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Expression of COX-2 and IDO by Uteroglobin Transduction in
NSCLC Cell Lines
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M_D_2, Choon-Taek Lee, M_D_S, Sung Koo Han, M_D_z, Young-Soo Shim, M_D_z, Young Whan Kim, M_D_2
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JDepamnm[ of Internal Medicine and Lung Institute of Medical Research Center, Seoul National University College of Medicine,
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Background: Uteroglobin (UG) is a secretary protein that has strong immunomodulatory properties, and which
is synthesized in most epithelia including lung tissue. Overexpression of UG is associated with decreased expression
of cyclooxygenase (COX)-2 and suppression of cancer cell growth, Indoleamine 2,3-dioxygenase (IDO) catalyzes
tryptophan along the kynurenine pathway, and both the reduction in local tryptophan and the production of
tryptophan metabolites contribute to the immunosuppressive effects of IDO.

Methods: In this study, we investigated the pattern of expression of COX-2 and IDO, and the effect of UG
transduction in the expression of COX-2 and IDO in several non-small cell lung cancer cell lines, especially A549.
Results: Both COX-2 and IDO were constitutionally expressed in A549 and H460 cells, and was reduced by UG
transduction, In A549 cells, the slightly increased expression of COX-2 and IDO with the instillation of
interferon-gamma (IFN-7) was reduced by UG transduction. However, the reduced expression of COX-2 and IDO
by UG transduction was not increased with TFN- 7 instillation in A549 cells. In both the A549 COX-2 sense and
the A549 COX-2 anti-sense small interfering RNA (siRNA)-transfected cells, IDO was expressed; expression was
reduced by UG transduction, irrespective of the expression of COX-2,

Conclusion: The results suggest that the anti-proliferative function of UG may be associated with the immune
tolerance pathway of IDO, which is independent of the COX-2 pathway.

Key Words: Uteroglobin, Cyclooxygenase 2, Indoleamine 2,3-dioxygenase, Interferon-gamma, Immune tolerance
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=2 vHe FA o] A8l & A (rate limiting enzyme)
oft}, COX-13} o] A2 EAsk= COX-2%= ¢ =27] vj
a2 2 akegjete] lipopolysaccharide®] A= 5o <]
3 EgEato 2 ElE@dS sty IS vk
off Fofgiotar delA drh. 2, H2 o gl
Al COX-29] o] S7heE|o] Qlfo] HalE AL, HlAA)
3 H|F 22219 oF 3000, TS| 40%elx] Cox-27}
=o] BuEgtl cox-2:= metalloproteinase?] 34, 1]
A P4 Foll Fofate] S & 9 A7l 3k
< PR3, PGEE A/38te] HAMEL] =9} o2l
oA IL-109] F3ES AT =N FUA L thgk Q1A
o] AAWRS-S AAIFto] B ET}, gh, HHEF<]
A5l UGE P AZe o COX-2¢] 43241 PGE;
of |7} 74, UGE P A7l A5499] uljofe o
2 AN EE vlFS f 1L-10, TGF- 9] FH)7} 74
o] BaEde}

Indoleamine 2,3-dioxygenase (IDO)2h= &AM o]
okA] Zoko] WAL (immune tolerance)d| & Fofdto|
Fo| Aol deixltt. IDOE 5 o)kl Tryp-
tophan®] o|s}2hg-of Fofeh= &uAlet BAhRA, 7,
BehS B RSE Ao RE Az oA L Eo] A
S 2F HYRE Fa% d3hs st 1y, IDO=
o] M EFA interferon-7 (IFN-7) 59 HE5EH
o oJaf o] LA . ol2fal IDOE F2Fo
25 A Ee] Aol FFAQl nyptophang ILZAT]
1, tryptophan tiARR A% kynurenine 2] tiAlE2
< T3l A T-AlEe] S JAISKAL T-H|3E 2] anergy
FrEgro 2 hM el ek W8-S oA 23]
2 M A4 B " @9, 1Ny Rl Q)
3] IDOS] Wdo] 715k B, UIANEE vt oy
AEAN ox-29] A F7HTol diA gl =4,
IDO2] Fpkgo] coxe| W g Edwe} #ayo] gl
o] Bug n} gioh”.

