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Associated Company

Our purpose is to elucidate functions of TMEMS39 in mitosis, cell proliferation and organism
development for the examination of TMEMS39 as a novel cancer target.

Background: Extracellular matrix (ECM) is important in many biological processes including
cell-cell interaction, signal transduction, cell adhesions and cancer metastasis. As a major
component of ECM, collagens and collagen-like proteins compose superfamilies in various
species.  Collagen synthesis requires eight specific post-translational enzymes, some of]
which are attractive targets for the development of drugs to inhibit collagen accumulation in|
fibrotic diseases. C. elegans is a powerful research model to study ECM organization
because developmen of worm includes 4 molting processes from L1 larva to adult. Wel
mutagenized jgls4, which expresses mutant ROL-6 collagens and shows a rolling phenotype,
and screened SUppressor-of-ROI (suro) mutants to identify new ECM regulators. We
initially identified suro-I mutant ion in the ORF RI11A5.7 which encodes a putatvie
zinc-carboxypeptidaseA (CPA). SURO-1/CPA is involved in cuticle oragnization and
expressed in the hypodermis. The suro-I transcription seems to be occurred at the basal
level in the intestine and hypodermis normally. However, suro-I is highly induced at L1/L2d
molt when worms are starved. Further genetic anlaysis reveals that suro-I expression at
1.1/1.2d molt is depended on DAF-16/FOXO transcription factor, which is involved in many
important biological processes such as stress response, dauer formation, longevity and innate|
immunity. Next, we identified suro-2 which is very interesting because it shows defects
both in embryogenesis and in cuticle formation. The suro-2 mutant has a nonsense mutation

in D1007.5 which encodes a putative transmembrane protein39A(7MEM39A).

Methods: Our main tool is genetic analysis using suro-2 mutant and RNAi. We made many
fusion gene construct and performed microinjection to get transgenic worms. We also used
mammalian cell culture system to prove that suro-2/TMEM39 and npp-20/SEC13 are in the]
same COPII complex. We almost used fluorescent microsopy to observe the local change of]
some fusion proteins. In addition, we observed the cuticle structure of the suro-2 mutant by
electron microscopy.

Results: The expression level of TMEM39A is high in several cancer cell lines, and its
expression pattern seems to be highly associated with cell cycle. SEC13 and TMEM39
participate in the same COPII complex. SURO-2:GFP and NPP-20:DsRed were also
co-localized in the hypodermal cells of C. elegans. The physical interaction and the similar
knockdown phenotype of npp-20/SECI13 and suro-2 suggest that TMEMGS39A play critical
roles in the early embryogenesis by regulating mitosis and the cuticle formation through the

secretory pathway.




L9479 IF5%

TMEM39°] AlZ F71, 54 9 AA 2ol 7s& FHstae A2 24 7hs
IRt

T8 B EEEEL
qelA A FA AAS AE

- TMEM39¢] Al

12pd % | TMEM399] 2& o Al F7]|F7]olA o] @d W s

(2011) x4 A T+ - TMEM399] =1%ol Ao Ao Az F2% 7)
A Bl MY TP L

-TMEM399} NPCe| SEC13%e] A3}sts zhg 3

22 = TMEM39¢} NPC}2] A At
(2012) doEg gt - TMEMB39¢} NPCe SEC133¢] #7g4 zg
Al T8

2. 479 WE % 2%

(1) TMEM39& #d3l= D1007.57F suro-2 mutant®] 9491 f42H4.

o

- suro-2 mutant= AEE AA Far, A7) SAo] v AHAA Y.
A B wild type Sura-2
300

250

200

150
nic CDH-3:GFF

100

Egg number
g}

50

suro-2

WwT sure-2

7 1. suro-2 mutante| E8 3 : (A) Progeny number is reduced in suro-2.
(B) Pul phenctype in suro-2. (C) Asymmetric cadherin-3 expression in suro-2
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oA e -1.129F -09 Atelol 912181, Physical mapd &= 194kb Ao Jdo] X3t A
S FRIFHZ®E2A). suro-2 mutant® =|A Ak AEQ] £ U A7) g, AAHer &
fosmidE microinjectiondto] A8 MAE A At d 2T (rescue) FHE AHESEY] B AT i<t
o7 MFo A dolE o] A(www.wormbase.org)ol 4l mapping %9l JE E AN
o, o1 % 1209 FR {HAE XHAFe] ROL-6 transgenic lineSl jgls#l RNAIE o] Rol
phenotype suppressiondts FHAE & H2sHA DI007.5 RNAiTH] suro phenotypes YER &=
Ae A AT (2H2B).
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SNP haw6151 hawB348 snp_D1007 [7] hawB548 haw6387
Genetic location -1.58 112 -1.04 (-0.90) (0.08)
Physical location 4239K 4506K 4594K 4700K 5460K

[ [l [ ] [ ]
] ] ] ] ]
LGI ~
T 194kb
- Phenocopyusing RNAiof 12 candidate gsnes
D1007.5

Number of Progeny

7l 2 9ol QEXFE BB 913 suro-2 mutanto| mappingT} cloning : (A) SNP mapping result &
of suro-2. (B) RNAI phenccopy of cancdidate genes. (C) Rescue with a fesmid including D1007.5 ORF.
(D) Progeny number is also recovered by the WRMOB7cAD7 fosmid.
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b SURO-29} NPP-209] d32t8 7hsAol &g, AFolA SURO-29 NPP-209 71&4 A#gdS f
' g7l 98, $H48o2 GFP:NPP-205 Intestine®} Hypodermisol A 73stAl 2dsts f1zkl
Vi umpk-19] promoterE ©]&3ato] Wd Al# HLS.
2311914 SEC132 COPI A& A2 secretory pathwayol Al 2 A% 1aL, o] & nucleopore
2! 9. suro-2 SFALQ| JHjﬂ Z0j M2 g "GFP construct@| H| &3t L&, (B) suro-2 promoterd]| 2|3j
%}ﬁiilf GFPE 39| O£ O‘ H= Dﬂ)“

suro-2 f+AAk2] ORF+= 3709 § 7hed YA E R genomic DNA el 914
3+ promoter= dqe Ay B Ay ps-109) o F Rout F

complex?] FAGW Aol WEA AE BEAo)A neclear envelope] reassemblydl| 7]%s3rthal Ky,
AR LS 2 5 UAS. 298 9 AE, suro-ZpiNLS:GFPEA %04 pharynx, hypodermis,

