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(57) ABSTRACT 

The diagnosis of diabetes based on the level or ratio of P 
and A-type inositolphosphoglycans (IPGs) in a sample from 
a patient, and the use of P- and A-type IPGs or their 
antagonists in the treatment of diabetes is disclosed. In 
particular, the present invention provides treatment of 
IDDM or lean type II diabetes (NIDDM) With a mixture of 
P- and A-type mediators, and treatment of obese type II 
diabetes (NIDDM) With a P-type mediator and/or an A-type 
antagonist. 
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MATERIALS AND METHODS RELATING TO THE 
DIAGNOSIS AND TREATMENT OF DIABETES 

AND OBESITY 

FIELD OF THE INVENTION 

[0001] The present invention relates to materials and 
methods for the diagnosis and treatment of diabetes and 
associated obesity. 

BACKGROUND OF THE INVENTION 

[0002] Diabetes is said to affect about 5% of the World 
population. The etiology of the tWo major forms of diabetes, 
referred to as insulin-dependent diabetes (IDDM) and non 
insulin dependent diabetes (NIDDM), is quite different 
despite similarities in their pathophysiologies. IDDM often 
arises in early life, and is due to autoimmune destruction of 
pancreatic [3-cells resulting in partial or complete loss of 
[3-cell function. NIDDM is more common in later life, 
typically more than 40 years in age, and about 85% of all 
diabetics have this form. While the NIDDM group is best 
regarded as a heterogeneous set of disorders, tWo major 
sub-groups are recognised, these are the non-obese, and the 
obese, With the latter being some 30% of the cases 

[0003] Some 60 years ago, HimsWorth [2] ?rst described 
the concept of variability in the sensitivity to insulin Insulin 
resistance, de?ned as the impaired sensitivity of the effects 
of insulin on Whole body glucose utiliZation, has, as major 
components, the suppression of hepatic glucose production 
and the disposal of glucose loads by muscle via glycogen 
synthesis and glucose oxidation [3,4]. The importance of 
insulin resistance in the pathophysiology of NIDDM and the 
increased risk factors for vascular disease in insulin resistant 
individuals has been highlighted by Reaven [5,6], Who 
described a cluster of risk factors under the term ‘syndrome 
X’ Which included; glucose intolerance, high circulating 
insulin, disordered lipid metabolism and hypertension. The 
increased prevalence of NIDDM in developed countries 
together With its association With heart disease and stroke, 
makes this one of the most devastating diseases in the 
Western World. 

[0004] It is, perhaps, surprising, despite the remarkable 
increase in our understanding of the complex signalling 
functions of insulin, of the cellular and molecular mecha 
nisms that underlie the diverse actions of this hormone, and 
of the role of mutant insulin receptors in insulin resistance, 
that standard texts and recent revieW state that “The etiology 
and pathogenesis of the most frequent types of NIDDM, 
hoWever, are not Well de?ned”[1]; that “The mechanisms 
linking obesity and insulin resistance are not knoWn”[7]; and 
that “ . . . the search for the physiological, biochemical and 

molecular basis for cardiovascular risk factor clustering in 
syndrome X continues”[8]. 

SUMMARY OF THE INVENTION 

[0005] A neW insight into the understanding of insulin 
action and NIDDM has emerged from the identi?cation and 
partial characterisation of tWo families of inositol phospho 
glycans (IPGs), each exhibiting speci?c insulin-mimetic 
properties certain of Which are shoWn in Table 1. The IPG 
A-type stimulate lipogenesis, inhibit cAMP-dependent pro 
tein kinase and modify the activity of adenylate cyclase and 
cAMP-phosphodiesterase, thus contributing to the control of 
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cAMP and cAMP-regulated intracellular processes Which 
are classically inhibited by insulin. The IPG P-type activate, 
among other enZymes, pyruvate dehydrogenase phosphatase 
(PDH P’ase), glycogen synthase phosphatase and glycerol 
3-phosphate acyl transferase. The activation of key phos 
phoprotein phosphatases plays a major role in the regulation 
of the disposal of glucose by oxidative metabolism via PDH, 
and by the non-oxidative route of storage by glycogen 
synthesis, both pathWays classically knoWn to be regulated 
by insulin [see 9-12]. 
[0006] The reported occurrence of inositol phosphogly 
cans in a Wide range of tissues, and the in?uence of insulin 
on their release both in vivo and in vitro [10,12,13], has led 
to an intense interest in the role these compounds might play 
in the pathogenesis of experimental, genetic and clinical 
form of diabetes. Evidence that these inositol-containing 
compounds are important in insulin signalling comes both 
from in vitro studies on isolated cells and in vivo measure 
ments using animal models of IDDM (type-I) and NIDDM 
(type-II) diabetes, including the ?ndings that: 

[0007] (a) Addition of antibody With anti-IPG speci 
?city is able to block both the metabolic and mito 
genic actions of insulin [14, Rademacher et al, 
unpublished observations]. 

[0008] (b) Anti-IPG antiserum inhibits the stimulat 
ing effects of insulin and P-type IPG on adipocyte 
glycerol-3phosphate acyltransferase in normal 
Wistar rats [15]. 

[0009] (c) Mutant cells unable to synthesiZe IPGs 
respond to insulin as determined by tyrosine phos 
phorylation, but are not stimulated to elicit at least 
some of the metabolic effects of the hormone, in 
particular glycogen synthesis [16]. 

[0010] (d) The glycans promote serine/threonine 
dephosphorylation in adipocyte extracts via a 
mechanism requiring protein phosphatase 1, the 
phosphatase that regulates the activity of both gly 
cogen synthase and phosphorylase [16,17]. 

[0011] (e) Impairment of glycosyl-phosphatidyl 
inositol-dependent insulin signalling system in iso 
lated rat hepatocytes by strepotoZotocin-induced dia 
betes [18]. 

[0012] Diabetic GK rats, recognised as a model 
for insulin-resistant type II diabetes [9], have a defect 
in synthesiZing or releasing functional IPGs as 
shoWn by the impaired insulin-induced activation of 
glycerol-3-phosphate acyltransferase by a chiro 
inositol-containing insulin mediator [15] and 
impaired skeletal muscle glycogen synthase activa 
tion by insulin [19]. 

[0013] (g) Infusion of chiro-inositol into normal rats 
given a glucose load, or to streptoZotocin-diabetic 
rats, results in decreased plasma glucose and 
enhanced activity of glycogen synthase: positive 
effects of chiro-inositol treatment on insulin-resistant 
Rhesus monkeys have also been reported [20,21]. 

[0014] Evidence that IPGs are important in the pathogen 
esis of human insulin-resistant type II diabetes derives 
largely from studies in Which tWo basic approaches have 
been used (see Table 2): 
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[0015] (a) Measurements of the free chiro- and myo 
inositol content of urine of diabetic subjects using 
gas chromatography and mass spectrometry. 

[0016] (b) Measurement of the bioactivity of inositol 
phosphoglycan mediators in urine and tissue extracts 
employing bioassay procedures, eg activation of 
pyruvate dehydrogenase phosphatase, inhibition of 
cAMP-dependent protein kinase. The main ?ndings 
from these studies are given in Table 2. 

[0017] 
[0018] (a) Free chiro-inositol. This Was shoWn to be 

decreased in urine of NIDDM subjects by Kenning 
ton et al [22] and by Suzuki et al [23], and to be 
decreased in urine of spontaneously diabetic rhesus 
monkeys [24]. The decreased urinary excretion rate 
has been reported to be directly associated With 
insulin resistance in a number of studies in human 
patients [22,25]. In contrast, increased urinary con 
centrations of chiro-inositol Were reported by 
Ostlune et al [26]. The discrepancies betWeen these 
reports have not been resolved. 

In summary: 

[0019] (b) IPG P-type. Decreases in urinary excretion 
levels, as Well as decreased concentration of chiro 
inositol-containing IPGs, Were found in muscle 
biopsy samples and haemodialysates of diabetic 
patients [25]. 

[0020] (c) Free myo-inositol. This Was reported to be 
increased in urine of NIDDM subjects in studies by 
Kennington et al [22] and by Ostlund et al [26]. 

[0021] (d) IPG A-type. Asplin et al [25] reported 
unchanged IPG A-Type in urine of NIDDM subjects 
using the bioassay system of inhibition of cAMP 
dependent protein kinase. 

[0022] TWo other lines of Work give further support to the 
concept that IPGs play a signi?cant role in the insulin signal 
transduction system in diabetic patients. 

[0023] (a) The report that increased plasma levels of 
chiro-inositol Were found in diabetic patients treated 
With insulin [Ostlund et al 26]. 

[0024] (b) Studies by ProchaZha et al [27] on the 
genetic basis for insulin resistance in Pima Indians, 
centred on the genetic analysis of protein phos 
phatase 1 (PP1), a key regulatory enZyme in glyco 
gen synthesis. Their conclusion that the structural 
gene for PP1 catalytic b subunit does not appear to 
be a major genetic determinant responsible for PP1 
abnormalities, lends further support to the concept of 
a key role for inositol-containing phosphoglycans in 
the aetiology of insulin resistance and disordered 
glycogen metabolism. 