B Aol WA v AAZH Y AEFA COX-2,
DOg] ko) 2 UG transduction®] GOX-2, TDO2] Ha] o]
HAE FERS AHEgIT) Thao 2, COX2E P A
71 QHAIETFe} COX-2 WS AIgH SHIEFIM UG
transductionol] ©JgF IDOS] W Ffe] WstE AvEos
# UGS} IDO Atoe] 2321 #AAS Harz) sttt

e
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1. H=ZF

A|ET= AN AEZFQ AS49, HAGO, HI57&
AREBESATY. Z47he] AZFE 37°C, 5% CO, 231 Bl
10% fetal bovine serum (FBS), penicillin (60 rg/mL),
streptomycin (100 z£g/mL)o| 7}%¥ RPMI 1640 Aol
ket aict.

2. Adenovirus-UG (Ad-UG) transduction

Z17ke] NEFE 1x100/mLo 2 Zdo)Eo] FH|3 &
3t ZYo|EQ] MEE wo, Aol Alxe] 55 g5}
et 297t wjekate] AlE7} welle] 80% AH=7HA] Aleba
Ad-UGS] 94 thzzel Adnull B2 AD-UGS] §4S
(20 MOD RPMI 1640 Hl=[2} Hojx Edlo]Ee ¥aL 37°C
o 1ARE E2t AAAIFICE PBSE A|Zgh & FBS7} 23
¥ RPMI 1640 BJA|Z Y1 227} 37} wjokslde),

3. IFN-7 instillation 2! Ad-UG transduction

HI A Z G A ZF2] AS49Z ot A% 314 e
)%, Ad-UG transductiong 3+ <, IFN-7 (1,000 U)
instillation- 3k <, IFN- 7 instillation 12417} Z-of] Ad-UG
transductiong 3F ¢, Ad-UG transduction 36A|7F 5o
IFN- 7 instillation 8F 22 YFo] ujofsl & i zs

=
FEko] Western 24 &3 COX-2 ¥ IDO2| £
[e]

4, CHHEZIOl & 9l Western 24

o] HiE AS49E HIREE Z7te] AlEF 9 Ad-UG
transduction A3 & =7} weksl A549 M| EZFE whole
lysis buffer (0.1% NP-40, 5 mM EDTA, 50 mM Tris [pH
7.5~8.0], 250 mM NaCl, 50 mM NaF)& o]-§5}a] A
X S FESGICE 30 g AE TES 10%
SDS-polyacrylamide Ao A7|ds Alzch A o] ¢+
WAS nitrocellulose membrane &2 o] FA|7|1L, ©]
membraneS- blocking solution (5% skim milk in 1XPBS/
Tween 20) 2.2 1A|7F F2t blockA|Z] & IDO2} COX-2,
actine]] thek 12} FAE 124K & vRSAIZT. A1H
o 224 FAIE WSAIR F WY 4159 HEL ECL
Western blotting detection system (Amersham Pharmacia
Biotech, Uppsala, Sweden)& ©]-8-5}4t},
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5. COX-2 sense M|ZZ 32 COX-2 anti-sense M|ZF
HH 2t

COX-27} 4 WS =E A5499l] COX-2E trans-
fectiondF A549 COX-2 sense M EF9} A5499]] small in-
terfering RNA (SiRNA)Z- transfectiond] COX-2¢] &g
AAAZ] A549 COX-2 anti-sense A|EFTZ vfjofFste] Al
235199t} siRNA transfectionS A549 A|ZF7} well9]
70067} Z wi7kA] 718 % 50 nmole] COX-2 gene-specif-
ic siRNAZ HiPerFect Transfection A|2Fi} 4J 0 HA] He
HA A2z Fske] 48~ 72A1RF 1 A= A
o= st

2 1

H| AN ZAY AZETR] AS499F H460001A4 COX-2 H
IDO7} ¥ %] a1, UG transductione 32 W COX-2 &
IDO?] Welo] 7 ZH43}ith(Figure 1A), B TRE H] A
AEZEAL AZEFQ HIS79ME COX-27F WA,
UG transduction®l] &l COX-2¢] W&lo] 7HAaatAdAqH
IDOTE WA drh(Figure 1B).

