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Using high throughput sequencing technology to detect lung cancer pathogenic
and drug target mutations

. o ]* .
HU Caizhi"” & HU Chunling’
'Center for Disease Control and Prevention of Dazu District of Chongging, Chongging 402360, China
*Second People’s Hospital of Dazu District of Chongqing, Chongqing 402360, China

Aisims  Cancer is one of the three major killers of human health in the Twenty-first Century, and lung cancer has the highest
incidence and mortality. Along with the development of personalized medicine, the treatment of lung cancer is no longer
confined to the traditional radiotherapy and chemotherapy. According to the patient’s individual differences, targeted drugs
can effectively treat cancer and reduce side effects. lon torrent high-throughput sequencing platform can sequence the genome
of cancer patients, and then find the causative mutation to select the corresponding targeted therapeutic drugs. We examined
the formalin-fixed and paraffin-embedded tissues of 55 cases of non-small cell lung cancer using ion torrent platform, and
analyzed the sequencing results to find the pathogenic mutations. Among them, 30 (54.5%) samples showed a total of 36 types
of mutations in 7P53 gene, which had the highest mutation frequency. 7P53 is an important tumor suppressor gene that is found
to mutate and lose function in a variety of tumors. The second high mutation frequency gene was EGFR, which was detected
in 17 (30.9%) samples with a total of 8 mutation types. EGFR is a common mutation gene in non-small cell lung cancer, and
Gefitinib is an effective targeted therapeutic drug. The third high mutation frequency gene was ERBB4 detected in 14 (25.5%)
samples with a total of 2 kinds of mutations. ERBB4, also known as HER4, belongs to the same family HER with EGFR. It is
also closely related with the occurrence of cancer. Other genes also showed a certain frequency of mutation, including MLH1
(8 cases, 14.5%), KRAS (6 cases, 10.9%), PIK3CA (5 cases, 9.1%), in which KRAS mutation has targeted therapeutic drugs,
Selumetinib. The results showed that DNA extraction from lung cancer patients FFPE samples and sequencing by ion torrent
platform can sort out the mutations to guide doctors in accurate use of targeted therapeutic drugs.
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Fig. 1 Workflow of data processing. QC: quality control.
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Table 1 Information of pathological samples

A X LI S TR il s
No. Sex District Smoking Age Tumor location
: A I IR K L 45 SRR S 5 PR 2
001 %t Female 4R City % No 37 Lung adenocarcinoma of right middle lobe and giant cell granuloma at neck lymph node
002 % Female i City % No o MPERIRE IR PR

Invasive lung adenocarcinoma with mediastinal lymph node metastasis

003 U Male JRTF City  Yes 64 Ak A A 2L 731k SR 20

Non-keratinized intermediately differentiated lung squamous cell carcinoma

004 4 Female KT City ¢ No 35 B i R

Invasive lung adenocarcinoma

005 4 Female Jkili City 7 No sg  ZehbRrER

Lung adenocarcinoma of left upper lobe

006 % Male #ili City A Yes 56 A 1 i 5

Lung squamous cell carcinoma of right upper lobe

007 % Male §ili City # Yes s i Pl LEE

Intermediately differentiated lung squamous cell carcinoma of right lower lobe

" . 2o il 9
008 % Male 37 City i Yes 76 Lung squamous cell carcinoma of left lower lobe
009 % Female 3§17 City H Yes 73 2 i E I

Lung adenocarcinoma of left upper lobe

010 % Male 31l City A Yes 70 22T il 5

Lung squamous cell carcinoma of left lower lobe

- . A LI R, IR L 2 e 2
ol % Male  $kili City  #7 Yes 66 Lung adenocarcinoma of right upper lobe with mediastinal lymph node metastasis
012 % Male 7l City 7 Yes 61 L 5

