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Establishment of goat limbal stem cell strain expressing
Venus fluorescent protein and construction of limbal
epithelial sheets
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Abstract: The integrity and transparency of cornea plays a key role in vision. Limbal Stem Cells (LSCs) are precursors of cornea,
which are responsible for self-renewal and replenishing corneal epithelium. Though it is successful to cell replacement therapy for
impairing ocular surface by Limbal Stem Cell Transplantation (LSCT), the mechanism of renew is unclear after LSCT. To real time
follow-up the migration and differentiation of corneal transplanted epithelial cells after transplanting, we transfected venus (a
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fluorescent protein gene) into goat LSCs, selected with G418 and established a stable transfected cell line, named GLSC-V. These
cells showed green fluorescence, and which could maintain for at least 3 months. GLSC-V also were positive for anti-P63 and
anti-Integrinfl antibody by immunofluorescent staining. We founded neither GLSC-V nor GLSCs expressed keratin3 (k3) and
keratin12 (k12). However, GLSC-V had higher levels in expression of p63, pcna and venus compared with GLSCs. Further, we
cultivated the cells on denude amniotic membrane to construct tissue engineered fluorescent corneal epithelial sheets. Histology and
HE staining showed that the constructed fluorescent corneal epithelial sheets consisted of 5—6 layers of epithelium. Only the lowest
basal cells of fluorescent corneal epithelial sheets expressed P63 analyzed by immunofluorescence, but not superficial epithelial cells.
These results showed that our constructed fluorescent corneal epithelial sheets were similar to the normal corneal epithelium in
structure and morphology. This demonstrated that they could be transplanted for patents with corneal impair, also may provide a

foundation for the study on the mechanisms of corneal epithelial cell regeneration after LSCT.
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& 0.125% R 18§ & 0.02% EDTA 4k 37°C
AL b7 5~7 min, PL& 10% 387424 i 5
FEML ARG, AT . Sr B A o WA % 4 it £ A
Collagen IV 20 min P HURS B3 & 46 A R 2% 1 4H
Jt8 R 2, LA 5x10% A /mL 40 M 3 A6 T 100 pg/mL
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2.2.2  pVenus JEH R ARG T

H4 JEAC AR B 2% T 4 i 20 min Collagen IV R &
HERSE, FRAMRE A & 709%~80% , i Lipofectamine™
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Table 1 The information of corresponding genes of LSCs
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Gene Primer (5'-3") Annealing temperature (°C) Length (bp)
63 Forward: CAGACTCAATTTAGTGAG 55 440
P Reverse: AGCTCATGGTTGGGGCAC
03 Forward: GGCAGAGATCGAGGGTGTC 59 145
Reverse: GTCATCCTTCGCCTGCTGTAG
k2 Forward: ACATGAAGAAGAACCACGAGGATG 60 150
Reverse: TCTGCTCAGCGATGGTTTCA
Forward: AGTGGAGAACTTGGAAATGGAA 57 154
pena Reverse: GAGACAGTGGAGTGGCTTTTGT
B-acti Forward: CACGGTGCCCATCTACGA 57 157
-actin Reverse: CTTGATGTCACGGACGATTT
Forward: AAGTTCATCTGCACCACCG
venus 55 495

Reverse: AGCTCAGGTAGTGGTTGTCG
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Fig. 1 The morphology of GLSCs. (A) The GLSCs formed
holoclone (50x%). (B) The GLSCs developed the typical polygon
shaped phenotype (200x).
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o FER, JOLE AR RL (K
2A, 2B).
33 WA AESTHMEEE Y Z RN
331 GREIOLIN

GLSC-V 7EZOLEE T MR B G E G (K
3A, 3B). 5K GLSC-V 41 P63 . Integrinp1
RGN . SRR, ZAMT P63, Integrinfl
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PR RIL, Hh P63 REAENEIL (K 30),
Integrin Bl 7EMIBT N ik (& 3D).Hoechst 33342 4t
AR B A58 (8 3E, 3F),

Fig. 2 GLSC-V showed green fluorescence. (A) Light
microscope image of GLSC-V (200x). (B) Fluorescent
microscope image of GLSC-V (200x).

B3 GLSC-V ®& R KN

Fig. 3  Immunofluorescent staining of GLSC-V. (A, B)
GLSC-V showed green fluorescence (200x); (C) GLSC-V were
identified by immunofluorescence using a cy3-conjugated
antibody against P63 protein (Red); (D) GLSC-V were identified
by immunofluorescence using a cy3-conjugated antibody
against Integrinf1 protein (Red); (E, F) GLSC-V were mounted
with Hoechst 33342 to mark the nuclei of all cells (Blue).

