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Abstract. Prolactin (PRL), one of the anterior pituitary hormones, has been implicated in
the development and maintenance of immune system function. The following experi-
ments were conducted to evaluate age-related effects of PRL on immune system activity
in a PRL-deficient mouse model, the Ames dwarf. Two- and ten-month-old dwarf and
phenotypically normal male mice were used. Six dwarf mice from each age group re-
ceived a surgically implanted pituitary (under the kidney capsule) from a normal donor
female mouse. Six different dwarfs were similarly operated but had no pituitary graft
inserted and will be referred to as sham-operated dwarfs. Three weeks following surgery,
spleens were removed from the dwarfs and age-matched normal mice and splenocytes
isolated. The two age groups will subsequently be referred to as ““3-month-old” and “11-
month-old”, respectively. The splenocytes were used in mitogen-induced (concanavalin
A [Con A]; phytohemagglutinin [PHA]; lipopolysaccharide [LPS]) proliferation assays,
and histopaque isolated lymphocytes were used for T cell surface marker determination.
Pituitary grafting increased body weights of dwarf mice aithough the weights were less
than control mice independent of age. A similar pattern was observed for total number of
splenocytes per spleen. In young animals, the relative number of splenocytes per gram
of body weight increased in pituitary grafted dwarfs reaching values of control mice,
whereas much smaller differences were observed in older animals. The relative percent-
age of CD,+ cells was reduced (P < 0.01) in 3-month-old pituitary-grafted mice, compared
with sham-operated dwarf mice, while no differences were observed between sham-op-
erated dwarf and normal mice. Pituitary grafting did not affect the numbers of CD;+ cells.
In 11-month-old animals, the relative percentages of CD,+ and CDg+ cells were greater
(P < 0.05) in sham-operated dwarf than in normal mice but not affected by pituitary
grafting. At 3 months of age, proliferation of splenocytes in response to Con A was
increased (P < 0.05) in sham-operated dwarfs and reduced (P < 0.05) in pituitary-grafted
dwarfs compared with normal mice. In contrast, PHA stimulation of splenocytes was de-
creased (P < 0.05) in sham-operated compared with normal, and was still lower in mice
receiving an ectopic pituitary. Substantially different responses were obtained in 11-
month-old animals. In response to Con A, splenocytes from sham-operated dwarfs ex-
hibited a reduced (P < 0.05) proliferative capacity as compared with normals, and pro-
liferation was increased in pituitary-grafted as compared with sham-operated dwarfs. in
the presence of PHA, the proliferative capacity of splenocytes was greater (P < 0.05) in
sham-operated dwarfs as compared to normals and pituitary grafting normalized this
parameter. These results demonstrate differential effects of PRL deficiency (sham-
operated dwarfs versus normal) and of PRL replacement (pituitary-grafted versus sham-
operated) in young as compared with old dwarf mice on immune system
activation. [P.S.E.B.M. 1996, Vol 211]
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ciency of GH, PRL, and thyroid-stimulating hormone
in dwarf mice (4-6) is associated with impaired im-
mune responses (7). This was reported to lead to dras-
tically shortened life span (8), although subsequent
studies have shown that dwarf mice can survive at
least as long as their normal siblings if they are weaned
later than 21 days of age (6). Recent studies confirmed
immunodeficiency of both Snell (Snell-Bagg) and
Ames dwarf mice regardless of the age of weaning (9,
10). We have previously reported that ectopic trans-
plants of pituitaries from normal mice increased thy-
mus and spleen cellularity in Ames dwarf mice (10)
and that PRL and GH interact to regulate immuno-
competence in these animals (11). Data obtained in
different experimental models indicate that PRL can
exert inhibitory effects on immune activity as well (12,
13; Brown-Borg et al., submitted). Recent findings
from our laboratory suggest that the effects of PRL on
the activity of the immune system are age dependent
(13). The present study was undertaken to analyze
age-related effects of PRL on immune system activity
in the Ames dwarf mouse.

