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Abstract:  The enrichment of tyrosine phosphorylation sites plays an important role in the study of tyrosine
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phosphoproteomics and the commonly used enrichment methods are antibody affinity enrichment and SH2 superbinder
enrichment. In addition, in order to achieve large-scale identification of tyrosine phosphorylation sites, biological mass
spectrometry and bioinformatics have been applied in tyrosine phosphoproteomics. In-depth coverage research of tyrosine
phosphoproteomics, revealing the dysregulated kinases in cancer process, may help us understanding the occurrence and
development process of cancer. According to literature reports, three quarters of the oncogenes are tyrosine kinase genes.
Therefore, tyrosine kinase inhibitors have received more and more attention as anticancer drugs. The application of tyrosine
phosphoproteomics technology can identify tyrosine kinases related to cancer and other major diseases, so as to help finding
tyrosine kinase inhibitors. In short, tyrosine phosphoproteomics technology can be applied in biomedical fields such as

tyrosine kinase identification, tyrosine kinase inhibitor research, and tyrosine phosphorylation signal pathway research.
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Fig. 2 Large-scale enrichment and identification of
phosphorylated tyrosine.
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00:00 00:00 600 5
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58:00 50:00 600 24
70:00 12:00 600 32
71:00 01:00 600 95
78:00 07:00 600 95
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&2 FDA #t#ER/ NS FERHESIHIF,

R HEEAQHEREARAN AR AE
Table 2 FDA-approved small molecule protein kinase inhibitors, their protein Kinase targets, and therapeutic

indications
Year . a Lo L
Drug (code) trade name Primary targets Therapeutic indications
approved

Abemaciclib (LY2835219) Verzenio 2017 CDK4/6 Combination therapy with an (i) aromatase inhibitor or
with (ii) fulvestrant or as a monotherapy for breast cancers

Acalabrutinib (ACP-196) Calquence 2017 BTK Mantle cell lymphomas, CLL, SLL

Afatinib (BIBW 2992) Tovok 2013 ErbB1/2/4 NSCLC

Alectinib (CH5424802) Alecensa 2015 ALK, RET ALK-positive NSCLC

Axitinib (AG-013736) Inlyta 2012 VEGFR1/2/3 RCC

Baricitinib (LY 3009104) Olumiant 2018 JAK1/2 Rheumatoid arthritis

Binimetinib (MEK162) Mektovi 2018 MEK1/2 Combination therapy with encorafenib for BRAF Y52/
melanomas

Bosutinib (SKI-606) Bosulif 2012 BCR-AbI CML

Brigatinib (AP 26113) Alunbrig 2017 ALK ALK-positive NSCLC

Cabozantinib (BMS-907351) Cometriq 2012  RET, VEGFR2 Medullary thyroid cancers, RCC, HCC

Ceritinib (LDK378) Zykadia 2014 ALK ALK-positive NSCLC resistant to crizotinib

Cobimetinib (GDC-0973) Cotellic 2015 MEK1/2 BRAFY®EK melanomas in combination with vemurafenib

Crizotinib (PF 2341066) Xalkori 2011 ALK, ROS1 ALK or ROS1-postive NSCLC

Dabrafenib (GSK2118436) Tafinlar 2013  B-Raf BRAF %X melanomas, BRAF"*® NSCLC, BRAF*"¢
anaplastic thyroid cancers

Dacomitinib (PF-00299804) Visimpro 2018 EGFR EGFR-mutant NSCLC

Dasatinib (BMS-354825) Sprycell 2006 BCR-AbI CML

Encorafenib (LGX818) Braftovi 2018  B-Raf Combination therapy with binimetinib for BRAF 50/
melanomas

Entrectinib (RXDX-101) Rozlytrek 2019 TRKA/B/C, ROS1 Solid tumors with NTRK fusion proteins, ROS1-positive
NSCLC

Erdafitinib (JNJ-42756493) Balversa 2019 FGFR1/2/3/4 Urothelial bladder cancers

Erlotinib (OSI-774) Tarceva 2004 EGFR NSCLC, pancreatic cancers

Everolimus (RAD001) Afinitor 2009 FKBP12/mTOR HER2-negative breast cancers, pancreatic
neuroendocrine tumors, RCC, angiomyolipomas,
subependymal giant cell astrocytomas

Fedratinib (TG101348) Inrebic 2019 JAK2 Myelofibrosis

Fostamatinib (R788) Tavalisse 2018  Syk Chronic immune thrombocytopenia

Gefitinib (ZD1839) Iressa 2003 EGFR NSCLC

Gilteritinib (ASP2215) Xospata 2018  FIt3 AML

Ibrutinib (PCI-32765) Imbruvica 2013 BTK CLL, mantle cell lymphomas, marginal zone
lymphomas, graft vs. host disease

Imatinib (STI571) Gleevec 2001 BCR-AbI Ph* CML or ALL, aggressive systemic mastocytosis,
chronic eosinophilic leukemias, dermatofibrosarcoma
protuberans, hypereosinophilic syndrome, GIST,
myelodysplastic/ myeloproliferative disease

