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Abstract
Tetracyclines (TCN) have powerful anti-inflammatory properties in addition to their anti-
microbial effects. These anti-inflammatory effects are thought to play a role in inhibiting
cutaneous inflammation in patients with rosacea and acne; however, the mechanism(s) of this
action remains poorly understood. We have previously shown that adenosine-5′-triphosphate
(ATP)γS, a hydrolysis-resistant ATP analogue, augments secretion of pro-inflammatory
messengers by a human dermal microvascular endothelial cell line (HMEC-1). ATP released by
the sympathetic nerves during stress may stimulate release of pro-inflammatory chemokines by
dermal vessel endothelial cells, resulting in recruitment of inflammatory cells and exacerbation of
inflammatory skin disease. Here we demonstrate that TCN inhibits ATPγS-induced release of pro-
inflammatory mediators by HMEC-1 cells and primary human dermal microvascular endothelial
cells. TCN dose-dependently inhibited ATPγS-induced augmentation of CXCL8 (interleukin-8)
and CXCL1 (growth-regulated oncogene-α) production by HMEC-1 cells and primary human
dermal endothelial cells in vitro. TCN and ATPγS did not affect HMEC-1 cell viability as
determined by trypan-blue exclusion and cell counts. Inhibition of production of inflammatory
mediators by endothelial cells may be one mechanism by which TCN improves inflammatory skin
diseases. The ability to inhibit release of inflammatory mediators induced in HMEC-1 cells by
purinergic agonists may be a useful way to screen for potential therapeutic agents for cutaneous
inflammation.
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Introduction
The tetracyclines (TCN) have been available for over a half-century and have proven to be a
useful class of drugs because of their potent antimicrobial properties. An unexpected
property of TCN was discovered in the 1980s when Golub et al. (1–4) revealed that TCN
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could inhibit mammalian collagenases. Later it was shown that chemically modified
tetracyclines (CMT), which lack bacteriostatic qualities, also strongly inhibit mammalian
collagenase (1) suggesting that the anti-inflammatory properties of TCN are independent of
its antimicrobial properties. Further studies showed that TCN are potent inhibitors of several
matrix metalloproteinases (MMP) associated with inflammation and connective tissue
destruction and this led to the widespread use of TCN to treat chronic periodontal disease
(5–8).

In addition to periodontal disease, TCN have been shown to be useful in treating many other
inflammatory diseases. These include skin diseases such as acne, rosacea, bullous
pemphigoid, pemphigus vulgaris, dermatitis herpetiformis, linear immunoglobulin A (IgA)
bullous dermatitis as well as several other inflammatory skin disorders (9–11). TCN also
have shown promise in autoimmune diseases such as rheumatoid arthritis and scleroderma
(12–14) and vascular disorders such as atherosclerosis, aortic aneurism formation and in
experimental models of ischemic stroke (15–17) More recently, studies have shown that
TCN have neuroprotective as well as anti-inflammatory properties and show beneficial
effects in animal models of chronic neuro-degenerative disease such as Alzheimer’s disease,
Huntington’s disease, amyotrophic lateral sclerosis and multiple sclerosis (18–21). In
addition, TCN have shown to be potentially beneficial in several other diseases involving
inflammatory cascades such as endotoxic shock (22), viral encephalitis (23) and acute lung
injury (24).

