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Background: Keloids are characterized by an overabundance of collagen deposition due to elevated
activity and proliferation of fibroblasts, which lead to hypoxic conditions. Adaptation to these conditions
is regulated by the transcription factor hypoxia inducible factor-l1e (HIF-la). Cytoglobin (Cygb), a
reactive oxygen species scavenger, is a target gene of HIF-1a. In our previous study, we showed that Cygb
expression in keloid tissue was correlated with HIF-1e expression. However, whether HIF-1a regulates
Cygb expression and the proliferation of keloid fibroblasts remained unclear. Therefore, this study aimed
to determine the role of HIF-1a in Cygb expression and fibroblast proliferation of keloids. Methods: This
was an in vitro study using a primary culture of keloid fibroblasts in which ibuprofen was used to inhibit
HIF-1a expression. The expression of HIF-1a and Cygb mRNA were analyzed using quantitative reverse
transcriptase polymerase chain reaction (QRT-PCR) methods, and their protein levels were analyzed
using an enzyme-linked immunosorbent assay (ELISA). Fibroblast proliferation was analyzed using a
Trypan blue exclusion assay. Results: Inhibition of HIF-1a by ibuprofen decreased Cygb mRNA
expression but not in all the samples, followed by a decrease in the protein level of Cygh. There was a
positive correlation between the HIF-1a protein and Cygb mRNA, probably due to the regulation of Cygb
by HIF-1a at the mRNA level, but not the protein level. The proliferation of keloid fibroblasts was
significantly decreased and positively correlated with the HIF-1a protein. Conclusion: HIF-1a regulates
Cygb expression and fibroblast proliferation in keloids.

INTRODUCTION

A keloid is a benign skin tumor that occurs as a result of excessive fibrogenesis as part of the wound healing
process.t Keloid scars show similarities with tumors in terms of overgrowth and rapid proliferation.? The
progression of keloids is characterized by an increase in extracellular matrix deposition as a result of prolonged
fibrosis inflammatory processes in keloid tissue.®* Fibroblasts stimulate excess collagen synthesis in keloids, and
they show the same bioenergetics as cancer cells in terms of ATP formation, which is primarily produced by the
glycolysis proccess.®

High fibroblast proliferation in keloids leads to hypoxic conditions.® Adaptation to these conditions is
mediated by hypoxia inducible factor-1 (HIF-1), which consists of two subunits, an a-subunit (HIF-1a) and a
B-subunit (HIF-1B). The function of HIF-1 is primarily determined by HIF-1a because HIF-la expression
depends on cellular oxygen levels, whereas HIF-1B is expressed constitutively in cell nuclei.” Under hypoxic
conditions, HIF-1 acts as a transcription factor and aids cell survival, for example, by inducing the expression of
genes that contribute to cell proliferation, metabolism, and angiogenesis.®

Hypoxic conditions trigger cells to produce reactive oxygen species, which can be scavenged by cytoglobin
(Cygh).® The latter is involved in fibrogenesis, where it plays an important role in collagen synthesis by
providing oxygen for hydroxylation of proline residues during pro-collagen synthesis.*® Hypoxic conditions have
been shown to increase Cygb levels. For example, Guo et al. demonstrated the presence of binding sites of HIF-1
on hypoxia response elements (HRES) of the Cygb promoter gene in a cervical adenocarcinoma cell line and in
normal human lung cells (BEAS-2B).™*

In the previous study, the result showed that Cygb played a role in hypoxia of fibrosis tissue.'? Although
Cygb is associated with HIF-1a expression and correlated with fibroblast growth factor and pro-collagen | and
111, both of which are important in fibrosis,'? whether Cygb expression and keloid fibroblast proliferation are
under the control of HIF-1 remain unclear. Therefore, the aim of this study was to analyze the regulation of Cygb
expression and keloid fibroblast proliferation by HIF-1a. With this aim in mind, HIF-1a expression in keloid
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fibroblasts was inhibited using ibuprofen, a nonsteroidal anti-inflammatory drug that inhibits HIF by suppressing
the synthesis and increasing the degradation of the HIF-1a protein.

