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Glucose homeostasis is tightly controlled by, first and 
foremost, insulin. There is a minute-to-minute regulation 
of insulin output from the Beta cell to meet changing de- 
mands at and between meals. There is also a long-term 
adaptation of insulin production by changes in total Beta- 
cell mass. Diabetes mellitus develops if any one of these 
processes is insufficient and causes absolute or relative in- 
sulin deficiency. The regulation of insulin biosynthesis and 
release in relation to the aetiology of diabetes has been in- 
tensely studied, while the role of Beta-cell growth has met 
with less interest until recent years. 

In Type 1 (insulin-dependent) diabetes there is a loss of 
Beta cells and decompensation of metabolism following 
autoimmune aggression [1]. Insulin production often rec- 
curs shortly after onset of clinical disease ("honeymoon 
period") suggesting an effort by the reduced Beta-cell 
mass to meet insulin demands. In Type 2 (non-insulin-de- 
pendent) diabetes pathogenesis is less clear and probably 
multifactorial but there is evidence to suggest that a re- 
duced insulin secretory response to glucose and a limited 
capacity for Beta-cell replication predisposes to the dis- 
ease [2, 3]. Studies of the regulation and limitations of 
Beta-cell growth thus appear appropriate for the under- 
standing of the aetiology and pathogenesis of diabetes. 
Present knowledge on the regulation of Beta-cell growth, 
with emphasis on recent studies of Beta-cell DNA replica- 
tion in vitro, is reviewed in this paper. 

Growth of the Beta-cell mass: measurements 
of neogenesis, hypertrophy and replication 

In early studies changes in total Beta-cell or islet mass was 
estimated by volumetric methods. Beta-cell growth would 
then include three aspects: neogenesis or differentiation 
of Beta cells from precursors, change in the size of individ- 
ual Beta cells and Beta-cell replication. 

Early observations of pancreatic cells with both endo- 
crine and non-endocrine characteristics, of insulin-posi- 
tive cells in ductular epithelium and growth of islets in as- 
sociation with ducts were taken as evidence of islet cell 

neogenesis. However, in the absence of morphological 
markers for Beta-cell precursors, direct measurements of 
Beta-cell neogenesis are not possible. There is, however, 
circumstantial evidence to indicate the existence of the 
process since in fetal rats there is an increase of Beta-cell 
mass at the end of gestation which cannot be explained by 
replication and hypertrophy only [4, 5]. 

Growth in size of individual Beta cells has been little 
studied but appears to be regulated by nutritional stimuli. 
Glucose stimulation increases Beta-cell size and is accom- 
panied by ultrastructural signs of increased insulin pro- 
duction [6]. Hypertrophy would thus represent an adapta- 
tion to increased demands on insulin production but it is 
evident that there are limitations to this aspect of Beta-cell 
growth. 

Islet cell replication has usually been estimated by in- 
corporation of tritiated thymidine and the method has 
been extensively validated [7]. More recently the use of 
bromodeoxyuridine as thymidine analogue and its sub- 
sequent detection with antibodies has come into use [8]. 
Biochemical estimations of islet thymidine kinase, an 
enzyme expressed only in the S phase of the cell cycle, can 
also be used as an index of proliferation (Fig. 1) [9]. These 
new methods yield results similar to those of thymidine in- 
corporation but have technical advantages which may 
make them preferable. 

Nutrient regulation of Beta-cell replication 

Glucose-stimulated DNA replication is a well-do- 
cumented characteristic of the Beta cell [10]. In view of 
this unique feature it is surprising that in many investiga- 
tions the preparations of islets or Beta cells used are not 
tested for glucose-stimulated DNA replication prior to 
applying other potential growth factors. By the same 
token, measurements of insulin production in parallel 
with those of cell replication would further affirm the 
quality of the preparation. 

