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Figure 4 Degradation of ERCC6 in parental Kps3 cells, UVSSA-corrected
Kps3 cells and normal cells transfected with USP7 siRNA after UV
irradiation. (a) UV-induced degradation of ERCC6 and RNA Pol llo in
normal cells transfected with control siRNA or siRNA targeting UVSSA or
USP7. Knockdown of UVSSA and USP7 was confirmed by protein blotting
of cell lysates using the indicated antibodies. Normal cells transfected
with each siRNA were irradiated with 10 J/m2 of UV or not irradiated

and were incubated for 16 h. Samples lysed with SDS gel-loading buffer
were then analyzed by protein blotting with antibody to ERCC6. Numbers
below the blots indicate the amounts of ERCC6 (upper) and RNA Pol Ilo
(lower) relative to their amounts in non-irradiated normal cells transfected
with control siRNA. (b) UV-induced degradation of ERCC6 in Kps3 cells
transfected with control siRNA or with siRNA targeting UVSSA or USP7.
Knockdown by siRNA and protein blotting were performed as in ¢,

except for an 8-h incubation after UV irradiation. Numbers below the blot
indicate the amount of ERCC6 relative to the amount in non-irradiated
Kps3 cells transfected with control siRNA. (c) Parental Kps3 cells and
UVSSA-corrected Kps3 cells were irradiated with 10 J/m2 of UV and
incubated for the indicated times. Samples lysed with SDS gel-loading
buffer were analyzed by protein blotting using the indicated antibodies.
DDB1, UV-damaged DNA binding protein 1; RPB2, second largest subunit
of RNA Pol II; RPB3, third largest subunit of RNA Pol II; RPB5, fifth
largest subunit of RNA Pol [I; XPA, xeroderma pigmentosum group A
protein. Only RPB2 was decreased to some extent in UV-irradiated Kps3
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cells. (d) Inhibition of the degradation of ERCC6 and the reappearance of RNA Pol lla after UV irradiation in Kps3 cells in the presence of MG132.
Parental Kps3 cells and UVSSA-corrected Kps3 cells were either irradiated with 10 J/m2 of UV or not irradiated and were incubated for 8 h in the
presence (10 pM) or absence of the proteasome inhibitor MG132. Samples lysed with SDS gel-loading buffer were analyzed by protein blotting using
the indicated antibodies. Histograms indicate the amount of ERCC6 relative to the amount in non-irradiated cells in the absence of MG132.

that UVSSA has an important role in stabilizing ERCC6 in TCR. In
addition, ERCC6 was degraded in the USP7 siRNA-treated cells, as
in the UVSSA siRNA-treated cells, but not in control siRNA-treated
cells (Fig. 4a). Kps3 cells that lack UVSSA were then treated with USP7
siRNA. No significant difference in UV-induced degradation of ERCC6
was detected between control siRNA- and USP7 siRNA-treated Kps3
cells (Fig. 4b). These results indicate that UVSSA and USP7 cooperate
to protect ERCC6 from UV-induced degradation in TCR.

When the Kps3 cells were UV irradiated in the presence of the
proteasome inhibitor MG132, the reduction in ERCC6 levels after UV
irradiation was suppressed, and RNA Pol Ila reappeared 16 h after
UV irradiation (Fig. 4d). These results suggest that, in UV-irradiated
Kps3 cells, ERCC6 is ubiquitinated and degraded by the ubiquitin-
proteasome pathway, and the recovery of RNA Pol IIa is blocked,
leading to the inhibition of UV-RRS.

The amount of RNA Pol Ilo decreased in parental Kps3 cells
(Fig. 4c) and in UVSSA siRNA-treated normal cells (Fig. 4a),
although the decrease in RNA Pol Ilo was not significant com-
pared with that of ERCC6. RNA Pol Ilo levels did not decrease in
the UVSSA-corrected Kps3 cells and in control siRNA-treated cells
(Fig. 4a,c). In the USP7 siRNA-treated cells, the amount of RNA Pol
Ilo slightly decreased after UV irradiation when compared to the
amount in control siRNA~treated cells (Fig. 4a). Taken together, these
results suggest that UVSSA and USP7 are involved in the stabilization
of RNA Pol Ilo, but the effect might be indirect.

The affected individuals with the UVSS, UVS1KO and UVS1VI,
had homozygous mutations in the ERCC6 and ERCCS genes, respec-
tively>S. This prompted us to examine whether some individuals with
Cockayne syndrome features and TCR deficiency have mutations in
the UVSSA gene. We sequenced the ORF of UVSSA in three TCR-
deficient Cockayne syndrome cell lines (CS7099, CS6864 and CS2760)
that have no mutations in the ERCC6 and ERCC8 genes. We found
only SNPs in UVSSA in these cells (Supplementary Fig. 7), suggesting
that there are some other gene(s) involved in the Cockayne syndrome
phenotype beyond ERCC6 and ERCCS. To exclude the possibility

that some individuals with Cockayne syndrome have mutations in
UVSSA4, it is necessary to sequence the UVSSA ORF in many other
TCR-deficient subjects with Cockayne syndrome.

It has been reported that CS-A and CS-B cells are hypersensitive
to treatment with hydrogen peroxide and potassium bromate, specific
inducers of oxidative DNA damage, and are deficient in the repair of
oxidative DNA damage, whereas Kps3 (UVSSA) and UVSS1VI (UVSS/
CS-A) cells are not hypersensitive to oxidative DNA damage®2122, It
has also been reported that transcription by RNA Pol II was reduced
in the extracts of CS-A and CS-B cells compared to transcription
levels in normal cells?®?%, Nuclear extracts of CS-B cells failed to tran-
scribe human rDNA, whereas those of CS-B cells expressing wild-type
ERCC6 showed high transcriptional activity of RNA Pol I (ref. 25). Of
note, RNA Pol I transcription was proficient in UVS1KO (UVSS/CS-B)
cells?6. Taken together, these results suggest that marked differences
in the pathological phenotypes between Cockayne syndrome and
UVSS are caused by differences in transcription and/or in the repair
of oxidative DNA damage in affected individuals.

We also determined that ERCC6 was ubiquitinated and degraded
by the ubiquitin-proteasome pathway after UV irradiation in Kps3
cells (Fig. 4¢,d). It has been reported that ERCC6 is required for the
resumption of transcription after UV irradiation and for the recruit-
ment of RNA Pol II and other transcription factors at the promoter
in UV-irradiated cells?”. It is therefore suggested that the ubiquitina-
tion and degradation of ERCC6 in the absence of UVSSA prevents
recovery of RNA Pol Ila after UV irradiation and, consequently,
blocks UV-RRS (Supplementary Fig. 8). Kps3 cells are deficient in
the removal of UV damage on transcribed DNA strands?, indicat-
ing that UVSSA is also required for excision of DNA damage in TCR
(Supplementary Fig. 8).

It is not yet clear which E3 ligase is involved in the ubiquitination
of ERCC6 in TCR. It would be interesting to examine whether ERCC6
is ubiquitinated by ERCC8 (ref. 29), BRCA1-BARDI (ref. 30) or the
p44 subunit of TEITH3!. UVSSA may negatively regulate E3 ligase
activities. Alternatively or simultaneously, it may positively regulate
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the deubiquitinase activity of USP7 to stabilize ERCC6 in TCR.
We conclude that the UVSSA-USP7 complex has an important role in
TCR, whereby it controls the steady-state levels of ERCC6.

METHODS
Methods and any associated references are available in the online
version of the paper at http://www.nature.com/naturegenetics/.

Note: Supplementary information is available on the Nature Genetics website.
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ONLINE METHODS

Celllines. Kps3, XP24KO and TA-24 cells belong to UV*S-A and were immor-
talized by simian virus 40 large T antigen and hTERT. FS3 and WI38VA13
are normal human cells. Mouse A9 cells were used as donors in microcell-
mediated chromosome transfer. All cell lines used were cultured in DMEM
containing 10% FCS, penicillin and streptomycin at 37 °C under 5% CO,.

UV survival. Cells were inoculated in 10-cm dishes at a density of 1,000-2,000
cells per dish. After 6 h, cells were washed with PBS and irradiated with UV at
0, 5 and 10 J/m?. Cells were then incubated for 1-2 weeks. Resulting colonies
were fixed with 3.7% formaldehyde and stained with 0.1% crystal violet and
were counted using a binocular microscope.

Microcell-mediated chromosome transfer. Donor A9 cells were plated onto
25-cm? flasks in DMEM supplemented with 10% FCS. After 1-3 d (when
cells were 80% confluent), the culture medium was changed to DMEM sup-
plemented with 20% FCS and 50 ng/ml colcemid (Sigma). After 48 h of incu-
bation, flasks were centrifuged at 12,000g for 1 h in the presence of 10 jLg/ml
cytochalasin B (Sigma) for enucleation. The microcell pellets were resus-
pended in serum-free DMEM and sequentially filtered through polycarbonate
membranes with pores of 8, 5 and 3 um in diameter. Purified microcells,
which were irradiated with 10 Gy of y-irradiation in some experiments, were
plated onto a monolayer of recipient Kps3 cells in a 6-cm dish with serum-free
DMEM containing 50 LLg/ml phytohemagglutinin P (Sigma). After 30 min of
incubation, the microcells were fused with recipient cells by treating the cells
with 50% polyethylene glycol 1000 (Nakarai) for 1 min. After fusion, cells
were grown for 24 h in DMEM supplemented with10% FCS. Then, cells were
replated onto six 10-cm dishes and incubated for 24 h. Cells were irradiated
with 10 J/m? of UV light. Surviving cells were collected and replated onto six
10-cm dishes and allowed to grow for 7 d. Cells were then irradiated with
10 J/m2 of UV light. In total, cells were irradiated six times at 7-d intervals.
As a negative control, Kps3 cells fused in the absence of microcells were UV
irradiated in the same manner.

