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ABSTRACT

Telomere shortening in rat hepatic stem-like epithelial cells

and subcellular localization of rat PinX1

Chan Hee Lee

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Young Nyun Park)

Rat hepatic stem-like epithelial cells, LE/2, LE/6 and WB-F344, share a
number of phenotypic properties with oval cells which are able to be observed

in the early stages of hepatocarcinogenesis. Telomerase, a ribonucleoprotein
complex, prevents telomeric shortening by adding TTAGGG repeats to the 3'

end of telomeres, therefore the activation of this enzyme is required for cells
to overcome replicative senescence and obtain the ability to divide without
limits. In the previous study, the telomerase activity of LE/2, LE/6 and WB-
F344 cells declined from the early to intermediate passages, and progressively
increased from the intermediate to late passages. At the late passages, the
activity reached up to higher level than the initial level. To know the telomere

maintainance of these telomerase positive cell lines, telomere length was



measured during in vitro aging. These cells displayed no apparent aging
phenotypes for over 140 passages, and telomere length of these cells
progressively decreased with the passages. At the late passages, telomere
shortening appeared to be reduced as telomerase activity increased. The
relationship between telomere length and telomerase activity suggests that
telomerase contributes to the regulation of telomere length in these cells.
Short telomeres is known to result in hypersensitivity to ionizing radiation in
mouse. To investigate whether shortened telomere of these rat epithelial cells
is sensitive to ionizing radiation, y-ray was irradiated to LE/2, LE/6 and WB-
F344 cells in different passages. There was no significant difference of
cellular sensitivity to y-irradiation according to the different passages. This
result suggests that the telomere length in these cells might not be critically
shortened to induce chromosomal instability. Recently, PinX1 was identified
from human and Saccharomyces cerevisiae as a potent telomerase inhibitor,
however its function is not clearly understood. To confirm PinX1 localization
in rodent, which has different features of telomerase and telomere length from
human, PinX1 gene was cloned from WB-F344 cell line and then

overexpressed in NIH/3T3 cells. Confocal microscopy showed that rPinX1
localized exclusively to the nucleolus, while rPinX1 A N, N-terminus 257

amino acids deleted form, was found in the nucleus and the cytoplasm. Taken
together, subsequent telomere shortening at the late passage was reduced by
reactivated telomerase activity. And the subcellular localization of PinX1 may

contribute to its function on telomerase inhibition.

Key words : Rat hepatic stem-like epithelial cell, telomerase, telomere,

PinX1, y-irradiation
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Chan Hee Lee

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Young Nyun Park)

I. INTRODUCTION

Several hepatic stem-like epithelial cells have been isolated from rat liver.
LE/2 and LE/6 were derived from rat maintained on a choline-deficient
carcinogenic diet for 2 weeks and 6 weeks, respectively,' and WB-F344 cell
line was established from normal rat liver.” These cell lines share a number
of phenotypic properties with oval cells, which are observed in the early
stages of hepatocarcinogenesis induced by chemical carcinogens.*”
Mammalian telomeres are composed of TTAGGG repeat and associated with
specific DNA-binding proteins.®” Telomeres cap the ends of the chromosome,
forming a higher-order chromatin structure that protects the end from
degradation and end-to-end fusions.® Telomerase, a ribonucleoprotein DNA

polymerase, is composed of RNA and a catalytic protein subunit, called TR



and TERT, respectively,”'’ and several associating proteins." Human normal
somatic cells are known to have undetectable level of telomerase activity,
which results in loss of telomeres from the end with an average of 50~200 bp
during each cell division.'”"> When the telomeres reach a critically short
length, cells stop dividing and enter senescence.””'* However, the cells
bypassed cellular senescence by transfection with oncogenes such as SV40
large T antigen have detectable telomerase activity and stabilized telomeres."
Telomerase is also detected in most human malignant tissues but not in
surrounding non-tumorous tissues.'>'® These results suggest an importance of
telomerase reactivation for human cell immortalization.

In contrast to human cells, rodent somatic cells constitutively express the
telomerase activity and possess long telomeres ranging from 20 to 150
kb,'"'®12% and undergo immortalization in culture spontaneously.’ Moreover,
malignant mouse cells maintain long telomeres.”” Therefore, it has been
suggested that telomere shortening and telomerase activation may contribute
little to cellular senescence, immortalization or tumorigenesis in the rodent
cells.”

Ionizing radiation (IR), a potent inducer of DNA double strand breaks (D
SBs) on chromosomes, can threat the cell because DSBs disrupt the integrity
of genome. Short telomeres are reported to enhance IR-induced lethality in
telomerase deficient mice.”*> In addition, cells from organisms with defects
in telomere maintenance are frequently radiosensitive.*****° How the telomere
length involves in sensitivity to IR, however, is not understood.

Recently, PinX1 was identified as a telomerase inhibitor in human

27,28

cells and its telomerase inhibitory domain (TID), consisting of amino

acids +254-328, almost completely inhibit telomerase activiy.'’ PinX1 directly



binds to the hTERT and hTR* and the telomere binding protein hTRF1.**
PinX1 contains glycine rich domain (G-patch) at the N-terminus, known to be
a RNA binding motif.'" In the budding yeast, overexpression of the PinX1
lead to telomere shortening and telomerase inhibition,”® and the PinX1 protein
was found in nucleolus fraction.’’