AZol A NPP-20:GFPe] Td e @ &% a9t o] Intestine®] 3 <JelA 714 & dd L, Al

.‘.1

=
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Structure of SEC13/SEC31 in the COPIl complex
(Russell and Stagg. Traffic. 2010}

NPP-20::GFP

Structure of the S. cerevisiae Sec13Nup145CNup84 NTD complex
(MNagy et al . PNAS, 2009)

2 11. NPP-20/SEC139| M| & LH01|A19| we g
hypodermistf A 2E(281 4742 O
900 HA G Aoz S olele AEolA NPP0S B sl

o Y AEFM TMEM39AS L&} fAES A

o
o
£
HS
S
i)
©
o
S
N

F7F 0.2 NPP-209] hypodermisoll Al ¥&l x5 247] €18, Golgi markere! TGN38¢] #] %8 #4
A 2d Zepan = (AMAN-2:mCherry) 9t NPP-20:GFPE A% 9] hypodermisoll A 54 H&EA 7S
2 A3 YREES mCherryet GFP7F #AXA| ¢a, F3] dFoA AXe Ao Hol NPP-20&
Golgiol 4A &1, COPIIY componente] 22 ER H3= ER¥ ERGIC Atelo] $91xX& 7}sAde] & &
A+ hypodermisol Al #&3t= ER marker:mCherry Zet2n=2 A28t a, 77k A]Y ok
NPP-20:GFP7F ER% #AA=A& g A

—

- RNAIE o] &3 mpp-20 &d A 23 suro-2 mutante} AR 235 1Y)

SURO-2/TMEM39A ¢} NPP-20/SEC13¢] 9#4& 71 sd oz d937] 8] npp-20 RNAI 2d& 4
Yot S, 21PI12AM & jglsd strainel npp-20 RNAIE F33st mpp-209 Hd AA}L suro-2
mutant®} FAFHA jgZs49] Rol phenotyped suppressiondts A3 FE|H o2 % §A8 A 45 Dpy7t
He AS e 1912BE H2B:GFPE HdstE RWI0006 strain®l npp-20 RNAIE 33 4

Fd. 1 A% Axd ZE7F ok Hol o8 /9 S JHAE polyploidy’t B4 EE Ae #EE
AN 2HI2CANAME kAT suro-2 mutant, npp-20 RNAiZ AL vlw gk A9, suro-2 mutant2t
npp-20 RNAie] ZA3} polyploidy”} @A == HolA AU, npp-20 RNAI &37F Bk AzbetA o
Epd. o5 AN npp-209 suro-2V w9 Z7] SAY cuticle FANA B ARNA #E3
7beAel =ohe AS 4 & e

NPP-20/SEC13¥} SURO-2/TMEM399] 7]l frAtst A¥z ks 2w, SEC13¢] ER-to-Golgi(%
g&} A= ERGIC; ER to Golgi intermediate compartment)Z 9] vesicle ©]%o] ¥olstE COPIIS
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DIC

o ---

Wild type suro-2 npp-20 RNAI

— pic = o \ ;
o ---

50x in the dissecting microscope
2! 12. npp-20 RNAI0| 9|3t ZH1}: (A) Rol suppression by npp-20RNAIL (B) Embryos of npp-20 RNAI treated worms.
(C) Comparison of embryos from the wild-type, suro-2 mutant and rpp-20RNAI treated worms
subunito] =, SURO-2% uw}z7FA 2 COPIE 3+ subunito. 2 3Folst 7hsAo] =8 uels o5 &
olat7] el A549 o Al EFoA TMEM39A &A1Z o]&38] W93 A (Immunoprecipitation, IP)S A A
33, SECI3 &A1E o] &3 Western Blot 28-S F838%S.

Control SEC13 Input(2%)

| S s | TVEN30A

121 13. A549 cellojjA| SEC13T} TMEM39A9]

o =¥
SAfE: SEC13 ZHE 0|80 BeET s & 20rg

L
=

e S

a 73»} SEC13% TMEM39A«= 593 complexel EAlgth= 218 218t TMEM39A A=
IPE #$ o, SECI3 W= SelsAAw, dolelzh A%aha ghobd @ A3t muAele A9 sk,
3714 492 F4 dolEaRg A9,

X% 9] hypodermal cell W3-l 4 SURO-29 NPP-209] co-localization©] 2H¢1%.