Besides D-glucose, D-mannose or a mixture of essen- 
tial amino acids, which are metabolized by the Beta cell, 
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Fig. 1. D N A  replication in rat islets cultured under different 
stimulatory conditions. Replication was monitored as incorpo- 
ration of tritiated thymidine (left) or as thymidine kinase activ- 
ity (right). [9] 
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Fig. 2. The cell cycle of cultured rat pancreatic islet cells and its sub- 
division into phases. Note the putative sites for regulation of entry 
into active cell cycle and for effects of ageing. [14-16] 

stimulate replication [11, 12] whereas inhibition of glu- 
cose metabolism with mannoheptulose abolishes the 
stimulatory effects [13]. Unmetabolizable sugars such as 
L-glucose, 3-0-methylglucose or fructose are unable to 
stimulate replication [11]. These investigations indicate 
that Beta-cell replication, in parallel with insulin biosyn- 
thesis and release, is linked to the metabolism of regula- 
tory substrates. 

Further information on the regulation of Beta-cell re- 
plication has been obtained by analysis of the cell cycle of 
proliferating Beta-cells (Fig.2). The duration of the cell 
cycle and its subdivision into phases is independent of glu- 
cose which suggests that glucose regulates the fraction of 
cells recruited into a 'proliferative compartment' (PC) of 
cells progressing through the cell cycle [14]. This interpre- 
tation of the cell cycle analysis is in agreement with the 
general concept of a regulatory mechanism at entry into 
the cell cycle which subsequently proceeds according to a 
set programme independent of the initial stimulus [15]. 
Cell cycle analysis under different stimulatory conditions 
makes it possible to estimate the maximal size of the PC 
which in fetal rat islets is approximately 10 %. The remain- 
ing islet cell population would be in an irreversible Go 

phase, unable to re-enter the cell cycle [16]. The important 
issue emerging from these studies is that the regenerative 
capacity of the islets would depend not only on the stimu- 
lus for replication but also on the size of the fraction of 
cells able to replicate. 

Developmental aspects 

The effect on replication of different metabolic substrates 
varies throughout development. In fetal rat islets, up to 
day 20 of gestation, glucose does not stimulate replication 
whereas a mixture of essential amino acids does. At the 
end of gestation islet cell replication becomes glucose sen- 
sitive and the effect of amino acids less prominent (Fig. 3) 
[17]. Postnatally the fraction of islet cells which can be re- 
cruited into the PC diminishes from 10 % perinatally to 
less than 3 % in young adults (Fig. 4) [16, 18]. The replica- 
tory response to amino acids is retained into adult life but 
is less prominent than during fetal life [19]. 

In view of the perinatal changes of substrates available 
to the growing organism it seems appropriate with a 
change from amino acid to glucose regulated islet cell re- 
plication in late gestation as a preparation for postnatal 
life. The factor(s) regulating this developmental switch 
are unknown. Thyroid hormones and growth hormone 
have been implicated but found to be without effect on the 
process [17]. It is noteworthy that glucose stimulation 
which induces a precocious glucose sensitivity of insulin 
release [20, 21] does not have this effect on islet cell repli- 
cation. 

Genetic aspects 

Pancreatic islets from the two inbred, genetically well- 
defined, mouse strains C57B1/6J and C57BI/KsJ differ in 
their capacity for proliferation. In both strains glucose 
stimulates islet cell replication two-fold but the fraction of 
cells which can be recruited into the PC is twice as large in 
the C57B1/6J strain (Fig. 5) [18]. If one of the mutant 
genes 'diabetes' (db) or 'obese' (ob) is crossed onto these 
strains different diabetic syndromes develop. In C57B1/6J 
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Fig.& DNA replication in cultured islets obtained from rat fe- 
tuses of different gestational ages. Replication was stimulated 
by a low glucose concentration (open bars), a high glucose con- 
centration (stippled bars) or a high concentration of essential 
amino acids (hatched bars). Significance of difference: 
*p <0.05, ***p <0.001. [17] 
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Fig.4. Glucose-stimulated DNA replication in cultured islets from 
mice of different ages. Significance of difference: *** p < 0.001. [18] 

the homozygous carrier of either gene develops mild 
diabetes, insulin resistance, obesity and extreme islet 
hyperplasia. In mice of the C57B1/KsJ strain the early 
course of the syndrome is similar but followed by severe 
diabetes, weight loss, Beta-cell degeneration and death 
[22]. These observations suggest a genetically determined 
capacity for islet cell proliferation which modifies pheno- 
typic expression of diabetic syndromes, a notion in sup- 
port of the concept of a multifactorial inheritance of 
human Type 2 diabetes. 

