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Expression of Endothelial Nitric Oxide Synthase in Benign Nodular
Hyperplasia and Papillary Carcinoma of Human Thyroid Gland
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Background and Objectives : Nitric oxide (NO) is generated in mammalian tissue by the conversion of L-
arginine to L-citrulline, This reaction is catalyzed by nitric oxide synthase (NOS). NO is an important bioactive
agent and a signalling molecule that mediates a variety of biologic actions such as vasodilation, neurotransmis-
sion, host defense, and iron metabolism but increased NO production may also contribute to the pathogenesis
of a various of disorders, including cancer. Before now, the role of NO in thyroid gland is still investigated and
it was supposed that NO mediate the angiogenesis in tumor growth. Others journal and works identified the
expression of iNOS that involve by neutrophil and eNOS that involve in part in the vascular remodeling and to
understand the role of NO in human thyroid gland. But authors revealed only eNOS in thyroid neoplasm. iNOS
was identifed by inflammation in fault.

Materials and Methods @ Western blot analysis was performed , using a polyclonal antibody against eNOS
(Rabbit polyclonal IgG) . Using the same antibody, the distribution of eNOS was examined in 15 formalin-
fixed paraffin embedded samples by immunohistochemistry. By NADPH consumption rate, NOS activity was
estimated at nodular hyperplasia.

Results : Western blot analysis exhibited that eNOS was significantly elevated in thyroid papillary carci-
noma, compared to that in nodular hyperplasia and normal tissue. Immunohistochemistry showed that the
immunoreacitivity was present more significantly in thyroid follicular epithelial cell layer than vascular
endothelial cell. NOS activity increased in nodular hyperplasia.

Conclusions : Thyroid papillary cancer without neutrophil invasion expressed only eNOS. The endothelial
localization of eNOS may play an important role in pathogenensis of human thyroid nodular hyperplasia and
the follicular localization of thyroid papillary carcinomas.

KEY WORDS : Papillary cancer * Nodular goiter - Nitric oxide - Nitric oxide synthase.
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Nitric Oxide (]38} NO) &= F23 AE3 ARAY 22
Z EA AAA, F9A, AEHAS ARk FX
AEZ Ao A, AESA (cytotoxicity), AEF2 QA
(cytostasis), A 71A (homeostatic mechanism) 9
Bojdle Ao v T Yo,

NOE AE8tA w714 (biologic mediator) BA 733t &
& 7H3& ¥ ol aquous, hydrophobic environ-
menteA] Z =om AL 2L I 5= gl= v
Aok, w3 o AE A5 AL EA (messenger mo-
lecule) ZH= 28] NOofli= Boldt AZ 8471 glor 1
WA AZEE T3 GAtste] AEuUl ol oy
- DNAS}S] k-8 3 thakst BESHY A& f2a?,

NOT o] 713 = A oA Bl WAz, T B
3 EZ (protective agent) E ¥4 Uty @Fukof glo]
Al NO9] theket 9g-2 2 484 e ARdo)A|T g%
HHgolM o] A aiAAETR e 2] A deiA
SR gt ASHkE-2 dHol(vasodilatation), B
Z(vsacular leakage), M3 §-Z(cell adhesion), ©)%(mi-
gration), A3 84 (cellular activation), & &4 H(tissue
damage), 181 T% T ERS Q450 Y 4

9 HkgolH NO7EF o159 oA 25 t2A g3k

A nitric oxide synthase(°]3} NOS) 7} ¢iztke] Fok
A ¥ (human tumor cell line) 8} 1Y ZH o)A YA
BA, S ERE (tumor cell survival) 3 Bz)e] =23
o7] 7}A] el ekl E4do] NOojl &) mi7) & Ao
2 By QP Ed ) IR} BE T34 Sl NO
o] o] gEAHA UFo] WA 4 L Ho] Fofl NO
7} Bojgdo] LAz P,

NOSE A AZA] Fel2 EAEE Aoz d#A 3
o}, NOS I+ t& 22+ ncNOSolgtr s 3131 neuronsol]
A A 2R, NOS I+ iINOSE cytokine—induced
macrophagesold] 8 A= ow NOS M= ecNOS©)
21 % 319 endothelial cellolr F2 LA