We studied in vitro aging of rat hepatic stem-like epithelial cells with the
LE/2 and LE/6 cell lines, and compared them with the WB-F344 cell line in
regard to the proliferation rate, telomere length and radiosensitivity. In
addition, we confirmed the localization of PinX1 in rodent by cloning PinX1

from WB-F344, and analyzed its subcellular localization was analysed.



II. MATERIALS AND METHODS

1. Cell culture

LE/2, LE/6 and WB-F344 at the early passages were kindly provided by
Dr. N. Fausto’s lab and Dr. J.W. Grisham’s lab, respectively. NIH/3T3, mouse
embryo fibroblast, purchased from Korean Cell Line Bank. NIH/3T3 cells
were maintained in RPMI 1640 (Invitrogen, Carlsbad, CA, USA) with 10%

(vol/vol) fetal bovine serum (FBS), penicillin (100 unit/ml), and streptomycin

(100 pug/ml). LE/2 and LE/6 were maintained in a 1:1 mix of DMEM (high
glucose) (Invitrogen) and Ham's F10 supplement (Invitrogen) with 10% FBS

(Invitrogen), insulin (final concentration 1 pg/ml) (Sigma, St. louis, MO,

USA), hydrocortisone (0.5 pg/ml) (Sigma) and gentamicin (10 pg/ml)
(Invitrogen). WB-F344 cells were maintained in F12/DMEM supplemented

with 10% (vol/vol) FBS, penicillin (100 units/ml), and streptomycin (100

ug/ml). All culture incubations were performed in a humidified 37°C, 5%
CO; incubator. Cells grown at 80-90% confluency in a 100-mm tissue culture

dish (NUNCTM, Rochester, NY, USA) were washed twice with 5 ml PBS

without Ca*" and Mg®" and dispersed by trypsin treatment with 1 ml trypsin

(Invitrogen) diluted to 0.25 % with PBS (-) for 50 sec at room temperature. To

be sure cells are rounded up and detached from the surface, culture was
checked with a microscope. As soon as cells were detached, 12 ml medium

containing 10% FBS was added to inhibit further trypsin activity that might

damage cells. Detached cells reseeded into secondary cultures at a 1:12 split



ratio for a passage. If necessary, feed subconfluent cultures after 3 or 4 days
by removing old medium and adding fresh medium. Cells at every other or the
third passages were stored in the cell culture freezing medium-DMSO

(Invitrogen) and kept in liquid nitrogen until use.

2. Cell proliferation assay
Subconfluent monolayer cultures were trypsinized, and collected in
growth medium containing serum. The suspension was centrifuged for 5 min

at 1500 rpm to pellet the cells in growth medium, and the number of cell was
counted. Cells were diluted to 5%10° cells/ml and 100 pl of the suspension

was added into each well of a flat-bottomed 96-well plate (NUNC"). During
incubation at 37 °C in a humidified atmosphere with 5% CO,, culture medium

was replaced every other day. The number of cells in the proliferation was

determined by addition of 20 pl of CellTiter 96" reagent (Promega, Madison,

WI, USA), followed by incubation for 1 hr at 37°C in a humidified, 5% CO,

atmosphere. The CellTiter 96 reagent contains a novel tetrazolium compound,
MTS. NADPH or NADH produced by dehydrogenase enzymes in
metabolically active cells reduce MTS to colored formazan product. To
measure the amount of formazan product generated by viable cells was
measured at 490 nm with SpectraMax 340 (Molecular Devices, Sunnyvale,

CA, USA).

3. Telomere length analysis
The terminal restriction fragment (TRF) length of rat hepatic epithelial

cells was determined using the pulsed field gel electrophoresis (PFGE), and



the TRFs were then in-gel hybridized with telomeric probes. The methods

described in previous reports®>~>**

were modified in the following way.

Plug preparation: Cells grown at 80-90% confluency in a 100 mm
tissue culture dish (NUNC™) were washed twice in ice-cold PBS and
dispersed by trypsin treatment with 1 ml trypsin diluted to 0.25% with PBS
for 50 sec at room temperature. After cells were detached, 12 ml of medium

containing 10% FBS was added, followed by low-speed centrifugation at

1500 rpm for 5 min at 4 C. Pellets were resuspended at a concentration of 1%
107 cells/500 pl in ice-cold PBS. The cell suspension was mixed with an equal
volume (500 pul) of 2% certified” low melt agarose (Bio-Rad, Hercules, CA,
USA), pre-warmed at 37°C, to make plugs containing 1>10° cells/plug. The

mixture was then cast into a 100 pl plug mold and cooled at 4 °C for 5 min.

After casting, plugs were incubated in 25 ml of a lithium dodecyl sulfate
(LDS) solution (1% LDS, 100 mM EDTA, pH 8.0, 10 mM Tris, pH 8.0) with
constant agitation (55 rpm) at 37°C for 1 hr. The solution was replaced with
fresh solution, and the aliquots were further incubated overnight. Plugs were
then washed twice for 2 hr in 20% NDS (2 mM Tris, 6.8 mM N-
laurylsarcosine, 127 mM EDTA, pH 9.5) and stored in 20% NDS at 4°C until
use.