[0025] In vieW of: the groWing body of evidence 
pointing to the importance of the inositol phosphoglycans in 
insulin action and disorders of insulin response in NIDDM, 
(ii) the key role IPG P-type and IPG A-type play in the 
regulation of enZymes involved in disposal of glucose by 
oxidative and non-oxidative routes, in the regulation of 
lipogenesis, triacylqlycerol formation and lipolysis, and in 
gluconeogenesis, (iii) the divergent and meagre data on the 
bioactive species of IPG P-type and IPG A-type in urine; it 
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Was deemed important to make a detailed study of the 
relationship betWeen urinary IPGs and NIDDM in a cross 
sectional study of spot urine samples from a randomised 
series of male diabetic patients, (iv) studies on the measure 
ment in urine of chiro and myo-inositol have been compli 
cated by the fact that both breakdoWn of endogenous IPGs 
and dietary sources of the sugars Will be present. Thus, prior 
art studies in this area Which assumed that the P-type 
mediator contains chiro-inositol and that the A-type media 
tor contains myo-inositol must be interpreted With caution, 
see Fonteles, M C, Huang, L C, Larner, J, Diabetologia, 
39:731-734, (1996), in Which the authors report that they 
incorrectly identi?ed the inositol in the P-type mediator 
Which is pinitol and not chiro-inositol. As pinitol is not 
converted to chiro-inositol by the acid conditions used in 
carbohydrate analysis, this is an example of misidenti?ca 
tion in this area. 

[0026] This invention arises from the discovery, as 
detailed beloW, of a correlation betWeen levels of A-type and 
P-type IPGs, and the ratio of P-type to A-type, and the 
occurrence of certain forms of diabetes and obesity. 

[0027] The present invention provides, inter alia: 

[0028] (1) Diagnosis of type II diabetes (NIDDM) by 
measuring the ratio of P-type:A-type mediators in 
blood or urine. 

[0029] (2) Treatment of IDDM or lean type II diabe 
tes (NIDDM) (BMI<27) With a mixture of P- and 
A-type mediators. 

[0030] (3) Treatment of obese type II diabetes 
(NIDDM) With a P-type mediator and/or an A-type 
antagonist. 

[0031] A therapeutic treatment for type II obese diabetics 
comprises administering an antagonist to A-type IPG. We 
shoW herein (see FIG. 5B) that male obese type II diabetics 
release a 2:1 unit ratio of P:A mediators. The A-type drives 
glucose into fat While the P-type drives glucose into glyco 
gen for energy consumption. In the type II diabetics, insulin 
stimulates the release of 6 units of P-type for every 3 units 
of A-type. In contrast for lean diabetics or type I (insulin 
de?cient) or control patients insulin stimulates the release of 
6 units of P-type for every one unit of A-type. The obese 
diabetics therefore drive three times as much glucose into fat 
as the normal controls or lean diabetics. 80% of blood 
glucose is normally taken up by muscle Which is a P-type 
responsive tissue. In the type II diabetics, less goes into 
muscle and more into fat, but removal by fatty tissue is less 
ef?cient and consequently the blood glucose levels rise, 
giving rise to the diabetic state. These patients normally are 
then hyperinsulinaemic Which pushes more glucose into the 
fat compounding the problem and setting up a vicious cycle. 

[0032] For treatment of type I diabetes, about a 6:1 mix 
ture of P:A mediators can be used in males, and about a 4:1 
mixture in females. 

[0033] Accordingly, in a ?rst aspect, the present invention 
provides a method of diagnosing diabetes, the method 
comprising determining the level or ratio of P- and/or A-type 
inositolphosphoglycans (IPGs) in a biological sample from 
a patient. The determination of this ratio helps to accurately 
assign the patient to a diabetic group, alloWing the treatment 
of diabetes in the patient to be tailored accordingly to that 



US 2004/0063156 A1 

group and/or the patient’s individual needs, eg by then 
administering to the patient appropriate amounts of P- or 
A-type IPGs, or their antagonists, to correct the levels and/or 
ratio of these compounds in the patient. 

[0034] In one embodiment, the method of diagnosing 
diabetes comprises the steps of: 

[0035] (a) contacting a biological sample obtained 
from the patient With a solid support having immo 
bilised thereon a ?rst binding agent having binding 
sites speci?c for one or more P-type IPGs and a 
second binding agent having binding sites for one or 
more A-type IPGs; 

[0036] (b) contacting the solid support With one or 
more labelled developing agents capable of binding 
to unoccupied binding sites, bound IPGs or occupied 
binding sites; and, 

[0037] (c) detecting the label of the developing 
agents speci?cally binding in step (b) to obtain 
values representative of the levels of the P- and 
A-type IPGs in the sample. 

[0038] Preferably, the method comprises the further step 
of: 

[0039] (d) using the values to obtain a ratio of the P- and 
A-type IPGs in the sample. 

[0040] Additionally or alternatively, the levels of the P 
and/or A-type IPGs in a sample, and hence their ratio, can be 
determined using one or more the assays for P- and A-type 
biological activity described beloW. 

[0041] In a further aspect, the present invention provides 
the use of P- or A-type inositolphosphoglycans (IPGs), or 
antagonists to P- or A-type IPGs, in the preparation of a 
medicament for the treatment of diabetes. 

[0042] In one embodiment, the present invention provides 
the use of an A-type IPG antagonist and/or a P-type IPG in 
the preparation of a medicament for the treatment of obese 
type II diabetes. As described above, these patients have a 
form of diabetes characterised by an reduced ratio of RA 
type IPGs. 

[0043] In a further embodiment, the present invention 
provides the use of P-type and A-type IPGs in the prepara 
tion of a medicament for the treatment of IDDM or lean type 
II diabetes (NIDDM). In this embodiment, preferably, the 
PzA-type ratio is about 6:1 mixture for male patients and 
about a 4:1 mixture for female patients. In this use, the P 
and A-type IPGs can be administered to the patient sepa 
rately or formulated together for administration. As men 
tioned above, it is expected that formulations Will be tailored 
to each individual patient depending on the levels or ratio of 
the IPGs in the patient. The formulations may be tailored by 
the physician or by the patient at the time of administration. 

[0044] In a further aspect, the present invention provides 
a pharmaceutical composition comprising an A-type IPG 
antagonist and/or a P-type IPG in combination With a 
pharmaceutically acceptable carrier. 

[0045] In a further aspect, the present invention provides 
a pharmaceutical composition comprising a mixture of P 
and A-type IPGs in combination With a pharmaceutically 
acceptable carrier. 
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[0046] In a further aspect, the present invention provides 
a kit for treating obese type II diabetes comprising a ?rst 
container of P-type IPG and a second container of A-type 
IPG antagonist, for simultaneous or sequential administra 
tion. 

[0047] In a further aspect, the present invention provides 
a method of screening for P- or A-type IPG antagonists, the 
method comprising: 

[0048] (a) contacting a candidate antagonist and a P 
or A-type IPG in an assay for a biological property 
of the P- orA-type IPG under conditions in Which the 
IPG and the candidate antagonist can compete; 

[0049] (b) measuring the biological property of the 
IPG; and, 

[0050] (c) selecting candidate antagonists Which 
reduce the biological activity of the IPG. 

[0051] The present invention Will noW be described by 
Way of example and not by limitation With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1A shoWs a graph of IPG A- and IPG P-type 
content of urine from diabetic subjects (arranged in order of 
IPG A-type content). 
[0053] FIG. 1B shoWs a graph of IPG A- and IPG P-type 
content of urine from control subjects (arranged in order of 
IPG A-type content). 
[0054] FIG. 2 shoWs the IPG A- and IPG P-type content 
of urine from diabetic subjects shoWing high IPG A-type and 
high IPG F-type groups With their HbAl values. 

[0055] FIGS. 3A,B shoWs the correlation betWeen IPG 
A-type and IPG P-type and HbAl. 

[0056] FIGS. 4A,B shoWs the correlation betWeen IPG 
A-type and IPG B-type and body mass index. 

[0057] FIG. 5 shoWs (A) the relationship betWeen IPG 
A-type and IPG B-type and body mass index in diabetic 
subjects, (B) the ratio of IPG A-type:IPG B-type as a 
function of body mass index, and insulin sensitivity (M 
value)as a function of body mass index. In (A), the diabetic 
subjects Were divided into 7 groups according to their body 
mass index (BMI - kgmz). The average values for the IPG 
A-type (.-.) and the IPG P-type (0-0) for each subgroup 
are shoWn. The average values for the IPGs of the control 
group are shoWn by vertical columns. The BMI of the 
control group Was 2412.4 (meanzSD). The arroWs and 
numbers along the abscissa shoW the number of diabetic 
subjects in each group receiving either insulin treatment or 
metformin With or Without other treatments. Metformin is 
the treatment of choice for overWeight and obese NIDDM 
subjects. In (B) the vertical dotted line marks the conven 
tional cut-off for the de?nition of obesity (BMI>27). 

