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ABSTRACT
OBJECTIVES: This study was aimed to demonstrate the thioredoxin reductase (TrxR) activities and HypoxiaInducible Factor 1 alpha (HIF-1α) levels in macrophage cell line incubated in aerobic and anaerobic settings.
BACKGROUND: Pathological situations including inflammatory disorders are associated with the infiltration of
phagocyte system cells into damaged tissues. Whenever the environment of tissues converts into hypoxic conditions, phagocytic cells develop an adaptive mechanism in order to fulfill their defense functions.
MATERIALS AND METHODS: The macrophage cells were prepared as two replications both for aerobic and
anaerobic media. The E. coli bacteria were inoculated onto the some macrophage culture mediums. TrxR and
HIF-1α levels of the samples, obtained from all growth cultures, were measured with the ELISA.
RESULTS: On the 5th and 6th day, there was a continuous increase in the count of bacteria in the aerobic medium, while a continuous decrease in the count of bacteria in the anaerobic medium.
The TrxRand the HIF-1α levels in the groups with anaerobic and aerobic macrophages with or without E. coli
bacteria were evaluated. A statistically significant difference was found between these groups in terms of TrxR
and HIF-1α levels (p < 0.05).
CONCLUSIONS: Increased TrxR and HIF-1α levels were thought to have an effect on the adaptation of the
macrophages in the anaerobic environment (Tab. 5, Fig. 2, Ref. 23). Text in PDF www.elis.sk.
KEY WORDS: macrophage, thioredoxin reductase, hypoxia-inducible factor alpha.

Introduction
Pathological situations including infectious and inflammatory
disorders are associated with the infiltration of phagocyte system
cells, into damaged tissues (1). Macrophages, whose activity increases in response to injuries or infections are the major component of the mononuclear phagocyte system (1, 2). Whenever the
environment of tissues converts into hypoxic conditions, phagocytic cells develop adaptive mechanism in order to fulfill their
defense functions. Hypoxia regulates macrophage functions in
inflammation (3). In case of hypoxia, macrophages may develop
more mitogenic, pro-invasive, pro-angiogenic and pro-metastatic
phenotypes (4).
HIF-1-mediated mechanisms that have adaptive mechanism
for hypoxic conditions, play an important role in macrophage responses to bacterial infections (3). HIF-1α, which is a heterodimeric transcription factor, has an important role in the organism
in the reply to low oxygen stress (5). Under hypoxic conditions,
for ATP synthesis needed by the living organism, HIF-1α binds
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to hypoxia response elements and activates glucose carriers and
the transcription of genes that encode the glycolytic enzymes such
as hexokinase (6, 7, 8). In the hypoxic areas of inflamed tissues,
HIF-1 α also activates the myeloid cell accumulation into hypoxic
area, macrophage-mediated amplification of the inflammatory
response, cell proliferation, angiogenesis, transcription of genes
helping tissue re-modeling (4, 9).
HIF-1α level can be increased by Thioredoxin (Trx), which is
a redox protein (7, 8). One of the major antioxidant systems is the
thioredoxin redox system consisting of: Trx, TrxR, and NADPH
(10). The TrxRs are the members of the flavoprotein family of
pyridine nucleotide-disulphide oxidoreductases, reduces oxidized
protein substrates in an NADPH-dependent process (11).
TrxRs are selenoprotein enzymes, which play roles in various
reduction pathways through reversible oxidation of the cysteine
residues at their active site. Production of the TrxR is increased
by oxidative stress, hypoxia and viral infections (10). Some studies demonstrated that Trx/TrxRsystem serves as a cofactor in
DNA synthesis, inhibits apoptosis, stimulates cell proliferation
and angiogenesis, and increases transcription factor activity (7,
12, 13).
In this study, we hypothesized that HIF-1α and TrxR levels participate in the mechanism of macrophages adaptation to hypoxia.
In addition, we observed how phagocytic potency of macrophages
changed in aerobic and anaerobic conditions after addition of E.coli
bacteria to the cell culture medium.
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Materials and methods
J774.1 macrophage cells that were frozen at –80 °C were
thawed in incubator at 37 °C and planted on the culture medium.
Culture media was refreshed once every 48 hours. Passage was
performed when the cells completely covered the flask surface.
The cells having an appropriate density were trypsinized. Supernatant was poured after centrifugation and cell count was performed.
The cells to be used in the experiments were prepared in DMEM
(Dulbecco’s Modified Eagle Medium, phenol red stain free) medium to include 5x105 J774.1 macrophage cells per mL and suspension was formed by adding 10% FBS (Fetal Bovine Serum)+
1% penicillin streptomycin.
The Cultures including the macrophages were placed in a CO2
incubator, according to the determined line, both under aerobic
and anaerobic (in anaerobic jars) conditions.
E. coli bacteria were removed from –80 °C and inoculated onto
blood agar. This culture was incubated for 24 hours at 37 °C. The
passages were done and fresh culture media were prepared one day
prior to addition to the DMEM cell culture. Bacteria removed from
the fresh cultures were inoculated into the DMEM culture medium
used in the cell cultures according to the 0.2 McFarland standards.
At the end of each day of the experiment, suspensions of bacteria were added to the Petri dishes containing the macrophages.
They were incubated for 2–3 hours to interact. Afterwards, samples
obtained from each Petri dish were inoculated into the blood agar
placed in a CO2 incubator at 37 °C, and incubated for 24 hours
under both aerobic and anaerobic conditions.
The Macrophages incubated alone in aerobic and anaerobic
conditions and also macrophages interacted with E.coli bacteria
in both conditions were evaluated. The cells obtained from these

