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Abstract

Aim: The prominent side effect of immunosuppressive drug cyclosporine A (CsA) is gingival overgrowth.

Hypoxia-inducible factor (HIF)-1αregulates a wide variety of profibrogenic genes, which are closely

associated with tissue fibrosis. The aim of this study was to compare HIF-1αexpression in normal gingival

tissues and CsA-induced gingival overgrowth specimens and further explore the potential mechanisms that

may lead to induction of HIF-1αexpression.

Materials and Methods: Fifteen CsA-induced gingival overgrowth specimens and five normal gingival

tissues were examined by immunohistochemistry. Western blot was used to investigate the effects of CsA on

the expression of HIF-1αin cultured human gingival fibroblasts. The effects of CsA on plasminogen activator

inhibitor (PAI)-1 expression were evaluated in environmental hypoxia.

Results: HIF-1αstaining in gingival tissue was stronger in CsA-induced gingival overgrowth group than

normal gingival group (p<0.05). The expression of HIF-1αwas significantly higher in CsA-induced gingival

overgrowth specimens with higher levels of inflammatory infiltrates (p=0.041). CsA was found to upregulate

HIF-1αprotein in a dose-dependent manner (p<0.05). Hypoxia increased CsA-induced PAI-1 protein

expression than normoxic conditions (p<0.05).

Conclusions: These results suggest that HIF-1αexpression is significantly upregulated in CsA-induced

gingival overgrowth specimens. The activation of HIF-1αmay promote fibrogenesis by PAI-1 increasing

expression of extracellular matrix in gingival tissues.

Keywords: cyclosporine A, gingival fibroblasts, gingival overgrowth, hypoxia-inducible factor-1α,

plasminogen activator inhibitor-1
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中文摘要

目的：

免疫抑制劑環孢靈最主要的副作用是造成牙齦增生，低氧誘導因子-1α(hypoxia-inducible factor

-1α, HIF-1α)會調控許多纖維化基因，並與多種組織纖維化症有關。本研究的目的在比較 HIF-1α在正常

牙齦組織中與環孢靈誘發牙齦增生組織的表達情形；並進一步探討，造成 HIF-1α表達的可能的機轉。

材料與方法:

利用免疫化學組織染色法檢查 15 個環孢靈誘發牙齦增生的組織及五個正常的牙齦組織。並利用

西方墨點法來檢驗環孢靈是否會誘發正常人類牙齦造纖維母細胞表達 HIF-1α。並在厭氧環境下探討環

孢靈是否會誘發正常人類牙齦造纖維母細胞表達第一型胞漿素原活化抑制劑(plasminogen activator

inhibitor-1, PAI-1)。

實驗結果發現:

環孢靈誘發牙齦增生的組織比正常的牙齦組織有較高的 HIF-1α表達，且具有統計學上的意義

p<0.05 。環孢靈誘發牙齦增生組織中 HIF-1α表達的強弱與發炎的程度具有正相關 p<0.05。環孢靈會

誘發 HIF-1α的表達並隨著劑量的增加而增加 p<0.05。在厭氧環境中環孢靈誘發 PAI-1 蛋白的程度比正

常環境高，並具有統計學上意義 p<0.05

結論:

實驗結果顯示: HIF-1α在環孢靈誘發牙齦增生的組織中，有明顯的表達。激發 HIF-1α的表達可促

進纖維化的產生，並藉由 PAI-1 來增加細胞外間質在牙齦組織的沉積。

關鍵字：環孢靈、造牙齦纖維母細胞、牙齦增生、低氧誘導因子-1α、第一型胞漿素原活化抑制劑
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Introduction

Cyclosporine A (CsA) is a cyclic polypeptide used as an immunosuppressive drug. It is widely used to

prevent organ transplant rejection and to treat various immunological diseases. Gingival overgrowth is a

prominent side effect associated with the systemic use of CsA (Faulds et al. 1993). Gingival overgrowth as a

clinical outcome presents as an increased gingival volume, including an increased number of cells and a

higher level of extracellular matrix (ECM) production (Hassell & Hefti 1993). Despite extensive research, the

precise mechanism underlying the pathogenesis of CsA-induced gingival outgrowth is still unclear.