Differences in the capacity for islet cell replication be- 
tween strains have been demonstrated in rats. An associ- 
ation with major histocompatibility haplotypes (MHC) 

could, however, not be detected [23]. Since certain MHC 
haplotypes are associated with the development of 
diabetes in diabetes-prone sublines of the BB/Wistar rat 
[24] it would appear that the capacity for islet cell prolife- 
ration is not a determinant for the development of this 
autoimmune diabetic syndrome. Indeed, the capacity to 
expand islet volume upon glucose stimulation is normal in 
diabetes-prone BB/Wistar rats prior to onset of disease 
[25]. The development of diabetes in these rats may there- 
fore be determined predominantly by the progression of 
autoimmune destruction rather than by the capacity of 
compensatory processes. 

The growth hormone family and insulin-like growth 
factors 

The stimulatory effects of growth hormone (GH) on in- 
sulin production and Beta-cell replication are well-do- 
cumented [10]. GH belongs to a family of hormones with 
common ancestral genes and similarities in structure and 
functional properties [26]. The closely related prolactins 
and placental lactogens also stimulate islet cell replication 
[27]. In many tissues GH stimulates the production and 
release of somatomedins or insulin-like growth factors 
(IGFs) which in turn stimulate cell proliferation locally, 
via autocrine or paracrine mechanisms [28]. IGF I and 
IGF II are released by rat islets [29-31] and exogenously 
added IGF I or IGF II stimulate islet cell replication [29- 
33], altogether suggesting a regulatory role of IGFs. In- 
sulin, which can interact with the type I IGF receptor [34] 
also stimulate islet cell replication [29, 33]. GH, but not 
glucose or amino acids, stimulates IGF I release from both 
fetal and adult rat islets concomitant with an increase in 
islet cell replication [19, 30]. An antibody against IGF I 
can partly abolish the GH-stimulated replication [30] 
(Fig. 6). This indicates a partial mediation by IGF I of the 
growth promoting effects of GH. By contrast, a similar 
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Fig .5 .  Glucose-s t imula ted  D N A  repl icat ion in cu l tu red  islets f rom 
mice of the  C57B1/KsJ  (stippled bars) and C57Bl /6J  (open bars) 
strains. Significance of  difference:  ** p < 0.01, *** p < 0.001. [18] 
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Fig. 6. DNA replication in cultured fetal rat islets after stimulation 
with somatomedin C/insulin-like growth factor I (IGF I) or growth 
hormone (GH). Note that an antibody against IGF I abolishes the 
replicatory response to IGF I but only part of the response to GH. 
Significance of difference: * p < 0.05, ** p < 0.01, *** p < 0.001. [30] 

mediation by IGF I of the stimulation of insulin produc- 
tion cannot be demonstrated [19, 30]. 

In interstitial fluids and plasma IGFs are complexed 
with IGF binding proteins (IGFBPs) which do not act 
merely as carriers but also influence the availability and 
biological actions of IGFs at the tissue level [35]. Indeed, 
both synergistic and inhibitory interactions with IGFs 
have been reported [36, 37]. Fetal rat islets release several 
molecular species with IGFBP properties of which one, 
with apparent molecular weight similar to that of IGFBP- 
2, is stimulated by glucose [31]. Exogenously added 
IGFBP-2 does not per se affect islet cell replication but 
acts in synergy with IGF II to enhance the stimulatory ef- 

I. Swenne: Beta-cell growth and diabetes mellitus 

fect on replication of the growth factor [31]. It would thus 
appear that regulation of islet cell replication by GH, 
IGFs, IGFBPs and nutrients forms a complex network of 
interactions. It is possible that further studies of the role of 
IGFBPs in this process may resolve why in some studies 
the stimulation of islet cell replication by IGFs is poor or 
absent [38, 39]. 