B 2AEAG AEFQ] AS49E control T, Ad-UG
transductiong AJ83F 7, IFN-7 (1,000 U) instillation=
A&s &, IFN-7 instillation 12A]7F ¥ Ad-UG trans-
ductiong A3 T, Ad-UG transduction 36A)17F &
IFN-7 instillationg A|8Ygt O 2 oA vljofst
TS FE3HL Western A4S B4l COX-2 ¥
IDOS] I s EAHT.

AS499]] TFN-7 instillationg 3+ 73-¢-, A|2|8HA] & o
of vl COX-2 B IDO®| Walo] KF oM F7lsh=

PdE Bk IFN-7 instillations WA Al¥gE & UG
transductionS A|38F 2] A9 IFN-7 instillationTt A]
&5l o] BlE| COX-2 2 IDO?] W&o] BT 7HAEted
o}, a3y, UG transductiong WA A3+ & IFN- 7 in-
stillations AJ3Y8F 2] 79 UG transduction¥t F o]
]l COX-2 % DO o] F7FslA] eigtrh(Figure 2).

HIZAEH Y AETFRD A5497} COX-25 3 Wadst
S5 g COX-2 sense A|EFol|X COX-2¢} 7 IDO2]
HE e ALt o37)d] Ad-UG transductions 32
o) COX-29} IDOS] "Weo] BF FHAsl itk (Figure 3A).

A5499] siRNAE transfectiondl|A] COX-29] &S o
AlgE COX-2 anti-sense M|EF9] 749 COX-29] L3>
AA 3] 7FAske o), IDO2] W 7HAskA] el o
719l ThA| Ad-UGE transduction 31-& w] COX-2+= 7 9]
Hsl7} giglout D02 iale HaxatrhFigure 3B),
A549 COX-2 sense A|3ES]| siRNAEZ transfection A|FH-&
= COX-29] e dA 3] 7FAastel o), IDO2] T
o= walr) 9llar, of7)el thA] Ad-UGE transduction

O3 2 7
Q Q A
S QQ . '\q’ (bbv . OJQ) ,\{);Q

W bﬁb‘o Nig S
& P SR EEOE

COX-2

IDO

W T s e
=

Figure 2, Change of expression of COX-2 and IDO after
UG transduction, instillation of IFN-y, UG transduction af-
ter instillation of IFN-y and instillation of IFN-y after UG
transduction, in A549, non-small cell lung cancer cell line,

* @ S s 5 i NV
A & S FS
| - COX-2 |WHENND S ww— COx2 | "R S
e e ~ == =—--
Actin m Actin M

Figure 1. Expression of COX-2 and IDO in NSCLC cell lines transduced with Uteroglobin (UG), (A) Both COX-2 and
IDO were expressed in A549 and H460 cells, Transduction of Ad-UG (20 moi) directly to A549 and H460 cells decreased
expression of both COX-2 and IDO, (B) COX-2 was expressed in H157 cells, Transduction of Ad-UG (20 moi) directly
to H157 cells decreased expression of COX-2, But, IDO was not expressed in H157 cells,
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Figure 3, Expression of COX-2 and IDO in A549 cell line
transduced with Uteroglobin (UG) as transfection with
COX-2 sense or siRNA, (A) COX-2 and IDO were de-
creased when A549 COX-2 sense cell was transduced
with Ad-UG (50 moi), (B) Transfection with COX-2 siRNA
(60 nM) to A549 cell inhibited not IDO but COX-2, (C)
A549 COX-2 sense cell transfected with siRNA (50 nM)
had same result B, Uteroglobin suppressed IDO protein
level both B and C. It need further study about IDO en-
zyme activity test with uteroglobin,

e u) cox2 Wabh 19l D09 WL 7haste]
3B} AL A= HoF %E}(Figure 30).

