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It is known that intracellular Ca2/ release becomes
We demonstrate for the first time that cellular aging defective during cellular senescence. Agonist-induced

in vitro is accompanied by a dramatic elevation in the Ca2/ release is attenuated in certain models of aging
levels of ryanodine receptor-bearing Ca2/ channels. cells, including senescent fibroblasts (5), neutrophils
These channels normally reside within microsomal (6), lymphocytes (7), and neurons (8). However, in de-membranes and gate Ca2/ release from intracellular generative disorders, such as Alzheimer disease, thestores. We therefore measured cytosolic Ca2/ levels in

harvested cells exhibit a marked enhancement in Ca2/
‘young’ (30 mean population doublings, MPDs) and ‘se-

release (9, 10). The resulting elevation in cytosolic Ca2/
nescent’ (53 to 58 MPDs) human diploid fibroblasts

is thought to contribute to the characteristic degenera-(HDFs). Application of the known ryanodine receptor
tion of neurons and supporting cells. In the presentmodulators, caffeine or cyclic adenosine diphosphate-
study, we have examined changes in ryanodine recep-ribose (cADPr), triggered cytosolic Ca2/ signals in both
tor expression in a unique model of human cellularyoung and senescent cells. The signal magnitude how-
senescence, the HDF in vitro aging model (11 - 13).ever was significantly greater in senescent compared

with young HDFs. In parallel, incubation with a highly
specific anti-ryanodine receptor antiserum resulted in MATERIALS AND METHODS
specific immunofluorescence only in senescent HDFs.
We envisage that elevated levels of functional ryano-

Materials. The Ca2/-sensitive fluorochromes, indo 1, indo 1-AM,dine receptors may underlie the defective Ca2/ han-
fura 2 and fura 2-AM, were purchased from Molecular Probes Inc.

dling and cellular degeneration that occurs with (Eugene, OR). Ethylene glycol-bis-N,N,N*,N*-tetraacetic acid
aging. q 1998 Academic Press (EGTA), N*-[2 hydroxyethyl] piperazine-N*-[2-ethanesulphonic acid]

(HEPES), caffeine and FITC-labeled goat anti-rabbit antibody were
purchased from Sigma Chemical Co. (St. Louis, MO). Tissue culture
media were obtained from GIBCO-BRL (St. Louis, MO). Cyclic ADPr
was purchased from Calbiochem Corp. (San Diego, CA). The poly-The release of Ca2/ from intracellular stores is critical
clonal antiserum, Ab34, was raised in rabbits against a peptide corre-to the survival, function and propagation of eukaryotic
sponding to the consensus calmodulin-binding epitope on the ryano-cells. One mechanism of Ca2/ release involves the acti-
dine receptor (14). Thus, Ab34 does not differentiate between the

vation of ryanodine receptor-bearing Ca2/ channels resi- three known ryanodine receptor isoforms (14).
dent in cellular microsomal membranes (1). There are

Fibroblast culture. HDFs were derived from the anterior forearmthree known receptor isoforms. The type I receptor is skin of a normal 9 year-old female, A25 (11). The cells were cultured
restricted to skeletal muscle and gates voltage-activated in Eagle’s Minimum Essential Medium (MEM) supplemented with
Ca2/ release. Types II and III are more ubiquitous, al- fetal bovine serum (15%, v/v) and maintained in humidified 5% CO2.

A25 cells have a replicative life span of 58 MPDs. ‘Young’ HDFs werethough the former primarily mediates Ca2/-induced
classified as those having a vigorous growth curve, being within theCa2/ release in cardiac muscle (2, 3). Physiologically, all
first half of their maximum MPD, i.e., having accrued ° 30 MPDsthree receptor isoforms can be activated by Ca2/ and with a 3[H]-thymidine labeling index (TLI) ú 92%. ‘Senescent’ HDFs

cADPr, but not by inositol trisphosphate (IP3) (4). were late passage cells with a reduced growth potential being posi-
tioned within the last 10% of their replicative life span, i.e. having
accrued between 53 and 58 MPDs (TLI ° 28%) (6, 11). Both young
and senescent HDFs were sub-cultured, for between 1 and 3 daysM-SH and OAA contributed equally to the work.
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FIG. 1. Immunofluorescence micrographs of senescent (a) and young (b) human diploid fibroblasts (HDFs) staining with an anti-
ryanodine receptor antiserum, Ab34, raised to an eptiope corresponding to a consensus calmodulin-binding sequence.

