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Abstract: Glucocorticoids are the mainstay treatments for diverse pathologies. Ultraviolet (UV) radiation
is a risk factor for alterations in the skin, including cell viability (skin thickness), mediators of
angiogenesis (blood flow/inflammation), and remodeling of the extracellular matrix (skin integrity).
We examined the effects of hydrocortisone on cell viability, p53 promoter activity, and expression of
interleukin-8 (IL-8), matrixmetalloproteinase-1 (MMP-1), and tissue inhibitor of matrixmetalloproteinase-1
(TIMP-1) in non-irradiated, UVA-radiated, and UVB-irradiated dermal fibroblasts and melanoma
cells. Hydrocortisone inhibited cell viability by stimulating p53 promoter activity in fibroblasts, but
not in melanoma cells, which instead showed a decrease in p53 promoter activity in non-irradiated
and UVA-irradiated cells. Hydrocortisone inhibited the IL-8 protein levels in non-irradiated and
UV-irradiated fibroblasts, and in the non-irradiated melanoma cells, by post-transcriptional mechanisms.
Hydrocortisone increased the MMP-1 to TIMP-1 ratio in non-irradiated and UVB-irradiated fibroblasts
by inhibiting TIMP-1, and in melanoma cells by inhibiting TIMP-1 in non-irradiated cells and
stimulating MMP-1 in UV-irradiated cells. It may be inferred that hydrocortisone has the potential to
cause skin thinning by inhibiting cell viability, angiogenesis, and deposition of structural ECM by
fibroblasts, regardless of UV exposure, and facilitating UV-exposed melanoma cells by increasing
MMP-1 expression.
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1. Introduction

There are alterations in skin cell viability, angiogenesis, and extracellular matrix
(ECM) integrity in intrinsic aging, photoaging, and carcinogenesis (reviewed in [1–4]).
The primary environmental risk factor for the detrimental skin alterations is ultraviolet
(UV) radiation, which causes oxidative stress and inflammation, with UVA radiation
reaching the dermis and UVB radiation reaching the epidermis (reviewed in [1–3]). The
oxidative stress and inflammatory mediators activate various signal transduction pathways,
such as the mitogen-activated protein kinase (MAPK), the NF-kB/p65, the Akt/Protein
kinase B (PKB), and the JAK/STAT (signal transduction and activation of transcription),
which in turn activate apoptosis or cell proliferation, angiogenesis, and ECM remodeling
(reviewed in [1–6]). There is reduced cell viability/skin thinning in intrinsic aging and cell
proliferation/hyperplasia in photoaging and cancer. One mechanism for the loss of cell
viability or cell proliferation is the increased or reduced expression of p53, a major regulator
of cell cycle arrest and apoptosis [1–3]. The oxidative stress and inflammation induce
p53, which activates pro-apoptotic Bax and thereby apoptosis, as well as p21 and thereby
growth arrest [1–6]. Alternatively, carcinogenesis and UV radiation, directly or indirectly
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through oxidative stress and inflammation, can cause mutations or reduced expression of
p53 to prevent apoptosis or growth arrest, as well as inhibit proapoptotic proteins, such as
BAD and FOXO 3A, by inducing the PKB pathway [1,5,6]. There is increased expression of
the mediators of angiogenesis and ECM remodeling in intrinsic aging, photoaging, and
carcinogenesis. The increase in the mediators of angiogenesis, including interleukin-8 (IL-8),
occurs through the activation of the MAPK, NF-kB/p65, and JAK/STAT pathways [1–6].
The inhibition of IL-8 by copper chelator inhibits angiogenesis and thereby hepatocellular
carcinoma [7]. The ECM remodeling is primarily due to increased expression of the ECM
proteolytic enzymes, matrix metalloproteinases (MMP), which degrade the structural
ECM composed primarily of collagen, and reduced expression of the inhibitor of MMP
(TIMP). The primary MMP is MMP-1, which cleaves the predominant structural fibrillar
collagens, which is inhibited by TIMP-1. Corticosteroids, including hydrocortisone, are
widely used therapeutics for skin disorders such as dermatitis and psoriasis, because of
their potent anti-inflammatory and downstream growth inhibitory and anti-angiogenic
activities. They inhibit the MAPK, NF-kB, and PKB pathways to reduce cell proliferation,
IL-8 expression, and collagen synthesis (reviewed in [8–16]). This study examined the effects
of hydrocortisone on cell viability, p53 promoter activity, and expression of IL-8, MMP-1,
and TIMP-1 in non-irradiated, UVA-irradiated, and UVB-irradiated dermal fibroblasts,
and melanoma cells. The dermal fibroblasts are key to ECM alterations, and melanoma is
a predominant form of skin cancer. The hypothesis of the research was that hydrocortisone
contributes to skin thinning by inhibiting cell viability through p53 upregulation; IL-8
expression, and thereby angiogenesis; and ECM integrity by increasing MMP-1 and
reducing TIMP-1 expression. Conversely, our hypothesis was that hydrocortisone could
counteract photoaging and carcinogenesis by inhibiting cell viability, and IL-8 expression,
while reducing ECM integrity by increasing MMP-1 and reducing TIMP-1 expression.

