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Figure 4. Expression of mRNA and
protein in retinoblastoma cells. A: Some
gene  mRNA  expression  was
investigated using reverse transcription
polymerase chain reaction (RT-PCR).
Cells were treated with or without 10
pg/ml cotylenin A (CN-A) for 3 days.
The numbers (0, 10, and 20) indicate
CN-A concentrations (pg/ml). S-Actin
mRNA was used as an internal control.
B: Some protein expression was
investigated using western blot analysis
in retinoblastoma cells. Cells were
treated with or without 10 pg/ml CN-A
for 5 days. “Cont.” indicates the non-
treatment. “CN-A” indicates the CN-A
treatment (10 pg/ml). B-Tubulin protein
was used as a loading control. C: The
bar graph indicates the PAX6 protein
expression (n=3); the error bar indicates
the standard deviation.



Molecular Vision 20105 16:970-982 <http://www.molvis.org/molvis/v16/a107>

A Promoter

PO(5315bp) P1(3796bp) Pa(3628bp)
PAX6 S HD
genome Exon 12 34 5567

B

g U z 18

= Z 16

z g8 1

Rl 2 o1

& E 2 E10

g g 4 g g 8

- 9 s e 5

v 8 v g b

22 11 222 ™

0 ,

pGL4.10insert  (-) (-) PO PO pGLA4.10 insert (-
CN-A10pg/ml  (-) (+) (-) (+) CN-A 10 pg/ml (-
C A

z 10 E

g ] B,

SE 6 SE3

(5] —_—

es 4 v 22

26 2o

:_u:'E ==

2e 2 - m 22! D

0 0

pGL4.10insert (-) (-) PO PO pGL4.10 insert (-
CN-A10pg/ml  (-) (+) (-) (+) CN-A 10 pg/ml (-

© 2010 Molecular Vision

8-11 12 13
*
2
=
=
5
1=}
2~
2 E1
S g
38
gg
52
—
m 2E
) (-) PIL PI pGL4.10insert (-) (-) Pa Pa
y (+) (-) (D) CN-A10pg/ml (-) (+) (-) (+)
*
7 -
2
Z 6
2
T PP
EE4
L §
» 8
Z22
i 22 [
L g - =
Yy (-) P1 PI pGL4. 10 insert (-) (-) Po Po
Y b)) ) CN-A10pg/ml (-) () (-) (F)

Figure 5. Luciferase assay of paired box gene 6 (PAX6) promoter activity. A: Schematic indicates the representation of the PAX6 transcript
unit in humans. The boxes denote exons. Braces indicate the extent of PO, P1, and Pa promoters in the PAX6 gene area. B: Luciferase assay
of PO, P1, and Pa promoter activity in Y-79 cells. C: Luciferase assay of PO, P1, and Pa promoter activity in WERI cells. PO of pGL4.10 insert
indicates the insertion of PO promoter sequences (5315 bp), P1 promoter activity (3796 bp), and Po. promoter sequences (3628 bp). White and
black squares indicate the no-CN-A treatment and CN-A treatment, respectively. The negative pGL4.10 insert indicates an empty sequence.
The data are presented after normalizing transfection efficiency using the Renilla luciferase reporter gene (n=3); the error bar indicates the

standard deviation; Mann—Whitney U-test, *p<0.05.

[22]. Cleaved-PARP proteins in two retinoblastoma cell lines
accumulated (Figure 2C).

Cotylenin  A-induced morphological change in two
retinoblastoma cell lines: To investigate whether CN-A
caused morphological changes to retinoblastoma cells, we
observed two retinoblastoma cell lines cultured with 10 pg/ml
CN-A for 7 days in poly-D-lysine-coated tissue culture vessels
(Figure 3) to allow adherence of the retinoblastoma cells,
which are normally cultured in suspension. CN-A induced
morphological changes in Y-79 and WERI cells, including the
appearance of dendrite-like processes (Figure 3A, right).
Figure 3B shows the percentage of the dendrite-like process
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cells at 0, 2, 4, 6, and 8 days with CN-A treatment. The
percentage of the morphologically changed cells increased
significantly by CN-A. At 2 days, the percentage was maximal
for both Y-79 and WERI cells. The percentage of
morphologically changed cells gradually declined at 4, 6, and
8 days.

