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Abstract. – OBJECTIVE: To investigate the 
effect of tacrolimus on the proliferation of fibro-
blasts after glaucoma surgery.

MATERIALS AND METHODS: Biopsy was ap-
plied in this study. Under aseptic conditions, tis-
sues were collected from rabbits, cut into small 
pieces and cultured. Morphology of fibroblasts 
was observed under a microscope. Features 
of fibroblasts were identified via immunocyto-
chemistry and reverse transcription-polymerase 
chain reaction (RT-PCR). Western blotting and 
RT-PCR were performed to detect the expres-
sions of related proteins after treatment. Flow 
cytometry and cell counting kit-8 (CCK-8) assay 
were employed to examine the proliferation of 
Tenon’s capsule fibroblasts (TFs) after tacrolim-
us treatment.

RESULTS: Tacrolimus decreased the levels of 
survivin and α-smooth muscle actin (α-SMA) af-
ter transforming growth factor-β (TGF-β) treat-
ment. Besides, it inhibited proliferation and in-
duced apoptosis of TFs.

CONCLUSIONS: Tacrolimus reduces prolifer-
ation and promotes apoptosis of TFs by inhib-
iting the expression of survivin, which may be 
a strategy for treating hypertrophic scar after 
glaucoma surgery.
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Introduction

The filtering bleb scarring after glaucoma fil-
tering surgery is the most primary cause of sur-
gery failure1-3. There are dense collagen fibrillar 
connective tissues abnormally thickened below 
the conjunctival epithelium of filtering blebs in 
the failed filtering surgery, accompanied by the 
active proliferation of fibroblasts, thus block-
ing the filtering passage, and losing the aqueous 

drainage function4,5. At present, anti-metabolism 
drugs commonly used in surgery, such as fluoro-
uracil and mitomycin, can reduce the scar forma-
tion of filtering passage after surgery and improve 
the success rate of surgery, but its anti-metabolic 
effects may also lead to a series of postoperative 
complications, such as ocular hypotension and 
filtering blebleakage6-8. Therefore, exploring saf-
er and more effective treatment methods of scar-
ring after glaucoma surgery has important sig-
nificance. Tenon’s capsule fibroblasts (TFs) play 
major roles in the scarring process of filtering 
passage after glaucoma surgery9,10. Under condi-
tions of surgery or injury, the increased level of 
transforming growth factor-β (TGF-β) activates 
local fibroblasts and transforms them into myofi-
broblasts (MFs), thus initiating the wound healing 
response11,12. MFs play important roles in different 
stages of wound healing13,14. Once the wound is 
healed, in general, MFs will be rapidly restored to 
fibroblasts or enter the apoptosis program. If MFs 
exist persistently, it will lead to excessive prolifer-
ation of cells, increased synthesis of extracellular 
matrix, scar formation, premature healing of fil-
tering passage and blockage of aqueous drainage 
passage, ultimately resulting in surgical failure.

Survivin, as a member of the anti-apoptosis pro-
tein family, is involved in the regulation of mito-
sis and the inhibition of the activity of caspase-3, 
thereby promoting the abnormal proliferation of 
transformed cells and avoiding the cell apopto-
sis15,16. Many previous studies have shown that 
survivin plays an important role in scar formation. 
Tacrolimus (FK506) is a kind of natural macrolide 
immunosuppressant isolated from Streptomyces 
in 1984, whose immunosuppressive activity is 10-
100 times that of cyclosporin A. FK506 is clinical-
ly used in the treatment of rejection reaction after 
organ transplantation, atopic dermatitis and some 
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immune diseases. Previous studies6,17 have shown 
that FK506 plays an important role in the preven-
tion of epidural scarring. Therefore, the primary 
purpose of this work was to investigate the effect 
of tacrolimus on the proliferation of fibroblasts af-
ter glaucoma surgery.