Pulsed field gel electrophoresis: DNA plugs were incubated in 500
ul TE buffer (10 mM Tris, | mM EDTA, pH 8.0) at room temperature for 1 hr,
and it was repeated once again with fresh buffer. DNA plugs were then pre-

incubated in 1> Hinf I restriction enzyme buffer (New England Biolabs,



Beverly, MA, USA) for 1 hr for two times. Plugs were cut with 4 mm long,
which is two fifth of the plug. For Hinf I digestion, each plug was placed in

200 pl of 1> HinfI buffer containing 30 units Hinf I (New England Biolabs),

and incubated at 37 °C for 12 hr. After addition of 20 units Hinf I, the plugs
were further incubated for 8 hr. Plugs were loaded into each well and covered
with 1% Certified” low melt agarose (Bio-Rad). DNA plugs on undergoing
the same procedures without Hinf I were run in parallel to make sure that TRF
signals are not in consequence of DNA degradation. Low range PFG marker

was used as a molecular weight marker (New England Biolabs). Plugs were
run on 1% pulsed field agarose (Bio-Rad) gel in 0.5% TBE. The gel was run

using a CEFF-DR"III system (Bio-Rad) at a 6 V/cm at 14 °C for 16 hr, using
ramped pulse times from 1 to 15 sec.

WB-F344
uncut cut

T 1 T 1
PS: 13 65 96 154180 13 65 96 154 180

(kb)

Figure 1. Ethidium bromide stained WB-F344 genomic DNA separated
by PFGE.

To detect DNAs separated by PFGE, gel was stained with ethidium bromide



solution (1 ug/ml), and allowed it to stain for 10 min. After destaining with

H,O for 7 min, the gel was photographed under UV light (Fig. 1.).
In-gel hybridization: Gels were dried at 37 °C for 30 min. The DNA

was denatured by soaking the gel for 30 min at room temperature in 500 ml

denaturation solution (0.6 M NaCl, 0.5 M NaOH) with gentle agitation twice.

The gel was rinsed briefly in deionized H,O, and then neutralized by soaking
for 30 min at room temperatue in 500 ml neutralization solution (1.5 M NacCl,
0.5 M Tris, pH 7.4) with constant agitation twice. After neutralization, the gel
was placed in 100 ml pre-hybridization solution (5% SSC, 5% Denhardt’s, 10

mM sodium phosphate) at 37°C for 1 hr. To make probe, 30 pmole of
d(CCCTAA), was incubated with 100 upCi [y-’P]JATP (Amersham,
Buckinghamshire, England) and 15 units T4 polynucleotide kinase (TAKARA,
Tokyo, Japan) for 1 hr at 37°C. Unincorporated labeled nucleotides from

DNA labeling reaction were removed by using MicroSpin~ G-50 Columns
(Amersham). The gel was hybridized with the probe in 5% SSC, 5x
Denhardt’s, 10 mM sodium phosphate at 37°C overnight. The gel was washed
six times in 500 ml of 0.25>x SSC at 37°C and placed on to a fresh piece of

Saran Wrap. Gel was wrapped up and smooth out any air bubbles. The
wrapped gel was placed in an X-ray film cassette with X-ray blue film for 13
hr at room temperature. Autoradiograph was scanned with luminescent image

analysis system, LAS-1000 plus (Fujifilm, Tokyo, Japan). By using the Image
Gauge Version 3.12 (Fuyjifilm), 1 > 25 grids were placed over a telomere

lanes corresponding to the molecular size markers and quantitation was
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performed. The optical density for each row was transferred to EXCEL
(Microsoft). Molecular size for each row were determined by plotting the row
number, 1~25, against the log;o(molecular size) for the molecular size ladder.
This allowed a molecular size to be calculated for each of 25 rows. The mean

telomere length (MTL) of each lane was calculated with a formula, MTL =
(MW x OD)/ £(OD) where OD is the densitometer output and MW is the

length of the DNA.*

4. y-ionizing radiation

Subconfluent monolayer cultures were trypsinized, and collected at a
concentration of 5%10° cells/100 pl in growth medium containing serum.

Irradiation was carried out with a "*’Cs irradiator, Gammacell 3000 (MDS

Nordion, Ottawa, Canada). Dose of y-rays were 1, 2, 5, and 10 Gy. After
irradiation, 100 pl of cells were plated onto each well of a flat-bottomed 96-

well plate. Cells were incubated for 6 hr at 37 °C in a humidified atmosphere
with 5% CO, and culture medium was replaced with fresh one. After 48 hr

incubation at the same culture condition, the number of viable cells was

determined by addition of 20 pl of CellTiter 96" reagent, followed by

incubation for 1 hr at 37 C in a humidified, 5% CO, atmosphere. To measure

the amount of formazan product generated by viable cells was measured at

490 nm with SpectraMax 340.