A7 o 714 F%l tsix] NOS 8] ojst &
2 A7 Qo) SAT e digt AT "ol A3
Al goreh 22 oE A AdoM NOS 7 3444
Folx 71 go] F7kE0] 33 WY Agont 7 IR
o i 7P BHo] AL Aow Ruyy Q). o] oA
A3 T 224 H52F (nodular hyperplasia ©]3¢
NH) elX 9 74 74 $%(thyroid papillary carci-
noma °|3} TPC)A & 54 59 Fod JadS 3}

22k ¢#A endotheilal Nitirc Oxide Synthase ()3}

eNOS) 9] 2] thsle] A7aHA =Lk western blotS
o}g3lo] Eold thulale] Aok BA gl Wy AT
eNOS WY zA)8d Qe 54 22 Y eNOSS AE
8ty B¥ g dolnmzl 39tk o]F EUE A Z2E
3 HFAF H58 A EFY carcinogenesisel
o149 eNOS9He AuAs} NOY Heg Lotrd 7]
zA87} "4t S3ich

LERRE

1. 8

R AR AEAFINH) o2 F2Ale (hemithyroi-
dectomy) oA A& (subtotal thyroidectomy) & Al
8 Wk 4d)9] nodular hyperplasia &3} 482 AR
FFA OF a8l 24 HA F B4R wEE A
ZAT-L o] &3te] eNOSY Western blot 43¢ o] &3}
th Az dae A 24 749 AAA A5
Z(Nodular Hyperplasia) 43, 734 5459 (thy-
roid papillary carcinoma) 48 & 1539 74 ZA
A 25 AlgEGTE A AR AFE g 24
A A& siAmiR A4 dadd g9 A BAANN F
—-80TCex ARt

2% H

1) Western blot

Weatern blotE o]§3 ©¥ia AFEAL A2 A
A gaAds #aar) 93k 320mM sucrose, 20mM
HEPES, 1mM EDTA7} &% pH 7.2 buffere] 1mM
DTT, 10 #£g/ml?) leupeptin, 10 zg/ml2] soybean—try-
psin inhibitor, 2 gg/ml9] aprotinin®] 48 4L A%
310 2A% 5ml(x23)9) 3~5u) 4 7slal 3027t 24 o
H(honogenizing) A7) 3 10 #g/ml2] PMSF (phenylme-
thysulfonyl Fluoride) 1mM< 37}ste] tjA] 3bH 23 3}
A1t

7t AL 10,000 rpmeld QP2 F5AE o
t}A] 100,000rpmellA 1417 231y G4 F23ict 4%
ool AEAA WA B3 (cytosolic fraction)< -807C e
BHsy JAAES A 5L buffers 718! 100,
000rpmellA 30487 94 Eelehs AdaE F8Igivh

AL CHAPS((3- [(3—cholamicopropyl)demethyl-
aminonio] ~1—propanesulfonate), Sigma.)7} £3d $¢
3 bufferolA] 22 gk & 7 20¥7F rollingstil 100,
000 rpmoilA 3087 94 £8l3te] particulated form 2
2 £3¥ NOS w¥do] X3 (o], eNOS) 45d& ¢
At

32
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UM E2 AxAY A 239 3 dad 528
EZA% 5 42 10 g® SDS—-PAGE (sodium Dodocyl
Sulfate—Polyacrylamide Gel Electrophoresis) & 24|17+
B¢ A 9EETh 18y @S PVDF membrane
(Bio~Rad, CA)l| transfer 3t & (25V, 2717 Tris—HCI
(pH7.5), 10mMn(2M stock 5ml) 3} NaCl 100mM(GM
stock 20ml), 0.1% Tween 200ml, S5 976mlo] &
H buffer® AAstw T4 - (nonfat—milk 2.5g, 5%)
€ washing buffer 50mlel| Fo A28 AphgAojjA A}
o] Ft HEEAIFATHA ). ¥ § memebranes Z+ NOS
o] N—getzt C—detollAq zekg 12} 3A(NOS3 Rabbit
polyclonal IgG, Santa Cruz Biotechnology, California,
USA) € AA3] 4AIA oA 127HE<E vEAIH T
washing bufferZ A% % membrane& alkaline phosp-
hatase® EA| ® goat anti—rabbit I[gG} 1A|7HEQH &
A71 & A washing buffer2 Ro)F9ith Axeks ECL
KITZ A2jgt F eNOSe]| #@shs =g Eskith