izt

o

0| $5 Aekgols T 74 7o) ZAU)
3 A= wyptophan thilzol] &3k HAfel7} =,
IDO7} A3l EHA  tryptophan© 2 E| Kynurenines
2 Kynurenine f-5=4|2] 3-hydroxyanthranilic acidstd
quinolinic acids7} A= aL, o]t tiikEo] W T
A|Z(CD4+) 9] F21& AAJe}L, apoptosisE FHsto 2
A dAA L Z]efaiet, T dAlE DO Bagdel 4
H2 WA T A2 F2]o] a3t wyptophano] =44
o7 BRI Ho| T Alxe] AEF71E AAAZ|AL, T

AT anergy B ob/|F0 2A HAIE Fch DO
ol elgk wie] Aal 5 TS oo} FPAE)
FEse HxAdME dofuA] Ei=d], FEAE A
Z3} IDOE W= AR E(dendritic cells)7} ©3E
Aol =2kl 23 gl vhgshs WY T Mg A4

Sk )28k A)7 Wk ohel, ID0S Wsk o
s

AP3AES} BhEsh= 7910 M T AlRe] Bk oA
AIZIT}, B3 regulatory T A Eo}e] 28-S F3l

(¢}

APEHIE Ulel] IDO2] WS f=glo] YedA] ek 5%
HAEA e FHATE 228 IDOS Lals7
A5 Azl ¥hg3ste] IDO] WS SV =],
E3] IFN- 77} S9AIE2] DO 23 Z7te] Fash”,

FH ol el it et A=st, A, 1
3 gFot SollM T2 el=Z e (prostaglandin, PG)<]
FAP7E BAdzA e vs S7kEe] dee] BarEictk
COX-29] A9l PGE = VEGFE AAete] Al 4%
< E7Eka WY AAE AAlEHH, bal-2E A7
t}oFsl matrix metalloproteinaseS IPFEA|A Fke] A
e Sk 2o R AHal Qlvk. 2ol PGEL
IL-10< FEstHA oA kel 1L-100] FAPA Lo
2pg3to] T ML) anergyE fFste] T AL FUAE
ol th3k o] 38 Aol BIEILH, Murine lewis
lung carcinoma (3LL) E@lof|A] COX-22] ¥H-g FHaA|
7|9 1L-10, IL-127} A=A antitumor reactivity7} &
gslEl=d], o714 CoxX-2¢] ofate] B d=l= PGE2] A
’do] Fhaxatar 11-102] A de] A =AA a2l &
e} 2o WY Tlso] @dstuo] F Aol o
Aol =,

ol IFollA BIZAMEFY AEFCOl AS49, H460,
H1579l14] COX-2¢} IDO2] W & Auxghs uf
A549, HAG0N M= F-24 0 & COX-29} IDO7} W =$]
3L, UG transduction®]] ¢34 COX-2 @ IDO2] HF3io]
% Zasigltt 1Dog] wEe] gIid HIsTAM %=
COX-27} W3 =31, UG transduction© & 218l COX-2
o] "o ZFAa3heit). A549, H46094 UG transduction
o2 Q1) cox2e] el Fastar”, AEFol A
Ho] g up7} a1, H15794 % UG transduction®.
2 QI3 NF-kBO| S4%7} SA=]o] COX-2 o] 7ha
o] HuFglon”, & dpaxAd Dog] Hadds
S AR A7 AT= qid

IFN- 7= A549, THP-1S& HISEE W2 GAIEFIA
D09} e fi=dhs Alo® LA . Egk -7
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© FAVEAIEAA DO e Fa A=5AIRI, 2 2
7170 & Janus kinase-signal transducer and activator
(JAK/STAT) AZAA7} #3o] glgo] BaEe,

