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ABSTRACT
PURPOSE: Obesity is recognized as a major risk factor for a number of diseases, including metabolic syndrome and type 2 diabetes mellitus. It is characterized with increased macrophage infiltration in adipose
tissue. Macrophages secrete numerous inflammatory mediators and contribute to the increased inflammatory status of adipose tissue which is associated with increased reactive oxygen species generation and oxidative stress. In cell biology conditioned nutrient mediums (CMs) are used to assess the complex impact of
the secretory products of a particular cell type on the behaviour of other cells. The aim of the present study
was to examine the effect of CM obtained from J744A.1 macrophage cell culture on expression in 3T3-L1
preadipocytes of some enzymes related to antioxidant defense and the inflammatory response.
MATERIAL AND METHODS: mRNA levels of inducible cyclooxygenase (COX-2), inducible NO synthase
(iNOS) and glutamate-cysteine-ligase (GCL) were measured. 3T3-L1 cells were treated with increasing CM
concentrations (10-30%) for 24 hours. Changes in gene expression levels were analyzed by real-time qPCR
method. Calculations were performed using 2-ΔΔCt method.
RESULTS: The higher CM concentration contributed to increased expression levels of the genes examined.
Treatment with CM in concentrations of 10, 20 and 30% resulted in 2.3-, 2.6- and 2.7-fold increase in COX2 expression (p<0,01), respectively. Both 10% and 20% CM up-regulated iNOS by 1,7 times (p<0,001). The
highest CM concentration of 30% stimulated the enzyme by two times (p<0,01). GCL mRNA levels were by
2,5 times higher than these of the untreated controls when stimulated with 30% CM (p<0,05).
CONCLUSION: CM from J744A.1 cell culture may induce inflammatory and oxidative stress-related response in 3T3-L1 preadipocytes thus demonstrating a possible link between macrophage infiltration and local inflammation in adipose tissue.
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INTRODUCTION
Conditioned medium (CM) is a nutrient
medium harvested from cultured cells. It contains
metabolites, secretory products (growth factor,
cytokines, etc.), and extracellular matrix proteins
released into CM by the cultured cells. CMs are used
to assess the complex impact of a particular cell type
on the behaviour of other cells.
Obesity is recognized as a major risk factor for
a number of diseases, including metabolic syndrome
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and type 2 diabetes mellitus. It is characterized by
increased macrophage infiltration in adipose tissue
(12). Adipose tissue macrophages are suspected to be
the major source of inflammatory mediators such as
TNF-α and IL-6 that interfere with adipocyte function
by increasing inflammatory profile and inhibiting
insulin action (10,14). Increased inflammatory status
of obese adipose tissue is associated with elevated
reactive oxygen species generation and oxidative
stress (2).
Effects of macrophages on adipose tissue
metabolism have been studied by CM application. For
example, macrophage CM was found to block insulin
action in 3T3-L1 cells (5). CM from macrophages
stimulated transcription of proinflammatory genes
such as IL-6, IL-1β and MCP-1 in cultured adipocytes
(8,9). In the same time, there is a limited evidence of
the effect on inflammation-related enzymes iNOS
and COX-2. Little is known about the mechanism
by which macrophages affect redox balance in
adipocytes.
The objective of the present study was to
examine the effect of CM obtained from J744A.1
macrophage cell culture on 3T3-L1 preadipocytes
by measuring the changes in expression of COX2 and iNOS enzymes related to inflammation and
glutamate-cysteine ligase (GCL), an enzyme related
to antioxidant defense.

MATERIAL AND METHODS
Cell culture
3T3-L1 and J744A.1 cells were obtained from
the American Type Culture Collection (ATCC).
Cells were propagated in 75 cm2 flasks at 37°C in
a humidified chamber with 5% CO2 atmosphere.
Complete nutrient medium comprised phenol of
red-containing Dulbecco’s Modified Eagle’s medium
(DMEM, Lonza) with 4,5 g/L glucose, L-glutamine
and supplemented with fetal bovine serum (FBS,
Sigma-Aldrich) to a 10% final concentration
and penicillin/streptomycin mixture to final
concentrations of 100 U/mL for each of them.
CM collection
For CM preparation, J744A.1 macrophages
were seeded in 75 cm2 flasks at density of 106 cells/
flask in complete medium, which was changed every
two days for a period of eight days. Last incubation
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was for 48 hours in phenol red free medium without
any supplements when CM was collected and frozen
at -80oC for further application.
Experimental procedure
3T3-L1 cells were collected and seeded in 6
well flasks at density of 2x105 cells/well in complete
nutrient medium. After overnight incubation,
medium was removed and cells were treated with
increasing CM concentration (10%, 20% and 30%)
dissolved in phenol red free DMEM (Lonza). No
other supplements were used. Cells were incubated
for a period of 24 hours prior to RNA extraction.
Gene expression analysis
Quantitative gene expression analysis was
performed using two-step real-time qPCR as
previously described (4). Primer sequences were as
follows: mouse β-actin forward 5`-ACG GCC AGG
TCA TCA CTA TTG-3`, reverse CAA GAA GGA
AGG CTG GAA AAG; mouse COX-2 forward 5`TGA GCA ACT ATT CCA AAC CAG C-3`, reverse
5`- GCA CGT AGT CTT CGA TCA CTA TC-3`;
mouse iNOS forward 5`- GGC AGC CTG TGA GAC
CTT TG-3`, reverse 5`- GCA TTG GAA GTG AAG
CGT TTC-3`; mouse GCL catalytic subunit forward
5`-AAT GGA GGC GAT GTT CTT GAG-3`, reverse
5`-CAG AGG GTC GGA TGG TTG G-3`.
Statistical analysis
Statistical analyses were performed using
Microsoft Excell Office 2007 software. Differences
between two groups were analyzed by unpaired twotailed Student’s t-tests. P value <0.05 was considered
as significant.

