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Fibroblasts are ubiquitous and their major function is to 

maintain organ integrity and remodeling by producing, de-

grading and reproducing extracellular matrix (ECM) com-

ponents1, 2. Besides the above main function, under certain 

conditions fibroblasts are able to produce various cytokines 

and thus to interfere with immune system function3. 

From a teleological point of view, their ubiquitous 

position makes fibroblasts appropriate cells for sensing 

various noxious stimuli and for attracting immune cells 

in the affected area contributing to the initiation of the 

inflammatory response that is invariably developed in 

any case of tissue damage. In order to accomplish this 

sentinel function fibroblasts are armored with receptors 

that recognize both pathogen associated molecular pat-

terns (PAMPs) and damage associated molecular patterns 

(DAMPs)4-6. 

During the inflammatory process fibroblasts produce 

matrix metalloproteinases (MMPs), which among other 

functions degrade ECM thus making the invasion of im-

mune cells to the damaged area easier. The above process 

is tightly regulated by the production of tissue inhibitors 

of MMPs (TIMPs) that bind to the catalytic site of acti-

vated MMPs and inhibit their action7. After the elimina-

tion of the noxious agent by the immune cells, fibroblasts 
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produce the ECM that is necessary for tissue repair, which 

in mammals includes various degree of fibrosis1,2.

In the present study the effect of two different and 

common in clinical practice noxious stimuli on the above 

described fibroblasts functions were evaluated in primary 

human dermal fibroblasts cultures. Lipopolysaccharide 

(LPS) was used for examining the effect of infection8, 

whereas cobalt chloride (CoCl
2
) for imitating hypoxia9, 

10. The effect of the above factors on fibroblast viabil-

ity and proliferation was assessed. Collagen, MMP-1/

collagenase-1 and its inhibitor TIMP-1 and transform-

ing growth factor-β1 (TGF-β1), a key inducer of ECM 

production1,2,11,12, were measured for evaluating the effect 

of the above stimuli on ECM turnover. The chemokines 

interleukin-8 (IL-8)/CXCL8 and macrophage chemoat-

tractant protein-1 (MCP-1)/CCL2, which attract mainly 

neutrophils and monocytes/macrophages respectively13-

19, were measured in order to examine the effect of in-

fection and hypoxia on the sentinel function of the fi-

broblasts. The transcription factors hypoxia inducible 

factor-1α (HIF-1α) and the phosphorylated p65 portion 

of nuclear factor kappa-light-chain-enhancer of activat-

ed B cells (p-NF-κB) were assessed in order to confirm 

the reliability of the performed experiments20-24. Finally, 
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because of the pivotal role that TGF-β1 plays in fibrosis 

process1,2,11,12, this cytokine was also measured in periph-

eral blood mononuclear cell (PBMC) culture superna-

tants, since monocyte derived macrophages are known 

potent TGF-β1 producers12,25. 

Methods

Fibroblasts cell culture conditions

Primary human dermal fibroblasts derived from a 

34 years old healthy female volunteer were purchased 

by American Type Culture Collection, (Manassas, VA). 

Fibroblasts were cultured in fibroblast basal medium 

(American Type Culture Collection) supplemented with 

fibroblast growth-kit-serum free (American Type Culture 

Collection) for achieving a final concentration of L-glu-

tamine 7.5 mM, hydrocortisone 1 μg/ml, hemisuccinate 

1μg/ml, linoleic acid 0.6μM, lecithin 0.6 μg/ml, recombi-

nant (rh) fibroblast growth factor-β (FGF-β) 5 ng/ml, rh 

epidermal growth factor (EGF) 5 ng/ml, rh TGF-β1 30pg/

ml, rh insulin 5 μg/ml, and ascorbic acid 50 μg/ml. Strep-

tomycin, penicillin and amphotericin B at concentrations 

of 100 μg/ml, 100 U/ml and 0.25 μg/ml respectively were 

added for preventing contamination (antibiotic antimy-

cotic solution, Sigma-Aldrich, St. Louis, MO). Fibro-

blasts were cultured under sterile conditions at 370C in 

a humidified atmosphere containing 5% CO
2
. After two 

passages fibroblasts were detached with a trypsin-EDTA 

solution (Sigma-Aldrich), washed and counted by optical 

microscopy on a Neubauer plaque. Cell viability was as-

sessed by trypan blue assay (Sigma-Aldrich).

