG S F, LIU G H. Targeting the Ras/Raf/MEK/ERK pathway in
hepatocellular carcinoma[J]. Oncol Lett, 2017, 13(3): 1041-1047.
DOI:10.3892/01.2017.5557.

[31] DEGIRMENCI U, WANG M, HU J C. Targeting aberrant RAS/
RAF/MEK/ERK signaling for cancer therapy[J]. Cells, 2020, 9(1):

198. DOI:10.3390/cells9010198.

[32] XU, B4k, 257k ¥, % . Ras/Raf/MEK/ERK {55 5 i % 5 (4 IfL 95
(3], FP [ S 56 13 2% 44 &L 2017, 25(3): 947-951. DOI:10.7534/;.
issn.1009-2137.2017.03.056.

[33] AKULA S M, ABRAMS S L, STEELMAN L S, et al. RAS/RAF/
MEK/ERK, PI3K/PTEN/AKT/mTORCI! and TP53 pathways and
regulatory miRs as therapeutic targets in hepatocellular carcinoma
[J]. Expert Opin Ther Targets, 2019, 23(11): 915-929. DOI:10.1080/
14728222.2019.1685501.

[34] ALAWI F, LEE M N. DKC1 is a direct and conserved transcription-
al target of ¢c-MYC[J]. Biochem Biophys Res Commun, 2007, 362
(4): 893-898. DOI:10.1016/j.bbrc.2007.08.071.

[35] MIAO F A, CHU K, CHEN H R, et al. Increased DKC1 expression
in glioma and its significance in tumor cell proliferation, migration
and invasion[J]. Invest New Drugs, 2019, 37(6): 1177-1186. DOI:
10.1007/s10637-019-00748-w.

[36] SIERON P, HADER C, HATINA J, et al. DKC1 overexpression as-
sociated with prostate cancer progression[J]. Br J Cancer, 2009, 101
(8): 1410-1416. DOI:10.1038/sj.bjc.6605299.

[Uaks HEAT  2020-01-14 [f&EBHA]  2020-08-08
[(Axx4wig]  HiHHa



