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Abstract

Purpose: Telomere length (TL) is an indicator of age; however, hormonal in-
fluences complicate individual aging. It remains unclear whether TL short-
ening is a direct factor in both individual and cellular aging. Therefore, we
examined the direct relationship between TL and cellular senescence at the
cellular level. Methods: Telomerase activity, TL, and gene expression were
measured in cultured human lung-, fetal-, and skin-derived fibroblasts,
human skin keratinocytes, and telomerase reverse transcriptase (TERT)
gene-immortalized cells using detection kits, Cawthon’s method, and reverse
transcription-quantitative polymerase chain reaction, respectively. Novel
substances that elongate telomeres were screened to confirm cell rejuvenation
effects. Results: Long-term cell culture of TIG-1-20 normal human fibroblasts
resulted in TL shortening, decreased division rate, and senescence progres-
sion, whereas in OUMS-36T-2 cells, TL elongation via TERT gene transfer
increased the division rate, reduced endoplasmic reticulum stress, and upre-
gulated genes associated with young individuals, indicating that cellular reju-
venation occurs via TL elongation. In addition, a honey child powder (HCP)
extract was found through screening, and the HCP extract strongly sup-
pressed the menin gene, resulting in increased telomerase activity and ex-
tended cell lifespan. Upon addition of the HCP extract to skin fibroblasts,
gene expression of moisturizing components, including collagen, hyaluronic
acid, and elastin, increased, and exhibited a rejuvenating effect with an in-
crease in elastin amount. Conclusions: TL elongation or shortening is in-
volved in cell proliferation rate and cellular aging, and TL elongation rejuve-
nates cells. In addition, HCP extract has a rejuvenating effect on cells and is
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expected to be a rejuvenating compound.
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1. Introduction

Telomere length (TL) has garnered increasing attention as an indicator of aging
[1]. Several statistical studies on individuals have shown a correlation between
TL and lifespan [2] [3], and TL is now considered to be one of the important
biomarkers of age-related pathologies [4]. Furthermore, although TL may not be
associated with cellular longevity in Caenorhabditis elegans [5], several studies
have suggested that TL elongation delays aging in mice [6]-[8]. For example,
cells possess telomerase, an enzyme that elongates telomeres. However, telome-
rase reverse transcriptase (TERT), one of the components of telomerase, is rarely
expressed in somatic cells, resulting in little telomerase activity and shortened
TL with each division [9]. In contrast, when an adenoviral vector carrying the
TERT gene was administered to 1- and 2-year-old mice to activate telomerase,
rejuvenating effects were observed through TL elongation [7]. In another study,
knock-in mice were produced by introducing the TERT gene into mice with
short TLs; after the mice aged, the TERT gene was expressed using a drug for
telomere elongation, and rejuvenating effects were observed in the immune sys-
tem and other organs [8]. These results suggest that TL shortening may promote
individual aging, and elongating TL may promote individual rejuvenation.

Telomeres are single-stranded DNAs at the ends of chromosomes that possess
a repeating sequence of six bases (TTAGGGG) in mammals and have a T-loop
structure. TL shortens with each division; if the T-loop structure cannot be
formed (M1 stage), telomere capping proteins cannot bind and inhibit cyc-
lone-dependent kinase 2 via the p53 and p21 pathways, resulting in cell division
arrest [10]. Therefore, TL just serves as a molecular clock in determining mitotic
lifespan, and the shortening of TL before reaching the M1 stage hasn’t been re-
ported to induce individual aging and cellular senescence yet. As many physio-
logically active substances intricately affect the aging of an individual, it cannot
be ruled out that individual aging is not caused by TL shortening but by many
other factors, including hormones.