[0058] FIGS. 6A,B shoWs the relationship betWeen sys 
tolic blood pressure and urinary IPG A- and P-types in 
diabetic (IDDM and NIDDM) subjects. 
[0059] Table 3a: TWo modes of expression are given: 
columns 1,2, percentage stimulation of bioassay systems by 
partially puri?ed IPGs extracted from 10 ml urine, IPG 
A-type by stimulation of lipogenesis in isolated adipocytes 
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[30] and IPG P-type by activation of PDH phosphatase [28]. 
These results may be directly compared With data from 
Asplin et al. [25]. The results in columns 4,5 are in units/ 
mmol creatinine, Where a unit is de?ned as the amount 
producing a 50% stimulation of the basal rate of the bioassay 
systems. The results are shoWn as means :SEM and as 
median values With the range. The statistical analysis is by 
Fisher’s P test or by the Mann Whitney test respectively. For 
comparison, values for a group of 10 normal females are 
shoWn. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0060] IPGs 

[0061] Studies have shoWn that A-type mediators modu 
late the activity of a number of insulin-dependent enZymes 
such as cAMP dependent protein kinase (inhibits), adenylate 
cyclase (inhibits) and cAMP phospho-diesterases (stimu 
lates). In contrast, P-type mediators modulate the activity of 
insulin-dependent enZymes such as pyruvate dehydrogenase 
phosphatase (stimulates) and glycogen synthase phos 
phatase (stimulates) The A-type mediators mimic the lipo 
genic activity of insulin on adipocytes, Whereas the P-type 
mediators mimic the glycogenic activity of insulin on 
muscle. Both A-and P-type mediators are mitogenic When 
added to ?broblasts in serum free media. The ability of the 
mediators to stimulate ?broblast proliferation is enhanced if 
the cells are transfected With the EGF-receptor. A-type 
mediators can stimulate cell proliferation in the chick coch 
leovestibular ganglia. 

[0062] Soluble IPG fractions having A-type and P-type 
activity have been obtained from a variety of animal tissues 
including rat tissues (liver, kidney, muscle brain, adipose, 
heart) and bovine liver. A- and P-type IPG biological activity 
has also been detected in human liver and placenta, malaria 
parasitiZed RBC and mycobacteria. The ability of an anti 
inositolglycan antibody to inhibit insulin action on human 
placental cytotrophoblasts and BC3H1 myocytes or bovine 
derived IPG action on rat diaphragm and chick ganglia 
suggests cross-species conservation of many structural fea 
tures. HoWever, it is important to note that although the prior 
art includes these reports of A- and P-type IPG activity in 
some biological fractions, the puri?cation or characterisa 
tion of the agents responsible for the activity is not dis 
closed. 

[0063] In co-pending patent applications claiming priority 
from GB-A-96189303 and GB-A-9618929.5, We have 
described the isolation and characterisation of P-type and 
A-type IPGs. 

[0064] A-type substances are cyclitol-containing carbohy 
drates, also containing Zn2+ ion and optionally phosphate 
and having the properties of regulating lipogenic activity 
and inhibiting cAMP dependent protein kinase. They may 
also inhibit adenylate cyclase, be mitogenic When added to 
EGF-transfected ?broblasts in serum free medium, and 
stimulate lipogenesis in adipocytes. 

[0065] P-type substances are cyclitol-containing carbohy 
drates, also containing Mn2+ and/or Zn2+ ions and optionally 
phosphate and having the properties of regulating glycogen 
metabolism and activating pyruvate dehydrogenase phos 
phatase. They may also stimulate the activity of glycogen 
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synthase phosphatase, be mitogenic When added to ?bro 
blasts in serum free medium, and stimulate pyruvate dehy 
drogenase phosphatase. 
[0066] In vieW of the optional presence of phosphate in the 
A- and P-type IPGs, references to "inositolphosphoglycans” 
or “IPGs” include compounds in Which phosphate is not 
present. These compounds are alternatively be termed inosi 
tolglycans (IGs). 
[0067] The A- and P-type substances Were also found to 
have the folloWing properties: 

[0068] 1. Migrates near the origin in descending paper 
chromatography using 4/ 1/ 1 butanol/ethanol/Water as a 
solvent. 

[0069] 2. The substances contains phosphate Which is 
directly related to activity. 

[0070] 3. The free GPI precursors are resistant to cleav 
age by GPI-PLC. 

[0071] 4. They are bound on DoWeX AG50 (H+) cation 
eXchange resin. 

[0072] 5. They are bound on an AG3A anion eXchange 
resin. 

[0073] 6. The activity is resistant to pronase. 

[0074] 7. They are detected using a DioneX chro 
magraphy system. 

[0075] 8. The P-type substance is partially retained on 
C-18 af?nity resin. 

[0076] The A- and P-type substances may be obtained 
from human liver or placenta by: 

[0077] (a) making an eXtract by heat and acid treat 
ment of a liver homogenate, the homogenate being 
processed from tissue immediately froZen in liquid 
nitrogen; 

[0078] (b) after centrifugation and charcoal treat 
ment, alloWing the resulting solution to interact 
overnight With an AG1-X8 (formate form) anion 
eXchange resin; 

[0079] (c) collecting a fraction having A-type IPG 
activity obtained by eluting the column With 50 mM 
HCl, or a fraction having P-type IPG activity 
obtained by eluting the column With 10 mM HCl; 

[0080] (d) neutralising to pH 4 (not to eXceed pH 7.8) 
and lyophilising the fraction to isolate the substance. 

[0081] (e) descending paper chromatography using 
4/1/1 butanol/ethanol/Water as solvent. 

[0082] puri?cation using high-voltage paper elec 
trophoresis in pyridine/acetic acid/Water. 

[0083] (g) puri?cation using DioneX anion eXchange 
chromatography, or puri?cation and isolation using 
Vydac 301 PLX575 HPLC chromatography. 

[0084] More details of the methods for obtaining these 
IPGs are provided in the said patent applications, the con 
tents of Which are incorporated herein by reference. 
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Antagonists 
[0085] As mentioned above, P-type or A-type IPG antago 
nists include substances Which have one or more of the 
following properties: 

[0086] (a) substances capable of inhibiting release of 
the P- or A-type mediators; 

[0087] (b) substances capable of reducing the levels 
of P- or A-type IPG via an IPG binding substance 
(e. g. an antibody or speci?c binding protein); and/or, 

[0088] (c) substances capable of reducing the effects 
of P- or A-type IPG; 

[0089] In one embodiment, the IPG antagonists are spe 
ci?c binding proteins. Naturally occurring speci?c binding 
proteins can be obtained by screening biological samples for 
proteins that bind to IPGs. 

[0090] In a further embodiment, the antagonists are anti 
bodies capable of speci?cally binding to P- or A-type IPGs. 
The production of polyclonal and monoclonal antibodies is 
Well established in the art. Monoclonal antibodies can be 
subjected to the techniques of recombinant DNA technology 
to produce other antibodies or chimeric molecules Which 
retain the speci?city of the original antibody. Such tech 
niques may involve introducing DNA encoding the immu 
noglobulin variable region, or the complementarity deter 
mining regions (CDRs), of an antibody to the constant 
regions, or constant regions plus framework regions, of a 
different immunoglobulin. See, for instance, EP-A-184187, 
GB-A-2188638 or EP-A-239400. A hybridoma producing a 
monoclonal antibody may be subject to genetic mutation or 
other changes, Which may or may not alter the binding 
speci?city of antibodies produced. 

[0091] Antibodies may be obtained using techniques 
Which are standard in the art. Methods of producing anti 
bodies include immunising a mammal (e.g. mouse, rat, 
rabbit, horse, goat, sheep or monkey) With the protein or a 
fragment thereof. Antibodies may be obtained from immu 
nised animals using any of a variety of techniques knoWn in 
the art, and screened, preferably using binding of antibody 
to antigen of interest. For instance, Western blotting tech 
niques or immunoprecipitation may be used (Armitage et al, 
Nature, 357:80-82, 1992). Isolation of antibodies and/or 
antibody-producing cells from an animal may be accompa 
nied by a step of sacri?cing the animal. 

[0092] As an alternative or supplement to immunising a 
mammal With a peptide, an antibody speci?c for a protein 
may be obtained from a recombinantly produced library of 
expressed immunoglobulin variable domains, eg using 
lambda bacteriophage or ?lamentous bacteriophage Which 
display functional immunoglobulin binding domains on 
their surfaces; for instance see WO92/01047. The library 
may be naive, that is constructed from sequences obtained 
from an organism Which has not been immunised With any 
of the proteins (or fragments), or may be one constructed 
using sequences obtained from an organism Which has been 
exposed to the antigen of interest. 

[0093] Antibodies according to the present invention may 
be modi?ed in a number of Ways. Indeed the term “anti 
body” should be construed as covering any binding sub 
stance having a binding domain With the required speci?city. 
Thus the invention covers antibody fragments, derivatives, 
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functional equivalents and homologues of antibodies, 
including synthetic molecules and molecules Whose shape 
mimics that of an antibody enabling it to bind an antigen or 
epitope. 
[0094] Example antibody fragments, capable of binding 
an antigen or other binding partner are the Fab fragment 
consisting of the VL, VH, Cl and CH1 domains; the Fd 
fragment consisting of the VH and CH1 domains; the Fv 
fragment consisting of the VL and VH domains of a single 
arm of an antibody; the dAb fragment Which consists of a 
VH domain; isolated CDR regions and F(ab‘)2 fragments, a 
bivalent fragment including tWo Fab fragments linked by a 
disulphide bridge at the hinge region. Single chain Fv 
fragments are also included. 

