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Title Effect of cytokines on nitric oxide production in inflammatory and metastasis

processes of carcinoma cell lines
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Advisor: Dr. Sakonwun Sangsree
Department: Pharmacy Practice
Academic Year: 2004
Abstract

Nitric oxide (NO), a free radical gas synthesized endogenously in a body cell is found to

play many important roles in physiological and pathological processes. Previous studies

" demonstrated that in pathological conditions such as bacterial infection or inflammation, a variety
types of cells in the body, especially immunological cells, produce a large amount of NO (in a range
of rﬁicromdlar). Roles of NO are to eradicate pathogens and also involve in inﬂamTation. For
example, they increase vasodilation and vascular permeability, causing hypotension.’ bThe large
amount of NO production from the cells is stimulated by inflammatory mediators as well as cytokines
released from immune responses. Presently, cancer is one of major cause of death. It has been
showed that in the disease progression, NO related to inflammatory and metasiasis processes of
cancer cells. To gain knowledge of understanding of these mechanisms will lead to an effective and
safe therapy for cancer. An objective of our study is to study effects of cytokines in different types
and concentrations, on NO production of carcinoma cell lines, an epithelial cells from placenta (MCF-
7). NO is measured by using Griess reagent NO as a derivative nitrite in aqueous interacts with the
reagent, resulting in color solution. The absorbance of the samples is read by a spectrometer at
wavelength 540 nanometers. NO concentration is calculated from a sodium nitrite standard curve at
various concentrations. We made standard curves in water, a phosphate saline buffer (PBS) and a
DMEM medium. The absorbances reading in the medium were similar as in water, however in PBS
was slightly higher. MCF-7 cells were grown in the DMEM media with 10% serum fetal bovine, at 37 °
C and 5% carbon dioxide. The cells were grown appropriately. However, we found bacterial and
fungal contaminations respectively. The causes of bacterial and fungal contaminations mostly are
from poor aseptic techniques and improper hygiene and humid conditions. We tried to solve these
problems by adding the medium with antibacterial agents, streptomycin and penicillin and antifungal
agent, amphotericin B. The cells were grown without contamination under antimicrobial agent mixed
medium but we noticed a vary slow growing rate, resulting in inappropriate cell for testing. This study
still needs further to find a good condition for growing ceils and test cytokine effect on NO

production.
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2.1 Ozone (O,)
2.2 The oxide of nitrogen) Ussnausas
- nitric oxide (NO)
- nitrogen dioxide (NO,)
- peroxynitrite (ONOQ’)
3. TanznsruRLYU (Transition metals)
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4.1 Sulfur-centered radical Lo Thiyl radical (RS‘)
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- nImazilu L-Arginine

- nicotinamide adenine dinucleotide phosphate (reduced form : NADPH)
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- nitric oxide synthase (NOS)
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WAz tetrahydrobioptein (BH4)
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1. neuronal NOS (nNOS via NOS 1) wiluadilszann (neuron) Sviiaine NO vty
ansdaszam

2. inducible NOS (NOS 38 NOS Il fhurfiaues NOS FmutieesnnunmstinAseaaditalal s
q:qnnizo’]’u‘lﬁa’i’ﬂqLﬁ'm‘nqmw‘?‘ﬂL'naﬁﬂgj'luqufri’nmuwi'ni’u Fewudn iNOS  gnefraanniu
utadiniusuaa (ibroblast) uazitadunalaswha (macrophages) Wagnnszdusiaaansriamas
ANIAY (cytokines) LW interferon-y (IFN-Y), interleukin-1B (IL-1B), tumor necrosis factor-Ol
(TEN-OU) Uax lipopolysaccharide (LPS tilu bacterial endotoxin ﬁﬁwamzﬁu’lﬁéwmﬂlﬁmqu
aniau)

3. endothelial NOS (eNOS w3 NOS lll) wilwiad endothelial fiutinita¥na NO Awviwiinfidhy
endothelial-derived relaxing factor (EDRF) Suavin e Gaunaefatieaiuliliinga

) < o =4 4 ar d) 1% & .
Lﬂﬂﬂﬂi‘m’ﬂﬂﬂmﬂLﬂ'ﬂﬂ‘lﬂ’m’]Lﬂ’]:ﬂNuﬂLﬂ’ﬂuﬂ’]umu‘ﬂ'ﬂﬂL‘ﬁﬂﬂ endothelial



d o, 1
A159N 1 FUALASANHLANANEEY NOS ﬁ'lﬂﬁ'l.umsﬁ’qmi'\zﬁ NO

Isoform nNOS iNOS eNOS
Class Constitutive inducible Constitutive
Macrophage Endothelial
Source Neurone Neutrophil Epithelial
Hepatocyte
First cloned Rat Cerebellum Murine Macrophage BAEC
.Ca2+ Regulated_. . ____.Dependent. - ___Independent Dependent _
NO Production Picomole Nanomole-Micromole Picomole

