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Nitric oxide (NO) expression in co-culture 
of colon tumour spheroids with normal cells 
after incubation with interleukin-1β (IL-1β) 
and/or camptothecin (CPT-11)
Roman Paduch

Department of Virology and Immunology, Institute of Microbiology and Biotechnology, Maria Curie-Skłodowska University, 
Lublin, Poland

Abstract: The present study was performed to assess the infl uence of IL-1β and/or camptothecin (CPT-11) on nitric oxide 
(NO) secretion by co-cultures of 3 human colon adenocarcinoma cell lines: HT29, LS180 and SW948, derived from 
diff erent grades of tumours (Duke’s grade) cultivated as spheroids with normal human colon epithelium (CCD 841 
CoTr), myofi broblasts (CCD-18Co) and endothelial cells (HUVEC). Tumour cell spheroids in monoculture produced 
higher amounts of NO than normal cells. In co-cultures, the level of the radical decreased compared to the sum of NO 
produced by tumour and normal cell monocultures. IL-1β non-signifi cantly induced NO production in colon tumour 
cell spheroids and normal cell monolayers, but signifi cantly induced the radical production in co-culture of low grade 
HT29 tumour cell spheroids with normal cells. CPT-11 used alone limited NO production, while in combination with 
IL-1β it increased the level of the radical. IL-1β and CPT-11, dependent on whether they are added separately or jointly, 
diff erentially modulate NO in monocultures of colon tumour spheroids or normal cells and their co-cultures.
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INTRODUCTION

Colon adenocarcinoma is one of the most common fatal 
malignancies in western countries. NO is a short-lived 
molecule, pivotal for numerous physiological functions and 
the pathogenesis of various diseases. It is generated via the 
oxidation of the terminal guanide group of L-arginine to 
L-citruline by various NADPH-dependent enzymes called 
NO synthases (NOS). In tumour biology, however, NO play 
a dual role – both facilitatory and inhibitory – depending 
on microenvironmental conditions. Under particular 
circumstances, NO signalling may potentate tumour growth 
and invasiveness, but in contrast, the molecule at higher 
concentrations can also be cytotoxic to tumour cells, exerting 
antioxidant or anti-angiogenic properties decreasing tumour 
development and metastasis [1-3]. In laboratory studies, the 
role of NO should be analysed with regard as to whether 
monocultures of tumour cells or composed co-culture systems 
are used. 

The aim of the present study was to evaluate the eff ects of 
IL-1β and/or CPT-11 on NO secretion in co-cultures of human 
colon adenocarcinoma cells derived from tumours of diff erent 
Duke’s grade cultivated as tumour spheroids with normal 
colon epithelium, myofi broblasts and endothelial cells.

MATERIALS AND METHODS

Cell culture. Human colon adenocarcinoma cell lines 
HT29 (ATCC No. HTB-38), derived from a grade I tumour, 
LS180 (ATCC No. CL-187), from a grade II tumour, and 
SW948 (ATCC No. CCL-237), from a grade III tumour, were 
cultured in RPMI 1640 medium supplemented with 10% 
foetal calf serum (FCS) (GibcoTM, Paisley, UK) and antibiotics 
(100 U/ml penicillin and 100 μg/ml streptomycin) (Sigma, 
St. Louis, MO, USA) at 37°C in a humidifi ed atmosphere 
with 5% CO2.

Human normal colon myofi broblasts CCD-18Co (ATCC 
No. CRL-1459) and normal epithelial cells CCD 841 CoTr 
(ATCC No. CRL-1807) were cultured in RPMI 1640 + DMEM 
(1:1) medium (Sigma) supplemented with 10% FCS at 37°C 
(CCD-18Co) or 34°C (CCD 841 CoTr) in a 5% CO2/95% air 
atmosphere.

