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Abstract

capacity, the response of the mature endothelium to cell loss

1

·AIM: To investigate the morphological altering effect of
transforming

growth

factor

-茁2

(TGF

-茁2)

on

untransfected human corneal endothelial cells (HCECs)
.

·METHODS: After untransfected HCECs were treated
with TGF-茁2 at different concentrations, the morphology,
cytoskeleton

distribution,

and

type

IV

collagen

expression of the cells were examined with inverted
contrast light microscopy, fluorescence microscopy,
immunofluorescence or Western Blot.

·RESULTS:

TGF -茁2 at the concentration of 3 -15 滋g/L

had obviously alterative effects on HCECs morphology in
dose and time -dependent manner, and 9 滋g/L was the
peak concentration. TGF -茁2

(9 滋g/L) altered HCE cell

morphology after treatment for 36h, increased the mean
optical density

(

<0.01) and the length of F -actin,

factor-β2 induces morphological alteration of human corneal
endothelial cells

.

2014;7(5):759-763

INTRODUCTION

C aqueous humor and essential for maintaining corneal
orneal endothelium, on the inner surface toward the

transparency, is composed of a monolayer of hexagonal cells.
As adult corneal endothelial cell has limited regenerative
because of illness and/or wounds, normally involves
spreading, enlargement and/or migration of neighboring cells
to cover the wound area, the result of which is an increase in
overall cell size and an morphological alteration from a
hexagonal to a polymorphic shape[1-5].
Given that the mean concentration of transforming growth
factor-茁2 (TGF-茁2), which is present mainly in latent form in
aqueous humor and capable of mediating epithelialmesenchymal transition (EMT), repairing after injury and
inhibiting proliferation of human corneal endothelial cells
(HCECs), elevates higher in injured and unhealthy eyes, it is
reasonable to hypothesize that the morphological alteration
observed in HCECs is, at least in part, the result of increased
concentration of TGF-茁2, which is not reported before[6-12]. So
in the study, cell shape, arrangement of cytoskeleton and
spread of collagen type IV in extracellular matrix (ECM)

<0.01) of the

under HCECs were examined to investigate the effect

(ECM) and

mechanism of TGF-茁2 on the morphology of HCECs and

induced the rearrangement of F -actin, microtubule in

infer the regulatory function of TGF-茁2 on the repair after

cytoplasm and collagen type IV in ECM after treatment

injury of human corneal endothelium by morphological

for 72h.

alteration and migration.

reduced the mean optical density

(

collagen type IV in extracellular matrix

·CONCLUTION:

TGF -茁2 has obviously alterative effect

MATERIALS AND METHODS

on the morphology of HCECs from polygonal phenotype

Materials Untransfected HCECs at passage 100 from the

to enlarged spindle -shaped phenotype, in dose and

HCE cell line which was established previously in the Key

time -dependence manner by inducing more, elongation

Laboratory for Corneal Tissue Engineering, Ocean University

and alignment of F -actin, rearrangement of microtubule

of China, was cultured in Dulbecco's modified Eagle

and larger spread area of collagen type IV.

medium/nutrient mixture F-12

·KEYWORDS: human corneal endothelial cell; transforming

(1:1, v:v) (DMEM/F12)

(Invitrogen, Carlsbad, CA, USA)

(pH 7.2) medium

growth factor-茁2; F-actin; microtubule; collagen type IV

containing 10% fetal bovine serum (FBS) (HyClone, Logan,

DOI:10.3980/j.issn.2222-3959.2014.05.03

Utah, USA) at 37℃ in a 5% CO2 incubator

. TGF-茁2 was

[13]
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purchased from PeproTech
conjugated

to

(London, UK). Phalloidin

tetramethylrhodamine

B

above, HCECs were washed with ice-cold PBS and lysed on

isothiocyanate

ice in radioimmunoprecipitation assay ( RIPA ) buffer ( 50

(TRITC) was from Sigma-Aldrich (St. Louis, USA). Mouse

mmol/L Tris , pH 7.4, 150 mmol/L NaCl, 1% Triton X-100,

monoclonal anti-琢-tubulin antibodies, rabbit polyclonal

0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate)

anti-collagen type IV-琢2 antibodies were from Santa Cruz

(Beyotime,

Biotechnology

Beijing,

China)

with

1

mmol/L

(CA, USA). Fluorescent isothiocyanate

phenylmethanesulfonyl fluoride (PMSF) (Beyotime, Beijing,

(FITC)-conjugated goat anti-mouse IgG, FITC-conjugated

China). Protein concentration in the clarified cell extracts was

goat

(HRP)-

estimated using bicinchoninic acid (BCA) protein assay kits

conjugated goat anti-rabbit IgG and HRP-conjugated goat

(Beyotime, China). Equal amounts of protein were subjected

anti-mouse IgG were from Biosynthesis Biotechnology

to 10% polyacrylamide gels for SDS-PAGE and transferred

(Beijing, China).