Lung squamous cell carcinoma of right upper lobe

el b A AR, 4. 105 Ik L 25 58

013 ¥ Male il City f Yes 57 Intermediately differentiated lung adenocarcinoma of left upper lobe with 4# and 10# lymph nodes
metastasis
. ya = = L4z 1
014 B Male ¥§ili City 45 Yes 38 A bR LR, 105k I 25 e

Poorly differentiated lung adenocarcinoma of right upper lobe with 10# lymph node metastasis

015 % Male S Ciy fves | es POV MELESEE AR 00 E

Lung adenocarcinoma of right lobe with lymph node(nipple mainly) metastasis

. A T b s
016 % Female ki City & No 46 Lung adenocarcinoma of right upper lobe
017 B Male SmiCity i Yes 64 AW PR 7,10, SIS

Lung adenocarcinoma of right lower lobe with 7#, 10# and 11# lymph nodes metastasis

o8 % Male S City frves 3 FONPTURIRE AUMRCLZEERS

Lung adenocarcinoma of right middle lobe with mediastinal lymph node metastasis

019 ¥ Male J&ii City 7 No 71 ZEMEEIEIRE

Lung adenocarcinoma of left upper lobe

020 %z Female 3§17 City J& No 68 AR I

Lung adenocarcinoma of right middle lobe

021 9 Male ¥k City 45 Yes 60 ABILRE IR

Intermediately differentiated lung adenocarcinoma of right upper lobe

022 4 Female Jili City  J& No 67 ZEMTRPERE, 45URUL R

Lung adenocarcinoma of left lower lobe with 4# lymph nodes metastasis

023 55 Male Jiili City 47 Yes 56 25 FHRM Ll

Intermediately differentiated lung adenocarcinoma of left lower lobe

24 B Male SiliCity % No 3 M FURRERRAE, BT R

Lung adenocarcinoma of right lower lobe with hilus pulmonis lymph nodes metastasis

A bR A b -8 fe 0, 95 R4 R R

025 4 Female 31l City Jt No 72 Intermediately-poorly differentiated non-keratinized lung squamous cell carcinoma of right middle
lobe with 9# lymph node metastasis
P = Q;I: 2
026 % Male iﬁ,ﬁﬁ]‘ City ﬁ Yes 66 EHHTJ:D‘I“H%J:« 4.5.6, 1077%5—!‘1%}2

Lung adenocarcinoma of left upper lobe with 4#, 5#, 6# and 10# lymph nodes metastasis

AR M LB, 4.7, 105k A5 F RS
027 % Male 3§17 City A Yes 64 Intermediately differentiated lung squamous cell carcinoma of right lower lobe with 4#, 7# and 10#
lymph nodes metastasis

028 % Male il City 47 Yes 75 el L e 3 A % i

Intermediately differentiated lung squamous cell carcinoma of left upper lobe

N Al L e A g
029 % Female $&lf City % No ol Intermediately differentiated lung adenocarcinoma of right upper lobe
A il b b AR, 20 BT R P
030 W Male 317 City A Yes 54 Intermediately differentiated lung squamous cell carcinoma of left upper lobe and invasive lung
adenocarcinoma of left lower lobe
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No. Sex District Smoking Age Tumor location
031 % Male 3§77 City A Yes 63 2 i I

Lung adenocarcinoma of left upper lobe

032 % Male Jkii City A Yes 71 AR B

Intermediately differentiated lung squamous cell carcinoma of right middle lobe

-~ . Al i v g3 A 3R
033 % Male 37 City A Yes 69 Intermediately differentiated invasive lung adenocarcinoma of right upper lobe
R 4 g 3 o
034 % Male 77 City 74 Yes 51 JE LRI , Sk LA Fe 7

Lung adenocarcinoma of left upper lobe with 5# lymph node metastasis

A7 T AR AR, 7. 105k L A5 R R

035 B Male 31l City A Yes 61 Intermediately-poorly differentiated lung squamous cell carcinoma of right lower lobe with 7# and
10# lymph nodes metastasis
. A Nt 53 A 8
036 % Female ki City JNo & Poorly differentiated lung squamous cell carcinoma of right lobe
037 ¥ Male Jili City & No g L LR