Rosacea is a common skin condition that is estimated to account for over 1.1 million
physician visits per year (25) and may affect as many as 1 in 20 adult Americans (26).
Although the cause of rosacea is unknown, the disease can be effectively treated with oral
TCN (27,28). Rosacea is characterized by persistent erythema of skin, commonly on the
face, which often can be worsened by triggers such as spicy foods, sunlight exposure,
alcohol ingestion and stress. Inflammatory acneiform lesions are also a part of the syndrome
in more advanced rosacea. Underlying bacterial infection may or may not be present in
rosacea; however, it is thought that the disease is primarily inflammatory in nature (28). In
an uncontrolled observational study of the use of TCN in patients with rosacea, Sneddon et
al. (29) first suggested in 1966 that TCN’s ability to significantly improve pustular lesions as
well as persistent erythema of the face may indicate that TCN’s beneficial action ‘may not
be entirely an antibacterial [effect]’. In support of Sneddon’s findings, it was shown that
after 6 months of treatment with systemic TCN (250 mg twice daily), 97% of patients had
clearance of rosacea lesions (30). Interestingly, after discontinuing TCN, 24% of the patients
relapsed immediately and a total of 69% relapsed over the next 4 years. Later, a double-
blind, randomized, placebo-controlled trial studying 51 adults with moderate facial acne
showed that subantimicrobial dose of doxycycline hyclate (20-mg tablets taken twice daily
for 6 months) significantly decreased the number of inflammatory and non-inflammatory
lesions (>50%) without an associated change in microbial skin flora. Moreover, it was
shown that this regimen did not induce the development of resistant organisms or cross-
resistance to other antimicrobial drugs suggesting its safety for clinical use (31).

It was the absence of correlation between TCN dosage and cutaneous bacterial counts that
led early investigators to search for other mechanisms by which TCN exert their beneficial
effects (32). An enhanced chemotactic response of leukocytes to chemotactic signals has
been the subject of studies concerning the mechanisms of acne (33). Studies measuring
polymorphonuclear leukocyte (PMNL) chemotaxis towards zymosan-activated serum
samples showed that serum neutrophils obtained from acne patients treated with oral TCN
exhibited significantly diminished chemotaxis compared with serum neutrophils obtained
from acne patients receiving no medication (32). In this way, inhibition of the chemotactic
response may be an important mechanism by which TCN are effective in treating
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inflammatory disease. We hypothesize that inhibition of chemokine release not only from
neutrophils but also from endothelial cells may be a key mechanism involved in TCN’s anti-
inflammatory effect.

We have chosen to study the endothelium because it is pertinent to both the pathogenesis of
many inflammatory diseases such as rosacea and the actions of TCN. In particular, TCN
have been shown to be very effective in inhibiting MMP-2 and MMP-9, enzymes which
degrade the basement membrane of capillaries (16). Doxycycline, a second-generation TCN,
has been shown to defend capillary wall and connective tissue integrity, reduce
hypersensitivity to vasodilatory stimuli, prevent leakage of capillaries and inhibit cytokines
involved in inflammation and erythema, all symptoms which may be associated with rosacea
(33).

The anti-inflammatory activities of TCN are believed to account for the beneficial effects
seen in rosacea; however, as stated before, the mechanism(s) of this action remains poorly
understood. Prior studies in our laboratory showed that the adenosine-5′-triphosphate (ATP)
analogue ATPγS increased the release of pro-inflammatory factors by the transformed
human dermal microvascular endothelial cell line-1 (HMEC-1). Because ATP is a
sympathetic nerve co-transmitter, it may mediate the exacerbation of rosacea (and perhaps
other inflammatory skin disorders) reported to occur with stress (34). We hypothesized that
TCN might exert its effects, at least in part, by inhibiting the endothelial release of
chemokines. Thus, we examined whether TCN inhibits chemokine release by HMEC-1 cells
and primary human dermal microvascular endothelial cells.

Methods
Media and cell lines

The transformed HMEC-1 line (35), immortalized by simian virus 40 transformation, was
provided by T. J. Lawley (Emory University, Atlanta, GA, USA). This cell line maintains
numerous properties of dermal microvascular endothelial cells including cytokine and cell
adhesion molecule expression (36). Primary cultures of neonatal foreskin-derived human
dermal microvascular endothelial cells were obtained commercially (Lonza, Walkersville,
MD, USA). For cell culture, endothelial cell basal medium (EBM; Cambrex, Wlakersville,
MD, USA) was used and supplemented with 10% fetal bovine serum (Life Technologies,
Gaithersburg, MD, USA), epidermal growth factor (10 ng/ml; BD Biosciences, Bedford
MA, USA), hydrocortisone (HC, 1 μg/ml; Sigma-Aldrich, St. Louis, MO, USA) and 100 U/
ml penicillin (PCN)/100 μg/ml streptomycin (Life Technologies), in a humidified
atmosphere at 37°C with 5% CO2. During some experiments, such as during antibiotic
treatment, the cells were kept in EBM supplemented only with 2% fetal calf serum (FCS)
and without PCN/streptomycin, EGF or HC (referred to as depleted medium).