There are, however, further issues to be resolved. Many 
tissues do not express messenger RNAs for IGFs in corre- 
lation with the amount of detectable peptide [40, 41]. Beta 
cells of rats and humans stain for IGF I [41-43] but are 
without detectable messenger RNA for IGF I [40, 44] de- 
spite evidence of IGF I biosynthesis [45]. It has been sug- 
gested that cells which do not synthesize IGFs may be able 
to sequestrate the peptides and later release them upon 
stimulation [41, 42]. This does not rule out regulation of 
islet cell replication by GH and IGF I as suggested above 
but the sites of IGF I biosynthesis and storage require fur- 
ther investigation. 

Another problem is posed by the similarities between 
the members of the growth hormone family. Most investi- 
gations have been performed with human GH which has 
considerable lactogenic properties compared to rodent 
GHs [26]. Rat Beta cells have lactogenic receptors [46] 
and differences in growth stimulation between rat and 
human GH, attributed to differences in lactogenic proper- 
ties, have been demonstrated [47]. The GH effects on is- 
lets in vitro are therefore best regarded as demonstrations 
of possible regulatory pathways [30]. The receptors and 
members of the growth hormone family operating under 
physiological conditions remain to be established. 

Growth factors, oncogenes and growth-related genes 

In many cell types different polypeptide growth factors, 
rather than nutrients, regulate replication. Based on ex- 
periments with BALB/c-3T3 cells platelet-derived growth 
factor (PDGF) and fibroblast growth factor (FGF) have 
been termed 'competence factors' since they do not them- 
selves stimulate entry into the cell cycle but render cells 
able to proliferate upon subsequent stimulation by 'pro- 
gression factors' such as insulin, IGFs or epidermal 
growth factor (EGF) [48, 49]. This distinction has not 
been observed in islets. Both PDGF and IGF stimulate 
islet cell replication and additive rather than synergistic 
effects are seen when tested together (Fig. 7) [32]. Islets 
express only small numbers of PDGF receptors but fol- 
lowing transfection with a gene construct coding for the 
PDGF beta receptor an enhanced response to PDGF can 
be demonstrated [50]. This indicates that islets possess cel- 
lular machinery for growth signal transduction distal to 
the receptor and suggests that PDGF may have a role in 
physiological growth regulation. The endocrine islet cells 
do not themselves produce PDGF-like substances [32] but 
it is possible that non-endocrine islet cells, i. e. fibroblasts 
and endothelial cells, synthesize growth factors with local 
growth-promoting effects. Since PDGF does not stimu- 
late insulin production [32] it would appear that the effects 
of PDGF involve only the fraction of cells which can be re- 
cruited into active cell cycle. 
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Fig. 7. DNA replication of fetal rat islets cultured with 2.7 (o---o) or 
16.7 (~---e) mmol/1 glucose and somatomedin C/insulin-like growth 
factor I (SM-C) and platelet-derived growth factor (PDGF) as indi- 
cated. Note that both peptides independently stimulate replication 
and that effects are additive. Significance of difference vs cultures 
without hormones: * p < 0.05, ** p < 0.01, *** p < 0.001. [32] 

The effect of EGF is unclear since both lack of effect 
and stimulation of replication and insulin production have 
been reported [51, 52]. Since islet cells express EGF bind- 
ing sites [53] an effect of the growth factor would be ex- 
pected but the significance for islet cell function is unclear. 

Viral oncogenes and their normally occurring cellular 
counterparts the protooncogenes code for proteins which 
may act as regulators of growth in normal tissues [54]. In 
normal islets expression of protooncogenes is very low or 
undetectable [55] but they can be used as tools to study 
regulation of cell replication. Islets transfected with a gene 
construct of v-src, which possesses tyrosine kinase activity, 
have an enhanced cell replication. The stimulation of re- 
plication is stronger than that of PDGF + IGF I, which act 
via receptors with tyrosine kinase activity, suggesting that 
the v-src transfected cells by-pass normal receptor activa- 
tion of tyrosine kinase and that the cells are able to re- 
spond with replication to increased tyrosine kinase activ- 
ity [55]. This observation adds further evidence to the 
existence of growth factor regulated, receptor-mediated 
islet cell proliferation. 