Therefore, we examined whether TL directly causes cellular senescence. We
found that TL is related to cell division rate and cellular senescence and that TL
elongation has a rejuvenating effect on aging cells. We also found that honey
child powder (HCP) extract, a traditional Japanese herbal medicine that is ex-
pected to be effective against aging, contains a novel compound that increases

TL and promotes rejuvenation of skin fibroblasts.
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2. Methods
2.1. Cell Lines and Media

The following cell lines were used: a human lung-derived fibroblast, TIG-1-20
(JCRB050, PDL20); two human fetal-derived fibroblasts, OUMS-36 (JCRB1006.0)
and OUMS-36T-2 (JCRB1006.2); a TERT gene-immortalized OUMS-36 cell line;
five human skin-derived fibroblasts, TIG103 (JCRB0528, female, Age: 69 years),
TIG102 (JCRBO0527, female, Age: 69 years), TIG121 (JCRB0536, male, Age: 8 years),
TIG107 (JCRB0532, male, Age: 81 years), and TIG114 (JCRB0534, male, Age: 36
years); and a human skin keratinocyte, HaCaT. Fibroblasts were obtained from
the JCRB Cell Bank (Osaka, Japan), and all cells except OUMS-36T-2 were nor-
mal diploid fibroblasts. HaCaT keratinocytes were obtained from Cell Line Ser-
vice (Eppelheim, Germany).

Modified Eagle’s medium (MP Biomedicals Inc., IITkirch, France) containing
sodium bicarbonate and a penicillin/streptomycin solution (FUJIFILM Wako
Pure Chemical Corp., Richmond, VA, USA, REF 168231-91) was mixed with
fetal bovine serum at a ratio of 9:1 (hereafter referred to as MEM) and used for
cell culture. All cultured cells were incubated in a CO; incubator at 5% CO, and
37°C.

2.2. Measurement of Telomerase Activity and TL

Cells (1 x 10° — 1 x 10° cells) were suspended in 50 uL of CHAPS Lysis Buffer to
lysate the cells, then centrifuged at 1000 x g for 1 min and the supernatant was
used as enzyme solution for telomerase activity measurement. Telomerase activity
was measured using a TRAPEZE® XL Telomerase Detection Kit (Sigma-Aldrich,
St. Louis, MO, USA REF S7707). TL was measured after the purification of
chromosomal DNA from 10* - 10° cells using NucleoSpin Tissue (MACHEREY-
NAGEL GmnH & Co. KG REF 740952.50) according to Cawthon’s method [11].
Telomere primers tell, tel2, 36B4u, and 36B4d were used and a primer mix of
1.25 uM was prepared. A Rotor-Gene SYBR Green polymerase chain reaction
(PCR) Kit was used for real-time PCR. Reaction mixtures (5 uL 2x SYBR Green,
1 uL chromosomal DNA solution, 4 uL 1.25 uM primer mix) were prepared and
subjected to 50 cycles of 95°C for 15 s and 58°C for 2 min. TL (telomere reaction
fragment length) were calculated using the equations based on the ACt values of
telomere and 34b4 genes. The TL of HaCaT cells was 10.0 kb and used as a con-

trol.

2.3. Measurement of Gene Expression Using Reverse
Transcription-Quantitative PCR (RT-qPCR)

Total mRNAs were purified from cells using the RNeasy Lipid Tissue Mini kit
(Qiagen, Hilden, Germany, REF 74804) and complementary DNAs were synthe-
sized using the QantiTect Reverse Transcription Kit (Qiagen, REF 205311). Gene
expression was examined using real-time PCR. Reaction mixtures were prepared
using the Rotor-Gene SYBR Green PCR Kit, and commercially available DNA
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primers (Qiagen, QuantiTect Primer Assays; Table 1) were used as DNA pri-

mers for gene detection. Real-time PCR was performed using the Rotor-Gene Q

device (Qiagen), and the reaction was carried out at 95°C for 5 s and 65°C for 10

s for 50 cycles. The ratio of gene expression to the control was calculated using
the AACt method based on ACt values that were calculated using the S-actin

gene as a control.

Table 1. DNA primers are used for reverse transcription-quantitative polymerase chain
reaction (RT-qPCR).