2. Methods
2.1. Cell Culture

I-8 promoter-reporter plasmid was exposed to a single intermediate non-toxic dose
of UVA irradiation (2.5 J/cm2) or UVB irradiation (2.5 mJ/cm2), based on dose-response
studies with 0.6, 1.8, and 3.7 J/cm2 of UVA irradiation, and 0.75, 2.5, and 7.5 mJ/cm2 of UVB
irradiation (17–21). The UVA and UVB irradiation were achieved with lamps composed of
four tubes each: with irradiance of 1 × 10−2 W/cm2 for the sum of wavelengths 320–400 nm
for the UVA lamp (4 min exposure), and 4 × 10−5 W/cm2 for sum of wavelengths
282–320 nm.

CRL 1502 (American Type Culture Collection, Manassas, VA, USA) and melanoma
cells (CRL 1619, American Type Culture Collection, Manassas, VA, USA) were cultured in
Dulbecco’s Modified Eagle’s Medium (11054-020, Thermo Fisher Scientific, Naltham, MA,
USA) supplemented with 10% heat-inactivated fetal bovine serum (F4135, Sigma, St. Louis,
MO, USA).

Human dermal fibroblasts (C-013-5C, Thermo Fisher Scientific, Naltham, MA, USA;
Louis, MO, USA) and 1% penicillin/streptomycin (P4333, Sigma, St. Louis, MO, USA) were
experimented with as described previously [17–21]. The cells were transfected with p53 or
exposed to the UVB lamp (1 min exposure). Following the irradiation, the cells were dosed
with 0, 0.02, 0.2, or 2 µM of hydrocortisone (H0396, Sigma, St. Louis, MO, USA) for 24 h.
The cells were examined for cell viability and expression of the reporters. The media were
examined for protein levels of IL-8, MMP-1, and TIMP-1.

2.2. Cell Viability

The cells were examined for cell viability by incubating the cells with CellTiter 96®

Aqueous One Solution (G3582, Promega, Madison, WI, USA) and measuring the formazan
product formed by viable cells spectrophotometrically at 490 nm.
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2.2.1. Promoter Activities: p53, IL-8

The cells were co-transfected, using Escort (E-9770, Sigma, St. Louis, MO, USA), with
p53 promoter-firefly luciferase or IL-8 promoter-chloramphenicol acetyl transferase (CAT)
plasmid and TK-renilla luciferase plasmid, for normalization of transfection efficiency,
for 24 h prior to UV irradiation and dosing with hydrocortisone [17–21]. The cells were
measured for luciferase activities using the Dual Luciferase Reporter Assay kit (E2920,
Promega, Madison, WI, USA) and/or for CAT expression by ELISA [18–21].

2.2.2. Protein Levels: IL-8, MMP-1 and TIMP-1

Hydrocortisone did not alter the total protein content, relative to the control (23227,
Pierce Bicinchonini Acid Protein Assay, ThermoFisher Scientific, Naltham, MA, USA). The
protein levels of IL-8, MMP-1, and TIMP-1 were measured by indirect ELISA (5110-0010,
Kirkguaard and Perry Laboratories, Inc/Sera care, Milford, MA, USA), using specific
primary antibodies (AHC0881, Thermo Fisher Scientific, Naltham, MA, USA; SAB4501889
and SAB4502971, Sigma, St. Louis, MO, USA) [17–21].

2.3. Data Analysis

Ultraviolet irradiation (UVA and UVB) did not significantly alter cell viability or
the expression of targets (p53 promoter activity, and expression of IL-8, MMP-1, and
TIMP-1) relative to non-irradiated controls. These results (UV effect) are similar to our
previous reports [17–21]. The data were analyzed for significant differences by ANOVA and
Student’s t-test at a 95% confidence interval. The effects of hydrocortisone on non-irradiated
cells were analyzed relative to control non-irradiated cells. The effects of UV-irradiated
fibroblasts were analyzed relative to the UV-irradiation effect (UVA- or UVB-irradiated
respective controls).

