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Abstract

In the present study, we show that higher levels of lymphocyte GH are expressed in spleen cells
from aging animals compared to young animals. Further, leukocytes from primary and secondary
immune tissues and splenic T and B cells from aging rats all express higher levels of GHRH
receptors compared to younger animals. Bone marrow and splenic T cells express the highest
levels of GHRH receptor in aging animals. Spleen cells from aging animals showed no significant
change in proliferation or GH induction after treatment with GHRH. Taken together, the data for
the first time show alterations in GH synthesis and expression of the GHRH receptor on cells of
the immune system that may play a role in the immune response in aging.
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1. Introduction

The consequences of immunosenescence show that aged individuals are less able to ward off
bacterial, viral and fungal infections, have decreased responses to protective vaccines and
higher incidences of autoimmune diseases and cancer [1]. Although the mechanisms are not
entirely known, research on aged humans and mice have shown phenotypic and functional
alterations in both the innate immune system and the humoral and cellular arms of the
acquired immune response [2;3]. Aging is also accompanied by an impairment of the
endocrine system. The growth hormone (GH)-axis is no exception where aging is associated
with a significant decline in secretion of GH [4]. Old rats show lower pituitary GH mRNA,
GH content, and GH-releasing hormone (GHRH) receptor [5]. Age-related reductions in GH
secretion in rats and humans appear to result from a decrease in GHRH secretion [4;6-8].
Pituitary GH is a central player in IGF-1 induction and growth, tissue maintenance and
repair, and also can improve a variety of immune functions, including B-cell responses and
antibody production [9], NK activity [10], macrophage activity [11], and T cell function
[10]. Serum GH and IGF-1 decrease with advancing age which, at least in part, may
contribute to the age-related decline in immunocompetence [12;13].
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It is apparent that non-pituitary sites and cell types also possess the ability to produce GH.
The sites include the brain [14], mammary gland [15], placenta [16], skin [17], ovary [18],
and cells of the immune system [19]. Our results in rodent spleen cells analyzing GH by
mass spectrometry and Western analysis have shown that different molecular weight
isoforms of GH can be detected in primary mouse spleen T and B cells [20]. In the mouse,
we showed that GH isoforms could be induced by oxidative stress and that the larger
molecular weight isoform appeared to reside primarily in the cytoplasm whereas the lower
molecular weight isoform was primarily detected in the nucleus [20]. Most recently, in the
rat we have shown that stressful cellular conditions likely to occur at sites of inflammation
or tumor growth such as hypoxia and alterations in pH also induce the synthesis of
lymphocyte GH [21]. The potential function of lymphocyte-derived GH in
immunoregulation has been suggested for lymphocyte growth, survival, and cytokine
production [22-26].

The evidence also supports the existence of the GHRH receptor (GHRH-R) in extrapituitary
tissues including brain, spleen, thymus, ovary and renal medulla suggesting a physiological
role(s) beyond the regulation of GH synthesis and secretion [27-32]. Additional human
GHRH-R splice variants have been reported in several different cancers [33;34]. The major
splice variant of the GHRH-R, named SV1, differs at a short portion of the extracellular
portion and is fully functional [35]. Our studies in rats with thymus cell membranes showed
two major bands for binding sites of GHRH at 43- and 27 kDa [31] compared to 65-, 47-
and 28 kDa complexes in the rat pituitary [33]. In rat pituitary, two distinct classes of GHRH
binding sites have been described. The first was of high affinity and low capacity while the
second was of lower affinity and higher capacity [36]. There appears to be an age-related
decrease in the number of high-affinity GHRH binding sites and an increase in the number
of low affinity sites in pituitaries from 14-month old rats [37]. No significant change of
GHRH binding affinity and capacity has been detected in aging renal medulla homogenates
[38] and nothing is known about aging and GHRH binding sites on cells of the immune
system.

