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The fusion of 1,2,4-triazole and 1,3,4-thiadiazole rings results in a class of heterocycles compounds with an
extensive range of pharmacological properties. A series of 1,2,4-triazolo[3,4-b]-1,2,4-thiadiazoles was synthesized
and tested for its enzyme inhibition potential and anticancer activity. The results show that 1,2 4-triazolo[3,4-
b]-1,2,4-thiadiazoles display potent anticancer properties in vitro against a panel of cancer cells and in vivo efficacy
in HT-29 human colon tumor xenograft in CB17 severe combined immunodeficient (SCID) mice.

1 4-triazolo[3 4-b]-1 2 4-thiadiazole inhibitor of Akt phosphorylation

anticancer MTT assay HT-29 human colon tumor xenograft ATP binding site

| 1. Introduction

Akt, termed protein kinase B (PKB), is a serine/threonine kinase composed of three isoforms: Aktl, Akt2, and Akt3.
All three isoforms share very similar amino acid sequences, with their expression level differentiated; Aktl and Akt2
are abundantly expressed, while Akt3 is particularly detected in the brain, heart, and kidneys 22, All Akt isoforms
display the same basic structure comprised of three regions: (1) an amino terminal pleckstrin homology (PH)
domain that interacts with membrane phospholipids such as phosphatidylinositol-3,4,5-triphosphate (PIP3) and
phosphatidylinositol 4,5-bisphosphate (PIP2); (2) a central kinase domain that contains the threonine regulatory
residue, Thr308, in which phosphorylation activates Akt; and (3) a carboxyl-terminal regulatory domain that
consists of a hydrophobic region of 40 amino acids including the serine regulatory residue (Ser473) Bl The
structural elements, PH domain, and the regulatory residues Thr308 and Ser473 play critical roles in the activation
of Akt. Two events are required in Akt's activation: (a) PH-domain-dependent translocation to the plasma
membrane and (b) phosphorylation at the Thr308 and Ser473 residues. The first step includes the interaction of the
PH domain with PIP3, which is followed by the translocation of Akt to the plasma membrane. Afterwards, Akt
adopts a new conformation such that the Thr308 residue would be phosphorylated by phosphoinositide-dependent
kinase-1 (PDK1). This signaling event leads to phosphorylated Ser473 via the mechanistic targeting of rapamycin
(mMTOR)C2 HIEIE],

Phosphatidylinositol 3-kinase (PI3K), an upstream signaling molecule, along with Akt constitute the PI3K/Akt
signaling transduction pathway through which cellular survival and growth are induced in response to extracellular
signal (1. Among all protein components of the PI3K/Akt pathway, the inhibition of Akt has been widely explored
due to its association with tumor progression and aggressiveness [ Significant alterations have been

demonstrated in the expression levels of Akt isoforms in certain malignancies, for instance, Aktl is particularly
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elevated in breast, prostate, and gastric tumors whilst Akt2 is overexpressed in prostate, ovarian, breast,
pancreatic, and colorectal cancers 2L Thys far, Akt inhibitors are divided in four basic categories: (1) ATP-
competitive inhibitors, (2) allosteric inhibitors, (3) lipid-based inhibitors, and 4) PH domain inhibitors 2. The first
category of ATP-competitive inhibitors (CCT128930 as an Akt2 inhibitor and BAY-1125976 as an Akt1/2 inhibitor),
including pan-Akt kinase inhibitors (afuresertib, GSK690693, AZD5363, GDC-0068, and AT7867 as inhibitors of all
Akt isoforms), targets the kinase domain and precisely binds to the ATP-binding pocket 2. The high degree of
homology of the ATP-binding site among different serine/threonine kinases as well as the extensive conservation of
this domain within the AGC kinase family (protein kinase A, G, and C families) contributes to a low specificity of
ATP-competitive inhibitors. The development of such molecules can be further obstructed due to the lack of strong
efficacy against tumors in vivo, with toxicities to normal tissues being recorded at the same time 24Il13 Regarding
allosteric inhibitors, for example, the MK-2206 compound, are associated with the Akt kinase domain. Compared
with ATP-competitive inhibitors that show efficacy only against cancer cell lines with Akt mutations, allosteric
inhibitors display broader anticancer activity as compounds of this type are potent against cancer cell lines with
PIBKCA mutations or loss of phosphatase and tensin homologue (PTEN) activity (28!, The third category of lipid-
based inhibitors (PX-866 and perifosine) blocks the interaction of Akt with PIP3 since this type of molecule inhibits
PI3K and therefore prevents the production of PIP3 from PIP2. Finally, PH domain inhibitors (triciribine and PX-
316) inactivate Akt via interactions with the PH-domain, interrupting membrane translocation, which is required for
activating Akt 71,

