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Description

Field of the invention

[0001] The present invention relates to a procedure of predicting type 2 diabetes (T2D) development through quanti-
tative analysis of N-glycans attached to the plasma proteins of a healthy person.

Technical problem

[0002] The present invention solves a technical problem of determining the risk for type 2 diabetes (T2D) development
in the future for currently healthy person.
[0003] The present invention solves the above cited technical problem by using quantitative analysis of N-glycans
attached to the plasma proteins of the investigated person through single analysis.

Previous state of the art

[0004] Glycans are complex carbohydrates, which are often attached to the proteins and involved in numerous phys-
iological and pathological processes. Therefore, their diagnostic potential as biomarkers of various physiological and
pathological states is well known; see reference 1:

(1) G. Opdenakker, P. M. Rudd, C. P. Ponting, R. A. Dwek: Concepts and principles of glycobiology, FASEB J. 7
(1993) 1330-1337.

[0005] In this way, quantitative analysis of N-glycans attached to the plasma proteins can serve for various diagnostic
purposes. Consequently, N-glycan analysis can enable drawing of conclusions on the pathological conditions of the
investigated person, such as: sepsis, acute pancreatitis, inflammation and other diseases and conditions; see references
2-4:

(2) O. Gornik, L. Royle, D. J. Harvey, C. M. Radcliffe, R. Saldova, R. A. Dwek, P. Rudd, G. Lauc: Changes of serum
glycans during sepsis and acute pancreatitis, Glycobiology 17 (2007) 1321-1332;
(3) O. Gornik, I. Gornik, V. Gasparovic, G. Lauc: Change in transferrin sialylation is a potential prognostic marker
for severity of acute pancreatitis, Clin. Biochem. 41 (2008) 504-510;
(4) O. Gornik, G. Lauc: Glycosylation of serum proteins in inflammatory diseases, Dis. Markers 25 (2008) 267-278.

[0006] The reference 4A is important for understanding the role of hyperglycemia during the acute illness phase within
the currently healty subjects and the developmet of T2D in the future, after several years:
(4A)I. Gornik, A. Vujaklija Brajkovic, I. Pavlic Renar, V. Gasparovic: A prospective observational study of the relationship
of critical illness associated hyperglycaemia in medical ICU patients and subsequent development of type 2 diabetes,
Critical Care 14 (2010) R130, DOI: 10.1186/cc9101 Diabetes stands out as one of the most significant disease of the
modern age, particularly due to its frequency. Type 2 diabetes (T2D) also represents one of the most significant global
epidemiological problems. It is estimated that by the year 2025 the prevalence of diabetes will increase to 7.3 %.
[0007] Itoh et al have investigated murine and human plasma N-glycan changes in type 2 diabetes (T2D), where they
noted increased levels of biantennary glycans with α-1,6-fucose and bisecting N-acetylglucosamine, in both species.
Increased level and activity of liver α-1,6-fucosyltransferase was assumed. The authors concluded that the increased
level of α-1,6-fucosylation is indicative for T2D pathophysiology. Additionally, their results suggest the possibility of
utilizing the N-glycan analysis and, specifically, α-1,6-fucosylation levels, for the purpose of T2D diagnosis; see reference
5:
(5) N. Itoh, S. Sakaue, H. Nakagawa, M. Kurogochi, H. Ohira, K. Deguchi, S.-I. Nishimura, M. Nishimura: Analysis of N-
glycan in serum glycoproteins from db/db mice and humans with type 2 diabetes, Am. J. Physiol. Endocrinol. Metab.
293 (2007) E1069-E1077.
[0008] Testa et al have described significant changes of plasma N-glycan profile in patients with type 2 diabetes (T2D)
and metabolic syndrome (MS), compared to healthy controls. They observed significant decrease in monogalactosylated
N-glycans with α-(1,6)- and α-(1,3)-galactosylation, and core fucosylated biantennary N-glycans NG1(6)A2F and
NG1(3)A2F in patients with T2D; see reference 6:
(6) R. Testa, V. Vanhooren, A. R. Bonfigli, M. Boemi, F. Olivieri, A. Ceriello, S. Genovese, L. Spazzafumo, V. Borelli,
M. G. Bacalini, S. Salvioli, P. Garagnani, S. Dewaele, C. Libert, C. Franceschi: N-Glycomic Changes in Serum Proteins
in Type 2 Diabetes Mellitus Correlate with Complications and with Metabolic Syndrome Parameters, PLOS One (2015)
DOI: 10.1371/journal.pone.0119983.
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[0009] It is explicitly stated that the serum N-glycans can be used as non-invasive biomarkers of type 2 diabetes; see
the conclusion of the paper.
[0010] Facts indicated in the references (5) and (6) denote the possibility of diagnostics of already developed diabetes
through analysis of plasma N-glycans. However, findings described in references (5) and (6) do not point out the direct
possibility of using plasma N-glycans for the purpose of predicting the possibility for diabetes development in the future,
for currently healthy person.
[0011] The very concept of predicting diabetes development in the future, for currently healthy person, is known in the
state of the art. For example, Urdea et al have devised a diagnostic procedure for diabetes prediction 1, 2.5, 5, 7.5 or
10 years before potential onset of the disease, by analyzing specific combination of biochemical markers derived from
the plasma of investigated person, which are:

1. blood glucose;
2. triglycerides; and
3. adiponectin (protein);

along with a mathematical model which predicts probability of diabetes development in investigated person; see reference
(7):
(7) US 2015/193587 A1; M. S. Urdea, M. P. McKenna, P. A. Arensdorf: Diabetes-related biomarkers and methods of
use thereof; Health Diagnostics Laboratory, Inc. (US).
[0012] This document indicates the possibility of diagnostic procedure wherein aforementioned key biomarkers are
analyzed for investigated person, and, based on their resulting concentrations compared to the range of their concen-
trations in a particular population, creates prediction, i.e. probability of diabetes development in the future.
[0013] According to our best knowledge, the use of plasma N-glycans as markers for prediction of diabetes development
in the future, for currently healthy person, is not described in the state of the art nor suggested in any way.
[0014] The present invention solves a technical problem of predicting or determining the risk of diabetes development
in the future, for currently healthy person, as disclosed in the detailed description of the invention.

Summary of the invention

[0015] The present invention discloses a procedure of determining the risk of type 2 diabetes (T2D) development in
the future, for currently healthy person, based on a single quantitative analysis of plasma N-glycans, and then by
employing specific mathematical models based on population study and monitoring the rate of their diabetes incidence,
in a time-dependent manner.

Brief Description of Figures

[0016]

Figure 1 - depicts typical chromatogram obtained by quantitative analysis of plasma N-glycans, fluorescently labeled
with 2-aminobezamide (2-AB), when employing ultra-performance liquid chromatography based on hydrophilic in-
teractions (HILIC-UPLC), according to the method of analysis of the present invention, see Example 2.

Figure 2 - depicts ROC (Receiver Operating Characteristic) curve (full line) discriminating between patients with
hyperglycemia in acute disease (increased risk for type 2 diabetes development) and patients with normal blood
glucose levels in acute disease. ROC curve is constructed using total plasma N-glycome as predictor. Furthermore,
Figure 2 also depicts ROC curve (dotted line) displaying discriminative value of glycated hemoglobin (HbA1c), as
standard diagnostic marker for type 2 diabetes in the state of the art.

Figure 3 - depicts logarithm (logarithm base = e; here and in the entire text) of odds ratio obtained by logistic
regression, which corresponds to the change of one standard deviation for each measured glycan (GP1-GP46).

[0017] Logarithm of odds ratio (OR) is obtained by logistic regression and corresponds to the change of one standard
deviation for each measured glycan (GP1-GP46). In order to adjust log(OR) to the change of one standard deviation
(standardized log(OR)), glycan measurements were also standardized (to N (0,1) distribution) before performing logistic
regression. Bar height represents the logarithm of estimated odds ratio and error bars represent 95 % confidence intervals
of estimated effects. y axis represents log(OR) obtained by logistic regression corresponding to the change of one
standard deviation of the measured glycan.
[0018] Plasma N-glycans are analyzed by HILIC-UPLC method, according to the present invention, for patients with
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hyperglycemia during hospitalization in intensive care unit due to the acute illness (59 cases and 59 controls). Significant
differences between cases and controls were noticed for multiple directly measured glycans. Differences in plasma
glycans are shown as bars, where bar height represents effect size; the estimation is based on logistic regression and
error rate, with 95% confidence interval.
[0019] Figure 4 - depicts differences in abundances of plasma glycans, expressed as logarithm of odds ratio; as in
Figure 2, only now x-axis represents different groups of glycans with similar features: high branching (HB); low branching
(LB); neutral glycans (S0); sialylated glycans: monosialylated (S1), disialylated (S2), trisialylated (S3), tetrasialylated
(S4); and regarding galactosylation level: agalactosylated (G0), monogalactosylated (G1), digalactosylated (G2), triga-
lactosylated (G3) and tetragalactosylated (G4) glycans.
[0020] Pronounced differences were observed between cases and controls. Differences in plasma glycans are shown
as bar plots where height of bars represent size of effects estimated based on logistic regression (logarithm of odds
ratio) and error bars represent 95 % confidence intervals of estimated effects.

Detailed description of the invention

[0021] The present invention solves a technical problem of determining the risk for type 2 diabetes (T2D) development
in the future, for currently healthy person.
[0022] A procedure according to the invention basically comprises:

(i) quantitative analysis of N-glycans from plasma of investigated person;
(ii) incorporation of obtained results of N-glycan quantitative percentages into specific mathematical formulas, which
were obtained in a population study and by monitoring of the rate of diabetes incidence in that population, in a time-
dependent manner; and
(iii) drawing a conclusion, based on obtained numerical result, whether the investigated person has or has not
increased risk for type 2 diabetes (T2D) development in the future.

[0023] The key findings underlying the present invention have arisen following the study on composition of plasma N-
glycans of a greater population of healthy subjects (N = 108) was performed.

Monitoring of plasma N-glycan changes and incidence of type 2 diabetes (T2D) in a larger population study

[0024] Study recruited patients from a medical intensive care unit (ICU) in the University hospital Zagreb during period
of 6 months (February to July 2013). Adult (>18 years old) patients with negative history of diabetes were eligible for
participation in the study. Excluded were patients diagnosed with diabetes or prediabetes, before or during hospitalization,
patients with documented gestational diabetes, pregnant patients and patients taking glucocorticoids during or 3 months
before the admission.
[0025] Recruited patients were asked to attend a follow-up, 6-8 weeks after hospital discharge. At this visit inclu-
sion/exclusion criteria were confirmed. Complete blood count and CRP were determined to exclude persisting inflam-
matory process. Patients with elevated markers of inflammation were retested after 2 weeks.
[0026] All patients underwent oral glucose tolerance test (OGTT) and measurement of HbA1c to identify pre-existing
diabetes. ADA criteria for diagnosis of diabetes were employed and patients diagnosed with existing pre-diabetes or
diabetes were excluded. Height, weight and BMI were recorded; family history of diabetes was documented.
[0027] Study included 108 patients in total, whose general characteristics are presented in Table 1.