P A¥A%RE AFNHE el §dl, SURO-2:GFPt NPP-20:DsRedE hypodermisel & Al
A Boka. 19 14A9 A, DsRed7} Z3tAl &A= 3ol 9lo] NPP-20:GFPet £& mdo] 1
3HA ¥ NPP-20:DsRed’} 5 *4 SURO-2:GFP7} weld Fx& AAY #25HE= Ao
oh, A& WelA SURO-29 NPP-207+ Z&lsiAl Atk e a4 & & shadus
TAA ¢a, Wz "ojA 9l spotol A GFP9F DsRed’} A =% A Holx AL ey,

o fo nE H2
Nopgh o
o
o
dlo

e,
g
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Merged and enlarged

B SURD-2:GFP MPP-20::0sRED

npp-20

" 14. suro-22} npp- 20°| WSS HE ofj M ZHo] X8t M= ofFE
dermis0f| A1 2] &, (B) SURD-2:GFP2t NPP-20:DsRed &

=A
3 (C) B A =RE sos AsluEs

|
w
=
=
o
Q
;—]
= &
=
=
w
e}
B
Z
o~}
"U
[\’)
o
T
w0
&
@)
—
w
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i
i
o
;
foir 1
IS
i

AZFel A SURO-29F NPP-207} co-localizationdli=dl, o] F wulz o] utdo] o3t A5 zHgo] oy
A S &7 98, SURO-2:GFP2 NPP-20:DsRedE w4 W&l AFol nmpp-20 RNAI £+
suro-2 RNAIZ Ads] B34S npp-20 RNAIE A AHPO)NAFE Agstd g AltFEDNA
embryonic lethalitys Ho] oA #zo] E7lgstnz, ofd F3(L1-L2) ©Ae] Ao RNAIZ
Bol7] AlZsA 2-3Y FHel AAZE =HAs W FEIAS. olH FFAA mpp-20 RNAiA <
NPP-20:DsRed®] & A= ¢hestAl =4 dbs. shAvE Holx 2714A A Hel= ofF 4178t
A BAA= Aol @ds] AR, wEe] A Had. o Wi Ao dFgoR
NPP*ZO”DSRedO] BH L pp-20 RNAidl 98] 139112 NPP-20:GFP 2& el {ASAl ek,
o] Ao =¢AE SURO-2:GFPe| o] ghda] AgpAl= Zo] FRI= A (21914B] Adh). o
© 2 SURO-2:GFP® NPP-20:DsRed& &A @dst= AZFol suro-2 RNAIE AAg A3, w71~
2 suro-2 RNAiZ SURO-2:GFP 2@d<& ¢ulati oAsiAs ZdqA% 433 == 442 AAS
o] 7% NPP-20:DsRed®] #dE FAld Fo=w 2oz IAP(2E14BY stdt #d). g% v =

< suro-2 RNAi°l 93] SURO-2:GFP9 NPP-20:DsRed co-localization’= 9 &-& wro} 1814C
Al Kol ZAA™, SURO-2:GFP(2He =4 #)9} NPP-20:DsRed(Z A4 H)o] dFE¢ AAH =
M AR BEE Ao #Eg. olge AyE SURO-29F NPP-209] #do] g3 o&4 o],

o
T @A o] co-localization™ A Z 9] WHe] oEdth= Y.

E

ol

% 14A A hypodermis Eol4 wdE & Y37AIB5S F4A9  promoterE AlE3JoEZ
SURO-2:GFP9 NPP-20:DsRed®] @& o] &g promoter wzol st L& ¥, o=
DsRed?] EA44 Aztel A Bx& Aol WAE ] Eo] SURO-29F NPP-209] 7Z&d A3 280 9
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8] SURO-2:GFPL welr FAA g, =3 "L% 14Bell Al SURO-2:GFP<} NPP-20::DsRed®] #& o]
o= AE FAR WEHE zte s & F AF o] AFAES EdE AX o 9ujd dde] ¢ 9
< 1#s HEW, SURO-29 W& H]5H NPP*ZO"] wo] Auidez =26, NPP-209] 44
SURO-29} t}2 complex? tAo] 7ted Aoz A7hE. SECI39 4% nucleopore complexol = %

ol
qatm, MFAME IYIAAAY NPP-20:GFP7 sjubex waslmz  NPP-209] o]
SURO-2¢] w@nth ¥2old +331.

(7) Collagen #Hld] ¢lo] SURO-2¢} COPIIE HA1E 7152 3%

SURO-2/TMEM399} NPP-20/SEC139] HH3 A5z&3 Zhztel 7154 oA A8 nd,
NPP-20i= ER-to-ERGICY] ol&g w@3ali= COPIMY #4149l Q4olx, SURO-2% collagent
collagen #3] &9 Eulo #ostEg o5 HE W 752 ERYIA Golgi Alele] collagen ©]%
o F83% A9 o5 F<lsly] $ld], COL-19:GFPE wdsts A3
22]8te] hypodermal cell WH-olA COL-19:GFP2] #4v] ZA2E %

L4440 control npp-20/SECT3RNAI suro-2 RNAJ

13 15. suro-29f npp-20 RNAi2| Z 1 Hypodermal cell L0 A COL-19:GFP2| aggregationO| &4: BMEH2 =
COL-19:GFP7F MIZZ 0 HREA 20|Lt, COL-19:GFPE 2 hs U180 suro-2 £= npp-208 RNAIZ knockdown
Tt 20} COL-19:GFP7L 2/ N 2 (52 =)

44 MAANA COL-19:GFP= AEZ 3] FHARE AMEAZ 74 vers HdS Holu, suro-2
9} npp-20 RNAIE A2 & Aol A= COL-19:GFP7F AN 54 B9olA FH4 ¢asn

Aoz EdeA FEH(aHE15). olgd A3 A= SURO-29F NPP-207F COL-199] #ulel|
ARSEAl AAgsta, olutE BA Ao A]l olFo] w3 aggregate’t BAEE A ZE. olFA
COL-19;GFP7} &4+ AZ W $9%+= ERolgta F&H &4, o& &9ty ¢4l hypodermisell A &
@35 ER markerimCherryE COL-19:GFP9} &4 2da= A5E AFse $9. o Az

suro-2 %= npp-20 RNAiIE A 23] aggregatione] 7] AE Ul $127F ERAA ofdA geld A
o)

- SEC24Z #1913 COPII subunitE2 collagen ¥4 %23 98ks 3

NPP-20/SEC13% COPII complexoll /] SEC313# dimerZ ©]F9¢] vesicle /&S e 985 shaL,

= 1T

SEC16°] vesicle formationg A1%3h  SEC23¥ SEC247} dimerE ©] il cargro selection®}
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Pl YetlA = ARt o2 COPIl subunitql sec-12 sec-16, sec-312] RNAiol 2|sjr %