The fusion of 1,2,4-triazole and 1,3,4-thiadiazole rings results in a class of heterocyclic compounds with an
extensive range of pharmacological properties including antifungal, antibacterial, antiviral, anti-inflammatory,
analgesic, and anthelmintic properties (18] Earlier studies indicated that previous 3,6-disubstituted 1,2,4-[3,4-
b]thiadiazoles induced potent anti-inflammatory activity along with a minimal ulcerogenic effect and lipid
peroxidation compared to ibuprofen and flurbiprofen. Some of these compounds demonstrated moderate to weak
antibacterial activity against Staphylococcus aureus and Escherichia coli while their antifungal activity
against Candida albicans was quite weak 1220211 Fyrthermore, 1,2,4-triazolo[3,4-b][1,3,4]thiadiazole derivatives
containing 3-methyl or benzyl moiety showed moderate anti-HIV-1 activity at subcytotoxic concentrations 221, In
previous work, we have shown that triazolo[3,4-b]thiadiazole derivatives show potent in vitro antiproliferative
activities 231, Our studies resulted in the identification of three bioactive compounds (KA39, KA25, and KA26)
against three human colorectal cancer cell lines (Eigure 1). Among them, KA39 was the most potent anticancer
agent and inhibitor of toplla phosphorylation at Ser-1106 as well. Additional molecular docking studies revealed
that KA39 can occupy the same binding site as etoposide and can interact with the ATPase domain of toplla, but
the exact mechanism of inhibition of toplla phosphorylation by KA39 is still unclear. As part of our ongoing work on
the assessment of the biological activity of triazolo[3,4-b][1,3,4]thiadiazoles, we report the synthesis, structural
characterization, and evaluation of inhibitory effects of fifteen new derivatives. In particular, we examined the
introduction of ethyl or propyl substituents on sulfonamide combined with different substituents on C-6 of the
triazolo[3,4-b][1,3,4]thiadiazole template. In the current work, the anticancer activities of all derivatives were
primarily assessed in vitro while the most active molecules KA39, KA25, and KA26, according to in vitro screening,

were tested in vivo. Further studies were carried out to investigate whether the most potent antitumor compound
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blocks the phosphorylation of Aktl and Akt2 kinases. The molecular modeling studies indicated that 1,2,4-
triazolo[3,4-b]-1,2,4-thiadiazoles bind well to the ATP binding site in Aktl and Akt2.
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Figure 1. Structures of active triazolo[3,4-b][1,3,4]thiadiazoles and overview of their activity.

| 2. Synthesis of triazolo[3,4-b]thiadiazole Derivatives
2.1. Synthesis of 3,6-disubstituted 1,2,4-triazolo-[3,4-b]-[1,3,4]-thiadiazoles

Synthesis of the 1,24-triazolo-[3,4-b]-[1,3,4]-thiadiazoles was accomplished according to the synthetic

methodology developed by our group (Scheme 1 and Scheme 2) 231, After a reaction with oxalyl chloride, 2-(3,4-

dimethoxyphenyl)acetic acid 1 was esterified and the corresponding methyl ester reacted with chlorosulfonic acid
in CHCI3 to give methyl 2-(2-(chlorosulfonyl)-4,5-dimethoxyphenyl)acetate 2 in 88% yield. Subsequently, sulfonyl
chloride 2 furnished the corresponding sulfonamides 3a,b after reaction with Et2NH or iPr2NH. Furthermore, these
compounds reacted with hydrazine hydrate to give hydrazides 4a,b that reacted with KOH and CS2 in EtOH to give
the potassium thiocarbamates. The latter products were cyclized in the presence of hydrazine hydrate to triazoles
5a,b 24, The desired 1,2,4-triazolo[3,4-b]-[1,2,4]-thiadiazoles (6a—e, 7a—d, 9a—d, and 10a,b) were finally prepared
via the reaction of triazoles 5a,b with POCI3 and various benzoic or cinnamic acids.
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Scheme 1. Synthesis of benzoic acid derivatives.
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Scheme 2. Synthesis of cinnamic acid derivatives.