Table 1. General characteristics of patients included in the study of plasma N-glycan analysis.a

No. Parameter All patients 
(N=108)

Hyper 
glycemia 

(N=59)

No hyper glycemia 
(N=49)

P-val. (HG vs. 
noHG)

1 Age (years) 54615 55616 52614 0.388

2 Female sex (N,%) 32 (29.6) 18 (30.5) 14 (28.6) 0.826

3 BMI (kg/m2) 23.764.0 24.264.1 23.163.9 0.734

4 Total cholesterol 
(mmol/L)

4.660.9 4.660.9 4.661.0 0.737

5 Triglycerides (mmol/L) 3.261.1 3.261.1 3.261.1 0.977
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[0028] For each blood plasma sample, a quantitative analysis of N-glycans was conducted, according to the following
procedure:

Quantitative analysis of plasma N-glycans

[0029] Quantitative analysis of N-glycans attached to the plasma proteins comprises the following steps:

(i) isolation of plasma from the blood sample that has been collected from a healthy person;
(ii) release of the total plasma N-glycans by enzymatic hydrolysis using N-glycosidase;
(iii) optionally, derivatization of the N-glycan mixture, using a reagent suitable to increase the detection sensitivity
of such derivatized N-glycans;
(iv) purification of the N-glycan mixture or derivatized N-glycan mixture; and
(v) separation and quantification of N-glycans or derivatized N-glycans using a suitable quantitative analytical tech-
nique.

[0030] As the suitable quantitative analytical technique for separation of plasma N-glycans any analytical technique
which enables their separation and quantification can be used.
[0031] Examples of the suitable quantitative analytical technique for separation of plasma N-glycans are following
techniques: ultra-performance liquid chromatography (UPLC), capillary electrophoresis (CE), MALDI-TOF mass spec-
trometry, liquid chromatography coupled with mass spectrometry (LC-MS) and other suitable quantitative techniques -
as is well known in the state of the art; see, for example, international patent application WO 2014/203010 A1, where
the inventors are Lauc G. et al.
[0032] In the present study, ultra-performance liquid chromatography (UPLC) was used, which isn’t the preferred
technique, just one of the many possible alternative techniques.
[0033] In the present invention, the term N-glycan and/or N-glycan group refers to the one or more glycans originating
from blood plasma, which were previously attached to the nitrogen (N-) atom within the plasma glycoprotein. During the
analysis procedure, glycans are released from protein moiety using N-glycosydase F, and released carbohydrate i.e.
glycan molecules are, during quantitative analysis, separated into a series of chromatographic peaks or analogue ana-
lytical signals, depending on the type of the employed analytical method. A single chromatographic peak can contain
only one N-glycan or more glycans, in which case the term N-glycan group is used. More precisely, the prefix "N-" in
front of the term "glycan" refers to the origin of the corresponding glycan and/or glycan group, prior to their release from
the protein moiety of the glycoprotein, i.e., this means that carbohydrates (glycans) are chemically bonded to the nitrogen
(N-) atoms of plasma proteins called glycoproteins.
[0034] Specifically, quantitative analysis of plasma N-glycans comprises the following steps:

(i) isolation of plasma from the blood sample that has been collected from a healthy person;
(ii) release of the total plasma N-glycans by enzymatic hydrolysis using N-glycosidase F;
(iii) derivatization of the N-glycan mixture, using 2-aminobenzamide (2-AB) in the reaction of reductive amination,
with 2-picolin-borane as reducing agent, for the purpose of N-glycan fluorescent labeling;
(iv) purification of the fluorescently labeled N-glycan mixture; and
(v) UPLC analysis of purified, fluorescently labeled N-glycans, in order to obtain quantitative percentages for each
of 46 N-glycans or N-glycan groups GP1-GP46; see Table 2 and 3. Specifically, as one of the suitable quantitative
analytical methods for quantification of N-glycans showed to be ultra-performance liquid chromatography (UPLC),
which is known from the literature; see reference 8:

(8) R. Saldova, A. A. Shehni, V. D. Haakensen, I. Steinfeld, M. Hilliard, I. Kifer, Å. Helland, Z. Yakhini, A.-L. Borresen-
Dale, P. M. Rudd: Association of N-Glycosylation with Breast Carcinoma and Systemic Features Using High-Resolution

(continued)

No. Parameter All patients 
(N=108)

Hyper 
glycemia 

(N=59)

No hyper glycemia 
(N=49)

P-val. (HG vs. 
noHG)

6
Family history of diabetes 
(N, %) 27 (25) 19 (32.2) 8 (16.3) 0.039

a Detailed study protocol is described in Example 1.
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Quantitative UPLC, J. Proteome Res. 13 (2014) 2314-2327.
[0035] Aforementioned UPLC analytical method has been performed using following conditions:

(i) column: Waters BEH;
(ii) mobile phase: mixture of solvent A= 100 mM aqueous solution of ammonium formate, pH= 4,4; B= acetonitrile;
linear gradient of 70-53%, V/V, acetonitrile;
(iii) flow rate: 0.56 ml/min;
(iv) temperature: 25°C;
(v) detection: fluorescence detector set at excitation wave length of 250 nm and emission wave length of 428 nm; and
(vi) analytical run: 25 min.

[0036] Using the described UPLC method, a good separation of all 46 fluorescently (2AB) labeled glycans or glycan
groups (GP1-GP46) is achieved, where the typical chromatogram is shown Figure 1.
[0037] Details of the implementation of this analytical method are described in Example 2, while retention times of
N-glycan groups, previously fluorescently labeled with 2-aminobenzamide, as shown in Table 2.

[0038] However, each chromatographic peak in the chromatogram shown in Figure 1 contains one or more structurally
similar glycans (GP1-GP46), which chemical structures are shown in Table 3.

Table 2. Retention times (tR) of 46 fluorescently labeled plasma N-glycans or N-glycan groups (GP1-GP46) obtained 
in ultra-performance liquid chromatography (UPLC) analysis.a

GP tR [min] GP tR [min] GP tR [min]

1 3.9 17 10.0 33 16.1

2 4.8 18 10.4 34 16.8

3 5.1 19 10.8 35 17.1

4 5.4 20 11.2 36 17.4

5 5.6 21 11.7 37 17.6

6 6.2 22 12.1 38 17.8

7 6.8 23 12.5 39 18.1

8 7.2 24 12.9 40 18.4

9 7.4 25 13.3 41 18.7

10 7.6 26 13.6 42 19.1

11 7.9 27 14.1 43 19.6

12 8.2 28 14.3 44 19.9

13 8.5 29 14.7 45 20.4

14 9.1 30 15.1 46 20.7

15 9.3 31 15.4 - -

16 9.9 32 15.9 - -
a N-glycans are labeled with 2-aminobenzamide (1) in the reaction of reductive amination, with 2-picolin-borane as
reducing agent (2PB). UPLC method: column: Waters BEH; mobile phase: mixture of solvent A= 100 mM aqueous
solution of ammonium formate, pH= 4,4; B= acetonitrile; linear gradient of 70-53%, V/V, acetonitrile; flow rate: 0.56
ml/min; temperature: 25°C; detection: fluorescence detector set at excitation wave length of 250 nm and emission
wave length of 428 nm; analytical run: 25 min.
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Table 3. Chemical structures of N-glycans or N-glycan groups separated as individual chromatographic peaks (GP1-
GP46) in the chromatogram shown in Figure 1, according to the analytical method described in Example 2; see 

reference 8.

GP Structure GP Structure GP Structure

GP1 A1 GP17

FA2[3]G1S[3]1

GP33

A3G3S[3,3,6]3
FA2[3]G1S[6]1 A3G3S[3,6,6]3

FA2[6]BG1S[3]1 A3BG3S[3,3,3]3
FA2[6]BG1S[6]1 A3BG3S[3,3,6]3

A3BG3S[3,6,6]3

GP2 GP18 GP34

FA3G3S[3,3,3]3
FA3BG3S[3,3,3]3

M4 A4G4S[3,6]2
FA1 FA2[3]BG1S[3]1 A3G3S[3,3,3]3
A2 FA2[3]BG1S[6]1 A3G3S[3,3,6]3

A3G3S[3,6,6]3
A3G3S[6,6,6]3

GP3 GP19
A2G2S[3]1

GP35
A3BG3S[3,3,3]3

A1[6]G1 A2G2S[6]1 A3BG3S[3,3,6]3
A3G3 A3BG3S[6,6,6]3

GP4 GP20

A2BG2S[3]1

GP36

A2BG2S[6]1 FA3G3S[3,3,3]3
A2B M5A1G1S[3]1 FA3G3S[3,3,6]3

A1[3]G1 M5A1G1S[6]1 FA3G3S[3,6,6]3
FA3G3 FA3G3S[6,6,6]3

M8D2,D3
A2G2S[3]1

GP5 FA2 GP21 GP37

A3G3S[3,3,3]3
A3G3S[3,3,6]3

FA2G2S[3]1 A3G3S[3,6,6]3
FA2G2S[6]1 A3F1G3S[3,3,3]3

M8D1,D3 A3F1G3S[3,3,6]3
FA3BG3S[3,3,3]3
FA3BG3S[6,6,6]3

GP6

M5

GP22 GP38

FA2B
FA1[6]G1 FA2BG2S[3]1 A4G4S[3,3,3]3
A2[6]G1 FA2BG2S[6]1 A3F1G3S[3,6,6]3

FA1[3]G1
A2[3]G1

GP7 GP23

A2F1G2S[3]1

GP39
A2F1G2S[6]1 A4G4S[3,3,6]3

A2[6]BG1 A2G2S[3,3]2 A4G4S[3,6,6]3
A2G2S[3,6]2

FA2G2S[3,3]2

GP8

A2[3]BG1

GP24

A3G3S[3]1

GP40

A4F1G3S[3,3,3]3
FA2[6]G1 A3G3S[6]1 A3F2G3S[3,3,3]3
M4A1G1 M9 A4F1G3S[3,3,6]3

A4F1G3S[3,6,6]3
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(continued)