cultures were lysed by sonication with a Fisher sonic dismembrator
model 300 device (US) and resulted suspensions were examined.
The HIF-1α levels of the resulted suspensions were examined
with ELISA method (Cell-Based ELISA; R&D Systems, US). The
results were expressed as optical density (OD).
TrxR activity levels were examined with ELISA method (Thioredoxin Reductase (TrxR) Assay Kit; Cayman Chemical Company,
US). The results were expressed as μmol/min/ml.
Statistical analysis
The data analysis was performed using the SPSS for Windows,
version 22 (SPSS Inc., Chicago, IL, United States). The normality
of distribution was tested using the Kolmogorov–Smirnov test, and
parametric or non-parametric tests were used to test data according
to normal or non-normal distributions. Data were expressed as the
mean ± standard deviation. The differences between the anaerobic
and aerobic groups were investigated by independent-samples T
test, One-way ANOVA and Tuckey test. The repeated measures
were investigated by analysis of variance using the general linear
models approach. The value of p < 0.05 was considered statistically significant.
Results
After adding E.Coli to aerobic and anaerobic cultivation media
of macrophages, no bacterial growth was observed within the following 48 hours. On the third day, no bacteria grew in the aerobic
medium while plenty of bacteria (1 x 105 cfu/mL) grew in the anaerobic medium. On the fourth day, 6 x 102cfu/mL bacteria grew
in the aerobic medium and plenty of bacteria (1 x 105 cfu/mL) grew
in the anaerobic medium. On the 5th day, 2 x 103 cfu/mLbacteria

Fig. 1. Bacterial growth, after adding E. coli to anaerobic cultivation media.

Fig. 2. Bacterial growth, after adding E. coli to aerobic cultivation media.
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Tab. 1. HIF-1α* and TrxR activity** levels in the anaerobic and aerobic medium with or without E. coli bacteria.

Hif 1 alfa

Trx R

Culture medium
Aerobic (-Ecoli)
Aerobic (+Ecoli)
Anerobic (-Ecoli)
Anerobic (+Ecoli)
Aerobic (-Ecoli)
Aerobic (+Ecoli)
Anerobic (-Ecoli)
Anerobic (+Ecoli)

n
6
6
6
6
6
6
6
6

Mean
0.042±0.002
0.043±0.003
0.085±0.036
0.094±0.04
0.281±0.001
0.282±0.001
0.289±0.005
0.293±0.007

p
F=6.07
P˂0.005

F=10.03
p˂0.005

Values of P<0.05 were considered significant.
*Data are expressed as mean ± std.deviation, OD.
** Data are expressed as mean ± std.deviation, μmol/min/ml.

With E. coli
0.042±0.002
0.039±0.003
0.039±0.003
0.044±0.009
0.045±0.003
0.046±0.01

p

F=1.113
p˃0.05

Without E. coli
0.039±0.002
0.04±0.003
0.039±0.003
0.044±0.009
0.044±0.009
0.044±0.007

p

F=0.44
p˃0.05

Values of P<0.05 were considered significant.
*Data are expressed as mean ± std.deviation, OD.