Materials and Methods

Animals and Treatment. Ames dwarf (df/df) and
phenotypically normal (?/+) male mice from a stock
maintained in our vivarium were used in all studies.
The animals were adults, approximately 2 or 10
months of age. The mice were maintained in the same
room at a temperature of 23° = 2°C, were exposed to
a regulated 12:12-hr light:dark lighting regimen, and
were provided with food (Purina Lab Chow, Purina
Mills, St. Louis, MO) and water ad libitum. Six dwarf
mice from each age group were anesthetized with
ether and had one pituitary gland from a normal adult
female of the same strain surgically placed under the
capsule of the right kidney. The remaining dwarf mice
were similarly anesthetized and operated, but no pitu-
itary graft was inserted. These latter animals will be
subsequently referred to as sham-operated dwarf
mice. Twenty-one days later, both groups of dwarfs
along with untreated age-matched normal male mice (n
= 6/group) were sacrificed via cervical dislocation and
the spleen was quickly removed under sterile condi-
tions (using institutionally reviewed and approved pro-
tocols). The retention of the pituitary graft was visu-
ally confirmed. In subsequent sections of this paper,
the two age groups will be referred to as ‘‘3-month-
old”’ and ‘‘11-month-old,” respectively.

Cell Preparation. The spleens were removed
aseptically and dispersed into a single cell suspension
by passage through a stainless steel mesh. Cells were
suspended in phosphate-buffered saline (PBS). The
red blood cells were lysed with 0.83% Tris-buffered
ammonium chloride solution for 2 min at room tem-
perature and the viable cells spun through fetal bovine
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serum (FBS; viability determined via trypan blue ex-
clusion: >95%). Erythrocyte depleted cells were
washed three times with cold PBS and counted.

Proliferation Responses to Mitogens. For stud-
ies of proliferation, erythrocyte depleted spleen cells
were resuspended in RPMI 1640 medium (Sigma, St.
Louis, MO) supplemented with 10% heat inactivated
FBS (Hyclone, Logan, UT), 50 pg/ml of gentamycin
and 5 mM of 2-mercaptoethanol. Lymphocytes from
each spleen were adjusted to a concentration of 5 X
10° cells/ml. One hundred microliters of these suspen-
sions were added to wells of 96-well flat-bottomed
microtiter plates containing predetermined optimal
concentrations of mitogens for T cells (2.5 pg/ml of
concanavalin A [Con A; Sigma] and 5 pg/ml of phyto-
hemagglutinin [PHA; Sigma)) and B cells (10 pg/
ml of lipopolysaccharide [LPS; Sigma]). The cells
were harvested at 48 hr following a 5-hr pulse with 1
nCi of [*H]thymidine. The average incorporation of
[*H]thymidine was determined using a scintillation
counter. The proliferative indices were calculated by
dividing the cpm of mitogen stimulated wells by the
corresponding cpm values from wells with basal
proliferation.

Determination of T Cell Surface Markers. For
these studies, monoclonal antibodies (mAb) GK 1.5,
which is reactive with L3T4, a mouse T helper cell
differentiation antigen, and 53-6.7, which is reactive
with Lyt-2 antigen expressed on mouse T cytotoxic/
suppressor cells were purchased from Becton Dickin-
son (Mountain View, CA). Purified rat 1gG2a and
IgG2b (Pharmingen, San Diego, CA) were used for the
assessment of nonspecific binding of rat monoclonal
antibodies to mouse surface antigens. The unlabeled
mADb were used in an indirect immunofluorescence as-
say with goat anti-rat IgG labeled with fluorescein
isothiocyanate (FITC; Accurate Chemicals, West-
bury, NY). Lymphocytes isolated on histopaque
(Sigma) gradients were washed in cold PBS with
0.02% sodium azide, and incubated with appropriate
primary antibodies for 30 min at 4°C, using 1 x 10®
cells/tube. Following two washes, the cells were incu-
bated with fluorescein-conjugated goat anti-rat IgG for
30 min at 4°C, washed three times, resuspended in 1%
paraformaldehyde in PBS and analyzed using FACS
Vantage (Becton Dickinson).

Statistical Analysis. The results are reported as
means = SEM. Significance of the differences be-
tween groups was calculated by a two-way analysis of
variance, followed by a Fisher’s protected least signif-
icant difference test; using P < 0.05 as criteria for
statistical significance.

Results

In the 3- or 11-month-old age groups, body weights
significantly increased after pituitary grafting (P <



0.05) but did not reach values of normal mice at either
age (Table I). Spleen cellularity increased after pitu-
itary grafting in 3-month-old Ames dwarf (P < 0.05) as
compared with sham-operated control dwarf mice (Ta-
ble II). Relative splenocyte number per g body weight
significantly increased in 3-month-old pituitary grafted
dwarfs (P < 0.05) as compared with sham-operated
dwarfs reaching values observed in normal mice (Ta-
ble III). Pituitary grafting increased the relative num-
ber of splenocytes per gram body weight also in 11-
month-old dwarfs but this effect was numerically very
modest (Table III).