GP Structure GP Structure GP Structure

GP9 FA2[3]G1 GP25

A3BG3S[3]1

GP41

A3F2G3S[3,3,6]3
A3BG3S[6]1 A4F2G3S[3,3,3]3
A2G2S[3,3]2 A4F2G3S[3,3,6]3
A2G2S[3,6]2 *A4G4S[3,3,3,3]4
A2G2S[6,6]2 A4G4S[3,3,3,6]4

GP10 FA2[6]BG1 GP26

FA3G3S[3]1

GP42 A4G4S[3,3,3,6]4

FA3G3S[6]1
FA3BG3S[3]1
A2BG2S[3,3]2
A2BG2S[3,6]2
A2BG2S[6,6]2

GP11

FA2[3]BG1

GP27

A3F1G3S[3]1

GP43

*A4G4S[3,3,3,6]4
M6D1 or D2 FA2G2S[3,3]2 A4G4S[3,3,6,6]4

M6D3 FA2G2S[3,6]2 A4G4S[3,6,6,6]4
FA2G2S[6,6]2

GP12 GP28

FA2BG2S[3,3]2

GP44

FA2BG2S[3,6]2 *A4G4S[3,3,3,3]4
A1[3]G1S[3]1 FA2BG2S[6,6]2 FA4G4S[3,3,3,3]4

A2G2 A2F1G2S[3,3]2 FA4G4S[3,3,3,6]4
A2F1G2S[3,6]2 A4BG4S[3,3,6,6]4
A2F1G2S[6,6]2

M9Glc

GP13 GP29

A3G3S[3,3]2

GP45

A3G3S[3,6]2 A4F1G4S[3,3,3,3]4
A1[3]G1S[6]1 A3G3S[6,6]2 A4F1G4S[3,3,3,6]4

A2BG2 A3BG3S[3,3]2 A4F1G4S[3,3,6,6]4
A3BG3S[3,6]2 A4F1G4S[3,6,6,6]4
A3BG3S[6,6]2

GP14

M5A1G1

GP30 A4G4S[3]1 GP46

A4G4LacS[3,3,3,3]
4

FA2G2 A4G4LacS[3,3,3,6]
4A2[3]G1S[3]1

A2[3]G1S[6]1 A4F2G4S[3,3,3,3]4
FA1G1S[3]1 A4F2G4S[3,3,6,6]4
FA1G1S[6]1 A4F3G4S[3,3,3,3]4

GP15

FA2BG2

GP31

FA3G3S[3,3]2

-
M7D3 FA3G3S[3,6]2

A2[6]BG1S[3]1 FA3G3S[6,6]2 -
A2[6]BG1S[6]1 A3G3S[3,3]2

GP16

A2[3]BG1S[3]1

GP32 - -

A2[3]BG1S[6]1
FA2[6]G1S[3]1 A3G3S[3,3,3]3
FA2[6]G1S[6]1 A3F1G3S[3,3]2
M4A1G1S[3]1 A4G4S[6]1
M4A1G1S[6]1

M7D1

GP = glycan group; * Glycans with identical composition, but isomeric structures, with differently linked sialic acid.



EP 3 482 207 B9

9

5

10

15

20

25

30

35

40

45

50

55

[0039] Described quantification of N-glycans was performed for all blood plasma samples from the described study
on examining of glycome composition in aforementioned population of patients.
[0040] The obtained results of the quantitative composition of N-glycans are compared between two groups of patients:

(i) those with documented hyperglycemia during acute illness (known increased risk for T2D development); and
(ii) those who remained normoglycemic during acute illness; See Table 1.

[0041] Based on statistical data processing, a model that discriminates the aforementioned two groups of patients
was formed. The aforementioned model is based on the overall glycan profile, on which basis a ROC (Receiver Operating
Characteristic) curve was formed; see Figure 2.
[0042] The ROC curve analysis shown in Figure 2 describes a discriminatory model for the diagnosis of hyperglycemia
in patients with acute illness (increased risk of T2D development). Regularized logistic regression was used for classi-
fication analysis, where all 46 plasma glycans were used as predictors. The ROC curve is defined on the basis of the
validation set obtained by the "leave-one-out" crossover validation (10CV).
[0043] It is evident from Figure 2, that the plasma N-glycome significantly discriminates, with high sensitivity and
specificity, between patients with hyperglycemia during the acute illness and patients who remained normoglycemic
during the same condition.
[0044] For comparison, Figure 2 also shows the ROC curve for the discriminatory power of glycated hemoglobin
(HbA1c), which is the standard marker for hyperglycemia diagnostics or the success of type 2 diabetes treatment, from
the state of the art; see reference 9:
(9) M. Vucic Lovrencic, L. Smircic Duvnjak, D. Rahelic: [Hemoglobin A1c and the Quality of Diabetes Care], Lijec. Vjesn.
137 (2015) 292-296.
[0045] It is evident from Figure 2, that plasma glycans have significantly higher discriminatory power as biomarkers,
compared to glycated hemoglobin (HbA1c) from the state of the art, so that HbA1c couldn’t serve as a marker for T2D
predisposition in our examined population.
[0046] Although hyperglycemia during acute illness identifies patients at high risk of type 2 diabetes (T2D) development,
it is possible to apply it as a prediction method only to patients who have been admitted to the Intensive Care Unit (ICU)
with acute illness. Glycans as indirect, but highly reliable, predictors of hyperglycemia in acute illness are much better
biomarkers for the risk of T2D development, because analysis can be carried out for currently healthy person by simple
analysis of a blood sample.
[0047] In the following steps of data analysis, in order to make possible conclusions about the nature of predisposition
for diabetes development, glycans are divided into:

(i) high branched glycans (HB);
(ii) low branched glycans (LB);
(iii) neutral glycans (S0);
(iv) according to the degree of sialylation: monosialylated (S1), disialylated (S2), trisialylated (S3), tetrasialylated
(S4); and
(v) according to the degree of galactosylation: agalactosylated (G0), monogalactosylated (G1), digalactosylated
(G2), trigalactosylated (G3) and tetragalactosylated (G4) glycans.

[0048] The aforementioned glycan types are composed of the following individual glycans or glycans groups: 

ˇ

´
ˇ

´
ˇ

´ ´
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[0049] A significant difference between people with high risk for T2D development (hyperglycemic group) and controls
has been noted; see Figure 4.
[0050] Figure 4 clearly shows the feature which appears in the population, that the predisposition for type 2 diabetes
(T2D) is characterized by high branched glycans (HB). Statistically significantly different, the simple ratio of high branched
(HB) to low branched (LB) glycans is a good discriminative parameter to determine whether the examined, currently
healthy person has or has not increased risk for type 2 diabetes (T2D) development in the future; see Figure 4. Details
of statistical data processing from the study are described in Example 3.
[0051] In the described manner, it is possible to conduct a diagnostic procedure of prediction of the type 2 diabetes
development (T2D) in the future, for currently healthy person.
[0052] The procedure of predicting type 2 diabetes development through analysis of N-glycans attached to the plasma
proteins of a healthy person
[0053] The same method, as described earlier, is used as the diagnosis protocol through quantitative analysis of
N-glycans attached to the plasma proteins of a healthy person. The results of quantitative analysis of all N-glycans are
included in a mathematical formula A and/or B. The obtained numerical values are used to conclude if a currently healthy
person has a significant probability for type 2 diabetes development in the future.
[0054] The diagnosis procedure, according to the invention, comprises the following steps:

(i) isolation of plasma from the blood sample that has been collected from a healthy person;
(ii) release of the total plasma N-glycans by enzymatic hydrolysis using N-glycosidase;
(iii) (i) optionally, derivatization of the N-glycan mixture, using a reagent suitable to increase the detection sensitivity
of such derivatized N-glycans;
(iv) purification of the N-glycan mixture or derivatized N-glycan mixture;
(v) separation and quantification of N-glycans or derivatized N-glycans using a suitable quantitative analytical tech-
nique;
(vi) quantitative percentages of all N-glycans, obtained as described in the step (vi), are used as input variables of
the following model:

F(GP1, GP2, ..., GPX; D, S)

where X, D and S are the parameters of the model F with following meaning:
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X = total number of analyzed N-glycans from GP1 to GPX;
D = age of the investigated person;
S = sex of the investigated person; male= 1, female= 0;

where the model constants are obtained by statistical data processing from analyzed population; and

(vii) where the result F obtained in step (vii) for investigated person is compared with a threshold T, which is statistically
determined on the same population and which defines increased risk for type 2 diabetes (T2D) development in the
future.

[0055] Specifically, the diagnosis procedure, according to the invention, comprises the following steps:

(i) isolation of plasma from the blood sample that has been collected from a healthy person;
(ii) release of the total plasma N-glycans by enzymatic hydrolysis using N-glycosidase F;
(iii) derivatization of the N-glycan mixture, using 2-aminobenzamide (2-AB) in the reaction of reductive amination,
with 2-picolin-borane as reducing agent, for the purpose of N-glycan fluorescent labeling;
(iv) purification of the fluorescently labeled N-glycan mixture;
(v) separation and quantification of fluorescently labeled N-glycans using quantitative analytical technique;
(vi) the obtained quantitative percentages of all 46 N-glycans and/or N-glycan groups, obtained as described in the
step (vi), are used as input variables of the following model:

F(GP1, GP2, ..., GP46; D, S)

where D and S are the optional parameters of the model F:

D = age of the investigated person;
S = sex of the investigated person; male= 1, female= 0;

where the model constants are obtained by statistical data processing from analyzed population; and

(vii)
where the result F obtained in step (vii) for investigated person is compared with a threshold T, which is statistically
determined on the same population and which defines increased risk for type 2 diabetes (T2D) development in the
future.

[0056] In one embodiment of the invention, aforementioned model F(GP1, GP2, ..., GP46; D, S) is defined as follows;
D = age of the investigated person; S = sex of the investigated person; male= 1, female= 0: 

 and where threshold T = -3.627; and if F > T, it means that investigated person is at an increased risk of developing
type 2 diabetes (T2D) in the future.
[0057] In another embodiment of the invention, aforementioned model F(GP1, GP2, ..., GP46) is defined as following: 
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where HB and LB are additionally defined through quantitative glycan percentages; factor HB represents the sum of
branched glycans, while factor LB represents the sum of glycans with low branching;
wherein 

and 

and where threshold T = 0.33; and if F > T, it means that investigated person is at an increased risk of developing type
2 diabetes (T2D) in the future.

The use of the procedure of predicting type 2 diabetes development (T2D) of a healthy person

[0058] The diagnostic procedure, according to the invention, is used for predicting the risk of developing type 2 diabetes
(T2D) in the future through a single plasma N-glycans analysis of a currently healthy person.