Although much is known about the pituitary production of GH and the GHRH-R in the rat
neuroendocrine system during aging, nothing is known, however, about the effects of aging
on the abilities of cells of the murine immune system to produce GH. Previous studies with
human peripheral blood lymphocytes (PBL) suggested no significant differences in
lymphocyte GH production between young and elderly subjects [39], whereas aging was
associated with a decline in lymphocyte GHRH expression [40]. In the present study, we
found surprisingly that the levels of lymphocyte GH increased and the binding of GHRH
also increased in aged animals compared to young controls. The alterations in lymphocyte
GH synthesis and GHRH receptor expression on cells of the immune system during aging
support the idea that GH may be important in the development and/or maintenance of a local
immune response in an older animal.

2. Materials and methods

2.1 Cell preparations

Sprague-Dawley female rats were obtained from Harlan Laboratories (Prattville, AL) and
B6 female mice from Jackson Laboratories. Animals were aged on site and sacrificed by
cervical dislocation and their spleens, thymuses and bone marrow lymphocytes were placed
into sterile plastic dishes containing RPMI 1640 medium and 20 mM Hepes (pH 7.4). Cell
suspensions were prepared by teasing the tissues and washing two times in RPMI 1640
followed by centrifugation on a Ficoll-Hypaque density gradient as described to remove red
blood cells [41]. Rat spleen cells were separated into T and B cell types by nylon wool
chromatography [42]. The leukocytes (2 x 108 cells/ml) were suspended in RPMI 1640
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supplemented with 10% fetal calf serum. Unless otherwise indicated, cell cultures were
treated with hormones and/or chemicals for binding and incubated as described in the figure
legends.

2.2 Binding of 125|-labeled GHRH

Binding assays were carried out in the presence of fixed 12°I-labeled hGHRH (30,000 cpm,
15 nM) and cold GHRH1.p9 (1078 M-10"11 M) in a total volume of 0.2 ml. The incubations
were carried out in microfuge tubes treated with Sigmacote in RPMI 1640 containing 1 x
108 cells in 25 mM Hepes (pH 7.4) and 0.1% BSA at 4°C for 60 min. At the end of the
incubations, the cells were centrifuged in a Beckman 12 microfuge, pellets were washed
three times in ice-cold buffer, and the tip of the tube was cut off and counted in a gamma-
counter. Radioactivity not removed in the presence of an excess of unlabeled hGHRH (1-
29) at 10 uM was considered nonspecific. Nonspecific binding was 12-17% of total cell
binding.

2.3 Western blot analysis

Spleen cells were pelleted by centrifugation and resuspended in Tris/Triton-X lysis buffer,
incubated on ice for 45 min and the supernatant harvested by centrifugation. Protein
concentration was determined with the Bio-Rad protein assay reagent. The lysate was snap
frozen and stored at —70°C until analyzed by Western blotting procedures as previously
described [20]. Immunoreactive proteins were visualized using the ECL Western blotting
analysis system. Film was scanned and analyzed using Scion Image Software (Scion Corp.,
Frederick, MD). Blotted membranes were stripped and reprobed with specific antibodies to
actin. Densitometric analysis is represented graphically as the triplicate mean ratio of GH/
actin with error bars representing the standard error of the mean (p<0.05).

2.4 RNA isolation, blotting and GH cDNA hybridization

Total RNA was prepared by homogenizing lymphocytes in 5 M guanidine thiocyanate with
subsequent protease K digestion and extraction with phenol/chloroform. After ethanol
precipitation, the RNA pellet was dried under vacuum and dissolved in sterile water. An
aliquot was removed to determine the yield and purity by optical density measurements at
260 and 280 nm. Total RNA (10 .g) was blotted onto Gene Screen hybridization
membranes with the manifold 11 slot blotter (Schleicher and Schuell, Inc., Keene, NH) as
described by the manufacturers.

Plasmids containing specific rat [43] GH cDNA were kindly provided by Dr. John Baxter
and Dr. Fran Denoto (Neurochemistry Laboratories, V.A. Medical Center, Sepulveda, CA).
Plasmid DNA was prepared essentially as previously described, and 800 base-pair Hind 111
inserts were labeled with 32P-dCTP by nick translation to a specific activity of 1-2 x 108
cpm/g as previously described [44;45]. Hybridization was performed as previously
described [46]. After hybridization, the membranes were washed, and the nitrocellulose
paper exposed to X-ray film at —70°C with Dupont Cronex Lightning-Plus intensifying
screens for 2 to 3 days.