In the 3-month-old age group, the relative percent-
age of CD,+ lymphocytes was significantly reduced
(P <0.01) in pituitary-grafted dwarf mice when com-
pared with either sham-operated dwarfs or normal
mice (Fig. 1). No differences in the relative percentage
of CD,+ lymphocytes were observed between sham-
operated dwarf and normal animals (Fig. 1). The rela-
tive percentage of CDg+ cytotoxic T cells in dwarf
mice was not affected by pituitary transplants (Fig. 1).
However, the relative percentage of CDgz+ cells was
significantly (P < 0.05) lower in sham-operated dwarf
than in normal mice (Fig. 1).

The results obtained in 11-month-old animals were
substantially different. The relative percentage of
CD,+ lymphocytes was greater (P < 0.05) in sham-
operated dwarfs than in normal mice and was not sig-
nificantly affected by pituitary grafting (Fig. 2). The
relative percentages of CDgz+ cells were similarly in-
creased in both groups of dwarf mice (P < 0.01) as
compared with normals and not altered by treatment
with pituitary transplants (Fig. 2).

In 3-month-old animals, the basal proliferative ca-
pacity of splenocytes was significantly greater (P <
0.05) in sham-operated dwarfs than in normal mice
(Table IV). Pituitary transplants reduced this capabil-
ity to values lower (P < 0.05) than those found in
age-matched normal mice (Table 1V). The blastogenic
proliferation in the presence of Con A was increased
(P < 0.05) in sham-operated dwarfs as compared with
normal mice, and reduced in pituitary grafted dwarfs
as compared with either sham-operated dwarf (P <
0.05) or normal (P < 0.05) mice. In contrast, the PHA-
stimulated proliferative capacity was lower in sham-
operated dwarfs (P < 0.05) as compared with normals
(Table IV) and was further reduced by treatment of
dwarf mice with an ectopic pituitary transplant. Blas-

togenic proliferation of B lymphocytes did not differ
between sham-operated dwarfs and normal mice but
was (P < 0.05) decreased in pituitary-grafted as com-
pared with sham-operated or normal animals (Table
V).

Similarly to the results obtained in young animals,
the basal proliferative capacity of splenocytes was in-
creased (P < 0.05) in 11-month-old sham-operated
dwarfs as compared with normal mice (Table V).
However, treatment with pituitary transplants further
increased, rather than decreased this parameter (P <
0.05 vs sham-operated dwarf and P < 0.01 vs normals;
Table V). The effects of hereditary dwarfism and the
effects of pituitary transplants on proliferative re-
sponses to mitogens were also drastically different in
11- as compared to 3-month-old animals. The blasto-
genic proliferation in 11-month-old animals stimulated
by Con A was lower (P < 0.05) in sham-operated
dwarfs than in normals. Proliferation was increased in
pituitary-grafted as compared with sham-operated
dwarfs but without reaching the values measured in
normal mice (Table V). In the presence of PHA, the
proliferative capacity was significantly greater in
sham-operated dwarfs as compared with normal mice
(P < 0.05, Table V) and pituitary grafting normalized
this parameter. Similarly, the blastogenic proliferation
of B lymphocytes was increased in sham-operated
dwarfs as compared with normal mice (P < 0.01) and
normalized by the presence of an ectopic pituitary
(Table V).

In 3-month-old sham-operated dwarfs, the prolif-
erative index in response to Con A was reduced as
compared with normal mice (P < 0.05) and markedly
increased by treatment of dwarf mice with pituitary
transplants (P < 0.05 vs normals and vs sham-oper-
ated dwarfs; Fig. 3). In the presence of PHA, the pro-
liferation index was lower (P < 0.05) in sham-operated
dwarf than in normal mice while dwarf mice bearing an
ectopic pituitary did not differ from normal mice with
respect to this parameter (Fig. 3). The proliferative
indices of B lymphocytes (LPS stimulation) were com-
parable to those observed for Con A. A reduction was
observed in sham-operated dwarfs as compared with
the values measured in normal mice (P < 0.05) and a
marked increase was found following treatment of
dwarf mice with ectopic pituitary transplants (Fig. 3).