Materials and Methods

Isolation and Culture of Rabbit Tenon’s 
Capsule Fibroblasts

Rabbits were fixed on an operating table under 
supine position, and the anesthetic was injected via 
ear vein. Under sterile conditions, Tenon’s capsule 
tissues were removed, immersed in sterile phos-
phate buffered saline (PBS) containing 300 μ/mL 
penicillin and 300 μ/mL streptomycin, and stored 
in an ice box. The above Tenon’s capsule tissue 
samples were washed with sterile PBS containing 
100 μ/mL penicillin and 100 μg/mL streptomycin 
for 3 times on a super clean bench, and added with 
a small amount of Dulbecco’s modified Eagle me-
dium (DMEM, Gibco, Rockville, MD, USA) com-
plete culture solution (containing 10% fetal bovine 
serum, FBS, Gibco, Rockville, MD, USA) 100 μ/
mL penicillin and 100 μg/mL streptomycin, (Yang-
tze River Pharmaceutical Group, Beijing, China)). 
Then, tissues were cut into small tissue blocks (0.5-
1 mm2) using sterile corneal scissors, added with a 
small amount of DMEM complete culture solution, 
and mixed evenly. Tissue block suspension was 
evenly inoculated into a sterilized 90 mm glass 
culture dish using an aseptic dropper, with an in-
terval of about 1 cm between every two drops. The 
culture dish was placed into an incubator with 5% 
CO2 at 37°C. After being cultured for 24 h, tissue 
blocks adhered to the wall, and added with 7 mL 
DMEM complete culture solution, followed by in-
cubation with 5% CO2 at 37°C. Tissue blocks were 
observed under an inverted microscope, and the 
culture solution was replaced once every 3-4 days. 
When cells covered 70%-80% of the culture dish, 
they were subcultured. The original culture solu-
tion in the culture dish was discarded, and tissue 
blocks were washed once with sterile PBS, add-
ed with 0.25% trypsin solution, and placed in the 
incubator at 37°C for 2-3 min. When microscopic 
observation showed that the intercellular space was 
increased and cells became round, the trypsin solu-
tion in the culture dish was discarded, and DMEM 
complete culture solution was added to terminate 
the digestion. The bottom of culture dish was re-
peatedly blown and beaten to blow exfoliated cells 

fully and evenly, followed by passage in a ratio of 
1:4 or 1:5. Cells were inoculated into a culture flask 
or culture plate, and passage or relevant experi-
mental research was performed again when cells 
covered 70%-80% of flask or plate.

Immunofluorescence Assay
Immunofluorescence assay was performed as 

previously described (29164574). The primary 
antibodies of vimentin, keratin, surviving and 
α-SMA were purchased from Abcam (Cam-
bridge, MA, USA).

Western Blotting
Tissues and cells were added with radioimmu-

noprecipitation assay (RIPA) buffer, and various 
protease inhibitors, such as phenylmethanesulfo-
nyl fluoride (PMSF), were also added, followed 
by incubation on ice for 30 min. During this pe-
riod, the sample was repeatedly blown and beat-
en to avoid air bubbles, and transferred to a cen-
trifuge tube for centrifugation at 15000 rpm and 
4°C for 15 min. According to instructions of the 
bicinchoninic acid (BCA) protein quantification 
kit (Thermo Fisher Scientific, Waltham, MA, 
USA), the sample concentration was determined. 
The loading quantities of all samples were ad-
justed equally. An equal volume of sodium do-
decyl sulfate (SDS)-loading buffer was added, 
and the mixture was mixed evenly and boiled 
at 100°C for 10 min. The sample solution and 
standard substance prepared were loaded, the 
standard substance was added into the first well, 
and the protein was separated via electrophore-
sis. Then, the protein was transferred to a poly-
vinylidene fluoride (PVDF) membrane (Milli-
pore, Billerica, MA, USA) using the three-layer 
sandwich method on ice for 1h under a constant 
voltage of 100V. The membrane was placed into 
a box in an appropriate size, and added with 5% 
skim milk for incubation on a shaking table for 
1h. The primary antibody was added to direct-
ly bind to the target protein antigen. The mem-
brane was washed with Tris-Buffered Saline 
with Tween-20 (TBS-T) for 3 times (5 min each 
time). When the appropriate enzyme substrate 
was added, the complex would be converted into 
the substance with chemiluminescence proper-
ty through the horseradish peroxidase oxidation 
reaction, followed by detection. Then, the mem-
brane was washed again with TBS-T for 4 times 
(8 min each time). Exposure: the substrate was 
added, and the signal was collected using films, 
followed by color development.
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Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR)

