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ABSTRACT
Introduction: Diabetes mellitus is known as one of the risk
factors for Idiopathic Pulmonary Fibrosis (IPF) development.
Recently, metformin, the commonly used antidiabetic
medication, is reported to have a therapeutic effect in IPF.
However, the benefit of metformin therapy in IPF is still
controversial. The study aims to investigate the metformin
effect on the fibroblast and macrophage co-culture under
lipopolysaccharides (LPS) and high glucose treatment. 

Method: The NIH 3T3 and RAW 264.7 co-culture were
induced with LPS and high glucose before it was treated
with metformin in different concentration. After 24 hours of
treatment, the media and the cells were collected for further
examination. The collagen expression was measured using
Sirius red dye in the media. The IL-6 and TGF β mRNA
examination were done using real-time PCR. 

Result: Our study showed that NIH 3T3 and RAW 264.7 co-
culture treated with metformin has higher collagen
expression, but lower IL-6 mRNA expression compares to
those on co-culture without treatment. 

Conclusion: Metformin increases fibrosis markers in LPS
and high glucose-induced NIH 3T3 and RAW 264.7 co-
culture despite its ability to improve IL-6 mRNA expression.
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INTRODUCTION
Uncontrolled diabetes mellitus (DM) is a well-known risk
factor for organ damage such as diabetic nephropathy.1

peripheral arterial disease,2 aortic fibrosis,3 including lung
damage.4 A clinical and experimental study by Talakatta et
al., showed that uncontrolled DM induces inflammation and
fibrosis in the lung via TGF-β1- SMAD7 pathway.4 Clinical
study revealed that idiopathic Pulmonary Fibrosis (IPF) is
commonly found in DM patients.5 Therefore, DM is
considered to be one of the risk factors of IPF development.6

Metformin, the first-line anti-diabetic medication, has been
widely used to control blood glucose concentration in diabetic
patients. The mechanism of metformin in controlling blood

glucose concentration is by inhibiting liver gluconeogenesis
and improving glucose by increased tissue sensitivity towards
insulin. However, other than in DM, metformin is also known
to have several therapeutics actions such as in cancer,7 and
cardiovascular diseases.8 Pre-clinical study in bleomycin
induced lung fibrosis mice model showed that metformin can
reverse established lung fibrosis.9 Interestingly, post hoc
analysis data from phase-3 clinical studies of Pirferidone
treatment in IPF patient revealed that metformin does not
affect the clinical outcomes in IPF patients.10

In this study, we aimed to investigate the effect of metformin
in lipopolysaccharide (LPS) and high glucose-induced 3T3-
NIH and RAW 264.7 cell co-culture to mimic diabetic and
inflammatory condition. 

MATeRIALS AND MeTHODS
Direct-coculture cells RAW264.7 macrophages and NIH3T3
fibroblast cells
The study was conducted using direct co-culture of NIH 3T3
and RAW 264.7 cells. Both NIH 3T3 (ATCC® CRL-1658) and
RAW264.7 (ATCC® TIB-71) cells were kindly provided by
Prof. Tzhou Chi Huang from the Department of Food and
Science, National Pingtung University Science and
Technology, Taiwan. The cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) complete media containing
10% FBS and 2% penicillin-streptomycin and incubated in a
5% CO2 incubator. The co-culture model was conducted by
culturing both RAW264.7 macrophage cells and NIH3T3
fibroblast cell in 6 wells micro-plate. The direct co-culture
model was incubated for 48 hours in a culture medium
containing LPS 0.25ug/mL, D-glucose 5400µg/mL.
Monoculture of NIH 3T3 was used for negative control. After
24 hours of incubation, metformin was added to the co-
culture at a concentration of 75µg/ml, 150µg/ml and
300µg/ml. Metformin was given for 24 hours. The cells and
the media were harvested for further examination.

Extraction and measurement of collagen levels in culture media
Collagen secretion was measured in culture media using
Sirius red dye. Collagen was extracted from the media using
polyethylene glycol 400 (PEG 400) and dissolved using acetic
acid 0.1 M. Sirius red dye was added to stain the collagen. As
a positive control, collagen standard (Collagen type-1 from
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rat tail, SIGMA) was used. The colour formed after Sirius red
addition was measured using ELISA reader at 550nm
wavelength. Collagen concentration was calculated by using
linear regression of standard collagen data.