In 11-month-old animals, the proliferation index in
the presence of Con A was lower in sham-operated

Table I. Body Weights (g) of 3- and 11-Month-Old Normal, Sham-Operated Dwarf and Pituitary-Grafted

Dwarf Mice
Age Normal Sham-operated dwarf Pituitary-grafted dwarf
3 months 320=x12° 120 + 1.2° 16.6 + 1.1°
11 months 450 = 1.59 25.0 = 3.0° 33.1 = 1.0

Note. Values represent mean + SEM. Rows and columns lacking a common letter differ (P < 0.05).
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Table Il. The Number of Splenocytes (x10°) in 3- and 11-Month-Old-Normal, Sham-Operated Dwarf and

Pituitary-Grafted Dwarf Mice

Age Normal Sham-operated dwarf Pituitary-grafted dwarf
3 months 8.0 +0.7¢ 1.8 = 0.4° 40+ 0.3°
11 months 45+ 20° 2.0=0.8° 3.1 +0.20¢

Note. Values represent means = SEM. Rows and columns lacking a common letter differ (P < 0.05).

Table lll. The Number of Splenocytes per Gram Body Weight (x10%) in 3- and 11-Month-Old Normal,

Sham-Operated Dwarf and Pituitary-Grafted Dwarf Mice

Age Normal Sham-operated dwarf Pituitary-grafted dwarf
3 months 250 = 0.6° 15.0 + 0.3° 24.0 £ 0.3
11 months 10.0 = 1.0° 8.0 + 0.3¢ 9.0 +0.2°
Note. Values represent means = SEM. Rows and columns lacking a common letter differ (P < 0.05).
B O Normal 25 { O Normal
Dwarf, sham-operated . Dwarf, sham-operated

[ Dwarf, pit grafted
20r
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Figure 1. Percentage of lymphocytes expressing CD, and CD4
antigens in 3-month-old normal, sham-operated dwarf and pitu-
itary grafted dwarf mice. Bars represent means * SEM. *Signif-
icant differences in comparison to normal mice (P < 0.05).

dwarf animals than in normal controls (P < 0.01) and
appeared to be further reduced by pituitary transplants
(Fig. 4). The proliferative index of T lymphocytes
stimulated by PHA did not differ between sham-
operated dwarf and normal mice, while a decrease in
this parameter was observed in dwarf mice given pi-
tuitary transplants (P < 0.05). Surprisingly, the prolif-
erative index of B lymphocytes was increased in sham-
operated dwarfs (P < 0.05) as compared with normal
mice (Fig. 4), while pituitary transplants reduced this
index to values significantly lower (P < 0.05) than
those measured in normal mice (Fig. 4).

Discussion

The present results extend our studies of the ef-
fects of PRL on immunocompetence in Ames dwarf
mice (10, 11). Prolactin has been shown to be the ma-
Jor hormone secreted by pituitary transplants (14). We
have shown previously that ectopic transplants of nor-
mal pituitaries increase NK activity and cellularity of
the thymus and the spleen in young adult dwarfs. In
the present study, we analyzed the effects of pituitary
transplants in young (approximately 2 months old at
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Figure 2. Percentage of lymphocytes expressing CD, and CD4
antigens in 11-month-old normal, sham-operated dwarf and pi-
tuitary grafted dwarf mice. Bars represent means = SEM. *4Sig-
nificant differences in comparison with normal mice ("P < 0.05;
Ap < 0.01).

the time of grafting) and old (approximately 10 months
old) dwarfs. The results demonstrate differential and,
in several instances, opposite effects of pituitary hor-
mone deficiency (sham-operated dwarfs versus nor-
mals) in these two age groups, along with differential
effects of ectopic pituitary transplants in young versus
old dwarfs. These age-related differences are consis-
tent with previous reports concerning the effects of
PRL on the neuroendocrine system (15) and with our
studies (16) demonstrating that the age at which ec-
topic pituitary is placed in the recipient animal is a key
determinant of the effects of this treatment. These data
are supported by the results on cellularity in old versus
young animals suggesting that ectopic pituitaries were
less effective in old animals and agree with previous
work in the Ames dwarf from this laboratory (10).
Young sham-operated dwarfs were immunodefi-
cient, in agreement with previous results obtained in
animals of the same age (10, 11), although the degree
of immunodeficiency observed in the present study
was of lesser magnitude than that described in Snell
dwarf mice (7, 8). Because hormonal deficiencies in



