0013-7227/02/$15.00/0
Printed in U.S.A.

Endocrinology 143(10):4147-4151
Copyright © 2002 by The Endocrine Society
doi: 10.1210/en.2002-220515

Effects of Prolactin Deficiency on Myelopoiesis and Splenic T
Lymphocyte Proliferation in Thermally Injured Mice

AMY L. DUGAN, OLIVIER THELLIN, DONNA J. BUCKLEY, ARTHUR R. BUCKLEY,

CORA K. OGLE, NELSON D. HORSEMAN

Department of Molecular and Cellular Physiology (A.L.D., O.T., N.D.H.), College of Pharmacy (D.J.B.,
A.R.B.) University of Cincinnati, Cincinnati, OH 45267-0576; Department of Immunology, Shriners
Hospital for Children, Cincinnati, OH 45229 (C.K.O., N.D.H.)

The importance of prolactin (PRL) in mammopoiesis and
milk production is undisputed. However, previous studies in-
vestigating the role of PRL in immune function have yielded
inconsistencies. These inconsistencies have led to our hypoth-
esis that the immunomodulatory effects of PRL are only
manifest under conditions in which the organism is subjected
to stress. Thermal injury is a well-known stressor. The goal
of this study was to determine whether the lack of PRL en-
hanced the negative effects of thermal injury-induced immune
alterations utilizing a mouse model in which the PRL gene
had been disrupted. Mice received either sham or burn treat-
ment, and were sacrificed 4 days later. The imnmune param-
eters studied were the capacity of bone marrow cells to form
granulocyte-macrophage colony forming units (GM-CFU) in
the presence of granulocyte-macrophage colony stimulating

factor, and the ability of the splenic T lymphocytes to prolif-
erate in response to phytohemagglutinin (PHA). As shown
by others, our results reveal that burn increased the number
of GM-CFU compared to sham controls; however, this el-
evation was only significant in the PRL-/- mice. Thermal in-
jury increased PHA-stimulated proliferation of splenic T lym-
phocytes, however this increase was only significant in the
PRL+/- group. We conclude that under conditions of a con-
trolled stress event (thermal injury) {a] the increase in the
GM-CFU is exaggerated in the absence of PRL, and [b] the
enhancement of PHA-induced proliferation of splenic lym-
phocytes required PRL. This study supports the hypothesis
that the immunomodulatory effects of PRL are manifest when
the organism is subjected to stress.

The hormone prolactin (PRL) has been implicated as an
immunomodulatory molecule; however, the effects of PRL on
the immune system have produced conflicting results. Part of
the reason for the inconsistencies is due to differences in study
design (1-9). It has been proposed that PRL mediates its immune
modulating effects only under conditions in which the organism
is subjected to stress (10). Utilizing a PRL-/- mouse, we tested
this hypothesis with thermal injury serving as the stressor.

In spite of modern therapeutic advances, sepsis remains
a significant cause of death following thermal injury. Severe ther-
mal injury negatively affects immune system function (11-12).
These immunosuppressive effects are multiple, affecting both
humoral and cell-mediated immunity (13). Most notably, ther-
mal injury alters myelopoiesis, and the proliferative ability of T
Helper-1 lymphocytes (Th1) in response to antigenic or mitoge-
nic stimulation (12, 14-18).

Given the propensity for the thermal injury-induced
immunosuppression to result in sepsis, many potential therapeu-
tic interventions have been investigated (19). The effects of PRL
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in thermal injury-induced immune sequelae has not been docu-
mented. The goal of this study was to elucidate the consequences,
if any, that the lack of PRL has on the immune system of ther-
mally injured mice. This study focused on two immunological
parameters, bone marrow myelopoiesis and splenic lymphocyte
response, in which previous studies have documented important
thermal injury effects (12, 14-18, 20). The results presented show
that PRL produced significant immunomodulatory effects on both
myelopoiesis and T cell proliferation in thermally injured mice.