COL-19::GFP9] aggregation®] 7. wehA SURO-29 COPIE ¥ subunitE<L collagen H]ol
@‘ FAFR T FAaE, ofvhE e COPI vesicled FAa=tl Bold Zoleh 233 & 918 2o

& SEC-249] dgo] Aol7h Y= A0S T Y.
5% s ——— T2 COPI subunit&e] SURO-29] Wde] vixe 9% 2Astele. SURO-2:GFPE w@dts
Sl GiPase cycle B A% 7 COPH subunit geneS¢l RNAIZ AAlg A7, A 1§02 RFY. sec- RNAE
5«12Cg>%3 v GED SURO-2:GFP el ol9l aol §ifion, sec 2 sec 162 mp-204% RNAIZ #& ),
GTPaseflux_J #¢31 ,...\ SURO-2:GFP7} 48] Alehil i, sec-2%3 sec-31¢] RNAidl €314 = SURO-2:GFP7} A el A

IA—Vesmles(-ssm aggregations FAs A (2H17Y ).
art =
€ ) ! Cz. — olg)3 ANE EFs W, sec-24= A9 F COPI componentESol collagen 1 ¢ SURO-2 %+ v}
e ———— R M% 7148 o 4 99, SECI2, SEC133 SEC23, SEC310] SURO-29] #H&d| thzs 93
g FE 0 WaA 2499 A7 F9Y A9

7 16. COPII vesicle2| 441} 1484
SEC13-SEC31 dimerE recruitdt= SAR1¥ ZA33. SURO-29F 5EC13°] 7150l dAs] A#Hol 9
ou R th& COPI subunitE 4% 7154 #Ad 3102 o,

- TFG-1% collagen %42} SURO-2 #&o] &S

=
word el woddia 4Exl TFG-12 T A% AFelA g fujo 75dte 3
& (Witte et al., Nat.Cell Biol.,, 2011). Audhya L% °l A= COPIIC] 5ubun1t°1 SEC-169] 3&HA
setaly] 918, SAHOZ collagen BHE A 43 IP APolM TFG-10] Z& complexe] & Hﬁ}i}% AL ke A=e COPI 4 DPH—*E
TFG-19] 7]5°] SURO-2¢ ojw & ##dAdel d&=A &47] 948 COL-19: (,FP T SURO-2:GFPH
W s AFl go-7 RNAD A8S S35 9.

>u_,
oH.

°of T
A

s

FE

mﬂ]

SURO-2¢} COPII subunitE3+e] 71554 A3 #73

lfat

Control RNAi sec 23 RNAI sec-24 RNAI

COL-18
GFP

Control tfg-1 RNAI

COL-19:GFP

Control RNAI sec-23 RNAI sec-24 RNAI

SURO-2 SURO-2:GFP

RN 100 20/5EC13RNAI sec-12RNAI s60-31 RNAT _

7 18. TFG-13} SURO-2 | 7|5 WP COL-19:GFPS wrsiste A}
SURQ-2:GFPE st HE0] -1 RNAIS 235 21

tig-1 RNAi A¥= COL-19:GFPo] suro-2¢} o9 COPI subunitE¢] knockdown 72 Z}e} whzk7}

2121 17. COPIL subunit gene=2] RNAi2| Z1}: COL-19:GFPE w#3l= 4= SURC-2:GFPE L

=0 COPI®| subunit gene S0 T3t RNAIS 235106, suro-29} (2 COPI genejaouw% |2 A& aggregation® = A2 Yl 53] SUO-2:GFPY 2L sec-239 sec-313% fFAISHAl &&=
BE. COL-19:GFPE 2dslE AFol z+ COPI subunit gene RNAIE A% A3 13179 4w Ag s E. olgldk A% E TFG-13% SURO-2% @4 Eujel COPHeMe] A& Holuz o
WA sec-23 RNAIT suro-29F npp-20 RNAiSH Akl Al Wel Al COL-19:GFP9| aggregate ° wAE V5% ABAS ATE AL o 2 9o

A olok 2, sec-24 RNAI A= A2 /Aol A COL-19:GFP @3 Apo]7h 3 §lol2.

nﬂ,m
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3. 9728 & ¢ F&
(1) Fe] gaARers] 7% AW A%

A 9p 2] A o] Enjo A ERoA GolgiZ el ©]%< early secretiono]2til W™ &=t >
i) AE Fxo Ao AR ATE YT 279 AFES EEE FAHSE COPI
1

(ol

vesicle®] A # cargo molecule?d] H]o] EHB]' /] TE TACE AFHUAL, GRoA Folx

COPII 4 @A Go] g Efss Zeasd dad A7 AX Mg Al=gdoA A4H3A

. olF Az AEN TE RHdA A7t 5]‘34*1 At 717 oA o] 48} oy AW

A S0l AT d. -ﬂi‘ﬂ ﬂ' ﬂ FA = (,OPHA 119} Ublqultlnatlona %:‘EH COPIL
ZE{

COPII¢] 7} subunits 2] EOV—} 7%, COPIIE %3 cargo 4] Zx—ioﬂ ol sh= AH ZE Az

o W FAH % AT 59

- COPI¢ +%¢ Ubiquitinations %3] COPII vesicle®] =17] A& H o fH=EsSolA =
As] F1 e, SECI3-SEC31 COPII coat cage®] %7} 818 % i(Stagg et al, Nature.
2006), Sec232] deubiquitination®] COPII vesicle®] ZZo] Z23HCohen et al., J Biol Chem.
2003). Ho] 7 EA el A =S Ubiquitinatione] COPII coat size$t 7]1%5& Z A3t}
A< (Jin et al., Nature. 2012).