N19LLE m@@nmmﬁuuammieﬁwu Nitric oxide synthase (NOS) (23-26)

wdlmd NOS s miniilsznaudan BH, uaz heme group Fegnunsminizdentiu calmodulin
(CaM), FAD, FMN uaz NADPH 1&f usiiawlasl NOS uﬁiﬂ:ﬂﬁﬂLﬂuuawammﬁuﬁLLmnamrTuLmszﬁuﬂuﬂ:
TnsTutia il NOS wsiazafindanusaiwnzlunseangy, unaIaEINLLaZATALANANS RN ALAN
nsad1e NO Jmurdn INOS e eNOS @nanna¥n NO uldiadlunztng unzazaengyiinenlef
sieidlafinnsdufiy Cam TngendtrereunadenBasunhunad asf nNOS uaz eNOS degnAtuAuns
4319 NO amnuansszAuuAaidandaeune luradiuiudiunnues CaM us iNOS wzgﬂﬂ":"ﬂﬁmﬁﬂmm{
gnszdudon cytokines wazAwnIndLiy CaM Tnelldnflusiavedtnaasszitiumaidandoaunell
wad 2l INOS AgnALANNITAIY NO 9INHATEY substrates WAE cofactor Fdlunszuaunmedunssd
NO

Lﬂu"l'n:i}“éNOS ﬂnu‘éwmwﬁuﬂﬂﬁuvam{ T dlunozunAzeasedifiey endothelium viall e
HesnTnsnemudmy NOS Tusadilssam AsSundatualidlu neuronal NOS (1NOS) Fumurldlugaues
lalmwanady (cytoplasm) apvmasszamuasssulssamdaulansusrszuLlssa man R Feazin
i iidluasdenszam

Lﬂu’l'na%los Thaawlnfaie NO nglifesadtnismunuansziuundadeaunialunad
Flmadaumnate NO masaaay LiadluienEasny INOS Wannntu Wetsnmeviamadagluma:
Fnusn Temudmdsananiadidiunimazdudan oytokines uaz LPS ud fadidnamansdalinieas
Auanzdioulnd iNOS I Lm:f-zm5”‘14ﬂfii"lﬁuﬁwmﬂ'ﬁ"f)'fu\1Lﬂuﬁu Famudrafiauaziuniney cytokines

v 4 ' T ., ¥ ¢ & a
Whutlhdefiinarannmeuauawiadunmsiowind iNOS uananiifwudisaduiszainfin1srevaues

#i9 cytokines UANFINTTL




nalnnisnszsuaas cytokines Tin1suansaanaasdiy iINOS (20

v
ar

cytokines uainzTRinaciina lumsnszAunsuanseantediuiu iNOS Fdumeuuansinaii iy
a. Nﬂﬁiﬂ'l:]"umﬂumi‘ﬂ%"’m mRNA (Transcriptional mechanism)
b. Naﬁiﬂ’fi"umﬂuuﬁqmi‘ﬂ%"m mRNA (Post-transcriptional mechanism)
c. Nﬂﬂiﬂ‘f}ium'aun’li‘ﬂ%"ﬁ\ima?ﬂiﬁu (Translational mechanism)

o

2" ] . alajan ] 1 e o N -4 o, ] o
UaN{IMU GWUQWR\‘]N%’W][?I’NLN']WH‘Q (species) AziNTUAAIAANTANHUY INOS UANRNNNU

¥
ar

ANNIINLINAULINTTINLAY NO  fvissadfudauasnansuiunisiaiouaninuanisundnszanaund

waduzie TngtivadinAunmes NO iadway

T e o & A  a e g @
aavas NO Tumsduganisesniavinrasidanazii:
wuhinaiuRusiamad  (cytotoxicity)  AEMEAS  LHENANANANNATE  DNA  1aamaduzine

ATSLNNNAT G

A

1. funsdunIIzl DNA (6)

2. ldAe e FdnduiunireenBiaulunszucunisuudaiinasen (electron  transport) T
iad lu insanwiese (mitochondria) (6)

3. nesuliigasunfufinnsruaunimigeqiad  (apoptosis) Sty Susdonanatguaznng
UWINTEANEIANTRANIAN (7)