RNA of TFs was extracted according to the 
manufacturer’s instructions (Yifeixue Bio Tech, 
Nanjing, China). The corresponding RNA sample 
was added, followed by reverse transcription to 
obtain complementary Deoxyribose Nucleic Acid 
(cDNA). The relative expression level of mRNA 
was analyzed using the Bio-Rad C1000 Thermal 
Cycler (Bio-Rad, Hercules, CA, USA).

Cell Viability Assay
TFs were inoculated on a 96-well plate with 

a density of 5×104/mL (100 μL each well). After 
various treatments were applied to these wells, 
cell counting kit-8 (CCK-8, TaKaRa, Tokyo, Ja-
pan) solution (10 µL) was added to each well, and 
cells were incubated for 2 h at 37°C. Absorbance 
was measured at 450 nm.

Annexin V/Propidium Iodide Double 
Staining

Annexin V/propidium iodide double staining 
was employed according to the previous study.

Statistical Analysis
Statistical product and service solutions (SPSS) 

11.5 software (Chicago, IL, USA) was used for 
statistical analysis of data. The comparison be-

tween groups was done using One-way ANOVA 
test followed by Post Hoc Test (Least Significant 
Difference). p<0.05 suggested that the difference 
was statistically significant.

Results

Identification of TFs
Primary cells were in fusiform shape and ar-

ranged in bundles, a small number of cells were 
also in irregular shape, and they connected each 
other through long and thin synapses and covered 
the whole culture dish after about 2 weeks. If a 
small number of epithelial cells were mixed in the 
culture dish, cells were cultured using the differ-
ential culture method, and they were completely 
composed of single-layer long fusiform cells after 
subculture, which was consistent with the mor-
phological characteristics of fibroblasts (Figure 
1A). Vimentin is a kind of constitutive protein 
produced by fibroblasts, as well as a characteris-
tic marker of fibroblasts, and keratin is a surface 
marker of epithelial cells. To eliminate the pos-
sibility of mixing conjunctival epithelial cells in 
cells cultured, the characteristics of fibroblasts 
cultured were detected using vimentin and kera-
tin immunostaining technique. Fibroblasts inter-
acted with vimentin antibodies, so cells showed 

Figure 1. A, Morphological characteristics of fibroblasts. B-C, Increased level of vimentin produced by fibroblasts.
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positive response and green fluorescence. After 
interaction with keratin antibodies, cells showed 
negative response without green fluorescence 
(Figure 1B). The levels of vimentin gene VIM 
and keratin gene KRT3 in cornea and TFs were 
detected via Real-time fluorescence quantitative 
PCR (Figure 1C), respectively.

α-SMA, Collagen I and Survivin Were 
Increased When Treated with TGF-β1

After TFs were induced by 1-40 ng/mL 
TGF-β1, the expression of α-SMA was increased, 
among which it was expressed most significantly 
in TFs induced by 10 ng/mL TGF-β1 (Figure 2A). 
α-SMA, collagen I and survivin were increased 
when TFs were cultured with TGF-β (Figure 2B).

FK506 Inhibited TFs Proliferation
According to the results of the CCK-8 assay, TFs 

treated with FK506 at various concentrations (5 
nM, 10 nM, 20 nM, and 40 nM) for 24 h exhibited 
significant reduction of cell viability (Figure 3).

FK506 Induced Apoptosis in TFs
Annexin V/propidium iodide double staining 

results showed that TFs treated with 10 nM, 20 
nM, and 40 nM FK506 for 24 h exhibited signi-
ficant apoptosis (Figure 4A). At the same time, 
Western blotting also showed that the expression 
level of apoptosis-specific protein Caspase-3 was 
significantly increased compared with that in the 
control group (Figure 4B).