Nucleotides and cytokine
Adenosine-5′-O-(3-thiotriphosphate) (ATPγS) and ATP were purchased from Sigma-
Aldrich. Tumor necrosis factor-alpha (TNFα) was purchased from R&D Systems
(Minneapolis, MN, USA).

Chemokine assays
To measure CXCL8 (interleukin-8, IL-8) and CXCL1 (growth-related oncogene α) secretion
by HMEC-1 cells, cells were plated at a concentration of 0.25 × 106 cells per well in 12-well
plates in triplicate in medium as described before. After the cells were allowed to adhere, the
medium was changed to depleted medium. Twenty-four hours later the medium was
replaced with fresh medium and TCN was added at various concentrations to the appropriate
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wells. Thirty minutes later, 100 μm ATPγS was added to subconfluent cultures. Twenty-four
hours later, the conditioned supernatants were harvested. In some experiments 0.02 μg/ml of
TNFα was substituted for ATPγS.

CXCL8 secretion was quantified by sandwich enzyme-linked immunosorbent assay
(ELISA), with antibodies (Ab) and standards purchased from BD Pharmingen (San Diego,
CA, USA). Purified mouse anti-human CXCL8 served as the primary (capture) Ab and
purified human CXCL8 as the standard. Biotinylated mouse anti-human CXCL8 mAb, the
secondary (detection) Ab, was detected by steptavidin-horseradish peroxidase (HRP) in a
1:1000 dilution. The amount of bound cytokine was visualized by addition of a 1:1 mixture
of colour reagent A (H2O2) and colour reagent B (tetramethylbenzidine) (R&D Systems).
The colour reaction was stopped with 2N H2SO4 and the level of coloured reaction product
was measured spectrophotometrically at 450 nm.

CXCL1 production was quantified by sandwich ELISA (DuoSet® ELISA Development
system; R&D systems) in a similar manner as described above. These kits include mouse
anti-human CXCL1 as the primary Ab and biotinylated goat anti-human CXCL1 as the
secondary (detection) Ab. Streptavidin-HRP conjugate was added at a 1:1000 dilution,
followed by colour development.

Statistical analysis
The Student’s t-test for independent samples was used to evaluate the difference between the
mean values of chemokine production in cultures treated with varying doses of TCN
compared with chemokine production in control cultures not treated with TCN. All
statistical tests were two-tailed and P < 0.05 was considered statistically significant.
Analyses were performed using Excel (Microsoft Office 2002; Microsoft, Redmond, VA,
USA) and SPSS 13.0 (SPSS Inc., Chicago, IL, USA).

Results
TCN dose-dependently inhibits ATPγS-induced CXCL8 and CXCL1 release

HMEC-1 cells produce CXCL8 and CXCL1 in culture and the amount produced
significantly increases with exposure to ATPγS. Addition of 100 μm of ATPγS significantly
increased CXCL8 production compared with basal levels (Fig. 1a). Increasing
concentrations of TCN (0.3, 1, 3, 10 μg/ml) inhibited ATPγS-induced levels of CXCL8,
demonstrating dose-dependence. Inhibition was statistically significant at 3 and 10 μg/ml (P
= 0.04 and 0.006, respectively). This experiment is representative of five experiments
performed. Four of five experiments showed a dose-dependent inhibition of CXCL8 release
with increasing concentrations of TCN with two of five showing statistical significance at
0.3 μg/ml, two of five at 1 μg/ml, four of five at 3 μg/ml, and one of five at 10 μg/ml. Similar
results were seen with primary human microvascular endothelial cells with statistically
significant inhibition at 20, 40 and 80 μg/ml (P = 0.011, <0.001 and <0.001, respectively)
(Fig. 1b). This experiment is representative of two experiments performed. Two of two
experiments showed a dose-dependent inhibition of CXCL8 release with increasing
concentrations of TCN with two of two showing statistical significance at 10 μg/ml, two of
two at 20 μg/ml, two of two at 40 μg/ml and two of two at 80 μg/ml.