[0095] Humanised antibodies in Which CDRs from a non 
human source are grafted onto human frameWork regions, 
typically With the alteration of some of the frameWork amino 
acid residues, to provide antibodies Which are less immu 
nogenic than the parent non-human antibodies, are also 
included Within the present invention 

[0096] A hybridoma producing a monoclonal antibody 
according to the present invention may be subject to genetic 
mutation or other changes. It Will further be understood by 
those skilled in the art that a monoclonal antibody can be 
subjected to the techniques of recombinant DNA technology 
to produce other antibodies or chimeric molecules Which 
retain the speci?city of the original antibody. Such tech 
niques may involve introducing DNA encoding the immu 
noglobulin variable region, or the complementarity deter 
mining regions (CDRs), of an antibody to the constant 
regions, or constant regions plus frameWork regions, of a 
different immunoglobulin. See, for instance, EP-A-184187, 
GB-A-2188638 or EP-A-0239400. Cloning and expression 
of chimeric antibodies are described in EP-A-0120694 and 
EP-A-0125023. 

[0097] Hybridomas capable of producing antibody With 
desired binding characteristics are Within the scope of the 
present invention, as are host cells, eukaryotic or prokary 
otic, containing nucleic acid encoding antibodies (including 
antibody fragments) and capable of their expression. The 
invention also provides methods of production of the anti 
bodies including groWing a cell capable of producing the 
antibody under conditions in Which the antibody is pro 
duced, and preferably secreted. 

[0098] The antibodies described above may also be 
employed in the diagnostic aspects of the invention by 
tagging them With a label or reporter molecule Which can 
directly or indirectly generate detectable, and preferably 
measurable, signals. The linkage of reporter molecules may 
be directly or indirectly, covalently, eg via a peptide bond 
or non-covalently. Linkage via a peptide bond may be as a 
result of recombinant expression of a gene fusion encoding 
antibody and reporter molecule. 

[0099] One favoured mode is by covalent linkage of each 
antibody With an individual ?uorochrome, phosphor or laser 
dye With spectrally isolated absorption or emission charac 
teristics. Suitable ?uorochromes include ?uorescein, 
rhodamine, phycoerythrin and Texas Red. Suitable chro 
mogenic dyes include diaminobenZidine. 

[0100] Other reporters include macromolecular colloidal 
particles or particulate material such as latex beads that are 
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coloured, magnetic or paramagnetic, and biologically or 
chemically active agents that can directly or indirectly cause 
detectable signals to be visually observed, electronically 
detected or otherWise recorded. These molecules may be 
enZymes Which catalyse reactions that develop or change 
colours or cause changes in electrical properties, for 
example. They may be molecularly excitable, such that 
electronic transitions betWeen energy states result in char 
acteristic spectral absorptions or emissions. They may 
include chemical entities used in conjunction With biosen 
sors. Biotin/avidin or biotin/streptavidin and alkaline phos 
phatase detection systems may be employed. 

[0101] In a further embodiment, the IPG antagonists are 
synthetic compounds. These may be produced by conven 
tional chemical techniques or using combinatorial chemis 
try, and then screened for IPG antagonist activity. These 
compounds may be useful in themselves or may be used in 
the design of mimetics, providing candidate lead compounds 
for development as pharmaceuticals. Synthetic compounds 
might be desirable Where they are comparatively easy to 
synthesiZe or Where they have properties that make them 
suitable for administration as pharmaceuticals, e.g. antago 
nist Which are peptides may be unsuitable active agents for 
oral compositions if they are degraded by proteases in the 
alimentary canal. Mimetic design, synthesis and testing is 
generally used to avoid randomly screening large number of 
molecules for a target property. 

Production of Monoclonal Antibodies 

[0102] Inositolphosphoglycan (IPG) puri?ed from rat liver 
by sequential thin layer chromatography (TLC) Was used to 
immuniZe NeW Zealand rabbits and Balb/c mice by using 
conventional procedures. 

[0103] After immunisation, monoclonal antibodies Were 
prepared using the approach of fusion of mouse splenocytes 
(5x106 cells/ml) With mutant myeloma cells (104 cells/ml). 
The myeloma cell lines used Were those lacking hypoxan 
thine-guanine phosphoribasyl transferase. The screening 
method of hybridoma cells Was based on a non-competitive 
solid-phase enZyme immunoassay in Which the antigen 
(IPG) Was immobilised on a solid phase. Culture supernatant 
Were added and positive hybridoma cells Were selected. 

[0104] A single cell cloning Was made by limiting dilu 
tion. Hybridomas for three monoclonal antibodies (2D1, 
SHG and 2P7) Were selected. All monoclonal antibodies 
Were determined to be IgM using a EK-5050 kit (Hyclone). 

[0105] In order to test that all monoclonal antibodies 
recognised IPGs, a non-competitive solid-phase enZyme 
immunoassay Was used. F96 Polysorp Nunc-Immuno Plates 
are used for the assay. The polysorp surface is recommended 
for assays Where certain antigens are immobilised. 

[0106] The immobilised antigen (IPG) diluted to 1:800 
captured the monoclonal antibody from tissue culture super 
natant, ascitic ?uid, and When the puri?ed monoclonal 
antibody Was used. 

[0107] The detection method used an anti-mouse IgM, 
biotinylated Whole antibody (from goat) and a streptavidin 
biotinylated horseradish peroxidase complex (Amersham), 
ABTS and buffer for ABTS (Boehringer Mannheim). 

[0108] The same immunoassay Was used to evaluate the 
polyclonal antibody. In this assay, the detection method 

Apr. 1, 2004 

employed an anti-rabbit Ig, biotinylated species—speci?c 
Whole antibody (from donkey). 
[0109] The antibodies can be puri?ed using the folloWing 
method. Fast Protein Liquid Chromatography (Pharmacia 
FPLC system) With a gradient programmer GP-250 Plus and 
high precision pump P-500 Was used in order to purify a 
polyclonal IPG antibody. 

[0110] A HiTrap protein A af?nity column Was used for 
puri?cation of polyclonal IPG from rabbit serum. Protein 
quantitation Was made using a Micro BCA protein assay 
reagent kit (Pierce). 

[0111] Monoclonal IgM antibodies Were puri?ed in tWo 
steps. Ammonium sulfate precipitation Was the method 
chosen as a ?rst step. Tissue culture supernatant Was treated 
With ammonium sulfate (50% saturation). Pellet diluted in 
PBS Was transferred to dialysis tubing before the second 
step. 

[0112] Since ammonium sulfate precipitation is not suit 
able for a single step puri?cation, it Was folloWed by gel 
?ltration chromatography-antibody solution in PBS run into 
a Pharmacia Sepharose 4B column. Protein quantitation Was 
made reading the absorbance at 220-280 nm in a Perkin 
Elmer lambda 2 UV/V IS spectrophotometer. 

Protocol for SandWich ELISA 

[0113] The protocol beloW sets out an indirect, non-com 
petitive, solid-phase enZyme immunoassay (sandWich 
ELISA) for the quanti?cation of inositolphosphoglycans 
(IPG) in biological ?uids, such as human serum. 

[0114] In the assay, monoclonal IgM antibodies are immo 
bilised on a solid phase. Tissue culture supernatant, ascitic 
?uid from mice With a peritoneal tumour induced by inject 
ing hybridoma cells into the peritoneum and puri?ed mono 
clonal antibody have been used in the immunoassay. F96 
Maxisorp Nunc-Immuno plates Were used for these assays. 
Maxisorp surface is recommended Where proteins, specially 
glycoproteins such as antibodies, are bound to the plastic. 

[0115] The immobilised antibody captures the antigen 
from the test sample (human serum or IPG used like a 
positive control). 
[0116] A bridging antibody (a puri?ed polyclonal IPG 
antibody from rabbit) is needed to link the anti-antibody 
biotinylated to the antigen. 

[0117] The detection method employs an anti-rabbit Ig, 
biotinylated species-speci?c Whole antibody (from donkey) 
and a streptavidin-biotinylated horseradish peroxidase com 
plex (Amersham), ABTS and buffer for ABTS (Boehringer 
Mannheim). 
[0118] The ELISA assay can be carried out as folloWs: 

[0119] 1. Add 100 pal/Well in all the steps. 

[0120] 2. Add monoclonal antibody diluted 1:100 in 
PBS in a F96 Maxisorp Nunc-Immuno plate. Incubate 
at least 2 days at 4° C. 

[0121] 3. Wash With PBS three times. 

[0122] 4. Add a blocking reagent for ELISA (Boe 
hringer Mannheim) in distilled Water (1:9) 2 hours at 
room temperature. 
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[0123] 5. Wash With PBS-TWeen 20 (0,1%) three times. 

[0124] 6. Add a puri?ed polyclonal antibody (diluted 
1:100 in PBS), overnight at 4° C. 

[0125] 7. Wash With PBS-TWeen 20 (0.1%) three times. 

[0126] 8. Add an anti-rabbit Ig, biotinylated species 
speci?c Whole antibody (from donkey) (Amersham) 
diluted 1:1000 in PBS, 1 h 30 min at room temperature. 