Cotylenin A induced and decreased gene expression: We
postulated that CN-A induced mRNA and protein expression
of some genes in two retinoblastoma cell lines (Figure 4). N-
myc has been reported to be expressed in retinoblastoma
tumors and fetal retinas (but not adult retinas) [23] and to
decrease during differentiation of neuroblastoma [24] and
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Figure 6. The mRNA expression of paired box gene 6 (PAX6) spliced variants in retinoblastoma cell lines. Cells were treated with or without
10 pg/ml CN-A for 3 days. “Cont.” indicates the non-treatment. “CN-A” indicates the CN-A treatment (10 pg/ml). f-Actin mRNA was used
as an internal control.
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<+Aexon5-PAX6 (285 bp)

retinoblastoma cell lines [25]. In Y-79 and WERI cells, CN- Aexon5 PAX6 mRNA. However, in Y-79 cells, Aexon5
A reduced N-myc mRNA and protein expression. P2/ has ~ PAX6 mRNA expression was not detected.

been reported to regulate cell-cycle progression at G [26]. In
Y-79 and WERI cells, CN-A induced P2/ mRNA and protein
expression. PAX6, a highly conserved transcription factor in

Increase and decrease in the pattern of cotylenin A-induced
mRNA expression of PAX6 and RHO: To further study the
. ) regulatory effect of PAX6 on RHO expression, we conducted
vertebrates, is crucial for the development Qf Fhe central  , AX6 RNA interference experiments (RNAi). Endogenous
nervous system, eye, nose, pancreas, and pituitary gland PAX6 mRNA was knocked down by the RNAI technique to
(reviewed in [27]). In Y-79 and WERI cells, CN-A induced verify a regulatory correlation between PAX6 and RHO
PAX6 mRNA expression. In two cell lines, few increases of expression. RT-PCR showed that PAX6 siRNA significantly
PAXG6 protein expression were detected; however, significant knocked down PAX6 mRNA expression in transfected cells
increases of PAX6 protein were not detected at p<0.05 (Figure with CN-A treatment in both Y-79 and WERI cells (Figure

4C). RHO is a rod photoreceptor marker gene [28). RHO 7). RHO mRNA expression levels with PAX6 siRNA and CN-
expression increased in CN-A-treated Y-79 and WERI cells A decreased and were similar to PAX6 mRNA expression
compared to untreated cells. In two cell lines, alternation of | .o\ . Lo v-79 and WERI cells. In contrast

RHO protein expression was not detected. glyceraldehyde-3-phosphate dehydrogenase mRNA

Cotylenin A-induced PAX6 promoter activity in two cell lines: expression showed no change. The mRNA expression level
Three promoters of PAX6 (PO, P1, and Po) have been of PAX6 and RHO in retinoblastoma cells with PAX6 siRNA
identified (reviewed in [29]; Figure 5A). To confirm whether ~ and without CN-A decreased compared to control; however,
CN-A activates the PAX6 promoter, we investigated the  this expression level showed no significant difference at
luciferase activity of the promoters in two retinoblastoma cell ~ p<0.05.

lines after 48 h treatment with 10 ug/ml CN-A. In Y-79 and  Corylenin A did not have the ability of a histone deacetylase
WERI cells, the PO and P1 promoters were activated without  juhibitor: Some differentiation agents have been known to
CN-A treatment. With CN-A treatment the luciferase activity  exert histone deacetylase inhibitor activity (reviewed in [32]).
of only the PAX6 P1 promoters increased compared to that of  [n retinoblastoma cell lines, sodium butyrate has been
the untreated control in Y-79 (Figure 5B). In WERI cells the  reported to be the histone deacetylase inhibitor agent to have
luciferase activity of the three promoters with CN-A increased  the ability of differentiation agents [33,34]. Therefore, we
compared to that of the untreated control (Figure 5C). next examined cellular levels of acetylated histone H3 and H4