Human normal umbilical vein vascular endothelium 
HUVEC (ATCC No. CRL-1730) was cultured in CS-C 
medium (Sigma) supplemented with 75 μg/ml endothelial cell 
growth factor (ECGF) (Sigma) and 10% FCS in a humidifi ed 
atmosphere with 5% CO2.

Preparation of tumour cell spheroids. Tumour cell 
spheroids were prepared by the liquid overlay method, as 
described previously [4]. Briefl y, the tumour cell suspension 
(200 μl) at a density of 1×105 cells/ml in RPMI 1640 medium, 
supplemented with 10% FCS, was plated on 1% agarose-coated 
96-multiwell culture plates (2×104 cells/well). After incubation 
for 4 days at 37°C in a humidifi ed atmosphere with 5% CO2, 
the cells formed spheroids.
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Co-culture of tumour spheroids with normal cell 
monolayers. The tumour spheroids were harvested with glass 
pipettes from the agarose-coated microplates and transferred 
into a Petri dish fi lled with warm RPMI 1640 medium. After 
5 min. washing, 5 spheroids each were transferred onto 
confl uent myofi broblast or colon epithelium or HUVEC 
monolayers (1×105 cells/ml) in 24-well tissue culture plates 
in RPMI 1640 medium, supplemented with 2% FCS, and 
incubated at 37°C in a humidifi ed atmosphere with 5% CO2. 
Parallel experiments were performed with tumour spheroids 
or normal cell monolayers alone as culture controls. After 
12-h culture, supernatants and cell lysates were collected and 
stored at -80°C until further estimation.

Co-cultures of tumour spheroids with colon epithelial 
cells or myofi broblasts refl ected the early stages of tumour 
development, while interactions with endothelium resembled 
tumour cell dissemination via blood circulation.

Exposure of cells to camptothecin (CPT-11) and IL-
1β. After 24-h incubation of the cells in RPMI 1640 with 
10% FCS, the medium was discarded and fresh RPMI 1640 
containing 2% FCS and CPT-11 (1 μg/ml) (MP Biomedicals, 
Inc., Eschwege, Germany) and/or IL-1β (2 ng/ml) (Strathmann 
Biotec GmbH, Hamburg, Germany) were added. 

The incubation with the mentioned substances was 
performed for 6h. Thereafter, the culture medium was 
changed, and the cells incubated in a new culture, but without 
the addition of CPT-11 and IL-1β, for another 6h at 37°C/5% 
CO2. Culture supernatants were then selected and stored at 
-80°C for no longer than 3 months.

Nitric oxide (NO) measurement. Nitrate, a stable end 
product of NO, was determined in culture supernatants 
by a spectrophotometric method based on the Griess 
reaction. Briefl y, 100 μl of supernatant was plated in 96-
well fl at-bottomed plates in triplicate and incubated with 
100 μl of Griess reagent (1% sulfanilamide/0.1% N-(1-
naphthyl)ethylenediamine dihydrochloride) (Sigma) in 3% 
H3PO4 (POCH, Gliwice, Poland) at room temperature for 
10 min. The optical density was measured at 550 nm using 
a microplate reader. A standard curve was performed using 
0.5-25 μM sodium nitrite (NaNO2) for calibration.

Statistical analysis. Results are presented as means ± SD 
of 3 independent experiments. The data were analyzed using 
one-way analysis of variance ANOVA, followed by Bonferroni’s 
multiple comparison post-hoc test. Diff erences of p≤0.05 were 
considered signifi cant. 

RESULTS

Nitric oxide (NO) production in co-cultures treated 
with IL-1β and/or CPT-11. Tumour cells produced 
higher, grade-dependent amounts of NO than normal cell 
monocultures. In the co-cultures (Fig. 1) of tumour spheroids 
with normal colon epithelium and myofi broblasts, the NO 
level did not change signifi cantly compared to the normal 
cell monocultures. A signifi cant reduction was detected in the 
co-culture of SW948 tumour cell spheroids with 18Co cells. 
Interestingly, in tumour cells co-cultured with myofi broblasts, 
NO decreased in a tumour grade-dependent manner. However, 
when tumour spheroids were co-cultured with endothelial 

cells, the amounts of NO slightly increased above the level 
detected in the endothelial monoculture (Fig. 2a).