Assessment of fibroblast proliferation and viability

For assessing fibroblast proliferation and viability, 

fibroblasts were plated in 96-well plates, at a number of 

10000 cells per well and incubated for 72 h with or with-

out LPS (Sigma-Aldrich) at a concentration of 200 ng/

ml or CoCl
2
 (Sigma-Aldrich) at a concentration of 100 

μM. The above concentrations of LPS and CoCl
2
 were 

chosen in accordance to the concentrations used in the 

literature8-10.

Fibroblast proliferation and viability were assessed 

by measuring colorimetrically the cleavage of the XTT, 

a yellow tetrazolium salt, to the orange formazan dye via 

the succinate-tetrazolium reductase system in the mito-

chondria of metabolically active cells. For this propose 

the TACS XTT cell proliferation assay kit (Trevigen, 

Gaithersburg, MD) was used according to the manufac-

turer’s instructions. 

All these experiments were performed in triplicates 

and the results refer to the mean of the three measure-

ments. 

Assessment of collagen, MMP-1, TIMP-1, TGF-β1, IL-8 

and MCP-1 in fibroblasts culture supernatant

In order to assess various substances in the cell cul-

ture supernatant, fibroblasts were plated in 6-well plates, 

at a number of 200000 cells per well and incubated for 72 

h with or without LPS (Sigma-Aldrich) at a concentration 

of 200 ng/ml or CoCl
2
 (Sigma-Aldrich) at a concentration 

of 100 μM. The above concentrations of LPS and CoCl
2
 

were chosen in accordance to the concentrations used in 

the literature8-10. Fibroblasts supernatants were stored at 

-800C.

Collagen was measured in fibroblasts culture super-

natant colorimetrically with a collagen assay kit (Quick-

Zyme BioSciences, Leiden, The Netherlands). This col-

lagen assay is based on the binding of the dye sirius red to 

collagen. Following binding of the dye, the collagen-dye 

complex precipitates, resulting in a colored pellet. This 

color can be released in an alkaline solution and mea-

sured. Human TGF-β1, pro-MMP-1, TIMP-1and MCP-1 

were measured in fibroblasts culture supernatant by 

means of Quantikine ELISA kits (R&D Systems, Min-

neapolis, MN). Human IL-8 was also measured in fibro-

blasts culture supernatant by means of ELISA (Diaclone, 

Besancon, France). 

All these experiments were performed in triplicates 

and the results refer to the mean of the three measure-

ments. 

Assessment of HIF-1α and p-NF-κB in fibroblasts

For assessing the transcription factors HIF-1α and 

p-NF-κB, fibroblasts were plated in 6-well plates, at a 

number of 200000 cells per well and incubated for 72 h 

with or without LPS (Sigma-Aldrich) at a concentration 

of 200 ng/ml or CoCl
2
 (Sigma-Aldrich) at a concentration 

of 100 μM. The above concentrations of LPS and CoCl
2
 

were chosen in accordance to the concentrations used in 

the literature8-10. 

Proteins were extracted from fibroblasts pellet by using 

a denaturing cell extraction buffer (Invitrogen, Camarillo, 

CA) supplemented with a protease inhibitor cocktail con-

taining aprotinin, leupeptin, ethylenediaminetetraacetic 

acid disodium salt, 4-(2-aminoethyl) benzenesulfonyl flu-

oride hydrochloride, bestatin hydrochloride and N-(trans-

epoxysuccinyl)-L-leucine 4-guanidinobutylamide (Sigma-

Aldrich) as well as 1mM phenyl-methyl-sulfonyl-fluoride 

(Sigma-Aldrich) and 1mM of the phosphatase inhibitor 

sodium orthovanadate (Sigma-Aldrich). After assessment 

of protein concentration with the Bradford assay (Sigma-

Aldrich), samples were stored at -800C.