Lung adenocarcinoma of left upper lobe

s UL

Lung adenocarcinoma of right upper lobe

039 % Male J%ili City 7 No s ZEMLR AR

Lung adenocarcinoma of left upper lobe

040 % Male il City  J No ss AR IR

Lung adenocarcinoma of right lower lobe

A

Lung adenocarcinoma of right lower lobe

038 % Male il City  J&No

041 B Male 31l City A Yes

042 % Male  Jikili City JNo 36 Etéjrﬂnﬂijjia_tg&yig%ﬁ%i%fferentiated lung adenocarcinoma of left upper lobe
043 % Male it City & No 3 Iﬁiﬁ%ﬁjﬁiﬁcinoma of left upper lobe

044 % Female Jiilr City J No 66 ﬁi@t&jﬁiﬁcinoma of right lower lobe

045 % Female cﬁgry JNo > @ejﬁ Eiﬂggrﬁe}rlii%ﬁung squamous cell carcinoma of right upper lobe

046 % Male il City £ Yes 63 il Rt LB

Intermediately differentiated lung squamous cell carcinoma of right lower lobe

047 W Male 317 City J& No 63 Ze L iR A

Lung adenocarcinoma of left upper lobe

048 % Male #ili City £ Yes 53 A1 TR

Lung adenocarcinoma of right lower lobe

049 B Male M # Yes so AR

Country Lung adenocarcinoma of right middle lobe
050 % Female cﬁﬁiy A Yes 66 ﬁ i:g szﬁ‘fi ﬁ)us ol aminom of et e o
051 % Male 3kTi City A Yes 73 ﬁl:gﬂzz]?niigcarcinoma of left lower lobe
052 % Male ki City  JE No 72 ﬁﬁgﬁtﬁﬁﬁ cell carcinoma of left lower lobe
053 % Male Jili City 47 Yes 60 ﬁiﬂ;fqﬁ—aﬁrfﬁiﬂs cell carcinoma of right lower lobe
054 5 Male Jiili City  # Yes 70 Ze il L g

Lung squamous cell carcinoma of left upper lobe

o ZWEnEE

Lung squamous cell carcinoma of left upper lobe

055 B Male 31l City A Yes

@% [ CTNNBI ¢.101G > Afii i, "398, 78 25 B fr R i — i o5,
ElZSﬁ#ZKE’JMLHI c.1151T > A7 5, 93 994,
5545 A A A I B 934 AR A 0, AL FE AP T A B X 934N G AR 5 B T30 FE R, Hi, S8 AR B R A T

F X, 80 (86%) NI AN S TAMNEFIXIL, FIRI3  JLHIETPS3, —ILA4530 (54.5%) BIFEA AT TPS3FEH () 5275,
(14%) DR ST N E T IXIER, TTHES S 5EImRNA 4 4F36Fh 5282 . TPS3HE R 4 i 1) 2 14 9 P s #0162 14
RGO L, FETTE R BE A D RE. W PRIER AR AL R T AE U FR O pS3ER (1 pS3MRT AR 1, R T B R A B B S R
By, FATKE A X B g AR o B S B, R PLX O3 A . — P T S B TPS3 4R 1 1Y 52 AR # 23 5 L4 1 e 1y e
B2 7 36 R 1 984, T 35 B R/ — AN B3 SRR R EURE & E, X R R AR B ARIR L A B
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SEARHI AR — E ) 3K )& EGFR ( Epidermal growth factor
receptor) , — LK MIFN17 (30.9%) Wl REA K L 9748, 41458
TP HAY. EGFRZ R B K 72K (HER) Z % W7
Z—, TEANH A PR A b % AR AR T . EGFRIN %8
AT JUA R Y, f R R, 58 —Fl& L858R, Ak
J=EGFRAE [ 55 8581~ 2 JL R MM LZS 28 L TR, R ATTHE 556
FEACH ARG B T4 (7.3%) , 55 Rl “195 4N BBk,
3t J& EGFRAR [ £ 52 300 41 8 3 M — 30 o Bl Ul 17, 3 i
A TESSHIREA R I F] 7115 (20%) . — B, 3 W5
278 (5 3 TG i 9 EGFRZEZE 1190%, K] UL 40 A 95 A 412 Wiy
NEGFRZEZE i 9, AR 2 213 02 X P Rl o A8 22— A, iR
A —Fh 54 2 EGFREE A (1 55 71907 1) H 2 R 28 748 hy 24 S TR