Comparative genomic hybridization array analysis. The regions of seg-
mented mouse chromosomes transferred to Kps3 cells were analyzed using a
Mouse Genome CGH 244A Oligo Microarray Kit with SurePrint Technology
(Agilent Technologies), according to the manufacturer’s instructions with
some modifications. In brief, genomic DNA derived from the 15A-7, KAGB2-
4, KAGA2-6 and KAB1-14 clones was compared with genomic DNA from
parental Kps3 cells on the arrays. Genomic DNA was extracted by Qiagen
Gentra Puregene core Kit A. After digestion with Alul and Rsal, the genomic
DNA derived from Kps3 cells was labeled with Cy3, and the genomic DNA
from the 15A-7, KAGB2-4, KAGA2-6 and KAB1-14 clones was labeled with
Cy5, using a Genomic DNA Enzymatic Labeling Kit (Agilent Technologies). To
prevent nonspecific hybridization of human genomic DNA on the array, 50 Lg
of human Cot-1 DNA (Invitrogen) and 5 jig of mouse Cot-1 DNA (Invitrogen)
were mixed and subjected to prehybridization. After hybridization with the
labeled genomic DNA, arrays were washed and scanned with GenePix4000B.
Scanned data were analyzed by Feature Extraction Software version 9.5 and
DNA Analytics version 4.0 (both from Agilent Technologies).

Transfection of mouse BACs. Mouse BAC clones were amplified in Escherichia
coli cultured in LB medium containing chloramphenicol (25 pg/ml). BAC
DNA was prepared with a Midiprep Kit (Qiagen), following the manufacturer’s
instructions. BAC DNA (20 pg) was cotransfected with 0.6 g of pSV2neo
into recipient Kps3 cells grown on a 10-cm tissue culture dish, and cells were
selected with medium containing G418 (400 pg/ml) and irradiated with
10 J/m? of UV twice at 4-d intervals to examine whether the BAC-transfected
Kps3 clones acquired a normal level of UV resistance.

Recovery of RNA synthesis after UV irradiation. To measure RNA synthesis
after UV irradiation, two sets of cells were seeded into 6-well culture plates
(1 x 106 cells/well). One set was used for counting cells and the other for

measuring RNA synthesis. After 6 h of incubation, cells were washed with
PBS and treated with UV at 10 J/m2. After 2, 4, 8 and 24 h of incubation, the
number of cells in one set was counted. The other set of cells was washed
with PBS and incubated in DMEM containing 370 kBq/ml of [*H]-uridine for
30 min to quantify RNA synthesis. Labeling was terminated by the addition of
sodium azide to a final concentration of 200 pg/ml. Cells were washed twice
with PBS containing 200 Lg/ml sodium azide and lysed in 0.8% SDS for 30 min
at room temperature. An equal volume of 10% trichloroacetic acid containing
0.1 M sodium pyrophosphate was then added to the lysates, and these were
incubated on ice for 1 h. Acid-insoluble materials were collected on GF-C
glass microfiber filters (Whatman), and radioactivity was measured with an
LS 6500 liquid scintillation counter (Beckman Coulter). Total radioactivity
was divided by the number of cells to obtain single-cell radioactivity. The ratio
(as a percentage) of the radioactivity of individual UV-irradiated cells to that
of non-irradiated cells was considered as a measure of the recovery of RNA
synthesis after UV irradiation (UV-RRS).

Immunoprecipitation. Cells stably expressing a Flag- and HA-tagged pro-
tein were lysed with MNase buffer (20 mM Tris-HCI, pH 7.5, 100 mM KCl,
300 mM sucrose, 2 mM MgCl,, 0.1% Triton X-100, 1 mM CaCl,, 1 mM DTT
and complete protease inhibitor cocktail (Roche)) at 4 °C for 10 min. Lysates
were centrifuged at 3,800g for 5 min. Supernatant was used as the soluble
fraction. The pellet was washed once with MNase buffer and incubated with
30 U/ml of micrococcal nuclease (Takara) in MNase buffer at 25 °C for 30 min.
The reaction was terminated by adding EDTA to a 5 mM final concentration
and centrifuged at 3,800g for 5 min at 4 °C. The pellet was washed with MNase
buffer. Supernatants were combined and used as the solubilized chromatin
fraction. Tagged protein was affinity purified from the soluble and solubilized
chromatin fractions with anti-FLAG M2 antibody-conjugated agarose (Sigma)
followed by anti-HA agarose (Sigma).

Knockdown experiments. siRNA (Thermo Scientific) was transfected into
target cells with RNAIMAX (Invitrogen), according to the manufacturer’s
instructions. At 24 h after the first transfection, a second transfection was
performed. Cells were allowed to grow for another 36 h before experiments
were carried out.

Quantitative RT-PCR. cDNA was synthesized from fresh total RNA using
a Quantitative Reverse Transcription kit (Qiagen), following the manu-
facturer’s instructions. RT-PCR samples were prepared with TagMan gene
expression master mix (Applied Biosystems), according to the manufacturer’s
instructions. RT-PCR was carried out using the 7300 Real-Time PCR system
(Applied Biosystems), under the following conditions: 10 s at 95 °C, 10 s
at 60 °C and 20 s at 72 °C for 25 cycles. Probe sets were ordered from
Applied Biosystems.

UV-induced translocation of ERCC8 to the nuclear matrix using a cell-
free system. UV-induced translocation of ERCCS in the cell-free system was
examined as described previously'®. Parental Kps3 cells and UVSSA-corrected
Kps3 cells were irradiated with 20 J/m? of UV and incubated for 1 h and
then treated with CSK-Triton buffer (10 mM PIPES, pH 6.8, 100 mM NaCl,
300 mM sucrose, 3 mM MgCl,, 0.5% Triton X-100, 1 mM DTT, 1 mM EGTA
and Complete protease inhibitor cocktail (Roche)) to prepare the insoluble
(CSK-ppt) fractions. The soluble fractions (CSK-sup) were prepared from
CS3BE (CS-A) cells stably expressing Flag- and HA-tagged ERCC8 by
treatment with CSK-Triton buffer. The CSK-sup fraction containing
HA-tagged ERCC8 was incubated with the CSK-ppt fraction and then treated
with DNase I. The ERCC8 retained in the DNase I-insoluble fractions
was detected by immunoblotting with antibody to HA.

Antibodies. The antibodies employed were to ERCC8 (W-16, Santa Cruz
Biotechnology), ERCC6 (E-18, Santa Cruz Biotechnology), RNA Pol II
(N-20 and A-10, Santa Cruz Biotechnology), KIAA1530 (106751, GeneTex)
and HA (3F10, Roche).
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Abstract

prolong their life span.

extracellular matrix components.

therapeutically useful for articular cartilage regeneration.

Background: Like all mammalian cells, normal adult chondrocytes have a limited replicative life span, which
decreases with age. To facilitate the therapeutic use of chondrocytes from older donors, a method is needed to

Methods: We transfected chondrocytes with hTERT or GRP78 and cultured them in a 3-dimensional atelocollagen
honeycomb-shaped scaffold with a membrane seal. Then, we measured the amount of nuclear DNA and
glycosaminoglycans (GAGs) and the expression level of type Il collagen as markers of cell proliferation and
extracellular matrix formation, respectively, in these cultures. In addition, we allografted this tissue-engineered
cartilage into osteochondral defects in old rabbits to assess their repair activity in vivo.

Results: Our results showed different degrees of differentiation in terms of GAG content between chondrocytes
from old and young rabbits. Chondrocytes that were cotransfected with hTERT and GRP78 showed higher cellular
proliferation and expression of type Il collagen than those of nontransfected chondrocytes, regardless of the age of
the cartilage donor. In addition, the in vitro growth rates of hTERT- or GRP78-transfected chondrocytes were higher
than those of nontransfected chondrocytes, regardless of donor age. In vivo, the tissue-engineered cartilage
implants exhibited strong repairing activity, maintained a chondrocyte-specific phenotype, and produced

Conclusions: Focal gene delivery to aged articular chondrocytes exhibited strong repairing activity and may be

Background

Osteoarthritis (OA), which is one of the most common,
debilitating, and costly chronic disorders [1], is character-
ized by progressive degeneration or destruction of articular
cartilage. Since the incidence of OA increases with age, the
underlying mechanism of this disease may involve a loss of
the capacity of chondrocytes to regenerate with age. In
proliferative cells, telomeres from chromosomes gradually
became shorter as a result of the DNA replication end
problem. To prevent cessation of mitosis and premature
cell death, telomerase is a ribonucleoprotein that is an

* Correspondence: sato-m@is.icc.u-tokai.acjp

'Department of Orthopaedic Surgery, Surgical Science, Tokai University
School of Medicine, 143 Shimokasuya, Isehara, Kanagawa 259-1193, Japan
Full list of author information is available at the end of the article

() BiolMed Central

enzyme which adds DNA sequence repeats (TTAGGG) to
the 3’ end of DNA strands in the telomere regions, which
are found at the ends of chromosomes [2]. The telomerase
allows for replacement of short bits of DNA known as tel-
omeres, which are otherwise shortened when a cell divides
via mitosis. In normal circumstances, without the presence
of telomerase, if a cell divides recursively, at some point all
the progeny will reach their Hayflick limit. With the pre-
sence of telomerase, each dividing cell can replace the lost
bit of DNA, and any single cell can then divide
unbounded. While this unbounded growth property has
excited many researchers, caution is warranted in exploit-
ing this property, as exactly this same unbounded growth
is a crucial step in enabling cancerous growth. In immortal
human tumor cells, the gene for the catalytic subunit of

© 2012 Sato et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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human telomerase reverse transcriptase (#7ERT) is almost
always derepressed [3]. Moreover, #TERT is not only an
oncoprotein [2] but also a regulator of cellular differentia-
tion [4,5].

As a result, immortalized human cells, such as epithe-
lial and fibroblast cells [6] and chondrocytes [7,8], have
been used as models of cellular aging. For example,
Goldring [7] showed that primary human chondrocytes
can be immortalized with retroviral transfection of 4
genes, including simian vacuolating virus 40 large T anti-
gen and telomerase; however, stable transfection of
KWTERT in chondrocytes that are cultured in a monolayer
allows maintenance of the proliferative capacity but not
the chondrocyte phenotype. In contrast, Piera-Velazquez
et al. [8] showed that exogenous expression of #TERT in
chondrocytes that are cultured on polyhydroxyethyl-
methacrylate coated dishes increases their life span and
maintains their chondrocyte phenotype. Thus, h”TERT
may extend the life span of chondrocytes.

