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Introduction: Opportunities for Research
and Training in Aging

The importance and urgency of a better understanding of aging no longer
needs to be stressed: we are all aware of the rapid increases in numbers of
old and very old persons worldwide, and of the twin facts that many older
people are quite healthy and functional but also that severe, debilitating
chronic diseases and handicaps increase as people grow older, with increasing
burdens of care for families and society. In this current atmosphere, it is very
timely that the challenging opportunmes for research and training in aging
be highlighted.

I would like to list and comment briefly on what seem to my colleagues at
the National Institute on Aging and me to be among the most promising and
important opportunities at this time. First is the need for us to distinguish
aging from disease. The more carefully we study older people and older
animals, the more it seems to me we find that changes which in the past have
been called ‘’normal” aging are in fact due to now-identifiable disease(s),
which may in time be prevented, cured or controlled. Let me cite the recently
reported example of cardiac function during stress-testing in older healthy
human volunteers. In these studies, which were a part of the Baltimore
Longitudinal Study of Aging at our Institute, it was found that when the
subjects were carefully screened for even occult evidence for coronary heart
disease through use of radioactive thallium scanning, the 50% or so in their
70’s who had no occult evidence for such disease had on average the same
cardiac output on standard stress testing as 25-year olds; there was no
evidence of decline with age. There were changes in the nature of the cardiac
response: the older subjects showed less of an increase in heart rate with
exercise, but adapted adequately through a greater increase in stroke volume.
The decreased response in heart rate appears to be due to less responsivity
on the part of the myocardium to adrenergic stimuli, a subject that in turn is
being further investigated.
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Other examples could be cited, including findings indicating preservation
of brain metabolism—as measured by 2-deoxyglucose uptake with PET
scanning—and preservation of mental function as measured by longitudinal
studies of intelligence. Overall, we need to examine very carefully previous
views of the purported effects of aging. One aspect related to animal (and
human) studies in my view warrants special emphasis: it is essential that
distinction be made between developmental or maturational changes, on the
one hand—i.e., changes that may be found as an “adolescent” animal grows
into full maturity—and on the other hand changes that occur in the senescent
period of the lifespan, from full maturity on. Far too many studies in the
literature compare young with old animals and ascribe the differences to
aging when the changes observed may well be fully expressed by mid-life,
with little if any further change.

As a part of understanding aging we need to identify biomarkers, meas-
urable biological changes that reflect the aging-related life course and that
may vary, from individual to individual, in terms of the chronological course
at which the changes appear. Basically, my expectation is that we will find
that the truly aging-related changes are structural in nature, i.e., can ulti-
mately be understood in terms of changes in cell membranes, in protein
configurations, and in genes.

A second, related research area of high priority should be that of the
application of molecular genetics to aging and aging-related diseases. The
remarakable developments in recombinant DNA and related technologies, as
illustrated by the advances in understanding oncogenes and in identifying the
gene locus in Huntington disease, present the challenges to identify specific
gene changes that may be influential in the aging process, and to identify the
genetic abnormality that must be present in at least some families with
Alzheimer disease.

Among the common and serious diseases which affect older persons,
research on Alzheimer disease and related neuroscience research, continues
- to be one of the highest priorities of our Institute, with fortunately rapid
growth in research efforts and many promising leads. Here [ can simply cite
some of the exciting areas: studies showing regenerative potential for nerve
dendrites and successful transplantation of nerve cells; studies on the protein
chemistry of the amyloid and neurofibillary tangles in Alzheimer tissues;
studies on the role of changes in the oxidative metabolic pathways in brain in
producing changes in neurotransmitters; neuropharmacology applied to this
condition.

Other very important functional disabilities, limitations on independence,
that older people face are loss of mobility and urinary incontinence, condi-
tions that are just now beginning to be carefuly studied. Osteoarthritis, the
most common cause of loss of mobility, is being found to be characterized
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by familial or genetic differences from non-affected persons, together with
different characteristics of the cartilage in joints. A related problem is that of
osteoporosis, the subject of intensive research on mechanisms and possible
preventive steps. With respect to urinary incontinence. studies in the Geron-
tology Research Center of our Institute have shown that biofeedback and
behavioral techniques can improve or control the incontinence in most older
women living in the community.

The area of maintenance of health and functioning is obviously important.
Everyone is in favor of exercise and good nutrition and good health habits
but very little is actually documented, in animals or humans, about what can
be accomplished through exercise, or what is a properly nutritious diet for
older people (or animals). These areas are open for further research.

The breadth of issues related to aging precludes going into details in this
short introduction but as you well know they include immunological changes
with aging, the endocrinological systems, and behavioral and social aspects
and impacts on the aging process. In what [ have included, I have tried to
illustrate with examples that may be closer to the interests of this group.