MATERIALS AND METHODS

Materials

Material for this studies were as follow: Dulbecco’s modified Eagles medium (DMEM) low-glucose (Gibco,
Fisher Scientific, UK), 1% penicillin-streptomycin (Sigma-Aldrich, USA), phosphate buffered saline/PBS
(Sigma-Aldrich, USA), 1% amphotericin (Biosera, UK), 10% fetal bovine serum/FBS (Gibco, Thermo Scientific,
UK ), 24-well culture plate for primary fibroblast culture (Costar, Corning, USA), Ibuprofen (Sigma-Aldrich,
USA) for HIF-1a inhibition; Tripure Isolation reagent (Sigma-Aldrich, USA) for total RNA isolation; Primers of
grRT PCR for HIF-1a were 5-TGATGACCAGCAACTTGAGG-3' (forward) and
5-TTGATTGAGTGCAGGGTCAG-3'(reverse); while primers for Cygb were 5'-
CAGTTCAAGCACATGGAGGA-3' (forward) and 5'-GTGGGAAGTCACTGGCAAAT-3' (reverse); 18s rRNA
primer as housekeeping gene were 5-AAACGGCTACCACATCCAAG-3' (forward) and 5'-
CCTCCAATGGATCCTCGTTA-3' (reverse); cell extraction buffer (Thermo Fisher Scientific, USA) to isolate
total protein; bovine serum albumin /BSA (Sigma-Aldrich, USA) and the material for ELISA kit were human
HIF-1a ELISA kit (Elabscience, UK) and human Cygb ELISA kit (Elabscience, UK), trypan blue
(Sigma-Aldrich, USA) for determination of fibroblast proliferation.

Methods

This was an experimental study conducted on keloid fibroblast primary cultures. This experiment used keloid
tissue samples from three patients with keloids. Each sample was cultured to propagate fibroblast keloids. Keloid
fibroblast-1 (KF1) was propagated from patient-1; keloid fibroblast 2 (KF2) was propagated from patient-2; and
keloid fibroblast 3 (KF3) was propagated from patient-3. Each group was divided into two subgroups:
experimental and control subgroups. The experimental subgroups were treated using ibuprofen, and the control
groups were untreated (negative control).

This study was conducted in the Molecular Biology Laboratory for Oxidative Stress Studies, Department of
Biochemistry and Molecular Biology, Faculty of Medicine, Universitas Indonesia. All the subjects involved in
this research provided informed consent, and this study was approved by the Ethics Committee of the Faculty of
Medicine, Universitas Indonesia (No. 472/UN2.F1/ET1K/2016).

1. Keloid fibroblast primary culture

Keloid fibroblast primary culturing was conducted according to Tucci-Vegas,*® with some modifications.
The keloid samples were washed six times using 2% penicillin-streptomycin in phosphate buffer saline (PBS).
The keloid samples were then incubated in complete medium (DMEM low-glucose medium containing 1%
penicillin-streptomycin, 1% amphotericin, and 10% FBS) for 30 min. The dermal layer of the keloid tissue was
then separated from the epidermal layer. Using a scalpel, the dermal layer was cut into small fragments of
approximately 2 x 2 mm?. Each fragment was placed in a well of a 24-well culture plate that had previously been
scraped. The plate was left slightly open under laminar air flow for 30 min. Subsequently, 100 uL of complete
medium was added to each well and incubated at 37° C with 95% O, and 5% CO;. The medium was changed
every 2 days, and the cells were observed under an inverted microscope.

2. Inhibition of HIF-1a.

To inhibit HIF-1a expression, the fibroblast cells were seeded into each well of a 24-well plate culture at
densities of 3.0 x 10%cells in each well in 500 pL of complete medium for 48 h. The medium was then removed,
replaced with serum-free medium containing 2 mM ibuprofen, and incubated for 6 h based on previous
optimization of the inhibition time (data not shown). Untreated fibroblasts were used as a control. At the end of
this incubation period, the fibroblasts were harvested and ready for the total RNA and protein isolation, and for
the determination of HIF-o. and Cygh mRNA and protein.