HIF-1α was measured quantitatively in the fibroblasts 

protein extracts by means of the Surveyor intracellular hu-

man/mouse total HIF-1α immunoassay ELISA kit (R&D 

Systems), whereas p-NF-κB was measured semi-quanti-

tatively by means of the PathScan phospho-NF-κB p65 

(Ser536) sandwich ELISA Kit (CellSignalling Technol-

ogy, Danvers, MA). The results were normalized to total 

protein concentration obtained by the Bradford assay.

All these experiments were performed in triplicates 

and the results refer to the mean of the three measure-

ments. 

Assessment of TGF-β1 in PBMC culture supernatants

Because of the pivotal role that TGF-β1 plays in fi-

brosis process, this cytokine was also measured in PBMC 
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culture supernatants, since monocyte derived macrophag-

es have a major contribution to TGF-β1 production at 

the site of inflammation12,25. Blood was drawn from 10 

healthy volunteers (5 males, mean age 40.3±9.36 years). 

An informed consent was obtained from each individual 

enrolled into the study and the hospital ethics commit-

tee gave its approval to the study protocol. PBMC were 

obtained by a Ficoll-Hypaque (Histopaque-1077, Sigma-

Aldrich) gradient density centrifugation. The interface 

was collected, washed with RPMI-1640 (Gibco, Grand 

Island, NY) and PBMC number was counted by optical 

microscopy on a Neubauer plaque. Cell viability was as-

sessed by trypan blue assay (Sigma-Aldrich).

PBMC were plated in 24 well plates, at a number of 

1x106 cells per well. The used culture media was RP-

MI-1640 (Gibco) supplemented with 10% fetal bovine 

serum (Gibco) and antibiotics (penicillin 100 U/ml and 

streptomycin 100 µg/ml). Cultures were incubated for 48 

hours at 370C in a humidified atmosphere containing 5% 

CO
2
, with or without LPS at a concentration of 200 ng/

ml. PBMC supernatants were stored at -800C. Human 

TGF-β1was measured by means of a Quantikine ELISA 

kit (R&D Systems). 

The normal distribution of the variable (TGF-β1) 

was evaluated and finally confirmed using the one-sam-

ple Kolmogorov-Smirnov test. Paired t-test was used 

for comparison of means. Results were expressed as 

mean±SD and were considered as statistically significant 

when p<0.05. 

Results

Fibroblast proliferation and viability

XTT cell proliferation assay showed that neither LPS 

nor CoCl
2
 affected significantly fibroblasts proliferation 

and viability. Compared to untreated fibroblasts, LPS de-

creased proliferation and viability only by 2%, whereas 

CoCl
2
 increased it only by 15% (Table 1). 

Collagen, MMP-1, TIMP-1, TGF-β1, IL-8 and 

MCP-1 in fibroblasts culture supernatant

Collagen production was considerably decreased by 

both LPS and CoCl
2
. Compared to untreated fibroblasts, 

LPS decreased collagen production by 34.3%, from 10.67 

mg/ml to 7.01 mg/ml. Similarly, CoCl
2
 decreased colla-

gen concentration by 41.71%, to 6.22 mg/ml (Table 1).

Compared to untreated fibroblasts, LPS increased 

MMP-1 by 20.23%, from 19.33 ng/ml to 23.24 ng/ml. 

On the contrary, CoCl
2
 decreased MMP-1 by 29.9%, to 

13.55 ng/ml. Although not to a great extend, both agents 

decreased TIMP-1. LPS decreased TIMP-1 by 10.1%, 

from 259 ng/ml in untreated fibroblasts to 232.8 ng/ml. 

