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Abstract.  Annexin 5, a novel calcium-phospholipid binding protein, is thought to be involved in hormone secretion by

the anterior pituitary gland.  Gonadotropin releasing hormone stimulates annexin 5 synthesis, which, in turn, enhances

gonadotoropin secretion.  On the other hand, annexin 5 was shown to inhibit prolactin release in vitro.  To understand the

nature of the opposing effects of annexin 5 on these two major pituitary hormones, the present study examines the

inhibitory effect of annexin 5 on prolactin release in relation to thyrotropin stimulating hormone (TRH) using primary

cultures of anterior pituitary cells of adult female rats.  While recombinant rat annexin 5 was found to have little effect on

basal prolactin release, it significantly inhibited TRH-stimulated prolactin release.  Addition of specific anti-annexin 5

serum to the culture increased basal prolactin release in a concentration dependent manner, and no further increase in

prolactin release was observed following application of TRH in the presence of anti-annexin 5.  The enhanced basal

prolactin release induced by anti-annexin 5 was reversed by the simultaneous administration of indomethacin, an inhibitor

of cyclooxygenase.  These results demonstrate that endogenous pituitary annexin 5 exerts an inhibitory effect on prolactin

release and suggest that this is attained by suppression of eicosanoid synthesis in vitro.
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ANNEXIN 5 is a member of the annexin family of

proteins all of which bind phospholipids in a calcium

dependent-manner [1].  Annexin 5 was first identified

as a protein with structural similarity to annexin 1,

a mediator of the anti-inflammatory activity of gluco-

corticoids via inhibition of phospholipase A
2
 [2, 3] and

an inhibitor of blood coagulation [4].  Annexin 5 also

shows protein kinase C inhibitory activity [5] and it

forms calcium channels on phospholipid membranes

[6].  Although the biochemical properties of annexin-

family proteins suggest roles in significant cell func-

tions, the function of these proteins in physiological

processes is still obscure [7].  We previously demon-

strated that annexin 5 is synthesized in the anterior

pituitary gland [8] and later found that it is produced

by pituitary gonadotropes under the regulation of

gonadotropin releasing hormone (GnRH) [9–13].  As

annexin 5 augments gonadotropin secretion in vitro

[13] and antisense oligodeoxynucleotide to annexin 5

mRNA retards luteinizing hormone release by GnRH,

annexin 5 is thought to mediate at least part of the

action of GnRH on pituitary gonadotropes [13].

We found that annexin 5 distributes also in lacto-

tropes and other pituitary cells [11, 14], although the

intensity is less than that of the gonadotropes and it has

yet to be determined whether annexin 5 is synthesized

in these cell species or not.  Annexin 5 was shown to

inhibit prolactin release, even though the degree of

inhibition was not very high in primary pituitary cell
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cultures [14].  Prolactin is a major pituitary hormone

and its secretion is negatively regulated by hypo-

thalamic dopamine [15].  Prolactin secretion is aug-

mented in lactation, in acute stress, in the luteal phase,

and in the afternoon of the proestrous day.  Its secre-

tion is usually accompanied by suppression of gonado-

tropin secretion [16].  On the other hand, prolactin

secretion is usually low when the secretion of gonado-

tropin is high [17].  It is of interest that annexin 5

has been shown to exert opposite effects on gonado-

tropes and lactotropes in culture.  It is thus important

to clarify the mechanism of annexin 5 inhibition of

prolactin secretion.  In the present study, we examined

the effect of annexin 5 on prolactin release in relation

to TRH, a major prolactin stimulating hormone [18].

Materials and Methods

Reagents

Recombinant rat annexin 5 was synthesized in our

laboratory according to a previously reported protocol

[19].  Rabbit antiserum against recombinant rat an-

nexin 5 (UM-1) was raised in our laboratory.  By

SDS-PAGE and Western blotting, the antiserum was

confirmed to recognize only a single 36 kDa protein,

annexin 5, out of total rat pituitary proteins.  TRH and

indomethacin were purchased from Sigma (St. Louis,

MO).  Dulbecco’s Modified Eagle medium (DMEM),

essential amino acid solution, trypsin and trypsin in-

hibitor were obtained from Invitrogen (Carlsbad, CA).