3. Results

Regarding the effect of hydrocortisone on cell viability and p53 promoter activity in
non-irradiated or UV-irradiated fibroblasts and melanoma cells, hydrocortisone significantly
and similarly inhibited cell viability and stimulated p53 promoter activity in non-irradiated
and UV-irradiated fibroblasts (Figure 1a,b). It did not alter cell viability of non-irradiated
or UV-irradiated melanoma cells, but inhibited p53 promoter activity in non-irradiated
and UVA-irradiated melanoma cells (Figure 1c,d). Relative to respective controls (100%),
hydrocortisone at 2 µM significantly inhibited cell viability and stimulated p53 promoter
activity, respectively, to 75% and 153% in non-irradiated fibroblasts; to 80% and 131% in
UVA-irradiated fibroblasts; and to 83% and 136% in UVB-irradiated fibroblasts (p < 0.05)
(Figure 1a,b). Hydrocortisone at 2 µM significantly inhibited p53 promoter activity in
non-irradiated and UVA-irradiated melanoma cells to 77% and 82% of respective controls
(100%) (p < 0.05) (Figure 1d).
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Figure 1. Effect of hydrocortisone on cell viability and p53 promoter activity in p53-promoter plas-
mid transfected non-irradiated, 2.5 J/cm2 UVA-irradiated, or 2.5 mJ/cm2 UVB-irradiated fibroblasts 
and melanoma cells. Non-irradiated (blue), UVA-irradiated (orange), or UVB-irradiated (grey) fibro-
blasts and melanoma cells were dosed with 0, 0.02, 0.2, and 0.2 M hydrocortisone for 24 h and exam-
ined for cell viability (a,c) and p53 promoter activity (b,d); * p ≤ 0.05, relative to respective controls; 
error bars represent standard deviation; n = 4–8.  

3.1. Effect of Hydrocortisone on IL-8 Promoter Activity and Protein Levels in Non-Irradiated or 
UV-Irradiated Fibroblasts, and Melanoma Cells  

Hydrocortisone significantly inhibited IL-8 promoter activity only in the non-irradi-
ated fibroblasts and IL-8 protein levels in non-irradiated and UV-irradiated fibroblasts 
(Figure 2a,b). Conversely, hydrocortisone significantly inhibited IL-8 promoter activity in 
non-irradiated and UV-irradiated melanoma cells and inhibited IL-8 protein levels only in 
the non-irradiated melanoma cells (Figure 2c,d). Hydrocortisone at 0.02 µM, 0.2 µM, and 
2 µM significantly inhibited IL-8 promoter activity to 88%, 87%, and 80% of control (100%), 
respectively (p < 0.05) (Figure 2a). Relative to respective controls (100%), hydrocortisone 
at 0.2 µM and 2 µM, respectively, significantly inhibited IL-8 protein levels to 70% in non-
irradiated fibroblasts, to 63% and 58% in UVA-irradiated fibroblasts, and to 70% and 39% 
in UVB-irradiated fibroblasts (p < 0.05) (Figure 2b). Relative to respective controls (100%), 
hydrocortisone at 0.02 µM, 0.2 µM, and 2 µM, respectively, significantly inhibited IL-8 
promoter activity to 86%, 75%, and 87% in non-irradiated melanoma cells; to 79%, 73%, 
and 76% in UVA-irradiated melanoma cells; and to 94%, 89%, and 90% in UVB-irradiated 
melanoma cells (p < 0.05) (Figure 2c). Hydrocortisone at 0.02 µM, 0.2 µM, and 2 µM 
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Figure 1. Effect of hydrocortisone on cell viability and p53 promoter activity in p53-promoter plasmid
transfected non-irradiated, 2.5 J/cm2 UVA-irradiated, or 2.5 mJ/cm2 UVB-irradiated fibroblasts and
melanoma cells. Non-irradiated (blue), UVA-irradiated (orange), or UVB-irradiated (grey) fibroblasts
and melanoma cells were dosed with 0, 0.02, 0.2, and 0.2 M hydrocortisone for 24 h and examined for
cell viability (a,c) and p53 promoter activity (b,d); * p ≤ 0.05, relative to respective controls; error bars
represent standard deviation; n = 4–8.