The modes of carrying out the invention

General remarks

[0059] The study protocol for N-glycan analysis in patients has been approved by Ethics Committees of the Clinical
Hospital Zagreb, Croatia. All recruited patients have signed informed consent form for participation in the study.
[0060] Abbreviations of used reagents, devices and other abbreviations:

EDTA = ethylenediaminetetraacetic acid;
SDS = sodium dodecyl sulfate (anionic detergent);
PNGase F = peptide-N4-(N-acetyl-β-glucosaminyl)-asparagine amidase;
DMSO = dimethyl sulfoxide;
2AB = 2-aminobenzamide;
2PB = 2-picoline borane;
PBS = phosphate-buffered saline;
GHP filter = GH polypro (GHP) membrane filters (filter media: hydrophilic polypropylene);
Igepal-CA630 = octylphenoxy-poly(ethyleneoxy)ethanol (non-ionic detergent);
UPLC = ultra-performance liquid chromatography
HILIC = hydrophilic interactions liquid chromatography

Example 1. The study of determining plasma N-glycan compositional changes and the incidence of type 2 diabetes 
(T2D) development, in a time-dependent manner

[0061] Study hypothesis: To analyze plasma N-glycans, of a larger population of patients who experienced hypergly-
cemia during an acute inflammation, then again after 6 to 8 weeks, when it was certain that they are healthy, i.e. in a
phase of normoglycemia and when the earlier disease state no longer influenced their N-glycan composition. Model that
distinguishes individuals at high and low risk of type 2 diabetes development was formed by statistical analysis, on the
basis of differences in the composition of N-glycans between those two patient groups.
[0062] Alternatively, the study can be performed on population of the same size, by analyzing N-glycans and archiving
the results. The analysis of plasma N-glycans is then repeated on the same population after several years.
[0063] Individuals who developed type 2 diabetes during those several years are clearly classified in the high-risk
group. Individuals who did not develop type 2 diabetes are classified in the low risk group for type 2 diabetes development
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in the future. Statistical model is then formed, by aforementioned statistical method, which distinguishes individuals at
high risk from individuals at low risk of developing type 2 diabetes.
[0064] The study was performed on patients from a medical intensive care unit (ICU) at a Clinical hospital Zagreb
during the period of 6 months (February to July 2013). Adult (>18 years old) patients with negative history of diabetes
who were admitted to the ICU and were discharged from the hospital alive were eligible for inclusion. Excluded were
patients diagnosed with diabetes or prediabetes before or during hospitalization, patients with documented gestational
diabetes, pregnant patients and patients taking glucocorticoids during or 3 months before the admission.
[0065] Patients were asked to attend a follow-up, 6-8 weeks after hospital discharge. At this visit inclusion/exclusion
criteria were confirmed. Complete blood count and CRP were determined to exclude persisting inflammatory process.
Patients with elevated markers of inflammation were retested after 2 weeks.
[0066] All patients underwent oral glucose tolerance test (OGTT) and measurement of HbA1c to identify pre-existing
diabetes. ADA criteria for diagnosis of diabetes were employed and patients diagnosed with existing pre-diabetes or
diabetes were excluded. Height, weight and BMI were recorded; family history of diabetes was documented.
[0067] Blood samples for glycan profiling were taken in tubes with anticoagulants, plasma has been separated imme-
diately and stored at -20°C until the analysis; see the Example 2.
[0068] Individuals who developed any autoimmune, malignant or other chronic disease were excluded.
[0069] During the inclusion period, there were 241 admissions to the medical ICU, of which 203 were discharged alive
from the hospital. Excluded were 48 patients because of pre-existing diabetes, 15 because of glucocorticoid therapy, 2
with a history of gestational diabetes and 1 pregnant patient. Consent was denied by 16 patients and 7 patients did not
show at the follow-up visit. Another 2 patients were excluded because of persisting inflammatory process and 4 because
of newly diagnosed diabetes. Remaining 108 patients were sampled for glycan profiling.
[0070] The general characteristics of 108 patients included in the present study are shown in Table 1.

Example 2. Plasma N-glycan analysis

(1) Collection of blood samples and isolation of plasma:

[0071] Collection of blood samples was done in accordance with good clinical practice and standard venipuncture
procedure, samples were taken in tubes with anticoagulants (EDTA or citrate) and immediately further processed in
order to separate blood plasma.

(2) Isolation of blood plasma:

[0072] The blood plasma was isolated by centrifugation, separated and then stored at -20°C until further analysis were
performed.

(3) N-glycan release from plasma proteins:

[0073] 10 mL of each plasma sample was denatured with the addition of 20 pL of 2 % SDS (w/v) (Invitrogen, Carlsbad,
CA, USA) and by incubation at 65 °C for 10 min. Subsequently, 10 mL of 4 % Igepal-CA630 (Sigma-Aldrich, St. Louis,
MO, USA) and 1.25 mU PNGase F (ProZyme, Hayward, CA, USA) in 10 mL 53 PBS were added. Samples were
incubated overnight at 37 °C for N-glycan release.

(4) Fluorescent labeling of released N-glycans by reductive amination with 2-aminobenzamide (2-AB):

[0074] Released N-glycans were fluorescently labeled by reductive amination with 2-aminobenzamide (2-AB). The
labeling mixture was freshly prepared by dissolving 2-AB (19.2 mg/mL, Sigma-Aldrich, St. Louis, MO, USA) and 2-
picoline borane (44.8 mg/mL, Sigma-Aldrich, St. Louis, MO, USA) in DMSO (Sigma-Aldrich, St. Louis, MO, USA) and
glacial acetic acid (Merck, Darmstadt, Germany) mixture (70:30, v/v) .
[0075] 25 mL of labeling mixture was added to each N-glycan sample in the 96-well plate and the plate was then sealed
using an adhesive seal. Mixing was achieved by shaking for 10 min, followed by two-hour incubation at 65 °C. Samples
(volume of 75 mL) were brought to 80% ACN (v/v) by adding 300 mL of ACN (J.T. Baker, Phillipsburg, NJ, USA) .

(5) Purification of fluorescently labeled N-glycan mixture:

[0076] Free label and reducing agent were removed from the samples using HILIC-SPE. 200 mL of 0.1 g/mL suspension
of microcrystalline cellulose (Merck, Darmstadt, Germany) in water was applied to each well of a 0.45 um GHP filter
plate (Pall Corporation, Ann Arbor, MI, USA). Solvent was removed by application of vacuum using a vacuum manifold
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(Millipore Corporation, Billerica, MA, USA). All wells were prewashed using 53 200 mL water, followed by equilibration
using 33 200 mL acetonitrile/water (80:20, v/v) . The samples were loaded to the wells. The wells were subsequently
washed 73 using 200 mL acetonitrile/water (80:20, v/v). Glycans were eluted 23 with 100 pL of water and combined
eluates were stored at -20 °C until UPLC analysis was performed.

(6) Quantitative analysis (separation) of fluorescently labeled N-glycans by hydrophilic interaction (HILIC) ultra-perform-
ance liquid chromatography (UPLC):

[0077] Fluorescently labeled N-glycans were separated by hydrophilic interaction ultra-performance liquid chroma-
tography (HILIC-UPLC) on Waters Acquity instrument (Milford, MA, USA) consisting of a quaternary solvent manager,
sample manager and a FLR fluorescence detector, set at excitation and emission wavelengths of 250 and 428 nm,
respectively. The instrument was under the control of Empower 2 software, build 2145 (Waters, Milford, MA, USA).
Labeled N-glycans were separated on a Waters bridged ethylene hybrid (BEH) Glycan chromatography column, 150 3
2.1 mm and i.d., 1.7 um BEH particles, with 100 mM ammonium formate, pH 4.4, as solvent A and acetonitrile as solvent
B. The separation method used a linear gradient of 70-53% acetonitrile (v/v) at flow rate of 0.561 ml/min in a 25 min
analytical run.
[0078] Samples were maintained at 5 °C before injection, and the separation temperature was 25 °C. The system was
calibrated using an external standard of hydrolyzed and 2-AB labeled glucose oligomers, whch served for conversion
of individual glycan retention time into glucose units. Data processing was performed using an automatic processing
method, with a traditional integration algorithm, after which each chromatogram was manually corrected to maintain the
same intervals of integration for all samples. The chromatograms were all separated in the same manner into 46 peaks
(GP1-GP46) and the amount of glycans in each peak was expressed as % of total integrated area.
[0079] The aforementioned UPLC quantitative analytical method is described in the literature; see reference 8. A
typical chromatogram is shown in Figure 1.

(7) Incorporation of the obtained results of 46 N-glycan quantitative percentages into mathematical models, according 
to the invention, obtained by statistical analysis of the study results, and drawing conclusions:

[0080] From the obtained results of quantitative analysis of 46 plasma N-glycans (GP1-GP46) of patients recruited in
the study, through statistical analysis described in the Example 3 and Figures 2-4, two different models and two values
of the threshold for determining the risk were obtained.
[0081] In one embodiment of the invention, aforementioned model F(GP1, GP2, ..., GP46; D, S) is defined as follows;
D = age of the investigated person; S = sex of the investigated person; male= 1, female= 0: 

and threshold T = -3.627; and if F > T, it means that investigated person is at an increased risk of developing type 2
diabetes (T2D) in the future. If F < T that risk is not pronounced.
[0082] In another embodiment of the invention, aforementioned model F(GP1, GP2, ..., GP46) is defined in the way
that does not include optional variables D and S: 
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 where HB and LB are additionally defined with quantitative glycan percentages; factor HB represents the sum of highly
branched glycans, while factor LB represents the sum of glycans with low branching; wherein 

and and threshold T = 0.33; and if F > T, it means that investigated person is at an increased risk of developing type 2
diabetes (T2D) in the future. If F < T that risk is not pronounced.

Example 3. Statistical analysis

[0083] For statistical analysis, to predict hyperglycemia status, regularized logistic regression model (elastic net, lamb-
da= 0, alfa= 0.1), R package "glmnet" was used; (see reference 10).

(10) http://jstatsoft.org/v33/i01/

[0084] For classification, all 46 plasma N-glycans were used as predictors. To evaluate the biomarker potential of
glycans, model was trained and validated using "leave-one-out" cross-validation procedure, more specifically, a 10-
cross-validation procedure (10CV). In 10CV procedure, data classification was performed in a way that one validation
set contains only one sample, while the predictive model is being examined on all remaining samples. Predictions from
each validation round were merged into one validation set, on which the performance of a cohort-specific model was
evaluated, based on area under the curve (AUC).

Development of the Model 1:

[0085] As a model for prediction of hyperglycemia, regularized logistic regression (R package "glmnet") with parameters
lambda= 0 and alfa= 0.1 was used.
[0086] As input variables for the classification model the following variables were used:

(i) quantitative percentages of 46 glycans obtained by UPLC method from the Example 2;
(ii) age of the investigated person;
(iii) sex of the investigated person (0 = female or 1 = male).