5. Cloning of rPinX1
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D - T o

Total RNA from c¢DNA synthesis Amplify the nucleic acids
WB-F344 PS 33 with rPinX1 specific primers

lDNA Sequencing

rPinX1 PCR Product

v

pCR®II-TOPO®

Subcloning

Figure 2. Scheme of rPinX1 cloning.

cDNA synthesis: To remove the genomic DNA completely, 2 pg of
total RNA, isolated from WB-F344 cells at 33 passages, was treated with 5

units of DNase I (Takara) at 37 C for 20 min. DNase I was inactivated by

incubation with 25 nmol of EDTA, and by heat treatment at 65 C for 20 min.

For the first strand cDNA synthesis, a mixture, containing 120 pmol of

random hexamers (Takara), 10 nmol dNTP and 1.7 ug of total RNA, was

heated to 65 C for 15 min and quick chilled on ice for 5 min. The contents of

12



the tube were collected by brief centrifugation, then 1% the first strand buffer
(Invitrogen), 200 nmol DTT and 20 units of SUPERase-In™ RNase inhibitor
(Ambion, Austin, TX, USA) were added. After incubation at 42 ‘C for 2 min,
200 units of Superscript™ II RNase H- reverse transcriptase (Invitrogen) were
added. The cDNA synthesis was performed in 20 pl at 42 °C for 50 min and
the reaction was inactivated by heating at 70 C for 5 min. Two microgram of
the cDNA was subjected to PCR with 2.5 units of Taq polymerase (Promega)

at 94 °C/30 sec, 55 °C/30 sec and 72 °C/90 sec for 35 cycles. Nested PCR was

performed to amplify the nucleic acids with same reverse primer. The primer

sequences were as follows (1% forward primer: 5-GAGTTGCGACAATGTCGATGCT-
3, 2% fowad 5'-ACAATGTCGATGCTAGCGGA-3', reverse: 5-

CTATCTGGAAACTTTCTTCTTCTTCTTCAC-3"). Primer sequences were

designed using the Primer Express  (PE Applied Biosystems, Boston, MA,
USA).

TOPO® cloning: The amplified PCR products were cloned into
pCR®II-TOPO® vector (Invitrogen). The resulting PCR product ran on the
0.8% agarose gel and purified by using Gel Extraction Kit (Genenmed, Seoul,
Korea) to 20 pl volume. TOPO® cloning reaction, containing 4 pl of fresh
PCR product and 1 pl of pCR*II-TOPO® vector, was mixed gently and
incubated for 20 min, followed by placing the mixture on ice. TOP 10
competent cell was thawed on ice, and then 2 ul of the TOPO® cloning

reaction was added to a vial of competent cells and incubated on ice for 30

min. The cells were heat-shocked for 30 sec at 42 C without shaking. Cells

13



were incubated on ice for 3 min. After 200 ul of room temperature SOC

medium was added to cells, they were shaked horizontally with 200 rpm at
37 C for 1 hr. Transformed Escherichia coli were grown on LB-agar

(Invitrogen) plates containing 100 pg/ml ampicillin (AppliChem, Darmstadt,
Germany) and 1.6 mg of X-gal (Amresco, Solon, OH, USA) overnight at

37 C. White colonies were selected in LB-agar plates containing 100 pg/ml

ampicillin and plasmid DNA from these cells was prepared at 1.5 ml mini-
scale. Correct direction was confirmed with digestion with 10 units of Hind
1.

Cloning of rPinX1 into pCMV-HA: To amplify the pCR"II-rPinX1,

containing ECoR I restriction site, PCR was performed by using following

primer (forward: 5'-AGGCCCGAATTCATATGTCGATGCTAGCGGAGCG-3',
reverse: 5'-GCATGCTCGAGCGGCCGCCA-3"). For rPinX1 A N, +258-332
amino acids, PCR was performed by using following primer (forward: 5'-
AGGCCCGAATTCATAGAGACCAAGTCGAGCTGCAG-3', reverse: 5'-
GCATGCTCGAGCGGCCGCCA-3") and denaturing at 94  for 2 min, 34 cycles
of amplification reaction (94 /30 sec, 56 /30 sec, 72 /2 min), and final

extention at 72 for 4 min with 1.25 units of Top-Pfu™ (Bio-online, Seoul,

Korea) DNA polymerase for high fidelity synthesis. The PCR products were
digested with 80 units of EcOR I and cloned into pCMV-HA plasmid (BD

Biosiences Clontech, San Jose, CA, USA) digested with 120 units ECOR

and dephospholyated with 100 units CIAP (Takara). The sequences of all

14



constructs were confirmed by DNA sequencing (Macrogen, Seoul, Korea).

6. Transfection

Exponentially growing NIH/3T3 cells were plated in a 6-well tissue

culture plate at 4x10° cells/well and were grown overnight in a 5% CO,

incubator at 37 C to 50~60% confluency. One pg of DNA was pre-complexed

with 3 pul of Plus™ Reagent (Invitrogen) in 100 pl of Opti-MEM®™
(Invitrogen), followed by incubation at room temperature for 15 min. In a
second tube 2 pl of Lipofectamine™ reagent was diluted into 100 pl of Opti-
MEM® (Invitrogen). Pre-complexed DNA and diluted Lipofectamine™
reagent were mixed together and incubated for 15 min at room temperature.
While complexes were forming, cultured NIH/3T3 cells were washed once
with 1 ml of Opti-MEM® (Invitrogen). For each transfection, 800 pl of Opti-

MEM® (Invitrogen) was added to the tube containing the complexes and
overlaid onto the rinsed cells. The culture plate was incubated for 3 hr at 37°C

in a CO, incubator. Medium was replaced with 2 ml of DMEM containing
10% FBS and incubated for 24~48 hr at the same culture condition. pIRES2-
EGFP (BD Biosiences Clontech, San Jose, CA, USA) plasmid DNA was used

to confirm the transfection efficiency of NIH/3T3 cells at the same condition

(Fig. 3).