CXCL1 production was also significantly induced by ATPγS (P = 0.0002) (Fig. 2).
Increasing doses of TCN (0.3, 1, 3, 10 μg/ml) inhibited ATPγS-induced levels of CXCL1,
with inhibition being statistically significant at 1, 3 and 10 μg/ml (P = 0.004, 0.0002 and
0.0001, respectively). This experiment is representative of five experiments performed. Four
of five showed a dose-dependent inhibition of CXCL1 release with increasing
concentrations of TCN with one of five showing statistical significance at 0.3 μg/ml, three of
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five at 1 μg/ml, four of five at 3 μg/ml and four of five at 10 μg/ml. Similar results were seen
with primary human microvascular endothelial cells with statistically significant inhibition
at 3, 10, 20, 40 and 80 μg/ml (P = 0.003, 0.002, 0.001, <0.001 and <0.001, respectively)
(Fig. 2b). Two experiments of this type were performed and both experiments showed a
dose-dependent inhibition of CXCL1 release with increasing concentrations of TCN with
one of one showing statistical significance at 3 μg/ml (only one included a 3 μg/ml group),
two of two at 10 μg/ml, two of two at 20 μg/ml, two of two at 40 μg/ml and two of two at 80
μg/ml.

Note that TCN also significantly decreased baseline (no ATPγS) HMEC-1 production of
CXCL8 and CXCL1 at 3 and 10 μg/ml.

TCN dose-dependently inhibits ATP-induced CXCL8 and CXCL1 release
Experiments were also performed to examine the effect of the parent compound, ATP, on
induction of CXCL8 and CXCL1 by HMEC-1 cells. As shown in Fig. 3a,b, TCN also
inhibits ATP-induced production of CXCL8 and CXCL1 in a dose-dependent manner. For
CXCL8 statistical significance was observed at TCN 20, 40 and 80 μg/ml (P = 0.011,
<0.001 and <0.001, respectively) and for CXCL1 at TCN 10, 20, 40 and 80 μg/ml (P <
0.001 for all four groups). This experiment is representative of six experiments performed
for CXCL8 and five for CXCL1. Five of the six experiments for CXCL8 showed a dose-
dependent inhibition of CXCL8 release with increasing concentrations of TCN with two of
six showing statistical significance at 10 μg/ml, five of six at 20 μg/ml, five of six at 40 μg/
ml and five of six at 80 μg/ml. Four of the five experiments for CXCL1 showed a dose-
dependent inhibition of CXCL1 release with increasing concentrations of TCN with one of
five showing statistical significance at 10 μg/ml, three of five at 20 μg/ml, four of five at 40
μg/ml and three of three at 80 μg/ml (only three experiments included 80 μg/ml).

TCN dose-dependently inhibits TNFα-induced CXCL8 and CXCL1 production
TNFα is a pro-inflammatory cytokine known to induce production of CXCL8 and CXCL1
by endothelial cells (37). The ability of TCN to inhibit TNFα-induced production of CXCL8
and CXCL1 by HMEC-1 cells was also examined. Addition of 0.02 μg/ml of TNFα
significantly increased CXCL8, and CXCL1 production by HMEC-1 cells. As shown in Fig.
4a,b, TCN also dose-dependently inhibited induction of these chemokines by TNFα. This
experiment is representative of five experiments performed for CXCL8 and three for
CXCL1. Four of the five experiments for CXCL8 showed a dose-dependent inhibition of
CXCL8 release with increasing concentrations of TCN with one of five showing statistical
significance at 40 μg/ml, and four of five at 80 μg/ml. Three of three experiments for
CXCL1 showed a dose-dependent inhibition of CXCL1 release with increasing
concentrations of TCN with one of three showing statistical significance at 10 μg/ml, one of
three at 20 μg/ml, two of three at 40 μg/ml and three of three at 80 μg/ml.