A key mediator of cellular responses to low oxygen is hypoxia inducible factor-1 (HIF-1), a

heterodimeric transcription factor consisting of a constitutively expressed β subunit (also known as aryl

hydrocarbon receptor nuclear translocator) and an O2-regulated α subunit. In normoxia, the HIF-1αsubunit is

a short-lived polypeptide that undergoes rapid oxygen-dependent hydroxylation on specific proline and

asparagine residues by prolyl hydroxylases. In the presence of oxygen, prolyl hydroxylase domain (PHD)

enzymes hydroxylate HIF-1α and enable interaction with von Hippel-Lindau protein (pVHL), which results in

its ubiquitylation and subsequent proteasomal degradation (Schofield & Ratcliffe 2004). HIF-1 also induces

expression of profibrogenic genes like tissue inhibitor of metalloproteinase-1, connective tissue growth factor,

and plasminogen activator inhibitor (PAI)-1 (Kietzmann et al. 1999, Norman et al. 2000, Higgins et al. 2004).

It is thus likely that by upregulating these profibrogenic factors, HIF-1 accelerates tissue fibrosis. In addition,

HIF-1α is consistently and dramatically upregulated in a variety of fibrotic diseases, such as keloid (Zhang et

al. 2003), renal fibrosis (Kimura et al. 2008), and oral submucous fibrosis (Tilakaratne et al. 2008).

Recently, HIF-1α was found to express in healthy and diseased periodontal tissues (Ng et al. 2011).

However, little is known about the correlation between HIF-1αand CsA-induced gingival overgrowth. The

present work was undertaken to identify the in situ localization of HIF-1αexpression in normal gingival

tissues and CsA-induced gingival overgrowth specimens. In addition, Western blot was used to determine the

effects of CsA on the expression of HIF-1αin cultured human gingival fibroblasts (HGFs) in vitro. Previous

findings have suggested that hypoxia, through HIF-1, could enhance fibrogenesis via factors involved in ECM

modification, such as plasminogen activator inhibitor-1 (PAI-1) (Li et al. 2005). Recently, our study has

shown that PAI-1 expression is significantly upregulated in CsA-induced gingival overgrowth specimens (Lin

et al. 2007). To address the mechanisms underlying the hypoxic regulation of PAI-1 expression, the effects of
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CsA on HGFs were performed in hypoxia chamber.

Materials and methods

Tissue Collection

Normal gingival tissue samples were obtained from five healthy individuals undergoing routine surgical

crown lengthening, with little if any evidence of inflammation and no systemic medication. Fifteen redundant

hyperplasic gingival biopsy materials were obtained from ten renal transplant patients receiving CsA therapy.

These patients had been taken CsA for more than 1 year and the dose had been adjusted to maintain stable

serum levels of about 200 ng/ml. No sign of graft rejection was detected in these renal transplant patients. The

samples were obtained during surgical removal of diseased gingival as part of their routine clinical

management, which also included intensive plaque control. Institutional Review Board permission at the

Chung Shan Medical University Hospital was obtained for the use of discarded human tissue.

Immunohistochemistry

The surgically removed gingival tissues were fixed with 10 % buffered formalin overnight, the

specimens were dehydrated in an ascending series of graded alcohols and embedded in paraffin. Five m

sections were stained with the monoclonal anti- HIF-1(sc-10790) antibody (Santa Cruz Biotechnology, CA,

USA) (1:100 dilution) using a standard avidin-biotin-peroxidase complex method (Tsai et al. 2009a, Lee et al.

