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Abstract

Background: The introduction of corticosteroids in the the-
rapeutic armamentarium has been a great contribution to
human health. Budesonide, a semi-synthetic glucocorticoid
derivative gained its popularity due to its anti-inflammatory,
immunosuppressive and even anti-carcinogenic properties.
In this study we examine the effect of budesonide on the im-
mune dialogue between peripheral blood mononuclear cells
and colon carcinoma cells from two human lines.

Methods: Unstimulated peripheral blood mononuclear cells
or cells stimulated with either lipopolysaccharide or phorbol
myristate acetate/ionomycin were incubated without or with
budesonide at 108 M, 107 M and 10°M and the production
of TNFa, IL-1B, IL-6, IFNy, IL-2, IL-1ra and IL-10 was exami-
ned applying ELISA method. In another set of experiments
peripheral blood mononuclear cells were co-cultured with

Budesonide caused reduced secretion of IL-10 by non-sti-
mulated peripheral blood mononuclear cells, or by cells sti-
mulated with either lipopolysaccharide or RKO cancer cells,
whereas that induced by HT-29 cells was not affected. IL-
1ra synthesis by non-stimulated peripheral blood mononu-
clear cells or cell stimulated with HT-29 colon cancer cells
was inhibited upon 24 hrs incubation with budesonide, whi-
le that produced by lipopolysaccharide or RKO stimulated
PBMC was not affected.

Conclusions: It appears that the capacity of budesonide to
modify the immune dialogue between mononuclear and cer-
tain types of cancer cells may be one of the ways by which
this glucocorticosteroid may affect tumorigenesis.
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HT-29 or RKO colon carcinoma cells in the absence or pre-
sence of budesonide and the secretion of the abovementio-
ned cytokines was evaluated.

Introduction

Glucocorticosteroids as therapeutic agents trigge-
red a dramatic revolution in the treatment of a long list
of medical conditions due to their prodigious pleiotro-
pic effects [1,2], and have been designated as some of
the most important drugs used in the everyday clinical
practice [3]. The mechanisms of activities, the mode of
alleviation of suffering and recovery of diseases achie-
ved by their administration have been meticulously
reviewed [4,5]. The beneficial effect of glucocortico-
steroids on chronic inflammation and autoimmune di-
seases indicates existence of a close relationship with
the immune system. There is compelling evidence that
at pharmacological doses glucocorticosteroids may al-
ter both cellular and humoral immunity concurrently

Results: Budesonide caused reduced proliferation of peri-
pheral blood mononuclear cells, HT-29 or RKO at 10®M as
tested by XTT test, but had no effect at higher concentra-
tions. The secretion of TNFa, IL-18 and IL-6 by non-stimu-
lated peripheral blood mononuclear cells or cells stimulated
with either lipopolysaccharide or cells from both colon can-
cer lines was inhibited upon incubation with budesonide at
concentrations between 10 M and 10 M. The production
of IL-2 by phorbol myristate acetate/ionomycin treated pe-
ripheral blood mononuclear cells or cells stimulated with
HT-29 colon cancer cells was suppressed by budesonide,
but IL-2 secretion by RKO stimulated peripheral blood mo-
nonuclear cells was not affected. Budesonide did not in-
fluence the secretion of IFNy by non-stimulated peripheral
blood mononuclear cells or by cells stimulated with PMA/io-
nomycin. However, HT-29 and RKO-induced production of
IFNy was inhibited by the three budesonide concentrations.
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with capacities to modulate additional functions of the
white blood cells, qualities that promoted them as the
mainstay of immunosuppressive agents [6,7]. A signifi-
cant part of the glucocorticosteroids” immunomodula-
tory activity is own to their ability to interfere with the
complex functions of the macrophages, mainly by their
capacity to produce inflammatory cytokines [8]. This at-
tribute is applied for treatment of chronic inflammatory
diseases such as asthma, rheumatoid arthritis, inflam-
matory bowel and autoimmune diseases [9,10]. It is of
interest that although glucocorticosteroids are widely
accepted as anti-inflammatory agents they exert also
pro-inflammatory activities [11] that may explain the
predisposition to infections in patients treated for lon-
ger periods [12]. Pretreatment of murine macrophages
with glucocorticosteroids induced increased production
of TNFa and IL-6, recognized as pro-inflammatory
cytokines [10]. Therefore, a studious tendency exists for
development of novel semi-synthetic corticosteroids
with lesser undesirable properties. One of these pro-
ducts with pronounced anti-inflammatory properties
is budesonide, widely used for treatment of asthma.
Studies have shown that budesonide may express an-
ti-inflammatory effect also on intestinal epithelial cells
explaining its beneficial activity in inflammatory bowel
disease and in microscopic colitis [13,14]. Based on the
well-established fact that there is a close relationship
between chronic inflammation and tumor development
[15], investigations have been initiated as for the che-
mopreventive effect of corticosteroids on tumorige-
nesis [16]. However, due to the side effects following
their prolonged administration, the attention has been
diverged to the anti-cancer effect of the semi-synthetic
corticosteroids such as budesonide [17]. According to
Wattenberg, et al. [18,19] budesonide exerted a mar-
ked concentration-dependent suppressive activity on
pulmonary tumor formation in mice. In previous studies
we have shown the existence of a cross-talk between
peripheral blood mononuclear cells (PBMC) and colon
cancer cells [20]. In the present work we brought up the
guestion if budesonide may alter the immune cross-talk
between human PBMC and cells from two human colon
carcinoma lines, i.e. HT-29 and RKO.