- COPII vesicleZ €] cargo selection®} packaging: Soluble protein receptorel 2]3} sorting signal
9] 2elAlo] cargo selectiono] % £.%H(Otte and Barlowe, Nat Cell Biol. 2004). Tangol©] cargo®]
&&749 packaging ¥]3}3L collagen secretion®l T 2% 7155 3 (Wilson et al., JCB. 2011,
Saito et al, Cell 2009). Sec24b”} Vangl22] sortingel 2.3+ 714 3F%] mouseol A neural
tube?] closure®l % 23 (Nature. 2010). Ervi4el 2]3} cargo selection 7] <1+ (Herzig et al.,
PLoS Biol. 2012) &°] 5.

- ER exit site(ERES)®] ZAA: COPI dynactin® ZHZ< ZAde] <l ER exite] 7}s 3
(Watson et al., Nat Cell Biol. 2004). Sterol®] ts-045-G<2] ER export?] ZZeol T 23 Runz et
al., EMBO J. 2006). Sec24p$} Secl6pe] &7 COPII vesicle?] GTP cycles Zxé%’*(Kunq et al.,
EMBO ].2011). ER cargo?] &4 ¢] Secl3pel 28] uj7/l¥+= COPII coat rigidityE 2% & (Copic
et al,, Science. 2012) &< A7 Hi7} &

- COPIIE %3 cargo ¥4 4| #o]sl= *H 22 TRz Ww 9 7lFd 2] B AR
o A QIzte] v d BH|E -3 E FHAE 2] 9% genome-wide RNAI screen©] =3 ¥ 2L
S (Jeremy et al, Nature. 2012). Sedlino]2}l:= A2 COPI ## HHdx7F Sarlg 3l
procollagen®] #H]E ZA3¥H(Venditti et al., Science. 2012).

- COPIISt AW ate] A##A A7 Cargo specific ER-Golgi shuttle®] 3}3] 7} factor V& VIIIC|
uls ol dAEuE W dH(Zhang et al, Nat Genetics. 2003). Sec23A mutation©]
Cranio-lenticulo-strural dysplasia®] €!<21(Boyadjiev et al, Nat Genetics 2006)°]™, Craniofacial
chondrocyte maturation®ll Sec23a”’} o] ®(Lang et al, Nat Genetics 2006). Congenital
dyserythropoietic animia typell(CDA ID®l sec23B mutation®] T8 9<% (Schwarz et al., Nat
Genetics. 2009). CTFR mutation forme] o]l GRASPel <2]% unconventional secretion
pathway 7} ¥#¢]13H(Gee et al., Cell. 2011). Cystic-fibrosis—associated mutation®] A1 Z°|4 ABC

transporter PGP-32] 9 $ ¢t Ao o] shH(He et al, Dis Model Mech. 2012).
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- &3 COPIYl #d¥ A% Pubmed FAME T3] 7% 40W 9] =ito] EAlst=d], tiiol
gt AR dEAdel gle. avnt H2e] F AT =2 ok AR gite] dude B
gtz COPIel ##@ ¥ di4 A= AIE7 COPI compexol E£Alghs WA R Frolxl TFG-1

0] Gl Fuj ol whekd el #EE o] gtk Hal(Witte et 1 Nat Cell Biol. 2011t Akt7}

Sec24E CIMFBIAI It = A A ¥ (Sharpe et al, Traffic. 2011)¢. w2kA] COPIIe] & #H&EA oA
T AMEA FELE 7heAdel & AT ok

- AFARTE U 71EE okl A AR sHE A B A9 A4 A= collagen 1]l
- 24§ ufj -

Hojsli= AR 24 FAA TMEM397F AZol A cuticle @43 %7) Ao AE 2+
of Fad 7Iss FAst vk S 19l 53] collagen &9} #oJdte] HF <] epithelial cell
¢l hypodermisell 1 COPII¢} 7]% %

oz WS AL B obd =EE WAL 1d oy
= dgsne, gola sl e e Aol va B ol %2,
ool 29 ¢ 478 ded agds dda ¢ 47 } e
= _9_ (e}

= g 1
A4 fFARE ol 1 Vs AT TY. EA, SURO*Z/IMEMBQ"] A \L‘:‘ early
secretion®] F=3 A FAlo F-FE L, 01'7“77}7(] A8 71 AT o] Fo1 A A %‘% A o]
22 A Aol S, AR, TMEM397F whuld Hujo] FQa3dt 7]sS 3oy A o] Multiple
Sclerosis¢] 13! °/‘]7<}§“1 o] 7] "G we] 1, Cancer#AA A% EGFR% 2 RTK9
ol A #Holdd shEAe] F.

(2) 727 1A 2 v AFete] v Fol o n@y AR

- TMEM397} Aol A collagen ¥H]E Z4d3to] cuticle Aol T3 7]5& Fadges A

} 2 matrix proteinE o] #H] ZHo|E= st iAol AR R SoM AE F

ATtsty] woke A&7 deld dig A5 F4L davt A
A

-h }-}J

SR Qe WA 2ol Be AT Jem A8 WA F fAd A9 Pyo
2 TMEM399] 71%% itdeted 9Fsdgone, nu 4deln £A% A3E Wol A4
S AES 8T A0 sl AT FHelol B A

- GAFAA TMEM39AS 715S Atst7] 98, o8 A& siRNAE FE3+9] knockdownS
AAste] TMEM39AY Ld& AAsteln Amstdovt A g AFAS. ol& s dAE
ZA A 715 AR FEe] AFE 3335 A He. &% TALEN©O]Zt= gene editing WS o]
gato] tAEolA 2% TMEM39AE knockoutrAl# 7% A7+S 1ad A9l