3.1. Effect of Hydrocortisone on IL-8 Promoter Activity and Protein Levels in Non-Irradiated or
UV-Irradiated Fibroblasts, and Melanoma Cells

Hydrocortisone significantly inhibited IL-8 promoter activity only in the non-irradiated
fibroblasts and IL-8 protein levels in non-irradiated and UV-irradiated fibroblasts (Figure 2a,b).
Conversely, hydrocortisone significantly inhibited IL-8 promoter activity in non-irradiated
and UV-irradiated melanoma cells and inhibited IL-8 protein levels only in the non-irradiated
melanoma cells (Figure 2c,d). Hydrocortisone at 0.02 µM, 0.2 µM, and 2 µM significantly
inhibited IL-8 promoter activity to 88%, 87%, and 80% of control (100%), respectively
(p < 0.05) (Figure 2a). Relative to respective controls (100%), hydrocortisone at 0.2 µM
and 2 µM, respectively, significantly inhibited IL-8 protein levels to 70% in non-irradiated
fibroblasts, to 63% and 58% in UVA-irradiated fibroblasts, and to 70% and 39% in UVB-
irradiated fibroblasts (p < 0.05) (Figure 2b). Relative to respective controls (100%),
hydrocortisone at 0.02 µM, 0.2 µM, and 2 µM, respectively, significantly inhibited IL-8
promoter activity to 86%, 75%, and 87% in non-irradiated melanoma cells; to 79%, 73%,
and 76% in UVA-irradiated melanoma cells; and to 94%, 89%, and 90% in UVB-irradiated
melanoma cells (p < 0.05) (Figure 2c). Hydrocortisone at 0.02 µM, 0.2 µM, and 2 µM
significantly inhibited IL-8 protein levels to 81%, 69%, and 71% of control (100%) in
non-irradiated melanoma cells, respectively (100%) (p < 0.05) (Figure 2d).
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plasmid transfected non-irradiated, 2.5 J/cm2 UVA-irradiated, or 2.5 mJ/cm2 UVB-irradiated
fibroblasts and melanoma cells. Non-irradiated (blue), UVA-irradiated (orange), or UVB-irradiated
(grey) fibroblasts and melanoma cells were dosed with 0, 0.02, 0.2, and 0.2 µM hydrocortisone for
24 h and examined for IL-8 promoter activity (a,c) and IL-8 protein levels (b,d); * p ≤ 0.05, relative to
respective controls; error bars represent standard deviation; n = 4–8.

3.2. Effect of Hydrocortisone on MMP-1 and TIMP-1 Protein Levels in Non-Irradiated or
UV-Irradiated Fibroblasts, and Melanoma Cells

Hydrocortisone did not alter MMP-1 protein levels in non-irradiated or UV-irradiated
fibroblasts and inhibited TIMP-1 levels in non-irradiated and UVB-irradiated fibroblasts
(Figure 3a,b). It had differential effects in non-irradiated and UV-irradiated melanoma cells:
hydrocortisone significantly stimulated MMP-1 protein levels in UVA- and UVB-irradiated
melanoma cells but not in non-irradiated melanoma cells, and it significantly inhibited
TIMP-1 protein levels in non-irradiated melanoma cells but not in UVA- or UVB-irradiated
melanoma cells (Figure 3c,d). Relative to respective controls at 100%, hydrocortisone at
0.02 µM, 0.2 µM, and 2 µM significantly inhibited TIMP-1 protein levels to 36%, 50%, and
56% in non-irradiated fibroblasts, and to 60%, 59%, and 81% in UVB-irradiated fibroblasts
(p < 0.05) (Figure 3b). Relative to respective controls (100%), hydrocortisone at 0.2 µM and
2 µM significantly stimulated MMP-1 protein levels to 159% and 189% in UVA-irradiated
melanoma cells, and to 131% and 179% in UVB-irradiated melanoma cells, respectively
(Figure 3c). Hydrocortisone at 0.02 µM, 0.2 µM, and 2 µM significantly inhibited TIMP-1
protein levels to 77%, 54%, and 49% of control (100%) in non-irradiated melanoma cells,
respectively (p < 0.05) (Figure 3d).
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Figure 3. Effect of hydrocortisone on MMP-1 and TIMP-1 protein levels in non-irradiated, 2.5 J/cm2

UVA-irradiated, or 2.5 mJ/cm2 UVB-irradiated fibroblasts and melanoma cells. Non-irradiated (blue),
UVA-irradiated (orange), or UVB-irradiated (grey) fibroblasts and melanoma cells were dosed with
0, 0.02, 0.2, and 0.2 µM hydrocortisone for 24 h and examined for MMP-1 protein levels (a,c) and
TIMP-1 protein levels (b,d); * p ≤ 0.05, relative to respective controls; error bars represent standard
deviation; n = 4–8.