[0087] The variable which is being predicted by the model is the hyperglycemia state of the investigated person (0 =
no hyperglycemia or 1 = hyperglycemia).
[0088] Glycan measurements are not inputted into model as peak areas (raw data), but as percentages in total glycome;
total area normalization is performed, where the area of each glycan peak is divided by the total area of the corresponding
chromatogram; the sum of all normalized peaks is 100 %.
[0089] Sex parameter is used in the model as the continuous variable; "glmnet" does not allow categorical variables
to be used as the input variables.
[0090] Mentioned input variables are not transformed (log transformation) or scaled (standardization on N (0,1)).
[0091] Mentioned input variables are inputted in the "elastic net" model, and the output results are defined as y = F
(GP1, GP2, ..., GP46, S, D), where y is in the domain [-∞, +∞]. Some models can result in normalized y, for example,
in interval [0,1].
[0092] The model coefficients, indicated in this invention, are obtained by "training" of aforementioned model on 107
samples.
[0093] The model predictive power of is evaluated with the 10-cross-fold validation procedure and expressed by the
ROC curve. Based on the ROC curve, the optimal threshold T = -3,627 was determined, taking into account the ratio of
sensitivity and specificity of the classification model.
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[0094] In the case when the model result is y > -3.627, the investigated person is classified as hyperglycemic.

Development of the Model 2:

[0095] As a model for the prediction of hyperglycemia, logistic regression was used (R package "stats").
[0096] As variables for the classification model the following variables were used:

(i) 2 derived traits - low (LB) and high (HB) branched N-glycans;
(ii) as a model input variable, the ratio of the two aforementioned derived traits was used.

[0097] The variable which is being predicted by the model is the hyperglycemic state of the patient (0 = no hyperglycemia
or 1 = hyperglycemia). Mentioned variable is used in the "glm" model (family = "binomial"), and the output result is defined
as y = f(LB/HB)), where y is in the domain [-∞, +∞].
[0098] The model coefficients are obtained by "training" the mentioned model on 107 samples. No cross-validation
procedure was applied, since the simple method was used.
[0099] Obtained ROC curves and processed results from the study on the plasma N-glycome composition from the
patient population with and without hyperglycemia are shown in the Figures 2-4.

Example 4. A procedure of predicting the type 2 diabetes (T2D) development through quantitative analysis of plasma 
N-glycans from currently healthy person

[0100] The procedure of predicting the T2D development is identical as the procedure described in the Example 2,
and it comprises the following steps:

(1) Collection of blood samples and isolation of plasma:

[0101] Collection of blood samples was done in accordance with good clinical practice and standard venipuncture
procedure, samples were collected in tubes with anticoagulants (EDTA or citrate) and immediately further processed in
order to separate blood plasma.

(2) Isolation of blood plasma:

[0102] The blood plasma was isolated by centrifugation, separated and then stored at -20°C until further analysis were
performed.

(3) N-glycan release from plasma proteins:

[0103] 10 mL of each plasma sample was denatured with the addition of 20 mL of 2 % SDS (w/v) (Invitrogen, Carlsbad,
CA, USA) and by incubation at 65 °C for 10 min. Subsequently, 10 mL of 4 % Igepal-CA630 (Sigma-Aldrich, St. Louis,
MO, USA) and 1.25 mU PNGase F (ProZyme, Hayward, CA, USA) in 10 mL 53 PBS were added. Samples were
incubated overnight at 37 °C for N-glycan release.

(4) Fluorescent labeling of released N-glycans by reductive amination with 2-aminobenzamide (2-AB):

[0104] Released N-glycans were fluorescently labeled by reductive amination with 2-aminobenzamide (2-AB). The
labeling mixture was freshly prepared by dissolving 2-AB (19.2 mg/mL, Sigma-Aldrich, St. Louis, MO, USA) and 2-
picoline borane (44.8 mg/mL, Sigma-Aldrich, St. Louis, MO, USA) in DMSO (Sigma-Aldrich, St. Louis, MO, USA) and
glacial acetic acid (Merck, Darmstadt, Germany) mixture (70:30, v/v) .
[0105] 25 mL of labeling mixture was added to each N-glycan sample in the 96-well plate and the plate was then sealed
using an adhesive seal. Mixing was achieved by shaking for 10 min, followed by two-hour incubation at 65 °C. Samples
(volume of 75 mL) were brought to 80% ACN (v/v) by adding 300 mL of ACN (J.T. Baker, Phillipsburg, NJ, USA) .

(5) Purification of fluorescently labeled N-glycan mixture:

[0106] Free label and reducing agent were removed from the samples using HILIC-SPE. 200 mL of 0.1 g/mL suspension
of microcrystalline cellulose (Merck, Darmstadt, Germany) in water was applied to each well of a 0.45 um GHP filter
plate (Pall Corporation, Ann Arbor, MI, USA). Solvent was removed by application of vacuum using a vacuum manifold
(Millipore Corporation, Billerica, MA, USA). All wells were prewashed using 53 200 mL water, followed by equilibration
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using 33 200 mL acetonitrile/water (80:20, v/v) . The samples were loaded to the wells. The wells were subsequently
washed 73 using 200 mL acetonitrile/water (80:20, v/v). Glycans were eluted 23 with 100 mL of water and combined
eluates were stored at -20 °C until UPLC analysis was performed.

(6) Quantitative analysis (separation) of fluorescently labeled N-glycans by hydrophilic interaction (HILIC) ultra-perform-
ance liquid chromatography (UPLC):

[0107] Fluorescently labeled N-glycans were separated by hydrophilic interaction ultra-performance liquid chroma-
tography (HILIC-UPLC) on Waters Acquity instrument (Milford, MA, USA) consisting of a quaternary solvent manager,
sample manager and a FLR fluorescence detector, set at excitation and emission wavelengths of 250 and 428 nm,
respectively. The instrument was under the control of Empower 2 software, build 2145 (Waters, Milford, MA, USA).
Labeled N-glycans were separated on a Waters bridged ethylene hybrid (BEH) Glycan chromatography column, 150 3
2.1 mm and i.d., 1.7 um BEH particles, with 100 mM ammonium formate, pH 4.4, as solvent A and acetonitrile as solvent
B. The separation method used a linear gradient of 70-53% acetonitrile (v/v) at flow rate of 0.561 ml/min in a 25 min
analytical run.
[0108] Samples were maintained at 5 °C before injection, and the separation temperature was 25 °C. The system was
calibrated using an external standard of hydrolyzed and 2-AB labeled glucose oligomers, which served for conversion
of individual glycan retention time into glucose units. Data processing was performed using an automatic processing
method, with a traditional integration algorithm, after which each chromatogram was manually corrected to maintain the
same intervals of integration for all samples. The chromatograms were all separated in the same manner into 46 peaks
(GP1-GP46) and the amount of glycans in each peak was expressed as % of total integrated area.
[0109] The aforementioned UPLC quantitative analytical method is described in the literature; see reference 8. A
typical chromatogram is shown in Figure 1.

(7) Incorporation of the obtained results of 46 N-glycan quantitative percentages into models, according to the invention, 
the risk determination methods:

[0110] After the results of 46 N-glycans quantitative percentages were obtained it was possible to use one of the
offered models, previously described in the Example 2, item (7).

Discussion of the used models

[0111] It is interesting to notice that models are significantly different from each other according to the input parameters;
a model which is based on factor HB and LB percentages has more robust application, because it is independent of sex
and age of investigated person. Created mathematical models, according to the invention, include the fact that plasma
N-glycans have a significant role in type 2 diabetes (T2D) development in currently healthy person, and can significantly
contribute to the identification of individuals at an increased risk for developing T2D.
[0112] Even though some of the glycans have shown statistically significant differences between the observed groups,
none of them showed to be a good individual marker for identifying the type 2 diabetes development predisposition.
[0113] On the other hand, created mathematical models, according to the invention, which include all 46 N-glycans,
show significant power of prediction of developing T2D. Highly branched (HB) N-glycans, as well as their ratio to low
branched N-glycans (HB/LB), play a significant role in the model’s predictive power.
[0114] Disrupted regulation of glucose levels is connected with highly branched (HB) N-glycans, because of the sig-
nificant role that glucose plays in the glycosylation pathway. Partially the reason for this is the fact that glucose is the
key metabolite in the hexosamine biosynthetic pathway (HBP), in which UDP-GlcNAc is formed. UDP-GlcNAc is a key
monosaccharide donor, necessary for N-glycan biosynthesis initiation in the endoplasmic reticulum, and later in the
Golgi apparatus where branching of N-glycans takes place.
[0115] All of the above clearly indicates the relationship between disrupted regulation of glucose and consequential
increase of percentages of highly branched (HB) N-glycans. HB N-glycans, i.e. their relative ratios to the low branched
(LB) N-glycans were used in the described mathematical model, according to the invention, as a key factor in predicting
the T2D development at currently healthy person.

Industrial applicability

[0116] The present invention reveals the procedure for determining the risk of developing type 2 diabetes in the future
at currently healthy person through quantitative analysis of plasma N-glycans. Therefore, the industrial applicability of
the present invention is obvious.
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Claims

1. A procedure for predicting type 2 diabetes development through quantitative analysis of 46 N-glycans attached to
the human plasma proteins, where said N-glycans and/or N-glycan groups correspond to the structures contained
in GP1, GP2, ... GP46, as defined below:

GP Structure GP Structure GP Structure

GP1 A1 GP17

FA2[3]G1S[3]1

GP33

A3G3S[3,3,6]3
FA2[3]G1S[6]1 A3G3S[3,6,6]3

FA2[6]BG1S[3]1 A3BG3S[3,3,3]3
FA2[6]BG1S[6]1 A3BG3S[3,3,6]3

A3BG3S[3,6,6]3

GP2 GP18 GP34

FA3G3S[3,3,3]3
FA3BG3S[3,3,3]3

M4 A4G4S[3,6]2
FA1 FA2[3]BG1S[3]1 A3G3S[3,3,3]3
A2 FA2[3]BG1S[6]1 A3G3S[3,3,6]3

A3G3S[3,6,6]3
A3G3S[6,6,6]3

GP3 GP19
A2G2S[3]1

GP35
A3BG3S[3,3,3]3

A1[6]G1 A2G2S[6]1 A3BG3S[3,3,6]3
A3G3 A3BG3S[6,6,6]3

GP4 GP20

A2BG2S[3]1

GP36

A2BG2S[6]1
A2B M5A1G1S[3]1 FA3G3S[3,3,3]3

A1[3]G1 M5A1G1S[6]1 FA3G3S[3,3,6]3
FA3G3 FA3G3S[3,6,6]3

M8D2,D3 FA3G3S[6,6,6]3
A2G2S[3]1

GP5 FA2 GP21 GP37

A3G3S[3,3,3]3
A3G3S[3,3,6]3

FA2G2S[3]1 A3G3S[3,6,6]3
FA2G2S[6]1 A3F1G3S[3,3,3]3

M8D1,D3 A3F1G3S[3,3,6]3
FA3BG3S[3,3,3]3
FA3BG3S[6,6,6]3

GP6

M5

GP22 GP38

FA2B
FA1[6]G1 FA2BG2S[3]1 A4G4S[3,3,3]3
A2[6]G1 FA2BG2S[6]1 A3F1G3S[3,6,6]3

FA1[3]G1
A2[3]G1

GP7 GP23

A2F1G2S[3]1

GP39
A2F1G2S[6]1 A4G4S[3,3,6]3

A2[6]BG1 A2G2S[3,3]2 A4G4S[3,6,6]3
A2G2S[3,6]2

FA2G2S[3,3]2
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(continued)

GP Structure GP Structure GP Structure

GP8

A2[3]BG1

GP24

A3G3S[3]1

GP40

A4F1G3S[3,3,3]3
FA2[6]G1 A3G3S[6]1 A3F2G3S[3,3,3]3
M4A1G1 M9 A4F1G3S[3,3,6]3

A4F1G3S[3,6,6]3

GP9 FA2[3]G1 GP25

A3BG3S[3]1

GP41

A3F2G3S[3,3,6]3
A3BG3S[6]1 A4F2G3S[3,3,3]3
A2G2S[3,3]2 A4F2G3S[3,3,6]3
A2G2S[3,6]2 *A4G4S[3,3,3,3]4
A2G2S[6,6]2 A4G4S[3,3,3,6]4

GP10 FA2[6]BG1 GP26

FA3G3S[3]1

GP42 A4G4S[3,3,3,6]4

FA3G3S[6]1
FA3BG3S[3]1
A2BG2S[3,3]2
A2BG2S[3,6]2
A2BG2S[6,6]2

GP11

FA2[3]BG1

GP27

A3F1G3S[3]1

GP43

*A4G4S[3,3,3,6]4
M6D1 or D2 FA2G2S[3,3]2 A4G4S[3,3,6,6]4

M6D3 FA2G2S[3,6]2 A4G4S[3,6,6,6]4
FA2G2S[6,6]2

GP12 GP28

FA2BG2S[3,3]2

GP44

FA2BG2S[3,6]2
FA2BG2S[6,6]2 *A4G4S[3,3,3,3]4

A1[3]G1S[3]1 A2F1G2S[3,3]2 FA4G4S[3,3,3,3]4
A2G2 A2F1G2S[3,6]2 FA4G4S[3,3,3,6]4

A2F1G2S[6,6]2 A4BG4S[3,3,6,6]4
M9Glc

GP13 GP29

A3G3S[3,3]2

GP45

A3G3S[3,6]2 A4F1G4S[3,3,3,3]4
A1[3]G1S[6]1 A3G3S[6,6]2 A4F1G4S[3,3,3,6]4

A2BG2 A3BG3S[3,3]2 A4F1G4S[3,3,6,6]4
A3BG3S[3,6]2 A4F1G4S[3,6,6,6]4
A3BG3S[6,6]2

GP14

M5A1G1

GP30 A4G4S[3]1 GP46

FA2G2 A4G4LacS[3,3,3,3]4
A2[3]G1S[3]1 A4G4LacS[3,3,3,6]4
A2[3]G1S[6]1 A4F2G4S[3,3,3,3]4
FA1G1S[3]1 A4F2G4S[3,3,6,6]4
FA1G1S[6]1 A4F3G4S[3,3,3,3]4

GP15

FA2BG2

GP31

FA3G3S[3,3]2

- -
M7D3 FA3G3S[3,6]2

A2[6]BG1S[3]1 FA3G3S[6,6]2
A2[6]BG1S[6]1 A3G3S[3,3]2
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where * marks isomeric glycan structures;
wherein the said quantitative analysis is performed in the following steps:

(i) isolation of plasma from a blood sample that has been collected from a healthy person;
(ii) release of the total plasma N-glycans by enzymatic hydrolysis;
(iii) optionally, derivatization of the N-glycan mixture, using a reagent suitable to increase the detection
sensitivity of such derivatized N-glycans;
(iv) purification of the N-glycan mixture or derivatized N-glycan mixture;
(v) separation and quantification of N-glycans or derivatized N-glycans using a suitable quantitative analytical
technique;

characterised by that:

(vi) the obtained quantitative percentage of the said 46 N-glycans GP1-GP46, determined in step (v), are
used as input variables of a model:

F(GP1, GP2, ..., GP46; D, S)
where D and S are optional parameters of the model F with following meaning:

D = age of the investigated person;
S = sex of the investigated person; male= 1, female= 0;

where the model constants are obtained by statistical data processing from analyzed population; and

(vii) the result F obtained in step (vi), for investigated person, is compared with a threshold T, which is
statistically determined on the same population and which defines increased risk for type 2 diabetes (T2D)
development in the future.

2. The procedure of predicting type 2 diabetes development through quantitative analysis of 46 N-glycans attached to
the human plasma proteins according to the claim 1, characterized by that:

- in step (ii), the enzymatic hydrolysis is performed with N-glycosidase F;
- in step (iii), the derivatization of N-glycans is performed with 2-aminobenzamide in the reaction of reductive
amination with 2-picolin-borane as reducing agent, for the purpose of N-glycan fluorescent labeling;
- in step (iv), the purification of the fluorescently labeled N-glycan mixture is performed; and
- in step (v), the separation and quantification of fluorescently labeled N-glycans is performed by using a suitable
quantitative analytical technique.

3. The procedure of predicting type 2 diabetes development through quantitative analysis of 46 N-glycans attached to
the human plasma proteins according to the claim 1 or 2, characterized by that, the model F (GP1, GP2, ..., GP46;
D, S) is defined in the following way: 

(continued)

GP Structure GP Structure GP Structure

GP16

A2[3]BG1S[3]1

GP32 - -

A2[3]BG1S[6]1
FA2[6]G1S[3]1 A3G3S[3,3,3]3
FA2[6]G1S[6]1 A3F1G3S[3,3]2
M4A1G1S[3]1 A4G4S[6]1
M4A1G1S[6]1

M7D1
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 and where threshold T = -3.627; and if F > T, it means that investigated person is at an increased risk of developing
type 2 diabetes (T2D) in the future.

4. The procedure of predicting type 2 diabetes development through quantitative analysis of 46 N-glycans attached to
the human plasma proteins according to the claim 1 or 2, characterized by that, the model F (GP1, GP2, ..., GP46;
D, S) is defined in the following way: 

where HB and LB are additionally defined through quantitative glycan percentages; factor HB represents the sum
of branched glycans, while factor LB represents the sum of glycans with low branching, wherein 

and 

and threshold T = -3.627; and if F > T, it means that investigated person is at an increased risk of developing type
2 diabetes (T2D) in the future.

5. The procedure of predicting type 2 diabetes development through quantitative analysis of 46 N-glycans attached to
the human plasma proteins according to the claims 1-4, wherein the suitable quantitative analytical technique is
selected from the set consisting of: ultra-performance liquid chromatography (UPLC), capillary electrophoresis (CE),
MALDI-TOF mass spectrometry, liquid chromatography coupled with mass spectrometry (LC-MS).

6. The procedure of predicting type 2 diabetes development through quantitative analysis of 46 N-glycans attached to
the human plasma proteins according to the claim 5, wherein the selected quantitative analytical technique is ultra-
performance liquid chromatography (UPLC).
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7. The procedure of predicting type 2 diabetes development through quantitative analysis of 46 N-glycans attached to
the human plasma proteins according to the claim 6, wherein ultra-performance liquid chromatography (UPLC) is
performed using following conditions:

(i) column: Waters BEH;
(ii) mobile phase: mixture of solvent A= 100 mM aqueous solution of ammonium formate, pH= 4,4; B= acetonitrile;
linear gradient of 70-53%, V/V, acetonitrile;
(iii) flow: 0.56 ml/min;
(iv) temperature: 25°C;
(v) detection: fluorescence detector set at excitation wave length of 250 nm and emission wave length of 428
nm; and
(vi) analytical run: 25 min.

8. The procedure of predicting type 2 diabetes development through quantitative analysis of N-glycans attached to the
human plasma proteins according to the claims 1-7, wherein the said procedure is applied on currently healthy
person, with no signs of type 2 diabetes.

Patentansprüche

1. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von 46 N-Glycanen,
die an die menschlichen Plasmaproteine gebunden sind, wobei die N-Glycane und/oder N-Glycangruppen den
Strukturen, die in GP1, GP2, ... GP46 enthalten sind, entsprechen, wie nachstehend definiert:

GP Struktur GP Struktur GP Struktur

GP1 A1 GP17

FA2[3]G1S[3]1

GP33

A3G3S[3,3,6]3
FA2[3]G1S[6]1 A3G3S[3,6,6]3

FA2[6]BG1S[3]1 A3BG3S[3,3,3]3
FA2[6]BG1S[6]1 A3BG3S[3,3,6]3

A3BG3S[3,6,6]3

GP2
M4

GP18 FA2[3]BG1S[3]1 GP34

FA3G3S[3,3,3]3
FA3BG3S[3,3,3]3

A4G4S[3,6]2
FA1 A3G3S[3,3,3]3
A2 FA2[3]BG1S[6]1 A3G3S[3,3,6]3

A3G3S[3,6,6]3
A3G3S[6,6,6]3

GP3 A1[6]G1 GP19
A2G2S[3]1

GP35
A3BG3S[3,3,3]3

A2G2S[6]1 A3BG3S[3,3,6]3
A3G3 A3BG3S[6,6,6]3

GP4 A2B GP20

A2BG2S[3]1

GP36
FA3G3S[3,3,3]3

A2BG2S[6]1
M5A1G1S[3]1
M5A1G1S[6]1 FA3G3S[3,3,6]3

A1[3]G1 FA3G3 FA3G3S[3,6,6]3
M8D2,D3 FA3G3S[6,6,6]3

A2G2S[3]1
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(fortgesetzt)