Transfection of cells with a gene construct of c-myc, 
which codes for a nuclear protein, or with c-Ha-ras, which 
codes for a GTP-binding protein, does not affect islet cell 
replication. However, in conjunction these protoon- 
cogenes stimulate replication as does carbamylcholine in 
c-myc transfected cells [55, 56]. C-Ha-ras and carbamyl- 
choline activate islet phospholipase C but the role of this 
process in islet cell replication requires further investiga- 
tion [56]. 

Rats subjected to 90% pancreatectomy develop 
diabetes within weeks. Treatment with nicotinamide 
stimulates islet cell regeneration and the incidence of 
diabetes is lowered. The gene reg (for regenerating gene) 
has been isolated from islets of such rats [57]. The gene 
product has been localized to the Beta-cell granules but is 
not restricted to a proliferating cell fraction [58]. A human 
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reg gene has also been identified and its corresponding 
protein shown to share homologies with a pancreatic 
stone protein [59]. Recently a correlation between Beta- 
cell replication and reg gene expression in rat islets cul- 
tured with different nutrient and hormonal stimulators of 
replication has been demonstrated [39]. It is, however, not 
yet clear whether reg gene expression is the cause or con- 
sequence of islet cell regeneration. Moreover, the obser- 
vation that the gene is expressed in all Beta cells may re- 
flect general Beta-cell activation rather than a specific 
replication-related event which would be expected to in- 
volve only a minority of the Beta cells [14]. 

Gastrointestinal peptides 

Gastrointestinal (GI) peptides modulate the secretion of 
both digestive enzymes and hormones. Indeed, it appears 
appropriate that intestinal digestion and metabolic dispo- 
sal of nutrients share a regulatory pathway, the enteroin- 
sular axis [60]. The classic GI peptides gastrin, cholecysto- 
kinin and secretin all stimulate insulin release but among 
many others gastric inhibitory peptide (GIP) has the 
strongest insulinotropic action [61]. GIP release is stimu- 
lated by carbohydrates and lipids and has been implicated 
in the aetiology of obesity and hyperinsulinaemia which 
may precede glucose intolerance and human Type 2 
diabetes [60]. Against this background, it is surprising that 
the effects of GI peptides on islet growth have been little 
studied. Gastrin and cholecystokinin have been shown to 
stimulate islet cell replication [62, 63] but it is evident that 
the role of the enteroinsular axis in islet cell growth re- 
quires further investigation. 

The steroid controversy 

Early work on the effects of steroid hormones on pancre- 
atic islets are unanimous in that glucocorticoid adminis- 
tration in vivo stimulates Beta-cell hypertrophy and pro- 
liferation and increases serum insulin concentration [2]. 
Pancreatic islets have receptors for adrenal steroids [64] 
and the effects of glucocorticoids observed in vitro are in- 
hibition of insulin release [65] and cell replication [66, 67]. 
To further investigate steroid effects in vitro Khatim et al. 
have measured DNA replication as incorporation of 
radioactive ortho-phosphate into DNA rather than as in- 
corporation of radioactive thymidine [68, 69]. In such ex- 
periments an inhibitory effect of steroid hormones is not 
observed. Moreover, in islets cultured with steroid hor- 
mones the activity of thymidylate synthetase is increased. 
It is suggested that an increased synthesis of thymidine 
dilutes the radioactive thymidine pool, decreases its incor- 
poration into DNA and yields an underestimation of 
DNA replication [68, 69]. However, ortho-phosphate in- 
corporation into DNA was not validated in glucose-stimu- 
lated islets nor was the specific activity of the intracellular 
thymidine pool directly measured. It is also of interest to 
note that in islets cultured in the presence of steroid hor- 
mones, the thymidine kinase activity is decreased [68] 
which indicates a diminished DNA replication [9]. 
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The difference between the in vivo and in vitro effects 
makes it difficult to assess the physiological role of gluco- 
corticoids but the weight of evidence favours indirect, 
stimulatory effects as being predominant in vivo. Gluco- 
corticoids increase hepatic glucose production and pe- 
ripheral resistance to the actions of insulin. The glycaemic 
stimulation of the Beta cells may override any direct effect 
of the steroids but since the compensatory potential of the 
Beta cells is limited diabetes may develop if the steroid 
load is excessive. Animals with steroid diabetes have 
hypertrophied islets [70, 71] which suggests that diabetes 
develops not as a consequence of direct inhibitory effects 
on Beta-cell function but rather from insufficient compen- 
satory growth and insulin production. 