4. Discussion

UV (UVA and UVB) irradiation, independently, did not alter cell viability, p53
promoter activity, or the expression of IL-8, MMP-1, and TIMP-1 in fibroblasts and
melanoma cells. Hydrocortisone had predominantly similar effects on non-irradiated
and UV-irradiated fibroblasts, whereas it had differential effects in non-irradiated
and UV-irradiated melanoma cells. It stimulated p53 promoter activity, inhibited cell
viability and IL-8 expression, and did not alter MMP-1 expression in non-irradiated
and UV-irradiated fibroblasts. It inhibited IL-8 expression in non-irradiated but not
UV-irradiated melanoma cells, stimulated MMP-1 expression in UV-irradiated cells but
not non-irradiated cells, and did not alter the viability of non-irradiated or UV-irradiated
melanoma cells. Hydrocortisone inhibited cell viability by stimulating p53 promoter
activity in non-irradiated and UV-irradiated fibroblasts (Figure 1). Corticosteroids
inhibit the viability and migration of fibroblasts, and dexamethasone reduces the cell
viability of chondrocytes that are involved in skeletal development [9,11]. Conjugated
hydrocortisone induces apoptosis and cell cycle arrest of melanoma cells, without toxicity
to normal cells [22]. Hydrocortisone did not alter the cell viability of non-irradiated or
UV-irradiated melanoma cells, but inhibited p53 promoter activity in non-irradiated
and UVA-irradiated melanoma cells, suggesting the potential to inhibit apoptosis or
growth arrest in these cells. Hydrocortisone exhibits differential effects, stimulatory or
inhibitory, on cell proliferation based on the origin of cells, stage of development, and
malignancy [10]. Hydrocortisone inhibited IL-8 protein levels in non-irradiated and
UV-irradiated fibroblasts and non-irradiated melanoma without parallel changes in IL-8
promoter activity (Figure 2), suggesting post-transcriptional regulatory mechanisms [14].
UV irradiation prevented the hydrocortisone-mediated inhibition of IL-8 promoter
activity in fibroblasts and IL-8 protein levels in melanoma cells. Glucocorticoids inhibit
the expression of IL-8 in melanoma mice tumor models and a cell line, though with
differential effects in other tumors, by inhibiting the Akt/mTOR pathway [12]. Corticosteroids
inhibit angiogenesis in aortic vascular smooth muscle cells by inhibiting vascular endothelial
growth factor [23]. Hydrocortisone inhibits the progression of hepatocellular carcinoma
by inhibiting macrophage-induced inflammation and angiogenesis [13]. UV irradiation
prevented hydrocortisone-mediated inhibition of IL-8 in melanoma cells, negating the
antiangiogenic potential of hydrocortisone in these cells. Hydrocortisone did not alter
MMP-1 protein levels in non-irradiated or UV-irradiated fibroblasts, and stimulated
MMP-1 protein levels in UVA- and UVB-irradiated melanoma cells (Figure 3), suggesting
potential to aid UV-mediated ECM remodeling and thereby metastasis of cancer cells.
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Hydrocortisone inhibited TIMP-1 levels in non-irradiated and UVB-irradiated fibroblasts,
and in non-irradiated melanoma cells, suggesting further potential to increase ECM
remodeling (Figure 3). Corticosteroids inhibit collagen synthesis in fibroblasts and
in human skin [8,9,15]. Dexamethasone reduces TIMP-3 expression in adipocytes, with
implications to adipogenesis [16]. Hydrocortisone stimulates MMPs in normal gingival
fibroblasts and contributes to periodontal diseases [24]. Polyphenolic compounds inhibit MMPs
in the sera of breast cancer patients [25]. The lack of stimulation of MMP-1 by hydrocortisone
in non-irradiated or UV-irradiated fibroblasts may limit ECM remodeling by these cells,
whereas the increased expression of MMP-1 in UV-irradiated melanoma cells may increase
the ECM remodeling by these cells. UV radiation is the primary source of oxidative stress and
inflammation, leading to photoaging and photocarcinogenesis [1–3,26–29]. Hydrocortisone is
the mainstay treatment for inflammatory diseases, including dermatitis [30–32]. Hence, we
examined the effects of hydrocortisone in normal dermal fibroblasts and melanoma cells,
which were non-irradiated or irradiated with UV light. Overall, we infer from the results
that hydrocortisone could facilitate skin thinning by inhibiting fibroblast cell viability
and IL-8 expression, regardless of UV exposure, but it could be beneficial in seborrheic
dermatitis and keratosis by these effects. Conversely, hydrocortisone could facilitate UV
irradiation in photoaging and photocarcinogenesis by the lack of inhibition of cell viability
and IL-8 expression, and the increase in MMP-1 expression in the UV-irradiated melanoma
cells. Additionally, the ultraviolet irradiation does not impact the effect of hydrocortisone
on normal fibroblasts but counteracts the effect of hydrocortisone in melanoma cells.
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