Materials and Methods

Peripheral blood mononuclear cells

Buffy coats obtained from donors’ blood were pur-
chased from Magen David Adom, Blood Services Center
in Israel after signing an informed consent containing a
written agreement that blood components not suitable
for therapeutic needs can be used for medical resear-
ch. PBMC were separated by Lymphoprep-1077 (Axis-
Shield PoC AS, Oslo, Norway) gradient centrifugation.
The cells were washed twice in phosphate buffered sa-
line (PBS) and suspended in RPMI-1640 medium contai-
ning 1% penicillin, streptomycin and nystatin, 10% fetal
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bovine serum (FBS, Biological Industries, Beit Haemek,
Israel) and was designated as complete medium (CM).

Colon cancer cell lines

HT-29 and RKO human colon cancer cell lines were
obtained from American Type Cultural Collection, Rock-
ville, MD. The cells were maintained in CM containing
Mc-Coy’s 5A medium and Dulbecco modified eagle me-
dium (DMEM) respectively, supplemented with 10%
FBS, 2 mM L-glutamine and antibiotics (penicillin, strep-
tomycin and nystatin-Biological Industries Co, Beit-Hae-
mek, Israel). The cells were grown in T-75 culture flasks
at 37 °Cin a humidified atmosphere containing 5% CO,.
Since the cells from both lines adhere to the flasks they
were removed using trypsin/EDTA solution (Biological
Industries Co, Beit-Haemek, Israel).

Budesonide

Budesonide (Sterinebs Teva) was purchased from
Teva Pharmaceutical Industries, Ltd, Israel at a concen-
tration of 0.5 mg/ml. Further dilutions were prepared in
CM. The drug was added at the onset of cultures at final
concentrations of 106M, 107 M and 108 M.

Effect of budesonide on cell proliferation

The effect of budesonide on PBMC and colon can-
cer cells proliferation was determined using XTT proli-
feration assay kit (Biological Industries, Beit Haemek,
Israel). Briefly: 0.1 ml aliquots of PBMC or colon cancer
cells (10°/ml of CM) obtained after trypsinization and
suspended in appropriate CM, were added to each one
of 96 well plates and incubated for 24 hrs in the absence
or presence of budesonide at concentrations as indica-
ted. At the end of the incubation period the cells were
stained according to the manufacturer’s instructions.
The plates were incubated for 2-4 hrs at 37 °Cin a humi-
dified incubator containing 5% CO, and the absorbance
was measured at 450 nm using ELISA reader.

Effect of budesonide on cytokine production

2 x 10° MC suspended in 1 ml of CM were incubated
in 24 well plated (Nunc, Thermo Fisher Scientific, Paisley
PA4 9RF, UK) without (control) or with budesonide ad-
ded at the onset of the cultures at final concentrations
as indicated. Cultures were incubated with 50 ng/ml of
lipopolysaccharide (LPS, E. coli, Sigma) to determine the
effect of budesonide on TNFaq, IL-1B, IL-6, IL-1ra and IL-
10 and with PMA 1 pg/ml and ionomycin 0.5 pg/ml (Sig-
ma, Israel) for IL-2 and IFNy secretion. In another set of
experiments, HT-29 or RKO cells were collected from the
flasks by trypsinization and suspended in the appropria-
ted CM at 4 x 10°/ml. The cells were seeded in 24 well
plates by addition of 0.5 ml of cell suspension to each
well. The plates were incubated for 60 min at 37°C in
a humidified atmosphere containing 5% CO, before ad-
ding 0.5 ml aliquots of PBMC suspended in CM (4 x 10%/
ml) to each well. Cells were incubated without or with
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budesonide added at the onset of cultures at concen-
trations as indicated. All cultures were maintained for
24 hrs at 37 °C in a humidified atmosphere containing
5% CO,. At the end of the incubation period, the culture
media were collected, the cells were removed by centri-
fugation at 200 g for 10 min and the supernatants were
kept at -70 °C until assayed for cytokine content.

The concentration of cytokines in the supernatants
was tested using ELISA kits specific for human cytoki-
nes (BioLegend Inc., San Diego, CA) as detailed in the
guide-line provided by the manufacturer. The catalogue
numbers for capture antibodies for TNFa-BLG 502802,
IL-13- BLG 508202, IL-6- BLG 501101, IL-1ra- BLG
509901, IL-10- BLG 501402, IL-2- BLG 500302 and IFNy-
BLG 502401 and for the detection biotin antibodies for
TNFa-BLG 502904, IL-1B- BLG 508302, IL-6- BLG 501201,
IL-1ra- BLG 509502, IL-10- BLG 501501, IL-2- 13-7027-81
and IFNy- BLG 502504. The detection level of all cytoki-
nes was 30 pg/ml.

