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[ Abstract] Objective To quantitatively detect GNAQ/11 mutations in uveal melanoma (UM) by droplet digital
PCR (ddPCR). Methods Formaldehyde-fixed paraffin-embedded (FFPE) tumor samples were taken from 78 UM
patients with enucleation in West China Hospital between 2009 and 2015. None of the patients received radiotherapy or
chemotherapy before enucleation. A retrospective study was conducted to detect GNAQ/11 mutation in UM by ddPCR.
To compare the consistency of the results of the two detection methods, DNA sequencing was performed on the target
gene by Sanger sequencing. 78 patients with UM were studied retrospectively. GNAQ/11 mutations in uveal melanoma
was detected by ddPCR. The consistency of the results of the two detection methods was analyzed. Results GNAQ/11
mutations frequency was 91.9%. The consistency test between Sanger sequencing and ddPCR of GNAQ/11 mutations in
74 patients with UM was conducted. Kappa coefficient=0.436, P=0.001. The error rate of Sanger sequencing results was
significantly higher in the heterogeneous group than in the homogeneous group (12/37 vs. 3/16, P=0.53), but the
difference was not statistically significant. Conclusion The results of ddPCR and Sanger sequencing showed good
consistency, and the mutation ratio of GNAQ/11 in UM was significantly different. GNAQ/11 mutation frequency in UM
patients detected by ddPCR was close to the reported frequency. It is more recommended to use ddPCR with high
sensitivity to detect gene mutations in samples of tumor tissue DNA derived from FFPE. Sanger sequencing is prone to
false negative results.
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Table 1 The primer sequence

Gene Exon Sequence of primer (5’ to 3") Amino acid

GNAQ 5 F: TCCCTAAGTTTGTAAGTAGTGCTA Q209
R: ACTAGAAACATGATAGAGGTGACA
GNA1l 5 F: CCAGGTGGCTGAGTCCTG Q209

R: CGACGAGAAACATGATGGAT

GNAQ: G protein subunit alpha Q; GNA11: G protein subunit alpha 11
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Fig 1 Representative traces of concordant mutations detected by two platforms tested:Sanger sequencing (left) showing the GNAQ mutations, indicated

by arrow, ddPCR (right) showing negative droplets

24 —EMESH

XiF Sangerill [ 5 ddPCR M Fh 7 A6 I 74 UM R 25
GNAQ/11 M85 L 4T — KK K, Kappa &
$=0.436, P=0.001, Ziil2E LA PRI o7 = — 3k
B, A UMBEMEFEARGNAQ/1R/E AR 2 ] #f
F 25 (E2A) o MRABEAFEA I ZE A L RAHXS I 1Y
PR R BRI 45 2R, s IS IR 28 A8 B, T G D) Samples o @.&9 & &
JrEA I SE AT 2% 5, 45 5L ILIEI2B. GNAQ/115: % s
FRAR TP PR EEATINZE RN — B E AR 1241]; GNAQ/11
[Fi) 55t 2 A4 20 v W o s G D 5 SR R — BSOS B 3 451
TEGNAQ/ 1157 2 W 5 A 45 A — SR A B
145, Sangeril 3 ) 1 A 38 A S5 BT S A0 2 v T [ B 52 AR 24
(12/37 vs. 3/16, P=0.53), (A5 TG 1TH2# 8 L.

—
w
S
(o))
S

== [nconsistency
== Consistency

—_
(=3
(=}
'S
o

Frequency

w
S
[
S

Mutation ratio/%

2 GNAQMITELLE (A) RAMEGNA EERERELXE TR
HREEEZSR (B)

Fig 2 Mutation ratio of GNAQ/11 in 74 samples (A), absolute frequency

of consistent and inconsistent results detected by the two methods

in different mutation types (B)