3.3.2  HKEINFE# RT-PCR F2

T 6 1 GLSC-V 5 GLSCs #4172 &
RT-PCR Kl LIRSS A (& 4), R0 20 M
% p-actin Fikik—3, GLSC-V 1 p63 X pena Feik
X GLSCs WA B, PIRhAMInY k3. k12 BR WK
ik, GLSC-V iy venus 9¢GHF ik, GLSCs 4
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ML 418 GLSC-V 5 GLSCs A K thk (&1 5),
HI 3 K, AN Y A0 5 2 e R s TR S
KIS P RR A0 M A B, 25 6 R ANMIIS 5EE
PGg; 57 RUMITIH3IR . GLSC-V BHAAEHS
mfIE] K (18+0.5) h, GLSCs A (19+0.5) h,

GLSCs GLSC-V
p63
pcna

k3
ki2

venus

B-actin

4 GLSC-V 5 GLSCs £E ¥ EE RT-PCR S#f
Fig. 4 Semiquantitative RT-PCR analysis of GLSC-V and
GLSCs. Representative semiquantitative RT-PCR profiles
showing mRNA expression of p63 (440 bp), pcna (154 bp), k3
(145 bp), k12 (150 bp), venus (495 bp), f-actin (157 bp) by
GLSCs and GLSC-V.
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Fig. 5 Growth curves of GLSC-V and GLSCs.
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341 EWYFEIFIEER

GLSC-V i1 Fh 20 min J& 5t LT W B F 2% b
KRR, A 2R, PAEASRNZ AT,
4~5 dJE M EC G R NE, JOLEE BT, JL
TR AR IR GRS (K 6A, 6B), FEIKIEFE
VT T8 I 40 M52 T 43 )2 o B A R W e 1 2 4
WBAER, 2R,

6 GLSC-VEFELILEMA

Fig. 6 The GLSC-V were confluent on denued AM. (A) Light
microscope image of GLSC-V on denude AM (50%). (B)
Fluorescent microscope image of GLSC-V on denude AM (50%).
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El7 RABRRIEERMAEERALNE
Fig. 7
corneal epithelium using HE staining. (A) Artificial fluorescent
corneal epithelium (200x). (B) Normal corneal epithelium
(200%). Note a few smaller and cuber shape of cells (red arrow)
compared to other epithelial cells, the superficial epithelial cells
(black arrow) were flattened and larger size shown in (A, B).

Histological observation of artificial and normal
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B8 WRABARLERZEZERAEN
Fig. 8

Immunofluorescent staining of fluorescent corneal epithelium. (A) The artificial corneal epithelium showed green

fluorescence. (B) The lowest basal cells of fluorescent corneal epithelium expressed P63 (Red). (C) The fluorescent corneal
epithelium with pVenus were mounted with Hoechst 33342 to mark the nuclei of all cells (Blue).
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HAR MR 1o p63 RIS R KR Z—,
H T2 & B B E AR TR SR, RN
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1 1.5 %, GLSC-V H pcena FikEJE GLSCs ) 1.2
. PRI p63 . pena FeikhES, WEEREH T
P I £ A5 B A 2 €0 5 ' BH M S B SR VR F IR 4R T
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JERE A (Venus) 4 ARATEL 55 1 A B 2% T 20 i 1Y
A EREME, AT TREF AR JF B
P EE R M 1 e B 5 R A b R AR BS54
FRAE, T MM AL, A I 0 5% f
S5 4N B ARG S AL AR A1 5 2 1 S50 A R

REFERENCES

[1] Cotsarelis G, Cheng SZ, Dong G, et al. Existence of
slow-cycling limbal epithelial basal cells that can be
preferentially stimulated to proliferate: implications on
epithelial stem cells. Cell, 1989, 57(2): 201-209.

[2] Pellegrini G, Golisano O, Paterna P, et al. Location and
clonal analysis of stem cells and their differentiated
progeny in the human ocular surface. J Cell Biol, 1999,
145(4): 769-782.

[3] Chen JJ, Tseng SC. Abnormal corneal epithelial wound
healing in partial-thickness removal of limbal epithelium.
Invest Ophthalmol Vis Sci, 1991, 32(8): 2219-2233.

[4] Schemer A, Galvin S, Sun TT. Differentiation-related

expression of a major 64K corneal keratin in vivo and in

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

culture suggests limbal location of corneal epithelial stem
cells. J Cell Biol, 1986, 103(1): 49-62.

Zieske JD. Perpetuation of stem cells in the eye. Eye,
1994, 8(Pt 2): 163-169.

De Paiva CS, Pflugfelder SC, Li DQ. Cell size correlates
with phenotype and proliferative capacity in human
corneal epithelial cells. Stem Cells, 2006, 24(2): 368-375.
Romano AC, Espana EM, Yoo SH, et al. Different cell
sizes in human limbal and central corneal basal epithelia
measured by confocal microscopy and flow cytometry.
Invest Ophthalmol Vis Sci, 2003, 44(12): 5125-5129.