Primary culture of anterior pituitary cells

Experiments were performed on adult female Wistar

Imamichi rats bred in our laboratory.  All experiments

using laboratory animals were performed according to

protocols approved by The Committee of Animal Care

and Use of Kitasato University.  Rats were maintained

in light (5:00–19:00 hr) and temperature (23 ± 3°C)

controlled rooms, and allowed access to food and tap

water ad libitum.  Primary cultures of rat anterior pi-

tuitary cells were prepared as reported previously [20].

Briefly, anterior pituitary glands from estrous cycling

rats regardless of their stages were collected shortly

after decapitation and dispersed with trypsin.  Cells were

maintained in DMEM supplemented with 10% fetal

calf serum (FCS), streptomycin (100 �g/ml) and peni-

cillin (100 U/ml).  Two days after dissociation, the

medium was changed to DMEM without FCS and for

a three-hour preincubation before each experiment.

Experiments

Pituitary cells were incubated with a various con-

centrations of recombinant annexin 5 for three hours to

see the effect on prolactin release.  After three hours

culture medium was collected and stored at –80ºC

until the assay of rat prolactin.  The effect of annexin

5 (1 �g/ml) on prolactin release induced by various

concentrations of TRH was also tested.  The effect of

annexin 5 blockade on prolactin release was also ex-

amined by incubating cells for three hours with dilu-

tions of annexin 5 antiserum from 1 : 800 to 1 : 100.

The effect of anti-annexin 5 on TRH stimulated pro-

lactin release was then examined.  Pituitary cells were

incubated with various concentrations of TRH and

anti-annexin 5 (1 : 200) for 30 minutes.  Indomethacin

is an inhibitor of prostaglandin synthesis, and prosta-

glandins are also thought to stimulate prolactin release

[21].  Thus, indomethacin (1 mg/ml) was added to

medium containing anti-annexin 5 serum (1 : 200) and

incubated for thirty minutes, to determine if it could

reverse anti-annexin 5 augmentation of prolactin re-

lease.

Hormone assay

Prolactin concentration in the culture medium was

assayed by time-resolved fluorometric immunoassay

using NIDDK rat prolactin assay kit with Delfia sys-

tem (Perkin Elmer Life Sciences, Tokyo, Japan).  Pro-

lactin I-5 was labeled with Europium using a Delfia

Eu-labeling kit (Perkin Elmer Life Sciences).  Anti-

rabbit gamma globulin goat serum was produced in

our laboratory and purified by ammonium sulfate

precipitation.  An Immunoplate (96 wells, Nunc Co.,

Japan) was coated with 200 �l/well of the anti-rabbit

gamma globulin IgG (50 �g/ml) and then optimally

diluted anti-rat prolactin serum (aPRL-S-9) was over-

layed.  Sample and Eu-labeled hormone were incubated

overnight at room temperature and the intensity of

bound label was measured with a Delfia research fluo-

rometer.  All samples were run in duplicate.
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Statistics

Multiple comparisons of differences between means

were analyzed by one-way ANOVA and the Bonferroni

method.  P values less than 0.05 were considered sig-

nificant.

Results

As we previously observed that annexin 5 inhibited

prolactin release on day 8 of primary culture [14], we

first examined the effect of annexin 5 on prolactin

release in the same incubation time of three hours.