[0127] 9. Wash With PBS-TWeen 20 (0.1%) three times. 

[0128] 10. Add a streptavidin-biotinylated horseradish 
peroxidase complex (Amersham) diluted 1:500 in PBS, 
1 h 30 min at room temperature. 

[0129] 11. Wash With PBS three times. 

[0130] 12. Add 2.2-AZino-di-(3-ethylbenZthiaZoline 
sulfonate diammonium salt crystals (ABTS) (Boe 
hringer Mannheim) to buffer for ABTS (BM): Buffer 
for ABTS is added to distilled Water (1:9 v/v). 1 mg of 
ABTS is added to 1 ml of diluted buffer for ABTS. 

[0131] 13. Read the absorbance in a Multiscan Plus P 
2.01 using a 405 mm ?lter in 5-15 min. 

Pharmaceutical Compositions 

[0132] The mediators and antagonists of the invention can 
be formulated in pharmaceutical compositions. These com 
positions may comprise, in addition to one or more of the 
mediators or antagonists, a pharmaceutically acceptable 
excipient, carrier, buffer, stabiliser or other materials Well 
knoWn to those skilled in the art. Such materials should be 
non-toxic and should not interfere With the efficacy of the 
active ingredient. The precise nature of the carrier or other 
material may depend on the route of administration, e.g. 
oral, intravenous, cutaneous or subcutaneous, nasal, intra 
muscular, intraperitoneal routes. 

[0133] Pharmaceutical compositions for oral administra 
tion may be in tablet, capsule, poWder or liquid form. A 
tablet may include a solid carrier such as gelatin or an 
adjuvant. Liquid pharmaceutical compositions generally 
include a liquid carrier such as Water, petroleum, animal or 
vegetable oils, mineral oil or synthetic oil. Physiological 
saline solution, dextrose or other saccharide solution or 
glycols such as ethylene glycol, propylene glycol or poly 
ethylene glycol may be included. 

[0134] For intravenous, cutaneous or subcutaneous injec 
tion, or injection at the site of affliction, the active ingredient 
Will be in the form of a parenterally acceptable aqueous 
solution Which is pyrogen-free and has suitable pH, isoto 
nicity and stability. Those of relevant skill in the art are Well 
able to prepare suitable solutions using, for example, iso 
tonic vehicles such as Sodium Chloride Injection, Ringer’s 
Injection, Lactated Ringer’s Injection. Preservatives, stabi 
lisers, buffers, antioxidants and/or other additives may be 
included, as required. 

[0135] Whether it is a polypeptide, antibody, peptide, 
small molecule or other pharmaceutically useful compound 
according to the present invention that is to be given to an 
individual, administration is preferably in a “prophylacti 
cally effective amount” or a “therapeutically effective 
amount” (as the case may be, although prophylaxis may be 
considered therapy), this being sufficient to shoW bene?t to 
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the individual. The actual amount administered, and rate and 
time-course of administration, Will depend on the nature and 
severity of What is being treated. Prescription of treatment, 
eg decisions on dosage etc, is Within the responsibility of 
general practitioners and other medical doctors, and typi 
cally takes account of the disorder to be treated, the condi 
tion of the individual patient, the site of delivery, the method 
of administration and other factors knoWn to practitioners. 
Examples of the techniques and protocols mentioned above 
can be found in Remington’s Pharmaceutical Sciences, 16th 
edition, Osol, A. (ed), 1980. 

[0136] A composition may be administered alone or in 
combination With other treatments, either simultaneously or 
sequentially dependent upon the condition to be treated. 

Diagnostic Methods 

[0137] Methods for determining the concentration of ana 
lytes in biological samples from individuals are Well knoWn 
in the art and can be employed in the context of the present 
invention to determine the ratio of P- and A-type inositol 
phosphoglycans (IPGs) in a biological sample from a 
patient. This in turn can alloW a physician to determine 
Which of the sub-groups of diabetes a patient suffers from, 
and so optimise the treatment of it, in the case of type II 
obese diabetics, avoiding or ameliorating the symptoms of 
syndrome X. Examples of diagnostic methods are described 
in the experimental section beloW. 

[0138] Preferred diagnostic methods rely on the determi 
nation of the ratio of P- and A-type IPGs. The methods can 
employ biological samples such as blood, serum, tissue 
samples or urine. 

[0139] The assay methods for determining the concentra 
tion of P- and A-type IPGs typically employ binding agents 
having binding sites capable of speci?cally binding to one or 
more of the P or A-type IPGs in preference to other mol 
ecules. Examples of binding agents include antibodies, 
receptors and other molecules capable of speci?cally bind 
ing the IPGs. Conveniently, the binding agent(s) are immo 
bilised on solid support, eg at de?ned locations, to make 
them easy to manipulate during the assay. 

[0140] The sample is generally contacted With the binding 
agent(s) under appropriate conditions so that P-and A-type 
IPGs present in the sample can bind to the binding agent(s). 
The fractional occupancy of the binding sites of the binding 
agent(s) can then be determined using a developing agent or 
agents. Typically, the developing agents are labelled (eg 
with radioactive, ?uorescent or enZyme labels) so that they 
can be detected using techniques Well knoWn in the art. 
Thus, radioactive labels can be detected using a scintillation 
counter or other radiation counting device, ?uorescent labels 
using a laser and confocal microscope, and enZyme labels by 
the action of an enZyme label on a substrate, typically to 
produce a colour change. The developing agent(s) can be 
used in a competitive method in Which the developing agent 
competes With the analyte for occupied binding sites of the 
binding agent, or non-competitive method, in Which the 
labelled developing agent binds analyte bound by the bind 
ing agent or to occupied binding sites. Both methods provide 
an indication of the number of the binding sites occupied by 
the analyte, and hence the concentration of the analyte in the 
sample, eg by comparison With standards obtained using 
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samples containing known concentrations of the analyte. In 
preferred embodiments, this can then be used to determine 
the P:A type ratio. 

A. Objectives 

[0141] In vieW of the potential importance of inositol 
phosphoglycans, to the understanding insulin signal 
transduction systems, (ii) to the aetiology of insulin resis 
tance, NIDDM and syndrome X, (iii) as a marker for the 
early detection of insulin-resistant diabetes, and (iv) as a 
potential therapeutic agent in NIDDM, a study has been 
undertaken to measure the urinary levels of inositol phos 
phoglycans in normal male subjects and in male diabetic 
patients, including IDDM, NIDDM (both lean and obese), 
using bioassay procedures in Which the stimulation of Well 
established systems, knoWn to be activated by these insulin 
mediators, Were employed (see Experimental section 
beloW). 
[0142] The concentration and ratio IPG P-type and IPG 
A-type in urine samples Were determined, and comparison 
made With clinical data at the University College, London 
Hospitals, With a vieW to gaining information on the possible 
links betWeen changes in IPGs and markers of the type and 
severity of diabetes. The clinical parameters included: 
HbAl, urinary creatinine and protein, blood pressure, body 
mass index (Weight kg/height m2), complications (e.g. car 
diovascular, renal, retinal, neurological), age and treatment. 
The duration of treatment at the hospital is knoWn, but ?rm 
evidence of the total duration of diabetes is not alWays 
available or reliable, and has not been included here. 

[0143] This cross-sectional study of a randomised selec 
tion of 30 diabetic subjects and approximately the same 
number of non-diabetic control male subjects Will not reveal 
Whether any correlations observed betWeen clinical markers 
and changes in IPGs represent a cause, a consequence or a 
coincidence. Nevertheless, it is anticipated that the present 
data Will provide: 

[0144] (a) Additional information on the concentra 
tion of and direction of change of the bioactive 
urinary IPGs in diabetic male subjects—a matter of 
some controversy at this time; 

[0145] (b) NeW information leading to a better under 
standing the biochemical basis of syndrome X; 

[0146] (c) A starting point for consideration of the 
rationale of treatment of insulin resistant diabetics 
With is IPGs. 

B. Experimental 

1. Assay of IPG A-type and IPG P-type Activity 

[0147] The activity of P- and A-type IPGs in urine extracts 
Were studied using speci?c bioassay procedures. IPG P-type 
Was determined using the activation of PDH phosphatase 
[28]. The PDH complex and PDH phosphatase (metal 
dependent form) Were prepared from beef heart as described 
by Lilley et al [28] and the assay of the activation of the 
phosphatase Was performed by the spectrophotometric vari 
ant of the tWo-stage system described by these authors. This 
assay is considered to be a characteristic feature of IPG 
P-type (see Larner et al [29]). IPG A-type Was determined by 
the stimulation of lipogenesis as measured by the incorpo 
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ration of [U-14C] glucose into the lipids of adipocytes 
isolated from epididymal fat pads by the method of Rodbell 
[30]. A high degree of speci?city for IPG A-type Was found 
for this bioassay. 