2.2. In Vitro Anticancer Activity

The fifteen novel triazolo-thiadiazole derivatives and the previously described KA25, KA26, and KA39 were tested
in vitro in two well-established human cancer cell lines: PC-3 and SKOV-3 cells. According to the first drug
screening results, the 13 derivatives were inactive at the tested concentrations while the most active compounds
(KA25, KA26, KA39, 6e, and 7d) were further tested in vitro in colorectal, ovarian, and prostate cancer cell lines.

As Table 1, Table 2 and Table 3 show, the most potent anticancer activities in all human cancer cell lines were

induced by the KA39, 6e, and 7d compounds (p < 0.001, two tailed paired t-test). All these compounds bear the
2,5-dinitrophenyl substituent on C-6 of the triazolo[3,4-b][1,3,4]thiadiazole core. Nevertheless, the triazolo[3,4-
blthiadiazole KA39 was significantly more active than 6e and 7d, which displayed less anticancer potency (Table
1, Table 2 and Table 3). Concerning KA25 and KA26 derivatives, both exhibited cytostatic activity in all human

cancer cell lines, whereas KA25 induced cytotoxic effects only in ovarian and prostate cancer cells.

Table 1. Growth inhibition/cytostatic (G150 and TGI) and cytocidal/cytotoxic (IC50) effects induced by triazolo[3,4-
b]thiadiazole derivatives KA25, KA26, and KA39 on nine human cancer cell lines. Glsg: 50% growth inhibition; TGI:

Total growth inhibition; ICgq: the concentration that causes 50% cell death.

KA25 KA26 KA39

Cell Line Glsy, TGl ICsy Gl TGl ICs Gl TGl ICs
mM) (M) (M) (M) (M) (M) (M) (UM) (M)

15+ 50+ 85+ 20+ 7+ 12 + 25 +

L A 0.5 15 2.1 05 00 =100 45 0.8 14
2+ 62+ 29+ 70 + 6+ 10 + 22 +

Lt ) 05 207 5, 07 B3*l 14 0.2 0.8 12
40+ 13+ 38+ 42+ 65+ 6+ 11+ 94 +

Lzt s et S 0.8 11 05 07 100 45 0.7 23
1+ 2+ 115+ 159+ 195+

HT-29 o >100  >100 3. >100 >100 o2 e o
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KA25 KA26 KA39
Cell Line Glsg TGI IC5o Glsg TGI IC5o Glsg TGI IC5o
M) (M) (M) (pM)  (pM) (M) (M) (M) (M)
9.3+ 100 + 8+ 12 + 17 + 215+
LS174T 20 o1 >100 = >100  >100 15 e s
4.8+ 11 + 52+ 7.9+ 10 +
SW403 08 >100 >100 08 >100  >100 99 e -
8+ 13.8 + 15 + 22+ 55+ 10.5 +
Lovo 0.76 052 00 45g 2100 2100 45 01 0.15 ‘en newly
14 + 22 + 425+ 5+ 12 +
PC-3 A . >100 o >100  >100 n.. 8x01 o
PC-3 SKOV-3
Compound Glsg TGI IC5o Glsg TGI ICso
(uM) (uM) (uM) (uM) (uM) (uM)
9h 42+1.0 >100 >100 >100 >100 >100
10b 31+1.1 >100 >100 50+ 2.0 >100 >100
9a 11+1.0 >100 >100 84+2.0 >100 >100
10a 2+05 84+2.0 >100 76 + 6.0 >100 >100
6b 32+0.4 56 + 0.6 104 + 0.8 36+0.1 60 +0.8 >100
6a 25+ 1.4 112+25 >100 6+0.3 14+25 >100
7a 20+0.8 >100 >100 16 +0.8 46+ 1.5 >100
6c 90+ 2.0 >100 >100 >100 >100 >100
7b 25+05 80+1 >100 80+0.8 >100 >100
6d 50+ 05 >100 >100 80+0.5 >100 >100
7c 23+0.8 102 £1.2 >100 15+ 1.4 28+2.2 66 + 2.5
9c 38+2.0 >100 >100 >100 >100 >100
ad 30+05 >100 >100 >100 >100 >100