Glucose-regulated protein 78 (GRP78) is a molecular
chaperone in the endoplasmic reticulum (ER) that is
induced by ER stress and prevents cell death as a result
of homeostatic imbalance in the ER [9]. Although overex-
pression of GRP78 can limit the damage from ER stress
in normal tissues and organs, the natural induction of
GRP78 in neoplastic cells also may promote cancer pro-
gression and drug resistance [10]. Since GRP78 also is
involved in the pathology of neurological diseases, such
as Alzheimer’s disease [11] and Parkinson’s disease [12],
GRP78 may have therapeutic cytoprotective effects to
limit ER stress.

To determine whether #TERT and GRP78 can prolong
the life span of chondrocytes and stimulate cartilage
regeneration, we transfected rabbit articular chondro-
cytes with these genes and redifferentiated chondrocytes
in a 3-dimensional atelocollagen honeycomb-shaped
scaffold with a membrane seal (ACHMS scaffold) [13].
We used this type of scaffold because it is biodegradable,
supports the growth of high-density cell cultures, and
maintains the phenotype of articular chondrocytes
[14-16]. In addition, to investigate the clinical relevance
of our model to OA, we investigated whether the effects
of gene transfection depend on the age of the cartilage by
analyzing the proliferation, gross morphology, cellular
content of DNA and proteoglycans, and gene expression
level of type II collagen in the transfected chondrocytes.

Methods

Preparation of chondrocytes

All animal experiments in this study approved by
Research Support and Intellectual Property of the Uni-
versity of Tokyo were performed in accordance with
" their institutional guidelines for the care and use of
laboratory animals.
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Chondrocytes were prepared as described previously
[14]. Briefly, articular cartilage tissue specimens were col-
lected from the knee and shoulder joints of 4 young male
(4 weeks old, 1 kg) and 8 old female (4 years old, 4.5 kg)
Japanese white rabbits (Tokyo Laboratory Animals Science
Co., Ltd,, Tokyo, Japan). Each rabbit specimen was soaked
and stored separately in basal medium (BM) containing
Dulbecco’s modified Eagle’s medium (DMEM)/F12
(Gibco; Invitrogen, Carlsbad, CA, USA) supplemented
with 10% heat-inactivated fetal bovine serum (FBS)
(Gibco), 50 pg-mL’1 ascorbic acid (Wako Pure Chemical
Industries, Osaka, Japan), and 1% Fungizone® antibiotic-
antimycotic solution (10,000 U.mL* penicillin G,
10 mgmL™ streptomycin sulfate, and 25 pg-mL™" ampho-
tericin B; Gibco). When needed, cartilage samples were
chopped into small pieces, and then digested for 1 h in
DMEM/F12 containing 0.4% pronase E (Kaken Pharma-
ceutical, Tokyo, Japan), followed by digestion for 3 h at
37°C in DMEM/F12 containing 0.016% collagenase P
(Roche Diagnostics, Mannheim, Germany). Subsequently,
the digested samples were filtered with a cell strainer (BD
Falcon™; BD Bioscience, Bedford, MA, USA) with a
100 um pore size and the isolated cells were rinsed twice
with chilled Dulbecco’s calcium- and magnesium-free,
phosphate-buffered saline (PBS) (Dainippon Pharmaceuti-
cal, Osaka, Japan). The number of viable chondrocytes
was counted by using a Burker-Turk hemocytometer
(Erma, Tokyo, Japan) with Trypan blue staining. Finally,
the chondrocytes were seeded in 500 cm?® square dishes
(245 mm x 245 mm; Corning, Corning, NY, USA) at a
density of 10,000 cells-cm™ and cultured in BM with 10%
FBS at 37°C in an incubator with 5% CO,.

Retroviral transfection

Retroviral transfection of cultured chondrocytes was per-
formed as described previously [17,18] with some modifi-
cations. First, DH5a Escherichia coli cells (from
Hiroshima University Graduate School of Biomedical
Sciences) were cultured overnight in lysogeny broth (LB)
media [19] at 37°C. Subsequently, these cells were trans-
fected with pATERT-MSCV and pGRP78-MSCV plasmids
to produce amphotropic viruses. The plasmids were
amplified and purified by using an EndoFree Plasmid
Maxi Kit (Qiagen, Tokyo, Japan). In addition, the sequence
of all constructs was verified by DNA sequencing.

Next, these plasmids were used to produce retroviral
constructs by using 2 different protocols. To produce
the WTERT retroviral construct, full-length #TERT
c¢DNA was polymerase chain reaction (PCR) amplified,
and then cloned into the pMSCV-puro retroviral vector
(Clontech, Mountain View, CA, USA). Subsequently, the
cloned vector was transfected into the Retropack PT67
(Clontech) packaging cell line and the transfected cells
were selected with puromycin (1.8 pg-mL™') (Sigma
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Aldrich, St. Louis, MO, USA) after 48 h. Two weeks
after transfection, the surviving cells were trypsinized
and allowed to continue to grow for up to 100 d. The
culture supernatant from this cell line was collected and
0.45-um filtered, and then polybrene (8 ug-mL™) was
added prior to transducing #TERT into young rabbit
(YRA) and old rabbit (ORA) chondrocyte cultures.

Chondrocytes were cultured and plated 24 h before
viral infection. Then, the packaged retrovirus was added
to the culture media and incubated at 37°C in an incu-
bator with 5% CO,. The infected cells were selected
with 0.5 pug-mL™ of puromycin (Sigma Chemical) for
7-10 d prior to subsequent experiments.

To produce the GRP78 retroviral construct, full-length
GRP78 cDNA was PCR amplified, and then inserted
into the mouse stem cell virus (MSCV) packaging vector
by using the Retrovirus Packaging Kit Ampho (TaKaRa
Biotechnology, Shiga City, Japan) [20]. To produce
GRP78-expressing retroviruses, 293 T cells (CRL-
11268™, ATCC, Manassas, VA, USA) were seeded and
maintained on 6-cm dishes at a density of 400,000
cells-cm™ in DMEM containing 10% FBS for 24 h prior
to transfection. Then, the culture medium was changed
to the same medium. Subsequently, the 293 T cells were
co-transfected with pGP (gag-pol) and pE-ampho (env)
(TaKaRa Biotechnology) by using calcium phosphate
transfection. Transfected cells were selected with 400
pgmL™" of hygromycin (Calbiochem, La Jolla, CA, USA)
and 50 pg of mycophenolic acid (Sigma Aldrich). After
48 h, the culture medium, which contained the recombi-
nant retroviruses, was 0.45-um filtered, and then mixed
with DMEM to infect YRA and ORA chondrocyte
cultures.

Chondrocyte proliferation

Chondrocyte proliferation was measured by counting
cell numbers at 100% confluence in serial passages.
Briefly, nontransfected or ®TERT/GRP78-transfected
YRA and ORA chondrocytes, which were passaged once
every 7-10 d, were detached by using 0.05% trypsin/
ethylenediaminetetraacetic acid (EDTA; Gibco) for 20-
30 min at 37°C and washed 3 times with PBS. An ali-
quot of the detached cells was used to count the mean
number of cells from 6 dishes by using a Burker-Turk
hemocytometer (Erma) with Trypan blue staining. The
remaining cells were replated at a density of 5 x 10°
cells-well ™.

Cell proliferation was expressed as the population
doubling level (PDL). The PDL was calculated from log-
phase growth curves by using the equation: PDL = log;,
(N/Np) x 3.33, where Ny and N are the number of cells
at the beginning and end of each experiment, respec-
tively [21].
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Preparation of the atelocollagen honeycomb-shaped
scaffold with a membrane seal and 3-dimensional culture
of chondrocytes

The ACHMS scaffold was prepared as described pre-
viously [13] by Koken (Tokyo, Japan). Briefly, nontrans-
fected and #TERT/GRP78-transfected ORA chondrocytes
were passaged twice, and then seeded at a density of 2 x
10 cells-scaffold™ into a round ACHMS scaffold (dia-
meter, 6 mm; thickness, 2 mm; average pore size, 200 pm)
[13,14,22,23] in 48-well plates (Sumitomo Bakelite, Tokyo,
Japan) by centrifuging at 45 g for 5 min. Then, these cell-
seeded scaffolds were cultured in BM supplemented with
10% FBS at 37°C in an incubator with 5% CO, and 100%
relative humidity for 14 d. These cultured chondrocytes
were frozen in liquid nitrogen until needed for biochem-
ical analyses and transplantation into an in vivo model of
articular cartilage defects.

Measurement of DNA and glycosaminoglycans

The amount of DNA in the cultured ORA chondrocytes,
which was used as a marker of cell proliferation, was
measured by digesting cell-seeded scaffolds with papain,
and then using a fluorimetric assay, as described pre-
viously [24]. Briefly, 15 pL of a papain digest was mixed
with 300 pL of Hoechst 33258 solution (Polyscience,
Warrington, PA, USA), and then a Titertek Multiscan
Spectrofluorometer (Lab Systems, Helsinki, Finland) was
used to measure the emission and excitation spectra at
456 nm and 365 nm, respectively. DNA concentrations
were calculated from a standard curve of calf thymus
DNA (Sigma).

The amount of glycosaminoglycans (GAGs) in the cul-
tured chondrocytes, which was used as a marker of extra-
cellular matrix (ECM) formation, was quantified by using
1,9-dimethylmethylene blue, as described previously [25].
Briefly, samples (140 pL) of each chondrocyte culture were
mixed gently with an equal volume of 1,9-dimethylmethy-
lene blue solution in a 96-well microtiter plate, and then
the absorbance at 530 nm was measured with a Titertec
multiscan spectrophotometer (Labsystem, Helsinki,
Finland). The amount of GAGs was calculated from the
absorbance values by using a standard curve of 0.625-
20 pg-mL™ shark chondroitin sulfate C (Seikagaku Kogyo
Co, Tokyo, Japan).