2.5 Proliferation studies

Spleen and thymus suspensions (2 x 108/ml) from 3-month and 12-month old female rats
were prepared in RPMI 1640 supplemented with 1% Nutridoma-SP containing 100 U of
penicillin and streptomycin per milliliter. These suspensions were incubated in the presence
of [®H]thymidine (18h; 1 wC/ml, New England Nuclear) in plastic tissue culture dishes with
and without GHRH for 18h at 37°C. The cultures were harvested using a Whittaker Mini-
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Mash Harvester and the glass fiber filters counted in a Tracor Analytic Model 6892 liquid
scintillation system.

2.6 Chemicals and reagents

GHRH 1.9 (G-0519) was obtained from Sigma and [12°]1]-labeled hGHRH was purchased
from Amersham. 32P-dCTP was purchased from New England Nuclear (Boston, MA). Goat
GH antiserum (T-20, sc-10365) for detection of rat and mouse GH was purchased from
Santa Cruz Biotechnology, Santa Cruz, CA. Monoclonal anti-B-actin Ab (A5441), and all
other chemicals were obtained at the highest grade from Sigma-Aldrich Corporation (St.
Louis, MO).

2.7 Data analysis

Each experiment was repeated at least three times, and data are reported as mean + standard
error of the mean (SEM). Significant differences between various experimental treatment
groups were determined by analysis of variance (ANOVA) and Student’s t-test.
Densitometric analysis of the scanned images of Western blots was done using Scion Image
Software (Scion Corporation, Frederick, MD). The results of binding studies were analyzed
with GraphPad software to determine the binding parameters of the cells. Use of * in figures
designates p < 0.05.

3. Results

3.1 Effect of aging on GH expression in the spleen of aging mice and rats

Aging is associated with a significant decline in growth hormone secretion by the pituitary
gland [4;47]; however, it is not known whether GH secretion also declines with increasing
age in cells of the immune system. A representative experiment showing the expression of a
single-sized band of GH by Western blot analysis of cell extracts from spleen cells of mice
of different ages is shown in Figure 1. Unexpectedly, the level of GH increased significantly
in 7- and 14-month old mice compared to the control of one month old animals. The
influence of age on the expression of splenocyte GH was also investigated in 1- and 21-
month old rats. Representative blots for three animals from a total of 30 rats per age group
are shown in Figure 2. Interestingly, two GH bands are present at approximately 48- and 44
kDa in the rat spleen preparations. The data show that the levels of both bands of GH were
also significantly higher (p<.01) in the 21-month old rats (Fig. 2). The influence of age on
the expression of GH mRNA in rat spleens is shown in Figure 3. Since cells of the immune
system do not contain a sufficient concentration of GH mRNA to routinely enable its
detection by Northern blotting (data not shown), this experiment was performed by slot blot
analysis. The data show that GH mRNA was significantly higher (p <0.05) in 14-month-old
rats than that observed in one month old animals. Thus, spleen cells from aging mice and
rats appear to produce greater GH mRNA and GH protein than young animals.