Cotylenin A-induced Aexon5 PAX6 mRNA in WERI cells: The ~ in the presence or absence of CN-A treatment. Western blot
Po. promoter transcript has been reported to encode paired analysis showed that the accumulation of acetylated H3 and
domain-less (APD) PAX6 [30,31]. To confirm whether CN-A ~ H4 in Y-79 and WERI cells were unchanged by CN-A
treatment induced the expression of spliced PAX6 variants, ~ treatment (Figure 8).

we used RT-PCR with various primer sets to investigate

transcription products. The PAX6 (exons 11-13) primer set DISCUSSION

gave results similar to that shown in Figure 4A. The shift- We showed that CN-A inhibits cell proliferation and induces
down PAX6 (exons 3—6) mRNA band in WERI cells with CN- cell death in two retinoblastoma cell lines (Figure 1 and Figure
A treatment was detected (Figure 6). This shift-down mRNA  2) as it does in other tumor cell lines [13-15,35]. Cleaved
band sequencing revealed the loss of exon 5 (position 544—  PARP western blot analysis results (Figure 2C) suggest that
674 in NM_000280). We termed these spliced variants = CN-A-induced apoptosis of retinoblastoma cells is caspase
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Figure 7. Response of paired box gene 6 (PAX6) knockdown on rhodopsin (RHO) expression inretinoblastoma cell lines. PAX6 siRNA was
introduced into Y-79 and WERI cells via siPORT for knockdown of PAX6 mRNA. The electrophoresis photographs and the bar graphs indicate
the result of reverse transcription polymerase chain reaction (RT-PCR) in Y-79 cells (A) and WERI cells (B). PAX6 and RHO mRNA
expression were investigated using RT-PCR. The mRNA expression was detected 48 h after siRNA transfection and cotylenin A (CN-A)
treatment. The bar graph indicates transduction of PAX6, RHO, and GAPDH mRNA expression by PAX6 siRNA (n=3); the error bar indicates
the standard deviation; Mann—Whitney U-test, *p<0.05, **p<0.01.

mediated. These results indicated that the response of CN-A increased the mRNA and protein expression of
retinoblastoma cells to CN-A is similar to that of other tumor P2/ in Y-79 and WERI cells (Figure 4A,B). P21 protein has
cells [13,16]. been reported to regulate cell-cycle progression at G1 [26]. In

CN-A induced Y-79 and WERI cells to exhibit dendrite- Y-79 and WERI cells, CN-A is considered to induce not only
like processes (Figure 3, right), an effect similar to that of ~ aPoptosis but also cell-cycle inhibition.

other differentiation reagents [25,33,36]. CN-A may CN-A increased the mRNA expression of PAX6 in Y79
dynamically change cell adhesion and cytoskeleton  and WERI cells (Figure 4A). PAX6 has been reported to play
conformation of the retinoblastoma cell lines Y-79 and WERI  multiple roles in both lens and retinal development [37] and
cells. The elongation of CN-A induced-dendrite-like s required for the proliferation and expansion of retinal stem
processes was not detected with continuous observation. In  cells [38]. Three promoters of PAX6 (PO, P1, and Po) have
addition, the number of dendrite-like process cells gradually  been identified (reviewed in [29]; Figure 5A). In addition,
declined. With continuous observations, morphologically ~ PAX6 has three isoforms: normal PAX6, PAX6 (5a), and
changed cells were found to die. Therefore, the morphological  paired domain-less (APD)PAX6. The PO and P1 promoter
change by CN-A may be related to CN-A-induced apoptosis.  transcripts have been reported to encode normal PAX6 and

CN-A reduced the expression of the oncogene N-myc, a PAX6 (5a) splice variants. It has been reported that
neuroblastoma marker that has been reported to be expressed ~ (APD)PAX6 mRNA is transcribed by activation of the Pa
in retinoblastoma tumors and fetal retinas (but not adult  promoter [30,31]. CN-A-induced PAXG6 splice variant mRNA
retinas) [23], and to decrease during the differentiation of ~ e€xpression patterns also differed between the two
neuroblastoma [24] and retinoblastoma cell lines [25]. This retinoblastoma cell lines, corresponding to activation of three
suggests that the neurotumor state of retinoblastoma cell lines ~ PAX6 promoters by CN-A (Figure 6). Normal PAX6 mRNA
changes by CN-A. translated into a 47-kDa protein with 422 amino acids. The
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Figure 8. The accumulation of
acetylated histone H3 and H4 protein in
retinoblastoma cell lines. Western blot
analysis of acetylated histone H3 and H4
(acetyl-H3 and H4) protein levels in
retinoblastoma cells treated with (+) or
without (—) cotylenin A (CN-A) for 5
days. B-Actin was used as a loading
control.

