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Abstract. A growing body of evidence suggests that prolactin (PRL) is a potent regulator
of the structure and function of the islets of Langerhans, but PRL is a polymorphic
hormone that exists in several molecular forms. Therefore, it is important to know
whether glycosylated PRL, a major structural variant of the hormone in several species,
has an effect different from that of the nonglycosylated PRL on islet function. This in
vitro study examined the differential effects of glycosylated and nonglycosylated porcine
PRL on cell division and insulin secretion from neonatal rat islets, and compared these
results with those produced by homologous rat PRL. The nonglycosylated porcine PRL
produced modest stimulation of cell division and insulin secretion from rat islets, but
glycosylated porcine PRL had no significant effects. The stimulations produced by
nonglycosylated porcine PRL were much weaker in comparison to those produced by
the homologous rat PRL. The results show differential effects of the two structural
variants of porcine PRL on rat islet function. Although these findings must be confirmed
in a homologous system, the results present the possibility that the structural form of
the PRL molecule available to the islet tissue may be crucial for its normal

functioning.
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onstrating that prolactin is a potent regulator of
the structure and function of islets of Langer-
hans (1-8). Two of the most important of these features
is prolactin’s ability to induce islet B cell division and
enhance insulin secretion. In addition to prolactin’s
direct effects on islets, it also may alter insulin metab-
olism by inducing a state of peripheral insulin resistance
(1, 9), similar to that observed during pregnancy (10).
Recent studies have revealed the existence of pro-
lactin (PRL) in several molecular forms (11). Among
the different forms so far identified, glycosylated PRL
(G-PRL) is a major constituent, forming as much as
40% of the total pituitary PRL in some species (12).
Moreover the ratio of the nonglycosylated to glycosy-

Considerable evidence has been accumulated dem-
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lated forms of PRL are subject to change, as has been
demonstrated during pregnancy (13).

In this report, we examined the direct effects of
glycosylated and nonglycosylated prolactins on insulin
secretion and islet cell division in neonatal rat islets in
vitro. Since rat pituitaries are small and offer very little
glycosylated PRL for isolation, hormones purified from
porcine pituitaries were used for these studies.

Materials and Methods

Islet Isolation and Culture. Neonatal rat islets were
isolated from 3- to 5-day-old rats pooled from two or
more litters (Sprague-Dawley; Holtzman, Madison, WI)
by a nonenzymatic culture method described previ-
ously (14). Groups of 30 islets were transferred to 24-
well plates (Costar, Cambridge, MA) and cultured free
floating in 2 ml of RPMI 1640 medium containing 10
mM glucose (Gibco, Grand Island, NY) supplemented
with 10% horse serum, 25 mM HEPES, and 1% peni-
cillin-streptomycin-fungizone antibiotic-antimycotic.

Determination of Hormone Effect on Insulin Se-
cretion. For each experiment, the multiwells were in-
cubated at 37°C in a humidified atmosphere of 95% air
and 5% CO, (7). The hormones were added to the
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cultures as concentrated sterile aqueous solutions. The
cultures were carried out for 8 days. The culture me-
dium was replaced with fresh medium every 24 hr and
stored frozen for subsequent assay. Insulin concentra-
tions were determined by radioimmunoassay (15) using
rat insulin standards (Novo, Danbury, CT).

Bromodeoxyuridine Immunocytochemistry. To
estimate islet B cell proliferation, bromodeoxyuridine
(BrdU) was added to the culture medium to a final
concentration of 10 uM for the final 24 hr of culture.
When the cultures were discontinued, the islets were
washed, fixed, and immunostained with mouse mono-
clonal anti-BrdU antibody (Becton-Dickinson, Moun-
tain View, CA). For a secondary antibody, fluoroscein
isothiocyanate-conjugated goat anti-mouse IgG (Jack-
son ImmunoResearch Laboratories, West Grove, PA)
was used. To determine islet B cell proliferation, the
number of BrdU-labeled nuclei/islet was determined
by direct observation with conventional epifluorescence
microscopy. Slides were coded so that the evaluator
was unaware of the treatment groups. Details of this
procedure, for islet studies, have been reported previ-
ously (8). At least 100 islets were examined from each
experimental group.

Hormone Preparations. The rat PRL, obtained
from the National Hormone and Pituitary Program,
(NIDDK-rPRL-B-6, 25.0 IU/mg) had 0.35% growth
hormone contamination by weight. Porcine PRL
(USDA pPRL B-1) was obtained from the U.S. De-
partment of Agriculture Animal Hormone Program. It
contains both glycosylated and nonglycosylated forms
1n an approximately 40:60 ratio. Nonglycosylated por-
cine PRL and glycosylated porcine PRL were purified
in our laboratory as described previously (16). The
glycosylated form used consisted of two types—one
that binds to concanavalin A (retained fraction; G* of
Ref. 16) and one that does not bind to concanavalin A
(unretained fraction; G* of Ref. 16). Due to the limited
availability of some of the hormones, a single dose of
500 ng/ml was used for these experiments. We have
shown previously that 500 ng/mi of PRL has a maxi-
mum effect on islets (7, 8). The stimulatory effect
of PRL on islet cell function is highly specific, as
the action is completely blocked by PRL antibodies
(Table I).

Data Analysis and Presentation of Results. For
an individual experiment, each experimental group was
replicated six times and each experiment was repeated
twice. All results are expressed as the mean £ SE of n
observations. Statistical differences between means
were assessed by analysis of variance with Bonferroni’s
post-hoc test for multiple comparisons.