Type 1l collagen mRNA expression

Frozen 3-dimensional cultures of ORA chondrocytes were
pulverized with a Cryo-Press (Microtec Nition, Chiba,
Japan) in liquid nitrogen. All oligonucleotide primer sets
were designed on the basis of published mRNA sequences.
The expected amplicon lengths ranged from 70 to 200 bp.
Cloning of the entire coding region of type 2 collagen was
performed by 5'- and 3’-rapid amplification of cDNA ends
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using the following oligonucleotide primers: forward (5'-
AACACTGCCAACGTCCAGAT-3'), reverse (5-CTGC
AGCACGGTATAGGTGA-3’). Real-time PCR was per-
formed in a SmartCycler system (Cepheid, Sunnyvale, CA)
with SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA) with 1 pL of cDNA template in a final
volume of 25 puL. Amplification of cDNA was performed
according to the following conditions: 95°C for 15 s and
60°C for 60 s for 35-45 amplification cycles. Changes in
the fluorescence of SYBR Green were monitored after
every cycle. Melting curve analysis was performed through
a 0.5°C/s increase from 55 to 95°C with continuous fluor-
escence readings at the end of the cycles to ensure that
single PCR products were obtained. All reactions were
repeated in six separate PCR runs using RNA isolated
from four sets of human samples. The results were evalu-
ated by using SmartCycler software (Cepheid). Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) primers were
used to normalize the samples. To monitor crossover con-
taminations of PCR, RNase-free water (Qiagen, Valencia,
CA) was used in the RNA extraction and as a negative
control. To ensure the quality of data, a negative control
was always included in each run.

Implantation of tissue-engineered cartilage produced
from transfected aged chondrocytes

Twenty four old female Japanese white rabbits were
divided into 4 groups (control 8w, 16w; hTERT + GRP78
8w, 16w) and anesthetized with intramuscular injections
of 120 mg of ketamine (Daiichisankyo, Tokyo, Japan) and
9 mg of xylazine (Bayer HealthCare, Leverkusen, Ger-
many). After creating a medial parapatellar incision in
both legs, each patella was dislocated laterally and a
cylindrical defect (diameter, 5 mm; depth, 3 mm) was
created on the patellar groove of the femur in both legs
by using a biopsy punch (Kai Industries, Seki, Japan) and
a low-speed drill (Takagi, Niigata, Japan). The bottom of
the subchondral bone also was shaved to a plane until
marrow bleeding was observed. Then, ACHMS scaffolds
that were seeded with either nontransfected or #”TERT/
GRP78-transfected ORA chondrocytes were allografted
into these defects without any fixatives, such as fibrin
glue. Postoperatively, all animals were allowed to walk
freely in their cages without any splints.

Postoperative analyses

Eight and 16 weeks after implantation, rabbits were
killed with an overdose of intravenous anesthesia, and
then the distal parts of their femurs were harvested and
observed with a light microscope. Subsequently, the
femur samples were fixed in 10% buffered formalin for
7 d. Each specimen was decalcified with 10% EDTA in
distilled water (pH 7.4) for 3 weeks, and then embedded
in paraffin, cut into 6-pm-thick sagittal sections,
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deparaffinized, and stained with safranin O (Cartilage
Staining Kit, Takara, Shiga, Japan). The histopathology
of the OA cartilage samples (n = 24) were analyzed
according to standard grading and staging of OA carti-
lage histopathology [26]. The OA score was calculated
by the following formula: OA score = most degenerated
site in the cartilage (grades 1-6, Table 1) x area of
degeneration (stages 1-4) (Table 2).

Immunohistochemical staining for type II collagen was
performed as described previously [14]. Briefly, after
deparaffinization, the sections were pretreated with
0.1 mg-mL™ of actinase E (Kaken Pharmaceutical) in PBS
at 37°C for 30 min. Then, the sections were incubated
with 10% pig serum at room temperature for 30 min
to reduce nonspecific background staining. These pre-
treated sections were incubated overnight with
50 mg-mL™ mouse anti-human type II collagen monoclo-
nal antibody (Daiichi Fine Chemical, Toyama, Japan) in
PBS containing 0.1% bovine serum albumin at 4°C. Next,
the sections were incubated with biotinylated rabbit anti-
mouse immunoglobulin (1:500 dilution; Dako, Carpin-
teria, CA, USA) for 30 min at room temperature, fol-
lowed by peroxidase-conjugated streptavidin (1:500
dilution; Dako) for 30 min at room temperature. Finally,
the sections were incubated with a solution of 20 mg of
diaminobenzidine and 5 pL of hydrogen peroxide (30%)
in 100 mL of PBS for 5 min at room temperature. Con-
trol sections were incubated with PBS without any anti-
bodies and stained in a similar manner. These sections
were analyzed by light microscopy.

Statistical analysis
One-way analysis of variance and Dunn’s post hoc test
was used to determine statistical significance (P < 0.05).

Results

Establishment of primary cultures of rabbit chondrocytes
During the first 3 weeks, YRA, ORA, ORA + #TERT, and
ORA + hTERT + GRP78 chondrocytes showed similar
growth rates for 10 PDL (Figure 1). Later, ORA + hTERT
and ORA + hTERT + GRP78 chondrocytes proliferated
more rapidly than the nontransfected chondrocytes.
However, YRA + AhTERT + GRP78 chondrocytes had the
fastest growth rate. In the control groups, YRA chondro-
cytes proliferated faster than ORA chondrocytes during
the entire observation period, but their growth rate gra-
dually decreased until they ceased at about 40 d and 60 d
after the initiation of culture, respectively. Unlike control
cells, which stopped proliferating after 10-20 PDL, ORA
+ WTERT and YRA + hTERT cells continued proliferating
for about 35 and 50 PDL, respectively. These results
showed that #TERT and GRP7S8 increase the growth rate
of transfected cells approximately 3-fold compared with
nontransfected cells.
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Table 1 OA cartilage histopathology grade assessment; grading methodology

Grade (key feature)

Associated criteria (tissue reaction)

Grade 1: surface intact

Matrix: superficial zone intact, oedema and/or superficial fibrillation (abrasion), focal superficial matrix condensation

Cells: death, proliferation (clusters), hypertrophy, superficial zone Reaction must be more than superficial fibrillation only

Grade 2: surface
discontinuity

As above

+ Matrix discontinuity at superficial zone (deep fibrillation)

+ Cationic stain matrix depletion (Safranin O or Toluidine Blue) upper 1/3 of cartilage
+ Focal perichondronal increased stain (mid zone)
+ Disorientation of chondron columns
Cells: death, proliferation (clusters), hypertrophy

Grade 3: vertical fissures
(clefts)

As above

Matrix vertical fissures into mid zone, branched fissures

+ Cationic stain depletion (Safranin O or Toluidine Blue) into lower 2/3 of cartilage (deep zone)
+ New collagen formation (polarized light microscopy, Picro Sirius Red stain)
Cells: death, regeneration (clusters), hypertrophy, cartilage domains adjacent to fissures

Grade 4: erosion

Cartilage matrix loss: delamination of superficial layer, mid layer cyst formation

Excavation: matrix loss superficial layer and mid zone

Grade 5: denudation

Grade 6: deformation

Surface: sclerotic bone or reparative tissue including fibrocartilage within denuded surface. Microfracture with repair

limited to bone surface

Bone remodelling (more than osteophyte formation only). Includes: microfracturewith fibrocartilaginous and osseous

repair extending above the previous surface

Grade = depth progression into cartilage

Characteristics of the 3-dimensional cuitures of
chondrocytes

The ACHMS scaffold supported a high density of ORA
chondrocytes (2 x 10 cells-cm™) without any leakage of
cells. During the 2-week culture, the chondrocytes in the
scaffold retained their normal spherical shape (data not
shown) and the resulting tissue-engineered cartilage main-
tained its shape and size in the ACHMS scaffold. The scaf-
folds were elastic and did not deform during culturing or
collapse when handled with forceps.

Figure 2 shows macroscopic images of the cell-seeded
scaffolds after culturing for 14 d. The scaffold that was
seeded with #TERT/GRP78-transfected ORA chondro-
cytes had the highest cell density. In addition, the spaces
between the atelocollagen matrix were filled and not visi-
ble along the edge of the ACHMS scaffold, which indi-
cated that chondrocytes had proliferated throughout the
scaffold during the cultivation period. In the scaffolds that

Table 2 OA score; semi-quantitative method

were seeded with control cells, cell growth was sparse, and
as a result, the spaces between the atelocollagen matrix
remained mostly empty.

Glycosaminoglycan content of cell-seeded scaffolds

On day 14, the amount of GAG in cell-seeded scaffolds
differed significantly between each group (Figure 3). Speci-
fically, the total GAG content of scaffolds that were seeded
with #TERT/GRP78-transfected ORA chondrocytes was
higher than those that were seeded with GRP78- or
hTERT-transfected cells. In addition, the GAG content of
the scaffolds that were seeded with transfected ORA chon-
drocytes was higher than that in those that were seeded
with nontransfected chondrocytes. These results suggested
that transfected ORA chondrocytes were able to produce
and accumulate significantly higher amounts of extracellu-
lar matrix components in the ACHMS scaffold than non-
transfected chondrocytes.

Grade (key feature)

Stage % Involvement (surface, area, volume)

Stage 1 < 10%

Stage 2 10-25%

Stage 3 25-50% Stage 4 > 50%

Grade (surface 1 2 ) 3 4
intact)

Grade 2 (surface 2 4 6 8
discontinuity)

Grade 3 (vertical 3 6 9 12
fissures, clefts)

Grade 4 (erosion) 4 8 12 16
Grade 5(denudation) 5 10 15 20
Grade 6(deformation) 6 12 18 24

Score = grade X stage
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Figure 1 Effect of hTERT and GRP78 on the proliferation of
rabbit chondrocytes. Growth curves of cultures of nontransfected
control chondrocytes from young and old rabbits (YRA and ORA,
respectively) and hTERT (YRA + hTERT and ORA + hTERT) and GRP78
(YRA + hTERT + GRP78 and ORA + hTERT + GRP78)-transfected
chondrocytes. The mean number of cells is shown on a log;o scale.