Statistical analysis

A linear mixed model with repeated measures and
assumption of compound symmetry (CS) was used to
assess the effect of different concentrations of budeso-
nide on cytokine secretion by non-stimulated or stimu-
lated PBMC. SAS vs. 9.4 was applied for this analysis.
Paired t-test was used to compare between the level of
cytokines produced following incubation with various
concentrations of budesonide and that found in control
cultures. Probability values of p < 0.05 were considered
as significant. The results are expressed as mean + SEM.

Results

Effect of budesonide on cell proliferation

24 hrs of incubation of PBMC or HT-29 and RKO
colon cancer cells with budesonide at concentrations
between 10®M and 10°M caused inhibition of cell pro-
liferation as tested by XTT assay (p = 0.015, p = 0.006
and p = 0.0005, respectively (Table 1). Budesonide ad-
ded to PBMC, HT-29 or RKO at 10® M caused reduced
proliferation by 10% (p = 0.006), 12% (p = 0.005) and
18% (p < 0.05) respectively. At higher concentrations of

Table 1: Effect of budesonide on cell proliferation.

budesonide, the proliferation rate of the PBMC and the
HT-29 colon cancer cells was not affected whereas that
of RKO cells was enhanced by 18% (p = 0.02) at 10°M
budesonide.

Effect of budesonide on cytokine secretion by colon
cancer cells

Supernatants obtained from 24 hrs cultures of either
HT-29 or RKO cells incubated without or with budeso-
nide at concentrations between 10®M and 10° M did
not contain detectable amounts of any of the cytokines
tested.

Effect of budesonide on TNFa, IL-1B and IL-6 pro-
duction

The secretion of TNFa, IL-1 and IL-6 by non-stimula-
ted PBMC or cells stimulate with either LPS or cells from
both colon cancer lines was inhibited upon incubation
with budesonide at the above mentioned concentra-
tions (p < 0.001 for TNFa and IL-1B; p < 0.01 for IL-6. Fi-
gure 1, Figure 2 and Figure 3 respectively). Inhibition of
TNFa, IL-1B and IL-6 by non-stimulated PBMC was ma-
ximally achieved at budesonide concentration of 10% M

35 1 Budesonide
3.0 4 mo
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Figure 1: Effect of budesonide on TNFa production.

Non-stimulated PBMC (spontaneous) or cells stimulated
with either LPS or with HT-29 or RKO colon cancer cells,
were incubated for 24 hrs without (0) or with budesonide at
concentrations as indicated. The level of TNFa in the super-
natants was tested by ELISA. Each bar expresses the mean
results of 6 experiments. Bars represent SEM. Symbols re-
present statistically significant difference from cells incuba-
ted without budesonide ('p < 0.05; "p < 0.01; #p < 0.001).

XTT test, OD at 450 nm
Budesonide, M PBMC HT-29 RKO
0 790 + 82 2490 + 24 1327 + 83
108 M 709 £ 93 2195+ 79" 1091 + 53"
10" M 743 £ 10 2487 + 30 1471 + 41
10° M 764 £ 89 2399 + 45 1568 + 53"
ANOVA with Fi.=4.83 Fy.=6.27 F,.s=10.67
Repeated measures P =0.015 P =0.006 P =0.0005

PBMC or colon cancer cells (10%/ml of CM) were incubated for 24 hrs in the absence or presence of budesonide at concentrations
as indicated. At the end of the incubation period XTT test was carried on according to the manufacturer’s instructions. The plates
were incubated for 2-4 hrs at 37 °C in a humidified incubator containing 5% CO, and the absorbance was measured at 450 nm
using ELISA reader. The results are expressed as the Mean + SEM of 6 experiments. Asterisks represent statistically significant
difference from cells incubated without budesonide ('p < 0.05, “p < 0.01).
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Figure 2: Effect of budesonide on IL-1f production.

Non-stimulated PBMC (spontaneous) or cells stimulated
with either LPS or with HT-29 or RKO colon cancer cells,
were incubated for 24 hrs without (0) or with budesonide at
concentrations as indicated. The level of IL-18 in the super-
natants was tested by ELISA. Each bar expresses the mean
results of 6 experiments. Bars represent SEM. Symbols re-
present statistically significant difference from cells incuba-
ted without budesonide ('p < 0.05; “p < 0.01; #p < 0.001).
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Figure 4: Effect of budesonide on IFNy and IL-2 production.

PBMC stimulated with either PMA/ionomycin or with HT-29
or RKO colon cancer cells, were incubated for 24 hrs wi-
thout (0) or with budesonide at concentrations as indicated.
The level of IFNy and IL-2 in the supernatants was tested
by ELISA. Each bar expresses the mean results of 6 experi-
ments. Bars represent SEM. Symbols represent statistically
significant difference from cells incubated without budeso-
nide ('p < 0.05; #p < 0.001).
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Figure 3: Effect of budesonide on IL-6 production.