Symbol Official name Entrez Gene ID  Gene Globe ID
ACTB Actin, beta 60 QT01680476
SOD2 Superoxide dismutase 2 6684 QT01008693

CAT Catalase 847 QT00079674

POLG Polymerase (DNA directed), gamma 5428 QT00097895

KL Klotho 9365 QT00246232

LMNA Lamin A/C 4000 QT01678495
WRN  Werner syndrome, RecQ helicase-like 7486 QT00074809
SIRT1 Sirtuin 1 23,411 QT00051261
SIRT2 Sirtuin 2 22,933 QT00069531

EGF Epidermal growth factor 1950 QTO00051646
IGF Insulin-like growth factor 1 3479 QT00029785
MEN Multiple endocrine neoplasia I 4221 QT000648438
MYC v-Myc avian myelocytomatosis viral 4609 QT00035406

oncogene homolog

TGFB Transforming growth factor, beta 1 7040 QT00000728
TERT Telomerase reverse transcriptase 7015 QT00073409
HAS2 Hyaluronan synthase 2 3037 QT00027510
HAS3 Hyaluronan synthase 3 3038 QT00014903
COL1A1 Collagen type I alpha 1 1277 QT00037793
COL1A2 Collagen type I alpha 2 1278 QT00072058
ELN Elastin 2006 QT00034594

2.4. Long-Term Culture of TIG-1-20 Cells and Culture of Skin
Fibroblasts

The TIG-1-20, skin fibroblasts (TIG102, TIG103, TIG107, TIG114, and TIG121),
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and HaCaT keratinocytes were inoculated at 5 x 10* cells and cultured for 7 days
in 25 cm? culture flasks containing 6 mL MEM. The obtained cells were washed
once with phosphate-buffered saline (PBS), detached with 1.25% trypsin solu-
tion (Thermo Fisher Scientific, Waltham, MA, USA, REF15090046), collected by
centrifugation (800 x g, 3 min), and suspended in 2 mL of MEM. The total cell
number was calculated using a cell counter (WAKEN Tech Co. Ltd., Kyoto, Ja-
pan, REF WC2-100) and the doubling time and the population doubling number
(PDL) were calculated. TL was measured in a portion of the cells. TIG-1-20 cells
(5 x 10* cells) were subcultured under the same culture conditions and the mea-
surements were repeated. Furthermore, TIG-1-20 cells at PDL37 and PDL56
were respectively cultured in 24-well plates containing 2 mL of MEM for 24 h.
The cells were observed using microscopy and senescence-associated f-galacto-
sidase (SA-p-gal) was measured with a Senescence Detection Kit (BioVision,
Milpitas, CA, USA, REF K320-250).

Gene silencing in TIG-1-20 cells was conducted as follows: two small inter-
fering RNAs (siRNA), HS TERF1_8 and HS TERF2_6 (Qiagen, REF 5103149048
and si04238507), were used for the gene silencing of telomere repeat binding
factor (TRF) 1 and TRF2. TIG-1-20 cells (1 x 10° cells) at PDL30 and PDL45
were inoculated into 24-well plates containing 2 mL of MEM and cultured for
16 h. The medium was replaced with 0.5 mL of Opti-MEM I reduced serum me-
dium (Thermo Fisher Scientific, REF 31985062), and gene silencing was con-
ducted using Lipofectamine RNAiMAX Transfection Reagent (Thermo Fisher
Scientific, REF13778030). Cells containing siRNA were incubated for 5 days,
washed with 2 mL of PBS, detached with 1.25% trypsin solution, collected by
centrifugation (800 x g, 3 min), and suspended in 2 mL of MEM. The obtained
cells (2 x 10*) were inoculated into 6-well plates containing 4 mL of MEM and

cultured for 1 week, and the cell number was counted with a cell counter.

2.5. Culture of OUMS36 and OUMS-36T-2 Cells

OUMS36 and OUMS-36T-2 cells (5 x 10* cells) were respectively cultured in a
25 cm? culture flask containing 6 mL MEM for 4 days. The cells were washed
once with PBS, detached with trypsin, and suspended in 2 mL MEM. The num-
ber of cells was counted using a cell counter and the doubling time was calcu-
lated. The size distribution of 10,000 cells was measured using a flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA), and the cells were observed using
optical microscopy. A portion of the cells was used for TL measurement, the re-
maining was used for mRNA purification, and gene expression levels were
measured using RT-qPCR.