Lapatinib (GW572016) Tykerb 2007 EGFR, ErbB2/HER2 HER2-positive breast cancers

Larotrectinib (LOXO-101) Vitrakvi 2018 TRKA/BI/C Solid tumors with NTRK fusion proteins

Lenvatinib (AK175809) Lenvima 2015 VEGFR, RET Differentiated thyroid cancers

Lorlatinib (PF-06463922) Lorbrena 2018 ALK ALK-positive NSCLC

http://journals.im.ac.cn/cjbcn
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(E=)
Drug (code) trade name Year Primary targets® Therapeutic indications®
approved
Midostaurin (CPG 41251) Rydapt 2017  FIt3 AML, mastocytosis, mast cell leukemias
Neratinib (HKI-272) Nerlynx 2017  ErbB2/HER2 HER2-positive breast cancers
Netarsudil (AR11324) Rhopressa 2018 ROCK1/2 Glaucoma
Nilotinib (AMN107) Tasigna 2007 BCR-Abl Ph* CML
Nintedanib (BIBF-1120) Vargatef 2014 FGFR1/2/3 Idiopathic pulmonary fibrosis
Osimertinib (AZD-9292) Tagrisso 2015 EGFR T970M NSCLC
Palbociclib (PD-0332991) Ibrance 2015 CDK4/6 Estrogen receptor- and HER2-positive breast cancers
Pazopanib (GW786034) \Votrient 2009 VEGFR1/2/3 RCC, soft tissue sarcomas
Pexidartinib (PLX3397) Turalio 2019 CSF1R Tenosynovial giant cell tumors
Ponatinib (AP 24534) Iclusig 2012 BCR-Abl Ph* CML or ALL
Regorafenib (GSK2118436) Tafinlar 2012 VEGFR1/2/3 Colorectal cancers
R406 2018  Syk Chronic immune thrombocytopenia
Ribociclib (LEEO11) Kisgali 2017 CDK4/6 Combination therapy with an aromatase inhibitor for
breast cancers
Ruxolitinib (INCB-018424) Jakafi 2011  JAK1/2/3, Tyk Myelofibrosis, polycythemia vera
Sirolimus (AY 22989) Rapamycin 1999 FKBP12/mTOR Kidney transplants, lymphangioleiomyomatosis
Sorafenib (BAY 43-9006) Nexavar 2005 VEGFR1/2/3 HCC, RCC, thyroid cancer (differentiated)
Sunitinib (SU11248) Sutent 2006 VEGFR2 GIST, pancreatic neuroendocrine tumors, RCC
Temsirolimus (CCI-779) Torisel 2007 FKBP12/mTOR RCC
Tofacitinib (CP-690550) Tasocitinib 2012 JAKS3 Rheumatoid arthritis
Trametinib (GSK1120212) Mekinist 2013  MEK1/2 BRAFV*®EK melanomas, BRAF®°E NSCLC
Vandetanib (ZD6474) Zactima 2011 VEGFR2 Medullary thyroid cancers
Vemurafenib (PLX-4032) Zelboraf 2011  B-Raf BRAF"®%°E melanomas

2 Although many of these drugs are multikinase inhibitors, only the primary therapeutic targets are given here.

P ALL: acute

lymphoblastic leukemias; AML: acute myelogenous leukemias; CLL: chronic lymphocytic leukemias; CML: chronic
myelogenous leukemias; ErbB2/HER2: human epidermal growth factor receptor-2; GIST: gastrointestinal stromal tumors;
HCC: hepatocellular carcinomas; NSCLC: non-small cell lung cancers; Ph*: philadelphia chromosome positive; RCC: renal

cell carcinomas; SLL: small lymphocytic leukemias.

H Tk 4 f 4 TR 2 TR R T 0 ot 70 4cb B A R A
ARAE PR AREA FEAT FORT, A 2% T T S IR M ity 1)
W, S S B VAt A B A AR, XK DR U
P 2 rR E R IR YT SR A S T B
23 UEMIARBBILESBERARTHEA

B BHIE B AR T I 22 IR T HES 1) 25 W 1Y
WFA T AR B IR Ak AN A5 53 B iy 1
i o Menges 55 F i 20 B2 W IR Ak 25 11 BT 20 27 HoR
TG ] R vh 4R 31 1 22 2% S HOHE 10 TS 2 PR VK
M5 S E i, WMfESE M RHEER 1
(Signal transducer and activator of transcription 1,
STATL) {555l s 5 Pis , I S IR i PR &R

% : 010-64807509

1 IO 5 18 (Src family kinase, SFK) #fid
BEWE, REAKKETFZIK (Epidermal growth
factor receptor, EGFR) It 40 g A= K K F 32 &
(Hepatocyte growth factor receptor, HGFR or c-MET)
B AL RSP,