Non-stimulated PBMC (spontaneous) or cells stimulated
with either LPS or with HT-29 or RKO colon cancer cells,
were incubated for 24 hrs without (0) or with budesonide
at concentrations as indicated. The level of IL-6 in the su-
pernatants was tested by ELISA. Each bar expresses the
mean results of 6 experiments. Bars represent SEM. Sym-
bols represent statistically significant difference from cells
incubated without budesonide ('p < 0.05; “p < 0.01).

(32%, 43% and 50%, respectively). TNFa, IL-1B and IL-6
production by LPS-stimulated PBMC or cells stimulated
with either HT-29 or RKO cells was maximally reduced at
budesonide concentration of 107 M (45%, 32% and 36%,
respectively for TNFa; 38%, 37% and 30%, respectively
for IL-1B and 17%, 16% and 25%, respectively for IL-6).

Effect of budesonide on IL-2 and IFNy production

No detectable levels of IL-2 could be detected in su-
pernatants of non-stimulated PBMC or cells incubated
for 24 hrs with budesonide at the above mentioned
concentrations (Figure 4). IL-2 production by PMA/io-
nomycin treated PBMC or cells stimulated with HT-29
colon cancer cells was suppressed by 51% and 32%, re-
spectively (p < 0.001), upon 24 hrs of incubation with
budesonide, but IL-2 secretion by RKO stimulated cel-
Is was not affected. Budesonide did not influence the
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Figure 5: Effect of budesonide on IL-10 and IL-1ra pro-
duction.

Non-stimulated PBMC (spontaneous) or cells stimulated with
either LPS or with HT-29 or RKO colon cancer cells, were in-
cubated for 24 hrs without (0) or with budesonide at concentra-
tions as indicated. The concentration of 1I-10 and IL-1ra in the
supernatants was tested by ELISA. Each bar expresses the
mean results of 6 experiments. Bars represent SEM. Symbols
represent statistically significant difference from cells incuba-
ted without budesonide ('p < 0.05; #p < 0.001).

secretion of IFNy by non-stimulated PBMC or by cells
stimulated with PMA/ionomycin. However, HT-29 and
RKO-induced production of IFNy was inhibited by the
three budesonide concentrations and was maximally
reduced by 30% and 60%, respectively (p < 0.001).

Effect of budesonide on IL-10 and IL-1ra production

Reduced secretion of IL-10 by non-stimulated PBMC
(p <0.001), as well as by cells stimulated with either LPS
(p <0.01) or RKO cancer cells (p < 0.05) was found when
cultures were incubated with budesonide at concentra-
tions between 10® and 10°®M, whereas that induced by
HT-29 cells was not affected (Figure 5). IL-10 production
by non-stimulated or LPS stimulated PBMC was lowered
by 33% and 28% respectively at 10”7 M budesonide and
that induced by RKO cells was reduced by 15%. IL-1ra
synthesis by LPS or RKO stimulated PBMC was not af-
fected by 24 hrs. of incubation with various budesonide
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concentrations. However, IL-1ra production by non-sti-
mulated PBMC or cell stimulated with HT-29 colon can-
cer cells was inhibited (p < 0.001) upon 24 hrs incuba-
tion with budesonide and was lower by 56% and 22%
at drug concentrations of 108 and 107 M, respectively.

Discussion

Monocytes, transforming to macrophages into tis-
sues are active participants in the process of inflamma-
tion [21]. Once stimulated, they modulate inflammatory
events by an array of activities including cytokine pro-
duction. Incubation of unstimulated PBMC with budeso-
nide in the present study caused a decreased production
of the proinflammatory cytokines TNFa, IL-1B and IL-6,
although the secretion of IFNy and IL-2 was not affected.
Interestingly, this activity was observed when the cells
were incubated with lower budesonide concentrations.
A similar response was detected when the production
of the anti-inflammatory cytokines IL-10 and IL-1ra was
assessed, with exception that the secretion of the latter
was inhibited by all three concentrations of budesonide.
One possible explanation for this phenomenon is that
once PBMC have been maximally inhibited for certain
cytokine production by budesonide the cells cannot fur-
ther respond to its higher concentrations. When PBMC
were stimulated with LPS or PMA the secretion of all
pro-inflammatory cytokines examined was inhibited at
all budesonide concentrations applied throughout the
experiments. As for the anti-inflammatory cytokines,
the secretion of IL-10 and IL-1ra by unstimulated PBMC
was lowered. However budesonide caused reduced IL-
10 production by LPS stimulated cells, whereas that of
IL-1ra was not affected. This observation is in accord
with other reports revealing that LPS activated human
monocytes show a suppressed production of IL-1 and
IL-6 after incubation with budesonide [22,23]. It has
been observed that budesonide reduces immune re-
sponses by inhibition of IL-12, IL-6, IL-8 and TNFa relea-
se by PBMC from asthmatic and healthy donors [24-27].
Rudiger, et al. [28] have reported a significant reduction
in IL-1p3, IL-6, IL-8 and TNFa secretion by LPS induced
lymphocytes isolated from blood of healthy and mild
asthmatic individuals following budesonide inhalation.
Notably, budesonide has been able to affect cytokine
production by other cell types, such as human mast cells
in which IL-1B, IL-4, IL-6 and TNFa was found to be inhi-
bited [29] and by rat alveolar macrophages that showed
decreased IL-6 and TNFa secretion [30]. Previously, we
have demonstrated that the immune cross-talk betwe-
en PBMC and HT-29 and RKO colon cancer cells may be
modified by a number of substances [31]. Correspon-
dingly, budesonide added to co-cultures of PBMC with
cells of each one of the colon cancer lines utilized in the
present study caused a modulation of the immune re-
lationship between mononuclear and malignant cells.
Budesonide markedly reduced the ability for pro-in-
flammatory cytokine production by PBMC incubated
with HT-29 cells. The production of IL-1ra was inhibited,
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whereas that of IL-10 was not affected. At the same la-
boratory settings addition of budesonide to co-cultures
of PBMC with RKO cells produced a slightly different
effect. The secretion of all pro-inflammatory cytokines
was inhibited except for IL-2. The production of the an-
ti-inflammatory cytokine IL-1ra was reduced but that
of IL-10 was not affected. One conceivable explanation
for this observation is that budesonide wields concen-
tration and cell-dependent effects on the immune ba-
lance between PBMC and the tumor cells. The effect of
budesonide on tumor development has been examined
using animal models. Pereira et al. [32] have shown a
dose dependent decrease in multiplicity of lung tumors
and their progression to carcinoma in mice treated with
various doses of budesonide. Similar observations have
been reported by other investigators [33-36]. These re-
ports endorse our results that showed an inhibited cell
proliferation with lower concentration of budesonide.
Studies, predominant in mice, have shown that the che-
mopreventive properties of budesonide are generated
by various ways, such as modulation of gene expression
[37,38] CpG endonuclease activity [39] and remodeling
of DNA methylation [40]. The results of the present work
revealing the capacity of budesonide to modify the im-
mune cross-talk between PBMC and colon carcinoma
cells from the two lines applied in the study suggest the
presence of an additional mechanism by which the drug
may exert an inhibitory effect on tumor development.