3. Total RNA isolation

The total RNA from the fibroblasts was isolated using a Tripure Isolation reagent (Sigma-Aldrich, USA)).
RNA concentrations were determined at a wavelength of 260 nm using Varioscan (Flash Multimode Reader,
Thermo Scientific, USA). The RNA purity index was assessed by determining the ratio of absorbance at 260 and
280 nm.
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4. Total Protein Isolation

Total protein was extracted using Cell Extraction Buffer (Thermo Fisher Scientific, USA). The total protein
concentration of the tissues was measured using spectrophotometer at a wavelength of 280 nm. A standard curve
was produced using bovine serum albumin solution.

5. Measurement of the Protein Levels of HIF-1a and Cygb
The protein levels of HIF-1o and Cygb were measured using a sandwich-enzyme linked immunosorbent
assay according to the manufacturer’s instructions.

6. Measurement of HIF-1o and Cygb mRNA expression

The relative mRNA expression of HIF-1a and Cygb were analyzed using quantitative-reverse transcriptase
polymerase chain reaction (QRT-PCR) (Bioneer, Korea). cDNA synthesis and amplification were performed in
the same tube using a One Step RT-PCR Kit with SYBR Green Master Mix (Applied Biosystem, USA). The
procedure of the reaction was as follows: synthesis of cDNA for 5 min at 42° C, inactivation of reverse
transcriptase for 2-5 min at 95° C, 40 PCR cycles at 95° C, with each cycle lasting 10 sec; 30 sec at 54° C for
Cygb and 18 sec at 59° C for HIF-1a (through optimization); followed by final step at 72° C for 30 sec. A
melting curve analysis was performed for 15 sec at 95° C, 15 sec at 55° C, 15 sec at 95° C, and a 2-min
incubation stage. As a reference gene, 18S mRNA was used.

The primers for each gene were as follows:

- HIF-10 F: 5-TGATGACCAGCAACTTGAGG-3/,
R: 5-TTGATTGAG TGCAGGGTCAG-3'
- Cygb F: 5- CAGTTCAAGCACATGGAGGA-3’

R: 5-GTGGGAAGTCACTGGCAAAT-3’
(The Cygb: NCBI NM_134268.4 primer was designed using Primer3 and check for alignment using BLAST)

- 185 RNAB F: 5'- AAACGGCTACCACATC CAAG-3’
R: 5- CCTCCAATGGATCCTCGTTA-3’

7. Measurement of Fibroblast Proliferation

Fibroblast proliferation was measured using a Trypan blue exclusion assay. Ten microliters of a fibroblast
cells suspension were mixed with 10 pL of Trypan blue and then placed in a Luna Slide and read using a Luna
Automatic Cell Counter.

8. Statistical Analysis

All data were analyzed and tested for homogeneity and normality using Kolmogorov-Smirnov test and
Levene’s test respectively. Data of each sample which treated with ibuprofen were compared to its control. A
significant level was determined using an independent t-test, and correlation analysis between ibuprofen
treatment with each parameter was conducted using Pearson’s correlation test. Statistical significance was
accepted at a level of p < 0.05.

RESULTS

Primary Culture of Fibroblasts from Keloids

Fibroblasts began to appear on the second day and grew around the explant tissue. On the day-2 the
fibroblasts looked like globular cells but later on the day-4 resembled spindle-like cells and adhered to the
bottom of the plate. The sizes of these fibroblasts varied from 16-19um. The fibroblast primary explant culture
reached 80% confluency after 13-23 days, depending on the keloid fragment size. Figure 1 shows fibroblast
growth from day- 2 until day-16 of the primary culture process.
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Figure 1. Growth of fibroblasts in keloid primary culture on day-1 (A); day-2 (B); day-4 (C); day-8 (D); day-14 (E); and
day-16 (F). (Inverted microscope, A, B, D, E, and F: 40x magnification; C, 100x magnification).