GP Struktur GP Struktur GP Struktur

GP5 FA2 GP21
FA2G2S[3]1

GP37

A3G3S[3,3,3]3
A3G3S[3,3,6]3
A3G3S[3,6,6]3

FA2G2S[6]1 A3F1G3S[3,3,3]3
M8D1,D3 A3F1G3S[3,3,6]3

FA3BG3S[3,3,3]3
FA3BG3S[6,6,6]3

GP6

M5

GP22
FA2BG2S[3]1

GP38
A4G4S[3,3,3]3

FA2B
FA1[6]G1
A2[6]G1 FA2BG2S[6]1 A3F1G3S[3,6,6]3

FA1[3]G1
A2[3]G1

GP7 A2[6]BG1 GP23

A2F1G2S[3]1

GP39 A4G4S[3,3,6]3
A2F1G2S[6]1
A2G2S[3,3]2
A2G2S[3,6]2 A4G4S[3,6,6]3

FA2G2S[3,3]2

GP8
A2[3]BG1

GP24
A3G3S[3]1

GP40

A4F1G3S[3,3,3]3
A3F2G3S[3,3,3]3

FA2[6]G1 A3G3S[6]1 A4F1G3S[3,3,6]3
M4A1G1 M9 A4F1G3S[3,6,6]3

GP9 FA2[3]G1 GP25

A3BG3S[3]1

GP41

A3F2G3S[3,3,6]3
A3BG3S[6]1 A4F2G3S[3,3,3]3
A2G2S[3,3]2 A4F2G3S[3,3,6]3
A2G2S[3,6]2 *A4G4S[3,3,3,3]4
A2G2S[6,6]2 A4G4S[3,3,3,6]4

GP10 FA2[6]BG1 GP26

FA3G3S[3]1

GP42 A4G4S[3,3,3,6]4

FA3G3S[6]1
FA3BG3S[3]1
A2BG2S[3,3]2
A2BG2S[3,6]2
A2BG2S[6,6]2

GP11
FA2[3]BG1

GP27

A3F1G3S[3]1

GP43
*A4G4S[3,3,3,6]4FA2G2S[3,3]2

M6D1 oder D2 FA2G2S[3,6]2 A4G4S[3,3,6,6]4
M6D3 FA2G2S[6,6]2 A4G4S[3,6,6,6]4

GP12 A1[3]G1S[3]1 GP28

FA2BG2S[3,3]2

GP44
*A4G4S[3,3,3,3]4

FA2BG2S[3,6]2
FA2BG2S[6,6]2
A2F1G2S[3,3]2 FA4G4S[3,3,3,3]4

A2G2 A2F1G2S[3,6]2 FA4G4S[3,3,3,6]4
A2F1G2S[6,6]2 A4BG4S[3,3,6,6]4

M9Glc
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wobei * isomere Glycanstrukturen markiert;
wobei die quantitative Analyse in den folgenden Schritten durchgeführt wird:

(i) Isolierung von Plasma aus einer Blutprobe, die von einer gesunden Person gewonnen wurde;
(ii) Freisetzen des gesamten Plasma-N-Glycans durch enzymatische Hydrolyse;
(iii) wahlweise Derivatisierung der N-Glycan-Mischung unter Verwendung eines Reagenzes, das geeignet
ist, die Nachweisempfindlichkeit solcher derivatisierter N-Glycane zu steigern;
(iv) Reinigung der N-Glycan-Mischung oder derivatisierten N-Glycan-Mischung;
(v) Trennung und Quantifizierung von N-Glycanen oder derivatisierten N-Glycanen unter Verwendung einer
geeigneten quantitativen Analysetechnik;

dadurch gekennzeichnet, dass:

(vi) der erhaltene quantitative Prozentsatz der in Schritt (v) bestimmten 46 N-Glycane GP1-GP46 als Ein-
gabevariablen eines Modells verwendet werden:

F(GP1, GP2, ..., GP46; D, S)
wobei D und S optionale Parameter des Modells F mit folgender Bedeutung sind:

D = Alter der untersuchten Person;
S = Geschlecht der untersuchten Person; männlich = 1, weiblich = 0;
wobei die Modellkonstanten durch statistische Datenverarbeitung von analysierter Population er-
halten werden; und

(vii) das in Schritt (vi) erhaltene Ergebnis F für untersuchte Person mit einem Schwellenwert T verglichen
wird, der statistisch an der gleichen Population bestimmt wird, und das gesteigertes Risiko für Entwicklung
von Typ-2-Diabetes (T2D) in der Zukunft definiert.

(fortgesetzt)

GP Struktur GP Struktur GP Struktur

GP13
A1[3]G1S[6]1

GP29

A3G3S[3,3]2

GP45

A4F1G4S[3,3,3,3]4A3G3S[3,6]2
A3G3S[6,6]2 A4F1G4S[3,3,3,6]4

A2BG2 A3BG3S[3,3]2 A4F1G4S[3,3,6,6]4
A3BG3S[3,6]2 A4F1G4S[3,6,6,6]4
A3BG3S[6,6]2

GP14

M5A1G1

GP30 A4G4S[3]1 GP46

A4G4LacS[3,3,3,3]4FA2G2
A2[3]G1S[3]1 A4G4LacS[3,3,3,6]4
A2[3]G1S[6]1 A4F2G4S[3,3,3,3]4
FA1G1S[3]1 A4F2G4S[3,3,6,6]4
FA1G1S[6]1 A4F3G4S[3,3,3,3]4

GP15

FA2BG2

GP31

FA3G3S[3,3]2

- -
M7D3 FA3G3S[3,6]2

A2[6]BG1S[3]1 FA3G3S[6,6]2
A2[6]BG1S[6]1 A3G3S[3,3]2

GP16

A2[3]BG1S[3]1

GP32
A3G3S[3,3,3]3

- -

A2[3]BG1S[6]1
FA2[6]G1S[3]1
FA2[6]G1S[6]1 A3F1G3S[3,3]2
M4A1G1S[3]1 A4G4S[6]1
M4A1G1S[6]1

M7D1



EP 3 482 207 B9

25

5

10

15

20

25

30

35

40

45

50

55

2. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von 46 N-Glycanen,
die an die menschlichen Plasmaproteine gebunden sind, nach Anspruch 1, dadurch gekennzeichnet, dass:

- in Schritt (ii) die enzymatische Hydrolyse mit N-Glycosidase F durchgeführt wird;
- in Schritt (iii) die Derivatisierung von N-Glycanen mit 2-Aminobenzamid in der Reaktion reduktiver Aminierung
mit 2-Picolinboran als Reduktionsmittel zum Zweck von Fluoreszenzkennzeichnung von N-Glycan durchgeführt
wird;
- in Schritt (iv) die Reinigung der fluoreszierend gekennzeichneten N-Glycan-Mischung durchgeführt wird; und
- in Schritt (v) die Trennung und Quantifizierung von fluoreszierend gekennzeichneten N-Glycanen durch Ver-
wenden einer geeigneten quantitativen Analysetechnik durchgeführt wird.

3. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von 46 N-Glycanen,
die an die menschlichen Plasmaproteine gebunden sind, nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass
das Modell F (GP1, GP2, ..., GP46; D, S) auf die folgende Weise definiert ist: 

und wobei Schwellenwert T = -3,627; und wenn F > T bedeutet es, dass bei untersuchter Person ein gesteigertes
Risiko des Entwickelns von Typ-2-Diabetes (T2D) in der Zukunft vorliegt.

4. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von 46 N-Glycanen,
die an die menschlichen Plasmaproteine gebunden sind, nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass
das Modell F (GP1, GP2, ..., GP46; D, S) auf die folgende Weise definiert ist: 

wobei HB und LB zusätzlich definiert sind durch quantitative Glycan-Prozentsätze; Faktor HB die Summe von
verzweigten Glycanen repräsentiert, während Faktor LB die Summe von Glycanen mit geringer Verzweigung re-
präsentiert, wobei 

und 

und Schwellenwert T = -3,627; und wenn F > T bedeutet es, dass bei untersuchter Person ein gesteigertes Risiko
des Entwickelns von Typ-2-Diabetes (T2D) in der Zukunft vorliegt.
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5. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von 46 N-Glycanen,
die an die menschlichen Plasmaproteine gebunden sind, nach Ansprüchen 1-4, wobei die geeignete quantitative
Analysetechnik ausgewählt ist aus dem Satz bestehend aus: Ultraleistungsflüssigkeitschromatographie (UPLC),
Kapillarelektrophorese (CE), MALDI-TOF-Massenspektrometrie, Flüssigkeitschromatographie gekoppelt mit Mas-
senspektrometrie (LC-MS).

6. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von 46 N-Glycanen,
die an die menschlichen Plasmaproteine gebunden sind, nach Anspruch 5, wobei die ausgewählte quantitative
Analysetechnik Ultraleistungsflüssigkeitschromatographie (UPLC) ist.

7. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von 46 N-Glycanen,
die an die menschlichen Plasmaproteine gebunden sind, nach Anspruch 6, wobei Ultraleistungsflüssigkeitschro-
matographie (UPLC) unter Verwendung folgender Bedingungen durchgeführt wird:

(i) Säule: Waters BEH;
(ii) mobile Phase: Mischung aus Lösemittel A = 100 mM wässrige Lösung von Ammoniumformiat, pH-Wert =
4,4; B = Acetonitril; linearer Gradient von 70-53 Vol.-% Acetonitril;
(iii) Durchfluss: 0,56 ml/min;
(iv) Temperatur: 25 °C;
(v) Nachweis: Fluoreszenzdetektor, eingestellt bei Anregungswellenlänge von 250 nm und Emissionswellen-
länge von 428 nm; und
(vi) Analyselauf: 25 min.

8. Verfahren zum Vorhersagen der Entwicklung von Typ-2-Diabetes durch quantitative Analyse von N-Glycanen, die
an die menschlichen Plasmaproteine gebunden sind, nach Ansprüchen 1-7, wobei das Verfahren an derzeit gesunder
Person ohne Anzeichen von Typ-2-Diabetes angewendet wird.