o|T At M

F=alo|| 17gste] siEide
Z dpdatel Ak (gelatin) s
3to] 38T Aol 24417t < £ Fol xylened al-
coholZ 23t 9 RS AR WA peroxi-
dased] At 98] 3% H,0.01 1583 Astal 574
Z FA% F 0.5% Trion X—100°] 583t ¥-&A1 3t
3047} normal goat serume 2] § ¥ phosphate buf-
fered saline(¢)3} PBS)¢l 1 : 5008] 3A35 12 A
(NOS3 Rabbit polyclonal IgG, Santa Cruz Biotechnology,
California, USA)E A2lA ZHZ} 6087 WHAIZ &
PBSE <A3k5ch 2aF 3l biotinylate anti—rabbit
immunoglobulin (vector, ABC kit, USA)2 7}3}0] Ak
A 1ARE WA & A8 T YA peroxidase—con-
jugated avidin—biotin—complex (Vector, ABC kit, USA)
Z 37TCoIA 1027 Ao EAA AT MeyerS] hema-
toxylin® 2 2@ 33 AG oIeh&(70%, 80%, 90%,
95%, 99%) 2 ©<5t xylene o2 F943} 3}4& AH
permount® B35t} FrAn|Gstel A 27351

b
% b

RS Sido] Aoz FASPIERIA] Lofrs FALR
NADPH consumption rateZ ©]83%F NOS activityd] &
g3t} dopr it S5l 1mM KPO4$} 50mM KPO4
(PH 7.4 store at 4T)& 20 #L¥3 250 zM CaCl28} 25

mM CaCl2€ 10xL& ¥ 37C7H] LT F substra-
tes® 2mM L—arginine (store at —20C) 10 zL&} 10mM
NADPH ((fresh store at —20C) 10 ¢L& €3 cofactors®
100 M FMN((store at 4C, dark place) 10 L, 100 «M
FAD(store at 4T, dark place) 10 L, ImM BH4 (store at
4°C dark place) 10xL, 10 #M CaM(store at 4T) 20 pL
g Y3 93-S AR $4€ dA/min#t 22 NADPH
o] 2HE&E AT

2 4

Western Blot3 o]23 eNOS9 2 &<l cytosol
3} membraneolA BAZATN AEA ST EFA
eNOS7} AZH X gk wbd ¥4 A FoMe
HEAZ=(NH) ollF 125kDa®) eNOS7F A4 A ZA 1
o AstA FAEHAT 7Y 2 (TPCO) oM = 125kDa
9] Eo] ghildo] FeistA #EH T (Fig. 1).

Aoz 5keka QS o] &3 eNOSY =3 W ¥EE
dold & eNOSTAR A2 @ A dxr ¥ 2384
HFAFNH) F 344 574 FRHTIPO) Y e 239
g3 WAL Axurg vt dagkge] fFEHch 3
ZFAZ(NH) &) AFAE (follicular cell) oI & eNOS &4
of thaf vlird A3t GANkEES ByloH, AFRAY o
EAEAME A8 BAREA] dgon} FRAE(TPO) 9 Al

NL TPC

e _ D

Thyroid papillary cancer

Fig. 1. Profein analysis by Western blot of eNOS. 125kDa of eNOS
specific bands in microsomal fraction (Mic.eNOS) are
detected not only in nodular hyperplasia but also in thy-
roid papillary carcinoma.
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Fig. 2. Immunohistochemical stain with anfi-eNOS antibody & anti-INOS antibody (X400). Thyroid papillary ca by iNOS staining

.

was nearly not different with normal thyroid tissue. A : normat thyroid, B : thyroid papillary cancer(eNOS stain) C : thyroid
papillary ca(NOS stain) D : nodutar hyperplasia (eNOS stain) .

Hyperpiasia

(hmole/min/mg protein)

NOS activity

HP/Cyt  HP/Mem
EGTA(1InM)

Normal HP
Membrane

Normal HP
Cytosol

Fig. 3. NOS activity analysis at cytosol and membrane in nor-
mal thyroid gland and thyroid nodular hyperplasia. The
activity of thyroid nodular hyperplasia was estimated
highly in membranous portion but iNOS activity was not
increased (HP : nodular hyperplasia, Cyt : cytosol, Mem :
mambrane).

FAoME et WY vh-S Blow e FA A% 9]
9} 2 P2 A dEHA #EHAG Fig. 2).