to polyvinylidene difluoride (PVDF) membranes (Amersham,

Methods

Braunschweig, Germany). Nonspecific binding was blocked

Cell culture and treatment The HCECs were collected

by incubation for 1h at 4℃ in 5 g/L skim milk powder in Tris

using 0.25% (m:v) trypsin (Sigma-Aldrich, St. Louis, USA),

buffered saline solution with 0.1% (v:v) Tween-20 (TBST).

counted and then seeded in 24-well cell culture cluster

Membranes were incubated with rabbit anti-collagen type

(Corning, NY, USA) at a density of 2.5伊10 cells/mL. After

IV-琢2 polyclonal antibodies (1:100 dilution, v:v) for 2h,

cultured in DMEM/F12 medium containing 10% FBS (pH 7.2)

washed, reblocked, and then exposed to HRP-conjugated

at 37℃ in a 5% CO2 incubator overnight and starved in

goat anti-rabbit IgG (1:100 dilution, v:v) for 1h in TBST with

DMEM/F12 without FBS for 24h, HCECs were treated with

0.25% (m:v) bovine serum albumin (Sigma, St. Louis, USA).

TGF-茁2 (1-15 滋g/L) for 72h until 80%-90% cell confluence

The same blots were probed with mouse monoclonal

observed under Nikon Ti-S inverted contrast microscope with

HRP-conjugated goat anti-mouse IgG (1:100 dilution, v:v) to

charge coupled device (CCD) camera to find out a peak

control protein load. After a thorough wash, immune

concentration of TGF-茁2 for altering HCE cell morphology.

complexes were detected using diaminobenzidine (DAB).

HCECs were treated at the peak concentration for 72h until

Statistical Analysis Data were presented as the mean依SD of

80%-90% cell confluence was reached, and the images were

at least three independent and analyzed by SPSS 20.0 and -test.

anti-rabbit

IgG,

horseradish

peroxidase

4

was reached as described previously

. Specimens were

[9]

captured every 12h.

anti-琢-tubulin

antibodies

(1:100

dilution,

<0.05 was designated as significant,

Fluorescent and immunofluorescent staining HCECs at a

v:v)

and

<0.01 was

designated as extremely significant.

density of 2.5 伊10 cells/cm were treated with the peak

RESULTS

concentration of TGF-茁2 for 24h or 72h as described above.

Morphological Changes

Cells were fixed in 3.7% (m:v) paraformaldehyde for 10min

makeable morphological changes of HCECs were induced by

at 4℃ followed by phosphate buffer saline (PBS) washes,

TGF-茁2 at the concentration of 3-15 滋g/L (Figure 1), which

4

2

and permeabilized with 0.25% Triton X-100 (F-actin and
琢-tubulin) for 10min at room temperature

After cells treated for 72h,

was dose-dependent. The addition of TGF-茁2 to cultures

(RT). After

produced enlarged and ragged cells, which was spindle-

non-specific binding blocked with 1% FBS (Invitrogen, CA,

shaped phenotype and failed to form a typical polygonal (or

USA), cells were incubated with mouse monoclonal anti-琢-

cobblestone) monolayer (compare Figure 1A and B-G). The

tubulin antibodies (1:50 dilution, v:v) or rabbit polyclonal

peak concentration 9 滋g/L for morphological changes and

anti-collagen type IV-琢2 antibodies (1:50 dilution, v:v) at

altered HCE cell morphology after treatment for 36h

4℃ in a humid chamber overnight and followed by FITC-c

(Figure 2), and the effect was time-dependent (Figure 2).

onjugated goat anti-mouse IgG (琢-tubulin and collagen type

Effects of TGF -茁2 on Human Corneal Epithelial Cells

IV) antibody and Phalloidin-TRITC (F-actin ) for 1h at RT,

Cytoskeleton The difference of mean optical density of

After washed, specimens were observed under Nikon
TE2000-U inverted fluorescent microscope with CCD camera
and images were exported into the Image-Pro Plus to
determine mean optical density