Acknowledgment

The assistance of Ms. Tzippy Shochat, MSc, Statisti-
cal Consultant, Rabin Medical Center, Beilinson Hospital
in performing the statistical calculations is highly trea-
sured.

References

1. Meuleman J, Katz P (1985) The immunologic effects, kine-
tics, and use of glucocorticosteroids. Med Clin North Am
69: 805-816.

2. Fauci AS, Dale DC, Balow JE (1976) Glucocorticosteroid
therapy: Mechanisms of action and clinical considerations.
Ann Intern Med 84: 304-315.

3. Catley M (2007) Dissociated steroids. Scientific World Jour-
nal 7: 421-430.

4. Dejean C, Richard D (2013) Mechanisms of action of gluco-
corticoids. Rev Med Interne 34: 264-268.

5. Stahn C, Lowenberg M, Hommes DW, Buttgereit F (2007)
Molecular mechanisms of glucocorticoid action and selecti-
ve glucocorticoid receptor agonists. Mol Cell Endocrinol
275: 71-78.

6. Cohn LA (1997) Glucocorticosteroids as immunosuppressi-
ve agents. Semin Vet Med Surg (Small Anim) 12: 150-156.

7. Eugui EM (2000) Present and future of immunosuppressive
therapy. Medicina (B Aires) 60: 67-80.

8. Russo-Marie F (1992) Macrophages and the glucocorti-
coids. J Neuroimmunol 40: 281-286.

9. Barnes PJ (1998) Anti-inflammatory actions of glucocorti-
coids: molecular mechanisms. Clin Sci (Lond) 94: 557-572.

e Page 5 0f 6 e



https://doi.org/10.23937/2378-3672/1410029
https://www.ncbi.nlm.nih.gov/pubmed/2997555
https://www.ncbi.nlm.nih.gov/pubmed/2997555
https://www.ncbi.nlm.nih.gov/pubmed/2997555
https://www.ncbi.nlm.nih.gov/pubmed/769625
https://www.ncbi.nlm.nih.gov/pubmed/769625
https://www.ncbi.nlm.nih.gov/pubmed/769625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5901340/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5901340/
https://www.ncbi.nlm.nih.gov/pubmed/23498716
https://www.ncbi.nlm.nih.gov/pubmed/23498716
https://www.ncbi.nlm.nih.gov/pubmed/17630118
https://www.ncbi.nlm.nih.gov/pubmed/17630118
https://www.ncbi.nlm.nih.gov/pubmed/17630118
https://www.ncbi.nlm.nih.gov/pubmed/17630118
https://www.ncbi.nlm.nih.gov/pubmed/9283238
https://www.ncbi.nlm.nih.gov/pubmed/9283238
https://www.ncbi.nlm.nih.gov/pubmed/10835702
https://www.ncbi.nlm.nih.gov/pubmed/10835702
https://www.ncbi.nlm.nih.gov/pubmed/1430158
https://www.ncbi.nlm.nih.gov/pubmed/1430158
https://www.ncbi.nlm.nih.gov/pubmed/9854452
https://www.ncbi.nlm.nih.gov/pubmed/9854452

DOI: 10.23937/2378-3672/1410029

ISSN: 2378-3672

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

Smyth GP, Stapleton PP, Freeman TA, Concannon EM,
Mestre JR, et al. (2004) Glucocorticoid pretreatment indu-
ces cytokine overexpression and nuclear factor-kappaB
activation in macrophages. J Surg Res 116: 253-261.