3.2 Characteristics of the GHRH binding in spleen and thymus cells of the aging rat

Since alterations of anterior pituitary GHRH binding site parameters were reported in aging
rats [37], in the present study we decided to determine whether or not changes in the GHRH
receptor were also taking place in lymphoid tissue. Previously, we showed that the binding
of GHRH to spleen and thymic cells was saturable with a single high affinity binding site
[31]. Homologous competitive binding assays were performed on spleen and thymus cells
from 3- and 14-month old rats (Fig. 4). The data indicate no change of apparent binding
affinity between spleen and thymus cells of 3- and 14-month old rats (Kd=2.0 nM spleen,
Kd=1.0 nM thymus); however, the total number of binding sites was three times higher in
the spleen of 14-month old rats (Fig. 4a) and 1.3 times higher in the thymus of 14-month old
rats compared to 3-month old rats (Fig. 4b). The increase in total binding sites was
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significant by 6- and 12-months of age in the spleen (p=0.0001) (Fig. 5a), a finding that
closely mirrors when alterations in binding parameters are first noticeable in rat pituitary
homogenates [37]. Although the difference in GHRH binding was not as great in thymic
tissues between young and old rats, a significant increase in the binding of GHRH in thymic
tissue was also observed after 6 months of age (p=0.006) (Fig. 5a). Thus, both spleen and
thymus cells from aging rats express more GHRH binding sites than young animals.

3.3 Distribution of GHRH receptors in different tissues and cell types in the immune
system of aging rats

The expression of the GHRH receptor has been previously documented in various rat
tissues, including the spleen and thymus [31;46], but has not been studied in other immune
tissues or in aging rats. We, therefore, examined for the presence of GHRH receptors in both
primary and secondary lymphoid tissues of aging rats. Thus, peripheral blood lymphocytes
(PBL), bone marrow cells, splenocytes and thymic cells of 3- and 6-month old rats were
isolated and compared for the presence of the GHRH receptor as described above. The data
(Fig. 5b) show that the cells from each of the tissues contained detectable GHRH receptor
which in each case, except for the PBL, contained significantly higher numbers of binding
sites in the older animal (p=0.0001). In young animals, the presence of the GHRH receptors
was most predominant on the spleen followed by the thymus, PBL, and bone marrow,
whereas in the aged rat, the GHRH receptor appeared to be most abundant on bone marrow-
derived cells followed by the spleen, thymus, and PBL.

In previous studies examining lymphocyte GH production by subpopulations of
lymphocytes, we have shown that basal levels of lymphocyte GH mRNA and protein in
primary B cells appeared to be significantly higher than the levels seen in primary T cells
[46]. This observation was seen both in rats (unpublished observation) and mice [20]. We
have also shown that greater levels of GH are induced in T cell-enriched populations
compared to B cell-enriched populations after culture of cells under hypoxic conditions
(unpublished observation). In order to determine if both T and B cell subpopulations of cells
contain GHRH receptors and if they are altered in aging, nylon column enriched T and B
cells were tested for GHRH receptors as described above (Fig. 5¢). After separation, the T
and B cells were judged to be approximately 87% and 63% pure, respectively, by mitogen
stimulation and immunofluorescence [48]. The data show that T-cell enriched cell
populations and B cell-enriched cell populations show significantly (p=0.0002) increased
GHRH receptor expression (T-cell, 1.75-fold; B-cell, 1.6-fold) in 6-month old rats compared
to control 3-month old rats. In addition, the data show higher levels of GHRH receptors in
T-cell enriched cell populations compared to B-cell enriched cell populations in both young
and old rat spleen cells (p<0.05).

3.4 Actions of GHRH on rat spleen and thymus cells in 3- and 12-month old rats

In vitro and in vivo studies have indicated that GHRH is predominately mitogenic in
neoplasias and normal cells including lymphocytes [31;49]. Therefore, we investigated
whether GHRH would stimulate proliferation in spleen cells obtained from aging rats
compared to spleen cells from young rats. Spleen and thymic cells from 3- and 12-month old
rats were cultured with GHRH (1078 M) and 3H-thymidine and harvested 18h later to
measure the extent of thymidine incorporation. The data in Figure 6a show that GHRH
significantly stimulated thymidine incorporation in 3- and 12-month old spleen cells.
Although the proliferation in aged (12-month) spleen cells treated with GHRH is reduced
below the control (3-month) spleen cells treated with GHRH (3.0 to 2.1-fold), the data were
not statistically significant. Thymic cell proliferation is significantly reduced in 12-month
old rats in both control and GHRH-treated cell cultures. In thymic cells, the data were only
significant in GHRH-treated 3-month old thymic cells compared to untreated cultures (Fig.
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6b). In a separate study, we measured the levels of 44 and 48 kDa lymphocyte GH isoforms
by Western blot analysis in cultured 12-month old spleen cells, and found no significant
difference between untreated and GHRH-treated cell cultures (Fig. 6c).