Materials and Methods
Mice

Experiments were conducted using 6-week old male C57Bl/6
mice at Shriners Hospital for Children, Cincinnati Burn Insti-
tute, in barrier housing within AAALAC-accredited animal quar-
ters under protocols that were reviewed and approved by the In-
stitutional Animal Care and Use Committee. The use of ther-
mally injured animal models has been studied and supported by
the Research Committee of the American Burn Association (21).
The mice had free access to food and water. They were either +/-
or -/- genotype with respect to the PRL gene. The mice were
randomized into 4 groups: sham+/-, sham-/-, burn+/-, or burn-/-.
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There were 5 mice per group, with the exception of the sham-/-
group, which had only 4 mice. Generation of the PRL-/- mouse
is discussed elsewhere (4). On the day of treatment, mice were
shaved on their backs while awake. All mice received 3%
Isoflurane at 1L/min for 10 minutes. Their backs were covered
with a fireproof template, which allowed for a controlled full
skin thickness burn on an area equivalent to 30% of the total
body surface area. The burn group was doused in the treatment
area with Iml of 100% ethanol, followed by a flame-induced
burn for 10 seconds. All mice then received 0.5 ml of saline
intraperitonealy for fluid resusitation. To avoid additional ex-
perimental variables such as analgesics or secondary non-burn
stresses, mice that showed any signs of distress after the burn
treatment (lethargy, anorexia, scratching at wound, etc.) were
eliminated from the study and humanely euthanized by CO, as-
phyxiation. The sham treated group received the same treatment
as the burn group, excluding the alcohol dousing and flame burn.
The sham and burn treated mice were kept in separate cages.
Four days after treatment, all mice were sacrificed by cervical
dislocation; their abdomens and one leg were shaved. The fol-
lowing samples were harvested from each mouse: approximately
100ul of blood from the heart and inferior vena cava, the spleen,
and one femoral bone with muscle and tissues removed.

Blood serum

The blood serum was isolated and then stored at —80°C until the
PRL Nb2 bioassay and corticosterone radioimmunobinding as-
says could be performed to measure serum PRL and corticoster-
one levels respectively. The PRL Nb2 bioassay procedure is de-
tailed elsewhere (22). The corticosterone concentrations were
assayed by a commercial solid-phase radioimmunoassay (RIA)
which was performed by the Endocrinology Laboratory in the
Diagnostic Lab, at the College of Veterinary Medicine, Cornell
University, Ithaca NY.

Femoral bone marrow cells

The femoral bone was cut at both ends and the marrow cavity
was flushed with 3ml of ice cold PBS. The cell suspension was
filtered through a 100ptm nylon mesh (Falcon, Becton
Dickinson), washed with an additional 2ml of cold PBS, and
centrifuged 10 minutes at 400xg and 4°C. Following centrifuga-
tion, the pellet was resuspended with 1ml of IMDM 2% FBS
(2.5ml penicillin/streptomycin 125U/ml and 125pug/ml final,
1.25ml gentamycin 125pg/ml). Cells were counted via trypan
blue exclusion using a hemocytometer. The desired cell number
was 3x10%cells/300ul total volume (using IMDM 2% FBS as the
media). To each cell sample was added 3ml of Methocult (2.4ml
M3234, 2.4ul GM-CSF + 597.6u1 IMDM 2% FBS ; each 3ml
tube contained GM-CSF at 20 ng/ml). The mixture was subse-
quently plated in a 35 X 10mm culture treated well (Falcon,
Becton Dickinson). The culture was then incubated 5-7 days at
37°C and 5% CO2. Following incubation, the number of GM-
CFU were counted using a 20X dissecting microscope. Aggre-
gates containing 50 or more cells were counted as colonies.
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Splenocyte proliferation

The spleen was crushed between 2 sterile frosted glass slides in
2ml of ice cold PBS. The cell suspension was filtered through a
100um nylon mesh (Falcon, Becton Dickinson) followed by cen-
trifugation at 400xg and 4°C for 10 min. After centrifugation,
the pellet was resuspended in 1ml of DMEM/F-12 (10% FBS +
penicillin/streptomycin 2.5ml/100ml, gentamycin 1.25ml/100ml).
Cells were counted via trypan blue exclusion using a hemocy-
tometer. The desired cell number was 500,000cells/200u1 total
volume using DMEM/F-12 as media. The cell suspension was
treated with one of 4 conditions: 1) no-mitogen, 2) PHA 2 g/
ml, 3) lipopolysaccharide (LPS) 10 pg/ml, 4) Staphylococcus
aureus Cowan (SAC). Each cell suspension was then placed in a
96 well non-culture treated plate (Falcon, Becton Dickinson).
Each condition was cultured in replicates of 5. The plate was
then incubated for 48 h at 37°C and 5% CO2. After 48 hours, 1
WCi of 3[H]thymidine at 1 HCi/50 1l of DMEM/F-12 was added
to each well. Subsequently, the plate was incubated for 16 h at
37°C and 5% CO2. Following incubation, the cells were har-
vested onto fiberglass filters that were dried and placed in vials
filled with scintillation fluid. Beta- decay was detected by liquid
scintillation counting,.

Statistics

Comparisons among multiple treatment groups were made by
Analysis of Variance (Two-Way, or One-Way with Tukey’s test
between groups). Comparisons between two means were per-
formed by Student’s t-test. For the standard curves, linear re-
gression analysis was used.