Cruz-Topete D, Cidlowski JA (2015) One hormone, two
actions: anti- and pro-inflammatory effects of glucocorti-
coids. Neuroimmunomodulation 22: 20-32.

Emilie D, Galanaud P, Dormont J (1986) Glucocorticoids
and macrophage functions. Rev Med Interne 7: 153-161.

Fredin MF, Ulfhammer E, Rhedin M, Melgar S, Mellgard
B, et al. (2005) Anti-inflammatory effects of budesonide in
intestinal epithelial cells. Pharmacol Res 52: 422-428.

Bohr J, Wickbom A, Hegedus A, Nyhlin N, Hultgren Hornquist
E, et al. (2014) Diagnosis and management of microscopic co-
litis: Current perspectives. Clin Exp Gastroenterol 7: 273-284.

Ben-Baruch A (2006) Inflammation-associated immune sup-
pression in cancer: The roles played by cytokines, chemoki-
nes and additional mediators. Semin Cancer Biol 16: 38-52.

Berrada A, Denis MG, Blanchardie P, Chadeneau C, Lu-
stenberger P (1990) Glucocorticoid effects and receptors in
two rat colon carcinoma cell lines differing by their tumori-
genicity. J Steroid Biochem Mol Biol 37: 223-230.

Malkinson AM (2005) Role of inflammation in mouse lung
tumorigenesis: A review. Exp Lung Res 31: 57-82.

Wattenberg LW, Wiedmann TS, Estensen RD, Zimmerman
CL, Steele VE, et al. (1997) Chemoprevention of pulmo-
nary carcinogenesis by aerosolized budesonide in female
A/J mice. Cancer Res 57: 5489-5492.

Wattenberg LW, Wiedmann TS, Estensen RD, Zimmerman
CL, Galbraith AR, et al. (2000) Chemoprevention of pul-
monary carcinogenesis by brief exposures to aerosolized
budesonide or beclomethasone dipropionate and by the
combination of aerosolized budesonide and dietary myo-i-
nositol. Carcinogenesis 21: 179-182.

Bessler H, Djaldetti M (2010) Role of the equilibrium betwe-
en colon cancer and mononuclear cells in cytokine pro-
duction. Biomed Pharmacother 64: 707-711.

Fujiwara N, Kobayashi K (2005) Macrophages in inflamma-
tion. Curr Drug Targets Inflamm Allergy 4: 281-286.

Linden M, Brattsand R (1994) Effects of a corticosteroid,
budesonide, on alveolar macrophage and blood monocyte
secretion of cytokines: differential sensitivity of GM-CSF,
IL-1 beta, and IL-6. Pulm Pharmacol 7: 43-47.

Zetterlund A, Linden M, Larsson K (1998) Effects of be-
ta2-agonists and budesonide on interleukin-1beta and leu-
kotriene B4 secretion: studies of human monocytes and
alveolar macrophages. J Asthma 35: 565-573.

Larsson S, Linden M (1998) Effects of a corticosteroid, bu-
desonide, on production of bioactive IL-12 by human mo-
nocytes. Cytokine 10: 786-789.

Davies JM, Carroll ML, Li H, Poh AM, Kirkegard D, et al.
(2011) Budesonide and formoterol reduce early innate an-
ti-viral immune responses in vitro. PLoS One 6: e27898.

Triggiani M, Granata F, Petraroli A, Loffredo S, Frattini A, et
al. (2009) Inhibition of secretory phospholipase A2-induced
cytokine production in human lung macrophages by bude-
sonide. Int Arch Allergy Immunol 150: 144-155.

.Ek A, Larsson K, Siljerud S, Palmberg L (1999) Fluticaso-

ne and budesonide inhibit cytokine release in human lung
epithelial cells and alveolar macrophages. Allergy 54: 691-
699.

Djaldetti and Bessler. Int J Immunol Immunother 2018, 5:029

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rudiger JJ, Gencay M, Yang JQ, Bihl M, Tamm M, et al.
(2013) Fast beneficial systemic anti-inflammatory effects
of inhaled budesonide and formoterol on circulating lym-
phocytes in asthma. Respirology 18: 840-847.

Zhao Y, Leung PC, Woo KS, Chen GG, Wong YO, et al.
(2004) Inhibitory effects of budesonide, desloratadine and
dexamethasone on cytokine release from human mast cell
line (HMC-1). Inflamm Res 53: 664-669.

LiL, Tao L, Lubet RA, Steele VE, Pereira MA (2007) Modu-
lation by budesonide of a CpG endonuclease in mouse lung
tumors. Carcinogenesis 28: 1499-1503.

Djaldetti M, Bessler H (2014) Modulators affecting the im-
mune dialogue between human immune and colon cancer
cells. World J Gastrointest Oncol 6: 129-138.

Pereira MA, Li Y, Gunning WT, Kramer PM, Al-Yaqoub F,
et al. (2002) Prevention of mouse lung tumors by budeso-
nide and its modulation of biomarkers. Carcinogenesis 23:
1185-1192.