Furthermore, OUMS36 and OUMS-36T-2 cells (1 x 10* cells) were respec-
tively cultured in 24-well culture plates containing 2 mL of MEM to measure
endoplasmic reticulum stress. SA-f-gal activity was measured using a Senescence
Detection Kit, and autophagy was measured using a CYTO-ID Autophagy De-
tection Kit (Enzo Life Sciences, Farmingdale, NY, USA, REF ENZ-51031-0050).
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Immunostaining of glucose-regulated protein 78 (GRP78) was conducted as
previously described [12], with the exception of anti-GRP78 rabbit polyclonal
antibody (Abcam, Cambridge, UK, REF ab21685) as a primary antibody, and
fluorescence measurement using anti-rabbit Immunoglobulin G goat polyclonal
antibody conjugated with cyanine 3 as a secondary antibody was conducted us-
ing a fluorescence microscope (EVOS FL Cell Imaging System ThermoFisher

Scientific, Tokyo, Japan).

2.6. Rejuvenation Effects of HCP Extracts on TIG-1-20 and TIG121
Cells

Screening of extracts in preliminary experiments was conducted as follows: 15
kinds of food items (ginger, garlic, green onion, onion, spinach, carrot, natto,
mozuku seaweed, wakame seaweed, turmeric, broccoli sprouts, shiitake mu-
shroom, clams, and oysters) were mashed in a blender. The mashed food and 13
kinds of herbal medicine powders (kikyo, ougon, rengyo, gomishi, annin, hakka,
placenta [bovine, equine, sheep], soft-shelled turtle, pit viper, and honey child)
were used for the test. The mashed food or herbal medicine powder was mixed
with distilled water to 1 mg/mL, autoclaved at 120°C for 1 min, and sterilized by
a 0.2-pm sterile filter. TIG-121 cells (5 x 10* cells) cultured to near mitotic arrest
were grown in 25 cm? flasks containing 5 mL of MEM, then 20 uL of the extract
was added and cultured for 6 days. After cells were collected, cell counts were
measured. Samples with the fastest growth rates were selected based on TL
length.

HCP was purchased from Ebiya Wholesaler (Tokyo, Japan), which was pro-
duced by freeze-drying and grinding 21-day-old male bee larvae; no additional
compounds were present. HCP (100 mg) and 1 mL of water were placed in a 2.0
mL micro tube, autoclaved at 120°C for 1 min to extract active ingredients, cen-
trifuged at 10,000 x g for 10 min, and the supernatant was filtered through 0.2
pm sterile filter. The resulting solution was used as the HCP extract.

TIG-1-20 cells (1 x 10° cells) were cultured in 25 cm? culture flasks containing
6 mL MEM with or without 40 pL HCP extract for 1 week. The obtained cells
were detached using 1.25% trypsin solution, collected by centrifugation (800 x g,
3 min), and suspended in 2 mL of MEM. The total cell number was counted us-
ing a cell counter, and the ratio of increased cell number per week (number of
cells in 1 week/number of cells at the beginning) and the integrated PLD value
were calculated. A similar culture was repeated using the subculture method for
approximately 2 months. The cell sizes were observed using an optical micro-
scope, and gene expression was examined using RT-qPCR in cells cultured for 1
week. Telomerase activity was measured in cells cultured for 1 and 4 weeks.

TIG121 skin-derived fibroblasts (1 x 10° cells) were placed in a 25 cm? culture
flasks containing 6 mL of MEM with or without 40 uL of HCP extract and cul-
tured for 7 days. The cells were detached using 1.25% trypsin solution, collected
by centrifugation, and suspended in 2 mL of MEM. The size of the cells was ob-
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served under a microscope and gene expression was examined using RT-qPCR.
The cells (1 x 10*) were also cultured in 6-well culture flasks containing 2 mL of
MEM with or without 40 pL HCP extract for 7 days. The amount of collagen on
the cell surface was measured using a Collagen Quantification kit (COSMO BIO,
Tokyo, Japan, REF COL-001), and the amount of intracellular elastin was meas-
ured using the Fastin Elastin Assay (Biocolor, Carrickfergus, UK, REF UK
F2000) after the cells were disrupted by sonication.