Tab. 3. HIF 1 alfa levels* in anerobic medium with and without E.
coli bacteria.
1stday
2ndday
3rd day
4thday
5th day
6thday

With E. coli
0.047±0.002
0.063±0.001
0.077±0.002
0.094±0.001
0.129±0.002
0.155±0.005

p

F=976.3
p˂0.001

Without E. coli
0.045±0.003
0.062±0.002
0.066±0.003
0.081±0.006
0.114±0.003
0.142±0.002

p

F=430
p˂0.001

Values of P<0.05 were considered significant.
*Data are expressed as mean ± std.deviation, OD.

grew in the aerobic medium, while approximately 4 x 103cfu/mLbacteria grew in the anaerobic medium. On the 6th day, plenty of
bacteria (1 x 105 cfu/mL) grew in the aerobic medium, while 6 x
102 cfu/mLbacteria grew in the anaerobic medium (Figs 1 and 2).
The HIF-1α levels of the groups with anaerobic and aerobic
macrophages medium with or without E. coli bacteria were evaluated. A statistically significant difference was found between these
groups in terms of HIF-1α levels (F = 6.07, p < 0.005) (Tab.1).
The TrxR activity levels of the groups with anaerobic and
aerobic macrophages medium with or without E. coli bacteria
were evaluated. A statistically significant difference was found
between these groups in terms of TrxR activity levels (F = 10.03,
p < 0.005) (Tab. I).
The inter-day changes in HIF-1α levels of aerobic macrophages
with and without E.coli bacteria was not found statistically significant (F = 1.113, p > 0.05; F = 0.44, p > 0.05 respectively) (Tab. 2).
The inter-day changes in HIF-1α levels of anaerobic macrophages with and without E. coli bacteria was found statistically significant (F = 976.3, p < 0.001; F = 429, p < 0.001 respectively) (Tab. 3).
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1st day
2nd day
3rd day
4th day
5th day
6th day

With E. coli
0.281±0.001
0.282±0.002
0.281±0.002
0.282±0.001
0.281±0.001
0.282±0.002

p

F = 0.247
p > 0.05

Without E. coli
0.281±0.001
0.28±0.001
0.281±0.001
0.281±0.002
0.282±0.002
0.282±0.001

p

F = 0.627
p > 0.05

Values of p < 0.05 were considered significant.
** Data are expressed as the mean ± std.deviation, μmol/min/ml.

Tab. 5. TrxR activity** levels in anerobic medium with and without
E. coli bacteria.

Tab. 2. HIF 1 alfa levels* in aerobic medium with and without E. coli
bacteria.
1st day
2nd day
3rd day
4th day
5th day
6th day

Tab. 4. TrxR activity levels** in aerobic medium with and without
E. coli bacteria.

1st day
2nd day
3rd day
4th day
5th day
6th day

With E. coli
0.281±0.001
0.288±0.001
0.292±0.002
0.295±0.002
0.299±0.00
0.302±0.002

p

F = 44.88
p< 0.001

Without E. coli
0.282±0.001
0.286±0.002
0.288±0.001
0.290±0.002
0.295±0.002
0.294±0.001

p

F = 232.11
p< 0.005

Values of p < 0.05 were considered significant.
** Data are expressed as the mean ± std.deviation, μmol/min/ml.