IDOS] Wz COX-2¢] o] AL B 93} )
AL AETFO] AS49E TFN- 7 2 AF=31] COX-2,
IDO2] WS =717 T3} IFN- 7 instillation & UG
transductionS 8+ 2 H| w3l w] IFN- 7 instillation 5
UG transductiong gF wel]A] COX-2 ¥ IDO7} 25 7H4x
Aok 28U, UG transduction?t 8k 7ol H]S] UG
transduction & IFN-7 instillatione 3+ T4 COX-2 ¥
Doe] wlo] F7RIAE st oleld A UG
transduction® 2 QIek A|ZAZ A &3} IFN-7 9] &
shurt o Zed A A

Marshall 52 murine macrophage cell line RAW
264,77 murine fibrosarcoma cell line MC57914 A= A
o] Z719} cell adhesiono] 78S #&sl3 o o]
g 7k IDOS] A A Hade dEshlar, g
IDO2] 2L metalloproteinase L& AE=e} COXe| &
A g0y el wel wskeke Busiint”. H2ol
© COX-29] AArHE?l PGE7F FAVSAHIE Friee] 2444

X T
ol 93] Edoln), 1D08] WAL feEske FA5lo] 1
Y}’ w3k Basu £7& COX2E Eoldog A3t
749 T2 vAEEelA 1DOL] o] 7hAgs Bl

3hodtt, o]Z5% COox-29} IDOS] Wl Atolofl F&Ado] Q)
ol A7IEL JoH, B AToME A549, HA60MA
UG transduction® 2 <lI8]] COX-29} IDOS] W3l o| &7
ishe A9 Btk 2 2 dRrE cox-27t
) D EEE 223k AS40M oluz} SiRNA trans-
fectionS E3f COX-29] WS A5t AS499M % UG
transduction© & <13} IDO2] Wdlo] 7hidh= A= |
k. ol#st Avk= UG MEd7dedA] 71%5°] COX-2
£ 53 73 59402 DO Mg 7| #
d2 7ol e AR &5 IDOS] o] gixt
& H15794] UG transduction®] A|EAJ7 o] o8-S n|3]
2| %8S MIT assay 52 &3l I, UGS] A=
gAA et IDOS] AHS £ v s Bl 5 s

Aol

o o
I =

4 A: Uteroglobin (UG)S #|E B3 $-2] &2

el BaAEos AdEE Hexdss 7R &
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H|ehlolc} UGS L cyclooxygenase (COX)-29]
ol A Bl HES] AAEAlet o] it
Indoleamine 2,3-dioxygenase (IDO)+= kynurenine path-
wayE &3l tryptophang O|SA7]E EARA], T4F
02 tryptopha-& IZA|7)AL tryptophan tAES A4
o2 T M2 MRS AAAIT]= H] 7]ofgitt,

g B 2 dToie ofY] HaARAY A2, 53
A549914] COX-29} TDOL] TaokAt 2 UG transduction
o] COX-2 % IDOS] el m|x|= 32 AuHSI

ZA 2k AS499} H40000 FRASE COX-29F IDO
7} 25 W EQl 1, COX-2 2 IDOL] #FLS- UG trans-
duction®]] eJaf ZHAHIt}, AS49¢] IFN- 7 & FolgS
o] COX-2 g IDO®| o] ozt F7kek3laL, o= UG
transduction A3 I ThA] ZHASEITE 2B, AS49¢9]
UG transduction A8} 7HaH COX-2, IDOS] ¥ale
[EN-7 o] o= T7FaHA] 93kt A549 COX-2 sense
9} A549 COX-2 anti-sense (SIRNA 7+%)) HEZF EFollx]
COX-29] Weofitel ggle] IDO7F AL, UG
transduction® 2 18| IDOS] Wl o| 7FA3}3TY

2 & old A= UGY AEAEAA 7150l
COX-25 &3+ 713¥= S92 0% IDOS HAHE 7]
A AdE ThsAel des A

At 2
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