before the experiment, on either four chamber slides (for imaging) stasis that accompany cellular senescence. HDFs have
or 22 mm-glass coverslips (for photometry). a finite lifespan, and upon passage in vitro, undergo

Immunocytochemistry. Coverslips containing HDFs were first replicative senescence. The number of mean population
fixed with glutaraldehyde (10%, v/v) and permeabilized gently with

doublings (MPDs) accrued before senescence is foundTriton X-100 (0.1%, v/v, Sigma Chemical Co.). They were then incu-
to correlate inversely with donor age. Thus, cells frombated with normal goat serum (diluted in 10 mM-phosphate buffered

saline, PBS, 1 in 10, pH - 7.4) in multiwell dishes for 15 minutes. a given donor can be made to age in vitro and harvested
The excess serum was removed and replaced with Hank’s Balanced at defined MPDs for studies into their biological charac-
Salt Solution (HBSS) (GIBCO-BRL). The HDFs were then either teristics (11 - 13).incubated with non-immune rabbit serum (control) or with the anti-

Our immunocytochemical and pharmacological stud-ryanodine receptor antibody, Ab34 (both diluted in HBSS, 1 in 100,
ies indicate that ryanodine receptor levels are mark-v/v). After 1 hour of incubation, the coverslips were rinsed gently

with HBSS, drained, and re-incubated for a further hour with goat edly elevated in senescent HDFs. Figure 1 shows that,
anti-rabbit FITC (1 in 20, diluted in HBSS). Finally, the coverslips whilst senescent cells fluoresce intensely with a specific
were washed gently and drained. anti-ryanodine receptor antiserum, young HDFs barely

Imaging studies. For dye-loading, HDFs were incubated with 5 show any staining. Likewise, compared with youngmM-indo 1-AM at 377C for 60 minutes in HBSS containing HEPES
cells, senescent HDFs display a marked enhancement(10 mM, HEPES-HBSS) and bovine serum albumin (BSA, recrystal-

lized, 0.1% w/v). The cells were then washed three times with in cytosolic Ca2/ release in response to the application
HEPES-HBSS, incubated for a further 30 minutes, and positioned of known ryanodine receptor modulators, caffeine (16)
on the stage of either an Interactive Laser Cytometer (ACAS 570, and cADPr (17). Figure 2 shows mean peak cytosolicMeridian Instruments Inc., Okemos, MI). Briefly, clusters of HDFs
were subjected to excitation by a 5-watt pulsed argon laser at a l of
357 nm (range, 351 to 363 nm) and the emission was monitored
every 30 seconds in the image scanning mode, at 405 and 485 nm.
The intensities of the captured fluorescent images at the two wave-
lengths, I405 and I485 , were then transformed to yield the ratio, I405/
I485 . Indo 1 was calibrated using a protocol for intracellular calibra-
tion as described earlier (15).

Photometric studies. A fura 2-based, dual excitation method was
used to complement the above studies and to make fast kinetic mea-
surements in single cells. HDFs were exposed alternately to excita-
tion l of 340 and 380 nm, approximately every second, using a filter
wheel. The emitted fluorescence was deflected to pass through a
dichroic mirror (400 nm) and the transmitted light was filtered at
510 nm. Single photon currents from a distally attached photomulti-
plier tube (PM28B, Thorn EMI, London, UK) were converted to 5
volt, 25 nanosecond transistor-transistor-logic (TTL) pulses and
counted by a photon counter (Newcastle Photometric Systems, New-
castle-upon-Tyne, UK). Photon counts per second were recorded by
an IBM microcomputer. The ratio of emitted intensities due to excita-
tion at ls of 340 and 380 nm, I340/I380 , was then calculated and dis-

FIG. 2. Mean peak cytosolic Ca2/ levels (nM, { standard errorplayed as a line tracing.
of the mean) of young (open circles) and senescent (closed circles)
human diploid fibroblasts (HDFs), measured using an ACAS Cyto-RESULTS AND DISCUSSION
meter and indo-1, following their exposure to 1 mM-caffeine (at time

We have used the HDF in vitro aging model to obtain Å 0). Differences were compared using Analysis of Variance with
Bonferroni’s Correction for Inequality (*p õ 0.01).molecular insights into derangements in Ca2/ homeo-
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haps paradoxical, changes in the levels of other Ca2/

release channels, such as the IP3 receptor. This inter-
esting possibility requires further investigation.
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