524 PR AR (BE2E R

5515

3 it

Hayass b A TR GNAQ/11 R R AR kA
Sanger{ll ¥ . FEBFFRIN T . 441 ok 43 [H 21 I 5
DNA P IZAGIN FE AR 1) “ bR, s 2 AT DA 5 2
1), A i e R AR B I L T S s b, A
BRI Y 2T — X DNAJF I BT B AR, 1B A s 2 A6 I
PR, TR 81 A5 8L B s A AR S 6 2k, (LB st
SRR P41, i ELRR S5 15 A 0 As B 5, 40 F
B84 i DR 0 7 S X A S5 PR 2 1) P A B S ik R 41 11
A AT HEATINT, O RS AT A Ay R A K]
YRR, (EANA% B R DL B 2R A St o A R ) 1
J7 o

ddPCRIEF A /K JF LA PCRIN 4 3R S A £X
T3 AR R S BRI I B B, B R A R —
A BB PCRI W %, X 5 240 A6 I 11 B2 A T R mT
AR E0.001%" . A DNATERE 44 5 B
{55, 38 A R TG IE 38— IR GE 1 PCRY™
8 B A H PSR B, ITiE id Possion /3 A T AL R A
P b DL | S T R ASE AR 9 1 VA 32 R4 0 o 31 B D
FRE . AR, ddP CRAE B R FH 46 I B8 40 35 98
A AAERAE FEPEA 2L S LR A 58 A8, R —
ANBRK 1o B U AR S 1) 125, DA TR I 40 o S PR
IDNA (gDNA) 25 DN A ZAE [ 7 A 45 DL 45 52 -
£ ddPCRX} T JIF 25 45 2 Fl PCRIN il 77 AR AT 25 5 - it
P, AT DLk G S 2R R RT R A A Y PC R i 751
XoF S (R RE e, T3 A i Fe e tE S R Y HE
HF— R ddPCRIE HAG M AZ BRI, XA S ATl 0 A A A
(25 FAREAS ) A0 0T EOGT 4 1l 11 BH e Aty 28 DG 22, A
N0 ) (3 R R R T A A REAR RO Z B T
ddPCRAZ A /D T HLAR 8] ) S0 5 5, BEAIK T PCRAN
DR S I, AT DAAR KRR 32kt G A1 PR 1) & 2, 488 e G
K

H A K &R /- UMAY 4 st 524 i 5T DN AR AR >k
TRA 2 iyl 2 2L A I A 3] e, (R 2 27 A 3 5
T I R (0 B ) A B fieo e AT A S S A 2 R i
R R . BIFSE N SOREIE /N RS FFPEAE A LE 1
WIORAF S, SR 1 38 B2 A K IR F-32 A EGFRIS AR Wi i
Xt b, 5 5 & BRAAS: H EGFRZS AR B K HH 28 A8 433 I it e
R RS 1) 2 A8 R RE 1ASEAIR, 33K gk P R Bl 2 DRAT BT T £
HE:, 578 BETRI R fige, 3 1 BB ME " 25 2R

AW 52 ) F dd P CRAG I 7451 UM £ 35 i 98 41 21
GNAQ/11Z75 3, Hirh GNAQ/ 11585 #E AR 68151, A % /1

FRASHEA 6], GNAQ/ 1157 E M 491.9%, 55 RRUH 1A A
AR 2 S [ 5 A 7R 0 2 725 11 A5 v 6 PR A [ I
AR (RAFR 20.9), 1 2285 A RIS PR hy 57 o 1 58 A
(RAFH >0~ <0.9) . MR I A SR & B, 430 1)
UM GNAQ/ 115 7L AR IAR: i[5 66.6%, H11E38%,
HAR57.9% ] BE 4 Ji DR 2 A E5 0 1R e 9 24 A s e )
AR, GEAFFEIR S A WA, RG24 L R B BA s R A
U752 A R (I REASHI R IG5 S GNAQ/11 57
RAFFIIIE . K LR DE, ddPCR 5 Sangerill Fy, P4
W25 5 00— B R, BB Tk B BT T AR 1
B S RS AE BRE AR v, ddPCRAG 35 B 4 (1 G I fig
il REAS Sanger I - 25 SR S B A 7Y, {HL3 5 ddPCRAG N 851
FEAEGNAQ/ LIS 378 , VHIAEAE [ Il 228 5 1fi FLABAT] 1)
A1 A 2 g 20 2] R R I R) R A 104, S5 J
6%F -