4, ﬂ’uéqmﬁ*m?ry;.ﬁul‘muazma‘uwénizqqﬂmﬂmm{u:ﬁq Tneilinasanszuaun e e ansiden,

v
o ar

ufimanznguiusaaniadan uasfudinszuaunisaimeanicaniuil (8)

uazas NO lumanszqunisiedniulnvadasauede:

NO  fmanszduninasouiuinuataduzie Lﬁa\mizo’]’u'l.ﬁﬁmmi”*waﬂmLﬁﬂm‘lmimudm??m
madu wenaniimudnaduzSadaanuduiuiiusze sres sk luuneed iy nzSaiida, Kl
1hnuagn, NIsiwnzaIwns, Asezuazaa uaz NO dedlnatamiumsindulznramzss Tefiuainas DNA
saqasdUnAludnszazusnuaamsfaaanai  ewudy NO - Huansznazduninaioyisiuinge
TR R BT re o

1. nANSINIMIaNSTLILYRANTU8eNE (12)

2. FnlfAanssumumemantWif (mutation) 184 p53 ielilfiAANIIMUMIAETe LA 189
maaNzN (13)

3. Lﬁ'ummmmi‘nizmu‘ummﬂﬂ’u:L?\ﬁmﬂﬂi:o’jumm%’Nummﬁﬂmluﬂmuﬂ'ﬂLﬁﬂmmruzﬁq
Tnewudn vascular endothelial growth factor (VEGF) uas @13uusaa tatiu (bradykinin) e

ANNAINATD NN TRBNHNU (permeability) 1aavansRaaNIAs AR (14)



RannsAnEaTes Chinje uazanzludl 1997 wudh NO TFunndien axfimmdiudiunsaig
aamAenlmiuazninsiiLeataduzd (15) wi NO gz iiuansedhamy Fansdnen
189 Murtauazaniz  luil1999 wudﬁmﬂﬁmtﬁﬂmmmmﬂﬁu:u“q%qmni:ﬁuumwaﬁuéﬁuﬂﬁiﬁmwu
AN IR (16)

ANRANIANE AL szfunasie NO fanufenfesiunszuaunssney ms
WL tasmsuminszanareamadis g uun ez Faituadudonazismierininaun
nIzAfsimanNzii %ﬁuﬂt_jﬁmﬁmmmm NO ﬁgnm%’ﬁqﬁuummﬁmqmé’ﬂu (16)

RINNTANIANIENIEL WU cytokine Lﬂumﬁﬁﬁ’mﬁﬁmﬁanwﬁw NO aMLEad 1neN4dde
doudlunyazld celt fines Wnsdnsuiudowing) asanniifeRfuansnenn primary cells fafumadiing

] < - 1 1) J 1 A‘I ] =y i [ s
Tugranae Ae awnmistyduin et wiediadiidnduge GadugnsuiBiannsinuluseduzdatuii

(17) wanNAINENLIIL cell lines @mnmaduamzd NO Idmdlaufmaduziiinuluswng (18) lu
nAne Rl MCF-7 (celt lines aan7n) lunssuaunnnzdassasiive 14 huanidde
o \ o e o y % \ a
Famanas NO sanminausavaulniing amindnsndrviu ealfifluisuaioulunnseine
nMffanITLaunIENALLaznITUN NIz ATl iflaesnlusdusifesnudninazdniay
A : J4X !
s madsandsiane WnnsAnmnauas cytokines (WAl IL-1 uaz 1L-18) slannaaing NO /. MCF-7
cell fines aaflugouninaunsadosllin1sasLNENTZLAUNNTITALIEAS AENIINANIELAUNNTENIALLAS

Asundnszanaaatagusi ualfifudauniiaanisimunuumnsinen sansiTluesunas
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Aanmsimdlunsinuen

v
as o

TassenAduiiguuunsidadmaaes FefdumeunnlfiRndndty 3 funeuite
1, rmﬁnmmﬁm‘fﬂ‘lunmwm%m cell lines ( MCF-7) Suifhumadfildainsn fmunzay
2. MINARBLNATEY cytokines AaNN3A¥1a NO 184 cell line ansnlnannAsuulastiauasannu
Wiadies cytokines Aansla (IL-1 uag IL-18)
3. maninuges NO Hiadu Tngsnananudaduaes nirite lWomnsdnede Tnafeusy

standard curve 184 sodium nitrite N1aULEN NO Taetld Griess reagent

ax & .
FENITEWELALS cell lines:

o 1 17 oal -1 I I - o o_ ... .
S MaInzIReE MCF-7 cell lines Tneld iwadfududs (freeze celly ignminil -80 s Tnstiiun

o & - a o o ' Y o e Y '
guiguum)il 37 asAviuiindsanieenaindifiu antininnnsmiadacluannaieed