(G719S) , TEFRATHSSHIREA PG I 2 T— 1. EGFRR7E 2
Ak /N Gt B il 96 5 DL — 2 A H AR I e B R e g K
AR R 258, © 8 FDASE T T I6 77 06 301 3k /N 4i i il
})E‘J,E[]l»lz].

AR = Y IE R R ERBB4, 414 (25.5%) il K
REATRA, ALFE W I AL 43 5 & ERBB4 ¢.718G > Al
ERBB4 ¢.884-22C > T. ERBB4X W HER4, & —F 2 (K % & 2
Wi, 5 EGFRIR)JE HERF Ji%. ERBB4E 13t B U mT Vi Iy 45
FIOR R H i SE R 3k, AR IS5 2 Fh Al I S I, A 36 A 24

R2 SSOIAMEEART A AR REER

Table 2 Variant sites and variant genes of 55 lung cancer samples
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I A, HE Al 5 A 530 30 A5 1) Ak TR 0 5 MLHT (8491,

14.5%) . KRAS (6f], 10.9%) . PIK3CA (5, 9.1%) . PTEN
(465, 7.3%) 2. Hob, MLHIEE R 26 05 09 8 U2 i 7
AR I DNASE LB 5 R G i — A o &, 7E AR
B DNASS B8 & it 5 ke 1. KRASFE R 28 28 5 N 2 5 iE
K B DG L PIK3CAKE [ 4 5 128 B 1 Ik 1L 15 -3 - ity
(Phosphatidylino-sitol 3-kinases, PI3Ks) i4pl10/E 4k V. EAv
RIPI3Kpl10a. PI3KIEEGFRF (i 545 1, Al # 4= K K132 44
fix 2 R G (ANEGFR) S0, {1 22 /95 2 IR UG (AKT) B iz 1k
T b 30 2 30 % 8 35 P 7 2R 2 R AR A 00, 4 Y A
B | A R0 B S0 s 4 Y. PTENSE DR S 4k TPS3E N 5
73— Rz M5 IR R AR G R IR R S I, B AR

Pt D S0 s K 2 el A i ke 2 B A4 .

[E] 55 9 E 35k X 2 156 B (International Cancer Genome
Consortium, ICGC) HjEAME T #8 i —J7 A B8 g i Jk
B, J2 e IE B 90— EE B B I, b g T
A C10f9) | SN (3641) FSe BN (178451 ) 14 fii 98 1) £ 4
B FATT N SSAEAS v 0 3] 1) 5 AR 37 55 TCG Cili 8 £ 44 128 2
BRI, FATTHR B 0 IR 43 R 2 i o . Z IR AT R
GEHT, B S TP E A MICGCHE R ML, A EGFR ¢.2573T >