Wang Y, Zhang Z, Kastens E, Lubet RA, You M (2003)
Mice with alterations in both p53 and Ink4a/Arf display a
striking increase in lung tumor multiplicity and progression:
Differential chemopreventive effect of budesonide in wild-
type and mutant A/J mice. Cancer Res 63: 4389-4395.

Estensen RD, Jordan MM, Wiedmann TS, Galbraith AR,
Steele VE, et al. (2004) Effect of chemopreventive agents
on separate stages of progression of benzo[alpha]pyrene
induced lung tumors in A/J mice. Carcinogenesis 25: 197-
201.

Fu H, Zhang J, Pan J, Zhang Q, Lu Y, et al. (2011) Che-
moprevention of lung carcinogenesis by the combination of
aerosolized budesonide and oral pioglitazone in A/J mice.
Mol Carcinog 50: 913-921.

Balansky R, Ganchev G, lltcheva M, Steele VE, De Flora S
(2010) Prevention of cigarette smoke-induced lung tumors
in mice by budesonide, phenethyl isothiocyanate, and N-a-
cetylcysteine. Int J Cancer 126: 1047-1054.

Yao R, Wang Y, Lemon WJ, Lubet RA, You M (2004) Bu-
desonide exerts its chemopreventive efficacy during mouse
lung tumorigenesis by modulating gene expressions. Onco-
gene 23: 7746-7752.

Pereira MA, Tao L, Liu Y, Li L, Steele VE, et al. (2007)
Modulation by budesonide of DNA methylation and mRNA
expression in mouse lung tumors. Int J Cancer 120: 1150-
1153.

Li YH, Brauner A, Jonsson B, Van der Ploeg |, Soder O, et
al. (2001) Inhibition of macrophage proinflammatory cytoki-
ne expression by steroids and recombinant IL-10. Biol Ne-
onate 80: 124-132.

Alyaqoub FS, Tao L, Kramer PM, Steele VE, Lubet RA, et
al. (2006) Prevention of mouse lung tumors and modulation
of DNA methylation by combined treatment with budesoni-
de and R115777 (ZarnestraMT). Carcinogenesis 27: 2442-
2247.