azolo[3,4-

b]thiadiazole derivatives 6e and 7d on five human cancer cell lines.
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6e 7d
Cell Lines G|50 TGI |C50 G|50 TGI |C50
(M) (M) (M) (HM) (M) (M)
SKOV-3 18 £ 0.7 24+1.2 38+1.8 13+0.5 17+£1.0 23+1.4
PC-3 11+£1.0 17+1.0 26.5+0.9 8+1.0 11+1.04 22+0.3
DU-145 13+0.5 18.3+0.2 28+0.2 6.8+0.8 14+ 0.5 21.3+0.9
. 1999,
DLD-1 25+2.0 37+£2.0 53.6 £+1.05 7.3+0.75 12+ 0.5 22+1.0
C.The
HT-29 18+ 1.0 29+0.5 44+1.0 179+ 251 26 +1.52 40+1.0
9. \)Ullu, ., uuyallg, I., baAau, . 11IT auvuvauuvll Ul ANV N\ DIUIIC{IIIIU paulvvay aliu vl QUIVI\/aI. J.

Cell Mol. Med. 2005, 9, 59-71.

4. Andjelkovi¢, M.; Alessi, D.R.; Meier, R.; Fernandez, A.; Lamb, N.J.; Frech, M.; Cron, P.; Cohen, P.;
I JudBABCUSBIORINgs, B.A. Role of translocation in the activation and function of protein

kinase B. J. Biol. Chem. 1997, 272, 31515-31524.
Aberrations in the PI3K/Akt signal transduction pathway are a very common phenomenon in human

CarGREBETRsiE WRARSYE Frart- 1 G EHOM TP AT RREh V240 (B GE YK S G ML ol i of
cergiﬂcc?rlcg&e]n%s%r?as%ck of tumor suppressor genes influences the biological activity of the PI3K/Akt network,
BInNCG1ng, INOET FRArgTan! K 1, I Gitiien 6) BB N $Hehmpitei s aB Eovie esier, Fe & rDirec® [d/Ridicates of
the dfMeO SRR £ F40n HatelY Dhaenatrespib st hositel Fave HE THY hrneimkiaiiens. I, BivllifChignns of Akt
itseffoghapze Age2sigzgnagn cancer cells [261[27]  Amplified and mutated Akt isoforms play crucial roles in
tumorigenesis, while Akt2 is particularly involved in EMT transition and metastasis. Regarding mutations, Aktl is
7. Arcarg, A.; Guerreiro, A.S, The ghosphomosmde 3-k|nasen9athway in human cancer: Genetic

the most frequently mutated isoform compared with Akt2, in which mutations do not occur at high frequency and

alterations and therage_utlc m%@tlons. Curr. Genom. 2007, 8, 271-306._ o
cannot be considered as activating . The most prevalent mutation in Aktl, E17K, is located within the PH

drMiitsiattes ©Oubd MitsiaalaissdVd iosisilierisdiMy Brleashis ped))wayrddale@uias)fanggtoievopriheavaaan
cardeug @asjapmentaCinrmélances [Rreag)TEBts 2004, 7K 23&tidhbinduced by the substitution of lysine to
YUBIH SRS APEINRASY 37 3t B B0RIYSH ARSI OA OHIKE, 8 e AR BN IS8 to
AR S AN AN oI RSB SANRIRERCL L R RS
PIPSSUtLHRRMeN & TSR B663°9 65794516 5933k es Aktl's signaling -
IfurkwiafhgdBssikkanisekaB . Wén NMeNpdty, AdvivVanagsZ arkloparkicarbillenked. ; 8 anktI D arhihifidatidn; and
ovezapaRsiBn®;, ResuiidisktoGddieestatiévcraaaashd ik ractivityiasiotimbarteguite prostatastangsifications in

the isoform have been detected in 16% of pancreatic cancers; 16% of uterine cancers; 13% of breast cancers; and
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5-1megressiniar yuhg raadi tédydac calexatingherodtatd Ak on grawerase dinndfissiweagop 27 Kigdction in cell
groexpressioraseBiss Ghatad 2000R RATeMEN00-e2 AkE5in cells that overexpress Akt. On the other hand, an
ARISTHAR 585 TERAE S 3158 Riti0eR, RISH BDaNS K £ Baee S LR et FABHirsad 23!