Let me close by stating the importance and urgency of our training more
investigators and teachers in the field of aging. Estimates from a study just
completed by our Institute and other federal agencies indicate that we need
something like 10 times as many investigators and faculty members as we
have now, in basic and clinical sciences, to take leading roles in the aging
field. To move towards meeting this need, the NIA is giving high priority to
the support of training and career development in research related to aging.
Among our new approaches is an arrangement to “piggyback™ support for
traineeship positions for persons whose career goals are in the aging field,
onto existing research training programs in a variety of areas related to aging.
We would be very glad to discuss these and other mechanisms of support for
training and research in this challenging, growing field. Thank you.

T. Franklin Williams, mp

Director, National Institute on Aging
National Institutes of Health
Bethesda, MD
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IMPAIRED PROTEIN DEGRADATION MAY ACCOUNT FOR THE ACCUMULATION
OF "ABNORMAL" PROTEINS IN AGING CELLS

R.W. Gracy, K.U. Yﬁksel, M.L. Chapman, J.K. Cini,
M. Jahani, H.S. Lu, B. Oray and J.M. Talent

Dept. of Biochemistry, N.T. St. Univ./Texas
College of Osteop. Med.

Fort Worth, Texas 76107

INTRODUCTION

Within the past decade many laboratories have examined
changes in the biological properties of macromolecules during
the aging process. Studies in various aging systems have
revealed that many enzymes appear to be modified. Virtually
any easily measurable parameter has been reported to be
altered in aging (Kanungo 1980, Wilson 1981) but, no clear
picture has emerged. Moreover, it has not been established
if these changes are a cause or effect of aging or if they
have any significant effects on the biological process of
aging.

While there are exceptions, many enzymes appear to exist
with lowered activities, lowered stability or altered cata-
lytic and regulatory properties (Table 1). The identification
of these specific changes requires detailed and highly sensi-
tive protein structural analyses because:

a) the old, "defective enzymes" are very similar to
their respective young counterparts;

b) the amounts of "altered" enzymes are variable and
.in some cases very. low;

c) there is no single acceptable aging-model system.
Our iaboratory has been involved in examination of the

age-related accumulation of abnormal proteins at the molecular
level. The present study reviews the specific changes in
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enzymes in aging systems which include:

a) fibroblasts aged in vivo and in vitro from normal,
aging donors and from donors with premature aging
diseases,

b) cells of various ages from the lens of the eye.
c) lymphocytes aged in vivo,

We have used the enzyme triosephosphate isomerase (EC
5.3.1.1; TPI) as a marker protein to evaluate changes
during aging. This enzyme is essential for both glycolysis
and gluconeogenesis and required for all living cells.
Since the entire sequence of the human enzyme has been com-
pleted by our laboratory (Lu et al 1984), we were able to
identify the subtle changes associated with aging. 1In
addition, this report will also consider possible parallels
with other enzymes.

TABLE 1. EXAMPLES OF ENZYME CHANGES WITH AGING

TYPE OF CHANGE/ENZYME AGING SYSTEM __ REFERENCES

ISOZYME SHIFTS:

Alanine aminotrans- Rat liver Kanungo & Patnaik
ferase cytosol (1975); Patnaik &
Kanungo (1976)

Aldolase Rat lens Dovrat & Gershon
: (1981)
Glucose 6-phosphate Rat liver Wang & Mays (1978)
dehydrogenase Human & bo- Skala-Rubinson et al.
vine lens (1976)
_Hexokinase Human RBC Magnani et al. (1980)
Rabbit RBC Rijksen et al. (1977)
Lactate dehydrogenase Rat heart Kanungo & Singh (1965)

Singh & Kanungo (1968)
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EXAMPLES OF ENZYME CHANGES WITH AGING (cont'd)

AGING SYSTEM

REFERENCE S

Nucleoside Phosphor-
ylase

Triosephosphate
isomerase

Aminopeptidase A

Carboxypeptidase

Citrate Synthase

Glucose 6-phosphate
dehydrogenase

Glutamine synthetase

Hexokinase
Isocitrate dehydro-
genase

Leucine aminopepti-
dase

Ornithine amino-
transferase

Human & bo-
vine lens

Human & bo-
vine lens

Human fibro-
blasts

Rabbit re-
ticulocyte

Rabbit re-
ticulocyte

Rat heart

Rat adrenal
ovary

Rat liver &
kidney

Human RBC
Rabbit RBC

Rat heart
Rabbit re-
ticulocyte

Rat kidney &
liver

Skala-Rubinson et al.
(1976)

Skala-Rubinson et al.
(1976)

Tollefsbol et al.
(1982)

Melloni et al. (1981)

Melloni et al. (1981)

Vitorica et al.
(1981)

Stewart & Hunter
(1969); Leatham &
Apple (1977)

wWu (1977)

(1980)
(1977)

Magnani et al.
Rijksen et al.