Results

Serum prolactin and corticosterone concentrations 4 days after
sham or burn treatment

Serum PRL was undetectable in the PRL-/- mice, and averaged
25 ng/ml in the PRLA+/- mice. Serum PRL levels in burn injured
PRL+/- mice were not significantly different from sham treated
controls. Corticosterone levels were similar in all groups, aver-
aging 154 ng/ml, indicating that neither the PRL genotype nor
burn injury altered basal corticosterone levels on day 4.

Bone marrow GM-CFU following thermal injury (Figure 1)

To determine the effect of PRL on myelopoiesis following ther-

‘mal injury, we cultured bone marrow cells (3x10* cells/300L1)

for 5-7 days in the presence of GM-CSF (20 ng/ml). Cells from
thermally injured mice exhibited a highly significant (p<0.01)
increase in the numbers of GM-CFU compared to the sham-
treated group, which is consistent with previous findings (14,
17-18, 23). Notably, the burn-induced increase in GM-CFU num-
bers was elevated more than 2-fold in the PRL-/- mice, com-
pared to the PRL+/- mice (p<0.05). These results indicate that
the effects of thermal injury on bone marrow GM-CFU forma-
tion is exaggerated in the absence of PRL.
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Fig. 1. Clonogenic assay for the quantitation of GM-CFU of bone
marrow cells from thermally injured mice. Bone marrow cells (3X10¢
cells/300 pl) were incubated in the presence of GM-CSF (20 ng/ml).
Colonies were counted after 5-7 days. Thermal injury elicited an in-
crease in GM-CFU compared to sham-treated mice (not shown). The
increase was > 2-fold higher in the PRL-/- mice compared to PRL+/-
mice, ¥*p<0.05.

Splenocyte proliferation responses (Figure 2)

Non-adherent cells from the spleen were studied to investigate
the relationship between thermal injury and the effects of PRL
deficiency on lymphocyte proliferation. Splenic cultures were
exposed to one of three mitogens: LPS, SAC, and PHA, which
act primarily on macrophages, B cells, and T cells respectively.
PHA-induced proliferation was dramatically affected by both burn
injury and PRL. In the PRL+/- mice, burn resulted in a 5-fold
higher PHA-induced proliferative response compared to
splenocytes obtained from sham- treated controls (p<0.004),
however, the proliferative response to PHA was not significantly
elevated in the burned PRL-/- mice compared to sham- treated
controls. There was not a significant difference in the PHA-in-
duced proliferative response among the sham controls (PRL+/-
vs. PRL-/-) (Fig. 2). These data imply that under conditions of
thermal injury-induced stress, PRL enhances PHA-induced pro-
liferation of splenic T lymphocytes. Neither LPS nor SAC stimu-
lated proliferation above that seen in the no-mitogen controls,
and there were no significant differences among the various treat-
ment groups (data not shown).

Discussion

It has been shown that stressors, in addition to activat-
ing the neuroendocrine system, also alter immune system func-
tion (24). PRL has been implicated as an immunomodulatory
hormone, but previous studies have focused on unstressed ani-
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FiG. 2. Proliferation rates of splenocytes (500,000 cells/200 pl) cultured

48 h in the presence of PHA (2 pg/ml), followed by 16 h incubation in

1 pCi 3[H]thymidine. Assay was performed in replicates of 5. The re-

sults were analyzed via Two-Way ANOVA. Burn injury resulted in a 5-

fold higher proliferation rate in the PRL+/- mice compared to the sham

controls, *p<0.004; no significant differences were seen among the sham
controls, or between burn PRL-/- mice and sham controls.

mal models, poorly controlled stress conditions, or in vitro para-
digms (10). Utilizing PRL-/- mice, we sought to evaluate the
role of PRL in immune system function in animals subjected to a
well-understood stressor. Thermal injury is known to act as an
acute stressor in rodents (25) and as an acute and chronic form of
stress in humans (26-27).

The use of the PRL-/- mouse model has several advan-
tages over other models of PRL deficiency. Disruption of the
PRL gene by homologous recombination resulted in the expres-
sion of a truncated transcript that encodes the synthesis of an N-
terminal 11Kda fragment that has no PRL bioactivity, but which
could conceivably have unknown actions (4). In most previous
studies, PRL deficiency has been induced by surgical or pharma-
cological methods, which alter or eliminate pituitary PRL (28).
However, it is possible that PRL also acts via an autocrine and/or
paracrine mechanism, since PRL is synthesized by cells within
the immune system and has been reported to regulate immune
cell function (29). The dopamine 2-receptor agonists and antago-
nists may not affect these extrapituitary PRL sources. The PRL
receptor (PRLR) -/- mouse model is another useful genetic model
of defective PRL signaling (2).The effects of stress, acute or
chronic, on these extrapituitary sources of PRL and/or PRLR
expression levels is currently unknown.