Type Il collagen mRNA expression
As shown in Figure 4, the mRNA expression of type II
collagen was observed in ORA, regardless of different
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Figure 2 Macroscopic images of the cell-scaffold complex after
14 days of culture. Atelocollagen honeycomb-shaped scaffold with
a membrane seal (ACHMS) scaffold complex seeded with
nontransfected (A), GRP78-transfected (B), hTERT-transfected (C), or
hTERT- and GRP78-transfected (D) ORA chondrocytes. Scale bar = 1.0
mm.
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Figure 3 Glycosaminoglycan content of chondrocyte cultures in
atelocollagen honeycomb-shaped scaffolds with a membrane
seal. The glycosaminoglycan (GAG) content of nontransfected (black
bars) or hTERT- or GRP78-transfected (white bars) ORA chondrocytes
on the indicated days. Results are expressed as the mean (SD) of 6
independent measurements. *P < 0.05.

gene transfection. Profiles of control, GRP78", hTERT",
and hTERT'/GRP78" cells were prepared to investigate
expression of type II collagen. The mRNA expressions
of GRP78*, hTERT", and hTERT"/GRP78" cells were
significantly higher than that in control of non-transfec-
tive ORA. Chondrocytes are known to readily dediffer-
enciate in 2-dimensional culture. However, in this study,
we used the primary culture of chondrocytes so that
these chondrocytes retain their phenotype, which can be
confirmed from type II collagen expression.

Macroscopic appearance of repaired osteochondral
defects
The surgical implantation of tissue-engineered cartilage
into osteochondral defects in the old rabbits was
uneventful, and upon waking, all rabbits immediately
resumed normal cage activity. At the time that they
were killed, all rabbits exhibited unlimited passive range
of motion in the knee joint.

Indeed, the osteochondral defects in old rabbits that
were treated with tissue-engineered cartilage that was
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Figure 4 mRNA expression levels of type Il collagen in
transfected chondrocytes. The mRNA expression of type Il collagen
was observed in ORA, regardless of different gene transfection.
Profiles of control, GRP78%, hTERT", and hTERT'/GRP78" cells were
prepared to investigate expression of type Il collagen. The mRNA
expressions of GRP78", hTERT, and hTERT'/GRP78" cells were
significantly higher than that in control of non-transfective ORA.
GAPDH was used as an internal control to normalize RNA levels.

grown from ATERT- and GRP78-transfected ORA chon-
drocytes were filled with smooth tissue that resembled
hyaline cartilage 16 weeks after surgery (Figure 5E) unlike
the tissue-engineered cartilage that was grown from non-
transfected ORA chondrocytes, which remained empty
or were covered by fibrous tissue (Figure 5B). Although
the control tissue-engineered cartilage showed some tis-
sue repair along the borders of the defect, the color of
the tissue was slightly different from that of the sur-
rounding normal cartilage (Figure 5A, B).

Histological analysis of repaired osteochondral defects
No signs of arthritis, such as cartilage erosion or severe
synovial proliferation, were observed in any surgically
treated knee. In rabbits that were implanted with tissue-
engineered cartilage grown from #TERT- and GRP78-
transfected ORA chondrocytes, the immunohistochem-
ical staining for type II collagen in the extracellular
matrix in the scaffold was more intense and covered a
larger area (Figure 5F) than those that were implanted
with scaffolds that were grown from nontransfected ORA
chondrocytes (Figure 5C). In addition, the tissue-engi-
neered cartilage that was grown from transfected ORA
chondrocytes was smooth and displayed good bonding
with the host cartilage on both sides. In contrast, the tis-
sue-engineered cartilage that was grown from nontrans-
fected ORA chondrocytes had an irregular surface and
was thinner than that grown from hTERT- and GRP7S-
transfected chondrocytes (Figure 5C).

16w
Figure 5 Macroscopic and immunostaining of regenerated
cartilage after implantation. Postoperative appearance of repaired
osteochondral defects in old rabbits implanted with scaffolds
seeded with either nontransfected (top panels) or hTERT- and
GRP78-transfected ORA chondrocytes (bottom panels) either 8 (A, D)
or 16 (B, E) weeks after surgery. Immunostaining of type Il collagen
in tissue sections from rabbits implanted with scaffolds seeded with
nontransfected (C) or hTERT- and GRP78-transfected (F) ORA
chondrocytes. Each micrograph is representative of 8 tissue samples.
L Scale bar = 1.0 mm.

As shown in Figure 6, the average OA scores were as
follows: control 8w, 11.2 (2.5); 16w, 16.0 (3.2); hTERT +
GRP78 8w, 17.3 (3.5); 16w, 21.00 (2.85). Statistically sig-
nificant differences (P < 0.05) were observed between
the transfected and nontransfected groups that were
observed for the same period of time after implantation.

Discussion

Aging is the most important risk factor for both the
initiation and progression of degenerative cartilage dis-
eases. Osteoarthritic cartilage degeneration may be due
to the loss of viable chondrocytes due to apoptosis or
physical stress. This degeneration is likely to be closely
related to age-related changes, since aging chondrocytes
and articular cartilage matrix undergo senescence-like
changes, which increase the susceptibility of cells to
degenerative processes and environmental or physiologi-
cal stresses [27]. As a result, chondrocytes from osteoar-
thritic patients might progress toward senescence more
rapidly than those from normal individuals.

Aging chondrocytes also have important therapeutic
ramifications. Recently, the treatment of articular cartilage
defects have improved with the introduction of advanced
tissue engineering techniques for autologous chondrocyte
implantation (ACI) [28]. ACI requires cell expansion in
culture to provide sufficient amounts of chondrocytes for
reimplantation. However, like all mammalian cells, normal
adult chondrocytes have a limited mitotic potential and
eventually enter a state of senescence [29]. Moreover, the
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Figure 6 Osteoarthritis score. The histopathology of the OA
cartilage samples from all 4 groups (n = 24) were analyzed
according to standard grading and staging of OA cartilage
histopathology. OA scores were calculated by using the following
formula: OA score = most degenerated site in the cartilage (grades
1-6, Table 1) x area of degeneration (stages 1-4) (Table 2). Error bars
indicate the standard deviation of each group. Statistically
significant differences were observed between the control and
hTERT + GRP78 groups 8 and 16 weeks after transplantation.

replicative life span of primary cells in culture are affected
by the age of the donor, such that cells from older donors
have a shorter life spans than those from younger donors
[30]. For example, in monolayer cultures of aged human
chondrocytes, serial passages rapidly results in loss of phe-
notypic stability and proliferative capacity [7]. Thus, to
facilitate the therapeutic use of chondrocytes from older
donors, a method is needed to prolong their replicative life
span.

One possible method is transfection of #”TERT, which
can immortalize or prolong the life span of various human
cells, such as muscle satellite cells [31,32], myoblasts
[33,34], fibroblasts [6], and chondrocytes [7,8]. Since most
immortalized cells maintain their phenotype and state of
differentiation, #TERT-transfected cells are considered
potential therapies for small-cell lung cancer [35] and for
postnatal neovascularization in severe ischemic disease
[36]. However, since chondrocytes uniquely maintain their
phenotypes in 3-dimensional cultures [37], it is not known
whether #TERT-immortalized chondrocytes maintain
their state of differentiation.

Due to the aforementioned issues, in most cartilage
tissue engineering studies, donor chondrocytes are
usually from young animals. Our study is the first report
that transfection of #TERT and GRP78 can increase the
replicative life span and therapeutic potential of tissue-
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engineered cartilage that is produced from ORA chon-
drocytes, which have a limited regenerative capacity. In
addition, we used an ACHMS scaffold to maintain the
phenotype of transfected chondrocytes, as indicated by
the production of GAGs and type II collagen (Figures 3
and 4). These results are consistent with the findings of
Piera-Velazquez et al. [8].

In this study, we overcame the limited lifespan of ORA
chondrocytes by transfection with #TERT and increased
their growth rate up to 3-fold by cotransfection with
GRP78 (Figure 1). Specifically, "”TERT/GRP78-transfected
ORA chondrocytes grew at a constant rate for more than
20 PDL, whereas nontransfected chondrocytes stopped
dividing after much fewer PDL. However, we were not
able to completely immortalize chondrocytes, even those
from young rabbits (PDL < 50). Although the additional
transfection of SV40-TAg or mutant Ras could immorta-
lize these cells, we did not choose this option because the
transfected cells may have become cancerous. As a result,
we focused on the phenotypic stability of GRP78 and
hTERT.

KWTERT is a candidate gene for gene therapy of muscu-
lar dystrophy [31-34]. In contrast, GRP78 may have ther-
apeutic applications for neuropathological conditions,
such as Alzheimer’s disease, because it protects cells
from ER stress [11,38-40]. ER stress can alter protein
synthesis in cells [41]. One mechanism by which ER
stress promotes apoptosis in cells is by driving the accu-
mulation of structurally abnormal proteins [42], which
are ordinarily repaired by ER chaperones to prevent age-
related cell death. GRP78 is an example of a chaperone
protein that regulates protein folding in the ER and thus
contributes to cell survival [43]. Since the increase in the
expression of GRP78 during cell culture may help protect
cells from ER stress, overexpression of GRP78 also may
protect cultured chondrocytes independent of hTERT.

Due to a lack of cages for mutant rabbits, we were not
able to perform animal transplantation experiments with
chondrocytes that were transfected with Z#TERT or
GRP78 alone. However, we believe that our in vitro and
in vivo results from chondrocytes that were transfected
with both hTERT and GRP78 are sufficient to support
our conclusions. In the future, we plan to perform more
animal experiments to elucidate the effects of GRP7S.

In conclusion, our results showed that tissue-engineered
cartilage that was grown from implanted in vivo with
WTERT- and GRP78-transfected ORA chondrocytes in
ACHMS scaffolds can repair articular cartilage defects in
vivo (Figure 5D, E, F). The hTERT and GRP78-transfected
ORA exhibited proliferative and differentiation activity in
articular cartilage defects, resulting in the formation of
hyaline cartilage. This study also shows that ORA chon-
drocytes potentially produce hyaline cartilage after genetic
treatment, similar to chondrocytes from young animals.
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However, the mechanical strength of regenerated articular
cartilage in large animals (i.e., sheep or pigs) needs to be
investigated.
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Abstract

Background and Aim: The average age of hepatitis C virus (HCV)-related hepatocellular
carcinoma (HCC) patients has been rising in Japan. We evaluate characteristics of HCV-
positive patients who develop HCC in older age to determine an optimal surveillance
strategy.