[0148] A straight line relationship betWeen added IPGs 
and the stimulation of PDH phosphatase activity (IPG 
P-type) and lipogenesis in intact adipocytes (IPG A-type) 
Was obtained; this relationship held at least up to a stimu 
lation of +250%. These observations provided a basis for a 
unit to be de?ned and used for the purpose of comparison of 
yields of IPGs from different tissues and urine samples. 
Linearity betWeen IPG added and the percentage change in 
response, has been observed by others (see Lilley et al [28] 
and NeWman et al [31]), although Asplin et al [25] did not 
shoW linearity in their study on IPGs in human urine from 
normal and diabetic subjects, an effect Which Was particu 
larly marked With the IPG A-type. 

2. Extraction of IPG P-Type and IPG A-Type from 
Urine 

[0149] Urines Were extracted as described by Asplin et al 
[25]. The ?nal fractions Were freeZe dried and stored at —20° 
C. For use, the IPG fractions Were resuspended in Water, 
immediately before assay, so that 10 pl of redissolved IPG 
corresponded to 10 ml urine. In vieW of the possibility that 
high, and varying, amounts of IPGs might be excreted in the 
different groups of subjects, and in order to ensure that the 
capacity of the resin Was Well in excess of the load applied, 
preliminary test runs Were made to determine the optimal 
ratio of resin to starting urine volume. Linearity of recovery 
Was obtained up to 100 ml urine per 18 g resin. In the present 
study, the ratio of 50 ml urine to 18 g resin Was maintained 
to alloW for variation in IPG content. 

3. Expression of Results 

[0150] A unit of IPG is de?ned as the amount causing a 
50% activation in the basal level of the test system. 

[0151] The yield of IPGs in urine is given on tWo different 
bases: 

[0152] Percentage stimulation of the test system 
by 10 pl ?nal urine extract, alloWing direct compari 
son With data of Asplin et al [15]. 

[0153] (ii) Units of IPG per 1 mmol creatinine. 

[0154] The results are given as meanszSEM, and as 
median values With the range of values. 

4. Design of Experiment 

[0155] A cross-sectional study Was undertaken With ran 
dom spot samples collected at outpatients clinics. The 
patients included NIDDM subjects controlled by diet alone, 
by sulphonylureas, by metformin, by insulin or a combina 
tion of any of these treatments. Only a limited number of 
IDDM subjects Were available. In the present survey, male 
subjects Were used, this avoided complications arising from 
varying hormone pro?les in Women of different ages, in 
particular With or Without HRT or contraceptive pills. The 
avoidance of a mix of male/female surveys Was deemed 
important, since a separate study in this laboratory revealed 
that the IPG P-type/IPG A-type ratio Was signi?cantly loWer 
urine from Women than from men, largely related to their 
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higher IPG A-type concentration (see Table 3A). In addition 
to the measurement of IPG P-type and IPG A-type in urine 
the following clinical data Was made available: 

[0156] Urine: creatinine, protein 

[0157] Blood: HbAl 

[0158] Biodata: Age, Weight and height (for calculation 
of BMI), blood pressure, complications (eg. cardiovas 
cular, renal, neuropathy), ethnic origin. 

[0159] Treatment: Insulin, sulphonyl ureas, biguanides, 
diet, (singly or combined). 

[0160] The changes in inositol phosphoglycans in diabetes 
Were correlated With the degree of glycaemic control as 
shoWn by HbAl, With obesity as indicated by basal meta 
bolic index (BMI), With age and With blood pressure. 

C. Results 

1. Inositol Phosphoglycans in Urine of Diabetic 
and Control Subjects 

[0161] The concentration of IPG P-type and IPG A-type in 
urine of male diabetic subjects and non-diabetic controls are 
shoWn in Table 3A. The results are given as means :SEM 
and as median values together With their range. The most 
signi?cant differences, taking the diabetic group as a com 
posite Whole, are the rise in IPG A-type and the unchanged 
IPG P-type in urine relative to the control group. These 
differences are signi?cant both as concentration per ml urine 
and as units per mmol creatinine; the ration IPG P-type/IPG 
A-type fell in the diabetic group. The biodata relating to the 
diabetic and control subject is shoWn in Table 3B. 

[0162] The present results contrast With those of Asplin et 
al [25], Who reported, on the basis of a much smaller study, 
that IPG A-type Was unchanged in NIDDM diabetes While 
IPG P-type decreased. These authors noted a non-linearity in 
their experiments in the dose response curve for IPG P-type 
(pH 2.0 fraction) measured by the stimulation of PDH 
phosphatase; such problems Were not encountered in the 
study reported here. A further difference Was in the bioassay 
systems used to measure IPG A-type, Asplin et al [25] 
employed the inhibition of cAMP-dependent protein kinase, 
While the present report is based on activation of lipogenesis 
by IPG A-type in isolated adipocytes. 

[0163] Table 3A also includes data on the concentration of 
IPGs in the urine of non-pregnant Women, a control group 
taken from a separate study on the urinary IPGs in preg 
nancy in normal, pre-eclamptic and diabetic Women. The 
higher value for IPG A-type and for the loWer value of the 
IPG P-type/IPG A-ratio for Women relative to control male 
subjects are highly signi?cant; in contrast the IPG P-type is 
substantially the same in both groups. These data underline 
the importance of separate assessment of the urinary IPGs in 
men and Women in studying changes in diabetes (c.f. reports 
in [22], [25], [32]). 
[0164] The heterogeneity of the underlying causes of 
diabetes, particularly in NIDDM [1,4,33-35], led to the 
re-examination of the data on the diabetic subjects to deter 
mine Whether: 

[0165] (a) There Was a constant or varying relation 
ship betWeen the IPG A- and P types in diabetic 
subjects. 
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[0166] (b) Any correlation could be found betWeen 
IPG pro?les and markers of the degree of glycaemic 
control (HbAl) obesity, and hypertension, all factors 
of signi?cance in relation to syndrome X. 

[0167] (c) There Was any correlation betWeen treat 
ments and IPG pro?le. 

2. Relationships BetWeen IPG A- and P-Types in 
Diabetic Subjects 

[0168] Our ?rst approach, in vieW of the highly signi?cant 
change found in IPG A-type in urine of diabetic subjects, 
Was to examine the results in descending order of the 
magnitude of this A-type (see FIG. It is clear that there 
are major differences across the series, both in the concen 
tration of the A and P-types and in their ratios. Further, it 
appeared that there Was a rough reciprocal relationship 
betWeen these mediators, and that sub-groups could be 
distinguished Which displayed either a high IPG A-type/IPG 
P-type ratio or, conversely, had a high IPG P-type/IPG 
A-type ratio. There Was a gradation across the series, and 
these extreme groups Were separated by an intermediate 
group. The comparable data for the control group, similarly 
presented, is shoWn in FIG. 1E. It is clear that the control 
group has a narroWer range of IPG concentration and 
presents as a more homogeneous sample Without the 
extremes of high IPG A- or high IPG P-types seen in the 
diabetic groups. It is notable that the control subjects 
approximate to the intermediate group seen in the diabetic 

pro?le (FIG. 1A). 
[0169] The differentiation of sub-groups Within the dia 
betic subjects is further emphasised by outlining those 
values for IPG A-type or IPG P-type Which are greater than 
values observed in the relatively homogeneous control non 
diabetic group. These are shoWn, boxed in, for those subjects 
Where the urinary IPG A-type or IPG P-type content is above 
the maximum control value (FIG. 2). The diabetic sub 
groups so de?ned, as high IPG A-group and high IPG 
P-group, Were considered to represent subjects outside the 
norm and to be Worthy of special examination. 

3. Correlation BetWeen Markers of Diabetic Status 
and IPGs 

3.1 Relationship BetWeen HbAl and high IPG 
A—High IPG P-Groups of Diabetics 

[0170] High values of HbAl, indicative of a sustained 
high blood glucose levels, may be taken, as a ?rst approxi 
mation, to be the net effect of glucose intake, hepatic 
production by gluconeogenesis and Whole body utiliZation, 
and thus to be an index of glucose intolerance, a feature of 
syndrome X. 

[0171] When the correlations betWeen HbAl and urinary 
concentrations of IPG A-type and IPG P-type Were exam 
ined, a positive correlation Was shoWn betWeen HbAl and 
urinary IPG A-type, contrasting With the negative correla 
tion With IPG P-type; these relationships are shoWn in FIGS. 
3A,B. The high IPG A-group Was associated With a signi? 
cantly raised HbAl value of 11.6105 (IIICZIHISEM) While 
the high IPG P-group had a loWer mean HbAl value of 
10010.3, the difference betWeen these tWo groups Was 
signi?cant (P<0.01) (see FIG. 2). From these results, it is 
suggested that diabetics With a high IPG A-type in the urine 
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may exhibit one feature of syndrome X, namely glucose 
intolerance and a related insulin resistance. In contrast, 
diabetic subjects With a high IPG P value and a loWer value 
for HbAl might have a more effective rate of disposal of 
glucose via oxidative routes involving pyruvate dehydroge 
nase and storage via glycogen synthesis, and/or a decreased 
hepatic glucose production, all systems knoWn to be regu 
lated in part by IPG-type, thus having a better regulation of 
blood glucose, less intolerance to glucose and, in parallel, a 
loWer HbAl. 