. < X o o
2. . mm?maﬂummﬂﬁmL%muv':’mu

o . &
iﬂﬁ 3: anuyUay MCF-7 cell lines m‘ﬁ'lumﬂqukam

G

o .
(Nu1: www.amaxa.com/products/cancer_research/commonly_used_cell_lines/mcf7/)
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=4 'Y . =
,gﬂ‘VI 4: anEzUal MgF-? cell lines mﬂunqilqulaﬂq

o
maummnma’la’{um fluorescence

(Ma": www.amaxa.com/products/cancer_research/commonly_used_cell_lines/mcf7/)

Y &
51l 5: dmoizna MCF-7 cell lines Aldlunisimzifes
Wlanasamnmelauas T ight)

('7'1:4'1: www.amaxa.com/products/cancer_research/commonly_used_cell_lines/mcf7/)
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anazidlunisiagadas;
1. Wewnndaadaaiin Dulbecco's Modified Eagle Medium (DMEM media)
10% fetal bovine serum (FBS)
2, L?zmmaa"luéjﬂuLéﬂ\u%ﬂﬁmmuamo:ﬁwia"lﬂﬁ
- fumnl 37°C
- 5% carbon dioxide

. ' ¥ Xy .
3. Wmsulasewvnadeadaduduiu

N15LAT8N DMEM media + 10% FBS:

1. aza1e DMEM Tudnndu 900 mi

,,,,,,,,, 2. __{AN 3.7 g/l sodium bicarbonate.+ 1mM.sodium pyruvate . _. _

. % fa~d, z
3. Ufu pH sevawnadeade ey udea7.2-7.3 Taeld 1 N hydrocholic acid (HCI) uaz
1 N sodium hydroxide (NaOH)

4. NIAMUNTZATHNIANUUIA 0.2 micron WAILAN FBS dmadau 1: 10

WANN19%1 Standard curve:
1. 18138 za8 sodium nitrite (NaNO,) fiazldvin standard curve NANENAL greiss reagent 1
fmegan 1:1 peamn ANy
2. lldnrgadu( absorbance etasalalasfinefimins1iAam 540 nm

3. finimaaad 3 A% udnideds i dmudlunemd

N15LATEN Na nitrite:
¥in NaNO, szaneniy, DMEM uaz Phosphate buffer saline (PBS) ntifemg Avwdadu loiun

0,0.25,0.5,1,2,4,8,10, 20 yM

MsIRsEN griess reagent:

asfldsznasdae
=~ 1% Sulfanitamide(w/v)
= 0.1% Napthalinediamine(w/v)

= 2% Phosphoric acid(v/v)
Wiaed 25 mi TnenaN sulfanitamide 0.25 g 4 napthalinediamine 0.025 g wazveIARL] phospholic

acid (85%) 0.588 mi udaUfnBumasaein
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NAMNM991 Standard curve
amnegatuinldufiedhaniaistiinfe NaNO, i, DMEM uaz luPhosphate buffer

[} > v ] [l
saline (PBS) IWifieinmminudrengaduiilsann PBS wuilhgandndngadiain DMEM wazin FallFadn

< 4 , . e o
IndiAeariu Feenauaasliituinlunnzdndli PBS iansfifiAgaduluinaguda
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Standard curve NaNO, in water

[
]

o
3]

o
EN
L

—e— meani

—a— mean2

absorbance (540 nm)
o
w

mean3
0.2
014 F " NN NN
of : : : . .
0 5 10 15 20 25
conc(micromolar) -
51 6: wan19¥i1 standard curve 184 NaNOs Tuth
Standard curve MaNQO; in water
0.5 -
= 0.4 4
=
<03
© —
S 0.2 (0 water !
= . i
2 i (wter)
- 01-
(=]
w
<2
© 0 E T i T ¥ 1
0 5 10 15 20 2
0.1
conc(micromolar)

gﬂﬁ 7 m'mﬂmmummgmmsv‘h standard curve 14 NaNOs lui (P < 0.05)




T T4MRAGYA.

WA 26 NA. 2548
95251 15
254 %

0.6 4

#aiy

Standard curve NaNOQO3 in DMEM

dwnnriaaya
a1z115nmman§egamm

—

—-—

meant
mean2
mean3

! . : : .