HC inhibits ATPγS-induced CXCL8 and CXCL1 production in HMEC-1 cells while PCN has
no effect

As controls, ability of HC and PCN to affect ATPγS-induced chemokine production by
HMEC-1 cells was examined. Ten and 100 μg/ml of HC significantly suppressed ATPγS-
induced CXCL8 (P = 0.0002 and < 0.0001, respectively) and at 100 μg/ml CXCL1 (P <
0.0001) release (Fig. 5). As shown by the data in Fig. 5, PCN had a small suppressive effect
on ATPγS-induced CXCL8 release at 100 μg/ml (Fig. 5a, P = 0.019); and at 10 and 100 μg/
ml of PCN a small suppressive effect on CXCL1 was observed (Fig. 5b, P = 0.004, P =
0.012). In each case, the effect of PCN was not dose-dependent and was of much smaller
magnitude than that seen with TCN. This experiment was performed twice and these results
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are representative of data obtained from both experiments. Thus, as expected, the effects
observed with TCN are not a general property of any antibiotic.

Neither ATPγS nor TCN reduce cell viability at doses tested
Neither ATPγS (100 μm) nor TCN (0.3–100 μg/ml) significantly affected HMEC-1 cell
viability compared with the medium alone as measured by cell counting and trypan blue
exclusion after 24 h in culture (Fig. 6). Two wells containing cells were counted for each
condition treated with various amounts of TCN with or without ATPγS in each of the two
experiments and the results were averaged.

Discussion
Most studies examining the influence of TCN on cytokine release have focused on TNFα
and IL-1β release and utilized human monocyte, T lymphocyte, mast cell or osteocyte
cultures. Few studies have examined the role of TCN on endothelial-derived cytokines and
chemokines. In a report by Shapira et al. (22), TNFα and IL-1β protein secretion in human
monocytes were suppressed by TCN while cytokine mRNA accumulation remained
unchanged, suggesting that the drug interferes post-transcriptionally. Another study showed
that a chemically modified TCN, CMT-3, significantly inhibited TNFα in a dose-dependent
manner and also inhibited CXCL8 production in mast cells (38). Later, it was shown using
stimulated osteoblast cultures that TCN may act by decreasing mRNA stability of IL-6, a
pro-inflammatory cytokine, thus further suggesting that TCN inhibit certain cytokine
expression at a post-transcriptional level. Interestingly, these effects were found to require
de novo protein synthesis as they were inhibited by cycloheximide (39,40). In addition, it
has been shown that TCN suppress nitric oxide and reactive oxygen species levels and
inhibits inducible nitric oxide synthase expression at the level of mRNA accumulation in
lipopolysaccharide (LPS)-stimulated macrophages (41,42). It is therefore thought that some
of the pleiotropic properties of TCN may be due in part to its ability to affect small
molecules such as nitric oxide (43) and possibly other multi-functional signalling molecules
such as nucleotides like ATP.

Endothelial cells play critical roles in the evolution of cutaneous inflammation. They can
synthesize and secrete various pro-inflammatory cytokines and regulate expression of cell
surface adhesion molecules. We chose to study CXCL8 and CXCL1 release from HMEC-1
cells because these chemokines were found to be upregulated upon ATPγS administration in
the study by Seiffert et al. (34). CXCL8 is a chemotactic cytokine for neutrophils, CXCL1 is
chemotactic for neutrophils, supports adhesion and induces activation of these cells. Hence,
these chemokines enhance leukocyte recruitment to areas of inflammation. Nucleotides such
as ATP have been shown to be released into the extracellular environment from damaged
cells or secreted by various non-lytic means and are important signalling molecules during
vascular damage or inflammation (44). It has been shown that nucleotides are released in
response to a chemical, physical or microbial perturbation, and therefore may act as a
‘danger signal’ to alert other cells to the area of injury or infection. In this manner, Seiffert
et al. (34) suggested that ATP may play a role as a unifying transmitter in the multifaceted
system of inflammatory responses within the skin. Indeed, the cross-talk between
inflammatory cells and the endothelium is integral to the development of chronic
inflammation (45). Through better elucidation of the role of endothelial cells in
inflammation, therapeutic drugs could be designed to target these factors in efforts to
prevent the perpetuating cycle of chronic inflammatory disease.