The addition of IL-1β non-signifi cantly increased NO 
production in the tumour and normal cell monocultures. NO 
level was signifi cantly increased in co-cultures of low grade 
HT29 colon tumour spheroids with normal cell monolayers 
after the addition of IL-1β, but no signifi cant changes were 
detected in the remaining co-cultures (Fig. 2a).

The addition of CPT-11 did not cause a signifi cant reduction 
in the NO level in the analyzed monoculture- and co-culture 
models except the LS180 +18Co combination (Fig. 2b).

On the other hand, the combination of IL-1β plus CPT-11 
increased NO production by the monocultures of normal 
cells (18Co and HUVEC). Moreover, exposure to CPT-
11+IL-1β signifi cantly increased NO level in co-cultures 
of SW948+841CoTr, HT29+18Co, and tumour spheroids 
with HUVEC. However, IL-1β and CPT-11 administered 
simultaneously had no eff ect on NO production by tumour 
cells cultivated alone (Fig. 2c).

DISCUSSION

It was shown that in co-cultures IL-1β increased but CPT-
11 decreased NO production when used alone, while in 
combination it increased the radical level. There is substantial 
evidence indicating that NO is an endogenous tumour growth 
stimulator; a promoter of metastasis inducing migration, 
invasion and the angiogenic capacities of tumour cells; it is 
also an enhancer of protooncogene expression and an inhibitor 
of apoptosis [1, 2]. On the other hand, NO has been reported to 
inhibit carcinogenesis. This molecule may be toxic to tumour 
cells and thereby decrease tumour growth and metastasis 
by inhibiting angiogenesis or enhancing diff erentiation and 
apoptosis [1]. This paradox of NO action seems to depend on 
the local intracellular concentration of this factor (a 1-2 times 
increase of NO above optimal concentration may be toxic to 
cells), the cell type and other cofactors, such as oxidative stress 
and infl ammation [5]. 

IL-1β is a pro-infl ammatory factor of which the most 
relevant properties are the initiation of cyclooxygenase-2 

Figure 1 Co-culture of human colon carcinoma cell spheroids (HT29 cell line) 
with human normal colon epithelium (CCD 841 CoTr cell line). Cells were stained 
by the May-Grünwald-Giemsa method. Magnifi cation 40x. Bar 500 μm.
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However, as shown in the presented study, the level of NO 
production may depend not only on tumour cell type, but 
also on the grade of the tumour. On the other hand, CPT-11 
reduced NO production in our study. Yin et al. [9] revealed 
that SN-38, the active metabolite of irinotecan (CPT-11), 
signifi cantly down-regulated (iNOS) expression and NO 
production in human squamous cell carcinoma of the head and 
neck. Therefore, the therapeutic activity of the CPT-11 consists 
not only in the inhibition of the nuclear enzyme topoisomerase 
I (topo I) and a modifi cation of DNA topology, but also in the 
inhibition of other processes, e.g. neoangiogenesis through 
down-regulation of NO production.

Interestingly, when IL-1β was added together with CPT-11 
to the co-cultures, stimulation of NO release was observed. 
This may suggest that after IL-1β-stimulated infl ammation 
and NO production, chemoprevention using CPT-11 is 
not suffi  cient to control tumour development. Therefore, 
appropriate treatment for infl ammation should be further 
explored for the chemoprevention of human cancers [10].

In conclusion, IL-1β and CPT-11, depending on whether 
they are added separately or together, diff erentially modulate 
NO in monocultures of colon tumour spheroids or normal 
cells and their co-cultures. The NO production may also 
depend on the grade of the tumour and type of normal cells 
which were applied. Moreover, the level of NO, as a mediator 
of infl ammation, may be taken into consideration before 
CPT-11 application.