3.2 Relationship BetWeen Obesity (BMI) and IPG 
A-and P-Types in Diabetes 

[0172] TWo major subgroups of NIDDM are recognised, 
these are the obese and non-obese, With the latter being some 
30% of the cases It Was, therefore, of interest to examine 
Whether the urinary IPGs in diabetic subjects shoWed any 
correlation With the degree of obesity as evaluated by the 
calculated body mass index. Subjects With values of BMI 
above 27 are held to be overWeight, those over 30 to be 

obese [36]. 

[0173] There Was a strong negative correlation betWeen 
urinary IPG P-type and BMI in diabetic subjects (P, <0.01) 
and a positive correlation With IPG A-type (FIGS. 4A,B). 
The pro?le of change is more clearly seen When groupings 
of 4 or 5 individuals, having closely similar BMI values, are 
shoWn, together With the concentration of urinary IPG A 
and P-types and, in particular, When the data are presented 
as BMI versus the ratio of IPG P-type/IPG A-type. These 
results are presented in FIGS. 5A,B. 

[0174] The most striking feature of these graphs is that 
lean subjects have a high IPG P-type and a loW IPG A-type 
in urine, While the reverse is true for the obese subjects. Also 
signi?cant is the observation that the curve for each of the 
IPGs cross-over at a value of the BMI about 27, the ?gure 
above Which the clinicians consider a patient is overWeight, 
patients With a BMI of 30 or more are classi?ed as obese. 

[0175] As indicated in FIG. 5A, 8 out of 9 patients treated 
With insulin, including the IDDM group and 3 NIDDM 
patients receiving insulin, fell Within the normal or lean 
segment beloW the cut-off at a BMI value of 27. The 
majority of diabetic patients With a BMI value above 27 
Were receiving treatment With metformin, With or Without 
other drugs or diet; this re?ects the preferred treatment of 
overWeight or obese diabetic patients With the biguanide, 
metformin [37,38]. 

[0176] The clinical signi?cance of the present results 
given in FIG. 5A is further emphasised When compared With 
data from the literature [36], also shoWn in FIG. 5B. The 
survey reported by Ferrannini [36] compares the rate of 
glucose utiliZation by muscle to BMI in normal and obese 
patients, and shoW the Well-established cross-over at 27, 
clearly relating a depressed rate of glucose utiliZation to 
obesity. Linking data from these tWo ?gures (FIGS. 5A,B), 
it is postulated that the rate of glucose utiliZation by muscle 
is related to the IPG P- to A-type ratio. This leads to the 
important conclusion that the degree of glucose intolerance 
in obese NIDDM subjects may be directly related to the 
pro?le of IPGs, a loW P-type being associated With both 
obesity and less Well controlled blood glucose values. 
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3.3 Relationship BetWeen Hypertension and IPG A 
and P-Types in Diabetes 

[0177] The individual values for systolic blood pressure 
versus the concentration of the tWo types of IPG are shoWn 
in FIGS. 6A,B, from Which it can be seen that those subjects 
With the highest blood pressure had the loWest IPG P-value, 
While those With a normal systolic blood pressure, of around 
120, had IPG P values Within the normal range (FIG. 6A). 
Conversely, there is a positive correlation betWeen IPG A 
and systolic pressure (FIG. 6B). Both correlations are 
signi?cant. 
[0178] Since systolic blood pressure is correlated both 
With age and, as shoWn in the present study, With urinary 
IPG P-type, it Was necessary to demonstrate that age Was not 
a confounding factor in the IPG P-type/blood pressure 
association. An analysis by simple partial correlation dem 
onstrated that there Was a signi?cant correlation betWeen 
IPG P-type and blood pressure independent of the age factor. 

D. Discussion 

1. Urinary Levels of Bioactive Forms of IPGs in 
Diabetes 

[0179] The present cross-sectional survey of the bioactive 
forms of inositol phosphoglycans in the urine of male IDDM 
and NIDDM patients advances knoWledge of the relation 
ships betWeen IPGs and clinical diabetes by providing 
evidence for an association betWeen IPG P-type and IPG 
A-type concentrations and ratios, and degree of glycaemic 
control, systolic blood pressure, obesity and treatment. Dif 
ferences betWeen male and female non-diabetic control 
subjects Were also recorded. 

[0180] A signi?cant correlation betWeen urinary chiro 
inositol excretion and in vivo insulin resistance has been 
reported in clinical surveys [32,40], in type II diabetic 
Rhesus monkeys [22] and in the GK rat model of type II 
diabetes [23]. The association betWeen insulin resistance 
and obesity has also been clearly established [36]. Thus, the 
present observation that a loW IPG-P/IPG-A ratio, is asso 
ciated With obesity in NIDDM patients is entirely in keeping 
With the concept of the importance of IPG A-type and 
obesity. The difference betWeen the present data and 
reported surveys [32] emphasise the importance of the use of 
biological assay systems to determine the links betWeen 
inositol phosphoglycans and pathophysiological changes. 

[0181] In a recent revieW Craig et al [32], stated that there 
Was no signi?cant correlation betWeen glycated haemoglo 
bin concentrations and urinary concentrations of chiro 
inositol in a group of type II diabetic patients as a Whole. The 
present Work demonstrates a signi?cant positive correlation 
betWeen HbAl and IPG A-type, and a negative correlation 
With IPG P-type in urine (FIGS. 3A,B). The boxed data in 
FIG. 2 highlights the group With an association of a high 
IPG-A/IPG-P ratio and poor metabolic control as revealed 
by HbAl. 

[0182] It must be stressed that it may be even more 
important in attempting to relate changes in this putative 
mediator to diabetic status, to determine urinary IPG A-type 
by a bioassay system, rather then by myo-inositol excretion 
data, since myo-inositol is a product of the glucuronic acid 
cycle in kidney, a metabolic route knoWn to be increased in 
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experimental diabetes in the kidney and this Would be 
further enhanced by renal growth in early diabetes [41]. 

[0183] If the relationships betWeen obesity, raised HbA1 
(values >11) and a loW IPG P-type and/or loW IPG-P/IPG-A 
ratio are con?rmed in a more extensive study, then a basis 
for initial screening of patients With possible de?ciencies in 
this putative second messenger system Will have been iden 
ti?ed, based on routine clinical monitoring of patients on 
attendance at clinic. 

2. Inositol Phosphoglycans and Syndrome X 

[0184] The correlations shoWn betWeen urinary IPG 
P-type and IPG A-type and HbA1, obesity and blood pres 
sure in diabetic subjects provides a basis for speculation on 
the links betWeen inositol phosphoglycans and syndrome X 
in NIDDM (Table 4). Any such speculation starts With the 
premise that the concentration of urinary IPGs are an 
indicator of circulating levels of these insulin mediators, 
and, thus, that a loW urinary IPG-P/IPG-A, or conversely 
high IPGA/IPG-P, ratio is mirrored in the plasma levels and 
indicates the changes in the milieu interieur to Which organs 
and tissues are exposed. 

[0185] In summary, as shoWn in Table 5, section A, it is 
proposed that the sWitch over form the high P to A ratio in 
normal subjects and lean diabetics to a loW P/A ratio in 
obese NIDDM patients is a critical factor in the obese 
syndrome. The expected effect of a loW IPG P-type on 
aspects of glucose metabolism, based on the knoWn effects 
of this putative insulin mediator on enZyme systems, is 
shoWn in section B. These include: a decrease in glucose 
conversion to glycogen, (ii) a depressed pyruvate oxidation, 
and (iii) an increased hepatic production of glucose and (iv) 
increased hepatic glucose 6-phosphatase. Together, these 
changes Will depress the ability of muscle to dispose of a 
glucose load, a major disturbance as muscle normally 
accounts for some 70% of glucose utilisation. This effect, 
together With a failure to suppress hepatic gluconeogenesis 
and glucose 6-phosphatase, Would contribute to elevated 
blood glucose levels and glucose intolerance, key features of 
syndrome X. 

[0186] The parallel effect of a high prevailing IPG A-type 
Would be to compound the effects of the loW IPG P-type, 
described above (Table 5, section C). Firstly, IPG A-type 
stimulates lipogenesis in adipocytes and activates acetyl 
CoA carboxylase, thus increasing lipid synthesis. Secondly, 
by inhibition of hormone-induced lipolysis, as a resultant 
effect of damping doWn the cAMP response, a raised IPG 
A-type Would be expected to drive the balance betWeen 
lipogenesis and lipolysis toWards lipid synthesis and storage, 
contributing to obesity and disordered lipid metabolism, 
again a feature of syndrome X. An ancillary factor in the 
dyslipidemias of insulin-resistant NIDDM individuals may 
reside in the diminished adrenal function in diabetes [42], an 
effect Which may be linked to altered cAMP regulation. 

[0187] The role of IPGs in activating phosphatases 
involved in the regulation of pyruvate dehydrogenase, and 
glycogen synthesis IPG P-type, and in the regulation of 
cAMP linked systems, via the inhibition of cAMP-depen 
dent protein kinase and adenylate cyclase, and activation of 
loW Km cAMP phosphodiesterase, thus exerting a control 
ling in?uence on hormone-induced cAMP accumulation 
[10,43,44] via IPG A-type, places these putative second 
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messengers or mediators at the heart of metabolic regulation 
in the cyclic processes of protein phosphorylation/dephos 
phorylation, constant cycling being of prime importance as 
a background to rapid hormone response [45]. 