FK506 Treatment Decreased Expression 
of Survivin Induced by TGF-β1

The results of Western blotting, q-PCR, and 
immunofluorescence demonstrated that FK506 
(20 nM) inhibited the expression of survivin, thus 
inhibiting proliferation and inducing apoptosis 
(Figure 5).

Discussion

Glaucoma filtering surgery is one of the most 
commonly-used surgical methods for controlling 
the intraocular pressure, whose main principle is 
to artificially establish the aqueous outflow passa-
ge18,19. The functional filtering bleb is a main vi-
sual indicator to determine whether the aqueous 
outflow passage is established successfully or not. 
There are two kinds of failed filtering blebs: a) 
Filtering blebs disappear completely and fibrous 
scars are formed; b) the limited and hypertrophic 
encapsulated filtering blebs wrapped with Tenon’s 
fascia are formed around the filtering mouth. The 
latter one is similar to the functional bleb in ap-
pearance, but there is an abnormal proliferation 
of dense collagen fibers around the subconjuncti-
val filtering mouth, hindering the aqueous drai-
nage. From the perspective of histopathology, 
the process of wound repair after filtering sur-
gery is divided into three phases: a) Deposition 
of fibrinoid materials and fibroblast proliferation 
at 6 d after surgery; b) Proliferation and migra-
tion of fibroblasts at 7-9 d after surgery; c) For-
mation of granulation tissues and wound closure 
at 10-14 d after surgery. In wound repair, a large 
number of fibroblasts proliferate through mito-
sis, synthesize and secrete a lot of collagen fibers 
and matrix components, and form granulation 

Figure 2. TGF-β enhanced the expression of α-SMA, 
collagen I and surviving.

Figure 3. FK506 inhibited TFs proliferation proved by 
CCK-8 assay.
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tissues together with new capillaries, thus filling 
the wound tissue defects. The mechanism of scar 
formation in filtering passage after surgery is not 
fully understood, and it is generally believed that 
the proliferation of a large number of fibroblasts, 
main repair cells, leads to the release of a series of 
cytokines, and the imbalance between generation 
and degradation of collagen fibers in extracellular 
matrix, which is a biological basis of pathological 
scar formation.

Survivin gene is the smallest one with an in-
dependent structure in the anti-apoptosis protein 
family, and its N-terminal baculovirus anti-apop-

tosis protein repetitive sequence structure has 
very important apoptosis-inhibiting amino acids 
(Trp67, Pro33, and Cys64 residue). Survivin inhi-
bits the activity of caspase-3, etc., mainly through 
these amino acids, thereby exerting an anti-apop-
totic effect. The main function of survivin gene 
is to inhibit cell division and apoptosis, and regu-
late cell mitosis through binding to the tubulin of 
spindle apparatus, thus promoting abnormal cell 
proliferation and avoiding apoptosis20.

FK506 is currently found to be an efficient im-
munosuppressive agent, which can inhibit the acti-
vation of T cells and inactivate T cells through inhi-

Figure 4. Annexin V/propidium iodide double staining suggested that surviving induced apoptosis.
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biting the activity of calcineurin. Inactivated T cells 
cannot release pro-fibrotic inflammatory factors, 
such as interleukin-2 (IL-2), IL-4, IL-5, TGF-β and 
tumor necrosis factor-α (TNF-α). A large number of 
previous studies have shown that FK506 plays an 
important inhibitory role in the process of scar for-
mation, such as epidural fibrosis. This experiment 
confirmed that FK506 can inhibit the proliferation 
of fibroblasts after glaucoma surgery.

Conclusions

FK506 can inhibit proliferation and promote 
apoptosis of TFs through inhibiting the expres-
sion of survivin, which can be used as a treatment 
method for the regulation of scar hypertrophy 
after glaucoma surgery.
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