We also performed experiments examining the effect of TCN on CCL2 (monocyte
chemotactic protein 1) production by HMEC-1 cells and primary human dermal endothelial
cells as Seiffert et al. (34) also found that ATPγS induced release of CCL2 from HMEC-1
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cells. In most experiments, TCN suppressed induction of CCL2 production by ATPγS, ATP
and TNFα. However, the degree of suppression was modest and required larger
concentrations of TCN. We are still evaluating the role of TCN in regulating CCL2
expression.

In this study, we report that TCN is able to dose-dependently inhibit ATPγS-induced
chemokine secretion by HMEC-1 as well as primary human dermal microvascular
endothelial cells. TCN inhibited stimulated CXCL8 and CXCL1 production by HMEC-1
cells and CXCL8 and CXCL1 production by primary endothelial cells. TCN also inhibited
TNFα-stimulated production of CXCXL8 and CXCL1. TCN may also inhibit CCL2
production, but the effect seems less marked. The relative importance of TNFα (and/or other
cytokines) versus ATP in stimulating chemokine release from endothelial cells in vivo is
difficult to assess. The concentration of ATP at the site of release by a nerve ending in situ is
difficult to assess. However, release of ATP from sympathetic nerves could be relevant to
stress-induced effects on inflammatory skin diseases.

The concentrations of TCN that were effective in many of our experiments are within or
close to the physiologically relevant serum ranges achieved therapeutically in humans taking
oral TCN. For example, a study showed mean serum concentrations of TCN in patients
taking 250, 500, 750 and 1000 mg of TCN hydrochloride per day were 3.79, 5.94, 5.57 and
6.60 mg/l (μg/ml), respectively (32). Another study showed that human serum concentration
of therapeutic minocycline treatment was approximately 2 μg/ml but that the gingival
crevicular fluid was four to five times greater (46). Interestingly, it should be noted that
TCN are lipophilic and therefore can have increased concentration in peripheral tissues such
as skin compared with that of serum. Also, in our experiments, cells were exposed to TCN
for 24 h. In the clinical situation, patients take TCN for weeks and long-term exposure
might, hypothetically, have effects at lower concentrations. In addition, studies have shown
that TCN can accumulate in leukocytes (47). There is a lack of studies evaluating whether
TCN accumulate in other cell types such as endothelial cells therefore making the evaluation
of concentration in an in vitro culture system difficult to assess. Nevertheless, the results of
the current study support that TCN has a significant effect on endothelial chemokine release
at or close to concentrations achieved therapeutically in the serum of humans.

It should be mentioned that purinergic nucleotides may also affect cutaneous inflammation
through effects on keratinocytes. Pastore et al. (48) have demonstrated that ATP upregulates
interferon (IFN)γ-induced expression of CCL2, CCL5 and CXCL8 while inhibiting IFNγ-
induced expression of CXCR3, CXCL9, CXCL10 and CXCL11. This effect could be
mimicked by adenosine diphosphate. Using pharmacologic means, these investigators
demonstrated expression of most P2Y and P2X receptors on keratinocytes. They
hypothesize that action on these receptors modulates skin inflammation.