2010). 3-amino-9-ethylcarbazole (AEC, DAKO, Carpinteria, CA, USA) was then used as the substrate for

localizing the antibody binding. Negative controls included serial sections from which either the primary or

secondary antibodies were excluded. The preparations were counterstained with hematoxylin, mounted with

Permount (Merck, Darmstadt, Germany) and examined by light microscopy.

One section from each CsA-induced gingival overgrowth specimen was stained with hematoxylin and

eosin to evaluate the magnitude of inflammation at the histological level. Most of the inflammatory cells

present in the infiltrates represented in these specimens were lymphocytes. Each specimen was graded at 200x

magnification as: grade low, inflammatory cells less than 50 % per field and grade high, inflammatory cells

higher than 50 % per field. Grading of each specimen was based on the average inflammatory condition in

three consecutive microscopic fields starting from the epithelial-connective tissue border and proceeding

gradually deeper into lamina propria.
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Processed immunohistochemically for HIF-1 expression, sections graded as “low” were represented by 

positive stained cells less than 50 %; sections graded “high” exhibited positive stained cells over 50 % on 3 

sections/tissue at 400x magnification.

Cell culture

HGFs were cultured by using an explant technique. Three healthy individuals were selected from the

crown lengthening procedure for this study. The normal gingival tissue samples were minced using sterile

techniques and washed twice in phosphate buffer saline (PBS) supplemented with antibiotics (100 U/ml

penicillin, 100 µg/ml streptomycin and 0.25 µg/ml of fungizone). Explants were placed into 60 mm Petri

dishes and maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco Laboratories, Grand Island, 

NY, USA) supplemented with 10 % fetal calf serum (FCS) (Gibco Laboratories, Grand Island, NY, USA) and

antibiotics as described above. Cell cultures between the third and eighth passages were used in this study.

Effect of CsA on HIF-1expression in HGFs by Western blot

Cells arrested in G0 by serum deprivation (0.5 % fetal calf serum; 48 h) were used in the experiments.

Nearly confluent monolayers of HGFs were washed with serum-free Dulbecco’s modified Eagle’s medium

and immediately thereafter exposed to various concentrations (0, 100, 200, and 500 ng/mL) of CsA (Sigma, St

Louis, MO, USA) after 24 h incubation period. Cultures without FCS were used as negative controls. Cells

were solubilized with sodium dodecyl sulfate-solubilization buffer (5 mM EDTA, 1 mM MgCl2, 50 mM

Tris–HCl, pH 7.5 and 0.5 % Trition X-100, 2 mM phenylmethylsulfonyl fluoride, and 1 mM

N-ethylmaleimide) for 30 min on ice. Then, cell lysates were centrifuged at 12,000 g at 4 °C and the protein

concentrations determined with Bradford reagent using bovine serum albumin as standards. Equivalent

amounts of total protein per sample of cell extracts were run on a 10 % sodium dodecyl

sulfate-polyacrylamide gel electrophoresis and immediately transferred to nitrocellulose membranes. The

membranes were blocked with phosphate-buffered saline containing 3 % bovine serum albumin for 2 h, rinsed,

and then incubated with primary antibodies anti-HIF-1(1:500) in phosphate-buffered saline containing 0.05

% Tween 20 for 2 h. After three washes with Tween 20 for 10 min, the membranes were incubated for 1 h

with biotinylated secondary antibody diluted 1:1000 in the same buffer, washed again as described above and

treated with 1:1000 streptavidin-peroxidase solution for 30 min. After a series of washing steps, protein
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expression was detected by chemiluminescence using an ECL detection kit (Amersham Biosciences UK

Limited, England), and relative photographic density was quantitated by scanning the photographic negatives

on a gel documentation and analysis system (AlphaImager 2000, Alpha Innotech Corp., San Leandro, CA).

Each densitometric value was expressed as the mean ± standard deviation (SD).