CoCl
2
 decreased TIMP-1 by 19%, to 209.8 ng/ml. Re-

garding the MMP-1 to TIMP-1 ratio, CoCl
2
 had a minor 

effect since it decreased it only by 14.29%, from 0.07 

to 0.06. The effect of LPS on MMP-1 to TIMP-1 ratio 

was noteworthy since LPS increased it by 42.86%, to 0.1 

(Table 1). 

Both LPS and CoCl
2
 had a minor effect on TGF-

β1production. LPS increased TGF-β1 only by 13.04%, 

from 0.69 ng/ml in untreated fibroblast to 0.78 ng/ml. 

Similarly, CoCl
2
 increased TGF-β1 concentration only 

by 7.25%, to 0.74 ng/ml (Table 1). 

Both LPS and CoCl
2
 induced IL-8 production signifi-

cantly. LPS increased IL-8 concentration by 161.12%, 

from 913 pg/ml in untreated fibroblasts to 2384 pg/ml. 

Similarly, CoCl
2
 increased IL-8 production by 159.58%, 

to 2370 pg/ml (Table 1).

Regarding the other evaluated chemokine, LPS and 

CoCl
2
 affected MCP-1 production considerably but in 

the opposite direction. LPS increased MCP-1 production 

by 167.85%, from 117.9 pg/ml in untreated fibroblasts to 

315.8 pg/ml. On the contrary, CoCl
2
 decreased MCP-1 

concentration by 41.32%, to 69.18 pg/ml (Table 1).

HIF-1α and p-NF-κB in fibroblasts protein extracts

HIF-1α was undetected in untreated fibroblasts. In 

Table 1: The effect of lipopolysaccharide and cobalt chloride on the evaluated factors.

Control LPS (% change) CoCl
2
(% change)

XTT (O.D.) 100 98 (-2%) 115 (+15%)

Collagen (mg/ml) 10.67 7.01 (-34.3%) 6.22 (-41.71%)

TGF-β1 (ng/ml) 0.69 0.78 (+13.04%) 0.74 (+7.25%)

MMP-1 (ng/ml) 19.33 23.24 (+20.23%) 13.55 (-29.9%)

TIMP-1 (ng/ml) 259 232.8 (-10.1%) 209.8 (-19%)

MMP-1:TIMP-1 0.07 0.1 (+42.86%) 0.06 (-14.29%)

IL-8 (pg/ml) 913 2384 (+161.12%) 2370 (+159.58%)

MCP-1 (pg/ml) 117.9 315.8 (+167.85%) 69.18 (-41.32%)

pNFκB (O.D. per mg/ml of protein) 1.1 1.64 (+49.09%) 1.14 (+3.64%)

HIF-1α (pg per mg/ml of protein) 0 23.33 79.18 

TGF-β1 in PBMC (ng/ml) 31.21±5.41 30.81±6.47

XTT: fibroblasts proliferation and viability, TGF-β1: transforming growth factor-β1, MMP-1: matrix metalloproteinase-1, TIMP-1: tissue 

inhibitor of metalloproteinases-1, IL-8: interleukin-8 (IL-8), MCP-1: macrophage chemoattractant protein-1, HIF-1α: hypoxia inducible factor-

1α and pNFκB: phosphorylated p65 portion of NF-κB
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LPS treated fibroblasts, HIF-1α was 23.33 pg per mg/ml 

of total protein. CoCl
2
 further increased HIF-1α to 79.18 

pg per mg/ml of total protein (Table 1).

Regarding p-NF-κB, semi-quantitative measure-

ment revealed that CoCl
2
 did not affect its levels since 

it increased optical density at 450 nm absorption only by 

3.64%, from 1.1 per mg/ml of total protein in untreated 

fibroblasts to 1.14 per mg/ml of total protein. On the con-

trary, LPS increased p-NF-κB by 49.09%, to an optical 

density of 1.64 per mg/ml of total protein (Table 1).