Revendications

1. Procédure pour prédire le développement d’un diabète de type 2 par une analyse quantitative de 46 N-glycanes
fixés aux protéines plasmatiques humaines, lesdits N-glycanes et/ou groupes de N-glycanes correspondant aux
structures contenues dans GP1, GP2, ... GP46, comme défini ci-dessous :

GP Structure GP Structure GP Structure

GP1 A1 GP17
FA2[3]G1S[3]1

GP33

A3G3S[3,3,6]3
A3G3S[3,6,6]3

FA2[3]G1S[6]1 A3BG3S[3,3,3]3
FA2[6]BG1S[3]1 A3BG3S[3,3,6]3
FA2[6]BG1S[6]1 A3BG3S[3,6,6]3

GP2
M4

GP18 FA2[3]BG1S[3]1 GP34

FA3G3S[3,3,3]3
FA3BG3S[3,3,3]3

A4G4S[3,6]2
FA1 A3G3S[3,3,3]3
A2 FA2[3]BG1S[6]1 A3G3S[3,3,6]3

A3G3S[3,6,6]3
A3G3S[6,6,6]3

GP3 A1[6]G1 GP19
A2G2S[3]1

GP35
A3BG3S[3,3,3]3

A2G2S[6]1 A3BG3S[3,3,6]3
A3G3 A3BG3S[6,6,6]3
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(suite)

GP Structure GP Structure GP Structure

GP4 A2B GP20

A2BG2S[3]1

GP36
FA3G3S[3,3,3]3

A2BG2S[6]1
M5A1G1S[3]1
M5A1G1S[6]1 FA3G3S[3,3,6]3

A1[3]G1 FA3G3 FA3G3S[3,6,6]3
M8D2,D3 FA3G3S[6,6,6]3

A2G2S[3]1

GP5 FA2 GP21
FA2G2S[3]1

GP37

A3G3S[3,3,3]3
A3G3S[3,3,6]3
A3G3S[3,6,6]3

FA2G2S[6]1 A3F1G3S[3,3,3]3
M8D1,D3 A3F1G3S[3,3,6]3

FA3BG3S[3,3,3]3
FA3BG3S[6,6,6]3

GP6

M5

GP22
FA2BG2S[3]1

GP38
A4G4S[3,3,3]3

FA2B
FA1[6]G1
A2[6]G1 FA2BG2S[6]1 A3F1G3S[3,6,6]3

FA1[3]G1
A2[3]G1

GP7 A2[6]BG1 GP23

A2F1G2S[3]1

GP39 A4G4S[3,3,6]3
A2F1G2S[6]1
A2G2S[3,3]2
A2G2S[3,6]2 A4G4S[3,6,6]3

FA2G2S[3,3]2

GP8
A2[3]BG1

GP24 GP40

A4F1G3S[3,3,3]3
A3G3S[3]1 A3F2G3S[3,3,3]3

FA2[6]G1 A3G3S[6]1 A4F1G3S[3,3,6]3
M4A1G1 M9 A4F1G3S[3,6,6]3

GP9 FA2[3]G1 GP25

A3BG3S[3]1

GP41

A3F2G3S[3,3,6]3
A3BG3S[6]1 A4F2G3S[3,3,3]3
A2G2S[3,3]2 A4F2G3S[3,3,6]3
A2G2S[3,6]2 *A4G4S[3,3,3,3]4
A2G2S[6,6]2 A4G4S[3,3,3,6]4

GP10 FA2[6]BG1 GP26

FA3G3S[3]1

GP42 A4G4S[3,3,3,6]4

FA3G3S[6]1
FA3BG3S[3]1
A2BG2S[3,3]2
A2BG2S[3,6]2
A2BG2S[6,6]2

GP11

FA2[3]BG1

GP27

A3F1G3S[3]1

GP43

*A4G4S[3,3,3,6]4
M6D1 ou D2 FA2G2S[3,3]2 A4G4S[3,3,6,6]4

M6D3 FA2G2S[3,6]2 A4G4S[3,6,6,6]4
FA2G2S[6,6]2
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où * marque les structures de glycanes isomères ;
dans laquelle ladite analyse quantitative est effectuée selon les étapes suivantes :

(i) l’isolement du plasma d’un échantillon de sang qui a été prélevé sur une personne en bonne santé ;
(ii) la libération des N-glycanes plasmatiques totaux par hydrolyse enzymatique ;
(iii) facultativement, la dérivatisation du mélange de N-glycanes, en utilisant un réactif approprié pour aug-
menter la sensibilité de détection de ces N-glycanes dérivatisés ;
(iv) la purification du mélange de N-glycanes ou du mélange de N-glycanes dérivatisés ;
(v) la séparation et la quantification des N-glycanes ou des N-glycanes dérivatisés en utilisant une technique
d’analyse quantitative appropriée ;

caractérisée en ce que :

(vi) les pourcentages quantitatifs obtenus desdits 46 N-glycanes GP1-GP46, déterminés dans l’étape (v),
sont utilisés comme variables d’entrée d’un modèle :

F(GP1, GP2, ..., GP46 ; D, S)
où D et S sont des paramètres facultatifs du modèle F présentant les significations suivantes :

(suite)

GP Structure GP Structure GP Structure

GP12 GP28

FA2BG2S[3,3]2

GP44
*A4G4S[3,3,3,3]4

FA2BG2S[3,6]2
FA2BG2S[6,6]2

A1[3]G1S[3]1 A2F1G2S[3,3]2 FA4G4S[3,3,3,3]4
A2G2 A2F1G2S[3,6]2 FA4G4S[3,3,3,6]4

A2F1G2S[6,6]2 A4BG4S[3,3,6,6]4
M9Glc

GP13 GP29

A3G3S[3,3]2

GP45

A3G3S[3,6]2 A4F1G4S[3,3,3,3]4
A1[3]G1S[6]1 A3G3S[6,6]2 A4F1G4S[3,3,3,6]4

A2BG2 A3BG3S[3,3]2 A4F1G4S[3,3,6,6]4
A3BG3S[3,6]2 A4F1G4S[3,6,6,6]4
A3BG3S[6,6]2

GP14

M5A1G1

GP30 A4G4S[3]1 GP46

FA2G2 A4G4LacS[3,3,3,3]4
A2[3]G1S[3]1 A4G4LacS[3,3,3,6]4
A2[3]G1S[6]1 A4F2G4S[3,3,3,3]4
FA1G1S[3]1 A4F2G4S[3,3,6,6]4
FA1G1S[6]1 A4F3G4S[3,3,3,3]4

GP15

FA2BG2

GP31

FA3G3S[3,3]2

- -
M7D3 FA3G3S[3,6]2

A2[6]BG1S[3]1 FA3G3S[6,6]2
A2[6]BG1S[6]1 A3G3S[3,3]2

GP16

A2[3]BG1S[3]1

GP32
A3G3S[3,3,3]3

- -

A2[3]BG1S[6]1
FA2[6]G1S[3]1
FA2[6]G1S[6]1 A3F1G3S[3,3]2
M4A1G1S[3]1 A4G4S[6]1
M4A1G1S[6]1

M7D1
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D = âge de la personne étudiée ;
S = sexe de la personne étudiée ; homme = 1, femme = 0 ;
où les constantes du modèle sont obtenues par un traitement statistique de données à partir d’une
population analysée ; et

(vii) le résultat F obtenu dans l’étape (vi), pour la personne étudiée, est comparé à un seuil T, qui est
statistiquement déterminé sur la même population et qui définit un risque accru de développement de
diabète de type 2 (T2D) dans le futur.

2. Procédure de prédiction du développement d’un diabète de type 2 par l’analyse quantitative de 46 N-glycanes fixés
aux protéines plasmatiques humaines selon la revendication 1, caractérisée en ce que :

- dans l’étape (ii), l’hydrolyse enzymatique est effectuée avec une N-glycosidase F ;
- dans l’étape (iii), la dérivatisation des N-glycanes est effectuée avec le 2-aminobenzamide dans la réaction
d’amination réductrice avec le 2-picoline-borane en tant qu’agent réducteur, à des fins de marquage par fluo-
rescence des N-glycanes ;
- dans l’étape (iv), la purification du mélange de N-glycanes marqués par fluorescence est effectuée ; et
- dans l’étape (v), la séparation et la quantification des N-glycanes marqués par fluorescence sont effectuées
en utilisant une technique d’analyse quantitative appropriée.

3. Procédure de prédiction du développement d’un diabète de type 2 par l’analyse quantitative de 46 N-glycanes fixés
aux protéines plasmatiques humaines selon la revendication 1 ou 2, caractérisée en ce que le modèle F (GP1,
GP2, ..., GP46 ; D, S) est défini de la manière suivante : 

et où le seuil T = -3,627 ; et si F > T, cela signifie que la personne étudiée présente un risque accrue de développer
un diabète de type 2 (T2D) dans le future.

4. Procédure de prédiction du développement d’un diabète de type 2 par l’analyse quantitative de 46 N-glycanes fixés
aux protéines plasmatiques humaines selon la revendication 1 ou 2, caractérisée en ce que le modèle F (GP1,
GP2, ..., GP46 ; D, S) est défini de la manière suivante : 

où HB et LB sont en outre définis par des pourcentages quantitatifs de glycanes ; le facteur HB représente la somme
des glycanes ramifiés, tandis que le facteur LB représente la somme des glycanes à faible ramification, dans laquelle 

et 
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et le seuil T = -3,627 ; et si F > T, cela signifie que la personne étudiée présente un risque accrue de développer
un diabète de type 2 (T2D) dans le future.

5. Procédure de prédiction du développement d’un diabète de type 2 par l’analyse quantitative de 46 N-glycanes fixés
aux protéines plasmatiques humaines selon les revendications 1-4, dans laquelle la technique d’analyse quantitative
appropriée est sélectionnée parmi l’ensemble consistant en : la chromatographie liquide à ultra-performance (UPLC),
l’électrophorèse capillaire (CE), la spectrométrie de masse MALDI-TOF, la chromatographie liquide couplée à la
spectrométrie de masse (LC-MS).

6. Procédure de prédiction du développement d’un diabète de type 2 par l’analyse quantitative de 46 N-glycanes fixés
aux protéines plasmatiques humaines selon la revendication 5, dans laquelle la technique d’analyse quantitative
sélectionnée est la chromatographie liquide à ultra-performance (UPLC).

7. Procédure de prédiction du développement d’un diabète de type 2 par l’analyse quantitative de 46 N-glycanes fixés
aux protéines plasmatiques humaines selon la revendication 6, dans laquelle la chromatographie liquide à ultra-
performance (UPLC) est mise en oeuvre en utilisant les conditions suivantes :

(i) colonne : Waters BEH ;
(ii) phase mobile : mélange de solvants A = solution aqueuse à 100 mM de formiate d’ammonium, pH = 4,4; B
= acétonitrile ; gradient linéaire de 70-53 %, V/V, acétonitrile ;
(iii) débit : 0,56 ml/min ;
(iv) température : 25 °C ;
(v) détection : détecteur de fluorescence réglé à une longueur d’onde d’excitation de 250 nm et une longueur
d’onde d’émission de 428 nm ; et
(vi) durée de l’analyse : 25 min.

8. Procédure de prédiction du développement d’un diabète de type 2 par l’analyse quantitative de N-glycanes fixés
aux protéines plasmatiques humaines selon les revendications 1-7, dans laquelle ladite procédure est appliquée à
une personne actuellement en bonne santé, ne présentant aucun signe de diabète de type 2.
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