The treatment did not affect prolactin release in the

present experimental condition in which all experi-

ments were performed on the second day of primary

culture (Fig. 1).  On the other hand, in cells cultured

for four days, we observed that annexin 5 inhibited

basal prolactin release (unpublished data).  To evaluate

further the inhibitory action of annexin 5 on PRL re-

lease, we examined the effect of annexin 5 on TRH

stimulated PRL release.  While annexin 5 showed no

obvious effects on prolactin release during the three-

hour incubation, annexin 5 (1 �g/ml) suppressed pro-

lactin release when administered simultaneously with

TRH even in thirty minute incubation (Fig. 2).  TRH

stimulated PRL release in a dose dependent manner

and the inhibitory effect of annexin 5 were more ap-

parent at higher doses of TRH.  These results indicate

that intrinsic annexin 5 is enough to suppress basal

PRL secretion but TRH would overcome the effect.

To assess the point, we examined the effect of anti-

annexin 5 on PRL release.  Incubation with anti-

annexin 5 antibody stimulated prolactin release in a

dose dependent manner (Fig. 3).  Surprisingly, add-

ition of TRH did not stimulate further release of pro-

lactin from cultures treated with anti-annexin 5 (Fig.

4).  As TRH stimulates PRL release, at least partly, by

increasing lipoxygenase product [22] and annexin 5

is reported to inhibit phospholipase A
2 
[3], we tested

the effect of indomethacin, a cyclooxygenase inhibitor,

on anti-annexin 5-stimulated PRL release to see whether

constitutive production of prostaglandins is involved

in the augmentation of PRL release by anti-annexin 5.

The increase in prolactin release by anti-annexin 5 was

effectively suppressed by indomethacin.  Indomethacin

itself did not show any effect on basal prolactin release

(Fig. 5).

Discussion

It was shown that annexin 5 inhibits TRH-stimulated

prolactin release while annexin 5 had no obvious effect

on basal PRL release, even if anti-annexin 5 augment-

ed basal prolactin release.  Interestingly, we previously

showed that annexin 5 inhibited basal PRL release on

Fig. 1. Effect of annexin 5 on basal release of prolactin.  On the

day of experiment, cells were preincubated in FCS-free

medium for three hours.  Various doses of recombinant

rat annexin 5 were then administered for three hours.

Data are expressed as mean ± SEM of groups consisting

of three observations.

Fig. 2. Effect of annexin 5 on TRH-stimulated prolactin release.

Two days after cell dissociation, cells were pre-

incubated in FCS-free medium for three hours.  Various

doses of TRH were then administered for 30 min.

Annexin 5 (1 �g/ml) was simultaneously added to half

of groups.  Data are expressed as the mean ± SEM of

groups consisting of three observations.  Asterisks

reveal significant difference between annexin 5-treated

group and control at each TRH concentration (P<0.05).



KAWAMINAMI et al.352

the eighth day of primary culture [14].  In the present

study, all experiments were carried out after a two-day

incubation to shorten experimental period.  The inhibi-

tory effect of annexin 5 on basal prolactin release be-

comes increasingly evident with duration of in vitro

culture, suggesting that annexin 5 is counteracting

some factor which is synthesized during a primary

culture and favors prolactin release by pituitary cells.

It may be eicosanoids, because both cyclooxygenase

and lipoxygenase products stimulate prolactin release

in culture [21] and constitutive synthesis of eicosanoids

in culture is generally observed [23, 24].

Annexin 5 supressed TRH augmented PRL release.

TRH binds its specific G protein coupled receptor [25]

and reportedly signals via the phosphoinositide path-

way to downstream effectors thereby inducing pro-

lactin secretion.  Although the entire mechanism of

prolactin secretion is still obscure, eicosanoids, partic-

ularly lipoxygenase products, are reported to be in-

volved in TRH augmentation of prolactin release [22].

On the other hand, annexin family members, including

annexin 5, inhibit phospholipase A
2
 [3].  It is hypo-

thesized that this repression of phospholipase A
2
 in

turn inhibits TRH-augmented eicosanoid synthesis in

the present experiment.  This idea is compatible with

the results revealing that the inhibitory effect of an-

nexin 5 was more apparent at higher doses of TRH.