15



EGFP

Figure 3. Transfection efficiency of NIH/3T3. NIH/3T3 cells transfected
with pIRES2-EGFP showed bright green fluorescence (left figure)

7. Inmunofluorescence

4%10" cells, grown on sterile cover glass, were fixed in 4%
formaldehyde/PBS for 20 min at room temperature, and then washed in cold
PBS twice. Fixed cells were permeabilized with 0.2% Triton X-100/PBS on
ice for 30 min, followed by washing with cold PBS twice. Non-specific sites

were blocked by incubation at 2% bovine serum albumin (BSA) in PBS at
4°C for 16 hr. Cells were incubated for 1 hr at room temperature with primary

antibody, HA-probe (Y-11) rabbit polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) for HA tagged rPinX1 and fibrillarin
antibody [38F3] — nucleolar marker (Abcam, Cambridge, UK) diluted with
2% BSA in PBS 1:200 and 1:500, respectively. The nucleolar marker
fibrillarin is the human homologue of yeast Noplp. Following three washes
with 2% BSA in PBS for 5 min, the fluorochrome-conjugated secondary
antibodys, Alexa Fluor® 488 F(ab'), fragment of goat anti-rabbit IgG (H+L)
(Molecular Probes, Eugene, OR, USA) and Alexa Fluor” 594 F(ab'), fragment

16



of goat anti-mouse IgG (H+L) (Molecular Probes), were applied at the 1:500
dilutions in PBS plus 2% BSA and 6 ug/ml 4’,6-diamidino-2-phenylindole
(DAPI) (SIGMA). Secondary antibodies were removed and cells were washed
with 2 ml of cold PBS for 5 min three times. Coverslip was mounted with a
drop of mounting medium, ProLong” Gold antifade reagent (Molecular
Probes), on a microscope slide and sealed with clear nail polish to prevent

drying and movement under the microscope. After sealing, the slides ware
stored upright in a covered slidebox at -20°C. Confocal microscopy was

performed with a Radiance 2100™ (Bio-Rad) laser scanning system. All
image acquisition controls were performed on the LaserSharp2000™ (Bio-

Rad) operating software.

17



ITII. RESULTS

1. Growth rate of rat hepatic stem-like epithelial cells

LE/2, LE/6 and WB-F344 cells had been cultured for over 140 passages.
A result of the proliferation assay, performed with LE/6 and WB-F344 at
different passages was demonstrated in Figure 4. Under our culture conditions,
LE/2 and LE/6 displayed a slow growth rate compared to WB-F344, but all
these cells appeared to maintain a high proliferative rate without significant
changes in the proliferation capacity, aging phenotype and cell crisis during in

vitro aging.

18
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Figure 4. Proliferation of LE/6 and WB-F344 at different passages. Cell
suspension (500 cells/100 pl) was incubated at 37 °C in a humidified
atmosphere with 5% CO,. Culture medium was replaced every 2 days. Viable
cells in proliferation were measured at indicated days using CellTiter 96

reagent (Promega).
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2. Telomere shortening during in vitro aging of rat hepatic stem-like
epithelial cells

To investigate alteration of the telomere length during in vitro aging, the
TRF length was determined using pulsed field gel electrophoresis followed by
in-gel hybridization with telomere-specific probes, and the resulting
hybridization signal was scanned using densitometry.

Telomere lengths of LE/2 were ranged in 10~150 kb (Fig. 5A). The imaging
scan of autoradiography visualized signal shifts to a lower size as passages
progressed, as shown in the right panel of Figure 5A. Cells at passage 35
showed multiple bands with strong signals in the range from 15 to 100 kb,
which represented telomeres from different chromosomes. Cells at passages
75, 108, and 156 displayed a peak signal at near 20 kb, but the cells at passage
108 displayed strong signal at size < 20 kb compared to passage 75. The
telomere shortening rate was ~50 bp per population doubling (pd) in overall,
but it was slightly reduced in the late transition (108 ~156 passages) than the
early period (35~75 passages).

The telomere length of LE/6 was detected in the range from 10 to 150 kb
and appeared to be slightly longer than that of LE/2. The rate of telomere loss
was ~50 bp/pd, similar to that of LE/2. The image scan of autoradiography
showed telomere shortening with passages (Fig. 5B), but the telomere
shortening was slightly reduced at the late passages. The peak signal of the
passage 140 was shown at near 24 kb, which was similar to that of passage
102, and the signal at less than 24 kb was reduced at the passages 140.