2.7. Statistical Analysis

More than three independent experiments were performed for each test, and
means, standard deviations (SD), and p-values based on a two-tailed Student’s
t-test were calculated using KaleidaGraph (Hulinks, Tokyo, Japan). Results with
a p-value > 0.05 are not shown in the figures. Results are presented as means +
SD.

3. Results
3.1. Relationship between TL and Cellular Senescence

First, we examined whether TL shortening by repeated cell division directly
causes cellular senescence. Several TIG cell lines, which had been studied in
many aging studies, were used for the study. Figure 1(a) shows the relationship
between PDL and doubling time when TIG-1-20 fibroblasts (PDL20) were cul-
tured for a long time by repeated subculture. The doubling time was not con-
stant until division ceased at the M1 phase (approximately 57 divisions) and
gradually increased with an increase in PDL; a correlation (R2 = 0.812) was ob-
served between the two. The relationship between TL and doubling time in
TIG-1-20 cells and the other cells (HaCaT and OUMS cells) is shown in Figure
1(b). TL in TIG-1-20 cells correlated with doubling times, and a similar correla-
tion was observed in other cell lines (R2 = 0.866), suggesting that doubling time
may be controlled by TL length. Thus, TRF1 and TRF2 proteins were silenced
using siRNAs to decrease their release. Figure 1(c) shows that the decrease in
these proteins by silencing caused a decrease in doubling time, suggesting that
the release of TRF1 and TRF2 from the telomere may be an important factor in
the decrease in doubling time.

Figure 1(d) shows the characteristics of cells with a relatively low mitotic
frequency (PDL37) and those with a high mitotic frequency (PDL57). Figure
1(d) (i) shows micrographs of the cells; PDL37 cells were uniform and regularly
fibrous, whereas PLD57 cells had a large and uneven cell morphology, and an
accumulation of undesirable material in the cells was observed. Figure 1(d) (ii)
shows SA-S-gal activity [13].

The cells stained with a Senescence Detection Kit stained blue when SA-f-gal
was activated by cellular senescence; PDL57 cells stained blue more times than
PDL37 cells, suggesting that a decrease in the cell division rate by TL shortening

progresses cell senescence.
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Figure 1. Relationship between telomere length (TL), proliferation rate, and cellular senescence in long-term cultured cells and
skin fibroblasts. (a) Relationship between population doubling number (PDL) and doubling time in long-term culture of TIG-1-20
fibroblasts. Three independent experiments with two samples were conducted, and each average value is shown. (b) Relationship
between TL and TIG-1-20 cells (gray circles) and the other cells (HaCaT and OUMS cells, black circles). Nine independent expe-
riments with two samples were conducted and each average value is shown. (c) Doubling time when the mRNA of telomere repeat
binding factor (TRF)1 and TRF2 proteins in TIG-1-20 cells (PDL30 and PDL45) were silenced using a small interfering RNA
(siRNA) method (mean + standard deviation [SD], n = 3). (d) Characteristics of TIG-1-20 fibroblasts in PDL37 and PDL56: (i)
Micrographs; (ii) senescence-associated S-galactosidase (SA-S-gal) activities. (e) Relationship between age and TL of five human
skin fibroblast strains taken from different aged individuals (mean + SD, n = 3). (f) Relationship between age and doubling time of
human skin fibroblasts taken from different aged individuals (mean * SD, n = 3).
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Furthermore, we examined whether the relationship between TL and doubling
time observed in TIG-1-20 cells could be applied to skin fibroblasts obtained
from different people of various ages. Figure 1(e) and Figure 1(f) show the rela-
tionships between age, TL, and doubling time. The cells had short telomeres in
relation to age, and the doubling time increased with increasing age, even in
primary cells taken from individuals of various ages (R2 = 0.6432). As TIG-1-20
and skin cells were normal and showed little telomerase activity, telomerase is
not thought to be involved in the results obtained in Figures 1(a)-(f), suggesting
that the TL shortening reduces the proliferation rate and induces cellular senes-

cence.