Table IV. Blastogenic Proliferation of Splenocytes from 3-Month-Old-Sham-Operated and
Pituitary-Grafted Ames Dwarf Mice Versus Normal Mice

Medium +Con A (2.5 ng/ml) +PHA (5 pg/ml) +LPS (10 pg/ml)
Normals 2,789 = 409° 210,231 + 1,721° 66,636 = 1,202¢ 123,725 + 3,881°
Sham-operated dwarf 3,688 + 117° 240,635 * 9,309° 42 510 + 4,300° 123,181 + 2,414
Pituitary-grafted dwarf 1,721 = 202° 188,852 + 7,269° 27,053 = 3,061° 106,189 + 3,000°

Note. The values (cpm) represent mean *+ SEM of six determinations in 3-month-old animals. Columns lacking a common letter differ

(P < 0.05).

Table V. Blastogenic Proliferation of Splenocytes from 11-Month-Old Sham-Operated and
Pituitary-Grafted Ames Dwarf Mice Versus Normal Mice

Medium +Con A (2.5 pg/ml) +PHA (5 pg/ml) +LPS (10 pg/ml)
Normals 2,120 + 144° 233,103 = 12,5317 25,588 = 1,841° 73,695 = 56122
Sham-operated dwarf 2,971 = 277° 188,525 + 6,667° 41,278 + 3,884° 117,935 + 6,876

Pituitary-grafted dwarf 3,223 + 155%*

194,436 = 6,398°

26,273 * 1,284° 74,372 + 2916°

Note. The values (cpm) represent mean = SEM of six determinations in 11-month-old animals. Columns lacking a common letter

differ (P < 0.05; *P < 0.01).
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Figure 3. Proliferative indices of 3-month-old normal, sham-
operated dwarf and pituitary grafted dwarf mouse splenocytes
following stimulation with concanavalin A (Con A), phytohemag-
glutinin (PHA), and lipopolysaccharide (LPS). Bars represent
means = SEM. Columns within each mitogen lacking a common
letter differ (P < 0.05).

Ames and Snell dwarf mice are comparable, the dif-
ference between the results of these studies may have
been due to different age of weaning of the animals
(approximately 60 days in our study versus 21 days in
the experiments of Baroni et al. [8]).

The basal proliferative capacity of lymphocytes
did not change with age in dwarf mice and was in-
creased compared with that observed in normal mice.
This unexpected effect might be related to the lack of
circulating PRL in vivo in the dwarf, and presence of
low amounts of PRL in the fetal bovine serum, which
is a component of the media used for in vitro blasto-
genic proliferation. Perhaps PRL activity of the media
leads to a rebound effect of lymphocytes while in nor-
mal mice the presence of circulating PRL in vivo pre-
cludes this effect in vitro. Increased proliferation of
lymphocytes in dwarf as compared with normal mice

150

a O Normal
Dwarf, sham-operated
Dwarf, pit grafted
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100

Proliferative Index
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Figure 4. Proliferative indices of 11-month-old normal, sham-
operated dwarf and pituitary grafted dwarf mouse splenocytes
following stimulation with concanavalin A (Con A), phytohemag-
glutinin (PHA), and lipopolysaccharide (LPS). Bars represent
means + SEM. Columns within each mitogen lacking a common
letter differ (Con A, P < 0.01; PHA, LPS, P < 0.05).