WB-F344 possessed the telomere length in the range from 10 to 200 kb
(Fig. 5C), which is apparently longer than that of LE cells. Telomere has

progressively shortened from 13 to 96 passages, as telomerase activity has

20



gradually repressed. Telomere shortening continued until the passage 154, in
which telomerase was reactivated, but at still low level. Further telomere
shortening, however, did not appear at the last passage 180, where telomerase
activity reached up to high level.

To make sure that TRF signals are not in consequence of DNA
degradation, DNA plugs on undergoing the same procedures without Hinf I
were run in parallel. Under our experimental conditions, DNA degradation has
not been observed in all DNA plugs, and a representative result is shown in

Figure 5C.
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PE 35 75 108 156

C. WB-F344
uncut cut
PS 15““1“1*1’3““15‘1!“ Optical Density

Figure 5. Telomere length of LE/2, LE/6 and WB-F344 during in vitro
aging. Terminal restriction fragment (TRF) length of LE/2 (A), LE/6 (B) and
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WB-F344 cells (C) was measured at different passages. DNAs embedded in
agarose were digested with Hinf T and subjected to pulsed field gel
electrophoresis. In WB-F344, DNA plugs digested with Hinf I were run in
parallel with those of the DNA plugs on undergoing the same procedures
without Hinf I digestion, denoted as cut and uncut, respectively. In-gel
hybridization was followed with p**-d(CCCTAA),. The gels exposed to X-ray
films and their image scans are shown in left and right panel, respectively.
Size markers are indicated between gel and image scans, and passages are

indicated on the top of the gel figures.
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3. Radiosensitivity in rat hepatic stem-like epithelial cells

To investigate the influence of ionizing radiation on the cells with
various telomere length, the survival rate was examined after y-irradiation at
different passages. The survival rate of LE/2, LE/6 and WB-F344 cells that
received various dosages of y-ray is presented in Figure 6. There was no
significant difference of sensitivity to the y-irradiation according to different
passages. LEs were relatively more resistant to the ionizing radiation
compared to WB-F344, although LEs had a shorter telomere length than WB-
F344.
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Figure 6. Radiosensitivity of LE/2, LE/6 and WB-F344 during in vitro
aging. LE/2, LE/6 and WB-F344 cells irradiated with y-rays over a wide
range of dose (1~10 Gy). Relative radiosensitivity was measured by
comparing non-irradiated cells with irradiated cells at each dose.
Radiosensitivity was measured after 48 hr incubation of culture post-
irradiation with CellTiter 96" reagent (Promega). This experiment was

performed in four times and their mean value was presented.
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4. Cloning of PinX1 from WB-F344 cell line

rPinX1 consisted of 331 amino acids containing the G-patch domain at the
amino terminus. This domain had six highly conserved glycines (Fig. 7). An
alignment of PinX1 was performed by using Vector NT I 7.1 (Invitrogen) and
slightly refined manually (Fig. 8). Sequence alignment tool, ALIGN
(http://www2.igh.cnrs.fibinvalign-guess.cgi) was used to know sequence similarity.
rPinX1 was identical to hPinX1 about 69.5% in multiple sequence alignment
and mPinX1 with 91% (Fig. 8). G-patch was also conserved at the rPinXl1,
like hPinX1 (Fig. 8). The N-terminus of PinX1 was highly conserved among

human, rat and mouse, while the C-terminus was quite different (Fig. 8). To
study the functional region of rPinX1, rPinX1 A N, N-terminal deleted form

of rPinX1, was also constructed by cloning.

G-patch

rPinX1 7 R :::

rPinX1 A N (258-331) 258 I 331

Figure 7. Domain structure of rPinX1
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Human : MSMLAERRRKQKWAVDPQNTAWSNDDSKFGQRMLEKMGWS

Rat : MSMLAERRRKQKWTVDPRNTAWSNDDSKFGQOKMLEKMGWS

Mouse : MSMLAERRRKQKWAVDPRNTAWSNDDSKFGOKMLEKMGWS

C. Elegans : MSILAEPKRKQKISIDPQNLTWKNDDOKLSKKLMEKMGWS

S. CereviSiae : MG-LAATRTKQRFGLDPRNTAWSNDTSRFGHQFLEKFGWK
KGKGLG-AQEQGATDHIKVOVKNNHLGLGA----~- TI--N

KGKGLG-A E GATEHIKVKVKNNHLGL GA-~---~- TN--N

KGKGLG-AQEQGATEH I KVKVKNNHLGLGA----~- TN--N
EGDGLG-RNRQGNADSVKLKANTSGRGLGA----- DKMAD

PGMGL GLSPMNSNTSH IKVS IKDDNVGL GAKL KRKDKKDE

NEDNWIAHQDDENQLLAALNTCHGQETADSSDKKEKKS--
NEDNWIAHQDDFNQLLAALNTCHGQETADSSDNKEKKS--
YDSTWISHHDDFADLLAALNKNKEQEPEQTEEEKNAAAEK
FDNGECAGLDVFQRILGRLN---======—~ GKESKISEE

NEDNWIAH%DDFN%LLAELNTCHG%ETTDSSDKKEKKS——

FSLEEKSKISKNR--VHYMKFTKGKDLSSRSKTDLDC IFG
FSLEEKSKISKNR--VHYMKFTKGKDLSSRSETDLDCIFG
FSLEEKSKISKNR--VHYMKFTKGKDLSSRSETDLDCIFG
ISIELKSKSIRRR--IHYQKFTRAKDTSNYSDSHKKG ILG
LDTQRKQK T IDGKWG IH---FVKGEVLASTWDPKTHKLRN