3.2. Effect of TL Elongation on Cell Rejuvenation

Considering that cell division occurred many times owing to long-term culture,
cellular senescence may not only be caused by TL shortening but also by changes
in cellular components such as proteins and membranes. To eliminate this pos-
sibility, we compared the characteristics of the same cell line with different TLs.
The average TLs in the two cell lines are shown in Figure 2(a). The OUMS-36
fetal-derived fibroblasts had shortened telomeres (7 kb on average) as a result of
dividing them a dozen times, whereas the OUMS-36T-2 cells had elongated te-
lomeres (78 kb on average) as a result of transforming the TERT gene into
OUMS-36 cells.

The characteristics of the two cell lines with different TLs were examined.
Figure 2(b) shows the doubling time; the average doubling time of OUMS-36
cells was 3.2 days, whereas that of OUMS-36T-2 cells was 2.3 days. Figure 2(c)
shows the forward scatter height values, which correspond to the size of the
cells, using flow cytometry; the curve of the OUMS-36T-2 cells showed a sharp
peak, indicating that the cells were very uniform in size. Figure 2(d) (i) shows
micrographs of these cells; the OUMS-36T-2 cells were more uniform and
smaller than the OUMS cells, thereby supporting the flow cytometry results.
The results in Figure 2(b), Figure 2(c) and Figure 2(d) (i) indicate that the
division of OUMS-36T-2 cells was notably smoother than that of OUMS-36
cells.

Furthermore, endoplasmic reticulum stress was examined by testing SA-/-gal
activity, autophagy activity, and expression of GRP78. Figure 2(d) (ii) shows
the SA-p-gal activity; the blue color was less prominent in OUMS-36T-2 cells
than in OUMS-36 cells, indicating that cellular senescence was notably sup-
pressed by telomere elongation. Figure 2(d) (iii) and Figure 2(d) (iv) show
the autophagy activity and immunoassays of GRP78, which emits green fluo-
rescence when autophagy is active and red fluorescence when GRP78 is ex-
pressed. In OUMS-36T-2 cells, autophagic activity (Figure 2(d) (iii)) and
GRP78 expression (Figure 2(d) (iv)) were very weak, indicating that the state
of cellular stress in OUMS-36T-2 cells was considerably lower than that in
OUMS36 cells.
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Figure 2. Relationship between telomere length (TL) and senescence using OUMS cells and OUMS-36T-2 cells. (a) Telomere
lengths of OUMS-36 and OUMS-36T-2 cells (mean + standard deviation [SD], n = 4). (b) Doubling times of OUMS-36 and
OUMS-36T-2 cells (mean * SD, n = 4). (c) Flow cytometry of OUMS-36 and OUMS-36T-2 cells. (d) (i) micrographs of cell
suspension; (ii) senescence-associated f-galactosidase (SA-f-gal) activities; (iii) autophagy activities stained using a CYTO-ID
Autophagy Detection Kit; and (iv) immunostaining using anti-glucose-regulated protein 78 (GRP78) antibody. (e) Ratio of
OUMS-36T-2 cell to OUMS-36 cell gene expression (mean * SD, n = 4); SOD2, superoxide dismutase 2; CAT, catalase; KL, klotho
gene; LMNA, lamin A/C; WRN, Werner protein; SIRT, sirtuin; EGF, epidermal growth factor; IGF, insulin-like growth factor.
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Figure 2(e) shows the ratio of gene expression in OUMS-36T-2 cells to that in
OUMS-36 cells. Two indicator genes for mitochondrial aging (SOD2, CAT), a
DNA plolymerase y gene (POLG), a klotho gene (KL), two genes associated
with premature aging (LMNA and WRN), two sirtuin genes (SIRT1 and SIRT2),
a epidermal cell growth factor gene (EGF), and an insulin-like growth factor
gene (IGF) were used as indicators of cellular aging. As shown in Figure 2(e),
the expression of most of the genes, except for, CAT1, KL, and WRN, in OUMS-
36T-2 cells was significantly higher than that in OUMS36 cells, indicating that
OUMS-36T-2 cells were in a considerably younger state than were OUMS36
cells.

Taken together, these results suggest that 1) TL elongation or shortening is
involved in cell proliferation rate and cellular senescence; 2) Elongation of TL

rejuvenates cells; 3) TL is an adequate biomarkers of cellular aging.