Many factors have important regulatory effects on endothelial cell function. For example,
the sphingolipid metabolite tetraacetyl-phytosphingosine (TAPS) was found to reduce
vascular endothelial growth factor (VEGF)-induced chemotaxis and capillary-like tube
formation by human umbilical vein endothelial cells (49). TAPS also inhibited VEGF-
induced proteolytic enzyme production [including MMP-2, urokinase-type plasminogen
activator and plasminogen activator inhibitor-1 (49)]. It was found to inhibit VEGF-induced
phosphorylation of p42/44 extracellular signal-regulated kinase and c-Jun N-terminal kinase
as well as VEGF-induced intracellular calcium increase (49). Through these effects, TAPS
can inhibit angiogenesis. The experiments herein demonstrate that ATP and TCN can also
regulate aspects of endothelial cell biology.
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In summary, we hypothesize that the anti-inflammatory properties of TCN may be due in
part to its ability to suppress chemokine release by endothelial cells. Future studies will be
performed to investigate the potency and precise mechanism by which TCN are effective in
inhibiting chemokine release. Regarding the potency of various drugs in the TCN family, it
has been shown that doxycycline (IC50 = 15 μm, ~8 μg/ml) is more powerful in inhibiting
collagenase than is minocycline (IC50 = 190 μm, ~94 μg/ml) or TCN (IC50 = 350 μm, ~168
μg/ml) (6). Additional research will be performed to determine the IC50 of TCN’s inhibitory
actions on chemokine release in comparison with that of doxycycline and minocycline.
Finally, research will further examine chemokine promoter expression, the amount of
chemokine mRNA production and chemokine mRNA stability in response to TCN.
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ATP adenosine-5′-triphosphate

ATPγS adenosine 5′-O-(3-thiotriphosphate)