was seen also after exposure to Con A, but not PHA.
The differential effects observed for Con A- and PHA-
stimulated proliferation might be related to altered gly-
cosylation of antigen presenting receptors in T cells.
On the other hand, when considering the proliferation
index, which accounts for differences in basal prolif-
eration, an inhibitory effect on the proliferative capac-
ity of lymphocytes stimulated by Con A and PHA was
observed in young dwarf animals. In old animals, a
similar effect was observed for Con A while no differ-
ences in PHA-stimulated proliferation were found,
suggesting age-related changes of immune activity in
dwarf mice as has been described for other species
(13). Although age-related decline in immunological
capability was documented previously (8), in the
present study only the proliferation stimulated with
Con A and the relative number of splenocytes per
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gram body weight followed this pattern, while stimu-
lation with PHA was followed by an increased rather
than reduced proliferative response in older animals.
The latter of which is also confirmed by the lack of
changes in the number of cells following the adjust-
ment for body weight. This effect might be related to
the lack of circulating PRL in the dwarf mice (17)
or to the age-related increase in plasma PRL which has
been observed in other species (18). Pituitary grafting
reduced the absolute values of the proliferative capac-
ity of T and B cells. However, in terms of the prolif-
eration index, the proliferative capacity of Con
A-stimulated T cells from dwarf mice was increased as
compared with normal animals. This observation con-
curs with previous results obtained in Snell dwarf
mice (8). After PHA, a stimulatory effect of the grafts
was also observed with proliferation reaching values
similar to those observed in normals. From these ob-
servations we can conclude that the hormone(s) se-
creted by the transplants (presumably PRL) exerts dif-
ferential effects on the mechanisms of mitogen-
induced proliferation.

In old dwarf animals, pituitary grafts inhibited the
proliferative index of lymphocytes, thus suggesting a
suppressive effect of high PRL levels on lymphocyte
proliferation capacity. Immunosuppressive effects of
PRL are consistent with previous studies from our lab-
oratory performed in rats (13) and with effects of this
hormone in vitro (14).

The effects of pituitary transplants on the prolif-
erative index of B lymphocytes were opposite in the
two age groups examined. In young animals, the B cell
proliferative index was increased by the transplants,
while in old animals it was decreased, suggesting age-
dependent effects of PRL on B lymphocytes. Other
investigators did not observe effects of PRL on periph-
eral B cells (19, 20) perhaps because PRL alone is not
able to modify lymphocyte activation in vivo as has
been shown previously in the Ames dwarf (11), but is
stimulatory when combined with GH. The presence of
an ectopic pituitary gland in dwarf mice resembles the
administration of both hormones at the same time, as
we have demonstrated that the ectopic gland secretes
mainly PRL, it can also release GH (Esquifino, Vil-
linua, Bartke, unpublished observations).

Ames dwarf mice display a deficiency in T pro-
genitor cells, which was expressed in this study by
age-related changes in the number of peripheral CD, +
and CDg+ cells (10). Pituitary transplants decreased
the relative percentage of CD,+ cells in young dwarf
mice and normalized their percentage in old animals,
supporting the existence of an age-dependent PRL ef-
fect on peripheral lymphocytes (13, 21). However, pi-
tuitary grafts failed to normalize the relative percent-
age of CDg+ cells in old sham-operated dwarfs indi-
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cating selective effects of PRL through the different
subpopulations of T cells.

In young dwarf animals pituitary transplants nor-
malized the relative percentage of CDg+ cells, which
could explain the increase in NK activity shown in
previous studies (10). However, in old dwarf animals
pituitary grafting did not reduce the increased (versus
normals) percentage of CDg+ cells. Perhaps the in-
creases in the percentage of CDg+ cells might be re-
lated to life span in dwarfs (10). These increases agree
with the previously reported increase in NK activity in
dwarf mice after pituitary grafting (10). All of the ob-
servations discussed above correspond with recent re-
ports that PRL exerts it major effects on the mature
lymphocytes (22).

In summary, the Ames dwarf mouse, an animal
model of PRL deficiency, was employed to demon-
strate the immunomodulatory ability of PRL. In
3-month-old animals, pituitary grafting increased the
relative number of splenocytes per gram body weight
when compared with sham-operated dwarfs. Lympho-
cyte proliferation in response to both T and B cell
mitogens was either normalized or enhanced following
pituitary grafting in young dwarfs. In contrast, no dif-
ferences were observed following pituitary grafting in
the relative number of splenocytes per gram body
weight in the 1l-month-old dwarf animals. Further-
more, pituitary grafting suppressed proliferative re-
sponses to T and B cell mitogens in the older dwarfs.
Therefore, the recovery of immunocompetence fol-
lowing PRL replacement is age dependent.

This work was supported by National Institutes of Health
through Grant HD20033 and by NRSA 1F32 Al08745-01A1
(H.M.B.B.).

1. Berczi 1. The role of the growth and lactogenic hormone family
in immune function. Neuroimmunomodulation 1:201-206, 1994.