SR 5, BN A A K e 4] SN LR g%
}ﬂi:éon %Eﬁiai]o; ’ Saﬁgi\e%o. f VSIJ: * (%en.e Saﬁéff&o. j:\’Gi:ﬂz SFCLC SFKLC SFALC
AKTI ¢.122G>T EX3 1 1.8% o - - -
AKTI ¢.47-12G > A IN2 1 1.8% AKTI 2 3:6% - - -
ALK ¢.3600G > C EX23 3 5.5% ALK 3 5.5% - - -
APC c.43934>T EX16 1 1.8% APC 1 1.8% - - -
ATM ¢.*29C > G EX63 1 1.8% 0 - - -
ATM ¢.5793T > C EX39 1 1.8% AT™ ! 1.8% - - -
BRAF ¢.13984 > G EX11 1 1.8% BRAF 1 1.8% - - -
CDKN24 c.182_200delAGCTGCTGCTGCTCCACGG EX2 1 1.8% - - -
CDKN2A4 c.1974 > G EX2 1 1.8% - - -
CDKN2A4 ¢.343G>T EX2 1 1.8% CDKN2A4 4 7.3% - - -
CDKN2A c.374_374delA EX2 1 1.8% - - -
CDKN2A4 c.405G > A EX2 1 1.8% - - -
CTNNBI ¢.101G > A EX3 1 1.8% o - - -
CTNNBI ¢.98C > A EX3 1 1.8% CTNNBI 2 3.6% - - -
EGFR ¢.2155G>T EX18 1 1.8% - - -
EGFR ¢.2235_2249del GGAATTAAGAGAAGC EX19 8 14.5% - - -
EGFR ¢.2236_2250delGAATTAAGAGAAGCA EX19 1 1.8% - - -
EGFR ¢.2238 2252delATTAAGAGAAGCAAC EX19 1 1.8% EGFR 17 30.9% - - -
EGFR ¢.2240_2257delTAAGAGAAGCAACATCTC EX19 1 1.8% - - -
EGFR ¢.2248G > C EX19 1 1.8% - - -
EGFR ¢.22604 > G EX19 1 1.8% - - -
EGFR ¢.2573T > G EX21 4 7.3% 04  0.0278 -
ERBB2 ¢.2263_2264delTTinsCC EX19 1 1.8% o - - -
ERBB2 ¢.2264T > C EX19 1 1.8% ERBB2 ! 1.8% - - -
ERBB4 ¢.718G > A EX6 1 1.8% 0 - - -
ERBB4 ¢.884-22C>T IN7 13 23.6% ERBBY 14 25.5% - - -
FGFRI c.474G > A EXS5 1 1.8% FGFRI 1 1.8% - - -
FGFR3 ¢.1965+22G > A IN14 1 1.8% FGFR3 1 1.8% - - -
IDHI ¢.315C>T EX4 1 1.8% IDHI 1 1.8% - - -
JAK2 c.1864+14C > T IN14 1 1.8% o - - -
JAK?2 c.1864+574 > G IN14 1 1.8% JAK2 2 3.6% - - -
JAK3 ¢.1702-24T > C IN12 1 1.8% JAK3 1 1.8% - - -
KDR c.1413-8T > C IN10 1 1.8% KDR 1 1.8% - - -
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jl\?[lijtion l\%?cai?o?l ’ Saﬁjfe%%o. f VSF * Genp_:l Saﬁjli%%o. \’C%-“K SFCLC SFKLC SFALC
KIT ¢.16384 > G EX10 3 5.5% - - -
KIT c.1674G > A EX11 1 1.8% KT 4 7:3% - - -
KRAS ¢.34G>T EX2 1 1.8% - 0.0278 -
KRAS ¢.35G > A4 EX2 1 1.8% N - - -
KRAS ¢.35G > C EX2 1 1.8% KRAS 6 10.9% - - -
KRAS ¢.35G>T EX2 3 5.5% 0.1 - -
MLHI ¢.1151T > A4 EX12 8 14.5% MLHI 8 14.5% - - -
NRAS ¢.159G > 4 EX3 1 1.8% NRAS 1 1.8% - - -
PDGFRA ¢.2123T > C EX15 1 1.8%  PDGFRA 1 1.8% - - -
PIK3CA ¢.*37C> G EX21 1 1.8% - - -
PIK3CA ¢.1618C > G EX10 1 1.8% N - - -
PIK3CA ¢.1633G > A EX10 3 5.5% PIK3CA 3 1% - - 0.0562