25 b, ABFSE RN ddPCREE AR XHUM FEPESK i
IgDNA#F T GNAQ/ 115878 HE [l i A, % 7 L FLA
RAGVE, B, AT B SR, T TR
96 5 9 A O 7 A WA I, S (AR I R 1 — 0
BEBE A IEA

2 % X o

[1] ONKENM D, WORLEY L A, LONG M D, et al. Oncogenic mutations
in GNAQ occur early in uveal melanoma. Invest Ophthalmol Vis Sci,
2008, 49(12): 5230-5234.

[2] VAN RAAMSDONK C D, GRIEWANK K G, CROSBY M B, et al.
Mutations in Gnall in uveal melanoma. N Engl ] Med, 2010, 363(23):
2191-2199.

[3] DIENER-WEST M. Development of metastatic disease after enrollment in
the coms trials for treatment of choroidal melanoma. Arch Ophthalmol,
2005, 123(12): 1639-1643.

[4] RADHIKA V, DHANASEKARAN N. Transforming G proteins.
Oncogene, 2001, 20(13): 1607-1614.

[5] GOLDSMITH Z G, DHANASEKARAN D N. G protein regulation of
MAPK networks. Oncogene, 2007, 26(22): 3122-3142.

[6] CARVAJALR D, SOSMAN ] A, QUEVEDO J E, et al. Effect of
selumetinib vs chemotherapy on progression-free survival in uveal
melanoma: a randomized clinical trial. JAMA, 2014, 311(23): 2397-2405.

[7]  FENG X, DEGESE M S, IGLESIAS-BARTOLOME R, et al. Hippo-
independent activation of YAP by the GNAQ uveal melanoma oncogene
through a Trio-regulated Rho GTPase signaling circuitry. Cancer Cell,
2014, 25(6): 831-845.

[8} GRIEWANK K G, MURALI R, SCHILLING B, et al. Tert promoter
mutations in ocular melanoma distinguish between conjunctival and
uveal tumours. Br ] Cancer, 2013, 109(2): 497-501.

[9] MCEVOY A C, WOOD B A, ARDAKANI N M, et al. Droplet digital


http://dx.doi.org/10.1167/iovs.08-2145
http://dx.doi.org/10.1056/NEJMoa1000584
http://dx.doi.org/10.1001/archopht.123.12.1639
http://dx.doi.org/10.1038/sj.onc.1204274
http://dx.doi.org/10.1038/sj.onc.1210407
http://dx.doi.org/10.1001/jama.2014.6096
http://dx.doi.org/10.1016/j.ccr.2014.04.016
http://dx.doi.org/10.1038/bjc.2013.312
http://dx.doi.org/10.1167/iovs.08-2145
http://dx.doi.org/10.1056/NEJMoa1000584
http://dx.doi.org/10.1001/archopht.123.12.1639
http://dx.doi.org/10.1038/sj.onc.1204274
http://dx.doi.org/10.1038/sj.onc.1210407
http://dx.doi.org/10.1001/jama.2014.6096
http://dx.doi.org/10.1016/j.ccr.2014.04.016
http://dx.doi.org/10.1038/bjc.2013.312

2 4 1 B TE S TR AU PCR E A I 2 5 2 (0 3508 R GNA O/ 1 R L A 525

PCR for mutation detection in formalin-fixed, paraffin-embedded [13] TEO CR, RAJAN-BABU IS, LAW H Y, et al. Methylation-specific
melanoma tissues: a comparison with Sanger sequencing and triplet-primed PCR and melting curve analysis as a rapid screening tool
pyrosequencing. ] Mol Diagn, 2018, 20(2): 240-252. for identifying actionable FMR1 genotypes. Clin Chem, 2013, 59(11):

[10] HINDSON BJ, NESSK D, MASQUELIER D A, et al. High-throughput 1668-1670.
droplet digital PCR system for absolute quantitation of DNA copy [14] b, HK% HLWEARGTEIRAS B ] X EGFREE PN 58 25 Ko I 45 SR Ay 5%
number. Anal Chem, 2011, 83(22): 8604-8610. ). I A MR 2 24 ik, 2014, 19(4): 132-135.