[0188] The present observations that there is a strong 
negative correlation betWeen the concentration IPG P-type 
in urine and systolic blood pressure, and a signi?cant, but 
less marked, positive correlation With IPG A-type (FIGS. 
6A,B), deserve more detailed consideration in the light of 
the importance of hypertension as a factor in syndrome X 
[5,6], and the fact that approximately 40% of individuals 
With NIDDM are hypertensive and have an increased risk of 
cardiovascular disease [46]. 

[0189] The question arises as to the manner in Which the 
IPGs might link, directly or indirectly, With systems in?u 
encing blood pressure. Derangements in NIDDM in tWo 
major systems linked to regulation of blood pressure have 
been revieWed recently, these are the role of the sympathoa 
drenal system [42], and the potential role of the endothe 
lium-derived nitric oxide system (EDNO) [47]. An involve 
ment of IPG P-type in the generation of NO by endothelial 
cells Would be a particularly attractive hypothesis. 

[0190] Baron [47] has provided evidence for the linking 
the EDNO system in insulin action Which rests on the 
observations that: 

[0191] (a) Insulin produces a speci?c increase in 
blood How in skeletal muscle. 

[0192] (b) Insulin stimulation of glucose uptake by 
muscle is associated With increased vasodilation. 

[0193] (c) That insulin mediated vasodilation occurs 
by the release of NO as indicated by the use of 
inhibitors of NO synthase activity. 

[0194] (d) The effect of insulin on the dose response 
curve for methacholine (an acetylcholine-type com 
pound Which cause the synthesis and release of 
EDNO), is shifted to the left, consistent With insulin 
modulation the synthesis/release of EDNO. Evi 
dence suggesting that insulin causes an increase in 
the production of EDNO in insulin sensitive indi 
viduals, but not in insulin resistant subjects, led to 
the proposal that the endothelium is an insulin target 
tissue [47]. 

[0195] (e) Thus, insulin resistance in obesity may be 
at the level of the release of NO by endothelial cells, 
leading to impaired vasodilation the presence of 
insulin. Such an impairment Would, in turn, result in 
an associated reduction in the rate of insulin-medi 
ated glucose uptake, and to enhanced pressor sensi 
tivity [47]. Such an hypothesis Would link the major 
aspects of syndrome X to the ubiquitous nitric oxide 
signalling system [48]. 

[0196] The question of the role played by IPG P-type in 
the sequence postulated by Baron [47] remains open to 
question, although the role of IPG P-type as a putative 
insulin second messenger, together With the present data, 
strongly suggests that IPGs are part of this integrated 
system. The association of manganese With IPG P-type, is of 
interest in this context, not only for the requirement for 
manganese by the guanylate cyclase system, associated With 
the generation of cGMP in the smooth muscle relaxant 
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signal initiated by NO, but also for the adducts formed 
between manganese and NO [49], suggesting a possible role 
for IPG P-type in the transport and/or sequestering of this 
cellular signalling molecule, With, perhaps, special reference 
to the regulation of protein phosphatase-1 [50]. 

[0197] The present data, taken in conjunction With neW 
concepts on the importance of endothelial cell function in 
pathophysiological states, focuses attention on the possible 
signi?cance of IPGs as central factors in the aetiology of 
syndrome X. 

3. Aspects of the Use of Insulin and IPGs in 
Treatment of NIDDM 

[0198] The treatment of diabetic patients is a subject 
continuously under revieW, perhaps most marked for those 
With NIDDM; a number of prospective studies have been 
undertaken to assess the best regime [see 38]. With respect 
to treatment by injection of insulin, criticisms include the 
fact that this means of administration results in high periph 
eral insulin levels, possibly contributing to abnormalities in 
lipid metabolism and vascular complications, the physi 
ological route of release into the portal circulation and 
delivery to the liver being by-passed [51]. Recent studies by 
Kubot et al [52] have provided evidence demonstrating the 
superiority of portal insulin delivery on portally loaded 
glucose handling over peripheral deliver, a matter Which has 
been the subject of some controversy [see 52]. The oral 
administration of IPGs Would have the potential advantage 
of portal delivery, thus approaching a more normal physi 
ological relationship betWeen the putative mediators of 
insulin action and the disposal of an ingested glucose load. 

[0199] Secondly, When relatively high levels of insulin are 
administered to achieve an acceptable level of blood glucose 
control, as in severe insulin resistance, there is the danger of 
inappropriate stimulation of tissues by cross-reactivity of 
insulin With IGF-I receptors [53]. The appearance of skin 
lesions of acanthosis nigricans and ovarian cell thecal hyper 
plasia With hyperandrogenism are reported to be associated 
With insulin resistance; theca cells possess both insulin and 
IGF-I receptors Which can signal increased steroidogenesis 
[53]. O’Rahilly & Moller [53] reported that although insulin 
receptor mutations are uncommon in patients With typical 
NIDDM, there is a practical problem of treating individuals 
With severe insulin resistance associated With such muta 
tions, and they cite the use of IGF-I as a treatment for some 
cases. 

[0200] For several decades a family of drugs, the sulpho 
nylureas, has been a major therapeutic agent in the treatment 
of NIDDM; and, indeed, in the USA When the biguanide, 
phenformin, Was WithdraWn from the market [54], sulpho 
nylureas Were the only type of compound available for the 
treatment of NIDDM, although recently the biguanide met 
formin Was approved by the Food and Drug Administration 
for use in the USA [55]. The metabolic disturbances of 
NIDDM are Widely held to be the resultant effect of an 
interaction betWeen insulin resistance and impaired insulin 
secretion [55,56]. There is evidence that the sulphonylureas 
act both in causing an acute stimulation of the rate of insulin 
release from the pancreas, and in increasing glucose uptake 
and utiliZation by eXtrapancreatic tissues, With evidence for 
sulphonylureas enhancing basal and insulin-stimulated glu 
cose transport and metabolism in muscle and adipose tissue 
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in animals and in humans (see Muller et al [57]). The 
observation that a sulphonylurea drug, glimpiride, stimu 
lates the release of glycosyphosphatidlyinositol-anchored 
plasma-membrane proteins from 3T3 adipocytes Was of 
particular interest in the present conteXt, since this potent 
insulin-mimetic drug appeared to have common features 
With the putative insulin second messenger system of the 
inositol phosphoglycans [9-12,58]. It is important to note, 
hoWever, that glimpirides have not been shoWn to induce the 
cleavage of free GPIs, the IPG precursors. 

[0201] This evidence for a possible common locus of 
action betWeen insulin and a sulphonylurea in releasing a 
precursor of inositol phosphoglycan from cell membranes 
reinforces, in some measure, the vieW that inositol phos 
phoglycans have a potential for therapeutic use in the 
treatment of NIDDM. The importance of the present inven 
tion in suggesting treatment of diabetes With IPGs per se, as 
an alternative to using a drug liberating IPG precursors, is 
perhaps indicated by the statement in A recent revieW that 
“Patients With overt NIDDM have reduced responses to 
many insulin secretagogues, including glucose and non 
glucose stimuli, such as sulphonyulureas, arginine, and 
leucine. Patients treated With sulphonylureas have high 
primary and secondary failure rates.”[56]. Thus, based on 
the study here, inositol phosphoglycans, and/or their pre 
cursors, might be more effective in patients failing to 
respond fully to treatment With sulphonylureas by normali 
sation of blood glucose. 

[0202] The biguanide, metformin is the treatment Widely 
chosen for treatment of diabetic patients With NIDM, insulin 
resistance and obesity [37]. While this drug reduces fasting 
glucose levels and reduces hepatic glucose production [37, 
55], it clearly fails to restore the pattern of excretion of IPG 
P-type to normal, this marker remaining signi?cantly beloW 
control values in the present survey (FIGS. 5A,B). The 
apparent failure of metformin to restore the IPG P-type to 
normal values may have a bearing on the lactic acidosis 
found With this class of compound, seen most notably With 
the biguanide, phenformin, noW WithdraWn. While lactic 
acidosis is a relatively minor problem When metformin is 
given to selected patients free from hepatic or renal disease, 
it remains a factor to be considered as a potential haZard in 
some individuals [37,55]. On the basis of the present Work, 
it is suggested that an inappropriately loW IPG P-type might 
be associated With a diminished activity of PDH phos 
phatase and an associated alteration in the active inactive 
forms of PDH, leading to the diversion of pyruvate gener 
ated in the glycolytic pathWay to lactic acid. 

[0203] On the basis of current problems With conventional 
treatments, some of Which are outlined, there Would appear 
to be a case for considering the use of IPGs or of precursors 
or of antagonists of the compounds, as an adjunct in the 
treatment of diabetes. Among the positive aspects of the use 
of IPGs are the small molecular Weight and heat and acid 
stability; thus, these compounds should be suitable for oral 
administration, and delivery to the live, via the hepatic portal 
circulation, might avoid some of the problems associated 
With peripheral tissue overload With insulin [51,52]. 

[0204] It is probable that a ?ne balance exists betWeen IPG 
P-type and IPG A-type, Which preliminary data suggests 
may be tissue speci?c in response to hormone stimuli [13]. 
The knoWledge of the structure and function of these second 