Effect of Ibuprofen on HIF-1a Protein Levels
HIF-1a protein levels in each sample (KF1, KF2, and KF3) significantly decreased after the administration
of ibuprofen (t-test, p < 0.05), as shown in Figure 2.
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Figure 2. Effect of ibuprofen treatment on HIF-1a protein levels in a primary culture of keloid fibroblasts (*p < 0.05,
independent t-test).

Effects of Inhibition of HIF-1a on HIF-10. mRNA Expression

HIF-1a. mRNA expression significantly increased in the KF1 and KF2 samples following the administration
of ibuprofen (p < 0.05, independent t-test). Although HIF-1a. mRNA expression slightly increased in the KF3
samples, the finding was not statistically significant. Figure 3 shows HIF-1a. mRNA expression after inhibition
of its protein by ibuprofen.
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Figure 3. Effects of inhibition of the HIF-1a protein by ibuprofen on HIF-1a mRNA expression (*p < 0.05, independent
t-test).

Effects of HIF-1a Inhibition on Cygb mRNA Expression and Protein Level

Cygb mRNA expression significantly decreased after inhibition of HIF-1a by ibuprofen in the KF1, KF2,
and KF3 samples (p < 0.01, independent t-test) (Fig. 4A). In contrast to the mMRNA Cygb level, the Cygb protein
level decreased significantly only in the KF2 sample (p < 0.05, independent t-test) after the administration of
ibuprofen, but there was no significant difference in the Cygb protein level in the KF1 and KF2 samples as
compared with that in the control (Fig. 4B).
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Figure 4. Effects of ibuprofen-induced inhibition of the HIF-1o protein on (A) Cygb mRNA expression (**p < 0.01,
independent t-test) and (B) Cygb protein expression (*p < 0.05, independent t-test)

Effects of HIF-1a Inhibition on Fibroblast Keloid Proliferation

Fibroblast keloid proliferation significantly decreased in the KF1, KF2, and KF3 samples as compared with
its control (p < 0.01, independent t-test). The ratios of fibroblast proliferation in the KF1, KF2, and KF3 groups
as compared with that in its control were 0:5; 0:73; and 0:64, respectively (Fig. 5).
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Figure 5. Effect of ibuprofen-induced inhibition of the HIF-1a protein on the proliferation of keloid fibroblasts (*p < 0. 05,
independent t-test)

Correlation of HIF-1a and Cygb Expression with Fibroblast Proliferation

According to Pearson’s correlation test, there was a moderately significant positive correlation between
HIF-1a protein and Cygb mRNA expression (Pearson’s test: R = 0.440; p = 0.031; n = 24), as shown in Figure
6A. There was also a moderately significant positive correlation between the HIF-1la protein expression and
fibroblast proliferation in keloids (Pearson’s test: R = 0.421; p = 0.040; n = 24), as shown in Figure 6b.
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Figure 6. (A). Correlation between HIF-1a protein and mRNA Cygb (Pearson’s test: R = 0.440; p = 0.031; n = 24); and (B).
between HIF-1a protein and fibroblast proliferation (Pearson’s test: R = 0.421; p = 0.040; n = 24).

DISCUSSIONS

Fibroblast cells, the major cellular components of keloids, were successfully grown in this study using the
explant method (Fig. 1). The cells began to grow from the edge of the explant. Subsequently, the cells attached
to the surface of the well. The morphology of the cells that grew resembled that of fibroblasts (i.e., they were
spindle shaped, with a central core).

In our previous study, we showed that the expression of HIF-1a in keloids was higher than that in normal
skin.*? Keloid fibroblast proliferation and active collagen synthesis result in an increased oxygen demand.
However, the availability of oxygen tends to remain stable. The imbalance between the need for oxygen and
oxygen availability causes hypoxic conditions in keloids. Due to the limited availability of oxygen, the prolyl
hydroxylase domain (PHD) enzyme cannot hydroxylate the proline residue in HIF-1o. As a result, the HIF-1a
protein is not recognized by the von Hippel-Lindau protein for ubiquitination and subsequent degradation by the
ubiquitin-proteasome system. Thus, the degradation of HIF-1a. by PHD is inhibited which results in HIF-1a
stabilization.'6