Methods: A total of 323 patients with three or more years of follow-up before HCC
diagnosis and 323 propensity-matched controls without HCC were studied. HCC patients
were classified into four groups according to age at the time of HCC diagnosis: group A
(= 60 years, n = 36), group B (61-70 years, n = 115), group C (71-80 years, n = 143), and
group D (> 80 years, n=29). Clinical and laboratory data were compared.

Results: Platelet counts were significantly higher in the older groups at HCC diagnosis
(P <0.0001). The rate of platelet counts decline was lower in older groups (P = 0.0107).
The average integration value of serum alanine aminotransferase (ALT) in groups A, B, C,
and D were 80.9 TU/L, 62.3 IU/L, 59.0 TU/L, and 44.9 TU/L, respectively (P < 0.0001). In
older patients (= 65 years old), cirrhosis and average integration value of ALT were
significantly associated with hepatocarcinogenesis, but platelet count was not.
Conclusion: Elderly HCV-positive patients (= 65 years old) with low ALT values devel-
oped HCC regardless of their platelet counts. These findings should be taken into account
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies, particularly in southern and eastern Asia. In Japan,
HCC is the third leading cause of cancer death in men, behind lung
and stomach cancer. In women, HCC is the fifth leading cause of
cancer death during the past decade, behind colon, stomach, lung,
and breast cancer.! Hepatitis C virus (HCV) infection accounts for
approximately 75-80% of cases. Each year, HCC develops in
6-8% of patients with HCV-associated cirrhosis.?

In Japan, screening the blood supply for HCV, which com-
menced in November 1989 and began using second-generation
enzyme immunoassays in February 1992, decreased the risk of
post-transfusion hepatitis from more than 50% in the 1960s to
virtually zero presently.® The age of Japanese patients diagnosed
with HCC has been steadily increasing. Up to 1999, the majority
of HCC mortalities occurred in patients under 69 years of age, but
in 2000 more than half of HCC patients were over the age of 70.!
This aging trend is also observed in HCV patients undergoing
interferon-based therapy in Japan.* In contrast, HCV infection in
the United States and other western countries is most prevalent

Journal of Gastroenterology and Hepatology 28 (2013) 357-364

when designing the most suitable HCC surveillance protocol for this population.

among persons 30 to 50 years of age,’ and the incidence of HCV-
associated HCC is expected to rise. As a country with more expe-
rience with HCV-associated HCC, Japan’s long-term experience
can be helpful in planning strategies to contain HCV infection and
to cope with its long-term sequelae worldwide.

The aim of this study is to evaluate characteristics of HCV-
positive patients who develop HCC in older age and to determine
an optimal surveillance strategy for these patients.

Materials and methods

Study population. This study cohort was comprised of 6740
consecutive HCV-positive patients (1019 patients with HCC and
5721 patients without HCC) referred to the Department of Gas-
troenterology at Ogaki Municipal Hospital from January 1990 to
December 2006.

There were 323 patients who fulfilled the following inclusion
criteria out of 1019 HCC patients: (i) detectable HCV-RNA for
at least six months, (ii) no evidence of hepatitis B virus infection;
(iii) other possible causes of chronic liver disease were ruled out
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(no history of hepatotoxic drug use, and negative tests for autoim-
mune hepatitis, primary biliary cirrhosis, hemochromatosis, and
Wilson’s disease); (iv) a follow-up period of greater than three
years before HCC diagnosis; (v) no interferon therapy within the
last 12 months; and (vi) serum alanine aminotransferase (ALT)
measurements taken more than twice yearly. The patients were
classified into four groups according to age at the time of HCC
diagnosis: group A (= 60 years, n = 36), group B (61-70 years,
n=115), group C (71-80 years, n=143), and group D (>80
years, n = 29).

Of the 5721 patients who have not developed HCC, 3275
patients fulfilled the same inclusion criteria. To reduce the con-
founding effects of covariates, we used propensity scores to match
HCC patients with unique control patients based on age, sex,
Child-Pugh classification at the start of follow-up, and follow-up
duration. We were able to match 323 patients with HCC to 323
patients without HCC. The patients were classified into four
groups according to age at the end of follow-up: group A’ (= 60
years, n = 30), group B’ (61-70 years, n = 114), group C’ (71-80
years, n = 136), and group D’ (> 80 years, n =43).

The start of follow-up was defined as the date a patient first
visited our hospital and ended on the date of HCC diagnosis
for the HCC patients, or the date of the last visit at our hospital
or December 31, 2010, whichever occurred earlier, in control
patients.

Histological examinations were performed in 234 out of 646
patients. Cirrhosis was diagnosed pathologically in 120 patients.
The remaining 412 patients were evaluated with ultrasonography
(US) and biochemical tests.®® Patients who did not satisfy the
criteria for cirrhosis were classified as having chronic hepatitis for
the purposes of this study. All together, 288 out of 646 patients
were diagnosed with chronic hepatitis, and 358 were diagnosed
with cirrhosis.

The study protocol was approved by the Ethics Committee at
Ogaki Municipal Hospital in January 22, 2009 and complied with
the Helsinki Declaration. Each patient provided written informed
consent.

Laboratory test for liver disease and virologic
markers. Platelet counts, prothrombin time, and serum levels
of ALT, albumin, total bilirubin, alpha-fetoprotein (AFP), lens
culinaris agglutinin—reactive fraction of AFP (AFP-L3%), and
des-y-carboxy prothrombin (DCP) were determined at the start of
follow-up. ALT is expressed as an average integration value.®
Serum AFP concentration was determined with a commercially
available kit. AFP-L3 was measured by lectin-affinity electro-
phoresis and antibody-affinity blotting with the AFP Differentia-
tion Kit L (Wako Pure Chemical Industries, Ltd, Osaka, Japan).®
DCP was quantified with the Picolumi PIVKA-II kit (Eisai
Co., Ltd, Tokyo, Japan).!® HCV genotype was determined by PCR
using genotype-specific primers, and HCV-RNA was quantified
(before November 2007; COBAS Amplicor HCV monitor test and
after December 2007; COBAS AmpliPrep/COBAS TagMan HCV
test, Roche Diagnostics K.K., Tokyo, Japan).

Alcohol exposure. Past alcohol exposure was estimated
based on chart review of drinking patterns over five years. Patients
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were categorized as either “excessive” or “moderate” alcohol con-
sumers. Excessive alcohol consumers drank over 50 g daily for
five years.

Methods of follow-up. All patients received medical
examinations at least every six months at our institution. Imaging
studies, either US, computed tomography (CT), or magnetic reso-
nance imaging (MRI), were performed at least every six months.
When patients were considered to have developed cirrhosis by
laboratory data or imaging findings, imaging was performed at
three-month intervals."!

Diagnosis and treatment of HCC. The diagnosis of
HCC was made based on either pathological or clinical and radio-
logical criteria. Histological examination of resected hepatic
tumors or US-guided needle biopsy specimens confirmed HCC in
165 patients (resected specimens: 111 patients; biopsy specimens:
54 patients). In the remaining 158 patients, the diagnosis of HCC
was made using clinical criteria and imaging findings obtained
from B-mode US, CT, MR, and CT angiography.'*'?

Tumor staging was performed according to the American Joint
Committee on Cancer (AJCC) classification system.'* In cases
where pathologic evaluation was not available, vascular invasion
was assessed by dynamic CT and angiography.

Treatment for each patient was individualized according to
evidence-based clinical practice guidelines for HCC in Japan.'*
Hepatic resection was performed on 111 patients. Percutaneous
ethanol injection therapy was performed in 16 patients. Radiofre-
quency ablation therapy was performed in 104 patients. Transcath-
eter arterial chemoembolization was performed in 62 patients.
Thirty patients did not undergo treatment because of the patient’s
wishes or impaired liver function.

Statistical analyses. Statistical analysis was performed
with the Statistical Program for Social Science (SPSS ver.18.0 for
Windows; SPSS Japan Inc., Tokyo, Japan). Continuous variables
are represented as medians (range). The non-parametric
Jonckheere—Terpstra test was used to assess continuous variables.
The Steel-Dwass or Shirley-Williams multiple comparisons
method was applied if the Jonckheere—Terpstra test yielded sig-
nificant results. The Cochran—Armitage test or the chi-square test
was used to assess categorical variables. Actual survival was esti-
mated using the Kaplan—Meier method," and differences were
tested with the log-rank test.!® The Cox proportional hazards
model and forward selection method were used to estimate the
relative risk of HCC development associated with age, sex, cirrho-
sis, alcohol consumption, diabetes mellitus, effect of prior inter-
feron therapy, platelet count, AFP at the start of follow-up, and
average integration value of ALT, and the annual rate of platelet
count decline. Statistical significance was set at P < 0.05.

Results

Clinical features at baseline. The clinical profiles of the
HCC patients at the start of follow-up are shown in Table 1. There
was a higher proportion of women diagnosed with HCC at a later
age (P = 0.0016); the percentage of women in groups A, B, C, and
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Table 1 Profile of HCV-infected HCC patients at the start of follow-up

Elderly HCV-associated HCC patients

Group A (n=36) Group B (n=115) Group C (n=143) GroupD (n=29) P
Sex (female/male) 5/31 43/72 63/80 15/14 0.0016
Age at the start of follow-up’ (years) 49 (36-57) 59 (47-66) 66 (562-75) 74 (64-80) < 0.0001
Duration of observation period until HCC 6.4 (3.1-16.7) 6.9 (3.0-15.8) 8.0 (3.0-17.7) 9.3 (3.0-15.7) 0.0003
diagnosis' (years)
Alcohol consumption (= 50 g per day/< 50 g per day)  9/27 24/91 26/117 2/27 0.0873
History of blood transfusion (present/absent) 6/30 26/89 35/108 2/27 0.8247
Diabetes mellitus (present/absent) 24/12 40/75 51/92 5/24 0.0008
Prior interferon therapy (SVR/non-SVR/absent) 3/17/16 12/32/71 0/15/128 0/1/28 < 0.0001

"Expressed as median (range).