F— iz B E A R SE 9T
WHERm, AT IF5EE T AR BRI G 5 E N
JRT A AR o AL A 7K P b R R S R W PR Ak 2

R HEEGE AT B E, R T
B R R A R Ak 2R (A A R

HEORTE PR — 2RV I S IR W R 1015 515 3 i
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PEJEATI IR AL G o A fap s 52 2% ) I S PR WA TR A
WS VRIS, AR B A P IR A A
SRBIE T B ME R s T R PR AR TL 3R 1 R R
MRIE SRR Z A g EER, XAeE—ER
JEE b i 2 IR W PR AL A5 5 P45 I 2% 1 2 M 4R 3t T
AT o T T 2 2 T IR A R R 1) 24500 4 T 24
PEAIEFE A T LU D — Bl ] 5 85

24 HimmEEINA

— SO AR YA I A IR R AL, JF HL R
1 TARE S A, TR RA S A A,
2 pE (JERE£ 8 1 (Capsular polysaccharide 1,
CPS1); K HUJR) &S 8an i d vk g SR Istam vy, i
% 2 R W B AL A ISR Z B B B iR B T ¢
AR o a0 T A IR B e 2 0 L R e
(Polysaccharide co-polymerase, Wzc), H:H ®ifg
FEFEEE AT 520 CPS AR %kt . KEEAITERT, H
‘B C i 57 2R R AR iL, XTEZH
iz AR E PSS Lin e % s B G
Klebsiella pneumoniae NTUH-K2044 & P& 2
MR IR IL S A i 8 /) Z A S R, I HAEH]
TWER T — 23 & FE M JL AL FE i (Undecaprenyl-
phosphate glycosyltransferase, Wcal) |- Tyr5 s
(TR 1 T LS i) 20 M1 7 £ B

T3Ab, HEECRRE I AR AR 23 32 3 20 P 3
O 1 0T I 2 R W TR AL B R 52 . H(IM 3K e 4R
#, Hemagglutinin) IN(# £ Z i ¥ , Neuraminidase)1
R aEAE LS8 1 1 (Non-structural protein
1, NS1) 19 Tyr73 1 Ser83 @kl b il W 5 iR 54
FIHAEFEACER B TR, R AR
YN EE (Kaposi’s sarcoma-associated herpesvirus,
KSHV) AT LA5 | 3 Bl Ak g o & i Tk 1)
BEHE (Open reading frame, ORF) 21 %t — Fi fi%
APRVAEE, XX PR 25 Zidovudine Fl
Brivudine )4 iR 1k F #5143 I BT 2 AN T
DB

WUHE S5V T 20 2 i 1R A A 15 B 1A (The
dual-specificity tyrosine phosphorylation-regulated

http://journals.im.ac.cn/cjbcn

kinase 1A, DYRKI1A) it 540 AH&E A L2
(Cyclin L2) FAHEAE A HE HIV-1 52 11 44
PR IR 4 S BR 45 #4381 1 (Histidine/aspartic acid
domain-containing protein 1, SAMHD1) J& 5 )
PURBEE 1 HIV 2515 S SAMHDL & 4= B R 1k A
MBI TE o s 2 R B 1 77 Dasatinib i@ 1
TH SAMHDL 19 5 15 BB AL R FHLIE HIV Y
T i 1or-o31

3 A R W R AL B L R AL B R, T AT
3] 8 5% Bk S SO Bl AR M B AL, DT 4 21 A
LB IR YT T

EH TTEM S = WA H SH2 superbinder J
J& T Z 5 9 i I s BRI IR AL B (1 SR AL oY .
Li %50\ 2 mg 6B T4 HCCLMG6 &+,
YER]T 1105 MR AR . 2 666 T
SRR IR AL KBS . 1884 NS S R B IR b for 15,14,
FIETETF IR B S ReE T o

3 k%

UL 20 455K, B MR BEIR AL R KB s
RIS S FR MR, B A PR W RR AL a5 i
KoE Ok Z, BORBRER, 2 IR IR 1L R
15T 4 AR BOR R  . #E 5ot B9 Phosphosite
Plus %45 )% (https://www.phosphosite.org/) H, %
FIRBEIR AL AL A5 20T 40 000 1>, AR S 4kLL
W% SRR 250 AR WAL = AR, A
L 2 RO LRI I FLWG 2 BR W R AL 1 iR
b F RN, RA A S ZIL, FrLITE R 2 R
R ALY PR AP DL R B 5 2 0 Ty T A AR RN K e
Z3 8], J3Ab, e TR R S B, SR R 4H
LU AR I 4, A RE B TR JZ IR R
(B T AR B B S0 T B B AR OXL, HE T
IRSEROR BRI, H FTE Tk F A o A vk
O S B R W R 10 2R 11 B Al 9 B/ R TR
ATTAT LA 3 2o P24 s 208 W8 2 Ak 2 1 B A B A
A3 AT B TR 2 R R [ B R 5 Bt o T 24 PR B R A
BB KRN, EAMU TR T I 2
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