mass of the deduced amino acid of Aexon5 PAX6 mRNA was
about 32 kDa and contained 286 amino acids. It is presumed
that the deduced amino acid of Aexon5 PAXG6 is (APD)PAX6
proteins [29]. AexonS PAX6 mRNA expression in WERI was
considered to be transcribed by PAX6 Pa promoter activity.
A western blot investigation on the expression of the Aexon5
PAX6 protein induced by CN-A in WERI cells showed that
the mass of the deduced amino acid of Aexon5 PAX6 mRNA
was not detected with or without CN-A-treatment (data not
shown). Overexpression of (APD)-PAX6 causes a severe
microphthalmic phenotype due to apoptotic cell death in the
lens during embryonic development [31,37]. Little is known
about the molecular mechanism and function of (APD)-
PAX6. We attempted to overexpress the AexonS PAX6 mRNA
in WERI cells; however, RHO gene expression change was
not detected (data not shown). The (APD)-PAX6 mRNA
expression in WERI cells by CN-A may be related to
apoptosis or another cell physiology. The different response
to CN-A on PAX6 transcription in two retinoblastoma cell
lines is unique. CN-A may be useful in researching the
expression of PAX6 splice variants.

RHO is a rod photoreceptor marker gene [28] that is
modulated by PAX6 in Drosophila [39]. In Y-79 and WERI
cells, CN-A induced RHO mRNA expression (Figure 4A) but
it did not induce RHO protein expression (Figure 4B). In the
PAX6 siRNA experiment in Y-79 and WERI cells with CN-
A treatment, the expression pattern of PAX6 mRNA was
similar to that of RHO mRNA (Figure 7). These results
indicate that PAX6 mRNA expression may participate in the
expression of RHO. CN-A-induced PAX6 is considered to
modulate the expression of RHO mRNA. In addition, CN-A
may induce rod photoreceptor differentiation in
retinoblastoma cell lines.

The reagents that promote the differentiation of
retinoblastoma cell lines include retinoic acid (RA)-induced
cone photoreceptor-specific genes in WERI cells [35]. RA has
been used in combination with other reagents to induce
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photoreceptor differentiation of embryonic stem cells [40].
Butyrate has been reported to induced Recoverin, the rod
photoreceptor marker gene, mRNA, and protein in Y-79 cells
[41] and dibutyryl cyclic adenosine 3’, 5'-monophosphate
(AMP) and butyrate-induced morphological changes in Y-79
cells [25,33]. In particular, butyrate has been reported to be a
histone deacetylase inhibitor agent [32,33]. However, CN-A
does not have the ability to inhibit histone deacetylase.
Treatment with a combination of CN-A and vitamin Ds is
reported to be more effective than treatment with CN-A or
vitamin Ds alone in inducing the differentiation of acute
monocytic leukemia cells [42]. The effect of CN-A appears
to involve a more diverse array of factors compared to other
differentiation-inducing reagents. These previous reports
have indicated that the effects of CN-A in retinoblastoma cell
lines can be extrapolated to other cytokines or differentiation-
inducing regents, including RA, butyrate, and dibutyryl cyclic
AMP.

In summary, we found that CN-A is a potent inhibitor of
cell proliferation and apoptosis, and it changes tumor
characteristics in retinoblastoma cell lines. Differences in the
effect of CN-A on ocular retinoblastoma tumors and
metastatic tumors were observed. CN-A may be useful in
researching PAX6 splice variants. The effect of CN-A on
retinoblastoma cells indicates that CN-A may have distinct
functions beyond what we have reported here. Further work
is required to elucidate the mechanisms underlying these
novel observations.
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