Results

Effect of PRL Variants on Islet Cell Proliferation.
To compare the effects of rat PRL (rPRL), porcine PRL
(pPRL), nonglycosylated pPRL, and two forms of gly-
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Table |. Biockage of PRL Action on Islet Cell
Function by Antiserum to PRL

Insulin secretion BrdU-labeled
Group

(mU) nucleifislet
Control 15+ 2* 25+ 0.3"
Ovine PRL (500 ng/ml) 24 + 21 35.0 £ 5.0
Ovine PRL (500 ng/ml) + 7+ 1% 1.5+ 0.5"

anti-ovine PRL serum
(50 ub)

Note: Means with common symbols (*, +, 1) are statistically not
different from one another (P > 0.05).
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Figure 1. Effect of nonglycosylated and glycosylated prolactins on
BrdU incorporation into neonatal islets. Preparations predominantly
containing nonglycosylated prolactin, such as rPRL, pPRL, and non-
glycosylated pPRL (NG-pPRL), significantly enhanced BrdU incorpo-
ration (P < 0.01, n = 6). Neither variant of the glycosylated prolactin,
concanavalin A (ConA)-retained or unretained, affected BrdU incor-
poration (P > 0.10, n = 6).

cosylated pPRL on islet cell division, the data were
plotted in Figure 1. In control islets, the mean number
of BrdU-labeled nuclei/islet was 1.2 + 0.16. rPRL
treatment resulted in an 8-fold increase in BrdU-labeled
nuclei/islet (9.5 = 0.6; P < 0.001). pPRL treatment
resulted in a 3-fold increase in BrdU-labeled nuclei/
islet (3.4 = 0.4; P < 0.006). Similarly, the nonglycosy-
lated form of pPRL increased BrdU labeling 3-fold (3.1
+ 0.3; P < 0.01), whereas the glycosylated forms of
pPRL were ineffective (2.0 £ 0.2 and 1.9 = 0.2; P >
0.10). Results from two separate experiments were very
similar.



Effect of PRL Variants on Insulin Secretion. To
compare the effects of rPRL, pPRL, nonglycosylated
pPRL, and two forms of glycosylated pPRL on insulin
secretion, the islets were cultured in the presence of 500
ng/ml of each of the hormones for 8 days. Culture
media were changed daily and the amount of insulin
secreted was determined. The cumulative insulin se-
creted during the 8-day culture period for the control
group was 6.3 £ 0.6 mU (Fig. 2). rPRL treatment
resulted in a 2-fold increase in insulin secretion (12.1
+ 0.4 mU; P < 0.001). pPRL (8.2 = 0.4 mU) and
nonglycosylated pPRL (8.5 + 0.6 mU) significantly (P
< 0.05) enhanced insulin secretion, whereas the glyco-
sylated forms of pPRL were ineffective (7.6 + 0.6 and
8.0 £ 0.4 mU; P > 0.10). Results from two separate
experiments were very similar.

Discussion

The results of this study demonstrate that porcine
PRL is less effective than the homologous rat PRL in
stimulating cell division and insulin secretion from rat
islets. This is in accord with previous findings compar-
ing human and rat growth hormone (7),"and is most
likely due to the structural differences between hor-
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Figure 2. Effect of nonglycosylated and glycosylated prolactins on
insulin secretion from neonatal islets. Preparations containing pre-
dominantly nonglycosylated prolactin, such as rPRL, pPRL, and
nonglycosylated pPRL (NG-pPRL), significantly enhanced insulin se-
cretion (P < 0.03, n = 6). Neither variant of the glycosylated prolactin,
concanavalin A (ConA)-retained or unretained, affected insulin secre-
tion (P> 0.10, n = 6).

mones of the two species. Porcine PRL has only 64%
sequence homology with rat PRL (17).

It is also obvious from these results that the non-
glycosylated form of porcine PRL is more effective than
the two glycosylated forms tested in stimulating cell
proliferation and insulin secretion from rat islets. Mar-
koff er al. (18) found the ovine G-PRL also to have no
effect on insulin release from rat islets over a 6-day
culture period. PRL binding sites have been detected
in islets of Langerhans (19, 20). In addition, immuno-
reactive PRL has been localized within the cytoplasm
of the insulin-secreting B cells (21). Our studies suggest
that the PRL which binds to islets and which can be
detected within B cells is likely to be the nonglycosy-
lated form of the hormone. The structure of the car-
bohydrate in porcine G-PRL is not known, but it
appears that the attachment of the sugar moiety to the
molecule alters it sufficiently such that it no longer is
able to act on the islet tissue. Thus, glycosylation seems
to confer tissue specificity to the molecule for the
expression of biologic action.

The clinical implications of the inability of G-PRL
to stimulate B cell function could be significant. B cell
function could become adversely affected in individuals
who secrete predominantly G-PRL or inadequate
amounts of nonglycosylated PRL. Many studies indi-
cate that PRL is responsible for the maintenance of
immunocompetence in animals and human beings
(22). Thus, a preponderance of G-PRL, a less bioactive
form of the hormone, could play an etiologic role by
way of the disturbed immune function as well in dia-
betic patients.

These results document the differential effects of
PRL variants on B cell division and function, and point
to the importance of giving due consideration to the
structural heterogeneity of PRL in studies of its biologic
and pathologic actions.
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