3.3. Cell-Rejuvenating Effects of HCP Extract

We next searched for novel compounds that enhance telomerase activity to con-
firm the cell-rejuvenating effects of TL elongation. As a result of screening tra-
ditional Japanese foods and herbal medicines (28 compounds in total) that
were expected to have rejuvenating effects, extracts of garlic, HCP, pit viper
powder, and placenta that had telomerase activation effects were selected as
candidates, and HCP, one of the most effective extracts, was used for the fol-
lowing tests.

To examine the effect of the HCP extract, TIG-1-20 cells that had been cul-
tured until PLD42 were repeatedly cultured in MEM with or without HCP ex-
tract. Figure 3(a) shows the ratios of cell increase per week; when cultured with
the HCP extract, the average growth ratio was significantly higher at 1 - 4 weeks
than it was without HCP. However, the growth ratio decreased after the 4™ week
despite the addition of the HCP extract. The mitotic limit of the cells cultured
without HCP extract (control) was 52 times, whereas that of cells cultured with
HCP was 60 times, an increase of 8 times in cell lifespan (Figure 3(b)). Figure
3(c) shows the morphology of cells with and without HCP extract 1 week later.
The cells cultured with HCP extract were more uniform and smaller in size than
those cultured with the control, indicating that cellular senescence was sup-
pressed. Figure 3(d) shows the telomerase activity at 1 and 4 weeks. Telomerase
activity in cells cultured with HCP extract significantly increased 1 week later
compared with that in control cells; however, 4 weeks later, telomerase activity
decreased, and no significant difference was observed. Figure 3(e) shows the ra-
tio of gene expression related to the regulation of the TERT gene in the cells
treated with HCP extract to that in the control; HCP extract induced a signifi-
cant increase in TERT gene expression by approximately 10-fold and signifi-
cantly suppressed the expression of the multiple endocrine neoplasia (MEN)

gene.
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Figure 3. Effect of honey child powder (HCP) extract on rejuvenation of TIG-1-20 fibroblasts. (a) Growth ratio of TIG-1-20 cells
cultured in the medium with HCP (gray circles) and without HCP (white circles) every week (n = 3). (b) Population doubling
number (PDL) value calculated from the results of Figure 3(a). (c) Micrographs of cells suspension cultured for 1 week with and
without HCP. (d) Telomerase activity at the first and fourth week of cells without HCP (white bars) and with HCP [gray bars]
(mean + standard deviation [SD], n = 3). (e) Ratio of gene expression in cells with HCP extract cultured for 1 week to that in cells
without HCP (control; mean + SD, n = 3); MEN, multiple endocrine neoplasia; MYC, v-Myc avian myelocytomatosis viral onco-
gene homolog; TGFB, transforming growth factor, beta; TERT, telomerase reverse transcriptase

We also examined the rejuvenating effects of HCP extract on skin moisturiza-
tion. Figure 4(a) shows the expression of two hyaluronic acid synthase genes
(HAS2, HAS3), two type I collagen synthase genes (COL1A1, COL1A2), and
elastin (ELN) genes, when TIG121 human skin-derived fibroblasts were cultured
in MEM medium with and without HCP extract. The expression of the HAS3,
COL1Al, and ELN genes in cells cultured with HCP extract was significantly
higher than that in control cells. Figure 4(b) shows the amount of collagen on
the cell surface and elastin in the cells cultured with and without HCP extract;
no significant difference was observed in the amount of collagen on the cell sur-

face, and the amount of extracellular elastin did not increase (data not shown).
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However, the amount of intracellular elastin significantly increased in cells
treated with HCP extract. These results suggest that the HCP extract has partial

rejuvenating effects on skin moisturization.
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Figure 4. Moisturizing effects of honey child powder (HCP) extract on TIG121 skin fi-
broblasts. (a) Ratio of gene expression of TIG121 skin fibroblasts cultured in the medium
with HCP extract for 1 week to that in cells cultured without HCP (mean + SD, n = 3). (b)
Collagen content at cell surface (left side) and intracellular elastin content of cells (right
side) when TIG121 skin fibroblasts were cultured in the medium without HCP (white
bars) and with HCP (gray bars; mean + SD, n = 3).