Establishment of hypoxic condition for PAI-1 expression

Cells growing to about 80 % confluence were transferred to a hypoxic chamber with auto purge airlock

(NexBiOxy, Unimed Healthcare Inc., Taipei, Taiwan). Environmental hypoxic conditions (1 %) were

achieved in an airtight humidified chamber and continuously flushed with a gas mixture containing 5 % CO2

and 95 % N2. Maintenance of the desired O2 concentration was constantly monitored during incubation using

a microprocessor-based oxygen controller. Normoxic conditions were defined as 20 % O2, 5 % CO2 at 37 °C.

The culture period and Western blot by using anti-PAI-1 antibody (Santa Cruz Biotechnology, CA, USA)

were described previously.

Statistical analysis

Three replicates of each experiment were performed for each test. All assays were repeated three times to

ensure reproducibility. For testing of differences in the HIF-1between normal healthy gingival tissues and

CsA-induced gingival overgrowth specimens, Fisher’s exact test was applied for the statistical analysis of the 

results. The significance of the results obtained from control and CsA-treated HGFs was statistically analyzed

by Kruskal-Wallis test. Tests of differences of the treatments were analyzed by Duncan’s test. A p-value of <

0.05 was considered to be statistically significant.

Results

Fig. 1 Very faint immunoreactivity of HIF-1was observed in normal human gingival tissues (400x).
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Fig. 2 Strong immunostaining for HIF-1was noted in the CsA-induced gingival overgrowth specimens.
HIF-1was evident as intensive redbrown color in the cytoplasm of fibroblasts, epithelial cells and
inflammatory cells. (400x)

Table The results of HIF-1 expression and the grade of inflammation in CsA-induced gingival
overgrowth tissues

Inflammation high Inflammation low

HIF-1high 7 1

HIF-1low 2 5

A significantly greater HIF-1expression was noted in CsA-induced gingival overgrowth tissues with high
levels of inflammation as compared to tissues with low levels of inflammatory cell infiltrates by
Fisher’s exact test (p=0.041)

Fig. 3 Expression of HIF-1protein by HGFs in the presence of 0, 100, 200 and 500 ng/ml CsA. Cells were
exposed to CsA for a 24 h incubation period. -actin was performed in order to monitor equal protein
loading.
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Fig. 4 Levels of HIF-1protein treated with CsA were measured by AlphaImager 2000. The relative level of
HIF-1protein expression for each sample was normalized against -actin signal and the control was
set as 1.0. Optical density values represent the means of three different HGF strains ± standard
deviations. Triplicate experiments were performed. * represents significant difference from control
values with p<0.05.

Fig.5 Effects of CsA on PAI-1 protein expression in HGFs under normoxic and hypoxia conditions.
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Fig.6 The relative level of PAI-1 protein expression for each sample was normalized against -actin signal
and the control was set as 1.0. Optical density values represent the means of three different HGF
strains ± standard deviations. Triplicate experiments were performed. * represents significant
difference from control values with p<0.05. # represents statistically significant between normoxic and
hypoxia conditions; p < 0.05.

Conclusions

As far as we known, this is the first systematic attempt to evaluate the role of HIF-1expression in

CsA-induced gingival overgrowth in human at both in vivo and in vitro. We have demonstrated that HIF-1is

elevated in CsA-induced gingival overgrowth than normal gingival tissues. Data from our in vitro experiments

showed that CsA was capable of stimulating HIF-1expression in HGFs. Hypoxia through HIF-1may

promote fibrogenesis via stimulation of PAI-1 that promotes ECM accumulation in gingival connective

tissues (Fig. 7).

Fig. 7 Model proposing a role for HIF-1α/PAI-1 in the progression of CsA-induced gingival overgrowth.
Gingival tissue inflammation could generate hypoxic stress and CsA increase HIF-1α expression. As a
consequence of hypoxia in HGFs HIF-1α is stabilized, resultingin increased expression of PAI-1, thus
promoting the accumulation of ECM.
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