Pregnancy and sex steroids 

During pregnancy the total Beta-cell mass increases 
[72, 73]. Islet cell DNA replication is increased but it is 
possible that the other aspects of growth also contribute to 
the increased Beta-cell mass [74]. Sex steroids are impli- 
cated in the process and pancreatic islets have receptors 
for both oestrogens [75] and progesterones [76]. Direct ef- 
fects on islet cell replication have been tested in vitro. Re- 
suits are, however, confusing since both oestrogens and 
progesterones have been reported to inhibit or alterna- 
tively be without effect on proliferation [68, 69, 77, 78]. As 
with glucocorticoids, the discrepancies between observa- 
tions in vivo and in vitro are best explained by predomi- 
nance of indirect effects of the hormones in vivo. In sup- 
port of this is the observation that increased glucose- 
stimulated insulin release in islets from pregnant rats is 
partly due to an increased food intake [79], which in turn 
could be an effect of progesterones. Moreover, peripheral 
resistance to the actions of insulin is increased during 
pregnancy [80] and the decreased capacity for glucose dis- 
posal would stimulate Beta-cell growth and compensatory 
increases in insulin production. The regulation during 
pregnancy of glucose metabolism and Beta-cell growth by 
sex steroids is thus requiring further investigation and it 
would appear that such studies are best performed in the 
intact, pregnant animal. 

Cyclic AMP and phosphodiesterase inhibitors 

In Beta cells glucose metabolism increases intracellular 
cyclic AMP (cAMP) concentrations [81] and a role in glu- 
cose-stimulated DNA replication has been suggested. In- 
vestigations are contradictory and difficult to interpret. 
Stimulation of endogenous cAMP formation with for- 
skolin or glucagon enhances islet cell DNA replication 
[66, 82]. Cyclic AMP analogues have been reported both 
inhibitory and stimulatory [83, 84]. Of phosphodiesterase 
inhibitors theophylline is inhibitory [13, 83] while isobu- 
tyl-methyl-xanthine (IBMX) is either stimulatory or in- 
hibitory depending on the concentration used [83, 84]. 
Theophylline and IBMX have effects on Beta cells, other 
than phosphodiesterase inhibition, which may influence 
DNA replication [85, 86]. This pharmacologic approach 
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may thus be excessive compared to the often subtle 
changes in cyclic nucleotides observed during the cell 
cycle [87]. It is also possible that regulation and effects of 
cAMP are different in proliferating compared to resting 
Beta cells, but this notion requires further substantiation. 

Antidiabetic drugs 

The hypothesis that the antidiabetic effect of sulphonyl- 
ureas partly depends on stimulation of islet growth is at- 
tractive. Early studies of sulphonylurea-treated animals 
are not in agreement but most suggest hypertrophy and/or 
neogenesis of islet cells [2]. Investigations in vitro are not 
conclusive since tolbutamide and glibenclamide have 
been reported to both stimulate islet cell replication and 
to be without effect [66, 67, 88, 89]. Sulphonylureas stimu- 
late insulin release by interaction with an ATP-dependent 
potassium channel in the plasma membrane of the Beta 
cell [90] but whether this can influence replication has not 
been investigated. 