TGF-β1 in PBMC culture supernatants

TGF-β1 concentration was high in the supernatant of 

untreated PBMC, and LPS did not alter significantly its 

levels. In untreated PBMC TGF-β1 concentration was 

31.21±5.41 ng/ml, whereas in LPS treated PBMC was 

30.81±6.47 ng/ml (p=0.565, paired t-test). Importantly, 

compared toTGF-β1 concentration in fibroblasts culture 

supernatants, TGF-β1 concentration in PBMC culture su-

pernatants was higher by almost 45 times (Table 1). 

Discussion

In the present study the effect of LPS, which is bacte-

rial derived and a potent stimulator of the PAMP receptor 

TLR4 8, as well as of CoCl
2
, which imitates hypoxia9, 

10, on both the classical related to ECM production and 

the hypothesized sentinel function of the fibroblasts was 

evaluated in primary human dermal fibroblasts culture. 

Fibroblasts are ubiquitous and equipped with receptors 

for both PAMPs and DAPMs and consequently are ideal 

cells for playing a sentinel role throughout the body4-6. 

If they could recognize the presence of noxious agents in 

the area of their residency then it would be quite useful to 

produce various chemokines for attracting immune cells 

in order to eliminate the noxious agents. 

We evaluated the levels of the transcription factors 

p-NF-κB and HIF-1α in order to confirm the reliability 

of the performed experiments. CoCl
2
 did not affect p-NF-

κB levels, which were considerably elevated in the case 

of fibroblasts treatment with LPS. This confirmed that 

regarding to the LPS treatment our experimental system 

worked properly, since phosphorylation of the p65 por-

tion of the transcription factor NF-κB is a downstream 

event of the TLR4 signal transduction pathway23,24. Inter-

estingly, it is known that NF-κB activation is required for 

MMP-1, IL-8 and MCP-1 production by human synovial 

fibroblasts, but not for TIMP-1 production26-29. 

In untreated fibroblasts HIF-1α, was undetectable. 

On the contrary, CoCl
2
 increased its levels considerably, 

which confirmed that the performed experiments worked 

properly, because HIF-1α is known to be stabilized un-

der hypoxic conditions20-22. LPS also increased HIF-1α 

levels but to a much lesser extent. This increase in HIF-

1α levels in LPS treated fibroblasts could be attributed 

to the interaction between the two transcription factors30. 

For example it is established that NF-κB increases HIF-

1α gene transcription31,32. Interestingly, it is known that 

HIF-1α induces IL-8 and MMP-1 production in human 

synovial fibroblast33,34. On the contrary, hypoxia inhibits 

TIMP-1 expression by the above cells34. There is contro-

versy about the effect of hypoxia on MCP-1 production 

by human fibroblasts, some support that it increases it35 

and others support the opposite36. 

As shown by the XTT cell proliferation and viability 

assay, both LPS and CoCl
2
 did not affect significantly the 

number of metabolically active primary fibroblasts after 72 

h of culture. Thus it seems that these cells are quite resistant 

to the above noxious stimuli, which can induce apoptosis37,38. 

This makes fibroblasts available and thus suitable for orches-

trating the tissue response to injury, i.e. for affecting both the 

inflammatory and the repair processes.

Both LPS and CoCl
2
 decreased collagen levels almost 

to the same degree. Because collagen is the major ECM 

component produced by the fibroblasts1,2, it could be as-

sumed that both agents are able to diminish this classi-

cal function of the fibroblasts, at least in the absence of 

the interplay with other cell types, like in the cell culture 

system used. The MMP-1 to TIMP-1 ratio was slightly 

decreased in the CoCl
2
 treated cells, which means that 

the reduced levels of collagen in this case were due to 

decreased production. On the contrary the MMP-1 to 

TIMP-1 ratio was significantly increased in LPS treated 

fibroblasts, which means that in this case the reduced col-

lagen levels could be the result of decreased production 

and of increased degradation as well7,39. Regarding the 

inflammation process, increased degradation of collagen 

induced by the LPS makes the invasion of the immune 

cells to the area easier. 