134]
PancLeze Eﬂcﬁrrséqad‘é’n? Sohalerst AR IS QU ”u‘ﬁﬁgﬁebsancré‘ét°8%t2?é.r’tc')‘r‘n'éss”j”tgéﬁ'E‘P"Cﬁte‘j "
ma%gﬁegpf a]r& t?gd therefore has been validated as a therapeutic target nearly two decades ago 22!,

IthPateseit. skdgkattappts. 1o exploré-iglen jriRiZtoAKiIm pattbdb rsAPbCHNC & ABSv atopmient fon thie1raathrsm
phashbarytiorekpeare© poldruesticarioeugsIRES, (H-AB3mvb366d SW403) with specific PIK3CA and KRAS
RS RS DR e RS €5 e B lsr bR TR A W R SR el

P449T 4 e ctl I while LoVo cells retain a  wild-type PIK3CA
P I%harmacold The)r%fjf 17i AN, P
(https://cancer.sanger.ac.uk/cosmic, accessed on 4 September 2020). With regard to PIK3CA mutations, most of

e cdndeF@aidd inl RQENREORItMN RERBMANS: HesRIikd: (EemB)inas kBdie B0 RaMeJasuiatss,
fouMgsdidHamhiRsERss ealtaling GhRECHIBKINAsa Y Mdi Ry HrieRhoDic maetibalARhes RRRTYRkIAR0N
mutdRIn& ala 2PEiRid2R ehikdiied PIK3CA kinase activity (>2-fold) compared to the wild-type PIK3CA. In

198907 o0 oA AhriRGHIS . REAERTS. B; RIKEHR 2 Jknewng e figgerioshiibg oRI3K ; WK agjivity and
CONRBMRANSRFIXAENS I1§-HRIYBRY FRBRISS SR ﬁacﬁtﬂ%ﬂﬁﬁ%ﬁmﬁﬁt&“&ﬁéﬂ%ﬁji%ﬁ'ﬁ%ﬁh‘é@%{ﬁ@ PIK3CA
MUBBo RSt L SR D RRISES K MRt CBFRPEAIR IS ROWE 35 MIREESHURME Dhti ldamasiream

signgligg cascade [38] Due to the fact that HT-29 and SW403 cell lines contain gain-of-function mutations in

PIK3CA, the levels of phosphorylated Akt may be elevated in both cell lines in comparison to the wild-type PIK3SCA

1e6xp|t<'er§9§ %eVYO\?o UNe S.F.; Yaroschak, M.; Bilodeau, M.T.; Layton, M.E. Recent progress in the

development of ATP- competitive and allosteric AKT kinase inhibitors. Curr. Top. Med. Chem.

TalﬁQQl?’[yes%?rﬁt%nlgﬁI’-?ﬁstotypes and special characteristics of the three human colorectal cancer cell lines in

DYNIRRRRIRG P O R 2O RRANPKB STy AT A4 iGARG TE A Ve 2192667, 129, 1261

1274
Cancer Tvoe Human Cell Line KRAS PIK3CA References
1 yp Designation Status Status S
i g ild- [39](40]
Colorectal adenocarcinoma HT-29 wild-type p.P449T cancer
Colorectal&deegoza:;ﬂzﬁca, Duke’s LoVo 0.G13D wild-type [39][40]
1 nthesis
Colorecta:yzc;egoze;((:;zcl)lrlna Dukes SW403 p.G12V p.Q546K [41][421143] rofen
313D and

KB B dG3REAG R I SR8 SIS SRS S e
" RGLFR ﬁftﬁa% AT e RSSRRSDIRI O M AT I e A5 a1

O, PSR A EGEPSONJPT NG £ .0 S el compared
to KRAS W|Id type ceII Imes M@ 481 Consequently, the LoVo and SW403 cell lines (KRAS-mutant) probably
2 RaWiRil S -oMs Rl is BAW sphoktHRRaral: RYResesand riraL alintyaniiRflagpafiysitvity to
ARG RIG PO LARIQ R BR RSLIMIES S b rBiflaPxariagse Rimnst Sk aAditre aNBrvinalidnd dihliRciangiRr
susdeptsityas tisEie BriiRioiRdn e ol &rRAG §R&0P6af murine sarcoma viral oncogene homolog B

(BRAF) mutations [47. More specifically, Akt inhibitors show greater selectivity and potency in cells with increased