2. Gala RR, Shevach EM. Influence of prolactin and growth hor-
mone on the activation of dwarf mouse lymphocytes in vivo.
Proc Soc Exp Biol Med 204:224-230, 1993.

3. Berczil, Nagy E, Kovacs K, Horvath E. Regulation of humoral
immunity in rats by pituitary hormones. Acta Endocrinol 98:
506-513, 1981.

4. Snell GD. Dwarf, a new mendelian recessive character of the
mouse model. Proc Natl Acad Sci USA 15:733-734, 1929.

5. Schaible R, Gowen JW. A new dwarf mouse. Genetics 46:896,
1961.

6. Bartke A. Histology of the anterior hypophysis, thyroid and
gonads of two types of dwarf mice. Anat Rec 149:225-226, 1964.

7. Duquesnoy RJ. Immunodeficiency of the thymus-dependent
system of the Ames dwarf mouse. J Immunol 108:1578-1590,
1972.

8. Baroni CD, Fabris N, Bertoli G. Effects of hormones in devel-
opment and function of lymphoid tissue. J Immunol 17:303-314,
1969.



. Cross RJ, Bryson JS, Roszman TL. Immunologic disparity in

the hypopituitary dwarf mouse. J Immunol 148:1347-1352, 1992.

. Esquifino Al, Villania MA, Szary A, Yau J, Bartke A. Ectopic

pituitary transplants restore immunocompetence in Ames dwarf
mice. Acta Endocrinol 125:67-72, 1991.

. Villanda MA, Szary A, Esquifino Al, Bartke A. Changes in

lymphoid organs of Ames dwarf mice after treatment with
growth hormone, prolactin or ectopic pituitaries. J Endocr In-
vest 15:587-595, 1992.

. Spangelo BL, Hall NRS, Ross PC, Goldstein AL. Stimulation of

in vivo antibody production and Con A induced mouse spleen
mitogenesis by PRL. Immunopharmacology 14:11-70, 1987.

. Arce A. Role of prolactin and automonic nervous system and

the effects of cyclosporine on the immune response of the sub-
maxillary lymphatic ganglia. Complutense University; 1994,
Doctoral Dissertation.

. Esquifino Al, Steger RW, Ferndndez-Ruiz J, Bartke A, Amador

AG, Chandrashekar V. Effects of estrogen and ectopic pituitary
transplants on the responsiveness of pituitary prolactin release
to luteinizing hormone-releasing hormone and dopamine. J Neu-
roendocrinol 2:145-149, 1990.

. Esquifino Al, Ferndndez JF, Bartke A, Agrasal C, Steger R,

Cebeira M. Prolactin increases norepinephrine and dopamine

20.

21.

22.

turnover in the median-eminence of hypophysectomized female
rats. Neuroendocrinol Lett 9:5-14, 1987.

. Tresguerres JAF, Esquifino Al. Dissociation in the regulation of

luteinizing hormone and follicle-stimulating hormone in a hyper-
prolactinemic rat model: Interrelationship between gonadotro-
pin and prolactin control. J Endocrinol 90:41-51, 1981.

. Bartke A. Prolactin-deficient mice. In: Alexander NJ, Ed. An-

imal Models for Research on Contraception and Fertility. Ha-
gerstown: Harper & Row, pp360-365, 1979.

. Steger RW, Esquifino Al, Ferndndez-Ruiz JJ, Bartke A. Pro-

longed neuroendocrine effects of a brief exposure of adult male
rats to diethylstilbestrol. Neuroendocrinology 49:191-196, 1989.

. Gala RG, Shevach EM. Influence of prolactin and growth hor-

mone on the activation of dwarf mouse lymphocytes in vivo.
Proc Soc Exp Bio Med 204:224-230, 1993.

Murphy WJ, Durum SK, Anver MR, Longo DL. Immunologic
and hematologic effects of neuroendocrine hormones. Studies in
DW/J dwarf mice. J Immunol 148:3799-3805, 1992.

Nicoletti I, Gerli R, Orlandi S, Migliorati G, Rambotti P, Ric-
cardi C. Defective natural killer activity in puerperal hyperpro-
lactinemia. J Reprod Immunol 15:113-121, 1989.

Matera L, Cesano A, Veglia F, Muccioli G. Effect of prolactin
on human natural Killer activity. Ann NY Acad Sci 490:396-398,
1989.

EFFECTS OF PROLACTIN ON LYMPHOCYTES 93