4. Discussion

Alterations in the pituitary gene expression of GH and the GHRH-receptor along with a
decrease in hypothalamic GHRH are thought to be the major causes of age-related changes
in GH secretion [4-8;47;50;51]. The main goal of the present study was to elucidate whether
the production of GH and expression of the GHRH receptor decline similarly in cells of the
immune system in the aging animal. We demonstrate here for the first time that rat and
mouse GH protein increased in spleen cells from aged rats (Figs. 1-3). Our aging studies in
rodents suggest the increase in lymphocyte GH in female rats may be occurring independent
of dynamic changes in the GHRH receptor since treatment of cells with GHRH appeared to
have no additional effect on the levels of GH (Fig. 6¢). In the rat, isoforms of approximately
37, 44, and 48 kDa of lymphocyte GH can be detected where the predominant form is 48
kDa (unpublished observation) whereas in mice, the predominant GH isoform is
approximately 62 kDa [20]. The increase in the level of a lower molecular weight GH
isoform observed in old rats compared to younger animals could result from proteolysis
while higher molecular weight isoforms may represent oligomers or the presence of
different glycosylated forms. Additional studies are required to elucidate the exact nature
and function of GH isoforms on immune function as well as determine whether similar GH
isoforms exist in human lymphocytes. A previous study with human PBL suggested that the
secretion of GH by both stimulated lymphocytes and monocytes was not significantly
affected in the elderly [39]. Our findings of increased lymphocyte GH synthesis in rodents
appear to differ from the studies in humans and suggest there may be significant species
differences in lymphocyte GH synthesis in aging.

In this study, we also show for the first time GHRH receptor expression on different
immune tissues (Fig. 5b) and on spleen T and B cells in the aging rodent immune system
(Fig. 5¢). Although no changes in Kd were observed, aging did result in almost a 10-fold
increase in GHRH binding to bone marrow cells compared to spleen (2.5-fold), and thymus
(1.5-fold). The higher increase in GHRH binding to the bone marrow cells of older animals
may suggest a specific proliferative and/or developmental role for GHRH during the aging
of bone marrow cells. The proliferation of aging spleen cells after treatment with GHRH
was not significantly different from younger animals (Fig. 6a). Both T and B lymphocytes
expressed GHRH receptor with relatively more T cells expressing the GHRH receptor in
both young and older animals. It is known that T cell interactions with B cells in secondary
lymphoid tissues, such as the spleen, provides help to B cells that influence the cytokine
milieu and facilitate B cell survival, differentiation, and antibody production [52]. The
results suggest the existence of distinct regulatory mechanism(s) of GHRH receptor
expression in various immune tissues and between T- and B-cell types. Alterations in
GHRH receptor protein production by cells of the aging murine immune system remain to
be determined by Western blot analysis to confirm the increase in GHRH receptor
expression in the various cell types and tissues.

In a recent work, we showed that GH production by cells of the immune system increases
under conditions of hypoxia perhaps via a HIF-1 sensitive response element located in the
GH promoter [21]. Aging, which is associated with declining tissue oxygenation, may then
be associated with an increase in lymphocyte GH and regulation of the immune response.
There is also strong evidence that oxygen limitation and/or activation of HIF-1 plays an
important role in mammalian cellular senescence, possibly via a connection to ROS and
mitochondrial respiration [53;54]. In this context, the substantial increase in GH production
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by T cells during hypoxia [21] may specifically increase T cell survival and/or enhance the
ability of T cells to provide optimal help to B cells during a normal aging immune response.
Thus, T cell overproduction or lack of GH production may play a role in certain
autoimmune diseases or immunodeficiencies, respectively.