2

01

- B oA Aael glo] 7ME FuEE M2 COPI subunitEel 7Is5E°] AZ7] t2tes 9.
collagen secretion®l] 21©] sec-247} EdQsltf= A= ERA Sec24p’} glycoprotein Hspl50
9] ER exitel]l &3 23}al(Traffic. 2007), Sec24p $1°]% soluble cargo®] #H]E= 2 H(J Cell Sci.
2004), ZL#] 3l Secl3p $1E vesicleo] ER9lA Golgi® ©]%(Mol Cell Biol. 2002)¥ T H s 3}
FAFSE Wkl AT A E FEOIAE Sec242] homologZt o8] 7| EA8=d, 53] Al#S
Sec24a,b,c,d 47H% 7HAT = Aol A Aozt F. AFAME Sec24.13 Sec24.2 F el Sec247}¢
EAstr R o] ¥ F82 7+ redundancy ¥ tissue-speiticity 7} GE}E F M5 AE AL, o
Ho Ao A sec-24.13 sec—24.2 EF RNAiolA collagen secretiono] 417} §ldth= A
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Abstract

The epidermal growth factor receptor (EGFR) ks a well-established target for cancer treatment. EGFR tyrosine kinase (T}
inhibitors, such as gefinitib and erlatinib, have beén developed as anti-cancer drugs. Although non-small il lung
ammmmmmm‘ngmL&mnmm“mgdmmmmm tumars with a doubly mutmd

EGFR, T790M-LB5ER, acquire resistance to these drugs. The C elegans EGFR | g LET-23 and its o
pathway have been studied extensively to provide Jrslgm into regulatory mecmnlm conserved from C ehgms to
humans. To develop an in vivo screening system for | cancer drugs ing specific EGFR rmutants, we expressed

three LET-23 chimeras in which the TK domain was mplaced with either the human wild-type TK domain (LET-23:-hEGFR-TK),
a TK domain with the LBSBR mutation (LET-23:hEGFR-TK[LBSBR[), or a TK domain with the T790M-LBSER mutations {LET-

Z3:hEGFR-TK[T790M-LBSBR]) in C. elegans vulval cells using the let-23 promoter. The wild-type hEGFR-TK chimeric protein
rescued the let-23 mutant phenotype, and the adivating mutant hEGFR-TK chimeras induced a multivulva (Muv) phenotype
in @ wild-type C. elegans background. The anti-cancer drigs gefitinib and erlotinib i the Muv phenaotype in LET-

23rhEGFR-TK|LBSBR]-exprecing transgenic animals, but not in LET-23:-hEGFR- TK(T790M-LB5R] transgenic animals, Az a
pilot screen, 8,960 small chemicals were tested for Muv suppression, and AG1478 (an EGFR-TK inhibitor) and U026 (a MEK
inhibitor} were identified as potential inhibitors of EGFR-mediated biclegical fundtion. In condusion, transgenic C elegans
expressing n‘i’rﬂmk LET-23:hEGFR-TK proteins are a model system that can be used in mutation-specific screens for new
anticancer drugs.
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Introduction €2, agans vulval developinent & a well-established modd sygem
- n & wserd o guddy the EGFR sigaling pathway [7-9]. Amang the six

Development of a high-throughput, Jow-cost o o screening wilval precursar cells (VPCs}, P5.p, P6.p, and PT.p adopt the 2
system for small molecule ani-cancer reagens would ideally b 1200 i) faes, respectively, and contimue dividing 1 form the
able o overcome the major problems of couventional & pite matyre vidva, The 1° ooll fané is determined as a result of BGFR-
sereening methods, Due 1o faa0 generation (ime, high progeny Ras-MAPK sgnaling in Pip, whereas the 2 cell faw is
numbers, low cost, and wdl esablished genetic ok, e gpined by LIN-12/Notch signaling in PS.p and P7_p, which
tiematade Craorhubefit degons (L dggans) & an atractive candicite 5 3 oand a3 2 rendt of EGFR-RasMAPK signaling in the
for an animal model screening swtem, with many of the neighboring edl, Components of the EUFR pathway, induding
advantages of i vitro sereening systems and animal modeks [H. EGFR, Ras Raf MEK, and MAFK, aw highly mmnwﬁ
RO ovmennaed i ‘u""""fm:!" activated in vanous 0pes ey fumans and €, slssms [], Alimited number of chemical
O Fpimees “m:._ I:‘.Th.;ﬂ }E:‘:l;{m“ m‘;]":': _nnn-zr.m]J-u']]. ]uu%_ cornpaunds that targer the EGFR pathway have: been et using
SO PR i rvve B M tiols ek« € egans vulval development a5 a modd. Farnesvhmnsfrase
cancer develapment incloding aumotigenesis, lovasion, metastasly, oy which inhihit Res activiry, and MOP compounds,
apd-angiogeoest {), and dfm_}."f'wfi:i an Alu.mluw tAsget fix which disrupt Ras-Raf iteractions were found 0 act specifically
cancer drug development. Geiinib Gommercial name: Tressa) on the arthologous proteins in the € sy EGFR-Ras patiway

Ml ey S ! - ) : t s G TFR-

was the firgs BCHR-TE inblblior drug developed for themeament 10 vy e iy o the: EGFR Yinuse -ihiiicrs. BIHUTI61
of epithelial cancerssuch as NSULL [4]. Mutations in the EGFR- et RIBC 389 v sk évaltmtad i £ o [15]. These sudies

carcinoma

TH domain have been linked to gefitinib sensic in & subset of
lung eane and bave also been found 1o acthare 3 AR a0 P e
pathways [5.6],

PLOS ONE | www.plosone.ong

suggest the potential for wsing £ clgan as a ool for ant-EGFR
pathway drug serecning,
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via inhibition of multiple kinases
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ARTICLE INFO ABSTRACT