Group A, diagnosis of HCC at age = 60 years; Group B, 61-70 years; Group C, 71-80 years; Group D, > 80 years.
HCC, hepatoceliular carcinoma; HCV, hepatitis C virus; SVR, sustained virologic response.

Table 2 Profile of control patients with HCV infection at the start of follow-up

Group A" (n=30) Group B' (n=114) Group C' (n=136) Group D' (n=43) P
Sex {female/male) 7/23 48/66 56/80 20/23 0.1175
Age at the start of follow-up® (years) 48 (40-56) 58 (48-67) 66 (54-75) 74 (65-82) < 0.0001
Duration of observation period until the end of 7.0 (3.0-15.5) 7.8 (3.0-18.7) 8.6 (3.0-17.7) 8.5 (3.6-19.1) 0.0064
follow-up® (years)
Alcohol consumption (= 50 g per day /< 50 g per day) 8/22 27/87 20/116 3/40 0.0630
History of blood transfusion (present/absent) 5/25 29/85 40/96 2/41 0.1939
Diabetes mellitus (present/absent) 7/23 38/76 47/89 12/31 0.0758
Prior interferon therapy {SVR/non-SVR/absent) 4/15/11 8/34/72 3/20/113 0/1/42 < 0.0001

"Expressed as median (range).

Group A, age = 60 years at the end of follow-up; Group B’, 61-70 years; Group C’, 71-80 years; Group D', > 80 years.

HCV, hepatitis C virus; SVR, sustained virologic response.

D was 13.9, 37.4, 44.1, and 51.7, respectively. As the patient’s age
at HCC diagnosis increased, the patient’s age at the start of
follow-up and the duration of the observation period until HCC
diagnosis increased (P <0.0001 and P =0.0003, respectively).
Patients who received a diagnosis of HCC at a more advanced age
have a significantly decreased incidence of diabetes mellitus and
prior interferon therapy (P = 0.0008 and P < 0.0001, respectively).
The clinical profiles of the control patients at the start of follow-up
are shown in Table 2. The same tendency between HCC patients
and control patients was observed.

Laboratory data of the HCC patients at the start of follow-up are
shown in Table 3. Patients diagnosed with HCC at a more
advanced age had lower baseline serum ALT and AFP levels
(P<0.0001 and P=0.0043, respectively) and higher baseline
platelet counts (P = 0.0032). In Table 4, the oldest group of control
patients had lower baseline serum ALT and AFP levels (P < 0.0001
and P = 0.0261, respectively); however, no significant differences
in baseline platelet count were observed.

The results of the Cox proportional hazards model and forward
selection method to test factors associated with the age-related
development of HCC to patient age at the start of follow-up are
shown in Table 5. Ten covariates including age, sex, cirrhosis,
alcohol consumption, diabetes mellitus, effect of prior interferon
therapy, platelet count, baseline AFP, average integration value of
ALT, and the annual rate of platelet count decline were studied.
Age, cirrhosis, average integration value of ALT, platelet count,
and AFP were significantly associated with hepatocarcinogenesis.
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However, only cirrhosis and average integration value of ALT were
selected as factors significantly associated with hepatocarcinogen-
esis in patients = 65 or 70 years old. Platelet count was not a
significant factor.

Clinical features at the time of HCC diagnosis.
Platelet counts at the time of HCC diagnosis in groups A, B, C, and
group D were 72 x 10°/mm® (40-192), 84 x 103%/mm® (28-256),
99 x 10%mm?® (31-355), and 119 x 10°/mm® (58-232), respec-
tively. There is a statistically significant trend toward higher plate-
let counts as the age at HCC diagnosis increases (P < 0.0001). In
contrast, platelet counts at the end of follow-up in groups A’, B’,
C’, and D’ were 194 x 10°/mm® (44-543), 172 x 10¥mm® (40—
484), 177 x 10°3/mm® (21-415), and 193 x 10¥mm’® (52-429),
respectively. There is no significant difference between the four
groups of control patients (P = 0.4772). The annual rate of decline
in platelet count, calculated as [platelet count at the start of the
study period—platelet count at the time of HCC diagnosis]/
duration of the observation period until the diagnosis of HCC,
decreased significantly as the age at HCC diagnosis increased, and
the annual rate of decline in platelet count, calculated as [platelet
count at the start of study period—platelet count at the end of
follow-up]/duration of observation period until the end of
follow-up in control patients, did not increase significantly as the
age at the end of follow-up increased (Fig. 1, P=0.0247 and
0.1571, respectively). The annual rate of platelet count decline was

359

© 2012 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asia Pty Ltd

- 164 -



Elderly HCV-associated HCC patients

Table 3 Baseline laboratory data of HCV-infected HCC patients

T Kumada et al.

Group A (n=236) Group B (n=115) Group C (n=143) Group D (n=29) P
Platelet count’ {x 10%/mm?®) 104 (34-249) 114 (29-253) 125 (44-307) 124 (70-201) 0.0032
Prothrombin time® (%) 87 (52-129) 88 (24-119) 85 (22-128) 86 (45-129) 0.6062
Total bilirubin® (mg/dL) 0.8 (0.3-1.8) 0.7 (0.2-4.7) 0.7 {0.3-6.7) 0.6 (0.2-1.3) 0.4583
ALT® (1U/L) 125 (24-361) 76 (18-387) 64 (8-154) 44 (17-221) < 0.0001
Child-Pugh classification'” (A or B/C) 33/3 103/12 130/13 24/5 0.5512
HCV genotype* (1/2) 26/6 66/24 75/29 15/6 0.4083
HCV viral concentration' {log copies/mL) 5.7 (2.7-8.0) 5.0 (2.0-8.0) 5.4 (2.0-6.9) 5.5 (3.0-7.0) 0.4952
AFPT (ng/mL) 13.5 (1.8-163.4) 8.4 (1.9-5683.4) 7.2 (1.0-372.3) 4.8 {1.2-141.5) 0.0043
AFP-L3" (%) 0 (0-56.3) 0 (0-43.6) 0 (0-15.2) 0 (0-7.0) 1.0000
DCP' (mAU/mL) 19 (10-154) 19 (10-367) 17 (10-745) 15 (10-182) 0.0958
Cirrhosis (present/absent) 31/5 95/20 112/31 21/8 0.0903

"Expressed as median (range).

*Data were unavailable for 76 patients.

AFP, alpha-fetoprotein; AFP-L3, lens culinaris agglutinin—reactive fraction of AFP; ALT, alanine aminotransferase; DCP, des-y-carboxy prothrombin;
Group A, diagnosis of HCC at age = 60 years; Group B, 61-70 years; Group C, 71-80 years; Group D, > 80 years; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus.

Table 4 Baseline laboratory data of control patients with HCV infection

Group A’ (n=30) Group B' (n=114) Group C' (n=136) Group D' (n=43) P
Platelet count® (x 10%/mm3) 204 (58-375) 180 (40-540) 187 (51-484) 196 (562-418) 0.4301
Prothrombin time' (%) 100 (52-138) 96 (38-153) 96 (48-144) 95 (47-145) 0.3435
Total bilirubin® (mg/dL) 0.5 (0.2-1.2) 0.4 (0.2-5.3) 0.4 (0.2-5.3) 0.3 (0.2-1.5) 0.6298
ALT® (IULL) 53 (12-131) 46 (5-490) 35 (8-484) 22 (2-199) < 0.0001
Child-Pugh classification'” (A or B/C) 30/0 103/11 128/8 40/3 0.1088
HCV genotype* (1/2) 15/10 60/23 66/25 12/5 0.0869
HCV viral concentration® (log copies/mL) 5.9 (2.7-6.6) 5.7 (2.7-7.3) 5.8 (2.0-7.0) 5.1 (3.0-6.6) 0.1130
AFP? (ng/mL) 4.3 (0.8-156.3) 3.1 {0.8-170.3) 3.1(0.8-218.2) 2.0{0.8-29.2) 0.0261
AFP-L3" (%) 0 (0-26.9) 0 (0-34.2) 0 (0-41.4) 0(0-5.2) 1.0000
DCP' (mAU/mL) 22 (10-122) 19 (10-487) 19 (10-503) 16 (10-30) 0.2549
Cirrhosis (present/absent) 5/25 35/79 48/88 11/32 0.1201

Texpressed as median (range).

*Data were unavailable for 107 patients.

AFP, alpha-fetoprotein; AFP-L3, lens culinaris agglutinin-reactive fraction of AFP; ALT, alanine aminotransferase; DCP, des-y-carboxy prothrombin;
Group A, age = 60 years at the end of follow-up; Group B’, 61~70 years; Group C’, 71-80 years; Group D’, > 80 years; HCV, hepatitis C virus.