10 15

conc({micromoiar)

gﬂﬁ 8: NAN1SYI1 standard curve 124 NaNOs 14 DMEM

absorbance (540 nm)

Standard curve NaNO3 in DMEM

0.6 1

o
ES
s

5 DMEM

o
w
.

o
[N

0.1

o

25

4

20

™ ¥

10 15

[=]
[9,]

conc{micromolar)

j === Linear

!
l

(ove)

gute: AeaiuuNIms§IUMY standard curve 289 NaNOs Ty DMEM

(P <0.05)



=
o~
)

absorbance (540 nm)
o

o
N
|

-
i

o
[os]
1

o
[
s

o
N
fl

Standard curve NaNO; in PBS

—+—mean
—=— mean2
mean3

[ T T T T 1

0 5 10 15 20 25

conc{micromolar)

gﬂﬁ 10: HAN1S¥A standard curve 123 NaNOs 11 PBS

absorbance (540 nm

Standard curve NaNO; in PBS

+ PBS
— 3 (PBS)

T T T i

5 10 15 % 25

conc{micromolar)

Uit

1: mtﬁmmummﬁ’mmev‘h standard curve Ua9 NaNOs 11 PBS (P < 0.05)
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=9
afluasafaanansdnen
P T P & X k1 v e v - o P

waduzensnignidaslusmndanlien audoatinfanss 10 Aqrugl 37 avduraliag

waznaanfuenlneanladluussannadenss 5 Usnginaadiatyduinldfusinaglasmlunis
X A P & e o ol & ° o o & , a

wnziRenAe sdusgniudleudauuaiGauastenmuaeiy nefigumaaenahuilawhanin
1A MIATnEEN R nATiaLisEeNiEe NafnmANazatauaznALANAn Iz R e
da naanzfadedaldinsutluiguiiaadnirasdusiunreaniahuileu Taainanuszens
guUnmimnatiadaamailelsede Wiu streptomycin + penicillin Avdniu 100 pg/mi asluamas
e’i' A’ @ a o a 5 = a a . i v
ReaTedmiutlaaiunisfiniaunaiide uaziAn amphoteracin B Av g 25 pg/mi asluamns
='i' Ay 9 as o a 4‘1 P y £ o ‘: Lol sl é’ y‘.’, =
Readedwmittlasunisfaden Wamautledymudidsinnisaeasadse ] wadiian il

dnmuznaduinfuansseneeuusn aidninadyduinueasaddindidnd nnmszanafangs

T AR hiaiANe uasdnEnsaBlnuARTaNTARRALINR MRRTEEERAEA RN SRR E e el

a

x y vl Ef 1.\ 4y o m o de e
gndasIaiaai iannslunsdsnda imunzan Washanatlunisduiinenuilaganis
vragT WAsliwsariaziinsimaaauhudusie tdnawitiaaunuld

dumaunimanssiinncgAdn ldialunisitnindeaenaduzifeainnaanimii standard
o a ¥ K o ok v o
curve Tneldans 3 1finAe NaNO,lutin, UDMEM waz TuPhosphate buffer saline (PBS) Tamailiu
Agaduann PBS HAnedtgandn vuas DMEM TuldadeindiAsaiy arauansbiiudnlunnizing
1 PBS uansfinAgadulusianaguda
mmasavluiurelUTwmsAdyFnanulfiuiunmeseulng i cytokines 2 1ilnda
(L1, 1L-18 wikuflu 2 dauda
1. Dose dependent
2. Time dependent
Dose dependent Ag iamaudnduiivuizanlunimszfunizaie NO Tnafimun
szuzinnanAilneinsulReuuadnaudidunss cytokines tusiazardniundagiianu
dduimuiinisnszsunisaine NO Tumsdusfaliuaniign qu Time dependent unsinAnAaa
Wyduiildannimaaau dose dependent nNmagauwszazias T IMENzan UM MIzun1 78519 NO
v v .
Famuauusdmiuenidduduil Aa Aasiintin aseptic technique 1a3vinnaaAde iUy
P oA 0 oo < = 3 X % P v P .
rauFunminade sutiatsinsAundnozassniadaidafiunzanfidnew ivaflaafuilyun
) v v
flaannAnudrineeesrazioainnmddeas lumawnzideaugad gavinetinimaaauraued cytokines

fan1ra¥e NO lutaduziianm aasimsauiiunissialy ihedudiuniisraenisimunuumaelu

mefn lspnzialuaunan
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