—————————— KRQSKKTPEGDASPSTPEE-—-----NETT-
---------- KRRNKKLAQDGCSNSSADEVNTSLTTTTT-
—————————— KRRNKKLAQDGCSNSTADEADTSLTTTTT-
YGRLKSDNAEEK | EEKTENSSVKSDSSDSQADSQEKKEGN
YSNAK=—=————=- KRKREGDDSEDEDDDDKE -~ ~——~-

-TTSAFTIQEYFAKPVAALKNKPQVPVPGSD I SETQVERK
-TTSAFT1QEYFAKRMAQLKNKPQASAPGSDLSETPVERK
-TTSAFTIQEYFAKRMAOLKSKSQAAAPGSDLSETP 1 EWK
NTVSTLSVGDYFAAKMAALKAKR AAAAN____BRSEEKE

RGKKRNKEATGKDVESYLQPKAKRHTEGKPERAEAQERVA
KGKKKNKEAADTDVENSPQHKAKRHK --KKKRVEAERGPV
KGKKKTKEAAGTD I ENSPQHKAKRHK --KKKRVEAERGPA
MEIKTEVEEEESDEEKA------ RRKAEKKERKRLRREQR
KHKKHKKHKKDKK - = === -~ KDKKDKKEHKKHKKEEKRLK

AKKRDRAELQPGGPSEDECSDASVEAAEDCVQTPD 1QDDV
AKKRDQVELQPGGPSGDECSDASVEAAEDRVQTPDTQDDV
DKEETLETVET ILEVKQEVKEE I IDEEFDEAERKRLKKEK
KEKRAEKTKETKKTSKLKSSESASN----- IPDAVNTRLS

KKKCAPAEK%LRGPCWD SSKASA DAGDHV§PPEGRDFT

LKPKKRRGKKKLQKPVE I AEDATLEETLVKKKKKKDS-K
PKPKKRKAKKKLQRPEGVE IDATLDRAPVKKKKKKVS-R
PKPRKRRAKKTLQRPGGVAVDTAPDSAPVKKKKK-VS-R
KRLKRLREQQQPENEGAEGGEADEEE I PRKRKKHTEDEH
VRSKWIKQKR-==-~- AALMDSKALNEIFM--=--- ITND

Figure 8. Multiple sequence alignment of PinX1s. In the result of sequence
alignment among human (Homo sapiens), rat (Rattus norvegicus) and mouse
(Mus musculus), rat encoded a protein about 69.5% identical to the human
PinX1p. In case of Caenorhabditis elegans and Saccharomyces cerevisiae,
about 31.1% and 27% similarity was confirmed, respectively. Black letters are
identical or conserved residues. G-patch was represented as yellow

background.
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5. Subcellular localization of rPinX1

To investigate the subcellular localization of rPinX1 in a rodent cell,
rPinX1-HA construct and its N-terminal deletion mutant, rPinX1A N were

transiently expressed in NIH/3T3, mouse transformed fibroblast, and assayed
for subcellular localization. Fibrillarin was used as a marker for nucleolus.

rPinX1 was colocalized with fibrillarin in nucleolus (Fig. 9B). However,
rPinX1 A N appeared to be present in both nucleus and cytoplasm (Fig. 9C),

without showing colocalization with fibrillarin.
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(A) (B) ©

HA-rPinX1 HA-rPinX1 A N

Fibrillarin Fibrillarin Fibrillarin

Figure 9. Intracellular localization of transiently expressed rat PinX1
protein in NIH/3T3. NIH/3T3 cells expressing HA-rPinX1 were fixed,
stained for a nucleolar marker and visualized simultaneously for HA (rPinX1)

and Alexa Fluor® 594 (nucleoli). Fluorescence localization of HA in NIH/3T3
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cells expressing HA-rPinX1 or HA-rPinX1 A N, but not in cells expressing

HA alone. (A) NIH/3T3, transfected with pPCMV-HA, used as a control. (B)
Ectopic HA-rat PinX1 fusion protein (green) in NIH/3T3 cell line shows a

nucleolar concentration pattern, arrowed (purple). (C) NIH/3T3, transiently
expressed HA-rat PinX1 A N, showed even distribution to both nucleus

(green) and cytoplasm (green). Cells were treated with an anti-fibrillarin
antibody to detect the nucleolar protein fibrillarin (red). Nucleus, stained with

DAPI, was presented as blue. Cells were observed at <2000 magnification.
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IV. DISCUSSION

LE/2, LE/6 and WB-F344 are hepatic stem-like epithelial cells and their
morphological and biochemical properties have been previously
characterized."****"#3% LE/2 and LE/6 cells, isolated from Sprague-Dawley
rat fed CDE diet (choline-deficient diet containing 0.1% ethionine) for 2 and 6
weeks, respectively, were known to possess similar phenotypical and
biochemical features. WB-F344, isolated from the liver of an adult male
Fisher-344 rat, is known to have phenotypic properties similar to oval cells,
like LE/2 and LE/6.>***! In this study, these cells were cultured for over 140
passages to investigate the telomere maintenance during in vitro cellular aging.
All these cells appeared to grow without significant changes in proliferative
capacity and aging phenotype during in vitro aging.