Taken together, the data suggest that the sensitivity of cells of the immune system to GHRH
and their ability to increase basal levels of GH does not diminish with age. With aging and
loss of the central supply of GH, the immune system may compensate by increasing the
local production of GH and expression of receptors for GHRH to maintain a vigorous
immune response. For example, it is known that enhanced local synthesis of estrogen in
splenic T cells from animals after trauma enhances immunity [55]. Although compensation
by lymphocyte GH for the dwindling supplies of peripheral GH appears possible, it may not
be that simple. Dwarf mice which lack Pit-1 and pituitary GH show no compensation in GH
production by cells of the immune system and in fact show a modest loss in the production
of GH [56]. It appears other mechanisms may be in play in the remodeling of the immune
system during aging that facilitate the increase in GH production by cells of the immune
system. Also, the majority, if not all, of the lymphocyte GH produced by cells of the
immune system normally appears to be retained within the cell. Although this secretion
pattern may change in aging, the data suggest that the effect of the intracrine pathway action
of lymphocyte GH in aging may be producer cell specific. In this regard, lymphocyte
production of IGF-1 may also increase in aging since we showed in rat spleen cells the
production of GH and IGF-1 by the same subpopulation of mononuclear leukocytes [57;58].

It is well known that the immune system and neuroendocrine system are linked and regulate
each other (i.e., bidirectional communication) [59]. Efferent nerves of the sympathetic
nervous system (SNS) innervate primary and secondary lymphoid organs and release
noradrenaline (NA) and other neuropeptides into the lymphoid microenvironment [60].
Sympathetic NA innervation may be altered in the primary and secondary lymphoid organs
of rats at early middle age concomitantly with age-related immunosuppression [61].
Evidence has also been provided that human lymphocyte GH may be involved in antigen-
driven TH; IFN-y production and that physiologic levels of the stress-related hormones
cortisol and NA inhibit lymphocyte GH production [24]. We have found in vitro that
treatment of mouse spleen cells with propranolol increased the expression of lymphocyte
GH (data not shown). In another study, the administration of GH has been shown to improve
conduction velocities and nerve regeneration in a sectioned ulnar nerve model of the rat
[62]. Thus, lymphocyte GH may be part of a mechanism responsible for slowing the decline
of sympathetic innervation of lymphoid organs during aging at least in the spleen of rodents.
On the other hand, it is possible that our data indicate a loss of childhood capacity in the
control of lymphocyte GH rather than a compensation by cells of the immune system in
aging. The inability to limit the expression of lymphocyte GH may contribute to undesirable
consequences that promote a tumor phenotype [63]. It is also a well-established concept that,
under physiological conditions, GH also may function to counteract the effects of stress
[64;65]. On the one hand, the increase in GH may protect aging immune cells from
apoptosis induced during inflammation and/or from oxidative stress. The increase in the
levels of the GHRH receptor may promote differentiation, proliferation, wound healing as
well as selected immune functions [27;34;35;66;67]. On the other hand, in malignant tissues,
knowledge about the GH-axis in lymphocytes may provide valuable insights about how
tumor cells may evade destruction. A more thorough understanding of this pathway may
yield an important therapeutic strategy to manage immune responses to disease, injury,
stress, and tumor formation in an aging adult.
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Fig. 1.

GH protein expression in spleen cells from B6 aging female mice. Cells were harvested
from mice and cultured for 18 h after which whole cell extracts were prepared as described
in the Methods. After SDS-PAGE (8%) and transfer to PVDF membranes, Western blot
analysis was performed using commercial Ab to GH (Santa Cruz) and bands visualized
using a chemiluminescence substrate for HRP. Blots were stripped and reprobed with
specific Abs to actin. Asterisks (*) denote a significant difference (p<0.001) from the 1-
month control. The approximate molecular weight for GH is shown with an arrow on the
left. The results shown are typical of an experiment repeated three times. Key: lane 1 (1
month); lane 2 (7 month); lane 3 (14 month) age of mice as source of spleen cells.
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Fig. 2.