Vitorica et al.
(1981)

Melloni et al. (1981)

wa (1977)
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TABLE 1.

EXAMPLES OF ENZYME CHANGES WITH AGING (cont'd)

TYPE OF CHANGE/ENZYME

AGING SYSTEM

REFERENCES

DECREASED ACTIVITY:

Pyruvate kinase

Superoxide dismutase

Rat heart

Mouse liver,
heart, brain
rat liver
rat lens

ACCUMULATION OF INACTIVE FORMS:

Aldolase

Cathepsin D

Enolase

DECREASED STABILITY:

Glucose 6-phosphate
dehydrogenase

Glutathione reductase

Superoxide dismutase

Nematode
Mouse liver

Rabbit liver
Mouse heart

& muscle

Rat liver,
heart, kidney

Turbatrix
aceti

Rat brain,

kidney, spleen,

liver, lung
Human liver,
lung, fibro-
blasts

Eye lens
Mouse liver,

heart, brain;
rat liver

Vitorica et al.
(1981)

Reiss & Gershon
(1976a,b);

Dreyfus et al. (1978)
Dovrat & Gershon
(1981)

Zeelon (1973)
Gershon & Gershon
(1973)

Anderson (1974)
Chetsansa & Liski-
wskyi (1977)

Wiederanders & Oelke
(1984)

Rothstein (1979)

Wulf & Cutler (1975)

Kahn et al. (1977)

Harding (1973)
Reiss & Gershon

(1976a,b) ;Dreyfus
et al. (1978)
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TABLE 1. EXAMPLES OF ENZYME CHANGES WITH AGING (cont'd)

TYPE OF CHANGE/ENZYME AGING _SYSTEM REFERENCES

INCREASED STABILITY:

Phosphoglycerate Rat liver Sharma & Rothstein
kinase (1980)

CHANGE IN AGGREGATION:

Alpha-crystallin Vertebrate Bloemendal (1977)
eye lens

REGULATORY CHANGES:

Glutamine synthetase Rat kidney & wu (1977)

liver
Ocnithine amino- Rat kidney & Wu (1977)
transferase liver
KINETIC CHANGES:
Hexokinase Human RBC Magnani et al. (1980)
Rabbit RBC Rijksen et al. (1977)

CHANGES IN COENZYME BINDING:

Glyceraldehyde 3-phos- Rat muscle Gafni (1981)
phate dehydrogenase

CONFORMATIONAL CHANGES:

Phosphoglycerokinase Rat liver Sharma & Rothstein
(1980)
Enolase Turbatrix Rothstein (1979)
aceti

DECREASED RESPONSE TO STIMULI:

Glucokinase Rat liver Gold et al. (1976)
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RESULTS AND DISCUSSION:

Figure 1 shows the accumulation of labile forms of
four enzymes in human skin fibroblasts. The labile enzymes
accumulate in cells from old donors, as well as from sub-
jects with the premature aging diseases, progeria and
Werner's syndrome.

B voune 2 oo PROGERIA WERNER'S

X LABILE ENZYME

ENZYNE

Figure 1. Accumulation of unstable enzymes in aging
and premature aging diseases. Abbreviations are: triose-
phosphate isomerase (TPI); glucose 6-phosphate dehydrogenase
(G6PDH) , 6-phosphogluconate dehydrogenase (6PGDH), and
hypoxanthine phosphoribosyl transferase (HGPRT). The values
were taken from the following references: Goldstein and
Singal (1974) G6PDH (young and Werner's); Goldstein and
Moerman (1975) G6PDH (progeria), 6PGDH (progeria), HGPRT
(progeria); Holliday and Tarrant (1972) G6PDH (young and
old), 6PGDH (old); Holliday, Porterfield and Gibbs (1974)
G6PDH (Werner's); Tollefsbol, Zaun and Gracy (1982) TPI
(all forms); Tollefsbol and Gracy (1983) 6PGDH (young, old
and Werner's), HGPRT (all forms).

In an attempt to better understand the molecular basis
for such changes we have examined triosephosphate isomerase
in detail. This enzyme was chosen because it has a rela-
tively simple structure. TPI was found to exhibit several
isozymes in many tissues ancd species (Snapka et al. 1974;
Naidu et al. 1984). The more acidic isozymes accumulate in
aging cells and tissues (Yuan et al. 1981 a; Yuan et al.