Quantitative Polymerase Chain Reaction (qPCR)
Total RNA was isolated using Tri-RNA reagent (Favorgen,
Taiwan). The RNA concentration was measured using
Nanovue (GE Healthcare Life Science). The RNA was reverted
into cDNA by using a cDNA synthesis kit (SMOBIO®)
reagent. The real-time PCR was conducted by using a two-
step Real-time PCR kit (SMOBIO®) in a C1000 Thermal cycler
CFX96TM Real-Time System (Biorad®). Table I shows the
primer used in this study.

The PCR condition was 95°C for 1 minute, 95°C for 30
seconds, annealing 62°C (GAPDH, IL-6); 55.3°C (GAPDH-
TGF-β) for 30 seconds. The mRNA expression was calculated
using delta-delta Ct formula. 

Statistical analysis
Data are presented as mean ± standard error of the mean
(SEM). Statistical analysis was carried out using One-Way
ANOVA followed by a post-hoc test, with a value of p<0.05
considered as statistically significant.

ReSULTS
Metformin inhibits IL-6 mRNA expression in LPS and high glucose-
induced NIH 3T3-RAW 264.7 cell co-culture
To investigate the metformin impact on inflammation, we
cocultured NIH 3T3 and RAW 264.7 cells and induced them
with LPS and high glucose medium. Our result showed that
LPS and high glucose-induced NIH 3T3-RAW 264.7 co-culture
showed higher IL-6 mRNA expression compare those on NIH
3T3 monoculture. Metformin treatment at 300µg/mL on NIH
3T3-RAW 264.7 co-culture showed lower expression of mRNA
IL-6 compares those on untreated co-culture. Figure 1 shows
the expression of IL-6 mRNA on NIH 3T3-RAW 264.7 cell co-
culture. 

Metformin does not improve TGF � mRNA expression in LPS and
high glucose-induced NIH 3T3-RAW 264.7 cell co-culture
Metformin treatment at 300µg/mL showed higher TGF β
mRNA expression in LPS and high glucose-induced NIH 3T3-
RAW 264.7 cell co-culture compare to those on NIH 3T3
mono-culture. However, metformin treatment does not have
an impact on TGF β mRNA expression on LPS and high
glucose-induced NIH 3T3-RAW 264.7 cell co-culture. Figure 2
shows the expression of TGF β mRNA on NIH 3T3-RAW 264.7
co-culture.

Table I: List of Primer used in this study

Gene name Forward primer Reverse primer
IL-6 5’-ACTGATGCTGGTGACAACCACG-3 5’- AGCCTCCGACTTGTGAAGTGG-3
TGF-β 5 ‘-TTCCGCTGCTACTGCAAGTCA-3 ’ 5’-GGGTAGCGATCGAGTGTCCA-3’
GAPDH 5 ‘-TGTGTCCGTCGTGGATCTGA-3’ 5 ‘-TTGCTGTTGAAGTCGCAGGAG-3’ 

Fig. 1: The expression of IL-6 mRNA on LPS and high glucose-
induced NIH 3T3-RAW 264.7 cell co-culture. Data are
presented as mean ± SEM. Statistical significance: *P <0.05 vs
monoculture; #P <0.05 vs. untreated co-culture of NIH 3T3-
RAW 264.7.

Fig. 2: The expression of TGF β mRNA on LPS and high glucose-
induced NIH 3T3-RAW 264.7 cell co-culture. Data are
presented as mean ± SEM. Statistical significance: *P <0.05 vs
monoculture; #P <0.05 vs. untreated co-culture of NIH 3T3-
RAW 264.7.
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Metformin increases collagen secretion in LPS and high glucose-
induced NIH 3T3-RAW 264.7 cell co-culture
Collagen secretion is markedly higher in LPS-High glucose-
induced NIH 3T3-RAW 264.7 co-culture compare to those on
NIH 3T3 monoculture. Metformin treatment in the co-culture
showed higher collagen secretion compare to those on
untreated co-culture. Figure 3 shows the collagen secretion in
LPS and high glucose-induced NIH 3T3-RAW 264.7 co-
culture.