LE/2 and LE/6 cells displayed a similar pattern of the telomere
shortening. Telomere length of LE cells shortened with a rate of telomere loss
of ~50 bp/pd, which is comparable to the result observed in human telomerase
negative cells (50~100 bp/cell division)."

In our previous report,” the telomerase activity of LE/2 and LE/6
declined from the early to intermediate passages and progressively increased
from the intermediate to late passages. Comparing the telomere length and
telomerase activity, progressive telomere shortening seems to be occurred due
to a low level of the telomerase activity of LE cells. The telomere shortening
rate of LEs appeared to be slower in the late passages, in which telomerase
activity inclined, than in the early passages, although its difference was small.

These results may be explained by the following that the telomerase activity
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in LE cells is not strong enough to prevent telomere erosion during passages,
but the reactivated telomerase in late passages seems to enable to reduce the
telomere decay rate.

WB-F344 was also found to possess a strong telomerase activity in our
previous result,” particularly at early and late passages, with a high
proliferation rate, which appeared to be comparable to human cancer cells.
The high proliferative capacity of WB-F344 is likely related to the strong
telomerase activity.” The telomerase regulation and progressive telomere
shortening during in vitro aging showed patterns similar to those of LE lines,
and this result is consistent with a previous report.** An apparent decrease of
telomere length was found in the transition from passage 96 to 154, in which
telomerase activity was being induced but still low in the level, and no further
reduction appeared at the passage 180. These results suggest that the
telomerase activity in the period from 96 to 154 is not yet strong enough to
prevent telomere loss, while the strong telomerase at the passage 180
maintains the telomeres without further telomere erosion. Taken together, the
weak telomerase expression of LEs and WB-F344 at the early passages does
not seem to prevent telomere shortening, and telomerase reactivation at late
passages, especially of WB-F344 cell, maintain telomeres without further
telomere decay.

Telomere dysfunction impairs DNA repair and enhances sensitivity to
jonizing radiation,”” and short telomeres of mammalian cells result in
organismal hypersensitivity to ionizing radiation.*® In this study, all of LE/2,
LE/6 and WB-F344 showed no significant difference in radiosensitivity
according to the different passages. The telomere length might not be

critically shortened to induce chromosomal instability at even late passages,
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and there is a possibility that LEs and WB-F344 cells might possess
mechanism(s) to DNA repairs and intact cell cycle pathways, which
contribute to the chromosomal stability.

PinX1 was reported as a telomerase inhibitor in human cells.
Overexpression of hPinX1 and its TID, interact with TRF1, inhibited
telomerase activity, shortened telomeres and induced crisis with TID being
more potent than the full length protein.”® hPinX1 mainly localize at the
nucleolus and colocalize with Pin2 in the nucleus with speckle pattern.”® To

determine the functional region of rPinX1 involved in subcellular localization,
two plasmid constructs, rPinX1 and rPinX1 A N, were prepared and were
transiently overexpressed in NIH/3T3. rPinX1 was observed at the nucleolus
in the NIH/3T3. Contrary to rPinX1, rPinX1 A N, without G-patch region,

was localized to nucleus and cytoplasm with no speckle pattern. It is
speculated that G-patch domain could involve in nucleolar localization of
rPinX1. Considering that PinX1 binds hTERT/ATR complex in vivo®,
localization of rPinX1 in nucleolus might have less chance to associate
telomerase that is mainly localized in nucleus. It might be difficult for rPinX1
to inhibit the activity of telomerase in the nucleus.

In conclusion, telomerase activity was presented and contributed to the
regulation of telomere length in LE/2, LE/6 and WB-F344 cells. We
confirmed the nucleolar localization of transiently overexpressed rPinX1 in
NIH/3T3 cells. On the basis of these observations, subcellular localization of
PinX1 may be important on the regulation of the telomerase activity in rat

hepatic stem-like epithelial cells.
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V. CONCLUSION

In summary, progressive telomere shortening was shown in the LEs and
WB-F344 cells during in vitro aging. At the late passage of these cells, their
mean telomere lengths were shorter than those of at the early passage.
However, there was no relation between telomere shortening and
radiosensitivity. The subsequent telomere shortening had not concerned with
radiosensitivity in the LEs and WB-F344 cells. This result suggests that the
telomere length in these cells might not be critically shortened to induce
chromosomal instability. rPinX1 sequence, containing G-patch, was similar

with hPinX1. rPinX1 was localized at nucleolus and its N-terminus deleted

form, rPinX1 A N, was located in nucleus and cytoplasm. Accordingly,

rPinX1 A N, located at the nucleus, may have more chances to associate with

telomerase, present in nucleus, compared to rPinX1. In rat hepatic stem-like
epithelial cells, constantly express rPinX1 gene during in vitro aging, the
localization of rPinX1 might be important to regulate telomerase activity. This
study would provide a better understanding of PinX1 mechanisms related to

telomere maintenance in the rodent cells.
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