Artice stary: Maowe! anti- nfls mmatory compounds were St hesised by derivan za toen of militarin, a compound isolated
Feceived 19 amiary X012 fram Corndyeeps militas that |s an ethpopharmacooglcally well-known berbal medicine with multiple
Aecepied 21 Febmuary 2012 benefits such asanti-Cancer, anth inflamimsa oy, anti-cbesity, and ant-diabetic proparties. In this study, we

Ava bl onfine 1 Masch 2012

explored the i wioo and in vive anti-inflammatory potencies of these compounds durd ng inflammat ory
responses, thelr inhibitony mechan isms, and acute tosicity profiles. To do this, we cnadied inflammatory

= . conditions wsing in viro lipoepelysace haride-treated macrophages and several i vo nfla mmatery model s
i:“; -fzfv;'gctrlhhe:xyh!me-u-dd such s desoran sodinm sulphats | 5SS Hnduced colitis, FiOH (RO - nduced gastrits, and a e hidsnic acd-
hrh;:‘ mﬂm:‘ induced ear cedena. Methods wsed inclisded real-time PCR lomming analysis, el pita-
sk tion, raporter gene sssays and direct kinase assays OF the teged compounds, compound DI duowed the
38 highest nimicoxide (MO inhibitry activiry. This compound alse inhi bitedthe production of prostaglan din
hell kinase & (PCJE: at the ranscripticnal level by suppression of Syk/NF-«B, IKKe[IRF-3, and p38[AR T pathways in
lipepelysaccharkd e (LIS l-activated RAW2EAT cells and perivon2al macophages Consistent with these
finedings, compound B stromgly ame liorated inflammatory symptoms in colitls gastrivs, and ear oedema
models. In acute toxielty tests, there were ne significant differences in bedy and organ welghts, semum
parameters, and stomach kedons benween the untieated and compeund SH-treated mice Therefore, this
compound hasrhe potenial to be served a3 3 leadchemical for devel oping a promdsing ant - nflammar ory

drug candidare wirh multiple kinase @rgers.
o 2012 Elsevier Inc. All rights reserved.
1. Introduction diabetes |[1.2]. Even though the molecular pathophysiological

The derepulated ar exacerbated inflammation may cause a
tange of serious diseases, such as cancer, vascular disorders, and

Abbreviations: Na-CMC. sodium carbay | methy kellulme; DI sy me immum-
amay; LA, erzyme linked fmmmmom artiere: amay: MTT, 345 dimethylthiznl 2-
31125 diphenykstrazalnm bramids; 11, interran regulsory facor-3; PIK
Fhesphainasitide 3-kinase; STAT-1, signal transducer and activair of tramerip-
tian; ALT, alanine aminatranfierase; AST. apariak amimog amdorese; ALP, alkaline
phosphatase; 1DH, Lctats dehydmgenase.
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mechanisms by which inflammation induces disease are not fully
understood. inflammatory maolecules such as toxic radicals [eg.,
mactive oxygen species, and nitric axide (NO)], pro-inflammatory
cytokines |egr, tumour necrosis factor { TN Fj-w, interleakin (1L}-1,
interferon (IFN)43]. and lipidic inflammatory mediators [eg,
prostaglandin (PG) Bz and leukotrienes| have been identified as
critical factors in stimulbting macrophages and optotoic T oells,
which in turn are involved in tissue destruction and the
subsequent induction of pathological phenomena [3-5).

Recent research results have additionally highlighted the
functional significance of fissue-associated macrophages in
inflammatory responses. These cells infiltrate into chroniclly
inflamed omgans to aggressively manage the producton of
various inflammatory molecules and facilitate the tissue damage
in inflammation |6 Many reseamh efforts have led o an
understanding of how macmphages @n be adtivated by interaction
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A novel zinc-carboxypeptidase SURO-1 regulates cuticle formation
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ARTICLE ENFOD ABSTRACT

Arsicls hictory: Cuticle formaton and molting are critical ﬂnm&vﬁopmﬂ of Grenorkabdits elegens To under-

Recevad 15 uly 2010
Revised 10 Noversher 2010
Accepied 12 Noverher 2010
Availabie online 19 Nevember 2010

stand cutice formathon more clearly, we iin worms that
expressed dominant ROL-6 collagen proteins. The uﬂH mutant, which is mild dumpy, exhibived
adifferent ROL-5:CFP localization pattern compared to other D py mutan s, We identifled mutatons

In three swro- | mutants, and found that sero- 1 {ORF RITAS.T) encodes a putative sloc-carb oy pep-

Edited fry Ned Mantei

tdase homologue. The expresion of this enzyme in the hypodenmis and the gepetc interactions

between this enzyme and other colligen-modifying enzyme mutants suggest a regulatory role in

&

3 collagen processing and cutile organization for this novel carboxypeptidase. These findings aid
Cuticle our understanding of cuticle formation d uring worm devel pment.

Callagen 2010 Federation of
ol-6

Carbony peptidase

f-T 0 §

Camnarhabdits elegan:

inchiemical Societies Published by Elsevier BV, All rights reserved

L. Introduction

Extracellular matrixc {ECM | is important in many biological pro-
cesses, including cell-cell interactions, signal transduction, cell
adhesion, and @noer metastasis. As 3 major component of ECM,
anllagens and collagen-like proteins comprise superfamiliesin var-
ious species. Collagen synthesis requires eight s pecific post-trans-
lational enzymes, some of which are attradive targets for the
development of drugs to inhibit collagen accumulation in fibrotic
diseases | 1]. To date, mare than 1300 mutations have been charac-
terized in the human collagen genesin various diseases [2], includ-
ing osteogenesis imperfecta (O1), many chondrodysplasias, several
subtypes of Ehlers-Danlos syndrome, Alport syndrome, Bethlem
myopathy, cerfain subtypes of epidermolysis bullosa, Knobloch
syndrome, osteoporosis, artedal aneurysms, osteoarthrosis, and
intervertebral disc disease [1] Collagen IV is directly involved in
a number of genetic and acguited disease such as Alport’s and
Goodpasture's syndromes |3]. Knobloch syndrome is caused by
pathogenic mutations in the COL1BA1 gene [4]. Mutatons in
COLTIAZ cause a non-ocular Stickler syndrome by affecting