HC hydrocortisone

HMEC-1 human microvascular endothelial cell line-1

IFNγ interferon-gamma

PCN penicillin

TAPS tetraacetyl-phytosphingosine

TCN tetracycline

VEGF vascular endothelial growth factor
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Figure 1.
Tetracycline (TCN) dose-dependently inhibits adenosine-5′-triphosphate (ATP)γS-induced
CXCL8 production. (a) Human microvascular endothelial cell line-1 (HMEC-1) cells were
cultured in the presence of TCN for 30 min followed by addition of ATPγS to 100 μM.
Supernatants were collected 24 h later and analysed for CXCL8 content. Note that ATPγS
enhances CXCL8 release. Error bars indicate ± SD (P = 0.04 and 0.006, respectively, for
TCN of 3 and 10 μg/ml compared with 0 μg/ml for the ATPγS-treated groups). TCN also
significantly inhibited non-stimulated production (P < 0.001 and P = 0.125, respectively, for
TCN 3 μg/ml and 10 μg/ml compared with 0 μg/ml for the ATPγS groups). (b) Primary
human dermal microvascular endothelial cells were cultured in the presence of TCN for 30
min followed by addition of ATPγS to 100 μm. Supernatants were collected 24 h later and
analysed for CXCL8 content. Note that ATPγS enhances CXCL8 release. Error bars indicate
± SD (P = 0.008, 0.001, <0.001 and <0.001, respectively, for TCN of 10, 20, 40 and 80 μg/
ml) compared with 0 μg/ml for the ATPγS-treated groups).
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Figure 2.
Tetracycline (TCN) dose-dependently inhibits adenosine-5′-triphosphate (ATP)γS-induced
CXCL1 production. (a) Human microvascular endothelial cell line-1 (HMEC-1) cells were
cultured in the presence of TCN for 30 min followed by addition of ATPγS to 100 μM.
Supernatants were collected 24 h later and analysed for CXCL1 content. Note that ATPγS
enhances CXCL1 release. Error bars indicate ± SD (P = 0.004, 0.0002 and 0.0001,
respectively, for TCN of 1, 3 and 10 μg/ml compared with 0 μg/ml for the ATPγS-treated
groups). TCN also significantly inhibited non-stimulated production (P < 0.002 and P =
0.0125, respectively, for TCN of 3 and 10 μg/ml compared with 0 μg/ml for the ATPγS
groups). (b) Primary human dermal microvascular endothelial cells were cultured in the
presence of TCN for 30 min followed by addition of ATPγS to 100 μM. The supernatants
were collected 24 h later and analysed for CXCL1 content. Note that ATPγS enhances
CXCL1 release. Error bars indicate ± SD (P = 0.003, 0.002, 0.001, <0.001 and <0.001,
respectively, for TCN 3, 10, 20, 40 and 80 μg/ml compared with 0 μg/ml for the ATPγS-
treated groups).
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Figure 3.
Tetracycline (TCN) dose-dependently inhibits adenosine-5′-triphosphate (ATP)-induced
CXCL8 and CXCL1 production of human microvascular endothelial cell line-1 (HMEC-1).
(a) CXCL8: HMEC-1 cells were cultured in the presence of TCN for 30 min followed by
addition of ATP to 200 μm. Supernatants were collected 24 h later and analysed for CXCL8
content. Note that ATP enhances CXCL8 release. Error bars indicate ± SD (P = 0.011,
<0.001 and <0.001, respectively, for TCN 20, 40 and 80 μg/ml compared with 0 μg/ml for
the ATPγS-treated groups). (b) CXCL1: HMEC-1 cells were cultured in the presence of
TCN for 30 min followed by addition of ATP to 200 μm. The supernatants were collected 24
h later and analysed for CXCL1 content. Note that ATP enhances CXCL1 release. Error
bars indicate ± SD (P = <0.001 for TCN 10, 20, 40 and 80 μg/ml compared with 0 μg/ml for
the ATP-treated groups).
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Figure 4.
Tetracycline (TCN) dose-dependently inhibits tumor necrosis factor (TNF)α-induced
CXCL8 and CXCL1 production by human microvascular endothelial cell line-1 (HMEC-1).
(a) CXCL8: HMEC-1 cells were cultured in the presence of TCN for 30 min followed by
addition of TNFα to 0.02 μg/ml. Supernatants were collected 24 h later and analysed for
CXCL8 content. Note that TNFα enhances CXCL8 release. Error bars indicate ± SD (P =
0.027 and P = 0.015, respectively, for TCN of 40 and 80 μg/ml compared with 0 μg/ml for
the no ATPγS groups). (b) CXCL1: HMEC-1 cells were cultured in the presence of TCN for
30 min followed by addition of TNFα to 0.02 μg/ml. The supernatants were collected 24 h
later and analysed for CXCL1 content. Note that TNFα enhances CXCL1 release. Error bars
indicate ± SD (P = 0.029, <0.001, <0.001 and <0.001, respectively, for TCN 10, 20, 40 and
80 μg/ml compared with 0 μg/ml for the no TNFα group).
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Figure 5.
Hydrocortisone (HC) substantially inhibits adenosine-5′-triphosphate (ATP)γS-induced
CXCL8 and CXCL1 production by human microvascular endothelial cell line-1 (HMEC-1)
while penicillin (PCN) has only a small inhibitory effect on CXCL1 and CXCL8 release.
HMEC-1 cell cultures were treated with tetracycline (TCN), HC or PCN and then stimulated
with ATPγS (100 μm) or left unstimulated. Supernatants were collected 24 h later and
analysed for CXCL8 (a) and CXCL1 (b) content. (a) CXCL8: P = 0.006 for 10 μg/ml of
TCN, P < 0.0001 for 100 μg/ml of TCN, P < 0.001 for 10 μg/ml of HC, P < 0.0001 for 100
μg/ml of HC, P = 0.09 for 10 μg/ml of PCN and P = 0.020 for 100 μg/ml of PCN. (b)
CXCL1: P = 0.005 for 10 μg/ml of TCN, P < 0.0001 for 100 μg/ml of TCN, P = 0.58 for 10
μg/ml of HC, P < 0.0001 for 100 μg/ml of HC, P = 0.004 for 10 μg/ml of PCN and P =
0.012 for 100 μg/ml of PCN.
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Figure 6.
Neither tetracycline (TCN) nor adenosine-5′-triphosphate (ATP)γS affected human
microvascular endothelial cell line-1 (HMEC-1) cell numbers after 24 h. Two hundred and
fifty thousand HMEC-1 cells per well were cultured in 12-well plates in medium containing
the indicated concentration of TCN with or without the addition of ATPγS to 100 μm. After
24 h, the cells were counted in two wells from each condition from each of the two
experiments and averaged.
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