The fact that TGF-β1 production was not increased 

either by LPS or by CoCl
2
 was unexpected, but it could 

contribute to the relatively low levels of collagen found 

in our experiments, since this cytokine is the major driv-

ing force for collagen production by the fibroblast1,2,11,12. 

TGF-β1 levels are generally high in the areas of tissue 

injury, for example in a wound, contributing in the tis-

sue repair process12,40. Also TGF-β1 can induce its own 

production by the fibroblast forming a positive feedback 

loop2,25,41. The absence of the interplay between fibrob-

last and other cell types could explain our results. TGF-

β1 concentration in fibroblasts cell culture supernatants 

was low, and much lesser than the concentrations used 

in in vitro studies for induction of collagen production 

by fibroblasts42. It seems that higher concentrations of 

TGF-β1 are required for the beginning of the previous de-

scribed positive feedback loop. In real life such rich TGF-

β1 sources could be other cell types, like the monocyte 

derived macrophages. These cells invade to the injured 

area and are known potent TGF-β1 producers12,25. 

In order to check this hypothesis, PBMC were iso-

lated from 10 healthy volunteers and cultured under basal 

conditions or LPS stimulation. Interestingly, LPS did not 

induce further TGF-β1 production by PBMC, which is 

in accordance with other studies43,44. However, the TGF-

β1 concentrations were high in both instances, almost by 

45 times higher when compared with the concentrations 

found in fibroblast culture supernatants. Thus, macro-

phages attracted to the injured area could offer the trigger 
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for additional TGF-β1production by the fibroblast and for 

the beginning of the tissue repair process, which in mam-

mals inevitably includes various degrees of fibrosis1,2.

But did the resident fibroblasts play a role in the im-

mune cells attraction to the injured area? Our results 

confirmed that both LPS and CoCl2 are strong inducers 

of IL-8 production by the fibroblasts. This chemokine is 

a potent attractor for neutrophils13-15. Additionally, IL-8 

activates the neutrophils45. Thus under both infectious 

and hypoxic conditions fibroblasts can serve as sentinel 

cells by attracting neutrophils in the affected area. How-

ever, regarding the MCP-1 chemokine, which is a potent 

attractor for monocytes/macrophages and to a lesser 

extend for T-lymphocytes and mast cells16-19, LPS and 

CoCl2 had significant but opposite effect. LPS increased 

MCP-1 production by the fibroblast, whereas CoCl2 de-

creased MCP-1 production by the fibroblasts. One could 

assume that in case of an infectious injury regional fi-

broblasts attract macrophages in the area, which in turn 

contribute to the elimination of the noxious agent, and to 

the repair process through the offer of large quantities of 

TGF-β1 that induces ECM production by the fibroblast. 

On the contrary, in case of a hypoxic injury, the attrac-

tion of the macrophages to the affected area is less potent, 

a fact that disturbs the clearance of the necrotic due to 

hypoxia resident cells by the macrophages and the tis-

sue repair process, while it increases the susceptibility to 

infections. Interestingly, treatment with neutralizing anti-

MCP-1 antibodies reduces the number of macrophages at 

wound site19, and wound healing is impaired in MCP-1 

knock-out mice46, which are in accordance with our hy-

pothesis. Also the derived from the present study data, 

could explain to some extend the known from the clinical 

practice impaired resolution of inflammation and tissue 

repair in areas of hypoxia, like in lower extremity ulcers 

due to peripheral artery disease or diabetic microvascular 

dysfunction47,48.

In conclusion, the present study showed that LPS and 

CoCl
2
 have a minor effect on fibrosis related factors in hu-

man primary fibroblasts, possibly due to the absence of 

interplay with other cell types in the used experimental 

system. On the contrary both LPS and CoCl
2
 induce a sen-

tinel, nevertheless not identical, phenotype in primary hu-

man fibroblasts. The last disparity could result in different 

body response to infectious or hypoxic noxious stimuli. 
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