DISCUSSION
Diabetes mellitus has been known as a risk factor for IPF. A
clinical study in the diabetic patient showed reduced lung
vital capacity and total lung capacity.11 Meanwhile,
preclinical study in human peritoneal mesothelium cell
(HPMC) showed that high glucose treatment-induced
epithelial to mesenchymal transition (EMT) through
downregulation of hepatocyte growth factor and bone
morphogenic protein expression.12 Study on diabetic alveolar
epithelial cell (AEC) induced by high glucose showed that
under high glucose treatment the AEC maintains their
mesenchymal morphology. Meanwhile, diabetic AEC treated
with low glucose showed the transformation of AEC
morphology into epithelial morphology.4 

In our study LPS and high glucose treated fibroblast-
macrophage co-culture showed higher expression of IL-6
mRNA, TGF βmRNA and collagen secretion compare to those
on fibroblast monoculture. The LPS and high glucose
treatment could induce inflammation in the co-culture of
NIH 3T3 and RAW 264.7 cells. The LPS and high glucose
treatment in the co-culture also induce fibrotic changes in the
co-culture shown as the marked increase of TGF β mRNA and
collagen secretion in co-culture media. The treatment of
metformin in LPS and high glucose-induced NIH 3T3-RAW
264.7 co-culture showed that metformin induces collagen
secretion despite the depressed expression of IL-6 mRNA
expression in the co-culture. Based on this finding, we suggest
that the increase of collagen expression in LPS and high
glucose-induced NIH 3T3-RAW 264.7 co-culture is not
associated with IL-6. 

Metformin is one of the most important DM medication from
biguanide family. Metformin improves insulin resistance,
decreases hepatic gluconeogenesis, and increase peripheral
glucose uptake.13 Interestingly, preclinical and clinical studies
have shown other potential benefits of metformin, not only
controlling blood glucose but also preventing complication of
DM such as cardiovascular disease.14-16 The cardio-protective
mechanism of metformin is unlikely related to its effects on
controlling blood glucose concentration.17 In addition to
hyperglycaemia, inflammation has been known as an
important contributing factor to the development of
cardiovascular disease in diabetes.18,19 Previous studies on
primary hepatocytes showed that metformin inhibits
degradation of NF-κB negative regulator. The study also
showed that metformin at 2mmol/L, equal with 258.32
µg/mL, inhibits pro-inflammatory cytokines IL-6, IL-1β, and
CXCL1/2.20 Our result also showed that metformin 300µg /mL
can prevent the expression of the inflammatory cytokines, IL-
6, in co-culture of NIH 3T3-RAW 264.7. Interestingly, our
results showed that metformin at the same concentration
that shows anti-inflammatory effect also showed fibrotic
effect marked by the higher collagen secretion. Previous in
vitro studies showed that metformin antifibrotic effects
appear on a high concentration of metformin. Metformin
showed antifibrotic activity in hypertrophied adipocyte at
5mM, equal with 645.8µg/mL.21 In vitro study on TGF-β
induced fibrogenesis in primary lung fibroblast showed that
metformin could prevent fibrogenic differentiation of the
fibroblast at 5mM.22 Based on these results, we suggest that
the antifibrotic effect of metformin appear in higher
concentration than the concentration that shows anti-
inflammatory effect. However, it must be noted that in
human, the maximum concentration (Cmax) of metformin
in the blood after one dose of 500 mg metformin is much
lower than the concentration used in in vitro study. Study of
different formulation of metformin showed that metformin C
max after consumption of 500mg metformin was
approximately 1200ng/mL or 1,1µg/mL.23 Other studies of
metformin pharmacokinetic also showed that metformin C
max after taking 500mg metformin was 2.1µg/mL.24 The
difference in metformin concentration between pre-clinical
and clinical setting might explain the finding in the clinical
setting that metformin did not improve clinical symptoms in
IPF patient.

Fig. 3: The expression of collagen secretion on LPS and high
glucose-induced NIH 3T3-RAW 264.7 cell co-culture. Data are
presented as mean ± SEM. Statistical significance: *P <0.05 vs
monoculture; #P <0.05 vs untreated co-culture of NIH 3T3-
RAW 264.7.
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CONCLUSION
Metformin can enhance fibrogenic differentiation despite its
anti-inflammatory effect. However, to translate this finding
in the clinical setting more study regarding metformin
concentration needs to be done to find the optimal
concentration to be able to prevent fibrosis and
inflammation.
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