The inter-day changes in TrxR activity levels of aerobic macrophages with and without E. coli bacteria was not found statistically significant (F = 0.247, p > 0.05; F = 0.627, p > 0.05 respectively) (Tab. 4).
The inter-day changes in TrxR activity levels of anaerobic
macrophages with and without E. coli bacteria was found statistically significant (F = 44.88, p < 0.001; F = 232.11, p < 0.005
respectively) (Tab. 5).
Discussion
In the recent study, it was seen that the levels of HIF-1α and
TrxR, which play an important role in the oxygen homeostasis of
cells, increases significantly in the macrophages in the anaerobic
medium than in those in the aerobic medium. As it is seen in Figures 1 and 2, after adding E. coli bacteria into the aerobic and anaerobic culture media of macrophages, no bacteria grew within the
first 2 days. From this observation, we concluded that regardless
of the presence of oxygen in the medium, the phagocytic abilities of macrophages were not affected for the first two days. On
the 3rd and 4th days, there was growth in the anaerobic medium,
while there was no growth on3rd day and minimal growth on 4th
day in the aerobic medium. From this observation, we concluded
that the phagocytic ability diminishes in the anaerobic medium
on the 3rd and 4th days. On the 5th and 6th days, there was a
continuous increase in count of bacteria in the aerobic medium,
while a continuous decrease in count of bacteria in the anaerobic
medium, suggesting that the phagocytic power started to increase
in the anaerobic medium on the 5th day.
The TrxR activities and HIF-1α levels in the groups with
anaerobic and aerobic macrophages medium with or without E.
coli bacteria were evaluated. A statistically significant difference
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was found between these groups in terms of TrxR activities and
HIF-1α levels. In our study, we determined a continuous increase
from 1st day to 6th day in the TrxR activities and HIF-1α levels
of the macrophages prepared with E. coli and without E. coli in
the anaerobic medium as compared to those in the aerobic medium (Tabs 1 – 4). The increase in the phagocytic power in the
anaerobic medium starting from 5th day suggested that it could
be caused by the adaptation to anaerobic medium of the macrophages and that the increased levels of HIF-1α and TrxR might
play a role in this adaptation.
The hypoxia develops because of increasing oxygen consumption in the tissues, where bacteria proliferate. In this hypoxic
medium that develops within the bacterial infected tissues, the
macrophages should maintain their phagocytic characteristics,
thus develop adaptation to life. When a macrophage accumulation
occurs in the infected, damaged tissues, by means of HIF 1 and 2
increasing in response to the hypoxy in the environment, transcription factors upregulate and gene expressions change. HIF 1 and 2
consists of alpha subunit and structural beta subunit that could be
induced by an apparent hypoxia. In an adequate oxygen pressure,
alpha subunits degrade in the cytoplasm, whereas they don’t degrade in case of hypoxia, they bind to beta subunit in nucleus and
cause expression of hypoxia-induced genes (3). In the study where
a new pharmacological substance increasing HIF-1 activity was
found and used in vitro, it was stated that HIF-1 activates phagocytosis in the response to bacterial pathogens increasing the immunity response of phagocytes (9). In their study, Peyssonnaux et
al have exposed WT macrophages to pharmacological substances
inducing HIF-1α and have observed intracellular killing of group
A Streptococcus bacteria by WT macrophages with induction by
these agents. In that study bactericidal activity has diminished
in the HIF-1α deficient mice and the restriction of infection’s
spread was considered as poor. In hypoxic micro-environments,
HIF-1α does not only coordinate the change occurring in the glycoltic metabolism, but also the congenital immune response for
bacterial killing. HIF-1α regulates the production of key immune
effector molecules, whose release is stimulated during bacterial
infection such as granule proteases, antimicrobial peptides, nitric
oxide and TNF-α (14).
HIF-1 α also can regulate anaerobic metabolism. HIF-1α helps
to regulate the oxygen homeostasis by inducing glycolysis, regulating glucose uptake, erythropoiesis and angiogenesis (5, 15).
Cell level adaptation to hypoxia and altered glucose metabolism
is a situation that can also be observed in the cancer cells. HIF-1α
controls angiogenesis and metabolism in the cancer cells, upregulates hypoxia-induced genes such as vascular endothelial growth
factor (VEGF) and promotes tumor cell survival under hypoxic
conditions. In the immunohistochemical study on gastric adenocarcinoma, increased HIF-1α level has shown a significant correlation with p53 and VEGF protein expression (16).
It has been reported in a number of studies that the stabilization
of HIF-1α and the activation of related genes can be regulated by
Trx molecule (17, 18). In the study conducted under normoxic and
hypoxic conditions on the cell cultures of human MCF-7 breast
cancer, human HT-29 colon cancer and mouse WEHI7.2 lym-

phoma cell lines, when HIF-1α protein levels, VEGF production
and tumor angiogenesis in the cell cultures transfected with Trx
were compared with wild-type or empty vector-transfected cells,
an increase in the HIF-1α protein level was observed. HIF-1α level
or activity can be controlled by Trx redox system activity. On the
other hand, it has not been clarified how this redox activity affects
the HIF-1α signalization paths, regulates hypoxic response and by
means of which mechanisms affects HIF-1α function (19). It has
been demonstrated that overproduction of the TrxR significantly
increases HIF-1 α both under normoxic and hypoxic conditions
(7). In this study, the TrxR activity level, which is a component
of the Trx redox activity, was evaluated and it was a restriction of
our study that we couldn’t evaluate the Trx level.
Several redox-based systems might play regulatory roles in
macrophage activation. On the other hand, it has not been clarified, how they affect specific macrophage functions (20, 21). The
Trx/TrxR redox system have important biochemical roles such as,
in cytoprotection, cell proliferation, angiogenesis and regulation
of cell death (22).
Isakovet al. in their study have reported that as an adaptive
immune response to infectious agents, the macrophage activity is
regulated by means of cellular signals. In this study, it was stated
that, by inhibition of the TrxR by means of auranofin in macrophage cell cultures, the activation of NLRP3 / IL-1β signal pathway is suppressed causing anti-inflammatory impacts (23). In this
study, we evaluated the TrxR activities found as increased in the
anaerobic medium as compared to aerobic medium. In addition,
this TrxR activities found an increase after adding E. coli to these
mediums. We suggest that by increase of macrophage TrxR level
with addition of bacteria into the cell culture, the inflammation is
attempted to be limited in the anaerobic medium.
After a literature scan, it was seen that there were few studies
that deals with the evaluation of the levels of HIF-1α and TrxR
activity in macrophage cell cultures. Consequently, we suggest
that, thanks to their ability of increasing phagocytic cell activity, level of HIF-1α and TrxR activity increasing as the result of
hypoxia developing in the bacterial infected tissue can be a new
therapeutic target for increasing host defense.
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