4. Discussion

In this study, we investigated whether TL is directly related to cellular senes-
cence. TL shortening during cell division by long-term subculture of human fi-
broblasts directly inhibited the cell division rate and induced cell senescence
(Figure 1). Additionally, when TL was elongated by transformation with TERT,
the division rate increased, ER stress due to cellular aging was alleviated, and the
expression of a group of genes that were highly expressed in young individuals
increased (Figure 2). When the endoplasmic reticulum is stressed by aging, au-
tophagy activity generally increases because of an increase in abnormal proteins
[14]; this results in excessive expression of GRP78 [15]. Moreover, superoxide
dismutase 2 and catalase activities are reduced in elderly mice [16], and C. ele-
gans in which these activities are enhanced by genetic mutations have an ex-
tended lifespan [17]. Klotho is involved in calcium homeostasis, and transgenic
mice with enhanced Klotho levels are rejuvenated [18]. DNA polymerase y is
involved in DNA stabilization, and sirtuin 1 and sirtuin 2 are involved in mito-
chondrial activation and chromosome stabilization [19]; low expression of these
genes induces aging. In addition, the growth factors EGF and IGF are generally
used as indicators of fibroblast senescence, because their expression is signifi-
cantly decreased in cells with a high mitotic frequency [20]. The results obtained
in this study indicate that TL is related to the regulation of cellular senescence
and can be used as an indicator of cellular senescence.

In addition, silencing TRF2 mRNA using siRNAs temporarily restored the
mitotic rate, suggesting that TRF1 and TRF2 released by telomere shortening
may control the cell growth rate (Figure 1(c)). TRF1 and TRF2 bind to telomere
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repeats (TTAGGG) and play an important role in cell division [21]; shortening
of TL causes the release of these proteins. TRF1 and TRF2 bind to and stabilize
telomeres [22], and TRF2 is associated with senescence [23]; however, the effects
of TRF1 and TRF2 on cell growth rate have not been reported. Therefore, our
results indicate a new function for TRFs. The detailed mechanism is under in-
vestigation, and will be reported in the future.

Furthermore, we found that the HCP extract increased telomerase activity,
elongated TL, and improved expression of HAS3, COL1A1, and ELN, which are
important for skin moisturization [24]. HCP extract suppresses menin, a regu-
lator of the TERT gene, resulting in enhanced telomerase activity. Lin et a/ re-
ported that the MEN mutant strain was similar to immortalized cells [25].
Therefore, telomerase activation by the HCP extract may be due to repression of
the MEN gene. TA-65 [26], sapogenin [27], and epitalon [28] have already been
found to elongate telomeres, and their effects when administered to mice have
been investigated, but no compounds that inhibit menin have been found. There-
fore, HCP extract is a novel telomerase-active compound.

Notably, the HCP extract effects were high during the first week of addition
but decreased after the second week. This trend was similar to that observed for
pit viper powder and placenta, which showed increased telomerase activity. The
TERT gene is managed by multiple regulatory factors in normal somatic cells
[25]. Therefore, activation of telomerase by the repression of menin may had led
to the activation of another regulatory mechanism that triggers a rapid decrease
in telomerase activity. To continuously extend the telomeres of cells in the future
using telomere-lengthening compounds, it is necessary to elucidate the mechan-
ism underlying this regulation and identify any additional regulatory factors.

This study has a number of limitations. In general, most animals have suffi-
ciently long telomeres, suggesting that relationship between TL and cellular se-
nescence in human cells may not be applied to the other animals. Further inves-
tigation is needed in non-human organisms. We identified a possible relation-
ship between TL and cellular senescence, which is implicated in TRF. However,
the mechanism has not yet been proven, and further investigation is needed.
Additionally, we identified telomere elongation and rejuvenation effects in HCP.
However, our investigation had an insufficient number of cell types and samples,
and the phenomenon of telomerase activity reduction has not yet been fully elu-

cidated. Further investigation is necessary to improve the usefulness of HCP.
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