Liu ZG. Advance in the study of limbal stem cells. Bull
Med Res, 2005, 34(3): 2-4.

XL . i IR T A0 R F 5 0t .
34(3): 2-4.

Holland EJ, Djalilian AR, Schwartz GS. Management of

aniridic keratopathy with keratolimbal allograft: a limbal

& 2 FE IR, 2005,

stem cell transplantation technique. Ophthalmology, 2003,
110(1): 125-130.

Gomes JA, Santos MS, Ventura AS, et al. Amniotic
membrane with living related corneal limbal/conjunctival
allograft for ocular surface reconstruction in Stevens-J
ohnson syndrome. Arch Ophthalmol, 2003, 121(10):
1369-1374.

Dua HS, Saini JS, Azuara-Blanco A, et al. Limbal stem
cell deficiency: concept, aetiology, clinical presentation,
diagnosis and management. Indian J Ophthalmol, 2000,
48(2): 83-92.

Daniels JT, Harris AR, Mason C. Corneal epithelial stem
cells in health and disease. Stem Cell Rev, 2007, 2(3):
247-254.

Kenyon KR, Tseng SC. Limbal autograft transplantation
for ocular surface disorder. Ophthalmology, 1989, 96(5):
709-723.

Pellegrini G, Traverso CE, Franzi AT, et al. Long-term
restoration of damaged corneal surfaces with autologous
cultivated human epithelium. Lancet, 1997, 349(9057):
990-993.

Jenkins C, Tuft S, Liu C, et al. Limbal transplantation in
the management of chronic contact lens-associated
epitheliopathy. Eye, 1993, 7(Pt 5): 629-633.

Shortt AJ, Secker GA, Notara MD. et al. Transplantation
of ex-vivo cultured limbal epithelial stem cells: a review of
current techniques and clinical results. Surv Ophthalmol,
2007, 52(5): 483-502.

Mi SL, Yang XY, Zhao QM, et al. Reconstruction of

corneal epithelium with cryopreserved corneal limbal stem

Journals.im.ac.cn



1644

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

December 25, 2010 Vol.26 No.12

[18]

[19]

[20]

[21]

[22]

(23]

cells in a goat model. Mol Reprod Dev, 2008, 75(11):
1607-1616.

Li DQ, Chen Z, Song XJ, et al. Partial enrichment of a
population of human limbal epithelial cells with putative
stem cell properties based on type 1V
adhesiveness. Exp Eye Res, 2005, 80(4): 581-590.

Qu L, Yang XY, Wang X, ef al. Reconstruction of corneal

collagen

epithelium with cryopreserved corneal limbal stem cells in
a rabbit model. Ver J, 2009, 179(3): 392-400.

Koizumi N, Cooper LJ, Fullwood NJ, ef al. An evaluation
of cultivated corneal limbal epithelial cells using cell
suspension culture. Invest Ophthalmol Vis Sci, 2002,
43(7): 2114-2121.

Yi JL, Zhong WX. Current situation in the study of limbal
stem cells allografts. Jiangxi Med J, 2003, 38(4):
297-302.

SRR, Bt S I T AN AT S BRI PR
2, 2003, 38(4): 297-302.

Henderson TRM, Coster DJ, Williams KA. The long term
outcome of limbal allografts: the search for surviving
cells. Br J Ophthalmol, 2001, 85(5): 604—609.

Nagai T, Ibata K, Park ES, et al. A variant of yellow

Journals.im.ac.cn

[24]

[25]

[26]

[27]

[28]

[29]

fluorescent protein with fast and efficient maturation for
cell-biological applications. Nat Biotechnol, 2002, 20(1):
87-90.

Schlotzer-Schrehardt U, Kruse FE. Identification and
characterization of limbal stem cells. Exp Eye Res, 2005,
81(3): 247-264.

Koster MI, Kim S, Mills AA, et al. p63 is the molecular
switch for initiation of an epithelial stratification program.
Genes Dev, 2004, 18(2): 126-131.

Pellegrini G, Dellambra E, Golisano O, et al. p63
identifies keratinocyte stem cells. Proc Natl Acad Sci
US4, 2001, 98(6): 3156-3161.

Ardjomand N, Komericki P, Radner H, et al. Corneal
Langerhans cells. Behavior during storage in organ culture.
Ophthalmology, 1997, 94(10): 703-706.

Grueterich M, Espana E, Tseng SCG. Connexin43
expression and proliferation of human limbal epithelium
on intact and denuded amniotic membrane. [nvest
Ophthalmol Vis Sci, 2002, 43(1): 63-71.

Gomes JA, Romano A, Santos MS, et al. Amniotic
membrane use in ophthalmology. Curr Opin Ophthalmol,
2005, 16(4): 233-240.