Table 5 Factors associated with the development of HCC according to the age at start of follow-up in multivariate analysis

All patients (n = 646)
hazard ratio (95% Cl)

= 60 years (n=428)
hazard ratio (95% Cl)

= 65 years (n=255)
hazard ratio (95% Cl)

= 70 years (n=92)
hazard ratio (35% Cl)

Age (years) =60 1
>60, =70 1.600 (1.240-2.064)
>70 2.738 (1.858-4.036)
Cirrhosis Absent 1 1 1 1
Present 2.165 (1.575-2.978) 2.269 (1.654~3.311) 2.734 (1.724-4.336) 2.962 (1.200-7.310)
Average integration =20 1 1 1 1
value of ALT (IU/L) > 20, = 40 4.239 (1.336-13.800) 4.885 (1.179-20.249) 5.243 (1.253-22.020) 12.162 (1.549-95.496)
>40, =60 5.518 (1.725-17.648) 6.661 (1.619~23.397) 6.739 (1.610-28.250) 6.797 (0.854~54.080)
> 60, = 80 7.182 (2.230-23.130) 9.362 (2.268~38.641) 12.265 (2.867-56.471) 11.183 (1.400-89.317)
>80 10.211 (3.175-33.031) 12.249 (2.494~50.884) 13.087 (2.962-57.815) 11.052 (0.964-126.671)
Platelet count = 150 1 1
(x 10%mm?®) <150 1.644 (1.237-2.186) 1.728 (1.240~2.408)
AFP* (ng/mL) =10 1
>10, =20 1.406 (1.002-1.971)
>20 1.609 (1.214-2.132)

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; Cl, confidence interval, HCC, hepatoceliular carcinoma.
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Rate of decline in platelet
count (x103/mm3/year)

Elderly HCV-associated HCC patients
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Figure 1 Rate of decline in platelet count prior to hepatocellular carcinoma (HCC) diagnosis in HCC patients and prior to the end of follow-up in
control patients. The annual rate of platelet count decline in the period prior to HCC diagnosis was lower in the groups that were older at the time
of HCC diagnosis. In control patients, there was no trend toward higher annual rates of platelet count decline in the period prior to the end of follow-up
when the patients were classified by age (P=0.0247 and 0.1571, respectively, Jonckheere-Terpstra Test). Group A, HCC diagnosed at age = 60
years; group B, 61-70 years; group C, 71-80 years; group D, > 80 years. group A, control patients = 60 years old at the end of follow-up; group B’,
61-70 years; group C’, 71-80 years; group D', > 80 years. The annual rate of platelet count decline was significantly lower in group A’ than in group
A (P=0.0039); however, there were no significant differences when HCC patients in other age groups were compared to their respective matched

controls.

lower in group A’ than in group A (P = 0.0039), and there were no
significant differences between group B and group B’, group C and
group C’, and group D and group D’.

The average integration value of ALT in groups A, B, C, and D
was 80.9 IU/L (25.3-179.3), 62.3 IU/L (14.5-167.9), 59.0 IU/L
(9.9-134.1), and 44.9 IU/L (22.7-91.9), respectively. The average
integration value of ALT was significantly lower in patients diag-
nosed with HCC at an older age (Fig. 2, P < 0.0001). There was a
similar trend among control patients (Fig.2, P <0.0001). The
average integration values of ALT in groups A’, B’, C’, and D’
were significantly lower than in groups A, B, C, and D, respec-
tively (P < 0.0001).

Patient profiles at the time of HCC diagnosis are shown in
Table 6. There were no significant differences in tumor character-
istics and levels of tumor markers among the age groups. Fewer
patients in Group D underwent hepatic resection (P = 0.0293).

Survival rates according to age at HCC diagnosis.
Five and 10-year cumulative survival rates of groups A, B, C,
and D were 44.2%, 58.2%, 44.3%, and 33.3% and 22.7%, 31.2%,

Journal of Gastroenterology and Hepatology 28 {2013) 357-364

26.6%, and not available, respectively (Fig. 3). There were no
significant differences in the cumulative survival rate among the
four groups.

Discussion

In Japan, the average age of patients with chronic hepatitis, cirrho-
sis, or HCV-associated HCC is increasing. The number of deaths
due to these diseases is also increasing. The age-specific prevalence
of HCV seropositivity in the USA is about 30 years below that
in Japan; thus, a majority of patients in the USA with chronic
HCV infection will reach an advanced age in the near future.>

In our study, elderly HCC patients have high platelet counts
and low ALT values. In addition, multivariate analysis using
propensity-matched control patients revealed that the presence of
cirrhosis and high ALT levels (> 20 IU/L) are significantly associ-
ated with the development of HCC. However, platelet count is
not significantly associated with hepatocarcinogenesis in elderly
HCV carriers (= 65 years). Physicians should be aware that
patients aged 65 years or older could develop HCC regardless of
their platelet count.
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Figure 2 Average integration values of alanine aminotransferase (ALT) prior to HCC diagnosis in HCC patients and prior to the end of follow-up in
control patients. Patients who were oider at the time of HCC diagnosis had lower average integration values of ALT in the period prior to HCC
diagnosis. In control patients, the average integration values of ALT in the period prior to the end of follow-up were lower in the groups that were older
at the end of follow-up (P < 0.0001 and < 0.0001, respectively, Jonckheere-Terpstra Test). Average integration values of ALT in groups A’, B, C’, and
D’ were significantly lower than in groups A, B, C, and D, respectively (P < 0.0001).

Table 6 Profile of HCV-infected HCC patients at the time of HCC diagnosis

Group A (n=36) Group B (n=115) Group C (n=143) Group D {n=29) P
AFP* (ng/mL) 23.9 (0.8-500) 19.8 (0.6-10500) 12.8 (0.8-12680) 17.8 (0.8-99720) 0.2347
AFP-L3" (%) 0 (0-89) 0 (0-87.2) 0(0-81.0) 0(0-40.7) 1.0000
DCP* (mAU/mL) 36 (10-36164) 35 (10-5941) 32 (10-50904) 24 (10-6229) 0.5650
Tumor size' (cm) 2.0 {0.8-10.0) 2.0(0.3-8.8) 2.0{0.6-11.4) 2.3(1.0-9.0) 0.3754
Number of tumors® 1(1-6) 1(1-8) 1{1-10) 1(1-4) 1.0000
Portal thrombus (present/absent) 2/34 3/112 6/137 0/29 0.3293
Stage (1/2/3/4) 14/15/5/2 41/53/21/0 50/61/29/3 10/12/7/0 0.4957
Initial treatment (HR/PT/TACE/none) 9/18/4/5 47/44/16/8 51/47/33/12 4/11/9/5 0.0293

"Expressed as median (range).

AFP, o-fetoprotein; AFP-L3, lens culinaris agglutinin—reactive fraction of AFP; DCP, des-y-carboxy prothrombin; Group A, diagnosis of HCC at age = 60
years; Group B, 61-70 years; Group C, 71-80 years; Group D, > 80 years; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hepatic resection;
PT; percutaneous treatment including ethanol injection therapy, microwave coagulation therapy, and radiofrequency ablation therapy; TACE, tran-
scatheter arterial chemoembolization.

The male-to-female ratio of HCC patients in Japan has of female patients is considered a result of more older patients with
decreased from 4.5 in 19841985 to 2.5 in 2002-2003." It is well HCV-related HCC. In our study, the proportion of female patients
known that the mean age of female HCC patients with HCV was the highest in group D. Further investigation of the role of sex
infection is higher than that of males.'®!° The increased proportion in hepatocarcinogenesis is needed.
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Figure 3 Cumulative survival rate of groups A, B, C, and D according
to age at hepatocellular carcinoma (HCC) diagnosis. Kaplan-Meier
curves showing the survival rate stratified by age at HCC diagnosis.
There were no significant differences in the survival rate among the four
groups. ——, A group (= 60 years, n=36); - , B group (61-70 years,
n=115); ——, C group (71-80 years, n=143); -, D group (> 80 years,
n=29).

We previously reported that the average integration value of
ALT was associated with the cumulative incidence of hepatocar-
cinogenesis and that minimizing ALT is necessary for the preven-
tion of hepatocarcinogenesis.”’ In addition, we demonstrated a
6.242-fold higher (95% confidence interval: 1.499-25.987) cumu-
lative incidence of hepatocarcinogenesis in patients with average
ALT integration values between 20 and 40 IU/L (within the current
normal range) than in patients with 20 IU/L or below.? In this
study, the average integration value of ALT significantly decreased
as the age at HCC diagnosis increased. Especially in group D, the
average integration value of ALT was 44.9 IU/L (range, 22.7-
91.9 IU/L), which is near the upper limit of the conventional
reference range of ALT (40 IU/L). There was the same tendency in
control patients; however, average integration values of ALT were
lower in control patients than HCC patients in each corresponding
age group. These data suggest close surveillance for HCC is
important even if older patients (= 65 years) have low ALT values.

It is likely that low platelet counts account for a large proportion
of patients with cirrhosis, consistent with the theory that HCC
develops in patients with progressive or advanced liver disease.
Cirrhosis is an established risk factor for HCC in patients with
HCV.22 It is generally accepted that platelet count is a surrogate
marker of liver fibrosis.**? Platelet counts were highest in group
D, both at the start of follow-up and at the time of HCC diagnosis.
In contrast, there were no differences in platelet counts among
control patients without HCC. It is particularly worth noting that
group D had the smallest annual decline in platelet count, at levels
comparable to the control patients. A previous report showed that
the rate of progression of fibrosis to cirrhosis was accelerated by
aging.* The precise mechanism of this discrepancy is uncertain.
Probably, differences in patient selection might account for this
discrepancy. We hypothesize that in our study, the increased rate of
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annual decline in platelet count may be linked to accelerated
carcinogenesis occurring in the younger patients. Group D also
had the lowest values of AFP, which is considered a marker of
hepatic regeneration as well as a HCC tumor marker in viral
hepatitis.?® Taken together, this suggests a weaker inflammatory
response in older patients. Further investigation is necessary.

Why do elderly patients progress to HCC even though liver
function appears stable? Aging is associated with a number of
events at the molecular, cellular, and physiological level that influ-
ence carcinogenesis and subsequent cancer growth.”2 Age may be
considered as a progressive loss of stress tolerance due to declines
in the functional reserve of multiple organ systems.”” It has been
hypothesized that age-associated declines in DNA repair®® contrib-
ute to the development of HCC. The precise relationship between
aging and hepatocarcinogenesis remains uncertain. Further assess-
ment of the role of aging in the progression of HCV is needed.

We found no difference in tumor stage among the four groups.
The younger groups A and B tended to receive curative therapy
more often than the older groups C and D. However, there were no
significant differences in survival. We hypothesize that this is due
to the aggressive multiple treatments received by elderly patients
with good liver function.

One limitation of our study is that histological confirmation was
available in only 234 patients (36.2%). Howeyver, it is not practical
to perform biopsies on all patients because of potential complica-
tions. Lu eral. reported that the best cutoff platelet count for
the diagnosis of cirrhosis is 150 x 10*° /mm3.?® Therefore, we
employed platelet count as a surrogate marker of liver fibrosis in
this study.

In conclusion, we demonstrated that elderly HCV-positive
patients (= 65 years old) with low ALT values developed HCC
regardless of their platelet counts. This finding should be taken
into account when designating the most suitable HCC surveillance
protocol. The optimal screening interval for HCV-infected patients
aged 65 years older should be three to four months like cirrhotic
patients even in the absence of cirrhosis.
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