Beta-cell growth and the aetiology of diabetes meilitus 

In obesity total Beta-cell mass is increased in response to 
increased peripheral insulin resistance. It is conceivable 
that if the Beta-cell growth response is deficient insulin 
production may become insufficient and diabetes de- 
velop. In strong support of this is the observation of de- 
creased total Beta-cell mass in Type 2 diabetes compared 
to weight-matched control subjects [3]. It could be argued 
that a modest decrease of Beta-cell mass cannot cause 
diabetes in view of the great reserve for insulin production 
of the islet organ [2]. A reduced Beta-cell mass would, 
however, be subjected to a persistently increased func- 
tional load which in the long-term may exhaust insulin re- 
lease [91]. Present knowledge therefore suggests that to 
insulin secretion and insulin resistance, two classic factors 
investigated for their role in the aetiology of Type 2 
diabetes, should be added a third, the capacity for Beta- 
cell growth. 

A deficient Beta-cell proliferation may be of less im- 
portance in the pathogenesis of Type 1 diabetes since the 
severity of the autoimmune attack may be the most im- 
portant determinant of outcome. The honeymoon period, 
with increasing insulin production and decreasing needs 
for insulin replacement, shortly after onset of clinical dis- 
ease may nevertheless represent a regenerative effort to 
meet insulin demands. Compensation is, however, usually 
incomplete and relapse inevitably follows. If immunosup- 
pressive treatment can halt Beta-cell destruction it is cru- 
cial that the remaining Beta cells have regenerative ca- 
pacity to compensate for the losses. In view of the limited 
proliferative compartment of the islets it is probably 
necessary that such treatment is installed early in the 
course of autoimmune Beta cell destruction if clinically 
overt diabetes is not to develop. In this context it is notable 
that the immunosuppressant cyclosporin A inhibits islet 
cell replication [92] and that the effect of high-dose gluco- 
corticoid treatment on Beta-cell growth is unknown. 
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It  is shown in this rev iew tha t  nut r ien ts ,  and  mos t  no t -  
ab ly  glucose,  a re  m a j o r  s t imula to r s  of  Be ta -ce l l  p ro l i f e r a -  
t ion and  tha t  the i r  effects  can be  m o d u l a t e d  by  h o r m o n e s  
and g rowth  factors .  T h e r e  is no  ev idence  to ind ica te  tha t  
a l t e ra t ions  in the  abi l i ty  to  s t imula t e  ind iv idua l  Be t a  cells 
to r ep l i ca t e  causes  the  d e v e l o p m e n t  of  d iabetes .  Ava i l ab l e  
da ta  r a the r  suggest  tha t  l imi ta t ions  of  the  to ta l  r e g e n e r a -  
t ive capaci ty,  as i nd i ca t ed  by  the size of  the  p ro l i f e ra t ive  
c o m p a r t m e n t ,  d e t e r m i n e  w h e t h e r  c o m p e n s a t o r y  g rowth  
will  be  successful  or  d i abe t e s  deve lops .  This  capac i ty  de-  
pends  on  p re - se t  gene t ic  fac tors  and  the  age of  the  individ-  
ual. Howeve r ,  e n v i r o n m e n t a l  inf luences  m a y  in t e r f e re  
wi th  the  full  express ion  of  the  gene t ic  po ten t i a l .  T e m p o -  
ra ry  ma lnu t r i t i on  in y o u n g  ra ts  causes  a r educ t i on  of  B e t a -  
cell mass  which  pers is ts  in to  adu l t  life [93]. I t  m a y  thus  be  
tha t  ea r ly  insults  to  Be ta -ce l l  g rowth  and d e v e l o p m e n t  
confer  a l i fe- long r educ t ion  of  the  abi l i ty  to  increase  B e t a -  
cell mass  and  insul in  p r o d u c t i o n  in r e sponse  to d iabe-  
togenic  st imuli .  This  no t i on  opens  new pe r spec t ives  and 
areas  of  inves t iga t ion .  
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