Both PRL and glucocorticoids are known to be elevated
following thermal injury (25-26, 30-32). We found in this study
that neither corticosterone nor PRL levels were significantly el-
evated in thermally injured mice compared to sham controls 4
days after burn. These results are in agreement with other burn
studies performed on rodents (25, 31), but contrast with those

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName} ] on 29 January 2015. at 03:39 For personal use only. No other uses without permission. . All rights reserved.



4150 Endocrinology, October 2002, 143(10):4147-4151

shown in thermally injured human patients, which exhibit sus-
tained elevations (26, 30). This indicates that thermal injury, while
acting as an acute stressor in rodents, elicits a more chronic form
of stress in humans. The role of PRL in immune system function
under chronic stress warrants further research.

It is well known that thermal injury leads to an increased
ability of bone marrow cells to form GM-CFU when cultured in
the presence of GM-CSF (14, 17, 18, 23). The ability to form
CFU when cultured in the presence of a specific growth factor
such as GM-CSF is dependent on environmental factors such as
other cytokines present in the culture (11, 13, 18). With regard to
the role of PRL in myelopoiesis, it has been shown that about
80% of bone marrow cells, which includes all hematopoietic lin-
eage precursors, express high levels of PRL receptors (33). The
significance of these receptors has not been elucidated. A prior
study utilizing the PRL-/- mouse model concluded that PRL does
not play a role in the formation of GM-CFU (4), which is in
agreement with the data obtained utilizing PRLR-/- mice (2).
However, neither study was performed in association with a con-
trolled exogenous stress. The current study is the first to address
the effects of PRL on myelopoiesis under a controlled stress con-
dition. The role of PRL in myelopoiesis is still unclear; however,
our studies indicate that PRL absence significantly increased the
stimulatory effect of burn injury on GM-CFU (Fig. 1). This ob-
servation does not address any direct effects that PRL might
have on hematopoiesis, but it implies that the normal secretion
of PRL, either steady-state levels or post-stress elevation, sig-
nificantly attenuates the response of bone marrow cells to
cytokines released in response to a burn injury.

About 70% of T cells express PRL receptors (34). Also,
murine splenocytes induced by a T cell mitogen have been shown
to produce PRL (29, 35). Many studies have been performed to
determine the effect of PRL on T lymphocyte function. While
some studies (6, 36) indicate that PRL stimulates splenic T-cell
proliferation, most studies have shown that PRL does not directly
influence proliferation of lymphocytes obtained from the spleen
(2,3, 8, 9). The sham-treated controls in our study are consistent
with the latter findings. The proliferation rates measured in the
burn groups showed an increase in the PHA-induced prolifera-
tion compared to the sham groups. However, the bum effect was
only significant in the burn PRL+/- mice, p<0.004 (Fig.2). The
results from our study design suggest that thermal injury acti-
vates as yet unidentified stimulatory factor(s), which enhance
the PHA-induced proliferation. This was only found to be sig-

nificant in the PRL+/- mice, which implies that PRL may be re- -

quired for the activation of this unknown stimulatory factor(s).

Our study is the first to evaluate the effect of PRL on
the immune system under a controlled stress condition. It is note-
worthy that PRL deficiency did not manifest any significant ef-
fect on the immune parameters studied when comparing sham +/-
to sham -/- mice. This is consistent with other studies involving
non-stressed organisms (2, 4). The immunomodulatory effects
of PRL were only observed when stressed animals were com-
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pared to sham controls. This supports the hypothesis that PRL
has a positive influence on the immune system, which is mani-
fest when the organism is subjected to stress. Our results in this
current study apply to acute stress circumstances because corti-
costerone and PRL levels were normal on day 4 after burn when
the blood was harvested. Additional studies are needed to ad-
dress the effect of PRL deficiency during chronic stress.

In conclusion, our results implicate a role for PRL in
modulating myelopoietic aberrations seen following thermal in-
jury. The precise mechanism by which PRL attenuates the in-
crease in GM-CFU numbers normally seen following thermal
injury remains to be elucidated. In addition, the apparent stimu-
latory factor(s) of T cell proliferation induced by burn in our
study design needs further investigation. Because of the neces-
sity for caution when extrapolating the results of animal studies
to those expected in human patients, the use of PRL as a thera-
peutic agent for human burn patients warrants further study.
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