AR AFHFAN F7HE eNOSY 7)s0) ALz 3
AET}E oJu|7t Qe Yok s @] 8433} (en-
zyme activity) ZARE A8t 2 A3 el 843}
£ v A SR Fig. 3). ok =Folu AgeiA
=44 iNOSE neutrophile] FHE thyroid papillary can-
cerollX F71stt}(Fig. 4).

NL TPC

INOS

<€4— 130kDa

Fig. 4. A : Thyroid papillary cancer with neutropil invasion was
immunostained much by anti INOS antibody. B : iINOS
western blots show that 130kDa of iINOS specific bands
are detected. Arrow shows the invasion of neutrophils
(NL : normal, TPC : thyroid papillary Cancer, NE : neutro-
phil invasion, MAC : macrophage) .
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Nitric Oxide Synthases(NOS)¥= L—arginineE NADPH
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2 59719] oxidationd] <& L—citrulline®} Nitric Oxide
(NO) o2 gt=t= Esksol gholt) o|AL cytochrome
P—450 reductase®} §A5}¢] hemeprotein, FAD, FMN
binding site® 7[x|1L Qlon 7 MFerE AL Yt
tetradrobiopterin (BH4) ¥+ NADPHZE %83} cofactor®
A AHgaH calmoduling B )Y NOSE A Al
7 FEHE EAHE oz A gtk NOS 1+ v
T2 = neNOSo)# % tal #3o= neuronsolA] A
HJA12, NOS I+ iNOSE cytokine—induced macropha-
gesold T2 AHEZ oW NO9 22 EAEAS Ho)
AU antimicrobial, antiparasitic, and antineoplastic
activity & 7} 1L 9l 1413} ¥l o2l ubiquitinzation
& B AEAYe SalElol EAs Sl Ca*telle
HEA] Aoz dEid ok’ NOS IIE ecNOSOl2ka
£ 39 endothelial cellld F=2 $ALYT Ca* ~ac-
tivated enzymes©Z, d3 o]¢tol} EAW ST o}
Uz o] AEld ggre gdidata ok,

NOS2] 93L& o] transcription©@AlelA Aol€ 1z )
on] wrye] Uy ASAL oM R =42 X7} ol
Ak NOS T induction® transcriptional® posttrans-
criptionally 2£3= immunomodulatory compound®l 2]
& 2FH} 2 ecNOS, neNOS, iINOS7} chromosome
7,12, 17904 z4zt A5 ojel. NO2| A% enzyme
9] A% enzyme? activity, mRNAS) synthesis®] <}
3 A€k

2] ol A8 eNOSel 23] 4A4¥ NO+=
A FE7Y] cGMPE F7MA EaHg olgh)n o
& gxtH?. 232 AAA Q) nNOSe 93 AE NO=
ARAR A ] AzAdAE Zgsto 2 Ai)s
(potentiation) 719} (memory) o] #JFTHP wg} whx
A7 A A = NANC (nonadrenergic noncholinergic) sys-
temo| X 8] ARAGEA htzA g7 B B
T opet Ao R ZALshs WAl Feiste] v|E
old WeA NOE= F4H AZU 7|4%E S0l AX
=4 &4 (cytotoxic molecule) & 2438175 gcHdY

HE2 Aol lojA NOg 98- o}z WA= ¢
A5k NO2+ T2 oxygen radicalSo) L9V Ae) #ojsict
= ATE0] glom oln] ojH e B AFEoA v
I FEAETML] NOS &S Budt v) ok o9
47l QlojA NOE MEzAbel FRAE F419] w7z
A 01FARl Agg s Aoz A Y. vy
25H FEEE NOv FEHAZANA AXArE FH8=
Aoz deiA gom'” | Yobrb INOSHAAT s
E TUA A A= NOE 71 AR 9jaL B ol
O] FUHAE F2AL vz, B 48 TS

O_W

3

ok

Nl

SAAPOZHN AR F&e A e R A
el 7]ogtka dEA Y.