RESULTS AND DISCUSSION
3T3-L1 preadipocyte cell line is widely used as
a model in studies on adipose tissue metabolism and
cell culture physiology. J744A.1 is a differentiated
macrophage cell line and cultured cells secrete in
the nutrition medium IL-1β and other inflammatory
cytokines. High IL-1-β concentrations could upregulate expression of inflammation-related genes in
adipocytes (9).
In the present study, CM collected from J744A.1
macrophages was used to induce inflammatory
response in 3T3-L1 preadipocytes and changes in
the expression of inflammatory enzymes COX-2
and iNOS were measured to examine inflammatory
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status. Also changes in the expression of an enzyme
involved in glutathione metabolism (GCL) were
estimated to assess variations in the redox balance of
the cells. Most studies relate elevated inflammatory
response in cultured adipocytes after incubation
in macrophage CM to up-regulated cytokine gene
expression such as IL-6, MCP-1, and TNF-α (9).
We established an increased COX-2 and iNOS gene
expression after incubation of the predipocytes
with increasing concentrations of macrophage CM
representing elevated inflammatory cell response
(Fig. 1 and Fig. 2).
CM in concentrations of 10%, 20% and 30%
induced 2.3-, 2.6- and 2.7-fold (p<0,01) increase in
COX-2 mRNA levels, respectively. Both 10% and
20% CM concentrations induced an increased iNOS

Fig. 1. COX-2 mRNA levels in 3T3-L1 preadipocytes after
incubation with macrophage CM. Expression levels are
presented in relative units±SEM versus β-actin
as endogenous control
**p<0,01 versus untreated control

Fig. 2. iNOS mRNA levels in 3T3-L1 preadipocytes after
incubation with macrophage CM. Expression levels are
presented in relative units±SEM versus β-actin
as endogenous control
**p<0,01 versus untreated control
***p<0,001 versus untreated control
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expression by 1,7 times (p<0,001). The highest CM
concentration (of 30%) induced iNOS transcription
by two times (p<0,01) (Fig. 2).
COX-2 is the rate-limiting enzyme in
production of a range of local mediators
involved in various processes, including local
inflammation. This enzyme is consistently induced
by inflammatory stimuli such as LPS, IL-1α/β and
TNF-α and is a key executor of inflammation in
many cell types, including adipocytes (3, 7). Our data
about elevated COX-2 expression after treatment
with macrophage CM indicate another possible link
between macrophage infiltration and adipose tissue
inflammation.
iNOS is the inducible isoform of the enzyme
catalyzing NO synthesis in response to inflammatory
stimuli. iNOS is expressed in adipose tissue (1) and in
3T3-L1 cells, iNOS is induced by lipopolysaccharides
and proinfammatory cytokines including TNF-α
and interferon-γ (11). Elevated iNOS expression is
observed in macrophages isolated from obese adipose
tissue (5,13). Our results show that macrophagederived CM may induce iNOS expression, which
in addition to up-regulated COX-2 expression
represents a provoked inflammatory response in
3T3-L1 cells.
There was a stimulated antioxidant defense
in the 3T3-L1 preadipocytes after incubation in
macrophage CM. GCL mRNA levels in cells treated
with 30% CM are by 2,5 times (p<0,05) higher than
that of the untreated controls (Fig. 3). It is accepted
that inflammation is associated with impaired redox

Fig. 3. GCL mRNA levels in 3T3-L1 preadipocytes after
incubation with macrophage CM. Expression levels are
presented in relative units±SEM versus β-actin
as endogenous control
*p<0,05 versus untreated control
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balance (2). GCL is the first and rate-limiting enzyme
in glutathione biosynthesis. Up-regulated GCL
expression to ensure GSH elevation under conditions
of inflammatory and oxidative stimulation seems
reasonable, as GCL activity is considered especially
important for maintaining GSH levels (6) to provide
relevant antioxidant defense.
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CONCLUSION
This study demonstrates that CM from
J744A.1 macrophages may induce inflammatory
and antioxidant response in cultured 3T3-L1
preadipocytes proved by the elevated COX-2, iNOS
and GCL transcription.
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