+ Cammespanding authars. Address: Department of Bakgy, Yorss University, 134
Shincham dng, Seadzemun-gu, Seaul 120-749, Reusibc of Karez Fax: +42 2 363
083 (JW. Cha ) Fax: +82 31 920 2002 (], Shim}

E-mail addrmzs: chajwi 11 @ymssiackr (| W. Chal. jaegalnerea (). Shim).

chondrogenic tissues [5), Olis a generalized disorder of connective
tissue characterized by fragile bones, and most cases of O are
aused by mutations in type [ collagen [6]

{Coenorhebdits elegans is a powerful model 1o study ECM organi-
zation becuse development of the worm includes four molting
processes from L1 larva to adult, and each molting stage invobves
destruction and synthesis of cutices |7]. Mutations in collagen
and modifying enryme genes result in defects ranging from abnor-
mal morphology such as Dpy {dumpy), Lon (long), and Bli (blister]
to lethality. C elegnns has approximately 175 cuticle collagens and
w0 basement membrane type IV mllagens [2] Most collagens are
synthesized by hypodermal cells and seam cells, exoept for fwo
basement membrane collagens which ame synthesized by body
wall musche cells |B]. These proteins are then secreted and assem-
bled on the apical surface of the hypodermis to form 2 complex
multidayered struciure |9,10). The cuticle collagens are most sim-
ilar to the vertebrate non-fibrillar FACIT { fibril-assodated collagens
with interrupted triple helices) collagens | 11] The collagen-modi-
fying ermymes in C. elerans indude three hydrosgylases, bwo glyoo-
syltransferases, two proteinases to cleave the Nand C propeptides,
oxidase io initiate crosslink formation and protein disulfide isom-
erase (PO} [12]. The identification of new collagen-modifying
enzymes and their functions is in progress. Here, we identified a
novel marboxypeptidase that fundions in cutide formation and
body morphogenesis in C elegans, possibly through collagen
processing,
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Stephania delavayi Diels. inhibits breast carcinoma proliferation

through the p38 MAPK/NIF-kB/COX-2 pathway
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Abstract. The nuclear factor B {NF-«B)/inhibitor of «
kinase-fi (IKKf) signaling pathway is important in fumior
promotion and progression. MDA-MB-231 human breast
carcinoma cells express COX-2 and show a constitutive
phosphorylation of NF-xB. Many non-specific inhibitors of
IEE[R and NF-xB are used o inhibit rumor promotion and
progression. The Srephania delavayi Diels. (5. delavayi
Diels ) extract has been reporied to safely activate B cell
immunity and there is evidence suggesting that it may be a
promising new anticancer therapentic agent. 5. delavayi Diels.
exiTact suppressed proliferation of the breast cancer cell lines
MDA-ME-231 and MCF-7 by inducing cell death. To aid in
the development of the 5. delavayi Diels. exiract as a therapeutic
agent, its mechanisms of action were investigated, in particular
its effects on p38 MAPK, NF-«B and COX-2, which play
important roles in inflammation and cancer. 5. delavayi Diels.
stimulated p38 MAPK phosphorylation but reduced NF-xB
phosphorylaton and COX-2 expression in a dose- and time-
dependent manner. Thus, 5. defavays Diels., which appears o
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act primarily through p38 MAPE/NF4B/COX-2 signaling in
breast carcinomas, may be a potent anticancer agent with
target specificity and low toRICHy.

Introduction

MAPEs play key roles in mediating the effects of varions
extracellular stimuli and intracellular responses. Three
MAPKSs have been identified in mammalian cells: EREs,
INKSs, and p38 kinase (p38 MAPE). Each MAPK is activated
by different stinmili and regulates different downstream targets
(). In particular, p38 MAPK is stimulated by UV imradiation,
osmotic smess, and cytokines such as tumor necrosis factor-o
(TNF-o} and interlenkin-1f TL-15) (1,2).

The nuclear factor «B (NWF-xB)/inhibitor of » kinase-fi
(IKE() signaling pathway is important in tumor promotion
and progression (3). When activated, the transcription factor
NF-xB inhibits apoptosis (4), induces G1/5 phase mansition by
up-regulating the expression of cyclin DI (5) and COX-2 (6).
In MDA-ME-23]1 human breast carcinoma cells, NFB and
inhibitor of xB (IxB) are constmuvely phosphorylated (7) and
CODN-2 expression is observed (8). Many non-specific inhibitors
of IKEf and NF-xB are used to inhibit rumor promotion and
progression. These agents include ant-inflammatory drugs,
such as sulphasalazine and wans-resveramrel, and non-steroidal
anti-inflammatory drugs, such as aspinn, sulindac sulphide,
cyclopentenone prostaglandins, proteasome inhibitors, and
elucocorticoids (9-11). Similarly, COX-2 inhibitors have also
‘besn used to slow the progression of cancer (12,13).

Species of the Stephania family are known 1o eXert
pharmacological actions. For example, the Stephania delavayi
Dizls. (5. delavayi Diels) extract has been reported to-safely
activate B cell immunity (14), and biscoclaurine alkaloid
cepharanthine isolated from Srephania cepharantha Hayata
(5. cepharantha Hayata) induces apoptosis and G/G, phase
arrest through p15" ™ and p21™*" ' in KMS-12-PE myeloma
cells (15). Tetrandrine, a hisbenzylisoquinoline alkalaid isolated
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