Akt kinase activity resulting from mutations in PI3K or PTEN. Later studies implied that cell sensitivity to allosteric
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28k tiKatdaiiitarsMs; ditmificaurtdpasdocibtadakils, ARt Prandphbry &@mpakonstanticanc& arelufalias |&ging to the
corlelanioacbagoe| hedNiitrailevaldd BeclSlef qthdspiByyithesislkarxteaniviy aLactptibleciatuatipranisoingc
inhib@lonbes ustiiteétbBe(radamatityi) ehgs dtaazdiait ebj{iaddithiagia zetetivitanm asal Z00lbiin, for
instabBe- 2K 3CA-mutant breast cancer cell lines are more sensitive than PIK3CA-mutant colon cancer cell lines.
A o & e oI B NS RS Y ™ NSRS RY. Vot M A anekisele, ™
Panayiotidi Ao I, V.; Trafalis, D.T. 3,6-Di [ 1,2,4-Triazolo[3,4-b]Thiadiazol ith
On At\r?e_%mgpﬂ%iw Akt iQ%I;HFIO(S’, u_tlﬁ“lzaeh_'S in"the ?ﬁf?ibll-i%llgl’llil tc)ftgclfc\/;v%qstre’ql\_m ef{é%tz_cl)_cr)hg ?t)r’lzv(\sa?s iggtln,?arZ]éojb (as?cé\\/l\%e an
ntican rgetin mer .On r r. — .
impres:[gl:vae gr?tlrturrc]:(t)ly Ie%ca% grt1| K%A%pncﬁ)hstgnt ?ur%%?s [E_@ﬁ\ Rs%bser\(/:gd, c%l%evﬁ‘[h m(atated I?RA ’anglor BRA% are
2dsRedsidvie .1o-radnidialbiddiB sinaprov et ynidhe se shef ZenistitatevdAdamartovaynhaveaqotse (D - 1, 2edevant
exdmipokbat toHetesscpt3Chesmd 1RAS, hatddidbs- At sensitivity to Akt inhibitors concerns the AZD5363
R %}*ﬁ&%@%f‘%.PcT.';E'ESé“n”é"\"}éon”,S_l&rX.;S'é‘?gﬂ't‘/eﬁ?ﬁﬂ.")f‘.t;eﬁiévé SFE LGNS R Aegardless of
R R ery R S o BTSRRIy K S oK Y FETTE AT gh BRAT
mug}aniaa%e%mgge_%thls pathway and become more sensitive to selective Akt inhibitors 2€.. It is noteworthy
that both of the referred to KRAS mutations (p.G12V and p.G13D) are associated with resistance to anti-EGFR

28 eHBPNES A B diuMitinkh)s; RaMetRd-iHeladmiMillad6h Br ExRlettipg thenBEricA KRB WS) to
patRARCBELHHG IHSCOVRIY-LVat i RRYs BrusDiseay 408 # A8B1094s statuses, we could put forward the

wrRinsas Rl KARRT AR KA3R-ingiracbiphiyiien ehAKNeRTIRE2 RPFSRhOBALPR faRY b mafceitsSH in
HTROT(PRHGAIMERNG Xy dd-5PRIBaN, those CAL DRfelladRYSHon Wit e KFARE Rt SFaamising
SWYBRREsh A MANSHPHERRTR 2Rt KRARMuILensiSP e Uh &R Akt Pesrhepdatingzgould be impeded

similarly to either HT-29 or LoVo cells. Nevertheless, both methods of estimation (% inhibition and ratios correlated
2 ESRN iRk BRAHRG0}s s B B RTINS SnbiSPUdRiftat3RRBRSH Aty BSainst
kit RS ob AR Gr Bhal LNRSPIRFANSE R0 NS AR e i ARERMN AR g Ak
phdS RS B RNk CANERASS AL R AR S AN SR R EE O ey Ty BRI A andior KRAS
29uBEw)sI NAdesosieBs Alt;,codd s g d¢ StEd v e, r iy @oo$8 PBosSuarate8 Akt (B[ 2y waastiisbngraater
in LONhamRatachiksshp), & SV Om(egtatdre<aifeiyaid B3P Iexisancwatfeniorttiediar? clatitias Hrofikded
PIKg§iAY the cBioPortal. Sci. Signal. 2013, 6, I1.

il R oRAURIRFeS ot 1ARCKENRY Romiadags Gre LGNSR YinRPGudStdddRAMO O tare
expaliAkfa bt BERA G Ress AmpOS0Go8E S SRR DR P R S 2MY'9ay, domgin,of,
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AonaryrtespEsent e distAbutiod oatraes Bimolgb, kihdnoBeiggsinsprotdRehFid 220 MarHaoxtbitde, [@netrate
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