PIK3CA ¢.3075C>T EX21 1 1.8% - - -
PTEN ¢.-9C > G EX1 1 1.8% - - -
PTEN c.-10delC EX1 2 3.6% PTEN 4 7.3% - - -
PTEN ¢.493-34TC > CA INS 1 1.8% - - -
RBI ¢.473T > A4 EX4 1 1.8% RBI 1 1.8% - - -
RET ¢.1879+274 > G IN10 1 1.8% RET 1 1.8% - - -
SMAD4 ¢.955+58C > T IN8 3 5.5% - - -
SMAD4 ¢.955+644 > C IN8 1 1.8% SMAD4 4 7.3% - - -
SMARCBI ¢.215C > A EX2 1 1.8% o - - -
SMARCBI ¢.500+41G > A IN4 1 1.8% SMARCEI 2 3.6% - - -
STK11 ¢.593_593delC EX4 1 1.8% STK11 1 1.8% - - -
TP53¢.1027G>T EX10 1 1.8% - - -
TP53¢.214C> G EX4 2 3.6% - - -
TP53 ¢.215C > G|c.216_216delC EX4 1 1.8% - - -
TP53¢.219G>T EX4 1 1.8% - - -
TP53¢.298C>T EX4 1 1.8% - - -
TP53 ¢.313G>T EX4 1 1.8% - - -
TP53¢.329G > C EX4 1 1.8% - - -
TP53 ¢.3944> G EXS 1 1.8% - - -
TP53 c.4084 > G EX5 2 3.6% - - -
TP53 ¢.455C>T EX5 1 1.8% - - -
TP53 ¢.469G > T EXS 1 1.8% - - 0.0169
TP53 c.4884> G EX5 1 1.8% - - 0.0169
TP53¢.523C>T EX5 1 1.8% - - -
TP53¢.524G > 4 EX5 1 1.8% - - -
TP53 ¢.524G>T EX5 1 1.8% - - -
TP53¢.527G>T EXS 1 1.8% - - 0.0056
TP53¢.535C>T EXS5 1 1.8% - - 0.0056
TP53 ¢.5364 > T EX5 1 1.8% TP53 30 54.5% - - 0.0112
TP53 ¢.560-1G > T INS 1 1.8% - - -
TP53¢.5784 > G EX6 1 1.8% - - 0.0056
TP53 ¢.592G>T EX6 1 1.8% - - -
TP53 c.6144 > G EX6 1 1.8% - - 0.0056
TP53¢.673-1G>T IN6 1 1.8% - - 0.0056
TP53 ¢.729_730delGGinsTT EX7 1 1.8% - - -
TP53¢.742C>T EX7 1 1.8% - - 0.0056
TP53 ¢.742_744delCGGinsTGT EX7 1 1.8% - - -
TP53 ¢.743G > A EX7 1 1.8% - - 0.0056
TP53¢.746G > T EX7 1 1.8% - - -
TP53 ¢.747G > T EX7 1 1.8% - - 0.0056
TP53 ¢.757_758delAC EX7 1 1.8% - - -
TP53 ¢.832C>T EX8 1 1.8% - - 0.0056
TP53 ¢.833C>T EX8 1 1.8% - - 0.0056
TP53 ¢.845G > C EX8 1 1.8% - - -
TP53 ¢.856G > A4 EX8 1 1.8% - - -
TP53 ¢.914 915insA EX8 1 1.8% - - -
VHL ¢.409G > C EX2 1 1.8% VHL 1 1.8% - - -

ICGC: [P i 3 [ 2 5% B3 3 VSF: S 248 1 SV 5 VGF: 28 A8 JE R % ; SFCLC: ICG ORI i [E I 5% ;. SFKILC: ICGCHHE 42 il [ i A%
#; SFALC: ICGCHUHE 96 [ A i 9%

ICGC: International Cancer Genome Consortium; VSF: Variant sites frequency; VGF: Variant gene frequency; SFCLC: Site frequency of Chinese lung cancer
in ICGC; SFKLC: Site frequency of Korean lung cancer in ICGC; SFALC: Site frequency of American lung cancer in ICGC.
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