GH protein expression in spleen cells from aging female rats. Cells were harvested from
three rats per age group and cultured for 18 h after which whole cell extracts were prepared
and Western blot analysis performed as described in the Methods. Asterisks (*) denote a
significant difference (p<0.01) between control (1 month) and 21-month-old rats for each
molecular weight species. The approximate molecular weight for GH is shown with an
arrow on the left. The results shown are typical of an experiment repeated three times. Key:
lanes 1-3 (1 month); lanes 4-6 (21 month) old rats as the source of spleen cells.
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Fig. 3.

Cytoplasmic GH RNA expression in 1-month and 14-month old female rats. Spleen cells
from six 1-month and six 14-month old individual rats were cultured (2 x 10%/ml) for 24 h
and harvested by centrifugation. Total cytoplasmic RNA isolated, slotted onto Gene Screen
hybridization membranes, and probed as described under Materials and Methods. After a 48
h exposure, the autoradiograph was densitometrically scanned and graphed as percentage
above the background as shown above. The results shown are typical of an experiment
repeated three times. Asterisk (*) denotes a significant difference (p=0.0001) between 1- and
14-month old rats.
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Fig. 4.

Homologous competitive binding curves for GHRH in 3- and 14-month old female rat
spleen (A) and thymus cells (B). Leukocytes were obtained from the tissues by standard
methods and washed in RPMI-1640 (pH 7.3). One x 108 cells in RPMI-1640 (pH 7.3) with
0.1% bovine serum albumin, 25 mM HEPES (binding buffer) were incubated (60 min at
4°C) in the presence of a fixed amount of 125|-labeled GHRH (34,461 cpm/tube, 1800 Ci/
mmol) with and without various amounts (1076 M to 10711 M) of unlabeled GHRH (1-29).
Incubated, labeled cells were washed with binding buffer (3 times) and free and bound
ligand were separated by centrifugation. Cell-associated radioactivity was determined by a
TM Analytical Gamma Counter. Each point represents the mean of three determinations +
SE of the mean.
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Fig. 5.

Effect of age, source of immune tissue and T cell and B cell populations on GHRH binding
in the spleen and thymus of female rats. The binding study was performed as described in
the legend to figure 4. In (A), the cells were obtained from spleen and thymus tissues of 1-,
3-, 6- and 12-month old female rats. Values represent the mean £ SEM of specific binding
from triplicate individual rats for each cell population at the various ages. In (B), the cells
were obtained from peripheral blood lymphocytes (PBL), bone marrow (BM), spleen (SP),
and thymus (Thy) tissues of young and old female rats. Values represent the mean + SEM of
triplicate individual rats for each specific cell population at 3- and 6-months of age. *p
<0.0001 compared to binding levels of each specific cell population at 3-months of age. In
(C), the cells for binding were obtained from the spleen of unfractionated (con) and nylon
wool adherent (B-cell) and nylon wool nonadherent (T-cell) enriched cell populations of old
female rats. Values represent the mean £ SEM of triplicate individual samples. T-cell and B-
cell enriched cell populations show significantly (*p=0.002) increased GHRH receptor
expression in 6-month old rats compared to control 3-month old rats. #, significantly
(p<0.05) higher levels of GHRH receptors in T-cell enriched cell populations compared to
B-cell enriched cell populations in both young and old rat spleen cells.
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Fig. 6.

Effect of age on GHRH-stimulated proliferation of spleen (A) and thymus cells (B) and
spleen lymphocyte GH production (C) in female rats. For (A) and (B), cells (2 x 108/ml)
were incubated with or without rat GHRH (1078 M) for 18 h in RPMI containing 1%
nutridoma with [3H] thymidine (1 wCi/ml), harvested by mash filtration, and counted as
described. Each point represents the mean + SE of six individual samples. *p <0.05
compared to thymidine incorporation without GHRH treatment at the same age. For (C),
spleen cells were harvested from 12-month old rats and cultured (2 x 108/ml) for 18h with
and without GHRH as shown in the figure. Whole cell extracts were prepared and Western
blot analysis performed as described in the Methods. The results shown are typical of an
experiment repeated three times. Kay: Lane 1 (control non-treated); lane 2, 1078 M GHRH:
lane 3, 1070 M GHRH.
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