Furthermore, suppression of anti-annexin 5-induced

augmentation of prolactin release by indomethacin in-

dicates that there is an inhibition of eicosanoid synthe-

sis by annexin 5 in the culture condition.  If annexin 5

suppresses basal synthesis of eicosanoids presumably

by inhibiting phospholipase A
2
 [26, 27], annexin 5

would also influence the concentration of eicosanoids

Fig. 3. Effect of anti-annexin 5 antibody on basal prolactin

release.  Two days after cell dissociation, cells were pre-

incubated in FCS-free medium for three hours.  Various

dilutions of anti-annexin 5 serum from 1 : 800 to 1 : 100

were then administered for three hours.  Data are ex-

pressed as the mean ± SEM of groups consisting of three

observations. aAX5: antiannexin 5. Asterisk reveals sig-

nificant difference from control group (P<0.05).

Fig. 4. Effect of anti-annexin 5 on TRH-stimulated prolactin

release.  Two days after cell dissociation, cells were pre-

incubated in FCS-free medium for three hours.  Cells

were then treated with various doses of TRH for 30 min.

Anti-annexin 5 (1 : 200) was simultaneously added to

half of the groups.  Data are expressed as mean ± SEM

of groups consisting of three observations.  Asterisks

reveal significant difference between annexin 5-treated

group and control for each TRH concentration (P<0.05).

Fig. 5. Suppression of anti-annexin 5-induced increases in

prolactin release by indomethacin.  Two days after cell

dissociation, culture medium was changed and cells were

pre-incubated in FCS-free medium for three hours.

Anti-annexin 5 (1 : 200), indomethacin (1 �g/ml) or

both were then added for thirty minutes. aAX5: anti-

annexin 5, IM: indomethacin.  Asterisks reveal signifi-

cant difference from control group (P<0.05).
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following TRH addition.  Although further study is

needed to clarify this hypothesis, we suggest that pitui-

tary annexin 5 per se would favor maintaining a local

environment by inhibiting eicosanoid synthesis prob-

ably through repression of phospholipase A
2
 activity.

We previously reported that annexin 5 is synthe-

sized by the gonadotropes, and that GnRH stimulates

its expression [10–13].  Annexin 5 was shown to stim-

ulate gonadotropin release leading us to propose that

annexin 5 is a signal transduction factor downstream

of the GnRH receptor [13, 28].  The results obtained in

the present study regarding the effect of annexin 5 on

prolactin indicate a different mechanism of action

from that seen in the gonadotropes, suggesting that an-

nexin 5 has multiple functions in the anterior pituitary

gland.  We demonstrated that membrane depolariza-

tion by a high concentration of potassium induces ex-

ternalization of annexin 5 by pituitary cells [20], and

although it is unclear how annexin 5 is secreted, the

extracellular presence of annexin 5 has been repeated-

ly reported [3, 29].  Thus, cells that secrete annexin 5,

most probably gonadotropes, could modulate local

eicosanoid concentrations in the pituitary gland there-

by suppressing or stimulating prolactin secretion.  We

hypothesize that annexin 5 is a local regulator of lac-

trotrope function, a possibility which we are currently

investigating in our laboratory.  Interestingly, another

member of the annexin family proteins, annexin 1, was

shown to be involved in the glucocorticoid inhibition

of PRL release induced by cAMP [30].  Annexin 1,

however, was not shown to be involved in the inhibi-

tion by glucocorticoids on TRH-induced PRL release.

These differences indicate a divergence in the mecha-

nism and may reveal specific physiological roles for

each annexin.  

In summary, the present study demonstrates that

pituitary endogenous annexin 5 has an inhibitory

effect on prolactin release probably by suppressing

eicosanoid synthesis in primary pituitary cell culture.

It is suggested that annexin 5 provides a local environ-

ment avoring stimulation of prolactin secretion by

TRH.
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