Ibuprofen inhibits HIF-1a through cyclooxygenase-2 (COX-2)-dependent and COX-2-independent pathways.
1718 Through the COX-2-dependent pathway, it inhibits the synthesis of prostaglandin E2, thereby stimulating
HIF expression through the phosphatidyl 3-P kinase (P13K/Akt) pathway.*” Following hydroxylation by PHD of
HIF-10, the latter is recognized by the von Hippel-Lindau protein and degraded by the ubiquitin proteasome
system.*® The results of the present study showed that the HIF-1a protein level decreased after the administration
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of ibuprofen (Fig. 2). The decrease in the HIF-1a protein level resulted in up-regulation of the synthesis of
HIF-1a mRNA (Fig. 3). The latter may represent a positive feedback response to the lack of the HIF-1a protein.

This study showed that inhibition of HIF-1a significantly decreased Cygb mRNA expression (Fig. 4A). In
addition, the expression of Cygh mRNA was significantly correlated with the decrease in HIF-1a protein levels
(Fig. 6A). These results are in accordance with those of Guo et al.*® The results of the present study
demonstrate that the HIF-1a protein plays a role in regulating the expression of Cygb.

In our study, the decrease in the mRNA expression of Cygb was not followed by a reduction in the protein
level of Cygb in all the samples, with decreased levels found only in the KF2 sample (Fig. 4B). This finding was
probably due to HIF-1a regulating the mRNA level of Cygb but not the protein level. The presence of HIF-1a
binding sites in the HRE of the Cygb gene indicates that HIF-1a acts as a transcription factor for the Cygb
gene.'t!® By decreasing in HIF-1o levels, Cygb gene transcription will be inhibited. As a result, Cygb mRNA
will decrease. However, Cygb proteins present in cells may not decrease due to the influence of other factors,
such as post-transcription modification in synthesis of Cygb protein.

In the present study, the proliferation of keloid fibroblast cells treated with a HIF-1o inhibitor was
significantly decreased (Fig. 5), and the decline was positively correlated with the HIF-1a protein (Fig. 6B).
Thus, the HIF-1o protein appears to play an important role in cell proliferation. Previous studies showed that
HIF-1a served to induce the expression of various genes, such as nitrite oxide synthase (NOS), insulin-like
growth factor-2 (IGF-2), transforming growth factor (TGF), C-MYC, and ID2, that support cell proliferation in
hypoxic conditions.® HIF-1o. knockdown reduced cell proliferation has been proved by Xia et al, who
conducted experiment using retinoblastoma WERI-Rb-1 cells.?’ Therefore, inhibition of the HIF-1a protein
influences the expression of genes regulated by HIF, thereby reducing cell proliferation.

Although the role of Cygb remains unclear, it is known to be very important in cell proliferation in hypoxic
conditions. As shown in previous research, the Cygb protein plays a role in oxygen binding and supply in cells
by ensuring the availability of oxygen for energy-intensive mitotic processes in cell proliferation.’® Keloids are
composed of fibrous tissue, which has a high proliferation index as compared with that of normal tissue.
Collagen synthesis in keloid tissues is greater than that in normal skin fibroblasts. The high proliferation and
activity of fibroblasts in keloids consume a large amount of energy and oxygen. Cygb plays a role in meeting the
oxygen demand of fibroblasts and is associated with the activity of fibroblasts, which require oxygen for proline
hydroxylation in collagen maturation.'> Thus, constraints on Cygb expression will result in reduced oxygen
availability and consequently reduced cell proliferation. This study showed that HIF-la regulates Cygb
expression in keloid fibroblasts and affects the proliferation of keloid fibroblasts. Further research is needed to
shed light on the role of Cygb in the proliferation of keloid fibroblasts. Such research should include analyses of
the effect of Cygb inhibition on cell proliferation. So far, our experiment lead to understand the mechanism of
fibroblast proliferation in keloid tissue and might have clinical implication in treatment and prevent the
recurrence of keloid tissue in keloid patient.
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