NO% thyroid celiold iodide] 453 223} Wafist
o] F-2249) were] MalE Rt thyroid function®)
Aol NO7L 8 Aotk NOE thyroid peroxidase
activity 2 Z7F1A thyroid hormone?] A& Z7MA7ITE?,

Grave’s diseaseY Hashmoto’ s thyroiditisol4= NOS
09 gene &) thaFatA vehdrh dvt A% hu-
man thyroid follicular cellellA] NOS T19] wao] F7}sh
42 hyperthyroidism® 2ra&o] Z7hE oy,

NOS protein 283} subcellular localization< immu-
nohistochemistry 2 #1313, immunoreactivity £ va-
scular endothelial cellof*] & #AHAAY follicular
celld|ME BAH A7) % AT,

Colinso] 1995del Mm3t =] 2shd NO<| #A
ke AT TR FAG T Bk et AA
Z goiterE At FEA NOS inhibitor?! NAME (N—
nitro—L—arginine—methyl—ester) £ ©|-€&to] vascular
changed 9-¢ 4 YTF®. NOE= vasoactive substance

2 #aA oz YAFS thyroid vascularizations HHE

2
2 ATE AY A7 o FoAA| 42 A Y
A FFAFAA NOE Bd3t= eNOSS EAE &
3t FFlA RSl sk NO9 ohs] 48l =9k
WAe dotzAo] wig FHE JWer TfolEs

N ook L 2

0,
el
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A
fo
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g
Hd
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of

[

Hth5e) AFE mdold Bl JFZAEY F4o) S ¥
# WAEe F2o] AdgHe] #FHL o) otk 3}
B Al gloi dEsph Fat 98 E AR F
A NOE 7449 F 28 $8 4t

E4o|d cGMP F#3} @it} b AlEe) A
23 (signaling molecule) & 2] Qo® . Q7toA 7t
AR 715l W NOY a%E AFsiEd? 7153
T 7 A 2704 eNOS mRNAS] 2o] A4
WA 71eE 7 Aol HIE oF 1.6W
F& nastel IHAle] sEE B0l SIS
9 eNOS#O 7Hs & AT ol5& & w5
A o)A eNOS FAe] thet fdjo] ey AIE § of
Yet A ZAZelME B o Yol AY 7% At

% A u AP2A s PF 2800 o Jh

ol oX

lo,
X

7
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A BRHJAGFO. o] NO7} g»—*‘oﬂ Bl ¥ ohz}
WA A e T o] T2
A3 F4s%T

& A7 A= B v AE8 B
Y dFelA eNOSY 5 | @94 ST a9
4T AEAANN T/ EHS dEhglow gl
=T ST 0131?}‘_ 7+ 2do] 7]&e AT
Has} Zo] HiiFo® AAstHA Eazlsl iS5
93] eNOS7} H3l=2 740]1“/} 5T F Atk 9YxAT
A @ Ay P A LA HE FAke vls) oz 27}
S-S YT 23]y A E 2EEHA] 4
AXEAMZNA ZetA FANSES BYTE NOS activity 2
7} T3 constitutive form®] activity’} 2EA HFHE
(NI ol o &2 202 Jelkgt o2 B8 7MYy
A2 525 INH) o)A 71 eNOSY o] A
X X9 FHoht AFET FAo BAES F5T 5
St

o)

.l

4 E

AT Ad, A7) A AEA HS5AS(NH) oA 24
o AojFh= ZoR F25E eNOS proteind] HHo =
7¥} activityd] F717F 71 B2 4 Aotk A &
T3 9 (thyroid papillary carcinomas) 9N % western
blotZ ©18-81%} eNOSS) Eo] duigo] ok MFof] ojn)
A F7HERES BRI T3 Wz Jag
B3 AN E dFA| Fol| vt ujekdl dAuke-g vy
i FFAFPNH) & RUgAZel XA ENAE

AL S uely zyw 78 SF(TPO S &5 AX
o F2 X Holgle 2& €A 2 ik st vl

3t 3714 374—’Z:f>!%(I\IH) X NOZ 41171 eNOS
protein® THA A3 HA] F7l50] Glof o1& T3 &
o follicular cell®) S43 7153l 2 Bs= A0
Z AlFE g A9 iINOSY F7h= & d7du9z
u A A bias7F Y RAeZ Bo] AH neutropil
Hol Qe I 54 L (TPO) oiE= eNOSTHo)
7V At eNOSS] 718 THEoZHN 34 28
@8 5 9l Ad FHQl VIS A= EFA), patho-
genesisE At AQl £ IFH 2] IR dAHE
o EHHoNt APFR Foll 3t o F 2T F Q3o
o, o]E¥ HAL A= FF A F7H4Q ¥ AT
o BEE AN £ A& Aolth A¢e] 7 WA IR
ol 27+ F 9 PP HAPo = v] Q& AHE 9&
T o AlsHh

_'m}n:

r>J ofN d

3N OO : 5 o= - FHA #EAF - Nitric oxide -
Nitric oxide synthase.
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