[11] LAMY PJ, CASTAN F, LOZANO N, ef al. Next-generation genotyping [15] LEESH, KIMJE, JANGHS, ef al. Genetic alterations among Korean
by digital PCR to detect and quantify the BRAF V600E mutation in melanoma patients showing tumor heterogeneity: a comparison between
melanoma biopsies. ] Mol Diagn, 2015, 17(4): 366-373. primary tumors and corresponding metastatic lesions. Cancer Res Treat,

[12] PHALLENJ, SAUSEN M, ADLEFF V, et al. Direct detection of early- 2018, 50(4): 1378-1387.
stage cancers using circulating tumor DNA. Sci Transl Med, 2017, (2020 — 01 — 04Hfi, 2020 — 04 — 15f& A1)
9(403): eaan2415[2019-12-14]. http://www.sciencemag.org/about/science- BT LT

licenses-journal-article-reuse.

A W E B B B

PR A2 (B 2R YRR P BRI R 2225 ) J& i SCRG D T, 19 53R e E LTSRN 11— 2842, 1 s 50 T2
$RAH, T R E TR A FE SO, 1)1 RN RIRR S R — = = I U R RO SRR T
20164F JE v [ A A AERHEU 1), 2016 [ EIBR 200 3 0055 2 AR T ARl b EREE S SR P2 (CSCD) | db st K 5145
T SOOI RIS B EE (FE R SO0« i E R 305 51 3CEdE A (CSTPCD) (BHE ) - EE PubMed (B4R
5| Y(IM/MEDLINE) . Scopus“3:i{t 5% .

R T B R [ AR AR, AR HE S 25 A Sl i R R, N G At R Rk (W AR K ARG 2, ¥m] i Ac
R JUR T ER A RBI R4 AR S LRI 4 W8 B AR, RS S 4 T

AR FIHEL A WL http://ykxb.scu.edu.cn/

Mtk U1 AE SR TN B i = B 17 KU 1 R 27 (BE 22 R )

R E 2 A%: 610041

HL TG /% H: (028)85501320

E-mail: scuxbyxb@scu.edu.cn

DU A2l CBR 2 D) i


http://dx.doi.org/10.1016/j.jmoldx.2017.11.009
http://dx.doi.org/10.1021/ac202028g
http://dx.doi.org/10.1016/j.jmoldx.2015.02.004
http://www.sciencemag.org/about/science-licenses-journal-article-reuse
http://www.sciencemag.org/about/science-licenses-journal-article-reuse
http://dx.doi.org/10.1373/clinchem.2013.206771
http://dx.doi.org/10.4143/crt.2017.535
http://dx.doi.org/10.1016/j.jmoldx.2017.11.009
http://dx.doi.org/10.1021/ac202028g
http://dx.doi.org/10.1016/j.jmoldx.2015.02.004
http://www.sciencemag.org/about/science-licenses-journal-article-reuse
http://www.sciencemag.org/about/science-licenses-journal-article-reuse
http://dx.doi.org/10.1373/clinchem.2013.206771
http://dx.doi.org/10.4143/crt.2017.535
http://dx.doi.org/10.1016/j.jmoldx.2017.11.009
http://dx.doi.org/10.1021/ac202028g
http://dx.doi.org/10.1016/j.jmoldx.2015.02.004
http://www.sciencemag.org/about/science-licenses-journal-article-reuse
http://www.sciencemag.org/about/science-licenses-journal-article-reuse
http://dx.doi.org/10.1373/clinchem.2013.206771
http://dx.doi.org/10.4143/crt.2017.535
http://ykxb.scu.edu.cn/