0

CLINMED

INTERNATIONAL LIBRARY

Ui

e Page 6 of 6 e



https://doi.org/10.23937/2378-3672/1410029
https://www.ncbi.nlm.nih.gov/pubmed/23617551
https://www.ncbi.nlm.nih.gov/pubmed/23617551
https://www.ncbi.nlm.nih.gov/pubmed/23617551
https://www.ncbi.nlm.nih.gov/pubmed/23617551
https://www.ncbi.nlm.nih.gov/pubmed/15654514
https://www.ncbi.nlm.nih.gov/pubmed/15654514
https://www.ncbi.nlm.nih.gov/pubmed/15654514
https://www.ncbi.nlm.nih.gov/pubmed/15654514
https://academic.oup.com/carcin/article/28/7/1499/2526703
https://academic.oup.com/carcin/article/28/7/1499/2526703
https://academic.oup.com/carcin/article/28/7/1499/2526703
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4021329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4021329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4021329/
https://www.ncbi.nlm.nih.gov/pubmed/12117777
https://www.ncbi.nlm.nih.gov/pubmed/12117777
https://www.ncbi.nlm.nih.gov/pubmed/12117777
https://www.ncbi.nlm.nih.gov/pubmed/12117777
https://www.ncbi.nlm.nih.gov/pubmed/12907609
https://www.ncbi.nlm.nih.gov/pubmed/12907609
https://www.ncbi.nlm.nih.gov/pubmed/12907609
https://www.ncbi.nlm.nih.gov/pubmed/12907609
https://www.ncbi.nlm.nih.gov/pubmed/12907609
https://www.ncbi.nlm.nih.gov/pubmed/14578161
https://www.ncbi.nlm.nih.gov/pubmed/14578161
https://www.ncbi.nlm.nih.gov/pubmed/14578161
https://www.ncbi.nlm.nih.gov/pubmed/14578161
https://www.ncbi.nlm.nih.gov/pubmed/14578161
https://www.ncbi.nlm.nih.gov/pubmed/21374736
https://www.ncbi.nlm.nih.gov/pubmed/21374736
https://www.ncbi.nlm.nih.gov/pubmed/21374736
https://www.ncbi.nlm.nih.gov/pubmed/21374736
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4909837/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4909837/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4909837/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4909837/
https://www.ncbi.nlm.nih.gov/pubmed/15361829
https://www.ncbi.nlm.nih.gov/pubmed/15361829
https://www.ncbi.nlm.nih.gov/pubmed/15361829
https://www.ncbi.nlm.nih.gov/pubmed/15361829
https://www.ncbi.nlm.nih.gov/pubmed/17163412
https://www.ncbi.nlm.nih.gov/pubmed/17163412
https://www.ncbi.nlm.nih.gov/pubmed/17163412
https://www.ncbi.nlm.nih.gov/pubmed/17163412
https://www.ncbi.nlm.nih.gov/pubmed/11509812
https://www.ncbi.nlm.nih.gov/pubmed/11509812
https://www.ncbi.nlm.nih.gov/pubmed/11509812
https://www.ncbi.nlm.nih.gov/pubmed/11509812
https://www.ncbi.nlm.nih.gov/pubmed/16733249
https://www.ncbi.nlm.nih.gov/pubmed/16733249
https://www.ncbi.nlm.nih.gov/pubmed/16733249
https://www.ncbi.nlm.nih.gov/pubmed/16733249
https://www.ncbi.nlm.nih.gov/pubmed/16733249
https://www.ncbi.nlm.nih.gov/pubmed/15013364
https://www.ncbi.nlm.nih.gov/pubmed/15013364
https://www.ncbi.nlm.nih.gov/pubmed/15013364
https://www.ncbi.nlm.nih.gov/pubmed/15013364
https://www.ncbi.nlm.nih.gov/pubmed/25227506
https://www.ncbi.nlm.nih.gov/pubmed/25227506
https://www.ncbi.nlm.nih.gov/pubmed/25227506
https://www.ncbi.nlm.nih.gov/pubmed/16118056
https://www.ncbi.nlm.nih.gov/pubmed/16118056
https://www.ncbi.nlm.nih.gov/pubmed/16118056
https://www.ncbi.nlm.nih.gov/pubmed/25170275
https://www.ncbi.nlm.nih.gov/pubmed/25170275
https://www.ncbi.nlm.nih.gov/pubmed/25170275
https://www.ncbi.nlm.nih.gov/pubmed/16139507
https://www.ncbi.nlm.nih.gov/pubmed/16139507
https://www.ncbi.nlm.nih.gov/pubmed/16139507
https://www.ncbi.nlm.nih.gov/pubmed/2268553
https://www.ncbi.nlm.nih.gov/pubmed/2268553
https://www.ncbi.nlm.nih.gov/pubmed/2268553
https://www.ncbi.nlm.nih.gov/pubmed/2268553
https://www.ncbi.nlm.nih.gov/pubmed/15765919
https://www.ncbi.nlm.nih.gov/pubmed/15765919
https://www.ncbi.nlm.nih.gov/pubmed/9407956
https://www.ncbi.nlm.nih.gov/pubmed/9407956
https://www.ncbi.nlm.nih.gov/pubmed/9407956
https://www.ncbi.nlm.nih.gov/pubmed/9407956
https://www.ncbi.nlm.nih.gov/pubmed/10657955
https://www.ncbi.nlm.nih.gov/pubmed/10657955
https://www.ncbi.nlm.nih.gov/pubmed/10657955
https://www.ncbi.nlm.nih.gov/pubmed/10657955
https://www.ncbi.nlm.nih.gov/pubmed/10657955
https://www.ncbi.nlm.nih.gov/pubmed/10657955
https://www.ncbi.nlm.nih.gov/pubmed/20880664
https://www.ncbi.nlm.nih.gov/pubmed/20880664
https://www.ncbi.nlm.nih.gov/pubmed/20880664
https://www.ncbi.nlm.nih.gov/pubmed/16101534
https://www.ncbi.nlm.nih.gov/pubmed/16101534
https://www.ncbi.nlm.nih.gov/pubmed/8003851
https://www.ncbi.nlm.nih.gov/pubmed/8003851
https://www.ncbi.nlm.nih.gov/pubmed/8003851
https://www.ncbi.nlm.nih.gov/pubmed/8003851
https://www.ncbi.nlm.nih.gov/pubmed/9777883
https://www.ncbi.nlm.nih.gov/pubmed/9777883
https://www.ncbi.nlm.nih.gov/pubmed/9777883
https://www.ncbi.nlm.nih.gov/pubmed/9777883
https://www.sciencedirect.com/science/article/abs/pii/S1043466698903623
https://www.sciencedirect.com/science/article/abs/pii/S1043466698903623
https://www.sciencedirect.com/science/article/abs/pii/S1043466698903623
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0027898
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0027898
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0027898
https://www.ncbi.nlm.nih.gov/pubmed/19439980
https://www.ncbi.nlm.nih.gov/pubmed/19439980
https://www.ncbi.nlm.nih.gov/pubmed/19439980
https://www.ncbi.nlm.nih.gov/pubmed/19439980
https://www.ncbi.nlm.nih.gov/pubmed/10442524
https://www.ncbi.nlm.nih.gov/pubmed/10442524
https://www.ncbi.nlm.nih.gov/pubmed/10442524
https://www.ncbi.nlm.nih.gov/pubmed/10442524

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Peripheral blood mononuclear cells 
	Colon cancer cell lines 
	Budesonide
	Effect of budesonide on cell proliferation 
	Effect of budesonide on cytokine production 
	Statistical analysis 

	Results
	Effect of budesonide on cell proliferation 
	Effect of budesonide on cytokine secretion by colon cancer cells 
	Effect of budesonide on TNFα, IL-1β and IL-6 production 
	Effect of budesonide on IL-2 and IFNγ production 
	Effect of budesonide on IL-10 and IL-1ra production 

	Discussion
	Acknowledgment
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References