(determining staining

intensity).
SDS-PAGE and Western Blot After treated as mentioned
760

F-actin and 琢-tubulin between control and TGF-茁2-treated
group was a little (Figure 3) after treatment for 24h, while

after treatment for 72h the morphology and the configuration

(parallel to the long axis of cells ) of F-actin and 琢-tubulin in

cytoplasm (Figure 3) between two groups differed widely,
besides, the mean optical density ( <0.01) and length of
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Figure 1 Morphologic changes of HCECs induced by TGF-茁2 at different concentration for 72h A-G: 0; 1; 3; 5; 7; 9; 11; 13; 15 滋g/L.

Figure 2 Morphologic changes of HCECs induced by TGF-茁2 for different treated time A-F: Control group 12, 24, 36, 48, 60 and
72h; A0-F0: Treated group by TGF-茁2 12, 24, 36, 48, 60 and 72h.
761
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Figure 3 Fluorescence staining for F-actin and immunofluorescence staining for 琢-tubulin and collagen type IV in ECM

b

<0.01.

F-actin were increased (Figure 3).
Effects of TGF -茁2 on Human Corneal Epithelial Cells
Collagen type IV The mean optical density of collagen type
IV under single HCEC had no significant change (Figure 3)

after treatment for 24h, but was remarkable reduced 72h later
( <0.01) (Figure 3). The result of Western Blot showed that
TGF-茁2 didn’t influence the relative content of collagen type

Figure 4 Western Blot for total content of collagen type IV in
ECM of HCECs.

IV in the ECM (Figure 4).
DISCUSSION

the peak concentration. TGF-茁2 at the peak concentration

TGF-茁2 may mediate repair after injury and promote wound
healing by inducing morphological changes and regulating
synthesis and secretion of ECM

. So the present study

[14,15]

was designed to determine whether and how TGF-茁2 altered
.
the morphology of untransfected HCECs
In the present study, the results showed that TGF-茁2 at the
concentration of 3-15 g/L had obviously alterative effects on
HCECs morphology, from cobblestone monolayer to
enlarged spindle-shaped monolayer in dose-dependent
manner, which was similar with the effect of TGF-茁 on the
shape of the bovine retinal endothelial cells, and 9 滋g/L was
762

could alter HCE cell morphology after treatment for 36h, and
the effect was time-dependent[14].
Since F-actin, also named as stress fiber, and collagen type
IV which is one of main components in Descemet's
membrane, play an important role in maintaining morphology
of HCECs, in the study arrangement of F-actin and
microtubule in cytoplasm, together with the total content and
arrangement of collagen type IV under a single HCEC, were
investigated to explore the morphological altering effect of
TGF-茁2 on HCECs [16,17]. After treatment for 24h, TGF-茁2
didn't alter the shape of HCECs, the number of F-actin, the

陨灶贼 允 韵责澡贼澡葬造皂燥造熏 灾燥造援 7熏 晕燥援 5熏 Oct.18, 圆园14
www. IJO. cn
栽藻造押8629原愿圆圆源缘员苑圆
8629-82210956
耘皂葬蚤造押ijopress岳员远猿援糟燥皂

arrangement of F-actin and microtubule or the content of
collagen type IV in ECM, while after treatment for 72h, there
was obviously different between treated and control group,
such as more and longer F-actin, rearrangement of F-actin
and microtubule parallel to the long axis of HCECs, which
was similar with the findings from other researchers [14,18,19].
However the result of immunofluorescence and Western Blot
revealed that after treated for 72h, the spreading area of
collagen type IV under single HCEC was increased, and the
content of collagen type IV in ECM remained unchanged,
which was similar with some results but different from others
which treated cells, types of investigated collagens or
experimental
methods,
such
as enzyme
linked
immunosorbent assay
(ELISA) for detecting the
concentration of collagen in the culture medium and RT-PCR
for the total expression of the collagen gene, were different[20-22].
In summary, our data indicated that TGF-茁2 altered the
morphology of HCECs in dose and time-dependence manner
by inducing more, elongation and alignment of F-actin,
rearrangement of microtubule and larger spread area of
collagen type IV under single HCEC, which help us realize
the effect mechanism of TGF-茁2 at higher concentration in
aqueous humor on repair after injury of human corneal
endothelium by morphological changes.
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