REFERENCES

 1. Rao ChV: Nitric oxide signalling in colon cancer chemoprevention. 
Mutat Res 2004, 555, 107-119.

 2. Lala PK, Chakraborty C: Role of nitric oxide in carcinogenesis and 
tumour progression. Lancet Oncol 2001, 2, 149-156.

 3. Bonavida B, Khineche S, Huerta-Yepez S, Garbán H: Therapeutic 
potential of nitric oxide in cancer. Drug Resist Update 2006, 9, 157-
173.

 4. Paduch R, Kandefer-Szerszeń M: Vitamin D, tamoxifen and β-estradiol 
modulate breast cancer growth and interleukin-6 and metalloproteinase-2 
production in three-dimensional co-cultures of tumor cell spheroids 
with endothelium. Cell Biol Toxicol  2005, 21, 247-256.

 5. Kanzler S, Galle PR: Apoptosis and the liver. Semin Cancer Biol 2000, 
10, 173-184.

 6. Dinarello CA: The IL-1 family and infl ammatory diseases. Clin Exp 
Rheumatol 2002, 20, 1-13.

 7. Ivanova K, Lambers B, van den Wijngaard R, Le Poole IC, Grigorieva O, 
Gerzer R, Das PK: Immortalization of human melanocytes does not 
alter the de novo properties of nitric oxide to induce cell detachment 
from extracellular matrix components via cGMP in vitro. Cell Dev Biol 
Anim 2008, 44, 385-395.

 8. Lavnikova N, Lakhotia A, Patel N, Prokhorova S, Laskin DL: Cytostasis 
is required for IL-1 induced nitric oxide production in transformed 
hamster fi broblasts. J Cell Physiol 1996, 169, 532-537.

 9. Yin MB, Li ZR, Tóth K, Cao S, Durrani FA, Hapke G, Bhattacharya A, 
Azrak RG, Frank C, Rustum YM: Potentation of irinotecan sensitivity 
by Se-methylselenocysteine in an in vivo tumor model is associated with 
downregulation of cyclooxygenase-2, inducible nitric oxide synthase, 
and hypoxia-inducible factor 1α expression, resulting in reduced 
angiogenesis. Oncogene 2006, 25, 2509-2519.

10. Ohshima H, Tatemichi M, Sawa T: Chemical basis of infl ammation-
induced carcinogenesis. Arch Biochem Biophys 2003, 417, 3-11.

(COX-2) and nitric oxide synthases (NOS). In consequence, 
cells exposed to IL-1β produce NO which is an important 
mediator in many (patho)physiological processes including 
infl ammation [6, 7]. This pro-infl ammatory cytokine also 
induces NO production in a variety of tumour cell types [8]. 
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Figure 2 Nitric oxide (NO) production in co-cultures of colon carcinoma cell 
spheroids with normal colon epithelial cells, normal myofi broblasts and normal 
endothelial cells during 6 h of incubation with IL-1β (a), CPT-11 (b), or IL-1β plus CPT-
11 (c). Analysis performed using the Griess method. Tumour cells produced higher, 
grade-dependent amounts of NO compared to the normal cell monocultures. In co-
cultures of tumour spheroids with normal colon epithelium and myofi broblasts, the 
NO level decreased compared to the normal cell monocultures. The combination 
of IL-1β plus CPT-11 and IL-1β added alone increased NO production by the normal 
cell monocultures and the co-cultures of normal cells with tumour spheroids, while 
CPT-11 administered alone decreased NO production. 
* p≤0.05 – co-culture of tumour/normal cells compared to an appropriate 
monoculture of normal cells. 
# p≤0.05 – culture of tumour and/or normal cells treated with IL-1β and/or CPT-11 
compared to an appropriate non-treated culture.
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